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-- a)-Luz-y Optica relacionados a la Fotc .. ,:.i sficidad: 
a .l. Comportamiento de la Ju z. 
Hasta la fecha no existe una teoría que expllque' completamente et comportamiento 
de la energía radiante. Para describir el fenómeno fotoelástico, la teoría electro
magnética debida a Maxwell, es usualmente usada. Esta teoría establece que la 
luz es una disturbación electromagnética, don-de esta disturbación puede ser ex- · 
presada como un vector de luz normal a la dirección de propagación. En la luz or
dinaria emitida por¡ digamos un filamento de tungsteno ·incandescente, el vector 
luz no está restringido en ningún sentido y puede considerarse que·esta formado · 
de un número de vibraciones transversales arbitrarias, como se ilustra en la figu-., 
ra 20. 
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. Ya que el disturbio productor de la luz, puede ser consiáe~ conio uri ~!ñiiento 
ondulatorio, es posible expresar la amplitud del vector luz, en ténrlinoa de una e-
cuación de onda unidimensional: 11 1. ) - 1, · L) 

.;. - A=r'-~-d:.. -T ~'-i!-c.~ , . '· E,. H· 
donde A amplitud del vector luz o de uno de sus componentes. ··-··- ... '"·:·> 

2: la posición a lo largo del eje de propagación. · i · ·· 
-t. tiempo.· f ' '· 

C velocidad de propagación (3X:I6 ~ en el vado). · :•_ · · ;- . 
Una descripción simple del efecto fotoelástico, se obtiene considerando una compo
nente. senoidal de la luz, pr_opagandose en la dirección positiva de z·¡·' 

De esta manera la ecuación 77 puede escribirse como:. 
· A= fl~-c.t)::: Cl. &e., Q.~;t (1!-d:) · ~e. +.P 

Una \epresentación gráfica de la amplitud del vectcr luz (o uno de 5\15 componentes) 
conforme se propaga en la dirección positiva del eje z está dada en -la figura 21, 
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La longitud de pico a pico .en la grMir . e define como la longitud de onda ;t. 
El tiempo requerido para el paso de do:; picos sucesivos, por algún valor fijo de z; 
se define como el ¡ierfodo T y esté dado por: 

1: ,:;l./c. . 
La frecuencia del vector luz o uno de sus componentes, se define como el número 
de oscilaciones de la amplitud en un segundo, por lo tanto es el inverso del perío
do. 

ec; . .Yo 

El color de la luz que el ojo humano reconoce, esté determinado por la frecuencia 
de los componentes del vector luz. Los colores en el espectro visible van desde el 

. ' · IZ · 
rojo profundo,_ con una frecuencia de 3~0x 10 c.p.s., hasta el violeta profundo, con 

'e . . una frecuencia de -'110 x 10 c. p. s. 
La mayoría de las investigaciones fCÍtocljsticas se llevan a cabo con luz visible, -
pero los principios de la fotoelasticidad son válidos en el rango infrarojo y ultravio
leta de· la energía radiante. 
Cuando el vector lUz esté-compuesto de vibraciones A•, Az, Al, que tienen la mis
ma frecuencia, el vector luz es monocromático y su color depende de la frecuencia. 
Si Jos componentes son de diferente frecuencia, Jos colores de los componentes se 
mezclan y el ojo registra esta mezcla como luz blanca.· 

a. 2. Luz Polarizada. 
Desde el punto de -vista de la física clésica, la luz ordinaria consiste en ondas e
lectromagnéticas cuya vibración es transversal a la dirección de propagación. 
Cuando el patrón de vibración de una onda electromagnética exhibe una dirección -
pref•Úente·de vibración, la luz es considerada como polarizada •. 
Hay tres diferentes formas de Juz,polarizada que son actualmente empleadas en los 
métodos fotoelésticos del análisis de esfuerzos: 
1) Luz poLuizada plana. Se .obtiene restringiendo la vibración del vector luz en un 
solo plano llamado plano de polarización;'_ Figura 2 2. 
2) Luz polarizada circular. Se obtiene cuando la punto del vector luz describe una 
hélice circular conforme se propaga a lo largo del eje z. Figura 23. 
3) Luz pol.:~ri zada elíptica. Se obtiene cuando la punta de 1 vector luz describe una 
hélice elíptica conforme se propaga en la dirección z. 
Notese que los casos 1) y 2) son casos pa-rticulares del caso 3). 
En la préctica la luz polarizada plana puede ser producida con un elemepto óptico 
conocido como poiarizador lineal o planó'; . 
La producción de luz polarizada circular o elíptica, requiere· del uso de dos elemen-
tos ópticos. E'stos arreglos se discutirá~ mé s adelante. . 

r 
·' ., ) 

F!G·22 

i 
i 

· r· ~ , ·· t; ~ · :. ' 1 ;.~ 

' 

• 

'1 

1 

-, 
1 

' 



a.3. Polarizadores planos. 
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FIG-2'3 

Los polarizadores ~!anos son elementos ópticos que absorven los componentes del 
vector luz que no vibran en la dirección del eje del polarizador. 
Cuando un vector luz pasa ·através de un polarizador plano, este elemento óptico 
1bsorve la componente perpendicular al eje de .polarización y transmite la componen-

. te paralela, como se ilustra en la figura 24 • 

. ·'. -- . . . i . ' 

Si el polarizador plano est6. fijo en algún punto a lo largo del eJe .z, la e!'cuación pa
ra la amplitud del vector luz dada por· la ecuación 78 puede ser escrit~ domo: 

í ·A::~sc..,~:11/J.ct ,,_ 
.que pu"'de reducirse a: , . ··-., 

A="<.. ~e"' t lT ?!:. :;. Q.. ~en -w-t <S,c. . .p 1 
donde W:~n~ es llamada la frecuencia circular de la luz. 
'Los componentes absorvido y transmitido del vector luz son: 

A,_:=- o.. s., .., ""t 'V e."' ¡; 
A t.-= C..: ';:>e~wt ~ob ~ 

.. 
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donde ~ es el ángulo entre el vector~ '!el eje' de polarización. 
l:n lu pr.Jctica los filtros poluroid prou~ .. :r. un amplio campo de luz muy bien pola
rizuda a un costo relativamente bajo. 
En su mc,nuf;:¡ctura, una ló.min,, de ulcc,lw! pclivinflico se calienta, se alarga, e in
media:a~,ente se deposita en un u ló.minil de ucet¿¡to o .celulosa. La cara de polivini
lo de ·csic ensamble, es tci\idcl ¡Jor un ltquiub rico en yodo. La cantidad de yodo di
fuso en !u pluca determinu su calidud. Lu c0rporuci6n Polaroid produce tres grados 
de calid,1d: HN-22, HN-32, HN-38. L:l iH!-22 es la mó.s recomendada para propósi-
tos fctoelásticos ;· 

a.4. Plurils de Onda. 
Ciertos materiales tienen la propiedad de descomponer el vector luz en dos compo
nentes o:·togonales y transmitir cada uno de ellos a diferentes velocidades. Un ma
terial con esta propiedad es llamado birrefringente. 
La placa birrefringente mostra.da en la figura 25 tiene dos·ejes principales marcados 
como 1 y 2. 
La transmisión de la luz a lo largo del eje 1 es il una velocidad C 1 y a Jo largo del 
eje 2 a una velocidad e~ .. Como C1>Cz,. <:.!eje l se le llama eje rápido y al 2 eje 
lento. 

Si la ¡:,l3c·J birrefringente es colocada en el c,1mpo de un polarizador plano, de mane
ra que el vector luz At:.es descompuesto en dos ccmponentesAt,1 ,At:.t a lo largo de 
los ejes 1 y 2 respectivamente, (notes e que el ángulo entre At: y el eje rápido es(! ), · 
la ma<;¡m:ud de los componentes Al>, A b seró.: 

• 

At,: At:. Ca:."= C\.. Co~o S 5 .. ., wt Co:.,, = \<.~ ...... ..;tCo::. e to 
"' " ~c. !?."' ' 

A·h= At:~ ... E? :C{.eob ~ :':>e ... wt 5.,.,g: \<. ::Oe ... wt. Se.,(;> 

donde )<, ~ o_.Co~d • 
Los cuu;; '<.mentes Ata y At>. viujan a través de la placa con velocidades diferentes C 1 , 

y Cz r<>:,pcctivamentc. Debido a esta diíercncia de velocidades, los dos componen
tes en•<->C·.;•.orán de la placa en tiempos diferentes. O sea que un componente se atrasa 
relati,·c~¡¡,cntc al otro. 
Este r..c.,cdo puede ser manejado más eficientemente considerando el cambio relativo 
de fase cmtre los dos componentes, como se ve en la figura 26. 

EJe .z·. I,J¡.., .k ~~•c,.ccio',. = 1'1._ 

vdoc:.;"~ ~e Í'"'r"ó"';o'.,::: Cl_ 

FIG-25 

· · EJe 1: · . ; ' ·· 
.I .. •;cc; de R~-~o.cc io1

., -:::: ¡;¡, 
Vdo,&~ ... a· .le P .... r~a~cio'.,=C 1 
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Para obtener este cambio de fase relativo, 
ponente!, dado a continuación: 

considere el reprdo angular de cada com-

A,=zi (."',-11) 

donde n es el índice de refracción del aire. 
La diferencia tn- CJ <: representa el c;ombio de fase o la diferencia entre los dos com
ponentes de luz cuando emergen ·de la placa de .onda. Luego: 

zíl\¡ r. , 
6=6,-t.z=---;::'" '-11•-'rl<-J 

El cambio de fase relativo producido por una placa birrefringente depende de su es -
pe sor h, de la longitud de onda de la luz)_, y las propiedades de la placa Fl,-Yiz. • 
Cuando la placa se disei'ia para dar un retardo angular de líjz, se le llama placa cuar
to de onda. 
Al emerger de una placa birrefringenté, con un retardo A. , los componentes de la luz 
serán: 

A t.~: '!:... ~c .. Q. :j.,.., ""!*. 

):.a amplitud del vector luz producida por estos dos componentes puede expresarse co-
mo: . . . .1 •'l ¡ ~ 1 . . ? t 5 7 ' 
' Ai:.'::: ~ At, 4- Ai., = l•q Sc.,'l....,t -t t:i) C'o? 1:? -t ~.., «.~ .,.., 6' ~c. &> ,_ 

Ei' ángulo que el vector luz que, emerge de la placa forma con el eje 1 es: 
-r _ Alt' _ ;:,.,_,...wt -t_,._ "' .., 
'""'"- At,'...,·~ .... lwttc) ..... ,@ ec.,-~· 

Es cloro que la amplitud y el ilrigulo de la luz que emerge de la placa, pueden ser -
controludos por la placa de ondu. Los factores de control son t:. y @ • Varias combi
naciones de 6 y (J y su influencia en el tipo de polarización de la luz producida se 
discutirán más adelante. 
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Las placus de onda empleudas en fotc. :ticldud consisten de una simple placa de 
cuarzo o calcita, cortuda paralelament. .• 1 eje óptico, una placa de mica, una hoja 
de celofan, o una hoj-'1 de alcohol polivln[lico previamente orientada. 
Estas Cilt imus son fubricildas por Po!.1roid C:<>rpor.1tion, 'calcntundo y estirando unidi
mensior •. Jlmente la hoja de ulcohol poli•;inflico .. Como esta hoja es de solo 20 micro
nes de uncho, las placas comcrciules son usualmente luminadas entre dos hojas de 
acetato o celulosa. 

a. S. 1.u:: condicionad¡¡ por unil serie de combinaciones de un oolarizador lineal y 
una.nlil\:u de onda. 
La luz c¡ue emerge de una combinación en serie de un polarizador plano y una placa 
de onda, también es polarizada, sin embilr<JO el tipo de polarización puede ser pla-
no, circular o elíptico. · 
1) Luz polarizada planu: 

. o 
Si el .'lnqulo@ se escoge de O y el retardo relativo .D. no se restringe, la amplitud. 
y dirección del vector luz que emrge será: 

At':: l<.~lw~+ D) l 't= o ~r::. ~9 
Como 0'-=o , el vector luz no rot¡¡ ul pusur ülruvés de la placa de onda, luego la luz 
que emerge sigue siendo luz polarizada plunil. La placa de onda sólo retarda la luz 
un ángulo igual a !J. • Iguales resultados se obtienen si @ = ~ • 
2) Luz polarizada circular: · 
Si se selecciona una placa cuurto de ondw ( 6 = 11)z. ) y @ se escoge de %, la am-
plitud de la luz emergente estu dada por: fi1 

A t.'= ip. k~ ~'wt. 'r Co:/..;t' = --z l<. é:<'. 0-? 

Así que d vector luz que emerge de la plucw tiene una umplitud constante. También 
se tendría que: 

.. ·O se¿¡ que el ángulo se incrementa continuamente. 
De las ecuaciones 90 y 91, se ve que lw punta del vector luz describe un círculo. 
Conforme la luz se propaga en el eje z, el círculo se transforma en una hélice cir
cular con su ·eje coincidente con el eje z. 

· 3) Luz polarizada elíptica: 
·Si se selecciona una placa cuurto de ondu ( 6:: ~.),-y se permite que E? sea CIJal
quier ónc¡ulo menos O , o/.¡ , o/G, o multiplos pares, el vector luz que emerge de la 
placa te¡¡drá una amplitud: 

.. , 

El ángulo de salida será: 

Puede demostrarse que el vector luz descrito por las ecüaciones 92 constituyen luz 
polaric:acla elÍptica. · ' ·- .. 
Ya que lü luz polarizada circular es la que se emplea máS comunmente en' la '!o toe -
lastlcidwd, es ·importante que la ecuución 85 se reexamine: . · · ' · 
. . , ~ ó= ZJT%, ()1,-Yle) _· te. ¿;~-
Recuerdese que la luz polarizada circular requiere ·una placa cuarto de onda, o sea 

·- .'que Ó~· "Vz • Es claro que el espesor h puede ser determinado para que !J.:~~ una vez 
que ei mwterial (n,-J?,) y la longitud de onda de la luz han sido seleccionadas. Sin 
embargo un.a placa cuarto de onda para unw longitud de· onda dada, (luz monocromá-
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tica) no será muy útil para di~rente~ __ Lo!l.qJ.tu_des_de onda._-----

---,-=TamJ:iTén_ael:ie_notarse que no puede disell.urse una placa cuarto de ónda para luz------

) 

.. ··-. 

blanca ya que sus componentes poseen deferentes longitudes de onda. 

a. 6. ;\rr<_,qlo de los elementos óntico:; eli un nolaroscooio. 
1) Po!ur•_)scopio plano . 

. Este <:!S el sistema óptico más sencillo use1c!o en la fotoelusticidad ya que consta de 
dos robrizCldores lineales y una fuente de luz urreglados como se muestra en la fi-
gura 27. _ 

El polwr:zador cercano a la fuente ·de luz recibe el nombre precisamente de polariza
dar. t:l polarizador más ulejudo de lil fuente de luz sé llama· analizador. En el pola
roscopio plano, los dos ejes de po1Mizuci6n están siempre cruzados, de manera que 
no se transmite luz através del analizador, y éste sistema óptico produce, por lo tan
to, un cumpo obscuro. 
Bajo operación, un modelo fotoeláscico se i!ltroduce entre los dos elementos y se ob
serva através del analizador. El comportarr.iento del modelo fotoelástico en un polares-
copio plilno se verá más adelante. Ese. ¿._ . , 

Po\Q.v\~ctc i o...., 

' ' 

' 
---

'--
Moáe\o 

Ese 4e 
Pll \4 r\ zq_c. \ 0

1

Vl 

FIG · 27 

2) Poluroscopio circular. 
Como su nombre lo indicp, este polaroscopio emplea luz polariza,da circular; conse
cuen tcn:cnte el aparato posee cuatro elementos ópticos y una fuente, de luz como se 

- ' 
observa en la figura 28. 
El primer-elemento después de la fuente de luz se llamu polarizador,, el cual convier
te.!¡¡ lu:: ordinaria en luz p'olarizada plunu. Cl segundo elemento es Üna placa cuarto 

_de or.du con un ángulo @"Ir. con respecto ul eje de polarización,_ conviert.ela luz 
polarizada plana en luz polarizada circul.:lr. Cl tercer elemento (placa -cuaf1? de onda:)· 
se coloca con su eje rápido paralelo al eje lento de la placa anterior; el propó~i~o 
de este elemento es convertir la luz polurizada circular en luz polarizada plana que 
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vibra de nuevo en el plano vertical. !:' ·. ·:trno elemento es el analizador con su eje 
de poLHl¿u.ción horizontal, y ~u propé•:.iL·J (,;; extinguir la luz. E~ta serie de elerncn-. 
tos ópticos producen un campo oscuro.· 
Actuu.lrr.ente se emplean cuatro u.rreglos de los elementos ópticos del polaroscopio 
circuhr, dependiendo de si las placas y los polurlzudores son paralelos o cruzados 
( tul l. n. 
Los crrc;slos A y Il se recomiendu.n pmu. cilmpos oscuros y claros respectivamente, 
ya c;uco el ei-ror introducido pcr las imperfecciones de las placas cuarto de onda, -
(ainbo; difi•?ren por ejemplo de D.-: "11/< unu. c.-mtidu.d dada), se cancelan. Ya que las 
placa~: cuarto de onda pueden ser de bajo cu.lidad, es te hecho debe tenerse en cuen-
ta. 

E~o::. <lo::. 
Poi~ vi c'l.<i o' l'l 

' ....... _., . 
MoJe lo 

.2~ PI"''"" Cvc.~~o 
de o.., c\4. 

1 

A.,.,..e~lo PI~<.«.~ (.IJ o.....-t-o Po \c.., v,· ~e, do., y 

•• Q..,d"-· ll.n., \i t ,.do.,.. 

A., C. '"" ~ "< <1 •u <'..ru i!4.clO .> 

B Crv~c;,d,.:, .P"""Ie lo:. 

e Po.yc,.\e lo.~ 
C.-v-a«.~o::. 

D 

J ~ flr.t«. 'uc.....lo 
c1 • o"' o"-

FIG-2B 

~o..;..,..¡o o 

O'o,.cv\"o 

<.\a.:..-o 

C..lc....-o 

Pc..r'<\\c \ ... ·.,. Po...,.c..le lo::. 0 \o 1 e v 'f'O 
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• 
Los arreglos de los elementos ópticos ·::utidos, no son _lo ~,;uficientemente-com-----

-pleto,;-para-un-buen-polaroscopio:aeti·,,í-:-;jü .. El grado de complejidad de un pela.:..-· 
~rós-éo0iovar:ra-d-esde sistemus complejos de lentes con servomotores para mover 
los elementos ópticos, hastu ¡¡rrcg!os -muy simples ccmo los discutidos. 

b) Tcrrf3 deJa Fotoe!asticid'ld. 
El prc ;:é·sito es discutir la teorra de la fotoelasticidad, o en otras palabras·, discu
tir lo que pasa en un ¡:iolaroscopio cuando un modelo.fotoelástico es puesto en el
pol¡¡r,,~copio y se carga. Esta teoría se r:klntendrá lo más simple posible, sin em
bar;o lo suficiente mente completa para describir la mayoría de los efectos fotoelás
ticos o::>servables en un polaroscopio. 

b.l. !.;:, ley del esfuerzo óotico en dos dímcnsiones con incidencia normal. ~ 
Consideremos un modelo bidimensional maquinado de una hoja de plástico transpa-

. rente. Inicialmente el modelo está libre de esfuerzos y exhibe un índice de refrac
ción h 0 c¡ue es el mismo en todos los puntos y planos del modelo. 
Sin ecllJ-:lrgo, cuando se somete a un sisternu de fuerz¡¡s, un estado de esfuerzos 
bldirn•cr.sional se induce en el modelo, y ésto cambia sus propiedades ópticas. 
Optic3rr.ente el modelo se vuelve birrefringente y exhibe propiedades muy similares 
a las Jc las placas de onda. 
Los e;ss principales de los esfuerzos en cuulquier punto del modelo, son los ejes·· 
rápidc· y lento de la placa; luego es evidente que el índice de refracción cambió en 
relaci5n con el estado de esfuerzos inducido. 
Es en e>:ta propiedad óptica poco usuul en !u que se basa la teoría de la fotoelasti
cidud. Cl polaroscopio es el instrumento que nos ayuda a medir estos cambios en el 
índic· de refracción. Ia teoría que relaciona los camoios del índice de refracción al 
estad-J de esfuerzos, se debe a Maxwell en 1853. Maxwell notó que el cambio en los 
índices de refr¡¡cción eran line¡¡fmente proporcionales iJ. los esfuerzos inducidos en 
el moJelo y seguían las relaciones: 

n,- l"'o -= e, u, -T c.._ <fz 

11~-l'lo :C 1<rz:-r e~ G-, 
donde Y1o : índice d_e refracción del modelo sin carga. 

n., Ylz.: índices de refracción a lo largo de los ejes principales, asociados con 
q-, ";1 <r •• 

c,,c,_ : coeficientes del esfuerzo óptico. 
Si res:2mos las ecuaciones para eliminar I'Jo : 

. Ya qu .. J el modelo 
clón ES: 

cargado se comporta~ como una plac¡¡ de onda temporal, de la ecua-

.21T 1, 

).. [1,. 
h, -\<lz ,_ 

De las ecuaciones 85 y 94: Z1T h \(_ ) 
!:::. "" --;:¡::- (_c.,-C~J <r,- Gz. 

Si C,- C¿-= e_: coeficiente relativo del esfuerzo óptico, el retardo relativo 

e c. 9~ · 
A será: 

!J.= 2 rr he C..<r. -Clz.) 
. ?-

donde C está expresado en términos del Brcwster 

é'c. <¡e, 

-IJ c.....,'/ 
(1 Brewster =_Jo .(.Í,·.,J. 
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La ecuación 96 es la clásica descripc:V: <.le la ley del esfuerzo óptico. El retardo 
relativo !J. es directamente proporcional iJ la diferencia de los esfuerzos principa
les. 
Como las unidades asociadas con el Brewstcr no son comúnes en la Ingeniería, es 
más conveniente escribir la ecu<:~ciór. 9 6 <:mno: 

¡::, . CY, _ 0~ -=- N\,{''!:.._ . e c. e¡ 7 

donde N= Vi' : retraso relativo en términos ele un ciclo completo de retardo :zlT. 
.f<r= .?-jc :es el valor de franja del material ( P::o 1'- .:..,). · . 

h :espesor del modelo ( IYJ ). 
De 1:~ ccJación 97 es evidente que la diferencia de esfuerzos principales a¡- <fz. en 
un modelo bidimensional puede ser determinudo si el retardo relativo N puede ser 
medido y si el valor de franja del material puede ser establecido por calibración. 
La función del polaroscopio es determinar el valor de N en cada punto del modelo. 
Si el modelo es perfectamente eltlstico, pue<Jc encontrarse la diferencia entre las 
deformaciones principales: 

' o =-e, -é~ 
h 

(l lt-J f.) 
donde: -t~: ~ t-~ 

Luego pJriJ un modelo fotoelástico perfecta:ncnte elástico, la determinación de N es 
suficiente para establecer(),- ó~ y é,-E~ si las propiedades del material ( E, )) , 
.fo-, o~·) son conocidas. · 

b. 2. Efectos de un modelo carqado en un oolaroscooio plano. 
Consideremos el caso de un modelo plano cargado en un campo de un polaroscopio 
plano con su normal coincidente con el eje del polaroscopio ( f1 ura 29). 

Divc~<io',. .le 
e~.fvrv"fO 
P.,.¡,,¡l''' <S, 

E"~e. de 
Pola.rii!q,tiÓ>? 

D;.,ccc i.o'vt 
. ~el c:~fvc.-eo 

y.,¡"'''r·' 
<Sz 

FIG-29 
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La luz emergente del polarizador en u1, tªc!º_~dg__p~olarización~plana~vibrando-en-el-----
----plano-verttcal-con_una amplitud que V<:lt:Í,1-COn el tiempo de la Siguiente manera:- -----

___ .. --· - A=\<.5e,;,wt (,Y 
Esta luz polarizada plana penetra al modelo como muestra la figura 30. 

Eie. Jc \ 
P.,lavi?c,dov 

" ' 

FIG-30 

Como el modelo cargado se comporta como una placa de onda, el vector luz es des
compuesto en dos componentes A, y Az. 

A= k o;,.,..,...,t C:o~ d.. C.b) 

Áz= \<. ~ .. .,u;t Se.., el. 

Estos dos componentes se propagan através del modelo a diferentes velocidades y 
al salir del modelo estarán defasados. i..a diferencia relativa de fase entre los dos 
componentes será, de la ecuación 97: 
- . . A-=:2lí N:: -h-l_G",-úz) ¿:if (.e) 

. {~ 
--... ·Si estu diferencia de fase relativa se divide por igual entre los dos componentes del 

... 
vector de luz, al salir los componentes tendrán una amplitud dada por: 

A,)= keo~o( .Se., l'<~t. t ~) A~)= k 5c., .,._ cSr,.(.vt- ~) (.d) 

Los componentes A, 1 y A: entran al analizadol- como se muestra en la figura 31. 
Eje o~....;~,dow- . 1 

O 1 DiYC.< o .. .¡.._ (l. 
i~cc. \o""') ct. a-, .... 

~f--.._:;f-_¡__":-;;--t...,.-4;> A 
E:ie Jo/ 

A>oq/¡-z_.,~,.. 

FIG-31 
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Los componentes A.' y A~ se descomp· · ·11, cuando entran al analizador, en compo
nentes horizontales A,n y Ai' , y en Cc•J.•i'onentes verticales. Como los componentf 
verticales se absorven, no se muestran en la figura 31. Los componentes horizonta 
les de la luz, transmitidos através del analizador se superponen y resultan en un -
vector luz emergente A cuya magnitud es: (.e) 

A= Az''- A,"= A.' t:."o:.a~.- A,' &.,..,.;. 

A= k5c"'o\ ~~e<. [~e ... lwt -~) -<;, .. ..,(wt+ V] L.e) 

Mediante identidades trigonométricas, puede reducirse a: 
. A=-\<.~""' :Zo( t!:o:, wt :Se.., 4:- e c. lOO 

La i1~tensidad de la luz es proporcional .:tl cuadrado de la amplitud del vector luz e
merpcndo del analizador; luego, la intensidad de la luz emergente I está dada por. 

I-=K 'be.,..: :Z<i '5c:..,2 ~ ec,.:;7wt € c. 101 

Esta ecuación muestra que la extinción (I::. O) de la luz, puede realizarse de tres 
maneras: 
Caso l.- Efectos de frecuencia: 
Cuando wt=l.tz.,<~)'!l], donde ~=o,•,•,efc., el Co:>'wt=o y la intensidad es cero, produ
ciendo una condfción de extinción; sin embargo la frecuencia angular W es tan a 1 -
ta ( flOr ejemplo del orden de lo~~) que cualquier tipo de equipo fotográfico de al
ta velocidad no puede captar esta extinción. Luego para aplicaciones en fotoelasti
cida<i estática, este efecto puede ser cc,mplctamente ignorado y la ecuación 101 pue'-
de ser escrita como: 

Cas0 2.- Efectos de las direcciones principales de los esfuerzos. 
Cuando .1cl: ~11" donde ~="11 ~de, el Se..,• .2ol:: OY la intensidad I es cero; produciendo 
una condición de extinción. 
Este hecho implica que cuando ol.::c¡ 1, Ó cualquier múltiplo exacto de l?i'z., la direc
ción principal de (f, o Óz coincide con el eje del polarizador. Como este análisis 
puede extenderse para cubrir todos los puntos del mOdelo, pueden determinarse 
todos los puntos donde la extinción ocurre debido a este efecto. 
Cuamlo se observa todo el modelo, resulta un patrón de franjas, las cuales se loca
lizan en los puntos donde las direcciones principales (0"1 o()~) coinciden con los e-
jes d8l polarizador. . . 
El pu trón de franjas producido por el término Se.,• ~en la ecuación 101 o 102 se cono
ce como el patrón de franjas Isóclinas. 
Este campo de franjas Isóclinas se emplea para determinar las direcciones principa
les de los esfuerzos en.un modelo fotoeMstico. Como esto representa una parte muy 
importante de los resultados o datos obtenidos en un análisis fotoelástico, el tema · 
de j¡¡,; franjas Isóclinas y su interpretación se tratará por separado más adelante. 
Case 3.- Efecto de la diferencia de los esfuerzos principales. 
Cuando ój~=Y'IíT, dondel1=q•,z,e+<.,.·el5c»'~ =Oy la intensidad es cero produciendo. 
una condición de extinción. Luego es claro que cuando 6 -:. n la extinción ocurre. 

. ~rr 

De la ecuación 97 puede vers~-t¡ue A _ n~ 1, ,. ) 
. · ::.., =-N - n "cr' - u. . 

. ZlT' TlT' ) . 
Cuando la diferencia de los esfuerzos principales es tal que "'/?o-lrr,-rsz =q•,'2, las cGn,-
diciones de extinción son satisfechas. El orden de extinción ( N=O,I1 l 1 ef~. )está ce ·-
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. . . . - . ' 
lado por la magnitud de la diferencia u·· ··Js esfuerzos principales, por el espesor:_ ____ _ 

--~ ---- _del_modelo_y_por-la-sensieividad- del m.,-:- ciu.l fotoelás t!Co'. mei:Üante el valor de~c-.~--- --

En general, la· diferencia IJ,-() z y las direcciones principales varían de punto a pun
to. Cl ilnálisls anterior fué hecho con !u. luz pasundo por un solo punto del modelo. 
Si el análisis se extiende paru cubrir cada punto y si Jos resultados de todos los 
puntos se combinan para obtener un resultado de todo el campo, las lineas de ex
tinción se obtendrán dondeú,-ú¿~ ~ ftr con N variando como o,!, 2,3,etc. y donde 
una de~ los dos direcciones principales coincido con el eje de polarización del po
larizudor. 
Los dos patrones de frunjus se formon y "e superponen uno con otro. Las líneas del 
primer tipo, llamadas franjils Isocromáticus son lineils en las cuales ~~-~z. es igual 
a una constante, dependiente del orden de franja N. 
El segundo tipo de lfneas, que se relacionan con las direcciones principales de los 
esfuerzos son llamad¡¡s Isóclinils. 
Desafortunadamente, los dos patrones de fr.:mjas están superpuestos y su separación 
requiere técnicas es¡Jeciales que se describirán más adelante. 

b. 3. efectos de un modelo cilrc:ado en un oolaroscOoio circular (arrea lo en carneo 
obscuro). 

El uso.de un ·polaroscopio circular elimini'l J¡¡s franjas Isóclinas y mantiene las Iso
cromáticas, y como resultado es más usado que el polaroscopio plano. 
Para ilustrar este efecto, consideremos el modelo cargado en el polaroscopio circu
lar (arreglo A) mostrado en la figura 3 2. 

.2 ~ 'f'\<ttU... . 
cu .. v-'ro 6e 

o .. ~«. 

1~ f'lr..cc-. 
~oa.v-lo ~e 

O,. el"-

FIG-32 



Empleando la ecuación 8 6la luz emerge . •: de la primera placa cuarto de onda, pue
de expresarse como: 

A.'= ? k ~e.,(wl:4-Jf)= ~ l<.C'o:,wt 
) 

. Como se dijo anteriormente, la luz que emerge de la primera placa cuarto de onda, 
estt. polarizada en forma circular. El vector obtenido al combinar los componentes 
A,' y A,' es de amplitud constunte y su punt¿¡ describe una hélice circular conforme 

se prop¿¡ga a lo largo.del eje del polaroscopio. 
Estos componentes entran al modelo como se ilustra en la figura 3 3. 

E,¡(. Je\ Po\c.vil4Jov 
Ese:. te"to 

(1! pl~c._ CuQyio 

de O..~) 

Modelo 

u, 

Rd.f';~o 

(.._l! PIQcq_ e"" r-l o 

de: O,.J~~.) 

FJG-'3'3 

A 1 1 " Los componentes , y A, son entonces resueltos en dos nuevos componentes A, y 
Ai.1 cue~ndo entran al modelo, a lo largo de los ejes <i1 y <f.! 

Los componentes A." y Az"son: 

A1":::A,'Co.)(1TJ'1-o<) +A~ t>e.,(o/y-oe) Cll) 

A.t:: A; C'o:. (TT/'1-o()- A.' 5C'., (71/y- o<) 
Combinando las ecuaciones ~) y b) ; 

A/1= ~ 1<.. [co:.wt. G.~( liJ<t-o<) + 5e.,wt :;,C'.,(%--'-)] <.c.) 

Az"-:: lf- k'[s .. .,....,t Co:.(%-ol) -eo:.wt ::.e..,('}',¡-o<.)] 
Como el modelo cargado tiene las características de una placa de onda, las dos -
componentes A," yA1'' se propagan através del modelo con diferentes velocidades Y 
emergen fuera de fase con un t.ngulo de retraso relativo ,C¡ que es proporcional a la 
diferencia ()1 - <:)~ como se indica en la ecuaci6n96. Si esta diferencia relativa de 

1 ' 

. -\ 
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• A . };¡._ ol /:¡ . 
_____ fa.§_e_'-' _ _g_diyide_en_los_dos compone:".' e;,- con+ :t. -aplicado-a--A, ·y- "i"-aplicado'-c.--~~ 

a-A:¡,''; las amplitudes de esto·s compóricn~es cuando emer9en d'ef modelo serán: .. 

.. 

A,"'= V{ K L C'c., (_.,,,h ~) Co-> ( o/y-ol) T f:Je,_, {.wt. + 4-) ó.,., (o/.:, -e~.)] 
A~"'= fJ! i<. L~é..,(wt- DJ<) Co.,(Ir)¡-o<)- Co,(_wt- ~) :::.:.., (% -oL)] 

La luz emergente del modelo, entra a la segunda placa cuarto de onda como se ilus-
tra en la figura 3 4. 

E¡e -~~(';to 
l ;¡ ~ 1'\o.co.. e=vto 

•~ o .. oa..) 

.2 ~ P\"'~ «
e,.)" v-lo de 

o.,d<~.. 

Eje l- • ..,J.o 
(_.:n. P \..<-«. cu ... -+o J.. o, d"-) 

F 1 G-34 

A"' " /1) Los componentes , y l-lz. se descomponen en los· ejes rápido y lento de la se -
gunda placa cuarto de onda, y los denotaremos como A;" ·y A;~ que pueden ser des-

critos por las siguientes ecuaciones: A,"'"A¡oCo,.(o/<i-<><)-'<A,'~cSc:w(%--<) <.."'-) 

Al."'= A,"'C?.oo(%-o~) -Al'' e,....,(_IT!'f-c<.) 
Sustituyendo las ecuaciones d.)ene): . 

. A1'v= ffv.. l~e ... ll<Jt.-6!z)co~2 ~-<><)-eo,(....,t-o/.)é'o~lo/.r--<) ~e ... (%-<><)-t 
-t <:'o~(_wt+ bJ~) e,., l%- o~) Se"' (_% -o1) -+ ~"'"' ( w Í:: + C>Jz) ~e .. /(% -ol)] . 

. (') 
A ,{1 = : 1<-l C'u ::.lw é. + t.¡¿) C'o~"(% -o() -t s ... ( w!: f C>Jc) !:>e., (ll¡'v -.,.{) eo.)( %--<)-

- s ... \1 (wt- 6/.) eo::. (_ llJ'{- o() :'>e.,(.%-··) -+~o~ l..;t _llJ.) ~ .... 7 ( l1ly- ... ) J . . . 
Si se asume que el cambio de fase relativa de llJz. que ocurre al pasar la luz através 
de esta placa cuarto de onda, es aplicada en sentido positivo a la componente A,'", 



. ~ V 
los componentes emergentes de la pla• · .. A, y Az pueden expresarse como: 

A,v = ~K ( Co:{ w\;- bf.:) C'c:.'(% -o<) + :).,., (wí:- •%.) ~ .... l %~oi) Ch:.(rr)roi)

- ~e~l..ul:+ b¡,)se .. (o/<1-w)eo>(%-ci)-tC'o:,l""t-+ %) 5.: .. '(%-.J)] 
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A z.v = ~ "- [Co:.lwt + ~'>;.,) Eo:/ {_%-o~) -+ ~·~ (wt t o;,) Se .. (o/'f-ol) ~o:. .C% ~ot) ~ ¿c. lo 3 

- 'Z:>e~(wt.- '%) tc~;,('Y.,.. -o<)~ (%-o<) + C'c~ (wf- %) St>./{'"~-.x)] 

Finulmente la luz entru al unulizudor como se muestra en la figura 35. 

E¿ e R¿_C';clo. 

lZ"- P\o.,'<. <!v<>.v-~o 
<~~ o~~) 

EJe: 
Polo.,¡ ~dOI---t--

EJ·e de 1 

A,.,\; a .. .lo.,. 

Fl G-"35 

Los componentes A~ y A: son descompuestos en componentes horizontales y verti
cules. Los componentes vcrticules son absorvidos en el analizador y los horizon
tales son transmitidos para formar el vector A 

A=-~ (A/- A/) é'c.lo5" 

Sustituyendo la ecuación 103 en la 104 y simplificando: 

A= l k. Se:, ~ [eo:.lo<+wt-)- ~("' -wt)) 
La intensidad Ide la luz es proporcional al cuadrado de la amplitud, luego: 

1=I< ~~"':z ~ [Co::.~+wt) -~c:'"'C<>~-14lt)] ~ 
Una inspección de la ecuación i06 muestra que la extinción ( I-= O) es posible cuando 

.:>e,., .. -1--=o Ó l~o=> lo!J,w{;) -~&-'<~t.)]c =O . 

El término \:.C'o>lc~~._,~)-:; • .,l ... -<vt.) ]t. no produce extinción que pueda ser registrada, ya 
que lu. frecuencia angular w de la luz es demasiada. Por lo tanto, para efectos prác
ticos, éste término puede ser despreciado y la ecuación 106 puede reescribirse como: 

.L=]. S .. .., 'l. 6)?.. &. tor 

Debe notarse que las direcciones de los esfuerzos no producen extinción, ya que el 
ángulo o( está combinudo con ...vt . 
Por lo tanto el polaroscopio circular elimina el patrón de Isóclinas • 

... 

., 
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~ ~Re~gresando~á_la_ecuación_lOZ,_~es~.clar·~'· .-J e~ I= O~ cuando-Se..,~~= o-.-E~ste-hecho~impU----

ca que la extinción es posible sólo cuü1 ,Jo~=·,., 1T , donde "'=o, '• z1 efe . • -El tipo de-
extinción es idéntico al descrito en el caso 3 del polaroscopio plano. 
Lw locülizwclón de estos puntos de extinción producc:n un pwtrón de franjas llamadas 
Isocromáticas. 

b. 4. Efectos de un modelo careado en un nolaroscooio circular( arrea lo de camoo 
claro). 
Un polaroscopio circular es usualmente empleado tanto en un campo oscuro como en 

. uno claro. El polaroscopio puede ser convertido de un campo oscuro a uno claro ro
tando el analizador 90 . La ventaja de emplear ambos campos es que se obtiene el 
doble de datos para la determinación de (i,-lrz.en todo el campo. 
Recordemos que en el campo obscuro, el número de franja N coincide con n, y las 
franjas se cuentan en la secuencia 1, 2, 3, etc. Com el arreglo de campo claro, n y 
N no coinciden. En cambio N ='i.-+ n. Luego con ~el campo claro el número de linea 
se cuenta en la secuencia i:

1 
1'{

1 
2.~>',1 31c

1 
efr:. ~ 

Para establecer el efecto de un modelo cargado en un polaroscopio circular con cam
po claro, sólo es necesario considerar los componentes A,v y Al cuando entran al 
analizador con su nueva orientación, como se muestra en la figura 36. 

E¿., d~l A.....,_\i~d 0 y 
'1 do\ ?o\•noe<>.dov 

FIG 36 

Los componentes horizontales de A/ y A( son absotvidos, mientras que los compo
nentes verticales se transmiten. El vector luz emergente estará en el plano vertical 
COn Una amplitUd dada por: {;J ( . V) ec.- i0<9 

. ~ A= T \r;,,v+ Az. 
Sustituyendo la ecuación 103 en 108 y simplificando tendremos: 

y la intensidad: 
A= Z. K Co:.wt ~c.:> AJ-z. 



El término Co:}wt puede despreciarse 
I" 1<- ~o~' ·',.: 

La extinción (I :=Q) oc.urrirá cuando 

pero de la ecuación97: 
.t, /z = 1.:!:2!1 1T . z 

N - &.-:.1..+~ 
- ¿ TT z '' 

68 

las razones ya expuestas: 

ee. 110 

é.c.. 1/f 

que implica que el orden o número de la primera franja observada en un polaroscopio 
de campo claro es i que corresponde a n -::0. Usando los dos campos (obscuro y cla
ro), es posible óbtener dos fotografías de las franjas isocromáticas resultantes. Los 
datos así abtenidos, darán una representación del número de franjas separadas por 
~ orden. La interpolación entre las franjas permite a menudo UJ!a estimación del or
den dll franja de hasta :t 0.1 que resulta en una aproximación para la diferencia de 
los esfuerzos· principales de:!.o.¡ .P,.A,. Si se desea mayor exactitud, debe hacerse uso 
de técnicas más refinadas; algunas se describirán más adelante. · · · · 

b. S. Fotografía fotoelástica. 
En muchos análisis fotoelásticos, se toman fotos de los patrones de franjas Isócli
nas e Isocromáticas. Por esta razón es importante establecer los principios básicos 
de ia fotografía. 
Una hoja de película fotográfica está preparada con un recubrimiento que contiene 
plata. Cuando este recubrimiento se expone a la luz, la plata sufre un cambio que 
es distinguible permanentemente después de un proceso de revelado fotográfico. El 
cambio es un proceso de oscurecimiento mediante la formación de plata metálica.· 
La cantidad de escurecimiento es llamada densidad. ,. 
La densidad de una película revelada, es simplemente una medida de la habilidad 
de la ;:>lata para prevenir lil trilnsmisión de ·la luz·. La densidad de un tipo dado de 
película, es una función de la exposición (intensidad de la luz Jt. tiempo). Las ca
racterísticas de la función densidad- exposición, fue primeramente establecida
por Hurter y Drifrield de la manera mostrada en la figura 3 7. La curva de esta fi
gura define tres características importantes de una película fotográfica,. a saber: 
la densidad de niebla 'Do , la inercia de exposición Eo , y la pendiente de la cur
va dada por el número~ de la película. 
Cada una de estas características es importante, y deben ser consideradas al se
leccionar una película para un análisis fotoelástico. 
En una fotografía fotoelástica, la exposición cero ocurre siempre qué la intensidad 
es cero (N o, 1, 2, .••• ) • Sin embargo la película registra valores del rango de ex
posición por encima del valor de inercia Eo • Es esta exposición "muerta" la que 
produce las franjas anchas cuando en teoría son líneas. 
La pendiente de la densidad vs. Log E dada por (( determina la exte nción de la 
pelfcula. La película usual tiene i$~.1. • Este relativamente bajo valor de.O"' da 
un amplio rango de exposición sobre el cual la pelfcula es efectiva y produce un 
negativo satisfactorio. Este hecho es importante en las fotografías en las que el 
tiempo correcto de exposición no puede determinarse. 
Para fotografías fot¿elásticas se emplean películas con valores de 'b" más altos 
(de 3 a 6) ya que dan un negativo de más contraste. Esto es deseable ya que las 
franjas tienden a adelgazar y se definen mejor. El tiempo de exposición es por su
puesto mtls crítico,· pero puede establecerse en exposiciones preliminares. 

\. 
¡ 

\ 
(• 
o 
¡ 
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La densidad de niebla es menos impor ·.e ya que implica_qll.§!_existe_una .delgada----

--capa-untformerrrente-:-disTril:1uiélasobré_T_,~cifcu!a---;---que absorbe la luz. Esto por sTI
pu·e-sto-va en detrimento de la brillantez del negativo, pero corno es un factor rela
tivo, no es objetab!e. 
Para la porción lineal de la curva, densidad vs. log E, la densidad D puede expre
sarse como: 

r.· D= Do+«(Jod E-J~Eo) t'c..IIZ. 
donde D= la~ . "/re 

I.¡_ : inte:-.sidad de lu. l:Jz inciden~e so:)re un negativo revelado •. 
le. :intensidad de la luz emergente de un negutivo revelado. 
Do :densidad de nieblu =lo~ I'-/Ie.J 
.Jc' :intensidad de la luz emergente de una parte no expuesta del negativo re

velado. 
E=It 
.I :i:<tensidad de la l•Jz incidente en la películu. 
t: :tiempo de e:<posición. 

Empleando las definiciones anteriores, la ecuación 112 puede ser escrita como: 

/o;¡ .T~Í =./o4 I¿h , + ó" loe, % 
que nuede ser reducida a: e d ~ o 0 

. //,_I"''I_(EI)I(' . /J'- /Ie - /Eo Te/ 
donde J es llamado el rq,dio o razón de brillantez )= /Ie1

• 

e c.. 113 

De esta definición se ve c¡uc f=.i corresponde a la parte m{ls brillante del negativo, 
mientras c¡ue J=o corresponde a un área opaca. 
Recordando la ecuación lO 7: 

I=R Se.., .. .ójz 
La exposición para un negativo en campo oscuro seri1: 

E'=I'f. = .kf: 5e"1-z 6Jz-= Ey 0e..,~ Cl)z 
. donde éj= :;te es la exposición uniforme producida por el polaroscopio. 
Combinando las ecuaciones 113 y 114: · · C" . _ 

. . . ~J = ( l:f /E o )lr' ';;;e.., :J. 'lf tJj"(. . e: c. //~ 
La ecuación 115 describe la brÜ1antez de un negativo que resulta de fotografiar un 
modelo fotoelástico en un polaroscopio de campo oscuro. 

F IG-37 

Do +-----------<"=-( 
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b. 6. MultiplicaciÓn de franjas por m(; ·'·;S fotográficos. 
tmpleando procedimientos normales, f.>'·''"len obtenerse dos fotos de un modelo foto
elástico (una en campo claro y otra en campo escuro), c;ue permiten la determinación 
del orden de franja en J¡¡ sir¡ulcntc secuencia: N=o, Yc, 1, 1/,

1 
Z¡ ck. 

En algunas aplicaciones es deseable la determinación de ordenes de franja fraccio
narios entre los ya listados. Este objetivo puede lograrse de diferentes maneras. En 
ésta sección se describirá una técnica fotoC)ráfica, la cual proporciona, mediante la 
superposición de patrones de franjas !socrom.'lticas ordinarias de campo claro y os-

. curo, :.m nuevo patrón de franjas de campo mixto. 
Este patrón de franjas de campo mixto, junto con los de campo claro y oscuro, permi-

. te determinar el orden de franja en la secuencia O, Y~, 1,, f'l, 1,dc., y representa un fac
tor de incremento de 2 en el número de franjas·contables. 
Recordando la ecuación 115, que describe la brillantez de un negativo obtenido en un 
campo oscuro: Jf.x. = (_ Es¡EJ il' Se..., :¿,l{ 4jz. Ce.¡¡{) 

Combinando las ecuaciones 113 y 114 con 110, es claro que: 
.. 1! lEJj )'1~ ::Z.II.6.J Cc.//6 1 J<i••o:: Eo <-o.:. i'Z 

Multiplicando estas dos ecuaciones, que es matemáticamente análogo a sobreponer 
los dos negativos: 1/ ::: ( 1 ¡ )f •¡ ) ::. ( EJ ¡ )-<.Y H' 

6 
P :z.;s- 6 /'J.., \../ fooc. \../fd~.. . \. j E o Se.., Vz Lo::, % 

que puede reescribirse como: :n' · '1'. z't' ' 
· Y<r..; = é Se17 :z. óJz. Co:. t>Jz ~c. Jtr 

Un exámen de la ecuación 117 muestra que la caracterfstica del par de negativos super
puestos está determinado por el factor é. {que es controlado por el tiempo de exposi
r;A- " la velocidad de la película) y el factor ({ (que es controlado por la película 
, ~ .. -"" propiedades del revelado). Si se emplea una pelfcula con lr'-= i la ecuación 

117 se reduce a: 1~ - :Z¡ [ -e (t.l )] 
l ¡.f'..,- é./8 1 o~<¡ í'c:. 

Como al término .E puede dársele cualquier valor controlando el tiempo de exposi
ción, el término [1- C'o~'l(%)] determina las caracterfsticas de los negativos super-
pues tos. El término[!- t'o~ '1 (.%)) es uno cuando '% = (z 11 t•) 'o/'/ donde h:: O, 11lr .. . in di -
cando que el patrón de franjas se registra en Ñl'f 1 3"Jy 1 S'1{

1 
... como se muestra en la 

figura 38. Luego la posición de los ordenes de franja de < pueden registrarse en to-
do el modelo de una forma simple y directa. tlf ó ) zt 1 bl )] . , . 
Conforme "t' aumenta de valor, la cantidad[::,.,.., (l/ .. é'a~ \.. 1• continua exh¡bien-
do picos en los valores de franja de i. Sin embargo estos picos se acentúan y los va
lles se aplanan •. El uso de una película con un Y más alto es preferible ya que adel
gaza las franjas y permite mayor exactitud en la determinación de la posición de las 
franjas. 
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b. 7. 1\delaazamiento de fran:as con es rejos oarcial<"'s. 
El ancho de las franjas Isocromáticas puede ser reducido mediante una técnica debi
da a Post que emplea espejos parciales en un polaroscopio circular con lentes. 
Los espejos se insertan en el campo del polaroscopio en ambos lados y paralelos al 
modelo (figura 3 9). 
El efecto de los espejos es hacer que la luz se propague hacia adelante y hacia a
trás atruvés del modelo en la manera ilustrada en la figura 40. Conforme la luz se 
refleja hacia atrás y hacia adelante entre los espejos, una porción es transmitida 
en cada punto de reflexión. Luego, la intensidad del rayo es progresivamente redu
cida. Por ejemplo, el rayo 1 es el más intenso, el 3 es menos intenso, etc. 
El efecto de los espejos puede ser obtenido modificando la ecuación 107 que es vá
lida si no hubiera espejos. 
Consideremos el rayo 1 (figura 40) y reduzcamos la Intensidad debido a la pérdida de 
luz por la reflexión en los puntos A y B. Tendremos: 

'I,: 1<. \,1- R)'- "::>c.,2 b!z -= ~ T~ ~ .• _.,"• o/~ (."'-) 
donde R y T son Jos coeficientes de transmisión y de reflexión de los espejos. 
La intensidad del rayo 3 ha pasado por dos reflexiones y dos transmisiones, luego T 
y R es:án al cuadrado. También la luz ha pasado através del mcxlelo tres veces, Y el 
argumento del seno ha sido multiplicado por 3 por este hecho. 

IJ :::-~¡:.R. r. =:.~.,-. :3t:.j-z.. Lb) 
Siguiendo este procedimiento, la intensidad del k ésimo rayo será: 

I v : T..Tl R.'o<..-1 c..e_:. v..A - .r:-. ...J •• • 1(,::.1} s, 1 .... 
'2. / 1 1 

ec. 11? 
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Las intensidades I, , I, , .L 0-,., •• , _'. "e suman aritméticamen¡e; lue9())a In~ensi- • 
.. -dad-resultante-denos rayó·s'sobre'pues.' ;.-est'á-d1iC!apor la-.s'iúie:---- -

-- --.---~ ~~ - -- --- - .,o . . 

- -z z ,.,_, '1 "' 
-1 = J.< 1 <..R. ~-e Yl K~ Ce. 111 . 

Si ésta relación se expande y se g~~fica comofunclón de D._= /11, la curva intensidad . · 
Zll 

contra orden de franja es la que se obtiene (figura 41). 
Cuando esta gráfica se compara con la curva convencional, se observa que las fran
jas se adelgazan. El. ojo humano empieza a registrar una franja a una cierta intensi
dad mínima lo; luego la función adelgazada produce una franja mucho más angosta 
que la función convencional. 
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En una fotografía obtenida empleando este método, se observan bandas o franjas del
gadas claras y oscuras separadas por unchas bandas grises. las franjas oscuras co -
rresponden a los valles de la figura 41 y las claras a los picos en la misma gráfica. 
Las bandas grises son: procudidas por el rango medio de intensidades también mos
trado en la figura 41. las franj¡¡s oscuras estón ordcna<!¡¡s con una secuencia o,l, 2, 
3, etc. y las claras con una secuencia ~ 1 l't, 2 ,;,., ~el.:; . 
Luego, los datos normalmente obten1dos en campos claro y oscuro convenc10nales 
están contenidos en una sol a fotografía si se emplean espejos parciales en un po
laroscopio circular con lentes. 



74 

b.B. Multiplicación de franjas con es< ... :·~ parciales. 
Post también mostró que los espejos purc¡ales pueden ser empleados para multipli
car el número de franjas que pueden ser observadas en un modelo fotoelástico. 
Cuando se hace esto, los espejos son nuevamente puestos en el polaroscopio a am
bos lados del modelo; sin embargo en esta aplicación uno de los espejos estA ligera-
mente inclinado como se ve en. la figura 4 2. · 
El efecto del espejo inclinado sobre la luz, al pasar hacia adelante y hacia atrás a
trav6:; del modelo, se observLI en la figuru •13. De esta fi<Jura es claro que cada rayo 
de luz que emerge del espejo, sale con un ángulo que es función del número de veces 
que el rayo pasa através del modelo. Por ejemplo, los rayos 1, 3, S, 7 que han atra
vesado ei modelo el mismo número de veces que su número de rayo, emergen con án
gulos o, 2¡;!, 'lj! r; 'f , ademtls que los rayos no pasan por el mismo punto. 
En la práctica, multiplicaciones por factores de 5 a 7 pueden ser obtenidos s1i1 intro
ducir grandes errores debido al promedio que es inherente en este 'método. 

i--

E,. t'e ~o::, 
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FIG 42 
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-~ - ·--
El. h~cho de que los diferentes ra1os d uz estén inclinados diferentes ~ngulos con -
respacto al eje del polaroscopio, pern:. ·que cada rayo esté aislado. los rayos son 
recolectados por los lentes pero afocados a diferentes puntos en el plano focal de 
los lentes. Cualesquiera de estos rayos ¡::>ueden ser observados colocando el ojo o 
un lente de cámara en el punto adecuado. 
En la práctica los patrones de Isocromátiéas asociados con los rayos 1, 3, 5, 7, etc. 
pueden ser observados y fotografiados tanto en campo claro como en campo oscuro. 
Supongase por ejemplo que se obtienen fotografías en ambos campos de los rayos 
1,3y5. 
El pa:rón de franjas en las dos fotos del rayo 1 se interpretan de manera convencio
nal, en una secuencia o, Y., 1, 3h, etc. Sin embargo, para el rayo 3, para el cual la 
luz ha pasado tres veces através del modelo, la secuencia de las franjas es o y,.J 
Y: 

1) ., ~ 

J 1 1z,IJ···· . · 

Finalmente para el rayo S, donde la luz ha atravesado el modelo S veces, la secuen-
cia será o, Xo 1 Ys, 3to 1 7'5', Y2 , c:tc: · . 
Luego la superposición de los resultados obtenidos de estos tres rayos, es suficien
te pura determinar el orden de franja hasta en lf¡o de orden sobre todo el modelo. 
La relación para la intensidad del m ésimo rayo, donde m 1,3, S, etc. puede estable-
cerse modificando la ecuación 107. t 

:I' -= ::B.:r 'Z ~ .. "'~ t> 12 
I 3 : .1> T-zR' 'V • ., 2 "'% 
T 6 =]:. T-z R.. "::Jc./ s 6/-z 

~e:.. 1:2.0 

Luego, éste método de multiplicación de franjas est~ acompañado de una considera
ble pérdida de la intensidád de la luz. La ·intensidad del patrón multiplicado de fran
jas, comparado con el patrón convencional, est~·disminuido por el término¡: R."'-1 

que es mucho menor que uno. 
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En un análisis fotoelástico convencional en dos d'imensiones, se fabrica un modelo, 
se carga, y se coloca en un polaroscopio, y los patrones de franjas son analizados 

· y fotografiados. El siguiente paso es la interpretación de los patrones de franjas, 
que r~s el verdadero resultado de la prueba. En esta parte del trabajo se discutirán 

. la inte?rpretación de los patrones de franjas Isocromáticas e Isóclinas, las t0cni
cas de compensación, de separación y la escala entre los esfuerzos del modelo y 
del prototipo. 

e. 2. Patrón de franjas Isocromático. 
El patrón de franjas Isocromático obtenido de un modelo bidimensional, proporciona 
lineas a lo largo de las cuales la diferencia entre los esfuerzos principales (el¡~.._) 
es igual a una constante. 
Cuando el orden de franja en cualquier punto del modelo ha sido establecido, es po-
sible valuar ( IJ,-IJz) de la ecuación97. /. 

cr.-<r .. =. N fCT ¡ h 
donde (), y <l~:. son los esfuerzos principales en el plano del modelo. 
El esfuerzo cortante máximo está dado por: N k¡ 

e; -.:.l(, =- ~ l()• -u .. )=- 12 \-¡ Ec.. ~~ 1 
si v, y cr o:. son de signos opuestos y <T~-::. o ; de otra manera " . 

. (;'-~JI: -k(u,-o,) =-\Üo ;:¡j (i1 ~U~ 5o .. f'Oo>I'I"IYO~ @ 

7 , 1 r, ) L · . ~ r.- 1. C.C. 1 ~ Z 
<.,"'qt =<:". ,Ci'.,-<i't = ._()<: :'>1 VJ ~u~ :>o., "'":JC..7o10~ 

La diferencia entre las ecuaciones 121 y 122 está representada grlíficamente en la 
figura 44, donde se ha dibujadoel círculo de Mohr para los dos casos. Cuando 
0', >o y <f.: <;u3 ::. O, el esfue?rzo cort'.nte máximo es la mitad del valor de (cr,-Gz.) 

y puede ser determinado dir8ctament8 del patrón de Isocromáticas conforme la e
cuación 121. Sin embargo, cuando ú, ">úz. ">6'3: o, el esfuerzo cortante máximo 
no e:;tá en el plano del modelo y la ecuación 121 proporciona ~P y no r;..,.·,.. 
Para establecer ¡:; -·· en este caso, es necesario de?terminarcr1 · individualmente 
y no (cr,-Ci' ... ). Este es un punto importante ya que la teoría de falla del cortante 
máximo se usa con frecuencia en el dise1io de elementos mecánicos. 
En la superficie libre del modelo, cr, o Ir o:. son iguales a cero; por lo tanto el es
fuerzo tangencial a la frontera puede ser determinado directamente por 

. Q',, ú.._ : N fCT /~o¡ é c.. \ Z 3 
El signo puede ser usualmente dete?rminado por inspección, particularmente en las 
áreas críticas donde los esfuerzos en la frontera son máximos. 
A lo largo de una frontera que no esté libre, por lo ge?neral se conoce la carga apli
cada y por lo tanto uno de los esfuerzos,· digamos <fz.; sea P la carga aplicada. 
Luego: · Nf.:r/ ' NfCT/ - o t> G',-Ci.._: Ü, +? :::. /h 0 <J, "<- /11 r e c.- 12 if 

dondeOi=-P ya que la presión aplicada se considera positiva. 
Concluyendo, es claro que el patrón de franjas !socromát!cas, una vez identifica
do, puede ser interpretado de la siguiente manera: 
1, ( cr, -G'z.) puede ser determinado en cualquier punto del modelo de la ecuación 97. 
2. Si<fi>O y<i ... <.o, (cr,-G"z.) puede ser relacionado al esfuerzo cortante máximo 
;nediante la ecuación 121. 

. •.' 

.. 
• 
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FIG 44 

3. Si <fi>ui :;:>O o siO>CJ",.><r-z , (tr1 -cr?.) no puede ser referido al esfuerzo cor
tante máximo y es necesario determinar a-, y tr~ individualmente y referir l>..,~ a. 
u, o a 6"2 , mediante la ecuación 122. 

4. Si las fronteras pueden considerarse libres (esto es si O, o C"a =o )el otro es -
fuerzo principal puede ser determinado directamente de la ecuación 123. . 
S. Si la frontera no está libre, pero la carga normal aplicada es conocida, entonces 
el esfuerzo tangencial a la frontera puede interpretarse utilizando las ecuaciones -
124. 
6. Si la frontera.no está libre, y la carga aplicada no es conocida, deben aplicarse 
las técnicas de separación, las cuales se discutirán más adelante, para determinar 
los esfuerzos en la frontera. 

c.3. Patrón de franjas Isóclinas. 
El patrón de franjas Isóclinas obtenido en un polaroscopio plano es empleado para 
dar la dirección de los esfuerzos principales en cualquier punto del modelo. En la 
práctica esto puede realizarse de dos maneras. La primera es obtener un número 
de patrones de Isóclinas a diferentes posiciones del polaroscopio y combinar estos 
patrones para dar los parámetros de las Isóclinas sobre el campo completo del mo
delo. El segundo procedimiento consiste en aislar los puntos de interés y determi
nar el parámetro de Isóclinas en cada uno de estos· puntos. 
Hay varias reglas que deben seguirse al obtener el patrón compuesto de Isóclinas 
a partir de los patrones individuales. Estas reglas son: 
l. Isóclinas de todos los parámetros deben pasar através de los puntos isótropos 
o singulares. 
2. La isóclina de uno de Jos parámetros debe coincidir con el eje de simetría del 
modelo si es que existe. 

- 3. El parámetro de una Isóclina que intersecta una superficie libre, es determina
do por la pendiente de la frontera en el punto de intersección. 

. ..., 

• 
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4. !sóclinas de. todos los parémetros ¡ .. "'na través de los puntos de carga concen
trada. 
Las lfneas Isócllnas, a lo largo de las cuales los esfuerzos principales tienen una 
incllnJción constante, dun lus direcciones principales t.lc una manera que no es a
preciada en el campo de la ingeniería. Por esto es un procedimiento normal presen
tar las direcciones principales en forma de un diagramu de Isostéticas o diagrama 
de trayectorias de esfuerzos, donde los es'fuerzos principales son tangentes o nor-

. maJe:> a las lfneas lsostflticas en cada punto. 
El dia"rama de !sostáticas puede ser construido de una manera directa a partir del 
patrón dl') Isóclinas utilizando el procedimiento descrito abajo e ilustrado en la fi
gura 45. En esta técnica de construcción, las trayectorias de los esfuerzos se ini
cian en la Isóclina de 0° a partir de puntos espaciados arbitrariamente. Las líneas 
marcadas 1 en la figura 45 y orientadas 0° de la normal, se dibujan através de ca
da uno de éstos puntos, hasta que intersecten la I sóclina de 10° •· Las líneas (l) se 
bisectan y un n)Jevo set de líneas (2) se dibuja, inclinadas 10° de !a vertical, hasta 
la siguiente Isócllna. Nuevamente estas líneas se bisectan y otro conjunto de líneas 
(3) se dibujan orientadas un ángulo de 30° con la vertical. Este procediÍniento se 
repite hasta que el campo entero esté cubierto. Las trayectorias de los esfuerzos 
son trazadas utilizando las líneas 1, 2, 3, etc. como guias. Las trayectorias de los 
esfuerzos se dibujan tangentes a las líneas construidas en cada intersección de las 
Isóclinas, como se ve en la figura 45. 
Los parámetros Isóclinos también son empleados para determinar los esfuerzos cor
tantes en un plano arbitrario definido por un sistema coordenado oxy. Recordando el 
hecho de que los parémetros Isóclinos dan las direcciones entre el eje x del siste
ma coordenado y las direcciones de a, o v1. y recordando el círculo de Mohr y las 
ecuaciones de transformación de esfuen;os en función de los esfuerzos principales, 
es claro que: -r G\- G' .. c. . N\',; 

~.>xy: - ......... "2. e= - - 'ó ..... 'Z e e c.. 1<?5" 
2. :u, 

dond.: & es el éngulo entre el eje x y la dirección de rr, dado por elparámetro de la 
I sóclina. También: a-, -G ~ _ N t. 

t: .... y-: ;¡ ~ .... 'l..&,- ~ 5c. .... 'l..e, . . . ec:.. 1:1!& 

donde e 1 es el éngulo entre el eje x y la dirección de O'L dado por el parámetro de 
la I sóclina. 
El uso combinado de Jos datos de las Isocromáticas y las Isóclinas representado 
en las ecuaciones 125 y 126 pernüte la determinación de C ... y . Este valor de'(;,'! es 
usado en la aplicación del método de diferencia de cortantes { que se verá poste
riormente ) para la determinación individual de los valores de 0'1 y <Tz. • 

c.4. Técnicas de comcensación. 
El orden de las franjas Isocromáticas puede ser determinado hasta en t de orden · 
empleando Jos patrones de franjas de campo claro y de campo oscuro. Una ma -
yor exactitud en la determinación del orden de franja puede hacerse usando cam
pos compuestos o usando el método de Post para la multiplicación de franjas. 
Sin embargo cuando se necesita una mayor exactitud deben usarse técnicas de com
pensación de punto por punto para establecer el orden de franja N. Aquí se discu -
tirá el más común de estos métodos, el método de Tardy. 

• 

; 

J 
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FIG 45 

Método de Compensación de Tardy: 
El método de compensación de Tardy es muy usado para determinar eJ·orden de franja 
en un punto arbitrario del modelo. En éste método no se requiere equipo auxiliar y el 
analizador del polaroscopio sirve de elemento compensador. 
Para emplear el método de Tardy, el polarizador del polaroscopio se alinea con la di
rección de Clj del punto en cuestión, y todos los demás elementos del polaroscopio 
se rotan para obtener un campo oscuro. En esta posición del polaroscopio, se cumple 
el análisis presentado en la sección b.3. con el ángulo o<. igual a cero; por lo tanto 
las ecpuaciones 103, que describen la luz emergente de la segunda placa cuarto de on
da, pueden ser escritas como: 

. A/:.~ kL~o:.(wt-~)-t-5e.,lwl-~)-~cl1l'<ft.+~)-tL"olo(...,h~)] 

A~=:. ~ 1<. L e.:.lwt. + ~ J +~c ... ~+~) -~·.,lwt- ~) +L"o:.{_lo/t-~) 1 

• 



so 

que pueden reducirse a: ~ l. 6 ) 
A,"= l. \<:. C'o;, 1_,¡{.\.Co:..i-- ~"'" ~ 

A-.."= Yf "C.,:. wt (Co::. ~ + :>e.,~) 
Ahora consideremos los componentes de la luz entrando al analizador como se mues!. 
tra en la figura 4 6, y determinemos el ángulo Y a través del cual hay que rotar el a
nalizador para obtener la extinción (esto esq,,.q~ ) . la amplitud de los componentes 
de la luz que ·pasan por el analizador está dada. por: 

A-= A: f:o:.(% H)-At r;.,..., Clff-"t) e c. ¡z li' 

Si 1s" se selecciona de manera que A sea, cero, y sustituyendo la ecuación 127 en 
128, se obtiene: 

(f:o:. i-+s ... ~)le-,3 't- ~""~)-le<>:. 'i, _::.,,.~) lC'o:.a"+Sen ~)=O 
que se reduce a: . · ~ ) . . 

~e.,LVz.-~ .::o · éc.J'2.'1 
La expresión 5.,.. l'~· -15)=-o cuando o¡z. -lJ' .. I'IlT , donde n: O, 1, 2, •••• ; de manera que el 
orden de franja N en el punto de interés está dado por: 

N-=- A,{ ir = Y1 -+ t)rr e c.. 13 o 
Para utilizar la ecuación 130 en el método de Tardy, el valor de n se determina por 
la posición del punto de interés relativa a el patrón de franjas Isocromáticas en el 
campo oscuro. Para ilustrar este hecho consideremos el patrón de franjas hipotéti-
co y los puntos de interés mostrados en la figura 4 7. 

FIG 46 

El punto P1 que está entre los Órdenes de franja 2 y 3, el valor asignado a n en ese 
punto es 2. Conforme el analizador es rotado un ángulo 't , la franja de segundo Ór
den se moverá hacia el punto P1 hasta que se obtenga la extinción. El Órden de franja 
del punto flt será N: .:Z-\- lf'}Tr • Para el punto P'l. el valor de n se toma también como 
2, y ei analizador es rotado un ángulo '(1 hasta que la franja de segundo Órden pro
voque la extinción, dando un Órden de franja de N:. 2-\- r•/rr. En este caso n pu<io ha
berse tomado como 3 y el.analizador rotado en la dirección contraria un ángulo -Yl., 
hasta que la franja de tercer Órden produzca la extinción en el punto P~. En este C" 

\ 

., 
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'la sido evaluada, su influencia en el e: Lcrzo principal máximo es usualmente me
nos del 7%. 
La segunda excepción de las leyes de similitud es cuando el modelo fotoelástico 
sufre una distorsión apreciable bajo la acción de la carga, ya ciue esto altera la -
distri!)ución de los esfuerzos. 
Como el modelo fotoelástico puece difecir del prototipo respecto a la escala, espe
sor, y c<:rga aplicada, ·así como las constantes elásticas, es necesario extender 
este tratamier.to para induir las relaciones de escala. Mucho se ha escrito respec
to a esto, empleando números cdimensionales y el teorema1T de Buckingham;sin el'!l. 
bargo, en la mayoría de las aplicaciones fotoclásticas, relacionar los esfuerzos del 
modelo al prototipo es relativamente simple cuando los números adimensionales per
tinentes pueden ser escritos directamente. Por ejemplo, en el caso de un modelo bi
dimensional con una carga aplicada P, el número adimensional para los esfuerzos es 

CS"I·.Jjp y para los desplazamiento~~E\.,jp 
Luego los esfuerzos del prototipo puedPn escribirse como: 

~ - 'tL ~ ;r:- (), \Jp- p h "" ... p ,. 
y los desplazamientos del prototipo como·: 

S _ ~ E ... ~ ó, 
P- p,., Ep 'hp t. c.. '"o 

donde r::r es el esfuerzo de un punto dado. 
6 es el desplazamiento en un punto dado. 
P es la carga aplicada. 
h es el espesor . 
.f es una longitud típica. 

los subíndices p y m se refieren al prototipo y al modelo respectivamente. 
Concluyendo, el módulo de elasticidad no se considera en la determinación de la 
distribución de los esfuerzos, amenos que la deformación cambie la distribución de 
la carga (esfuerzos de contacto por ejemplo.) También el módulo de Poisson no nec~ 

.. sita considerarse cuando el cuerpo sea simplemente conexo y las fuerzas de cuerpo 
no existen o son uniformes. 

d) M.:ltcriales fotoelásticos cara aplicaciones bidimensional es. 
d .. 1 • Criterio cara la selección de materiales . 
. Uno tic los aspectos más importantes en el análisis fotoelástico es la selección del 
material adecuado para el modelo fotodástico. 
Desafortunadamente u<• existe un material perfectamente fotoelástico y el investiga
dor debe seleccionar de la lista de materiales disponibles el que más se adapte a sus 
necesidades. 
La siguiente lista da las propiedades que el material fotoelástico ideal deberfa tener: 

l. El material debe ser transparente a la luz que se usa en el polaroscopio. 
2. El Material debe ser muy sensible a los esfuerzos y deformaciones , indicado 

por un bajo valor de-!\,.. o ft . . 
3. El material debe tener propiedades lineales con respecto a: 

Relaciones esfuerzo deformación. 
Relaciones esfucrzo-Órden de franja . 

• Relaciones deformación - orden de franja. 
4. El material de be ser isótropo y homogeneo tanto mecánica como ópticamente· 

• 
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5. El material no debe fluir e:-.c ·:;ivamente. 
6. El material debe tener un alto módulo de elasticidad y un elevado esfuer

zo último. 
7. La sensitivicfad del material (esto es f<> Ó fE. no debe cambiar mucho 

con las variaciones pequc1ias de temperatura. 
8. El material no debe exhibir efectos "time-edge". 
9. El ·material de be poderse maquinar convencionalmente. 

10. El material debe estar libre de esfuerzos residuales. 
11. El material no debe ser demasiado caro. 

l. Transparencia. 
En la mayoría de las aplicaciones, los materiales escogidos son plásticos transpa
rentes. Estos plásticos deben ser transparentes a la luz visible, pero no deben ser 
claros como el cristal. En ciertas aplicaciones especiales que requieren el estudio 
de materiales normalmente opacos, un polaroscopio infrarojo es lo que se emplea. 
Unos pocos materiales son transparentes en las regiones ultravioleta o infraroja. 
Pueden construirse polaroscopios que operen en estas regiones cuando se necesiten 
longitudes de onda muy largas o muy cortas. Sin Embargo para el análisis de esfuer.. 
zos la luz visible es la más adecuada. 

2. Sensitividad. 
Frecuentemente se desea un material altamente sensitivo ya que esto incrementa el 
número de franjas que pueden ser observadas en el modelo. Si el valor de fa para 
un material es bajo, se puede obtenar un patrón de franjas satisfactorio con relati
vamente bajas ca.rgas. Este hecho reduce la complejidad de los sistemas de .carga 
y la distorsión del modelo. 
MateriéÜ:!s fotoelásticos .con valores de f.,. desde menos de O. 2 hasta más de ---
2000 psi-in, están disponibles. Con respecto a los valores de {E. , la situación no 
es tan satisfactoria, ya que los materiales con un valor suficientemente bajo de t~ 
aún no están disponibles. (Los valores usuales de .Ct. es: ~!1 entre O. 0002 y O. 02 
in). 

3. Linealidad. 
Los modelos fotoelásticos son normalmente empleados para predecir los esfuerzos 
que ocurrirán en un prototipo de metal. Ya que una escala modelo -prototipo debe -
ser usada para establecer los esfuerzos del prototipo , el modelo debe exhibir pro
piedades lineales de esfuerzo-deformación , esfuerzo-óptica, deformaciones-óptica. 
Muy poco hay en la literatura sobre las relaciones deformación-óptica; sin embargo 
como el método fotoelástico es usualmente empleado para determinar dUerencias de 
esfuerzos, este hecho no es demasiado serio. Curvas típicas esfuerzo-deformación 
y esfuerzo-orden de franja se muestran en la figura 50, para mostrar el comportainien.. 
to característico de un material polímero fotoé!Astico. La mayoría de los·pol!meros 
exhiben curvas lineales en la porción inicial de la gráfica; sin embargo a valores al
tos del esfuerzo, el material se comporta de manera no lineal. 

• 

.. 

,· 
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4. Isotropfa y Homogeneidad. 

' 

FIG 50 

1 
¡l..l..,;\e .le 

¡.¡ .. ~1 i .lc.d 
1 

' 87 

Muchos de los materiales fotoelástlcos son preparados de polímeros líquidos y va
ciándolos entre· dos placas de vidrio que forman el molde. Cuando el material foto
elástico es preparado mediante este procedimiento, las cadenas mole'culares del po 
lfmero se orientan aleatoriamente, y los materiales son esencialmente isótropos y 
homogéneos. Sin ~mbargo, algunos materiales son rolados o estirados duranta·el · 
proceso.En ambc" •:asas las cadenas moleculares· se orientan en la dirección del ro. 
lado o del estirado. Estos materiales exhibirán propiedades no isotrópicas y no de:: · 
ben ser usados: 
S. Fluidez. 
Desaiortunadamente, la mayoría de los materiales' con base de polímeros fluyen ta!l, 
to mecánica como ópticamente en el período de el análisis fotoelástico. Debido a 
ésto los polímeros no pueden st?r considerados realmente como materiales elásticos, 
sino como viscoelásticos. 
Uno de los primeros intentos para formular una teoría matemática de la fotoviscoe
lasticidad fué hecha por Mindlin considerando un modelo viscoelástico generaliza
do consistente de m elementos elásticos con un módulo cortante 6 .. (1..~•,-z, ..•. m)y 
m elementos viscosos con un coeficiente viscoso ~1<. l1<.-::.1

1
z

1 
•.••• ..,)vease figura 51 • 

. Asumiendo que los efectos fotoelásticos resultan solamente de la deformación de 
los elementos elásticos del modelo, Mindlin mostró que el retardo relativo, expre-

• 

sado como ln,-l'h.) puede relacionarse con los esfuerzos y las deformaciones como: _ 

(-.,-.,,) eo:. 2&., -=-R \.l~r.-<r.) Co:. ~ecr}T .:z.CO Llé,-t&)Co~Zee1 ~c.l<¡¡ 
donde: 11, -n~ es el retardo relativo. 

s..,, Ser, e~ son los ángulos entre los ejes ópticos principales, los esfuer
zos principales, las deformaciones principales, y el eje respectivamente. 

R , <:::, son operadores lineales del tipo que relaciona esfuerzos y de
formaciones en la teoriía viscoelástica. 
Para un modelo e standard de 4 elementos (fig. S 1) , estos operadores son: 

R = ~ .. 3 r s_ * s..l, + ht. + 'tz.t J \1 
'1 L&, &L n~ e:., at.J 

S= ·qic~ ~l. .1. 
16-z. clt 
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donde: C 1 ~ (z. son las constantes f· >•!lásticas para los resortes 1 y 2 deÍ modelo 
e;, ~6z. son los módulos cortantes para los resortes 1 y 2 del modelo. ·· 
'lz, 73 son los coeficientes viscosos del modelo. . . 

Puede verse de la ecuación 14 2 que la respuesta fotoclástica de un modelo de 4 ele
mentos se debe a los esfuerzos, la rapidez de deformación,. y la variación de los e~ 
fuerzas con respecto al tiempo. Para el modelo de tres elementos de la fig. 51 los
operadores pueden expresarse como: 

((= ~~~. lc,-c-z.) C:V= y¡~~ e~ ec. /9'..3 

Estas ecuaciones muestran que la birrefringencia es debida a los esfuerzos y las de
formaciones, pero es independiente de su variación en el tiempo, Coker y Filen en
contraron que el material llamado xylonita sigue este modelo viscoelástico particu
lar. 

F 1 e, 51 

Gr, 

G, 

1(, 
KoAelo ¿e Jf 

e¡~.., ... lot. 

lo{odelo. ele 
kclv;., 

Para el modelo de Kelvin, los operadores se reducen a: 

-

• 
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Esta ecuación muestra que el efecto¡,, ... ·lástico es función solamente de la diferen
cia de deformaciones. 
Finalmente para el modelo de Maxwell los operadores son: 

R= ~le, S=o 
<t G , 

'~c.. lo/~ 

Estas ecuaciones muc:;tran i¡u,-, el efecto fotoelástico puede ser expresado como fun
ción de los esfuerzos unicame:1te. 
Luego es claro c!e la discusión antcrio'r, que la interpretación de los efectos de los 
esfuerzos, las deformaciones y sus variaciones con el tiempo, sobre los patrones de 
franjas, depende del tipo de modelo que r..ejor se aproxime al material fotoelástico 
bajo consideración. 
Afortunadamente los materiales fotoclásticos comunme .. nte empleados exhiben una prQ_ · 
piedad importante, a saber, q,ue los esfuerzos y las deformaciones que varían con la 
posición y con el tiempo, pueden representarse por el producto de dos funciones: -
una función exclusiva de las coordenadas y otra función exclusiva del tiempo, como 
se muestra abajo: (J' il (.X, ~ ;t) :::. C5'(;t, '4) ~ (.~) 

E..~<.!.~,-+..)= é (A, 1) ca<.t) 
Cuando se toman las ecuaciones 146 puede demostrarse que: 

donde 

e.,= ea= ee. 
hz.- n, = e(.~) (.tr, -4a) 

h'l. -\'J, =c.~)(.~ -E e) 
G (t.)::: R U<.~:)) ~e;; '5 h (.~)) 
el~):: GoRU<.t))\ S blbl) 

G 
- 0', -O"l 

o-. :z~, -Ea} 

é.c..l'i'J 

Lo que esta serie de ecuaciones implica, es que las ecuaciones 97 y 99 pueden re
escribirse en la siguiente forma: NI ,. 1, ) 

<J, -O'l:: 1\t ten .. ~ 

donde ~O' d fe. 
tes. 

é,-Ez::: N/'t-t ~~ Lt) 
están escritas como funciones del tiempo en vez de como constan-

Así los materiales fotoelásticos que exhiben propiedades viscoelásticas pueden ser 
empleados en el análisis de la distribución de los esfuerzos elásticos si ~ ó fe. 
son determinados como función del ttempo. El procedimiento normal es calibrar el 
material fotoelástico como función del tiempo X graficar ~fS' vs. tiempo, como se i
lustra en la flq. 52 . Inicialmente el valor defo- decrece rapidamente con el tiempo 

.Pero después de una hora, los cambio·s en f.,.. son muy pequeños en el período de --
tiempo requerido para fotografiar el modelo. En la práctica, un modelo fotoelástico 
es cargado por una hora aproximadamente, luego es fotografiado y el valor de fo-co
rrespondiente a la calibración de una hora es usado en el análisis. 
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6. Módulo ~e elasticidad y esfuer_zo ú~t~¡no. 

90 

FIG 52 

El módulo de elasticidad es importante en la selección de un material fotoelástico 
porque el módulo controla la distorsión del modelo debido a los esfuerzos aplica
dos. Si un modelo se distorsiona apreciablemente, la geometría de su frontera cam
biará y la solución fotoelástlca ya no será la adecuada. Errores de magnitud consi:-. 
derable son producidos por la distorsión del modelo, donde los cambios en la fron
tera influencían la determinación de la distribución de esfuerzos. El factor que pue-

• 

de usarse para juzgar la habilidad del material para resistir la distorsión es '/ft. o ·,. 
e¡f~ (•+"Y) • Los mejores materiales para resistir la distorsión, exhiben altos vaio-

'' . res de /~(. • 
El esfuerzo último de un material fotoelástico es importante en dos aspectos. Primg_ 
ro, un material con un alto valor del esfuerzo último puede ser cargado a un nivel -
más alto sin arriesgar la seguridad del modelo. Segundo, un material con un alto
valor del esfuerzo último puede ser empleado para producir un patrón de franjas de 
mayor órden. El esfuerzo último o el límite lineal del esfuerzo se relaciona a la sen_ 
sitividad del modelo. El índice de sensitividad S está ciado por: 

~ = cr"/f.r. . .. &.,s, 
donde a-., es el límite lineal o el esfuerzo último según cual sea el menor. 

7. Scn.sitividad a la temperatura. 
Si el valor de franja del material en té-rmino de los esfuerzos cambia marcadamente 
con la temperatura, pueden introducirse errores en el análisis fotoelástico por los 
cambios de temperatura, Una curva típica que muestra las características generales 
del cambio del valor de franja con la temperatura se representa en la fig. 53. Para
la mayoría de los polímeros hay una región lineal de la curva dondefcrdecrece len
tamente con la temperatura. Sin emtx!rgo a una temperatura suficientemente alta u
sualmente por encima de 150° F, el valor de f.. empieza a .caer rápidamente como 
función de la temperatura. En este rango de temperaturas, una fase del polímero se 
vuelve menos viscoso, y como consecuencia el valor de t'<r se influye aprec.iable
mente, Para fotoelasticidad convencional en dos dimensiones a una temperatura en 
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tre 70 y 80° F la pcndit..:ntc ele la curv. la región lineal es la característica impor_ 
tan te. Afortunadamente la pendiente e!(' ia curva es us:.Jalmente modesta, de manera 
que el cambio producido en el valor de fa- perlas variaciones de temperatura del
cuarto durante la prueba (usualmente menos de:!: 5° f), pueden ser despreciados. 

---__:___ __ -

u ..., 

8. Efectos· "time- edge". 
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FIG 133 
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Cuando un modelo fotoclástico es muquinado de una hoja de plástico y es examinado 
sin car,:a como función del tiempo, se nota que se induce un esfuerzo en la frontera 
que produce franjas paralelas a la frontera. La influencia de estos efectos en un an2._ 
lisis fotoelástico es muy importante. El patrón de franjas observado, es debido a la 
superposición de dos estados de esfuerzos, uno debido a la carga y otro debido a -
los efectos "time-edge". Ccomo los esfuerzos debido a el efecto "time-edge" son -
predominantes en la frontera, los errores introducidos por estos efectos son demasi~ 
do grandes en· la determinación de Jos extremadamente importantes esfuerzos de fron_ 
ter a. 
Se ha establecido que los efectos "time- edge" son causados :;or la difusión del agua 
del aire en el plástico o viceversa. 
Para muchos plásticos fotoelásticos, el proceso de difus16n.es tan lento a la tempera
tura ambiente que requiere muchos años para llegar al estado de equilibrio. Por esta 

razón un modelo recien maquinado estará usualmente en condiciones de aceptar agua 
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del aire y los efectos "time- edc¡e" ct• :arán a revelarse. La rapidez a la cual es
tos efectos se presentan depende de la humedad relativa del aire y de la temperatu
ra. Las pruebas realizadas a humedades relativas mayores del 80% son difíciles, ya 
que el efecto "time-edge" es muy alto en Z o 3 horas. Para la mayoría de los mate
riales fotoelásticos deben seleccionarse dfas relativamente. secos (humedad relativa 
menm del 40 o 50%) y fotografiar tan rápido como se~ posible •. 

• 

Las resinas epóxicas son diferentes a los otros materiales fotoelástlcos, ya que su 
cor.Cición de saturación puede alcanzarse en Z o 3 meses. Para estas resinas es po 
sib!" maquinar un modelo bidimensional de una hoja de material que haya sido man: 
tenida a una humedad constante por varios meses de manera que haya alcanzado su 
estado de equilibrio. luego, si el modelo es probado bajo esta misma humedad cons
tante el efecto "time-edge" no se presentará. 

9. lv1 aqu !na bilidad. 
Los materiales fotoelásticos deben ser maquinables para fabricar los complejos modQ_ 
los usados en el análisis fotoelástico. 
La acción de una herramienta cortante sobre el plástico, produce frecuentemente ca
lor as! como fuerzas relativamente altas de corte. Como consecuencia pueden apare 
cer esfuerzos en las fronteras lo que hace imposible un buen análisis fotoelástlco. 
Al maquinar modelos fotoelásticos debe tenerse cuidado de no producir grandes fuer
zas o generar mucho calor. Esto puede hacerse empleando herramientas con recubri
mientos de carbono, enfriamiento con aire y cortes pequeños con una velocidad de -
corta mas o menos .alta. Para modelos bidimensionales se recomienda emplear un -
Routcr fig. 54 

JO. Esfuerzos residuales. 
Los esfuerzos residuales se provocan a veces en el proceso de vaciado del mate.,
rial. Pueden observarse simplemente poniendo el material en el polaroscopio y vien
do el número de franjas que aparece. La presencia de esfuerzos residuales en .. un mQ_ 
de lo fotoelástlco es muy nocivo ·y¡¡ que se superponen a los esfuerzos reales produ
cido:; al cargar el cuerpo, y esto introduce serios errores en el análisis. 
En ciertos casos es posible reducir el nivel de los esfuerzos residuales templando 
la hoja de plástico en un baño de aceite caliente, sin embargo es imposible anular 
los totálmente. 

1!. Costo del material 
El costo de los materiales más comunmente empleados en fotoelasticidad van desde 
$2 hasta $20 dólares la libra siendo los más baratos el grupo de fenol formaldehidos 
y los más caros las resinas. Normalmente el costo del material para el modelo re
senta un muy pequeño porcentaje del costo total de la investigación. Por esto el CO§_ 

to del material no debe ser obstáculo y debe seleccionarse el mejor material dispQ_ 
nible. Muy pocos modelos bidimensionales requieren más de una libra de material • 

• 

' 
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Un sumario de las propiedildes ópticas y mecánicas de cinco materiales fotoelás
ticos se presentan en la tabla 3. Un cxámen de esta tabla muest-ra que la resina 
epóxica es la que más se acerca a las propiedades ideales de un material fotoe
lástico. El material Catalin 61-893 también es bueno, pero los efectos "time-
edge" y su escaces en c¡randes cantidades no lo hacen muy deseable. 
El Custolite, libre de efectos "time-edge" lo hilcen deseable para ciertas aplica
ciones, y la altamente pulida superficie del CR-39 no puede ser ignorada en apli
caciones donde los efectos de Creep o la fluidez sean importantes. Finalmente, 
la goma de uretano puede ser ventajosa en fotoelasticidad dinámica y para la pre
paración de modelos de demostración. 
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d. 3. Métodos de ca libración 
Para determinar la distribución de csf~_;-_r;:os acertadamente, se requiere una calibra
ción cuidadosa del muterial, sobre todo del 'Julor d:; frJnja de! material t'O" . Aun
que !-Js valores de f~ presentados en la tabla 3 son razor.ablemer.te ciertos, los va
lore~ c.! e frunja de los muteriulr.:s vur!un con d pro•;e:ec.Jur, la temperatura, la edad, 
etc. Por esta razón es necesario calibrar cada hoja del material en el momento de 
la prueba. Aquí presento dos métodos de caiibración icpal de simples y exactos. 
En c·.Ja!quier técnica de calibración se debe seleccionar un cuerpo para el cual la 
distribución teórica de los esfuerzos s0a conocida. Preferentemente el modelo de
be ser fácil de maquinar y de cargar. El mcdclo de calibración es cargado en inter
valos y el órden de franja y la carga anotados. De estos datos, el valor de franja 
del material puede ser determinado. 
Con~idere primero un espécimen buje tensión teniendo una anchura uf y un espesor 
h, que es comunmente usado para calibraciones. -

El esíuerzo axial inducido en el espécimen por la carga P puede expresarse como: 

• 

r.- - ...f._ "1 <rz ::: O a 
v'-w)¡ ct cc.¡:,-2 

Sustituyendo la ecuación 152 en la ecuación 97 se tendrá: 
p - N f~r 1 (l p LO -

· -wJ., -~ O T\1"=. 'WN cc.t:.3 

Esta ecuación muestra que el valor de .f cr obtenido del espécimen a tensión es total
merite independiente del espesor h. En la práctica, se graflca una curva de P como 
función de N (fig. 55), para 5 o G puntos diícrcntcs. La pendiente de la línea recta 
dibujada a través de estos p~_;ntos es usada para el valor deP/N en la ecuación 153. 
El di:;co circular cargado bajo compresión diametral es también empleado como mo
delo de calibración'. El disco circular es algo más fácil de maquinar y de cargar que 
el e,_:pécimen a tensión, además, si se requiere pueden obtenerse varios puntos de 
calibración de una sola carga con este tipo de espécimen. 

FIG '5'5 

o .. J • ., .J• r;:." "'j"'- N 
La distribución de esfuerzos a lo largo del diámetro horizontal ( o sea y.O) está da
da por: 

. ' 
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donde Des el diámetro del disco. 
x es la distancia a lo largo del diámetro horizontal medido desde el centro 

del disco. 
h es el espesor del disco. 

La diferencia entre los ·esfuerzos principales es: 
2P D"-'7Dz):z Nf<> 

0",-(jl.:=.- -
1rl,O (Ol+'O:z)~ ~ 

o'~ -'loz Jt.l 
(O z+'t ~r)?.. 

La ecuación 15 6 puede ser empleada para calibrar materiales fotoelásticos si uria -
carga simple P es aplicarla al disco. En este caso el órden de franja N es determinª
do como función de x a lo largo del diámetro horizontal. Estos valores de N y x son 
su sti tu idos en la ecuación 15 6 para dar varios valores de +'1r , que se promedian pa
ra reducir los errores en la lectura del orden de franja. 
Sin embargo es más común usar el centro del disco como punto de calibración y va
rios valores de la carga se aplican al disco. 
Para este caso la ecuación 15 6 se reduce a: 

' -~ 

• 

· 8P ~-~ 
.p Ir = '!!" o "' . 

De nuevo se observa que el valor de.¡!;- es independiente del espesor del disco h. 
El valor de P/N sustituido en esta ecuación se determina graficando varios puntos 
de P vs. N y estableciendo la pendiente de esta linea recta. 
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En esta parte del trabajo, un tlroa espr.ci;¡J de lu fotoclust!cidud será discutida, la 
' . cual difiere, en cierto grado, de las aplicaciones más convencionales discutidas 

.·-

antl:riormente. Este tópico especial son las lacas birrefringentes, en donde una del
gada capa de plástico fotoelástico se coloc::~ en la su:)erficie de un espécimen me
tálico. Cuando el esp6cimen es cargado y cleformaéio, la laca fotoelástica responde 
y e! patrón de frunjas resultante observad•) en :.:n polaroscopio de luz reflejada, pue
de ! '·'r interpretada en t<:rminos de las deformaciones su¡:¡erficiales del espécimen -
met.~ lico. Aunque es te método fué introducido 11ace üproximadamen te 3 O años, ha si
do ~..:1 los últimos años c¡ue ha tenido gran publicidad, y que sus aplicaciones se han 

e. 2. La e as Birrefrinoentes. 
El método se basa en la union de una ·delgadil hoja de plástico fotoelástico a la; su
perficie de un espécimen metálico. La laca birrefringente actúa, en efecto, como un 
"strain gag e", y permite la determinación de la diferencia de las deformaciones prin- · 
cipales sobre una cierta superficie. La aplicación del método se ilustra en la figura 
56, donde dos técnicas diferentes para obse!Var el patrón de franjas en la laca están 
representadas. 

::,upc,ric.te 

Re ~L.~c.,ie 

F IG '5& 

--~----~ 
--+--p 

Cuando el esp~c::imen se carga, los despl¡:¡;:ami•cntos superficiales del espécimen se 
transmiten a la laca birrefr!nr:ente si la union entre ellos es adecuada, conf-:;~me la 
lacu responde a estos desplaz.:~mientos transmitidos, se inducen esfuerzos y una-
birrefringencia asociada. La obsclVación de la laca mediante un polaroscopio de re
flexión proporciona un patrón de franjus que se relaciona con las deformaciones su
perficiales del espécimen. 
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Si se asume_que-la-laca-es-lo-suficieP--,;-.f:!nte delgada; entonces las deformaciones 
que-ocurren en-la· superficie-del espéc"··''n se transmiten a la laca sin ninguna dis
torsión. Con esta suposición c¡ueda claro que; 

Ci'a:G',¡ ':::,o en umbos, espécimen y laca,· 

dance el 
e/\x,'J)=E;='(x,~) ~ é~lx.~)=é:(_.c~) 

sistema de coordenadas es el definido en la figura 57. 

FIG 57 

:) 1 ( rcr f> ,"\ G' ~) t.. /- = l:: c. (_rr, c.- .Yc.. él) 
De la ley de Hook: e, = E"' '-.:: 1 - y,. .. ce., 16-.:¡ 

f.¿:."' ~, luz.:.- .Y.s cr;:)) é e:.',. ¡k l..uc.c.- 9, ü,c) 
Susti:'-lyendo las ecuaciones 158 en éstas ecuaciones anteriores podemos obtener: 

.LE lv,~-v~ .. 3}~..Llf:i,'-Yco¿<) E' (11 .. ~-v ... c.~)~-1 (uz..c-v,át') c:'c.l&"o . :. Ec. . J :. Ec. . 
Estas ecuaciones pueden resolverse para v,' y (jz<-como sigue: 

·. G!<:: E~0~Yc.")Lli-Y~~)u,!>;.(.,'Y.:,-Y.s)o¿$] . éc./~t 
. · · (Íz.c• E.(,:\.p L(.l-Yc.~)ú~~+<..'Yc.-Y$)ó',&) 

---- que expresan los esfuerzos ~e la laca en términos de los esfuerzos en el espécimen. 
Restando las dos relaciones dadas en las ecuaciones 161, tenemos: 

.. [,c.-<f .. c.= ~~ ¡¡~: <..cr,'<>-Gz..~) ~c../~><. 
Una inspección de la ecuación 162 muestra que la diferencia de los esfuerzos prin
cipall':; actuantes en la laca (tf.'- u~c.¡ está relacionada linealmente a la diferen
cia de los esfuerzos principales actuantes en la superficie del espécimen (IT.~-<S'z.-' ). 
Las cc•nstantes elásticas E,, E,., Y c., y Ys., influenc!an la magnitud de (lr,C:...6" .. '). 
La res ¡)u esta fotoelt,sticu de la laca se relaciona a ( cr, c.- G ~c.¡ empleando la ecuación 

(f c._ Ci' c. - N ~Q'" -:. E,_ 1 +Y!> ( e; :S ..,... !>) J>c.. 1/::. 
1 .. - :¿ ~ E:;, l+Yc. '- 1 - ... ~ c.. O,J 

y la d!ferencia de los esfuerzos principales en el espécimen está dado por: 

. E:. 
17' :, r.- S. - -
\JI - \J2. - E c.. 

., 
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. r.'l!o r... . 
Es claro que "' -u._ puede ser det< · ,¡ado por la observación del patrón de iso'-
cromóticas en la laca birrefrinvente si :.-~, Ec , Y!>, Yc, ~ü , y 'n , son conoci -
das. En algunos casos puede ser preferible trabajar en términos de las deformacio
nes en lugar de los esfuerzos. Esta transformación es muy simple ya que se ha a
sumido que E,c- l.-.<::. f./'- é.L"'; luego: 

e,~- €:. = NfL ~ .t!_ ( 1 ->rYe. )~" 
. -a .;¡, ~ .:n, \.. s c. 

Usar.do la ecuación 165, la laca birrefringente puede ser empleada como un "strain 
gag e'' para dar la diferencia de las deformaciones principales (e,"- é~:.). La ecua
ción !55a se representa de una manera diferente por los fabricantes de la laca para 

. permi:ir la conversión del orden de franja en la diferencia de las deformaciones -
principales sin importar la longitud de onda de la luz empleada pa_ra examinar la la
ca. La forma alternativa de la ecuación 165 a es: 

s es N éc./,5:6 e, -C-z. "' .:z .., ~<.. 
donde 

\<..=y~( 
En esta expresión la longitud de onda de la luz se expresa en micro pulgadas. 

e.3. :>ensitividad de las lacas birrefrinr¡r.ntr.s. 
El ténnino sensitividad de esfuerzos Se. esté dado por: 

. CS" 

S c. = N _ :¿ \, E c. 1 + V.s 
~r u,s- cr._:-. -k ~ .s '- Yc. 

y, similarmente, el término sensitividad de deformaciones 5~estA dado por: 

S"- N 
1:. €.,~- é.-.." 

zl,., .e.\, Ec.. 
-=- h == k '+Ve.. 

Una kspección de las ecuaciones 166 y 167 desde el punto de vista de los paréme
tros d,J la laca, indica que \, , ~.r , E c., y Yc., controla los dos factores de sen
sitividad. Queda claro que la sensitividad se incrementa linealmente con h. Sin em
bargo no siempre es posible incrementar h arbitrariamente hasta que se obtenga la 
suficiente sensitividad. Como veremos més adelante, el incrementar el espesor, 
produce un efecto de refuerzo, y en algunos casos distorsiona el estado de esfuer
zos a través del espesor de la laca. Los part>metros del material de la laca que in-: 
fluencían los factores de sensitividad pueden ser agrupados como: 

Gt= Ec. 1 - ..L 
1 ;-Ve ~- ft · 

donde Q"' se llama figura de m6rito de la laca. 
La figura de mérito de la laca Q' puede emplearse efectivamente para medir la uti
lidad de los materiales polímeros disponibles para aplicaciones de lacas birrefrin-

-gentes. 
Los méritos relativos de varios materiales busados en el valor de Qc..se muestran en 
la tabla 4. Los epox!s y la Catalin 61-393 son más sensitivos que las lacas comer
ciales conocidas como Fotostress S. Es también interesante notar que el vidrio, es 
tan sensitivo como las lacas po!fmeras comcrclalmente disponibles hoy_ en día. 

• 



···--- : .... 
[ . 99 

• ! . 
-- -- - -:--===~--:-----,-----

lA ' 

Ma..teri"'-l ft.i ¡., Q"' .. Yf,_ 
Ej>oxy" /.'!? ~ lo-'f 

Epol<Yt /.~¡> )( 10-<,t 

• •• E poJI..y ¡.¡;; J(¡o-Y 

c,Jq\;., 61-6"13 J, q¡ " JO -v 

foto :.t<e~) S ;¡.¡;~ :!.,10-y 

C.,:. i-o l if e a. o y ;¡ ;o"'( 

cR-3'1 
.S: 03 ~ ro"Y 

v.- ,¡,.¡o ¡. e¡ .1( 10- il 

lr ERl.·lH'i' 5o 1'"'1~~ f'6~ ;oo de ""hicl~iJo 

T (.¡'o.._ C:.o!lO, .so pq,.fr:. f''" uo de .,,..¡,¡,¡,.;;., 
« • F.:ftl.. -ZH'I, 1-\E;<. Pe.+c;.l;co E,;,..,d...,.J 
§Pe, .. .._ lv¡ ve~ de l::t.c: ,::j}'~¡ J.) 

6"' ,.0 
Ó ''O 
6"' "Y RO 

"- ~so 

3 ?80 

3 300 

1 'itrO 

o~J>c 

/'• .. ~q'/,'to, 

p•,;, 1•'/.'to, 

La a;:>licación de las lacas birrefringentes al problema general en el análisis experi-
. mental de esfuerzos, es:á comunmente limitado por la baja sens!tiv!dad inherente del 
métoJo. Para ilustrar este punto, consideremos un ejemplo en el cual una laca, diga
mos ?hotostress S, se une a un espécimen de acero. 
Las constantes elásticas pertinentes relacionadas a este problema son: 

~ . 
E.,-= 30 X 10 psi. 
V:.'=O.J 

~ . E, ... O .420x 10 psl. 
y~= 0.36 
~ ~ 78 psi-in. 
\, ~ O .10 in. 

Susti:uyendo estos valores en la ecuación 166 tendremos: 
ce N -~ 
VIO .::: O'l ~ - (j' l. S -=. 3 .'i z X 1 o 

El resultado de este simple cálculo claramente indica que la respuesta de la laca bi
rreffi:¡gente es limitada, y que la laca tiene suficiente sensit!vidad para una determi
nacit.·n de pequeños valores de (<J,.:.- uz~) en el campo completo. 
Puecit:n emplearse métodos de compensación para ampliar la exactitud de la determina
ción del orden de franja N hasta aproximadamente O; O!, que permite la determinación 
deG,!>- CS1.~ hasta aproximadamente !:..300 psi 'oé,"-é:hasta aprox!madamente!..13....,.')".,. 
Sin ee1bargo, cuando tienen que emplearse tecnicas de compensación, el método no 
pued•: seguirse considerando como un método de campo completo ya que la compensa
ción ~iene una base de punto por punto. 
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Comc:nmente se utiliza luz blanca co" : lucas birr·Jfringentes para dar un patrón 
de i~·ocromáticas de colores. Las franJ.; .. c,Jloreadas ~'ueden ser usadas para dife
renc:ur .ordenes de franja franccioilarios y c•.ompensar hasta aproximadamente o.l 
en t.:::.J base de campo completo. Aum¡uc la exactitud alcanzada no es tan grande 
com<· en el método convencional de compe!L><:lción do punto por punto, usualmente 
pu.c<i ·n estimarse los esfuerzos en un lo/o del valor real, con el método de campo · 
com: l·~to. 

La s :1siti•1idad de la laca puede ser d;_;plicada empJ.~ando el método fotográfico:de 
mult: ;'licación de franjas. 

e.·1. ::rectos reforz¡¡ntes de lus lacas birrclringcnte~. 

• 

Cuar.Jo un espécimen metálico se Jaquea con una laca birrefringente, y se sujeta a 
cargas, la laca soporta una porción de esa carga, y consecuentemente la deformación 
se reduce en una cier:a cantidad. Es posible en muchos casos calcular los efectos -
refor::antes de la laca, y establecer factores de corrección que pueden ser empleados 
de una manera simple para tener en cuenta este refuerzo. En esta sección, el refuer
zo debido a la laca será calculado para esfuerzos planos y problemas de flexión. 
En el problema de esfuerzos planos, un elemento del espécimen laqueado puede ais
larse como se muestra en la figura 58. 

FIG ?B 

Un el-,mento similar del espécimen sin luquear tumbién puede aislarse, y la fuerza 
actuante en la dirección x de umbos elementos puede igualarse para dar: 

~:. Jy <r., -<4 ,. 'h:. dy cr .. :. + \.. .. dy cr~ c. 

.r-<4_ a-: ~ + ~ <r- c. 
u~ - • \.,~ 

La ex;Jresión correspondiente para las fucrzus en la dirección Y es: 

Üy ...¡ = Ci/-t :<:. (5 y<.. 

Si se asume nuevamente que: 

S/'= éx. r. 

f~<.:: l./' 
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E.~-<4- é -<(::. ( 1 -t ~ E, I+'J.,. ) t__.::~c.- éyc.) 
. y ~ ~~- E• ~~~c. 

Esta ecuación puede escribirse como: 

dor.d ._, 

F. (, 'n~ E~ ltV=-) t!.c..U:Z 
c. <t:: \.1 ,;. \.,~ ~ 1~ V c. 

El té:T:-:ino Fc:~ representa un factor de corrección que debe ser aplicado al" valor de 
(éxc- é:t') obtenido de la laca birrefringente para establecer el valor real de la <;11-
feren.:ia de deformaciones principales en el especimen sin laquear. El factor de
corre.:ción Fc.< toma en cuenta el efecto de refuerzo debido a la presencia de la la-
ca birrefringente. · _ 
Una .,r6.fica que muesúa Fc>1: como función de ~'fh,_es presentada para diferentes ma
teria !-~s del espécimen en la figura 59. Estos resultados estAn basados en un valor 
de 4= 420,000 psi y x~o.36, que son representativos del Photostress S, una de 
las Leas birrefringentes disponibles en el comercio. Una inspección de la figura 
59 rm.cstra que el factor de corrección es pequefio para valores de ~"'~' menores 
de 1, si el material del espécimen es metAl. Si, sin embargo, el material del espé
cime:c es madera, concreto, o plAstico, entonces el factor de corrección es aprecia
blem, ·nte mayor. 
Un S• ·.:;undo ejemplo que ilustra la influencia reforzan te de la laca en el estado de 
esfuerzos y deformaciones en el espécimen, es el de una placa sujeta a un momen
to fte::-:ion<tnte M. Considerese un elemento de la región central de ésta placa, como 
se ir. :ica en la figura 60. Si se asume que lu distribución de esfuerzos el lineal y 
que L'.; transmitido através de la intcrcara ('.;pécimen-laca, entonces,de la teoría e
leme;'.tal de las placas, la deformación en el espécimen y la laca p-.:eden expresarse 
como una función de z~ 

~ ¿ 
Ex =y f' .. ~ (.1.~-A)=a=A 

é.-.. c.= ~ P.._.,...._ A!::~'=. (.A-t 'v.,) éc./13 
J 

E y'"':::. éy'-=o 
rq ...... i-o~o ~ 
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A es la distancia desde el eje :;..,_,,rul a la intercara. 
f es el radio de curvatura. 
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Como se asume que <JJ desaparece p¿¡ra todos los valores de z, las ecuaciones 170 
pued'?n emplearse con las ecuaciones 173 ;).Jra expresar el esÍuerzo CJx en término 
de las deformaciones: 

r.t>_ E, u_ x. - -----:::;.=-::-
1 - y~" 

e 
J cc..tl'f 

La posición del eje neutral, descrito por A, puede obtenerse considerando el equili
brio de la placa en la dirección x, como se muestra a continuación: 

l
A - ('A+\,, 

<T,. b J '?.: + \ G .,..<· d ~ :. O 
4-\,~ · ,, A 

Sustituyendo la ecuación 174 en .175, integr¿¡ndo, y resolviendo para A tenemos: 
\, 1-0Cz. A ,. --

- :Z. \;- GC. 
donde 

(2:>:::. E c. ¡-y~~ e_:: he.~ 
E:!> 1- Y c. z J /!., !> 

• 

El radio de curvatura J puede ser calculado considerando el equilibrio de los momen-

M-=- IJ:><
5 

i!- di! + \ (J,: e eh ~c. ni' 
tos donde · JA At\, 

A-\,~ J~ . 
Susti:uyendo la ecuación 174 en 177, integrando, y usando la ecuación 176 para sim
plific ':r los resultados, puede mostrarse que: 

donde 

_,_- ;:z d 1- ¡)~ z 
f - H E. h::.~ 

3(,1- Gc. .. Y] 
H· GC. 

Si la laca se examina en un polaroscopio de reflexión, el patrón de franjas es pro
porcional al promedio de la diferenci de deformaciones ([.,_c._ é.y'") através del es
pesor de la laca. Este promedio puede calcularse de las ecuaciones 173, 176, Y-
177 como sigue: 1~ M 1 -Y,-z. ..l- ~4-tl.c. 

_ (.é.x'-E. <-) · =- .... E J, a \., e-Je 
· · · Y a~. q "' "' c. A 

que d.:o.: l. 

) "M 1- v~ 
\.t.-..<- é1' av. - 1-\ E> J.,,' 

!+C 

'-re c. 
Como la diferencia reul de las deforma.cioncs en 
da .es: 

lil superficie de una placa no !aquea-

~c. t.Po 
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queda claro, mediantr. una comr)<!raci· ~las ecuaciones 179 y 180, que la iaca 
no indica la diferencia real de lils de: . ' •cienes superficiales. Es posible, ~in 
embargo, corregir el error introduci:cu.ic un factcr de corrección de flexión. Luego 

\.e.x!> -€7$)~""'\ = firJ (§J<.c-(yc)a'i. 

dende el factor de corrección de fle-xión Fco es: 

• 

Fc.a-=- l-\(.l-t0c..) ~ l;-ec.í"7(,+0c3)- 3y-ec.YJ é'c. l.f>/ 

1-t c. ¡-re. e -r G c. 
El f.,ctcr de corrección de fle:·:i6n, que es función de las razones By e, se muestra 
en f.Jrma gráfica en la iigura 51. Una insp·xción de estas cutvas indica que pueden 
com .. :tersc grandes errores si Jos rosultadu:; fotoelt!sticos no son correctamente co
rregidos. Es interesante notar que el valor de ~-:) primero decrece con"'¡!¡,) y lue
go crece con posteriores incrementos· d·3 \¡~;;,,.. Primero, conforme el valor de --
. h</¡.,.,se incrementa, el plano medio de la laca se separa de la intercara, y la de
forrr.ación en este plano modio{ que es la deformación promedio) se incrementa re
lativamente a la deformación n~al en la su;:¡erficie del espécimen no laqueado. 
Después; conforme la laca se vuelve más gruesa {esto es h<-Jh~ se incrementa), el 
efec:o reforzante baja la deformación promedio en lci laca. Para un espécimen de a
lumi:lio los dos factores que producen el error se cancelan cuando h¡'¡.l\ = l. 6; luego 
el valor de Fe. e es l. 

e. :S. Efectos del esc•csor de las Jacas Cirr•:frinaer.tes. 
En !.: discusión de las Jacas birrefringcntc:s presentada anteriormente se ha asumido 
que .ils deformaciones se transmiten dci o:;0écimen a la laca de una manera ideal. 
Des¿,fonunadamente, esta transmisión ideu! de las deformaciones entre el espécimen 
y la laco, no siempre se ver1fica, y la distribución de deformaciones en la laca está 
influenciada por el espesor de la laca. La distorsión de la distribución de las defor
moci,.)nes se conoce como el efecto de espesor. El hecho de que la distribución de 
d8fo1 maciones en la Jaca se ditorsione complica el problema de interpretación del pa
trón de franjas obtenido de la Jaca en t6rminos de las deformaciones superficiales. 
La mJgnitud del error introducido debido al efecto de espesor, depende de cada pro
blem.l en particular. A veces el error será pequeño, pero en ocasiones puede ser muy 
gran(1.e .· 
El seriar Duffy y sus asociados (T. Duffy and C. Mylonas, An Experimental Study of 
the Ufects of the Thickness of Birefringent Coatings, in "Photoelasticity"), han a
proximado el problema del efecto de espesor en lacas b!rrefr!ngentes para variacior;es 
bidimensionales en las deformaciones supcriiciales, empleando la teoría de. la elasti
cidad. La laca se considera como el cuerpo, con desplazamientos superficiales prees
critos en la intercara {esto es, z ::.O, como se define en la fi<¡ura S 7) como: 

~ {_x, "d 1 o) = u ;,e .. ,.., ):. e .. ,. '7 d 

zr(x., <j, 0 ) ~ V Cu p"Jt. 5c .. 1 'J 

-w(" 1 d' o)= W l"'<a rll eo .. ~;!. 

' 
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dondt: U, V, W, y m, n, p, q, r, Y s constantes arbitrarias usadas para descri-. 
bir el campo de desplazamientos en lu : .. ~creara. La solución de este problema elás
tico r.¡uestra que el promedio de la diferencia de· las deformaciones através del espe
sor d·~ la laca y a lo lurgo del eje x puede .-epresentarse como: 

(_E K c.- E. y '}~v.:. F l"" \ "\.., v) lx (!,o, o) - F ( 1- ~ pi,, Y) éy (~,~o) + 
-T y;z_~z Gl~\, v\ 'W(X,.:>,o) 

.!" 1) ¡, 
donc.l •: 

Ce. !a'Z 

En la ecuación 182 se necesitan tres factores de corrección para ajustar el promedio 
·de la diferencia de deformaciones a trav6s del espesor de la laca, a aquellos que o
curre.1 en la superficie del esp6cimen que .:.:!sta siendo investigada. Los factores de 
corrección F(mh, nh, v ) y F{qh, ph, Y ) se usan con los dos componentes de las de
formc:;ciones de la intercara. 
Los factores de corrección pueden ser calculados para valores arbitrarios de m, n, -
p, q, r, y s. Un ejemplo típico de la magnitud del factor de corrección F ( ~ h, O, v · 
se m· . .testra en la figura 62 a. Una inspección de esta figura muestra que el factor dL 
corrección varía entre O y O. 93 aproximadamente conforme el cociente de la longitud 
de or.da del gradiente sinusoidal de la deformación al espesor de la laca varía de O 
a 30. Este ejemplo purticular corresponde o un cuso en el cual la deformación varía 
en la dirección x pero no en la dirección y (esto es n: O). Para evitar los errores a
sockc.los.con la distorsión de la distribución de las deformaciones através del espe-
sor d2 la laca, se requieren espesores de laca· muy delgados (h <. 1f /20m). . 
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-

Con el enunc iamie nto por Robe rt -Hooke en l, 678 de la 

leY:\"relociona los tensi(!)nes y defor~ciones en materiales sometidos 

o solicitaciones mec6nicas y el posterio_r descubrimiento en l. 856 -

de Lord Kelvin referente a las variaciones que en su resistencia s~ 

fre un co~ductor el,ctrico cuando se modifica su geometría, se est~ 

blecieron los principios fundamentales de la extensometr!o el6ctri

ca¡ si bi~n su nacimiento ha sido muy posterior, pudiendo decirse -

que fu& o partir de la 11 guerra Mundial, cuando su aplicaci6n emp~ 

z6 a vulgarizarse, 

En su forma m6s .elemental, una banda extensom6trico 

(Strain-gage; jouge 6lectrique d'extensometrie) e~t6 constitu!da -

(fig. 1) por un hilo met6lico muy fino en forma de "porrilla" mon

f F 
' ' 

·r . -. -
1 

..Q 

-

tado sobre un soporte, de tal mane 

ro, que la mayor parte de su longi 

tud sea paralela a una direcci6n fi 
jo. Si deseamos conocer los defor~ 

cienes de ~na estructura. seg~n una 

.direcci6n, ~aremos el extens!me

tro con sus hilos paralelos a dicha 

direcci6n y al deformarse aquella, 

producir6 variaciones en lo geometría 

del hilo del extens!metro que origi

nar6n una variaci6n de su resisten

c-ia; par lo tanto disponiendo de in~ 

trumentos capaces de medir variacio

nes peque~as de la resistencia ori

ginal del extens!metro, podemos cono 

cer las deformaciones mec6nicas de 

lo estructura en la que se peg6. 

La Resistencia de materiales nos enseña los leyes que 

ligan deformaciones y tensiones, siendo la extensometr!o la t'cnica 

que permitir6 conocer el estado de tensiones de un cuerpo a partir 

de la medido del estado de deformaciones, sin necesidad de recurrir 

o ensoy9s destructiyOs, pudiendose efect~or un n~mero ilimitado do 

......, m~trfir:inn~t~. o~ufs si bitfn el exteñsímetro unct ve7 o.-o...,<"i":' ...... i.r,..ecu-

1 

·:·-=L.-----

1. 
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perable, sus cualidaaes cdn el tiempo perduran, dentro de los límites 

rle utilizaci6n. 

Por tanto, una banda extensom<ftrica actua coma· elemento 

transductor, transformando la vorioci6n de una magnitud mec6nica en -

la de una el<fctrica, facultad <fsta que se aprovecha para fabricar caE 

todores sensibles a ciertos par6metras mec6nicos, pudiendo as{ evitar 

Se el inconveniente de sU no recuperoci6n. 

Actualmente el desarrollo de las t<fcnicas extensom<ftri

cos, ha alcanzado tal grado de perfecci6n, que normalmente los probl! 

mas de medido de deformaciones y tensiones que puedan presentarse en 

ingeniería tienen soluci6n, determin6ndose con exac~itud la evaluaci6n 

de fen6menos cuya influencia en la realizaci6n de proyectos es primo~ 

dial, con lo ambicioso meta de fobricoci6n con coeficientes de seguri

dad pr6ximos a la unidad, sin perdida de garantÍas funcionales. Reduc

ci6n de costos de fabricaci6n, control de calidad, homologaci6n de mor 

ces, investigoci6n, estudios.y ensayos, mejores de fabricados, nuevos 

diseños, etc, etc, son logros, que incluso a corto plazo, se consiguen 

con equipos sencillos elementales y e.concSmicos, 

1.2 PRINCIPIOS TEORICOS DEL EXTENSIMETRO OHMICO 

Consideremos un extens!metro formado por un solo hilo 

conductor unido o uno estructurar de tal formti, que las deformaciones 

que pueden producirse seon·id<fnticas en ambos (fig 2). 

L.. 
o 

F . ir--~: 
---e_-_~ 

1 

• 

Lo resistencia R del hi 
lo tiene por valor: 

~ 
-R= fs 

( f a resistividad) 

l. 

:i el ·hilo sufre una deformaci6n (alargamiento), la lo!! 

gitud 1 aumento, la secci6n S disminuye y la resistfvidad varía dando 

lugar estos cambios a una voriaci6n del valor,de R que podemos obtener 

diferenciando (1) y aespu<fs deducir la relaci6n entre la deformacf6n 

el6stic~ del hilo y la voriaci6n relativa o unitaria de resistencia, 

en efecto: 
~_{e rlf • f d[: ,. 1 d.:. ~:~) d'R 7 ·-

s~ 

~·, J·~ ~""t.: .. .; f\ l...-\ ~ ~ . ", 
' .. '1 ' 

,t( .~L 
·~ 

,"1~ '. r:t~ 

" -2· t - • f S ; 
~ 
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.S 1 el h~~ ::-~, ~:~=~ cLL ~ ~::~:::: .r--!llls!lllt:fiuillolll41!!"-"'-'~-:--·"'· ... -. . .,.il11~q_~!l;tl!ll.a 
.S-:. ~:b' ; d..S: ~ .r:i dD 1 ''~S ' 

2;-j), -:,c·.d:t~.<~<nrl~ , 11 [jJ-j 

_____ ---------cd-i?--cH --- dp ---r¡-d_lJ ________ _ 
--- - "T -- --~- . R-i f .•) 

La (4) podemos escribirla como: 

cU .:-tp el~ 
¡:: 

-1+ 
--f 

-2 -;:¡ 

d. E d. E. d.f-
T y T 

pero el 6ltirrio t&rmino del segundo miembro, es la expresi.Sn del coe 

f , . t d P . dD eH - IJ. 1 . . 1c1en e e 01sson ~: T ~ / , uego sust1tuyendo tendemos el 

valor de la relaci.Sn entre la variaci.Sn de resistencia y la deform~ 

ci.Sn unitaria. 

d~ dp 
_K_ ~ i .... ~P-,--- T 2 ,1).. - -
cH. cU. / 

[s] 

e. e. 
al segundo miembro de (S) se llama factor de bando o de sensibilidad 

K; 

df 
K~ i.+ 2 .LL + r 

) di. 
(. 

Bridgaman enunci6 que la váriaci.Sn relativa de resistividad de un co~ 

ductor es proporcional a la variaci6n relativa de val6men de dicho -

conductor 

ctP dv ( · · · :e -~ ) ro1 .:.J.: C - C = Con.!>ta.n.l:e de n. _ nt.a.rt - .. L 1 

. F V 
V~ t.$ ~ ::,,;,,\;; t4.';\"-'~clo t~) en [.51 

~ ~[p~~>e)~C(l-2JL)J4L-- [8J 
aqu!, hemos considerado la secci6n del hilo circular, pero en Hasta 

las modernos bandas impresas la secci6n es rectangular y la varia
di? 

ci6n de resistencia , funci6n de las deformaciones que expe----¡¿ 
rimenta la banda en las tres dimensiones se calcularcS,a.~L. 

Siendo Cll ( fig. 2a) 
Q. 

~=-ftt& 
y las deformaciones seg6n los ejes 
X,Y,Z son: 

-!· '• 

. ' 
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eH 
T ) 

d..¡,. .. 
.(,. 

. JQ. d.l 
; é.z: ~: -y T - .Ll 

diferenciando logar!tmicamente la~~endremos 

d. R. , ele "' eH . ~ _ d 1> , e d v -r ~ _ d. a. _ 
~ f ( a.. .{,. ..¡ {. Cl-

:el' c::il ... da. .., d/;.)+ ~ _ da. _ ct. L· 
L a. .t- x.. C1.. t-

y llamando 

: C lf~- u E., -,.U'é.1 +-f)) t- [,.. +LLz,. +-.U ~J- t 1 · 
= f:" [e ( 1 ·L•) .. i .. ¡,.. J .. z 1 (e -1) (i .,Ll ) 

queda 

\<.¡:e l!~Ll) t-1. "':Y· 
~<. = (e ·i )' (_ J- ,4) 

/ 

La (10) nos indica que una banda extensom,trica es sen

sible a la deformaci6n l'Ongitudinal· seg.:in· la direcci6n de los hilos -

activos, pero tambi6n a la deformaci6n transversal, siendo esto ólti

mo un inconveniente que puede introducir errores. Si el valor de la -

constante de Bridgman. se consigue que valga la unidad, K2..o, pero pr6.s, 

ticamente es muy dificil de lograr, por lo que •e tiende a buscar un ) 

compromiso que haga K2 lo menor posible y por lo menos que permita e~ 

nacer el error que su presencia introduce en la medida. Veamos como -

se logra. 

(10) puede escribirse: 

K~ ( !,. +- kt E J ) - - -
a factor de sensibilidad transversal del extens!me-

La expresi6n: ~ (~-t-IA.) 
t-\: \_E.- 1 

e.= ).:. R \(t · · • 
1 

nos d6 el error en % que sobre la medida de la deformaci6n seg.:in 

introduce el factor de sensibilidad transversal. Vemos que en el caso 

en que la direcci6n de e .. coincide con la direcci6n de tensiones uni

direccionales (tracci6n o compresi6n simple) el error es cero, pues 

-4-
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se cumple 
;Y 

que ' ( fig 2b). 

SegJn la fig. 2c vamos a medir la d~ 

. -r · formaci6n-latera1-correspondi ente-a-------

un estado unidireccional de tensiones, 

' E ' é,=-t- ! j 
" , --·-· -· ~ 
b~ 'Zc · 

'El error del-9% no 

oqu! por el giro dado al extens!metro, 

s·e cumple que 

€.,_ = - k E y 
/ J 

Si consideramos Ll, C.3 

tituyendo en (lla), el 

e . ~c3(-c!a+-0.3) 
1 - }1. 0(.) 

1• C; 3. C;c':l 

' -
J 

!'-
k. . ::: ''! .1 · t- ""-' · e 

error vele: 

9 ". : - /~' 

su~ 

puede desprecia~se y eón cuando en -

el ejemplo se ha buscudo un caso muy· extremo, habr6 q~e evaluar siempre 

la magnitud del error y considerar si debe o n6 despreciarse. 

El problema en el caso que se conozca la direcci6n prin 

cipol de deformaciones (fig. 2b) no .tiene importancia¡' pero como se 

ver6 posteriormente en el caso de rosetas de dos o tres direcciones 

el error por efecto de la sensibilidad lateral ~uede tener influencia, 

pués se estor6 siempre entre los dos posturas extremas presentadas en 

las fig. 2b y 2c. 

1.3. OBJETO DE LAS MEDIDAS EXTENSOMETRICAS: Unidades 

Los materiales empleados en lo fobricoci6n de m6quinos 

o cualquier elemento sometido a solicitaciones. externas, sufren en su 

estructura interna unas tensiones que deben equili~rar las cargas que 

soportan para que no aparezca la rotura, sobredimensionandose siempre 

los diseños para obtener un coeficiente de seguridad adecuado. Evide~ 

temente el m6ximo conocimiento del estado de tensiones oyudar6 a mej~ 

ror el diseño y a reducir el coeficiente de seguridad, pero la medida 

directo de tensiones no siempre es posible. 

Demostraremos en este capítulo, que si conocemos el es 

todo de deformaciones en un punto, podremos calcular el estado de te~ 

sienes del mismo y determinar el valor de tensiones críticas (tensio

nes normales m6ximas o combinoci6n, en una determinado direcci6n de 

tensiones normales y cortantes, que puedan representar un follo). 

El estado de deformaciones se determinar6 o partir de 

las medidas, que en una, dos o tres direcciones, que se efectue~ con ... , 
'· 



.f 
extens!metros, 

Salvo casos muy especiales, lo oplicoci6n de los bandos 

extensom~tricos ser6 siempre en lo superficie de los elementos de e~ 

sayo, por lo que solo estudiaremos el estado plano o binoxial de de

formaciones y tensiones en un punto, 

to unitario y 

El concepto de deformocionGP es on6logo al de alorgomie~ 

lo representaremos por E midiendose en microdeformacio 

nes(y..~ ). 
E.ioG: 

' ,· 
- . microdeformoc i6n (odimensionol) 

Diverso literatura suele expresar los deformaciones en 

micromilimetros/milimetro o micropulgodo/pulgodo, crearodo o veces al

guno confusi6n, en realidad es decir lo mismo de uno o de otro me~o, 

yo que se troto de lo misma unidad por lo que nosotros recomendamos 

referirse siempre o~~ . 

El m6dulo de elasticidad E y los tensiones se expresor6n 
. 1 2 en doN cm , aunque en algunos tablas pueden aparecer estos valores en 

2 2 Kp/cm o Kp/mm . 

1.4 ESTADO BlAXlAL DE DEFORMACIONES 

El rect6ngulo elemental de lo fig, 3 

de lodos dx y dy tiene como posibles 

los deformaciones lineales seg6n los 

ejes X e Y ya definidos y de valor: 

E,.: ~: é. J-: ~:ter 
originadas cuando lo direcci6n del 

alargamiento coincide con los ejes 

·X e Y respectivamente y otro tipo de 

deformaci6n llamado angular que opa

rece cuando hay un desplazamiento -

transversal de los lodos dx y dy que 

motivo que lo forma rectangular ori

ginal se convierta en rombica. La d~ 

formoci6n angular ~X~ se define como 

lo suma de los desplazamientos tren~ 

versales divididos por las longitudes 

originales que na le san paralelos es 

) 



decir: 
h'J( h' X' 

, 
~"~ = d.~-~- -:t·-~ ~~--~~·~o··~· 

--=~-~--E:J;$~:::=-=:~-::-::_~jF=-=t- ~-~-- -·- ----La- deformac-icSn-angul-ar- -se--consi-dero-----~ 

X' 

y' y 

bl<': E.¡.· d.x': &D .-!lE TFl-1 

positiva si supone una disminuci6n 

del 6ngulo recto original por una 

extensi6n. 

En un punto arbitrario (fig.4) de 

la superficie de una pieza cargado 

podemos a!slar un ·elemento infinis

tesimal de material paro estudiar -

sus deformaciones en el plano XY y 

poro ello aplicaremos el principio 

de superposici6n, por el cual la de 

formaci6n total ser6 la sumo de las 

deformac~ones parciales, es decir, 

lo sumo de lo deformoci6n lineal s~ 

gón los ejes X e Y respectivamente 

y lo deformoci6n angular ox~-

Vamos o relacionar las volares de la• 

deformaciones segón los X-Y con otra 

conjunta de ejes X'-Y' que forman un 

6ngulo e . Al 6ngulo 9 le considerare 

mas .positivo en sentido contrario 

al de los agujas del reloj. 

En lo fig. 5 se observa la geometría 

del elemento infiatesimal referido a 

los nuevos ejes 

to segón el eje 

W' €,..d...,· t.D9~9: t.,._ciJ<' c<rt1 9 
j)E ~ CJ ~~· lt><Q '110<9, E4 d-J" ~n.' (} 
F+i ~ J.x Un 9 Ó~Í uo9 

e,/~ E" '<'"l 2 G +E¡ Jl><1G,. á--¡ 7.ú< t' U> p._ - - - - - - - _1).2.] 

é{ o¿,. <Af{O+ 1)~E'J U<Lz (t)+; )rá""t ~(()+ ;)w-.Jt++J)-·L13] 
La deformaci6n angular viene expresada por: 0., Ó•4- ~~: ~+ JK 

AI = -t\C. .. CE -A1::.}·>1C. ~ -J.~'t~{Un-'"& ¡-I?J: ~ct¡tf~ ~~ :-!' 
~ JK:-1<1 HIQ t-?l CE~ i:¡J.• Unfilr.nt\ ""iJ"i:.= J.'J- í>; 1J-49 W)$ 

~"M: = - t, ci.: .-u.... s "'' !f PZ = ei 1 0•1 c..n2 ~ • 71 



Si expresamos la (12 y (14) en funci6n del 6ngulo doble podemos es

cribirlos 

é. ~ +f" §: l:..,. -tr 
G4l 2 & ... h 1.-tM- 2. {:. t)C.' = + 

2 :2. l - - (15] 

~1) €,.-[;¡.. 
U/l'\. 2, 9 + h L.t')2fl_-

~ =-
2 :L 

Por ser funciones peri6dicas tendr6n un m6ximo y un mínimo que calcu 

laremos derivando la (15) respecto a e e igualando o cero. 

d. E,.• :- 'L 
&.9 

ex -e¡¡. 'J~ .<@ +- 2. (;.¡ c.n -l e "o 
:z, . a. 

te ~ e ~ t•y,_ = ~e... ~ ~ _ LH] 
} ).l. m f.~l~ l<"J .Z@ 

de donde sustituyendo en (15) tenemos: 

tl''(M-n.):: E,. +íl + i . . L (t:,.-.fd )t -r Y, .. 1 = 
:/.. t:~-l) )\- k-,_ J ! 

2 2_ 

[t8J = t:,. .. f't + f.l,.-í' )2 ta·t )}_ · 
:z. - ( 2 -1-\:-z. -

Los subÍndices M-m indican los valores m6ximo y m!~imo, en efecto 

hay dos valores de 20M-m que cumplen la ecuaci6n (17) ya que 

, .. .te;~ l29.,.tt) o sea que las direcciones de las deformaciones m6ximo y 

mínima son perpendiculares entre s!, verific6ndose adem6s que lo de

formaci6n angular es nula como se demuestra sustituyendo lo (17) en 

la (16), la fig, 6 aclara lo expuesto, 

El valor m6ximo de la deformoci6n 

angular se obtiene por el mismo pr~ 

~------~~~~2~9~~~~ cedimienta y tiene por valor: 

~;; ·_ '"''' ~ K•z- ~, r.-E.,.;ft)\ t ~;1-f- -- li9) 
~igG \ 

demostr6ndose que su direcci6n formo 459 con respecto a las direcci~ 

nes principales, 

Si el 6nguloeMque el eje arbitraria X' formo con el eje 

X hacemos que sea nulo las expresiones (18) y (19) se pueden escribir: 

E ·~ 
t; +f:¿ .- l. -r. :. 

"' M-m) 2 - 2.. 

~M·.,.. !: 
(,-E¿ 

2. 
: 

2. -8-

) 



-• 
siendo E, ~ E ;J. las deformaciones seg6n las direcciones principalés, 

Para cualquier otra direcci6n que forme un 6ngulo ~ 

respecto a las principales, las f6rmulas quedar6n: 

[, ~ 
t .• t~ e, - t", 

(..m .2;J. [2o] + - -

~ol 
~ 

1 
si llamamos: 

&..: 

:2.. ~ 

~.- (, 
~lh. ~-,). 

2. 

(., .. [, ¿:, -!' 

;r í : 

~· ~ 

Ea~. - d.+ r co:S 2::x _ 

~,¡ ~ ( .i!.n.10( -
2. 

' 
tendre m.o1, 

- - -

'j.ue: 

[211 

-- [22] 

[23] 
1,5, ESTADO BIAXIAL DE TENSIONES 

y 
En una borra prism6tica sometida a una extensi6n 

~ r pura, se llama tensi6n {esfuerzo o fatiga) a la 

\\ 1 ~: · <o•c•• oo• '''"' ''' oo;óoó óo •oo•c<;o;., 
~ ~e ,,&-. F .r F ( · • '} ~- ·;-·· • "":o s S= se.cc.._on. ~'3:"-n. r-r 

í1\ si consideramos otro secci6n s• (seg6n p'-p) cuya 
.1: 
1 normal fonna un 6ngulo9 con el eje de aplicaci6n 

de fuerzas, la tensi6n seg6n el eje X valdr6: 

{i_:j1 X 

y descomponi6ndola en las di rece iones normal y tangencial respectiva

mente de p-p' tendremos que: 

Ión= <S;. <.o1 e <.Ai e ~ ~ .. L.cS
1 &- - -

r ~ (í,. L<>! 9 ~t.<\. e :0 ~ <l,. -:)(Ir\. 1 ~)_ 
llam6ndose el valor {24) tensi6n normal y al 

- t'2l¡) 
- - -(25) 

(25) tensi6n cortante. 

Estudiaremos el estado biaxial de tensiones en la su

perficie de un cuerpo que no est& sometido a presiones exteriores: 

de forma an6loga a como se desarrolla el caso de deformaciones, paro 

ello aislemos un elemento. infinitesimal de lados paralelos a unos ajes 

X -Y, las acciones que octuen sobre el elemento originan mas tensio

nes.normales y cortantes que mantienen el equilibrio del sistema. -

( f ig. 8) • 
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os-~ Ly~ 
<J,. 

l X 

e:.~ 

cr-r Ii~5 

!.i_g9 

. '. 
los tensiones normales ser6n positi 

vos en coso de trocci6n y negativos 

en coso de comprensi6n, os! mismo -

las tensiones cortantes se consideran 

positivas cuando producen un par en 

sentido de los agujas del reloj y ne · 

gativos en caso contrario. 

En lo fig, 9, vemos el elemento inf! 

nitesimal referenciado a unos ejes 

que forman un 6ngulo fJ con los X-Y •; 

buscaremos el valor d~ los tensiones 

ligados o lo nuevo orientoci6n de 

ejes, poro ello tengamos en cuento 

que el equilibrio debe ser de fuer

zas, en efecto: 

(S'"e S ' ~ .. S 1..<1 S <-n & + s-) S '}(."" & ~ e • t .. J S «1 O 1.1..u h t1• S uu S , "' 17 ~ 

: ~ .... S cc1 16 • -s 
1 

.S 'lL<.t,_ r, + .t t:. ~.S '\.U.<. & t..c1 6 · 

cs-9 ";.~ ~· f¡ +(J-a 1-eM-2 ~ t- ~ ·c:.4 uu: & <<'1 & -

~: - ( (). --r 1) \tU 11 U! 9 ~ 9 c.ct o+ e~~ ( Gbf 2 & - 1.QJ_¡
1 e) -

ecuaciones que expresados en funci6n del 6ngulo doble nos don: 

IJ9= 
es- -6' . 

. .. :¿ l '-<'i 2.P + l~4 '\U.< t~-

'l9 =- (lí ... ;6"1 )JU<..t9 +c .. ~ tb1 zo- _ -

Si derivamos lo (28) respecto o & e igualamos o cero, encontraremos 

los valores de G que hocen m6ximo y mínimo o dicho ecuoci6n: 

J. <rQ : - ( ()~ -:r 1) ·¡w H + ~ l:,.1 U1' a ~ o 
eH · . 1 

t; ~!:) _ M-•'- t {;l ~-"'- _ (",. ;f 
~Q H·m - c.d <, & - G; .r,., 

1-1·..... :¿ 
Por consideraciones on6logos o los D hechos en el estudio de la defor• 

moci6n bioxiol, se deducen que hoy dos planos perpendiculares que -

corresp.onden a los direcciones en que las tensiones normales son m<Sxi 

mo y mínima respectivamente y en las cuales los tensiones cortantes 

son nulos: 

-lO· 

~ 
1 



r -~ 

' 

(\ -
----~---_:_~1-\ol>- -

Oe la misma forma encontraremos que: 

(~~~r~(z:.~r-
El valor m6ximo y mínimo de la tensi6n cortante se encuentro defosado 

45q respecto o los valores principales de los tensiones normales. 

Hoci ende que -el 6ngulo e M, 0 tenemos que: 

(f. - - !Si 1- G""-,_ _,. <:1, -IJ-.. 
M-"' - ~ - 2, 

e:- - ;- <:>, +- .,1. 
1-\-"' - - 'L 

siendo <:S""
1 
~ lf";¡.. el valor de las tensiones normales mdximo y mínimo; 

los ten-siones en cualquier direcci6n que formen un 6nguloot. con los 

principales, 

Llamando 

tienen de valor: 

(!'" - <J, 1-'f"t r 'J¡ -'ÍL 
" - -¡_, z., 

T. - (!"",-<S; ~ 2," 
"' - :& ~ 

~o b+-fl-<112>1. 

~o(.: f <JUl. l o{ _ 

1.6 RELACION ENTRE DEFORMACIONES Y TENSIONES 

ctH 
1 
' 
1 

t 

d.:c 

Supo~s el elemento de lo fig, 10, 2 
plicondo el teorema de lo superposici6n 

encontremos que¡ 

\S""~: J: ~~(Ep)'- €,.) -
Experimentalmente se demutstro que: . 

[31] 



1 llcm6ndose e G coeficiente de elasticidad a cortadura. 

Recordando l~s relaciones: 

el - ~' .. E. 'l. 
• "-' 

r =- ~,-E2. 

se deduce que: 

rj, Ui ---u. 
E f 

!.. +fz. 
= 

'2-
J +-_u 

ó o 
'l,. ,_l 

f: 
- lA 

/ t: 

E 
)-y-

' 

2. 
<í. -(l, , -

= d. 

( _!__:__:~) 
\ L~ 

) -)! 

f E 
---- :: ¡- ---

) +-1L ) 1- )A. 
' / 

- - [38) 

-- [3'1] 

1,7, REPRESENTACION GRAFICA DEL ESTADO BIAXIAL DE TENSIONES Y DEFORMA 
ClONES· CIRCULOS DE MOHR 

Una de les formes m6s sencillas y usuales de represent~ 

ci6n del. estada plena de deformaciones y tensiones es el círculo de 

Mohr, Reco_rdemos que le deformaci6n en une direcci6n cualquiera que 

forma un 6ngulo~ respecto e las direcciones principales tiene por 

valor: 
é.. +-E, t. - t•, 

E .• U!:_"'< d +-r {.1)1 ,2 ·" = .. -:. 
<, :¿ 

&,. 
-~ 

f. - [, Jen.Z·O(. = r :Jerz .Za~.. 
2 2_ 

Podemos representar pr6cticamente 6stas ecuaciones según la fig, 1¡, 

puás se cumple 

% E, 
~ 

-·éz ---

o 

el 

? - ----<r: 
.- .. --~, ------

o 

que: 

E.~:. o M' =- d + r .at! .t 01. 

~ -, 
- ~ )NI = r ;r u1. :¿ "' 
2 
Observemos que ·el valor m6ximo y el 

m!nimo 

Le fig, 12_nos indica el circulo de 

Mohr pare el estado de tensiones y 

~ vemos su similitud con el de defor-

mociones. 
. ""'- = ,::;-¡¡ , 6 ... r '-<1 2 .. ..._ 

i-<' ¡.ji/'= fJtrt..Z<>~. -12-

) 



En el dominio e16stico de los cuerpos isotr6picos, 

existe proporcionalidad entre deformaciones y tensiones, por lo que 

-los- e irculos -~epresentctfVo-5 dé. óniJoS- v·aro-!"e·s-son- conc&ntricas. -L;os------

coeficientes de proporcionalidad han sido deducidos en el apartado 

l. 6 ( f ig. 13) • 
6 l. 
f 

\. _; _f.._ 
J.----.::..o·" ¡·r·- -- . -·" 

1,8 EJEMPLOS DE APLICACION DE LOS CIRCULOS DE MOHR, 

N2 1. Sobre el elemento de la fig. 14 actuo~ los ten

siones que se indic·an. Calcular analítico y gráficamente el valor y 

dir~~ci6n de los esfuerzos principales. 
'~'!' ·iSr.d<\.N 'cm' 
ry·tov a.:.¡cm! 

t5ot-(-t5.;-) r 
:¿ 

· loo 
t;a 2_..¡, .~ . : O G!;; 
·el' )So-(.-1So) ' . 

~ 

l'i~2. Iciern. C\.t a,,_ten.o..-.( fi~ iS) 
<>¡'·loo y 

<:.
1

1-s· Loe 

h$ tS 

Ó: -loo.(·!cc), -ioo 
2 

r ~ : (-toe~ l-lvc) '...1 00~ : 

"Z'" .. 

es-,..., 5 +f --- i..:;o +too o o 
~ ... , ~- t :- ic·,, ·toe= ·2.oo 

'v.;J,So 



.· 
Casos típicos da' cpliccci6n del circulo de Mohr, 

TORStON 

TORSIOH y TRACCION 

TI?ACCION 
y 

----IH-1~--x. 

!res !8 
C.ILINt:>I?O BAJo PR€SION 

y 

~i~ 19 

ESFERA BAJO PRE"SION 

01-----

-14-



Bandos de tres direcciones o rosetas (Rectangulares) 

--------------y 
-Consideremos el valor de los deforma-

ciones (fig, 21) en direcciones A, 8 y C que formen 

los 6ngulos 6A,e8 y 9c respectivamente con el eje X 

de unos ejes arbitrarios X-Y, tendremos: 

Si 

f.,.: f,~~t~ ;- ~.-C¡- Col t!IA +- t•'t Un..~&¡. 
"' :z.. :L 

"'_ t,•-!'1 r,·rt •" ~., •e 
c 6 . ~ - + :¡_, _ Ca!..., "& ~ T Ji!fl <- ?.. 

E _ E,.+-Cj: + C,.- el ·~2" +- l:l. l~-"- Z Be. 
e- 2- 2- . • <:'e ~ 

hacernos que: 

eA ,o 

E,. ~E" 

Ee. = 
e,. .c1 

1, 

Ól&' 
rt 

4 

h 
... 2,-

t.,.~rA 

E:r[c 

nos quedo: 

A 

Ec: f} 
t•}' 2 Er,- (E,. -€8 )-= (! 8 -€",..) ~ (f11 -Ec). __ [~2) 

Sustituyendo los (41 y (42) ~n (18) y (19) y simplificando tenemos: 

[1> +fe. 1 y 
é...,-: 2. + (i (f.-!!> )"L + (t.,- fe)-.._ [i-d) 

t. +-f.: A V 
€...,' -=---.,..2.-'-"----- ff ( r,.. -4)"1 + (f¡ ·.fe: )"l.-

K~~. ..... -rfi V (EA.- f, y• t-(_tll- .fe:)~-
-t. 1 elo\: ~ (€a -t.)+ (la ·fe )l -
·r l 'ia.- fe J 

El 6ngulo ~ ... ser6 el que formo lo direcci6.-, principal m6ximo con la 

direcci6n A. 

Los valores de las tensiones m6ximo y mínima 

E Í El +Ec. '(f 1/ ( ~ (_ )7. 
<l~o~ ..., : l l J _ J !. -¡;¡ l f 6 - fr.) + ir.- Zc _ 

e-"':: fi.r)+,) YcE.-!,.)7.+(fs-€c.)z...- _ - [48) 

Los f6rmulos (47-) y (48) don olirectamente los volares de los tensio -¡ 

nes principales o partir de los valores de los deformaciones en los 

direcciones A, 8 y C, 

-•s¡ 



.. ,.":. 

Las ecuaciones anteriOres corresponden a una bando ex

tensom.s'trica roseta rectangular como la indicada en lo fig. 22. 

determinad'3r= e o' 

Vamos a ver gráficamente como se 

determinan las deformaciones prin

cipales a partir de los deformacio 

nes f.·. f.., a fe. val iéndanas del círcu 

lo de Mohr. 

Sobre el eje x (fig. 23) traslade

mos los valores f',.; [d J fe • En e 1 

c!rculo fA J E e tienen que estar -

defasados 1809; por lo que el ce~ 

d EA+Ec, 1 d' tro del mismo ser6- = 2 , o _!. 

recci6n de EB estar6 en el cír 

culo defasado 902; par lo que debe 

cumplirse la igualdad de los tri6n 
c., .6 -

gulos 0'88 ~ o'cc' can 'lo que hemos 

En el círculo observamos que desde el punto A que corre~ ' 

pende o E, tenemos .que correr un 6ngulo positivo .2 oí paro llegar o 

f,~ e¡.¡ ; por lo tanto y sobre lo'banda roseta desplazaremos un 6ñgul00( 

para la direcci6n de la deformación principal m6xima. El 6ngulo ~ 

es el que formo lo direcci6n principal máxima tomado como referencia y 

lo di recci6n A, considerando como positivo· el sentido contrario el gi

ro de las agujas del reloj. 

Conocido el círculo de Mohr de deforrrc cienes f6cilmente 

se deduce el de tensiones (ver. 1.6) de la fig. 23 se deduce: 

e. 

~-- d.: r •• r~ ----.t 
'2. 



,. 
~--

~~---------'------ -· - ·-·-------- -------------
1.10 ~ALCULO TABULADO PARA ROSETAS RECTANGULARES 

S.;o-"Jn ... 4 f:l- l t.: los medidos de los 

bandos, ~, B y C. 

1 ) C6lcc;lo de d: d.: (,. rf .·. 
(e' ''" !.e· •,..""JI• ;. \ 

e, . ' 
2) C6lculo de r: 

Anotar los 3 v~lores con su sigr::J 

Restar ( -f.i!.) a los~valores, se obtiene ___ _ 

Anotar el signo que corresponc~ al mayor valor de 

en valor o:os:>luto "~··.~-·==============!>(±¿e 
!, 

"se n éi_m_.e_r_o_. -0-i _v_i_d_i -~-:x_~_'j_~-----.:.-\1} 
Seo,oor ejemplo. ~ 

por O( con su s igr-.o. 

Se obtiene 

Y pued~ se~ positivo o r!e~~tivc, pero inferior o 

1 en valor absoluto. 

Buscar en-la tabla I el valor W 

Se tiene que: r :1«\ w (N6mero 

q!-'e corresponde 

positivo) 

Los defcr~aciones principales son: 

a Y 

f_ ... :-(~,

~::..--;_.r 
Buscar en la tabla II, el 6ngulo que corresponde a Y 

1! ., 
! 

' 
1 

con su signo. O( est6 comprendido entre O y 452. Llevar j; 

el 6ngulo o r en sentido externo (que se aleje de la ·· 

~1 
1 

referencia O) sobre el ej~ morcado con el 1. 

i 
1 

Le direcci6n co':enida es: 

M6ximo si anotamos el signo+~=-:..·~-::-... ·=. ... :.~ .. - ___ -.~ 

Mínimo si o~ot~mos el signo 

-91· 

• . 

:i 
;¡ 

!1 

,, ,, 
\: 
1' 
ji 

-17-



......... 

TABLA N• l 
(continuaci6n) 

TABLA NI 2 

·- .-1~ ,; .. _.: ... • • 

. . -·· ·- -···-· 

ll6"i ll!!·O<~ 
(p)l~ c. :-"''2 
(1~7 'n.a51: 
(lt.e vas5• 
O.t.9 · ú.b~9t 

0.10 ; o_f'¡:¡:n 
0.71 . Oé:f-7'1 

0.1'1 . 06713 
o.n L 8755 
0.74 L.8796 

0.75 . 0.8839 
o. 76 ; 0.8881 

o. 77 . 0.8924 
O. 78 : 0.8968 

0,79 
0,80 

0,81 
0.82 
0,83 

0.84 
Ob5 

o 86 
0.81 

0.8'! 
0.89 

0.90 
0.91 

o.u 
O.tl 

! 0,9011 
10,9055 

.0.9100 
• 0,9144 
'0,9189 

. 0.9235 
·0,9280 

! 0,9326 
. 0.9373 

:0.9419 
10.9466 
1 
1 0.~13 o."e1 
10,9601 
f 0,9656 

" " 

" 76 

" " 
01 
4:i 

•• 
" 12 

16 
60 .. 
•• .. 
" .. 
31 

" ,. 
71 

" " 
" 61 

1" 

" " 
" e o 
71 ., 
•• 47 
•o 

" 70 ,. .. 
09 

" >8 

•• .. ,. 
82 

28 ,. 
23 
70 

18 .. 

07 

" " 
" ., 
03 ., 
•• 
26 

" 
~· " •• 
" ., 
25 
69 

" 58 

03 •• .. .. •• 
" •• 
27 
75 

23 
71 

10 1 14 
49 ' ~3 
ti! ~ ~2 

1s 1 n 
51 ! b1 

" 
" " 
07 .. 

: 31 , ::!:> ' ::0.1 
7$ : 1!! 

i 1!. 
i 56 

97 •• 
JO 

¡ 71 

' ,, 
!:Ir. 
99 

, 
" 1" 
" 171 

i ,. 
j 80 

·q : 22 
i 64 

' ·.·] t 07 

;~!::¡~ 

29133138 
73,77 82 

18 ' 22 ! 26 
fl2 ! 07 ¡' , 

¡ 07 
1 

12 17 
: 53 . 57 62 

" 1 ., 1 08 .. ., .. .. .. 

' ,,. 
j hCJ 

1
! ~; .. 
t ~e 
' ó~ 

1, 
·¡ .. " 

42 

'" ' '1 
1 

76 

21 
: 67 

' ·" ! 59 

' !,. 
i as 

'43 ~ ~~ 

1 32 
190 ,, 

•• 1 •• 

94 1 99 

42 

" 
.. .. 

21 Jl 37 42 
75 80 8~ !O 

~ .!'~ ¡;~ 

w~w 

¡¡~ ,-.~ 
. 04 08 
. ·13 47 
t.i 1 87 ,, 

! GB 

¡ 08 

·" : t.4 

., 
52 
,. 
¡¡ 

" ., 
07 ., 
•• 

.40 

•• 
JO 
76 

" .. ,. ., .. 
•• .. ., 

O.CJ4 '0,9705 O'J 14 19 24 79 34 33 · C3 •• 
0.95 ; 0,9753 ¡ 58 el 68 73 76 82 87 : 92 97' 

1 . ' 1 

~=~ : g-:aag~ 1 ~! :~ ~! ~~ ~~ ~~ ¡~ 1 ;~ i :: 

0.98 1 0:990~ 05 10 15 20 25 JO 35 ! Col ¡ C5 o... 1 o.ft60 ss eo a 10 1s ao a~ : 90 1 ss 
11 ! . 

1.00 11,0000 ---+~-1--+---t---'f--+ 
;· ~~ ·2 3 e ! s ; e 1 ·-¡ ;--;·-;--

',·~ -~:_:·~.--'"'!: .. ·.-~·. . ·~. . -. :.-.:...·_, .. 
y 

-1,0 -o.• 
-0.1 

- "' -o.e 
-0.5 
-o.• 
-0,3 
-0 . .2 
-0.1 
-0,0 

+ 0.0 
... 0.1 
... 0.2 
~. o 3 

.• 0,4 
~ 0.5 

• 0.6 
+ 0.7 
.. 0.8 

O'! 
• 1 o 

o 
0.0 
1,6 
3,2 
5.0 
7,0 

1.2 
11.6 
14.1 
16.8 
11.7 
22.5 

22.5 
25.3 
28.2 
30.9 

'" 35.f-. 

,. o 
•• o 
.:01.8 
43.5 
·~Q 

i _,-~,._-,_-·+r_·;--+-; .-+-1 ~---+-¡1·;_-+-1-' __,¡_~ ~ 
1'~ u ,.,u u u u~¡~ 

Ut U 171U U U~ 1~ 1~ 

''~'¡U u 1u ulu u u u 

l
u u u,u u u u u,~ 

u¡ u. u'lu ~u u u u 
13.1; 13.8 ¡'13.4 ·13.1 i12,1 j12,6 ~ 2.1 11,b 

1

11.4 11,1_,1o.t 1to.e t0.4 .10.1 ,,,,'.-~ ::~.1 9.c 

18.6 1 18.3 16.0 J15.8 1'15,& ¡15.2 i 15.0 4,7 . u . .:. 
19.4[11.1 111.8 ;Hs.S 18.2 117.9 ·17.7 7.4 !P.I 

: 22.21 21.9 !21,7 :21,4 . 21,0 20.8 :20,5 ·:..2 ¡ 1~.::1 

• 22.1::: 21.1 pn.3 ~n r. · 24,0 .24.2 : z.:..s ~4.8 · :!5.1 

: ~;: i ~i:~ ;ª::~ J~:~ ; ~~:: i~:: ¡ ~:~ ·,~:~ 11 ;.,:::, 

. ~· 1. :01,4 :31.6 '~1.9 '32.\ 132.4 :32.7 321 ... 
: ••• r, 1 3J9 ,:J-~.1 :JJ.: -~: .. : :~; .. ; ¡~; .. ~ .~~f~ 1:~:: : .'1..> u l JU 

1

.36.5 :J6) j 
38,138.• 38.6 ::ot:8 '39.o ~ .. ~., .l0 c !J'J6 !:~9.1! 
4C.2¡ co.c co6 4"8 :,o.!l ~41.1 .:.•.J "'1.5 :"·' 
<2o

1
•2.2 .42.~ ,q! ·47.7 !.:1a .. ;Jo ·4··· :.:3.3 

.

,_,,7 L'_l~ ¡'«,O . .:.;_1 '4-l.J •J'.¡. ; ~ .... b 1(4:7 ;44.! 

- '·. i : 1 .. _.) .• --

•( 

-·~ 
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1;11 BANDAS CE TRES DIRECCIONES O ROSETAS (EQUIANGULARES) 

Los direcciones arbitrarias de la medida· de tres defor 

mociones en un pun.to podemos hacer que est6n defasados 1202 con lo 

que la banda tiene la geometría indicada en la fig. 24 y por consi

deraciones ondlogos el caso de la roseta rectangular encontramos los 

resultados que se indican 

c. .. 

a e 
(J. E Í ú +E t + ée + '{i[ ~ , 1 ~o~- .... ;aL ,_/' ¡;¡ 1('··'·)+(-Ec-Ea)+(Ea-<.S· 

? ~ ~J~fl V(ErEc)-.+(>.·.:.f•Ua-q-.._ 

;~e::: (3 (fe -!.11) 
.t· f"4 - t"a - E e 

-- [49) 

_ ~5oj 

siendo e 
ci6n A. 

el 6ngula de la direcci6n principal m6xima con la direc-

Gr6ficomente podemos encontrar la soluci6n llevando· sobre el eje X 

del diagrama de Mohr los valores de f•, (• J Ec 

! 
1 

o 

1------(¡ 

A 
B 

-- --- t:l. -

El centro del círculo sera d= 

(fig. 25). 

A 

\ 
E, 

¡ sobre los 

dos proyecciones que queden a la derecha o a la izquierda del centro 

O¡ ·se levanta MM' perpendicular en el punta medio de las dos proyec

ciones y desde 0' se traza una recta q~e forma 602 con el eje X, el 

punto de intersecci6n M nos d6 el radio del círculo r:: o·l'l Apare!!. 

tem·ante hay dós soluciones pero los puhtos A'-8' y C' no guard?n en 

el .circulo el defase de 2402 de acuerdo con la orientaci6n de las -
-20_. 



. - ----- ------di.-ecciones-de-la-banda . 

De la fig, 25 deducimos: 

d.= 

r = 

(Í,o E (f.+ ¡e z) ) _,, 
<S" ~ 

E (f1 ?E•) . 1 
J- r 1 

.. 
---~-.-~· 

-21-
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· 1.12 CALCULO TABULAuu PARA ROSETAS EQUIANGULARES 

Sean e~.E" a fe las tres medidas can su signo 

1) C6lculo de d: 

.. ·.o-"---~ 
' 

t.. 
2) C6lculo de r: ·~ 
Anotar los tres medidos según su direcci6n --------------~- · 

e. e 

Uno al menos de los valores meaios. es algebroic~ 

mente igual o menor que los otros dos. Sea por - '>l. 

ejemplo Ec Se suma (·Ec:) a los tres valores. 1 · 
Se obtiene as! O y dos n.!meros positivos "< J J ----------J ~O 

Dividimosa continuaci6n por el n.!mero mayorei.oJ .. 1)( 
sea por ej emplo_j-> ------------------

1 
~O 

En la tabla III se obtiene un n~m~ 

ro U=f(x), tal que r= p.· V 
-' 

3) C6lculo de q 
La tabla rY d6 el 6ngulo en funci6n de X. Este 6~ 

gulo comprendido ••.ntre O y 302 se lleva sobre el 

esquema de direcciones haciendo girar un 6ngulo f 
la direcci6n marcada con l en el sentido que .se -

aproxima a la direcci6n.marcada con O. La direc

ci6n obtenida es la algebraicamente m6xima. 

/ 
·22· 



1.13 ROSETA DE DOS DIRECCIONES 

lE' = ¡r:, 

~-' -

- (:!;\ 
'\¡_0) 

Cuando lo direcci6n de los ejes princi 

peles es conocido de antemano, como -

por ej~plo un cilindro bajo presi6n 

(fig. 26), con solo medir las deformo 

cienes en dos direcciones perpendicu

lares que coinciden con las direccio

nes principales, ser6 suficiente paro 

determinar el estado de tensiones en 

un punto 

_[52} 

[ Sll] 

Se incluyen 6bacos paro el c6lculo r6pido de tensiones o 

partir de las lecturas en microdeformaciones. 

1.14 EXTENSIMETROS UNIDIRECCIONALES 

Si se conoce la direcci6n principal de esfuerzos y esta 

es única, como en la trocci6n pura, lo tensi6n es obtenido aplicando 

la ley de Hooke. 
(),: E, E El. =J E, 

~1.=0 

1.15 CORRECCIONES DEBIDAS AL EFECTO DE LA SENSIBILIDAD TRANSVERSAL 

Como vimos en el apartado 1.2 el efecto de sensibilidad 

transversal en el extens!metro, puede tener influencia en los result~ 

dos, sobre todo cuando se empleen bandas rosetas. A continuaci6n se 

indican las correcciones que deben efectuarse sobre los valores de d~ 

formaciones principales, as! como sobre la distancia d.el centro y ra

dio del círculo de Mohr. 

Sea los valores de las deformaciones prin-

cipales calculados y Kt el factor de sensibiiidad transversal, los ver 
' -2y 



doderos valores 

-- - -
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1000 
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-

-
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" 
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.. 

• 

.. 

CALCULO DE 
TENSIONES 

(Para 2 medidas 
según las direccionea 
principales) 

• + + 

• 
duralumin 

E-7200~ 
• mm 

f.1 - 0;>3 

• 

Cortesia de VISHYA M!CROMESURES 

" 

• 

• -
·~ 

• .. ~ -

/ 
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PROPl EDADES DE LCS METALES ~E USD M/.5 CORR IE~JTE 

""'" <•·"·'". ! ,, 1 °' í .. ~·:·~.. 1 '"'"'"' 

f------:---t'-'-"_:J_:_~"'_·"_-_.,+'-~_"'_,,_';_~-1· f--·--·--·-+-'---"-+-'----~-''--j--'-1-+-- ~o~~¡--"-'_··-'--! 
kMf •• C..tr.a.:O..... 21,/) 
"-.., t5 se Di...... n.o 
A,¡;;.,a '"'"'"'" ..,., 2 2.0 
""" .....,...,. 1&-ut. • • 20.3 
.... ••.••••••••• 14,1 

,...,..ensnc--•·. 
h!Mn , ..... , •~'- •.•• • 
felttr1 p11u to~.e.u • 
f.-rtt .ijihttJp}o<III<<Sal, 
f.-nbl.o,....,_...,,n 
f.uu f\&lljttlu •• , .. 

1-............ . 
....... '"""" 6AI4V .••• 
"-"'"'' t•u ... TMi\i 
Alu::u•~"" •• ,., ..••• 
~·t..•u•' ... . ,.....,...,ulCi"' .. . -. ........... . 
lkr.Í AliGU ••••• , •• 

t.Mt .•••••••••••• 
l----·······-·· 
Blllllll .. diiU;.I 
l100111 U IW~!oo• • , , • 
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l. 16 PROOl=EMAS DE CAkCULO-EXTEN9JMETRICO 

Problema n2 1· 

Problema n2 2 

E, 

n in 

'-' f-

E2 

Una barra de a"cero está sometida a una tracci6n pura, 

mont6ndose uno bando en el sentido de lo tracci6n. Col 

cular los tensiones principales, si leemos 1275¡ub y 

el acero de lo barro tiene E= 21000 Kg/rrrn2 y f'• O, 28 

En un dep6sito c&lindrico de aluminio (E• 7200 Kp/rrrn
2

; 

¡u• 0,33) se admite que los direcciones principales -

coinciden con los ejes vertical y horizontal y en to

les direcciones se montan dos bandas extensom,tricas -

respectivamente. Los lecturas bajo ~ergo son: 

para €1 = 3950¡uÓ 

e2 = 2540 /u eS ....... ,_ -
L 

:. ; 

Calcular las tensiones en este punto. 

Problema n2 3 

En un eje cilíndrico de. acero (E• 21000 Kp/rrrn
2
1u- 0,28) 

de 80 mm de di6metro se han montado dos b~dos, J 1 y 

J2 a 452 respecto o su eje. El eje no sufre flexi6n, 

pero si uno compresi6n P y u ..... umento de torsi6n M. 

En el curso de una primera e~periencia, se obtienen 

coma lecturas los siguientes: 

¿Cuales son los tensiones en el punto? ¿Cual lo fuerzo de compresi6n 

y el por? 

En uno segunda experiencia se obtiene 

y 

¿Cuales son lo fuerzo P y momento M? 



~-··"'>r-• ··.---- , • ._.., .• -.,-,'"1' "'P"*'A ···Jfll 
~ . .~·~ . . _~""".l 

Los problemas siguientes, se refieren al c6lculC/ d.e ro- . , 

setas, en ellos deberemos calcular: 

Direcciones principales m6ximas y minimos 

- Defor.maciones y tensiones máximo _Y m!nl.ma. 

Problema n2 5 

Problema n2 6 

Problema n9 7 

Problema n2 .8 

Roseta de 452 
2 

E= 7200 Kp/mm f'= o, 34 

3790 /u Ó 
- 3220 /u O 

( e = - 4750 1u o 

Lecturas: A 

8 

E= 7200 Kp/mm 
2 

¡U= 0, 34 

A= ... 2080 /u ¿ 
8= - 1800 /u¿ 
C= - 1200 /u O 

2 
E= 21000 Kp/ rrm t'= 0,29 

A= ... 3580 }' ~ 
8= ... 1930)"~ 
C= ... 1370 .. l:. 

' 1 

E• 21000 Kp/rrm2 f'= 0,29 

A= + 1, 792 f' b 
8= 817/"Ó 

C= 868 f' b 

E= 21000 Kp/mm 
2 

¡u= 0,29 

A= ... 340 /u e 
8= t 520 

( 
¡UL, 

C= - 710 ¡u( 

Óor directamente las tenciones, sin pasar por deformaciones. 
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Problema n2 9 

Problema n2 10 

Problemas n2 11 

Problema n2 12. 

E= 7200 Kp/mm
2 

¡u= 0,34 

A= • 2400 /u Ó 

B= • 2010 /u Ó 
C= • 1370 /u b 

E= 7200 Kp/ mm
2 

¡U= 0,34 

A= • 4410 )Lb 
< 

B= - 540 JAO 
C= - 1920 fl)J 

E= 21000 Kp/mm
2 

A= -120 j)-b 
B= ~540 fÓ 
C= BlO f0 

E= 7200 Kp/rm? 

A• + 1795)tb 

B= + 1803 r s 
C= + 1812/ Ó 
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II TEGNIGA DE UTIU-ZAGION DE-·LAS BANDAS EXTENS0ME-TRICAS 

2.1. FABRICACION DE BANDAS EXTENSOMETRICAS 

Uno banda extensométrica está formado por dos elementos 

fundamentales que son el soporte y el conductor eléctrico sensible a 

la~ deformaciones, habiendo evolucionado grandemente la constituci6n 

y t'cnicos de fobricoci6n de dichos elementos. 

En un principio, se emplearon con gran difusi6n soportes 

de papel y conductores de secci6n circular colocados según lo fig. l, 

pero entre otros, presentaban los gra

ves inconvenientes de la higroscopidod 

del papel, que hoc!c perder el oislcmie~ 

to de lo bando y el elevado factor de -

sensibilidad transversal en las portes 

curvos del conductor, intentándose com

pensar 'ste último efecto donde formo 

de zig-zag u otros diseños ingeniosos 

( fig 2). -~ctuolmente une banda de cali

dad se fabrica sobre soportes de resinas 

ep6xicos"y por el procedimiento de fot~ 

grabado, se consiguen formas y dimensio

nes imposibles par los m'todos cl6sicos 

(fig 3), yo que los modelos pueden hace~ 

se a escalas muy oümentados, constituyen 

'stas los llamados bandas de tramo pelicular a de film met6lico. 

Los principios en que se baso lo extensometr!o, suponen 

que los isost6ticos de lo estructuro bajo ensayo, posan o través de la 

parte activo del extens!metro y se ha podido comprobar por fotoelosti

cidad, que en un extensímetro pegado a"una estructura, solo en sus ex

tremidades hay distarsi6n de aquellos, y n6 en lo zona central; por di

cho motivo, dando a lo bando la fonna indicado en la fig. 4, conseguir~ 

1 R ~ 
111.\ 
·\J_I 

mos establecer en los extremos de les -

conductores activos uno zona de anclaje 

en lo que se inciden los isast6ticas y 

por su mayor sección respecto a la porte 

activa la variación unitaria de resiste~ 

cio es menor y despreciables las coefi

cientes de sensibilidad transversal y -

longitudinal. -y 
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Lo posibilidad de disponer de superficies adecuad~ po

ro lo soldadura de los cables y la transparencia de los soportes, que 

permiten uno colocaci6n 6ptima del extensímetro, añaden ventajas a éste. 

Las aleaciones del metal conductor responden o las caree 

ter!sticas específicos de cado tipo, siendo o veces riguroso secr~to 

~1 proceso de fobricaci6n, en el que se .incluyen tfcnicas sofisticadas 

poro conseguir mejoras en lo utilizoci6n de extens!metros. A título de 

ejemplo, en la serie CEA de lo caso Vishoy-Micromesures, el trotamie~ 

to dado o los extremos para soldadura de cables, hoce posible que lo 

uni6n soldado tengo mayor resistencia mec6nica a Io tracci6n que el -

cable que normalmente se utiliza, ventaja ~sta que confiere seguridad 

Col<>. !~c>it:.._li.<:o.,\ Co~d,ctor o una medido extensom6trica, 
~~ \ / .Si.;:)cr:"e. 

!.....a-2h > • • ; 4 * > • -f 

··--··--

Otras ventajas de los bandos de film me-

t6lico residen, en que dado su pequeño e! 

pesar (4 micras), no introducen errores 

en lo medida de deformaciones de seccio-

nes delgados y se adoptan mejor 

cualquier superficie (fig. 5), 

sobre 

Dejando al margen las bandos semiconduc

tores (de las que nos ocuparemos en otro 

capítulo) vemos en lo expuesto, que el -

verdadero sensor de les deformaciones es 

~ el conductor, siendo el soporte un medio 

~ , ~ de tronsici6n con lo estructura, por lo 

r---.:::: ·jr• •. :---·-1 que exige del pegado o lo misma (bonded 

; , ,rr,g,~((¡ ¡¡-. ;;::::::::::::::;::::::::;::::::::: ::::. · 
zafíros aislantes, (fig.6) que se deformo bajo estímulos mec6nicos, -

sin necesidad del soporte propiom~nte dicho (unbonded - Strain-gauges), 

Lo bando puede ser posteriormente sometida o recubri

mientos y opciones tales como inclusi6n de hilos de salido• soldados, 

que en determinadas aplicaciones resultan de interls. 

2.2 CARACTERISTICAS TECNICAS 

22.1 Valor 6hmico. 

El valor de le resistencia 6hmica de una bando viene 

~ondicionodo por motivaciOnes de tipo el~ctrico, y hoy rozones paro 
·2-



.. que dicho valor sea elevado de .u~a parte o pequeño de otro, por lo ·-----· ------=------=-~--

Motivos que aconsejo~ un valor elevado de resistencias: 

1.· Señales elevados poro debiles deformaciones, en efecto, la señal 

es funci6n de la tensi6n de excitoci6n, por lo que conviene que 'sta 

seo elevada, pero paro que no circule uno corriente excesivo, que 

por efecto JOule p~oduzco un calentamient6 inadecuado, el valor 6hmi 

·co ser6 olto. 

2, Evitar los errores producidos por las resistencias d~ contacto de 

los conmutadores y l!neos de conexi6n e los instrumentos, pues sien

do 'stos valores pequeños su influencio ser6 menor cuando mayor seo 

la resistencia de la bando. 

Motivos qUe aconsejan valores pequeños de resistencias 

l. Evitar la ca!do de tensi6n interna considerand·a a la bonda como 

generador de tensi6n. 

2, Conseguir mejor aislamiento el,ctrico entre la bonda y la estruc-

tu ro, 

3. Mayor robustez, pues resistencias elevadas obligan a conductores 

de.muy pequeño secci6n y por tanto fr6giles. 

Por lo expuesto se ho establecido como volor normal y 

de uso m6s generalizado el de 120 ohmi~s, siendo tambiofn muy emplea

dos los 350 {generalmente en transductores) 600 y 1000 ohmios, 

Las tolerancias de fabricaci6n son muy estrechas 0,15% 

con el f!n de poder equilibror.los circuitos de medido, pero no ser!a 

pr6ctico un exceso de dicha tolerancia en l!mites que puedan confun

dirse con lo variaci6n 16gico~ que por efecto de ~ontaj~ sufriría 16 

bonda en su instalaci6n. Lo exactitud de la medido no ser6 afectada, 

por ligeros dispersiones del volor nominal, 

Tombi&n se construyen bandas con valores· nominales que 

son fracciones de los indicados paro los cosos en que lo medido re

quiere un circuito con dos, tres 6 cuatro bandds en serie (se hacen 

de 30, y 60 6hmios u otros valores que no suelen ser standard), 



•, 
2.2.2. FACTORES~ NSIBILIDAD 

estudio te6rico de los bandas extensom~tricas -

(1,2) vimos que hoy dos factores Kl y K2 que relacionan la variaci6n 

unitaria- de. resistencia del conductor con la deformacicSn que sufre -

en sentido longitudinal y transversal respectivamente por efecto de 

los solicitaciones o que es~~ sometido el elemento donde se instalo 

lo bando. 

Lo vorioci6n de la resistencia es motivado por el cam-

bio de lo geometría del conductor y de lo conductividad, pero S: bi~n 

el primer factor afecto pr6cticomente igual o todos los metales, el 

segundo es funci6n 'de lo oleoci6n empleado en la fobricaci6n del ex-

tens!metro y es por esto roz6n por lo que lo formo y dimensiones de 

lo bando no influyen sobre el factor de sensibilidad. 

Los constructores de bandos, •.Jtilizon procesos de fobri- 1 

coci6n que mantienen el valor del factor de sentibilidod dentro de -

unas tolerancias estrechos en uno serie, por lo que es importante en 

medidos con varios extens!metros procurar que no hayo dispersi6n en 

dichos valores. 

Por razones de lo instrumentocicSn asociado a las medidos 

extensom~tricos, se toma como valor nominal de la sensibilidad longi

tudinal de los bandos el de 2 y tolerancias admitidos como muy buenos 

son del "- 0,5%. El factor de sensibilidad transversal se expreso en 

tonto por ciento del longitudinal y no debe ser superior al 1%. 

El fabricante indico el valor de K obtenido en unos ce~ 

diciones determinados de temperatura y sobre nedidos efectuados con 

probetas de m6dulo de elasticidad y coeficiente de Poisson conocido, 

incluyendo curvos (fig. 7) donde se indico la vorioci6n' del factor K 

respecto e variaciones de temperatura. 

Poro medir el factor K se utilizan balanzas de colibro

ci6n basados en producir una flexi6n circular o una probeta-en lo que 

se montan bandos correspondientes a una mismo serie. 

¡- ,, ' 

- ' 
J 
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que 

los 

·'··una bando extensom<hrfco mide ·toaos los deformaciones -

experimente el elemento sobre el que se monto, pero sabemos que 

deformOciones producidos por dilataciones tármicas homog&neas no 

~ 
~a.) 

!tr.l ey~:ii"¡1 
~ 

crean tensiones, por tonto (fig. 8) si consider.9_ 

mcis.uno viga empotrada en un extremo sin cargo a.!_: 

guno y hay 

dilotcr6 y 

voriaci6n de te~peratura, aquello se 

hcbr6 uno deformoci6n que ocusor6 lo 

bando, pero por no originar tensiones, debe ser 

considerada como·error. 

El error por vcrioci6n ·de temperatura se corrige, 

dentro de ciertos límites, fabricando el.conduc

tor de lo bando con coeficientes t6rmico de va

rioci6n de lo resistividad de igual valor y signo 

contrario el del coeficiente de dilotoci6n líneol 

del cuerpo sobre ei que montan. 

En efecto: 

Rt: f• (A+}I:) eo(~ot !.) 

ARs~-R,.:! Lf•l.llhfof .. Jt}s O. 

~scoeficiente dilotcci6n lineal 
~~coeficiente de voriaci6n 

t6rmico de resistividad 

Qi=-fl 
·Lo reloci6n ~~-J' solo es lineal dentro de unos lÍmites de tempera

tura po~c los cuales se dice que lo bo~do est6 outocompenscda, los f.9_ 

bricontes indican lo curvo de respuesto en temperatura de los bandos 

expresados como microdeformociones aparentes (fig.9). 

En lo fig. So vemos que al dilatarse lo viga, si lo bo!!. 

da es autocompensada, no experimentar6 variaci6n alguna en su resis

tencia, por el contrario (fig.8b) si lo viga est6 empotrado en·sus e~ 

tremas, se originen esfuerzos de compresi6n cuando dilate y lo bando 

por tener el coeficient• ~ ocusar6 un incre~nto negativo en la -

varioci6n unitaria de resiStencia,ocusando precisament~ lo compresi6n 

habida. 

Uno bando solo puede ser compensado poro materiales que 

tengan id6ntico coeficiente de dilatoci6n. Normalmente se compensan -

poro ccer{et•1l.io-G/"C) y aluminio(at• 2.3.to"'/•C). 
Veremos en el capítulo de t6cnicos de Medido, que los 

afectos de origen t&rmico pueden compensarse con disposiciones de mo~ 

taje adecuados. .,. 
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2,2,4. LIMITES DE OEFORMACION: ESTATICA Y OINAMICA 

La m6xima deformoci6n que puede soportar ~n extensíme

tro bajo cargo est6tico se expreso en%, de lo longitud de su rejilla 

o parte activa y depende de varios factores, entre ellos: 

o) Temperatura de utilizoci6n. El valor indicado por el fabricante se 

refiere o temperaturas ambientes (242C) pero o temperaturas criog~ni

cas. la deformaci6n es solo una pequeña fracci6n de dicho valor. 

b) Ouctibilidod de lo oleoci6n que constituye el conductor sensible, 

e) Moleobilidod del soporte de lo bando y del adhesivo, 

d) Formo y dimensiones del extens!metro. 

e) Calidad del montaje en lo extructu~a 

Las bandas impresas de trama pelicular, admiten mayor 

deformoci6n est6tico que los de hilo. 

El fen6meno de fatigo bojo cargos alterna, presento as

pectos que influyen en los medidos y deben tenerse· en e uento pues PU!, 

den introducir erro~es. 

El conductor met6lico del extens!metro cuando se monte 

sobre estructures sometidos a tensiones alternas, sufre una fatigo -

cuyo efecto principal es producir una deriva del valor 6hmico de la -

bando, por este motivo se ensayan los bandos someti~ndolos o ciclos 

de ompÜtud constonte(:tf5ooJ"&ji:USOpJ .... ) observando cuando la derivo 

del valor 6hmico represento uno deformoci6n aparente de lOO¡ub , va

lor ~ste admitido como límite (fig. 10). 

·6-
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Si en una medida d'in6mico quereraos obtener con exactitud. 

los valores de las componentes est6ticas y din6mica (fig, 11) ~resta

remas especial atenci6n en la elecci6n del extens!metra adecuado y so 

bre todo se cuidar6 que las soldaduras de los hilos de conexi6n de los 

f.¡¡,, [ ·{" 
f. 1" E: CL %too,_ __ 

8o 

C.l 

instrumentos o la bando sean puntuales pa

ro .evitar concentraci6n de esfuerzo en la 

bando y que el tamaño de lo mismo seo muy 

pequeño, ya que son los factores m6s infl~ 

yentes para evitar llegar al límite de fa

tigo. En un fen6meno vibratoriO lo deriva 

no tiene gran importancia si lo que intere 

so conocer es solamente lo anplitud de la 

ascilaci6n, 

2.2.5. LIMITE DE LA RESPUESTA EN FRECUENCIA 

Uno bo~do extensom~trico por tener una longitud finito, 

actua como un integrador de todos los deformaciones que ocurre~ Q lo 

largo de la porte activo, por esto roz6n si la longitud de onda del 

fen6meno vibratorio que se quiere medir coincide con lo longitud acti-

; : : 
;. la. ~ 

vo de lo bando (fig.- 12) no acusaremos deformaciOn 

alguna pues la mitad sufrir6 alargamiento y la -

otra mitad compresi6n, 

Los deformaciones son fen6menos que se propagan 

a la misma velocidad _que el sonido, por tanto co-

nocid·o ~ste valor y el de lo frecuencia del fen6-

meno, lo longitud de onda A=fnos indico el valor 

límite en el cual una bando de longitud activa•lcfÁ 

no causaría deformoci6n, 

Poro evitar lo anomalía anterior se admite como 

valor normal de la.. el. 10% de)... con lo que 

el % de perdido de sensibilidad es pr6cticomente 

nulo (fig. li), -Y 
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Se fabrican bandos 

lo que se pueden medir en aceros 

7 __ -----~ 

con longitudes octivQ$. de 0,4 rrm por -

( ..._': :•> ... ·U m../~"'.! ) frecu~·~r.ios de 4c'H:_ 

aunque la limitaci6n en ~ste coso est~ en los instrur'flentos de ~,Ji:tc. 

Otros factores influyen en lo limitocién de la respues

ta en frecuencia de los bandos, pues si bien la debil maso de inercia 

ae lo misma favorece el seguir fielmente un fen6meno din6mico, le eles 

ticidod de adhesivos y sopo~tes debe tenerse en cuenta, ounaue s~ v-::

loroci6n e.s dificil de obtener de formo experimental, debiendo Ct..;:·Jcr

se lo elecci6n de adhesivos en medidos cr!ticos. 

2.2.6. FENOMENOS DE FLUENCIA E HISTERESIS 

Supongamos que uno probeta sobre lo que hay montada •Jna 

banda extensom't~icc es sometido a esfuerzas de trocci6n simple (fig 1~ 

los deforTocianes de lo probeta son entonces transmitidas al conductor 
eL t t"Q, \118$ 

activoYdel adhesivO y del soporte,creandose unos solicitaciones de ca~ 
. •. r" .• :•:. 

~'">, ,., rt-o-- .• 
~~:;:_;~~-=-# . 
• --

tadura principalmente en los extremos de 

1~ bando, que deben compensarse con la fuer-

([§ ;]\ 1·-+=-' 
~-- zo ·antagonista, 

~ductor activo·. 

que se origina en el con-

-----~-~-- Lo calidad del adhesivo y su elasticidad 

, :, :~ determinor6n lo magnitud de lo relcjoci6n -

del mismo boj~ les solicitaciones constantes a que est~ sometido y po~ 

consiguiente que permito al conductor activo un 'lento retorno a su es

toda original. El fen6meno descrito es el de fluencic de uno bando y 

tiene importancia considerable en medidos est6ticas. no siendolo tonto 

en medidos din6miccs. 

Por lo propio naturaleza del fen6menc, se vé que la temp! 

roturo juego. un papel importante en lo fluencio, os! como los dimensi2 

nes de lo bando, participando en roz6n inverso al tamaño • 

. Es pr6cticc muy aconsejable, someter los probetas a ca~ 

gas y descargos sucesivas de magnitud lo mayor posible, antes de efe~ 

tuar las medidos, 

Ligado al concepto anterior puede considerarse el fen6-

. meno de histeresis~ el cual ocurre cucrldO queda una deformacicSn residual 

despu~s de someter a solicitaciones la probeta sobre la que est6 ins-

talado lo bando, siendo el 

adhesivo o soporte absorbo 
-" ...,-

principal motivo de 

porte de la energ!a 

este fencSmeno que el 

de deformcci6n y no lo 



·-
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transmito al conductor activo, 

2,2,7, NIVELES OPTIMOS DE EXCITACION 

Lo señal el&ctrico que obtendremos de cualquier circuito 

de medido con bandas extensométricas , ser6 proporcional o lo tensi6n 

de excitaci6n del mismo, lo cual hace presumir el empleo de niveles ele 

vados de excitaci6n, sin embargo hoy razones para limitar dichos nive

les, 

La corriente el6ctrico que circula por el conductor de 

uno bando excitodo1 origino por efecto Joule1 uno elevoci6n de temperot~· 

~a al disiparse el calor producido, por cuyo motivo pueden aparecer las 

perturbaciones siguientes: 

o) Alterar el efecto de autocompensoci6n, cuyo estabilidad es mejor con 

niveles bajos de excitaci6n, 

b) Modificoci6n del estado de tensiones de lo estructura bajo ensayo, 

al absorber &sto el color disipado por lo bondo1 sobre todo en materia

les pl6sticos, 

~) Derivos del cero, sobre todo en circuitos con varios bandas y en las 

cuales lo disipoci~n de color no ser6 igual y simult6nea. 

Los por6metros de mayor incidencia en lo doterminoci6n 

del nivel 6ptimo de excitoci6n.de una bando son: 

1.- Superficie de lo rejilla, cuyo influencio afecto al poder de disi

poci6n de color, 

2,- Resistencia 6hmico de lo bando, que limito el poso de corriente, 

3.- Coeficiente de conductibilidad t&rmico de la estructuro, 

4,- Tamaño de lo probeta o estructura donde se monta la banda, que de

termina el poder de absorci6n de color. 

5,- Condiciones ambientales, 

6,- Calidad del montaje de ld bando, cuid6ndose de que no hoyon burbu

jas de aire entre el soporte y la probeta, 

2 
En lo tabla I se indica la potencio por cm que pueden 

disipar los bandos seg6n los materiales donde est'n montados y poro 

precisiones bajos, elevadas o medias (datos cortesía de Vishoy-Microme

sures), 

-~-· 



lO ... 
' 

1' ,, 
'/ 

DISIPACION DE 

CilLa< 

Excelente. Piezas 
gr~ndes de alumi
nio o de cobre 

Buena. Piezas -
grandes de ace
ro. 

Medio. Piezas pe
Queños de acero -
inoxidable o tita 
nio. 

Mala. Plásticos, 
resinas epoxy. 

Muy mola. Polie~ 

ELEVADA 

0,30 á O, 75 

0,15 á 0,30 

0,08 á 0,15 

0,01 6 0,03 

POTENCIAS RECOMENDADAS EN WATS/CM 2 

PRECISION REQUERIDA 

ESTATICAS 

MEDIA BAJA ELEVADA 

DINAMICAS 

MEDIA 

----------------- ·-- ---... 
O, 75 á 1, 5 1, 5 6 3 o, 75 á 3 1,5 éí 3 

0,30 6 0,75 0,'75 6 1, 5 0,75 á 1,5 1,5 6 3 

0,15 6 0,30 O, 30 6 O, 75 0,30 6 1,5 0,75 á 1,5 

o,o3 r. o,o8 0,08 6 0,15 0,08 á 0,15 0,15 á o, 30 

BAJA 

3 á 8 

3 á 8 

1, 5 6 3 

o, 15 á o, 75 

tirano, materiales 0,001 á 0,003 0,003 á O,OOB 
acrílicas. 

0,001 6 0,03 0,001 6 0,008 0,003 á 0,015 0,03 6 0,06 

{ 

j 



_________________ _,Lo _t_erl_s_i.S_n _de .. exci_toci.Sn_se_dedu.ce_o_lo __ f6rmulo.:_· _____ _ 

Potencio disipado: ve2= Wed en donde 
4R 

Ve= Tensi6m de excitación en Voltios 

R = R8sistencio nominal de la bando 

Lo potencio por unidad de superficie es 

Siendo S lo superficie de lo rejilla 

Si solo disponemos de uno fuente de al imentoci6n con S• 

lido fijo de tensi6n y esto es elevado poro excitar el circuito de m• 

dida se ponen en serie unos resistencias que produzcan una coida de 

tensi6n determinado1 pero sin olvidar efectuar las correcciones odecu\ 

dos por lo perdido de sensibilidad que introducen los mencionados re' 

tencias. 

--



.3. PRACTICA DE MONTAJE DE BANDAS 

.3.1. Preparación de superficies 

La instalaci6n de una banda extensométrica tiene como 

undomento lo perfecta unión entre lo bando y el cuerpo de ensayo. 

Para el ext~nsOrretrist~· 'cado montaje de circuitos de 

1edido supondrá un ourrento de su experiencia y uno garont!a de que 

u labor es satisfactoria, solo cuando por un exceso de Confianza 

mite alguno de las operaciones que se indican como preceptivas, el 

rror.cporece, pero desgraciadamente no se manifiesto inutilizando 

o medida, sino dando como ciertos unos resultados falsos, d~ ah! 

¡ue ser6 criterio firme el observar todo lo meticulosidad humoname~ 

:e. posible·, con lo certeza de que, si os! se hace, se obtendr6 re

;ultodos que justificarán el empeño puesto. 

Lo bando puede elegirse, dentro de ciertas opciones 

¡ue ofrece el fabricante, adoptado a los condiciones de utilización, 

>ero no así la superficie donde debo instalarse, por lo que 6sto ú! 
:ima deber6 ser preparado por el usuario, as! como lo soldadura de 

:obles que configuran el circuito de medida. 

!.5.1. Preparación de superficies 

Todo superficie que debe recibir uno bando se someter6 

~enerolmente o unos tratamientos mec6nicos y químicos poro conseguir 

~1 mayor rendimiento- del adhesivo, sin que dichos tratamientos pue

jan suponer uno modi ficoción local de los características del cuerpo 

o ensayar. Dimensionolmente, se trotor6 uno superficie doble (como 

nínimo) de lo superficie total de lo bando. 

El proceso pr,vio ser6 el d~ limpieza y desengrasad~ 

poro el que se utilizor6 preferentemente cloroetileno de calidad, P.2 

ro metales y freón poro plásticos, poro ello se deposito el desen

grosante sobre lo superficie (se facilito esta operoci6n si viene e~ 

vasodo en spr~y) y sin dejarlo evaporar se seco con uno gasa limpio 

y de uno solo posado, repitiendose esta operaci6n hasta que lo gasa 

aparezco totalmente limpia.~ 

Conviene indicar que siempre que hoya que limpiar o s~ 

cor uno superficie debe hacerse con una gasa limpiO (no necesoriome~ 

te esterilizado) o a veces con papel absorbente tipo Kleenex pero nu~ 
-~1-
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----~-------,c~o-ci:fn~lgo-done_s_ <fue -de jar!a-ri hebras deposi tadas-:--Aciem6s--la limpie:. 

se hor6 en una solo posado y j om6s utilizando la mismo gasa poro d· 

posadas sucesivos, las razones son obvias yo que si la gasa es rep 

soda sobre lo superficie, en vez de limpiar por arrostre, por efec 

de estor impregnada de disolvente, lo suciedad o groso existente s 

disolvería m6s, entrando en las ·minusculas oclusiones que existan. 

En montajes sobre metales, recordemos. que al estor c. 

tituidos par cristales orientadas al azar, un pulida superficial p 

sentaría el aspecto de un espeja ol quedar incluidas entre los cri 

toles los pequeñísimas partículas arrancados, por la que la adhesi 

y cohesi6n en estas zonas seria muy dudosa, por tal motiVo se comt 

el tratamiento mec6nico par obrosi6n con un ataque por un 6cido de 
-, 

El proceso de abrasi6n depender6 del estado inicial 
1 

lo superficie comenzando con papeles de carburo de silicio de grar 
1 

400, 200 o 150 respectivamente y que previamente se ha humedecidoj 

el 6cido, atacando en sentidos alternativos y que formen 909 entre 

ellos, con el f{n de en coda posada, eliminar los ·"crestas" que. so~. 

el metal se van marcando;· la coloración peculiar que adquiere lo! 

perficie y la desoporici6n ·de los marcos en un sentido cuando se e 

que o 9021 indican que esto operoci6n est6 concluida, debiendose p1 

ceder inmediatamente al secado con gasas. 

Posteriormente y de inmediato, la superficie se hu~ 

ce con un producto neutralizador (soluci6n alcalina detergente) C• 

f!n de que su pH seo adecuado poro recibir el adhesivo. 

En resumen haremo.s lo siguiente: 

lg Limpieza grosera, quitar 6xidos pinturas, etc, en una superfic 

doble que lo de lo bando. 

22 Desengrosado absoluto y secado. 

32 Abrasi6n progresivacombinoda con 6cido y secado. 

42 Neutralizaci6n y secado. 

L6gicomente el proceso anterior es indicado poro ciertos metales,. 

siempre habr6 que seguir las indicaciones concretas del fobricani 

de la propio experiencia. 

-1-/-
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Si se trato de superficies poros~s como el caso del ho~ 

ig6n, habré que impermeabilizar la zona de asentamiento de lo bando, 

' onsiguiendose buenos resultados dando después de la limpieza, uno ca 

o previo de adhesivo. 

En vidrio y pl6sticos ser6 suficiente el empleo de fre6n 

su limpieza con gasas . 

. 3.2. Trozado de ejes de referencia 

-Es Una molo alineoci6n de los ejes de lo bando 

con lo dirección en lo que deseamos medir 

las deformaciones introduce errores que son 

funci6n: de lo relaci6n entre los deforma

ciones máximos y mínimos, del ángulo que -

forma la direcci6n en lo que se deseo medir 

y la direcci6n de lo defarmoci6n principal 

m6xima y del 6ngulo '} a error de montaje de 

lo bando ( fig. 15). 

Como par rozones de montaje solo podemos influir sobre 

JP , tendremos que esforzarnos en conseguir que este error sea m!ni 

o, poro ello hoy que determinar sobre lo superficie de csen~amiento 

e la banda, los ejes de la direcci6n en que deseamo·s medir, pero te!!, 

remos que tener en cuento que no podemoS boio ningún pretesto, olt! 

or el estado de preporaci6n de lo superficie según se explic6 en el 

portado anterior. 

Algunos montadores utilizan (nefostomente) puntos de 

cero de trozar, que al producir pequeñas incisiones en el material, 

lteron su extructura·, por tanto, no,sotros recorrendamos siempre que 

ea posible no trozar sino grabar químicamente los citados ejes. 

Con los instrumentos adecuados a lo precisi6n de la m! 

ido (escuadros, goni6metros, compás, trazadores 6pticos de precisi6n 

te. etc) buscaremos unos referencias ortogonales en los límites de 

o zona que se he limpiado procurando que no hoyo :ontocto de los 

tiles con le superficie limpio, poro evitar su contamincci6n¡ situ~ 

es les referencias tracemos con un bolígrafo de punta fina o con un 

cpiz de grafito duro (5 6 6) los ejes completos sobre lo superficie 

reparado. Posteriormente, un palillo cuyo extremo lleve una bolita 

-t3-



l E~~:31 
figil 

de olgodc5n los utilizados en Pediotrío y 

--~de-v-enta en tarrna~iOs~sonmuy -o~e-cuados)-- se--

humedece con 6cido y se poso sobre los tra

zos de 1 'bolígrafo o 16piz, secando o continu.2 

ción y se repite la operaci6n pero humedecie~ 

do un nuevo olgodoncito con neutralizador; de 

esta forma la superficie mec6niccmente no se 

ha modificado y ~! veremos que han sido gra

bados los ejes de referencia, ya que la morca 

de grafito ha impedido lo occi6n del 6cido -

sobre lo propia línea y o continuoci6n el neutralizador ha limpiado el 

grafito que se deposit6. Este procedimiento tiene una demostrada efi

cacia por innumerables experiencias y es pr6ctico su oplicaci6n en me 

toles. 

Otro soluci6n consiste en morcar con l~piz los ejes, pero 

sin que estos lleguen a cortarse dejando siempre libre lo superficie -

del soporte de lo bando (fig, 17) pero se ve que cons~guir este entra

ño una pericia grande y no quedo exenta de problemas de contaminoci6n 

de lo superficie. 

2.3.3. Pegado de extensímetros 

El adhesivo utilizado poro el pegado de bandos deber6 

reunir- unas características adecuados o su uso y nunca se pecor6 por 

exceso en les exigencias que en su elecci6n hagamos. Tienen preferen

cia todos aquellos que solidifican por polimerizoci6n, es decir que 

lo totalidad de los 6tomos que forman los c·omponentes (normalmente dos) 

constituyen el ~olido final, o diferencia de los pegamentos normales 

que solidifican por evaporación de un disolvente. 

En general un buen adhesivo tendr6 los siguientes caree-

terísticas: 

o) Permitir su aplicoci6n en películas delgados poro no introducir -

errores por distanciamiento de le rejilla o lo superficie. 

b) Ser neutro o lo superficie y al soporte de lo bando. 

e) Transmitir los esfuerzos o la bcnda sin fen6menos de fluencia. 

d) T6cnico de oplicaci6n focil. 

e) Utilizoci6n &n un m6rgen lo m6s amplio posible respecto o condici2 

nes ambientales. 
-44- '· 1 
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Ser6 dificil que un solo adhesivo cumpla en 

- --~, .. ...,-...~ 
. . 

grado 6ptimo 

los condiciones ~nteriores, pero siempre seré factible establecer un -

compromiso para .::licaciones concretas. 

Hoy pegamentos de aplicoci6n sencilla y r6pida cuyo uso 

es de interé's en piezas grandes y usos gener-::les d-:>n-:1::: la fTledida se -

~ogo a temperaturas ambientales normales (202 6 6C2C) un ejemplo de -

aplicaci6n de las mismas se expone gr6fico.--:~~Jnte en lo fig, 18, refe

rente al tipo M-200 de la firma Vishay-Microrr.esures, 

Para aplicaciones que exijan una ~ejor precisién, como 

puede ser el coso de fobricoci6n de captadores, se utilizarán adhesi

vos que deben someterse a un tratamiento :~r~ico, operaci6n que no d~ 

jo de ser engorrosa, En cualquier caso, el fabricante dor6 normas el~ 

ros de cpliccci6n. Poro usos de condiciones extremas (l0009C) se com

prende c;ue los adhesivos se descorr.pondr!on, para ello, existen bandos 

encapsulados en uno va!na met6lico que san fijadas por soldadura el6c 

trice por puntos con utensilios adecuados, 

Junto con la banda, es muy práctico pegar unos soportes 

de terminales impresos que ayudar6n a la soldadura e instoloci6n del 

cableado. 

-15-



-a) la banda y el terminal impreso 

se colocan sobre un cristal total

mente limpio y con papel transpa

rente autoodhesiVo, se cubren y se 

separen del cristal procurando no· 

doblar la bando. 

b) se situa la cinta y banda so

bre el punto de medida, fijando 

un extremo y levantando el otro. 

e) con el pincel del acelerado~ se 

aplica éste sobre el reverso de lo 

banda y terminal, procurando no 

contaminar la bando con adhesivo de 

lo cinto. Dejar secar un minuto. 

g) 

se 

a 

d) depositar un~ o dos gotas de 

adhesivo sobre. la superficie de 

asentamiento. 

. f : 

~ 
1 . ~· ..,....-------

L '~.._ 

~ 
A 

e) se va bajando la cinta y con 

un dedo se hace ligero presi6n 

de izquierda a derecha y evitan 

do tocar directamente el odhesi 

vo. 

..!-~-· 
1) una gasa se pasa varias ve

ces paro evitar se formen burbu 

jos de aire. 

los 10 minutos como m!nimo 

puede ·ret i ror el papel trans 

paren te que ayud6 a pegar la ban 

da como se indico. 

fig. lB -16( 



t 2. 3. 4. Soldadura de cables 

La soldadura de las bandas a los hilos de uni6n de los 

instrumentos de lectura, requieren una especial atenci6n y el monta

dor necesitar6 adquirir cierto expeciencio p~ra dominar esto Jero

ci6n. 

En lo composici6n de les soldaduras se emplean .:leacio 

nes de plomo con estaño, plato o antimonio, que llevan o nó incorpor2 

da una resina y según las proporciones de dichas aleaciones resultan 

unos característicos determinados de conductividad ellctrica, campo~ 

temiente a solicitaciones mec6nicas, respuesta en temperatura etc. 

por todo el lances recomendable el uso de soldaduras comúnes en aplic.!:! 

cienes de taller el6ctrico o electr6nico. Especial atenci6n tiene el 

conocimiento de la temperatura de fusi6n que debe ser lo.m6s inmedi!! 

ta superior a la que estar6 sometida el circuito de medida, con el -

fÍn de no tener que aportar m6s calor del necesario al efectuar las 

soldaduras. 

Seg6n el tipo de soldadura elegido ser6 conveniente o 

necesario utilizar un,. fundente.- sobre todo para hilos muy dEtlgados, 

pero ser6 totalmente imprescindible limpiar con un decapante adecu!! 

do los puntos de soldadura can el fín de eliminar las residuos de -

fundente y resina que podrían ocasionar corrosiones· y fen6menos par_2 

sitos por efecto "pila" ya que evidentemente quedarían dos metales y 

un electrolito. 

El soldador juega un papal muy importante, siendo reco 

mandados aquellos de temperatura regulable; la punta del mismo nunca 

ser6 c6nica sino que tendr6 una tOlla en forma de bisel. Para evitar 

que los cables puedan ejercer esfuerzos en la banda que pudiesen det!. 

rioraria debe utilizarse siempre que sea posible un terminal impreso 

que servir6 de apoyo al cable (que ser6 de varios hilas) al que pre

viamente se le separ6 un hilito y se esta~6 tal y coma se indica en 

la fig. 19. 

Cortar 
En general seguiremos el siguiente proceso: 

12 Preparar el cable seg6n la fig. 19 

22 Proteger con papel autoadhesivo debil la 

banda, dejando al descubierta solamente 

los puntos de soldadura..,. . ¡; 

32 Depositar una gota de soldadura lo m6s P!. 

queña posible sin aportar excesivo calor 
-17-
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---~----que_podr:!o-despr-ender- lo bando ~del ~sopor:te.-No -debe-duror--esto-oper-,2-----

·C-i6n m6s- de 2 segundos, si no se consiguen e 1 primer intento, dejar 

enfriar y repetir. 

4!? Prese."ltar el cable ya preparado y sin aporte de soldadura, solamente 

manteniendo caliente y ffiUy limpio lo punta del soldador, fijar los ca

bles a los terminales y o lo bando, tal ·y como se indico en la fig.20. 

En la banda conviene que. la gota de soldadura sea lo me

nor posible para evitar concentraci6n de esfuerzos, de ahí que el pro

cedimiento explicado favorezco 4sta condici6n al ser ~6s fino el hilo 

de uni6n del terminal o la banda, a .la vez que se consiguen dar mayor 

seguridad al montaje, pues un fuerte tirón del cable rompería el_termi 

nol pero no lo bando . 

. Hemos ofrecido unos normrs generales ya que el fabrican 

te indicará en coda caso les instrucciones concretas. 

2. 5. S_,___f_o_rnproboc io_ne~ 

Una vez insraloda una bando deberán efectuarse diversas 

comprobaciones siendo preceptivas: 

12 Inspección ocular. Debe hacerse con uno lup~ de 20 aumentos o m6s 

para confirmar que se ha situado correctamente la banda a lo vez 

que se observar6 que' no han Q.Jedado bolsas de aire ni "lagunas" 

(zonas sin adhesivos) bajo el soporte de lo mismo. 

22 Comprobación del aislamiento. ·se utilizor6 un megohmetro cuyo ten

sión no excedo los 50 V, si es de vÓlvulo mejor y jom6s se hor6 

uso de los medidores de aislamiento de tipo magneto que quemarían 

lo banda. 

El aislamiento deber6 ser mejor que 100 megohms, yo que un aislo

miento menor, equivale o introducir un error, por colocar en para

lelo con la banda otra resistencia; se puede calcular dicho error, 

en efecto, consideremo• un aislamiento de 2 Mohms. 

32 Medido del valor Óhmico de lo bando. Utilizar un instrumento que 

Oprecie decimos de ohm~o como mínimo; esto comproboci6n tiene dos 

objetos; el primero saber que no estd roto ni Cor.tocircuitoda la 

rej·illo y el ·segundo conocer lo dispersión del valor nominal, so-

-18-



bre todo en circuitos con varios bandas poro_ controlar dese.quili

brios excesivos. 

2.5.6. Protecciones 

Desde medidos efectuadas en laboratori~, hasta las di

fíciles en los conos de cohetes o coseos de borcos, encontraremos una 

serie de condiciones ambientales que juntamente con lo duroci6n de lo 

medido exigir:-6n proteger un elemento delicado con es lo bando exten

som6trico de formo adecuado. 

Las bandas, de por sí, son presentados bajo opciones que 

aportan uno determinado protecci6n, os! los hoy encapsulados sobre dos 

16minos, uno inferior que constituye el soporte y otro superior de la 

mismo naturaleza y que dejo libre solo los terminales poro lo soldadu

ra de cobles,,6sto protecci6n evito lo proyecci6n del estaño en lo sol

dadura y mejora enormemente el aislamiento. Otras opciones llevan unos 

hilos soldados, por 1·o que e 1 soporte superior cubre totalmente a ld 

bond a ( f i g. 21) • 

;~ 
·~ 

En genera~. la protecci6n la consideramos bg 

jo el aspecto de aislamiento el6ctrico y de 

fortaleza mec6nica y previamente a la instg 

laci6n de la banda tendremos que conoceria. 

Ejtd.M:- par_a preparar la superficie adecuadamente 

antes del pegado de lo mismo 

Los criterios que debemos tener en cuenta 

para elegir los productos de protecci6n es 

tar6n basados en: 

o) Temperaturas extremas durante ia medido, p. e. _Probeta en laborato

rio 222C t 32C; estructura expuesta al sol 0-602C estructura de ~n 

ovi6n en vuelo -sovc ~ 120VC. .• 
b) Duroci6n de las medidos, p.e. 1 hor.?. en laboratorio; 1 año en un 

punto sumergido del casco ·de un buque. 

e) Ambiente, p,e, aire seco, aire humedo~··.agua, aceite, chorro de 

agua, gas_es corro-si vos, hidrocarburos t •• 
-~ 

No debemos olvi~pr antes de jo aplicoci6n ae los prote~ 

tares, cerciona~nos de que .no hay· restos de adhesivo alrededor de la 

zona a proteger, que se limpi6 bien lo resina ~ndente de las solda-

•~t~n ~fepBrde~•.~are ~u• 
-- ¡ ·-· 

-- • 

el -~
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~~-~~~~-'p"-'-r-"o--'t=-e=-c.::....::t..::o:.:r~=se a_<!hie!'"~-g~:..~~ ~~y hum~d~~· etc. en una palabro_, __ ~-~ d!~_-:__~~~ 

--------=-=ae~ar~n-ingún ·esfuerzo que posteriormente pueda inutilizar varios horas 

de laboriosos trebejos. 

Una pr6ctico muy aconsejable, siempre que seo posible, 

ser6. lo de conector provisionalmente el instrumento de lectura al cir

cuito antes de protegerlo y sometiendo aquel o alguna solicitcci6n, 

observar que ·el funcionamiento es 16gico. 

Por Último, no olvidar tomar datos de posici6n, fotos, 

numeroci6n de cables, esquemas etc. antes de lo protecci6n, yo Que PO! 

teriormente sería imposible, al quedar el circuito~tapodo por los pr~ 

tectores. 

Lo oplicoci6n del protector lo haremos siguiendo siempre 

las indicaciones del fabricante pero como orientoci6n tendremos prese~ 

te: 

12 Extender bi~n el ·producto sobre lo superficie limpio y si hoy que 

dar varios copos, que la Última cubre por completo e les anteriores. 

Algunos productos vienen acompañados de un componente previo, que debe 

aplicarse sobre la superficie con pincel y dejar secar perfectamente 

poro luego aplicar el protector y conseguir os! lo mejor odhesi6n. Vi~ 

jilor que no queden bolsos de aire. 

22 Cuidar Que el espesor del protector seo el adecuado, muchos protec

tores son blondos y f6cilmente los bolitas puntuales de los soldaduras, 

pueden atravesar el protector con pequeñas presiones, originando contac 

tos de mqsa indeseados. 

32 Protecci6n del extremo de los cables de uni6n a instrumentos, pues 

de nodo sirve esmerarse en la banda si dejamos opci6n a que por la vai

na de los cables queden huecos por donde se perdería lo protecci6n. 

Lo fig. 22 indico un acabado tipo de protecci6n. CABLE 

\ 
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2.t.._l. Indiccaores de pr_opa_g_oc_i_:5_n de _f_i_surus 

Dos son los motivos que pue~e- ---:·:.· --:-:..o::S'Jrio el uso 

de estos sens"ores: detector lo opori::i6n -Je una f.: s-....ro o determ1nar 

l:l velocidad ae crOC·"J?Oc:6 ..... de l':J :'"'"':s .. -o, e;- ambos casos, si bien el 

sensor ser6 el mis~o, variar6n los :nsr~u~en!~S de lectura. 
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Estos :~~:c~-~c~es ~~-5~ formados por uno 

serie de hilos en pccolelo (fig. 23) mcr> 

todos e~ un soporte si~~lor al de :~se~ 

tens!me~ros, que se pego en el punte de~ 

de se producir6 1~ fisurc, y que cua0ao 

aparezca. ro~per6 un deterMinado n~Mero -

de conductores, deduci~ndose la longitud 

de lo fisura por ~e~id8 de la resiste~cia 

con un ohmet;-c: s: por el cont·rario el mp 

mento de apari~i6n ~e lo fisura es regi! 

trado de for~a cont!nua por un oscil6gra

fo1 deduciremos la velocidad con que se 

propago (fig. 24). 

la que est6n constituidos es suficiente 

superiores o± 2CXXJ¡uS m6s de 108 ciclos 

y son montados con ticni~os similares a 

las utilizadas en les ext~!'""·SÍmetros. 

Los efectos de temperat~ra tienen pOCO in 

fluencia, 

Al contrario que los bo~das extensomltri 

ces, que miden deformaciones por ~a~ioci~ 

nes insta'lt6neas de su resistencia, los 

indicadores de fatiga (S/N) guardan "en 

rneMorio" todos l~s 'Jefor'"'"r::lciOnes experi

rrentadas dasp_c;~s ae s-_. i,-,stalaci6n. La 

memoria aludido viene representada por -

una madi ficaci6n per!Tx:men-te del valor n~ 

minal de su resistencia, que es fu~ci6n 

da· lo anplitud de las deformaciones y de 

la frecuencia con que se produ~en. 

·21· 

i 
1 



-------Loas-leyes -de- W!lhler nos-dicen-que:-----

lg En uno pieza sometido o cargos alternes, le cargo de roture dismi

nuye. 

2g El n~mero de alternancias que hoy que producir poro lo roturo es 

tonto menor, cuanto mayor es le amplitud de les mismos. 

3g Existe un valor de ~eformoci6n m6«imo poro el cual no se produce 

roture seo c~ol seo el n6mero de ciclos con que se aplique. 

En le fig. 25 se· expreso gr6ficcmente lo expuesto. 

~studios reclizcdcs por Minar, permiten afirmar que el 

porcentaje de vide de une pieza sometido e tensiones variables, es el 

mismo si aumentando lo amplitud de los tensiones disminuimos su fre

cuencia o viceversa, siguiendo la 

11) 
w 
'Z: 
o 
V) 

r:. 
"' 1-

TLta..n.io 

~1'1 

N 

proporci6n obtenido seg6n ~os cri-

terios de W!lheler. 

En lo fig. 26 vemos que el tonto 

por ciento de envejecimiento de uno 

pieza es el mismo sometido e lo ten 

si6n ~ y el, ciclos que si se -
somete o lo ten si 6n tS'"z y c2 ci-

clos. 

Se considero que los tensiones cpli 

codos eactlon entre un valor <S'" 

m6ximo. y un m!nimo o, si os! no -

fues~ logicomente hcbr6 que consi

derar los efectos de uno componente 

continuo m6s lo cargo variable. 

Si bi4n en su aspecto los indicado

res de fatigo (fig. 27) son semejan 

tes o los bandos extensom4tricos, 

lo constituci6n de su elemento sen-

sible es bi4n distinto, yo que lo oleoci6n de lo rejilla persigue au

mentar al m6ximo el efecto que en los extens!metros se trotaba de eli 

minar; en efecto recordemos (2.2.4.) que en los bandos se establece

como límite deformaciones din6micos, aquel que produce une derivo de, 
-22-
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lOC¡u Ó , equivalente a un J.nc.'e

~en~o de 0,024 on~s en uno bando ~e 

12~ ohms, mientras que ahora oreten 

de~os que estos v~1cres ~e~n ~e: -

yen en ole·1-: i6n ·.·.~ ccn~ ·~n :.n:~ cc.n 

Lo vorio~~sn 09 la resistencia del 

indicador ~e fa:igcs ~s cr~ducida 

por una distorsi6~ ~e su red ~ris

tolinc y oor la oparici6n ~e ~1~rc 

f1suros de lo aleaci6n de que se 

compone su rejilla y ha podido de-

mostrarse experimentalmente que en 

algunos metales, empleados en cons

tr:.;cci~n normalmente, se produce el mismo fen6rneno; de oh! Que estos 

sensores cuando son montados sobre piezas mec6niccs puedan indicar con 

gran fidelidad el estodo de envejecimiento de los materiales midiendo 

lo desvioci6n del valor nominal de_lo resistencia del se~sor. 

Si el envejecimiento de lo oleoci6n del sensor es dis

ti·nto del material sobre el que se monta, la concorda:-~cia anterior se 

pierde y los resultados no tendr6n valor alguno, ya que si, por ejemplo 

le jeformaci6n m6xima cap6z de desviar el valor de la resistencia del 

sensor, (3V ley de ~hler) es s~perior o lo deformoci6n que producir6 

lo roturo de lo pieza de ensayo, el indicador de fatigo jom6s ocusor!~ 

aesviaci6n de su resistencia: poro evitarlo se fabrican senSores mul

t:~!icadores los cueles por diversos procedimientos' de fabricáci6n se 

CQ~sig~en adaptar lo respuesto del sensor o los materiales en que se 

"'ont or. lf>o¡¡Ua.) 

Lo fig. 28 d6 Jba respuesto de los sensores FWA de -

Vishay-Micromesures. 

,.,. .. 

Sut.O! ::-,,, ".:o· fi$28a 
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Los indicadores de fatigo son verdaderos integradores de 

los efectos producidos por cargos alternos, sea cual sea su amplitud 

os! pu-'s, si desputfs de lO.CXXl ciclos de ± 2CXXl ¡u Ó producen uno des

vioci6n de lo resistencia de 1,9 ohm y 100 ciclos de i 3CXXl¡uÓ O,Bohm,. 

lo indicoci6n final ser6 de 2,7 ohm. 

· Al montaje de estos indicadores hcbr6 que tener en cuento 

q~e su eje sensible coincido con el eje de esfuerzo principal m6ximo, 

determinado previamente por cualquier procedimiento (extensomtftrico, 

fotoelasticidod, etc), 

2.6.3, Sensores ~e temperatura 

Siguiendo el mismo procedimiento de fobricoci6n de los 

bandos extensomltricos, pero haciendo que lo oleoci6n de lo rejilla • 

seo de niquel, se obtienen sensores cuyo vorioci6n de resistencia es 

altamente sen•ible o los variaciones de temperatura siendo este fen~ 

meno muy estable y repetitivo, de oh! que se utilice profusamente en 

lo medido de temperaturas por contacto y utilizando los mismos ttfcni

cos de instoloci6n que los expuestos poro extens!matros. Lo curvo 

~R-t~ (fig. 29), tiene uno pendiente considerable por lo que se obtie

nen seRoles de alto nivel, pudiendose medir con gran precisi6n, exac

titud y poder de resoluci6n, temperaturas comprendidos entre -300 y 

~ 500gF, 
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Generalmente son fabricados paro que 

a la temperatura amoiente (23,92C su 

resistencia nominal sea de 50 ohm y 

conociendo lo curvo , poder con~ 

cer lo temperatura midiendo por cual

quier procedimiento los desviaciones 

de lo resistencia. 

-too -1oo () il>o 2oo .?>oo •e 

Estos .sensores a diferencia de los -

termopares que generan una f.e.m. son 

pasivos, necesitando de uno fuent~ de 

Tcmreraturo. 

h~ 29 

alimentcci6n, por eso (fig. 30) si es 

excitado ~en uno fuente de intensidad 

constante lmA) le lectura directa de 

un milivolt!m~tro nos voldr!o poro c2 

nacer los A R directamente, no obstante como la respuesta no es lineal 

siempre tendríamos que tener tablas o curvos de respuesta poro conocer 

el verdadera valor de la temperatura en 2C 6 2F, El inconveniente an

terior he sido subsanado introduciendo 

circuitos linealizodores en los cuales, 

1rnA si bi~n se pierde sensibilidad, le res 

puesto es lineal, por lo que los ins

trumentos de lectura pueden ir tara

dos directamente en escalos termOm~tri 

ces. 

Con el f!n de utilizar pera la medida 

de temperaturas los mismos instrumentos 

que paro medir def.ormoc iones, los e ir

cuitas linealizodores se ·calculan de 

tal forme que el sensor constituye 

une rama de un puente de Whearstone -

(fig. 31), de tal forma, que el leer un n6merc entero de microdeformc-

ciones equivalga a la varicci6n de lgrado centígrado o Farenheit, No~ 

mclmente se fabrican redes pare: 

~o)'"b<>i"C 

{oo)'$ "-'loe 

.<.7 i • F 
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por este motivo. 

La aleaci6n de niquel, muy ~Lt 

ble--0-los vor-l.Oc-iOl,es de temper-a

tura, obli9o o utilizar fuentes de 

alimentaci6n de baja d.d.p. ya que 

al circular corriente por el sen

sor el calor generado por efecto 

Joule introduce pequeños errores. 

Por otra parte, si el punto de m! 

dida est6 soo-etido a deformaciones 

estos las ocusor6 el sensor, pero 

dodo su insensibilidad a este fen6 

meno no tendr6n gran influencie en 

la exactitud de la rredida, de to

das formas el fabricante da con los 

sensores les curvas de correcci6n 

La longitud de los ccbles puede ser origen de errores -

por perdida de sensibilidad, pero se compensan estos efectos modific~ 

do el factor K de sensibilidad en el instrumento de lectura (esto se 

estudia en el pr6ximo capítulo). 

Para medida de .muy bajas temperaturas (criogenia) se uti 

lizan sensores (fig. 32) que llevan dos rejillas en serie en aleacio

se consigue lineolizor circuitos 

desde -400QF, 

En el montaje de sensores de temp~ 

rotura· no habr6 jam6s de olvidar 

utilizar adhesivos soldaduras, ca

bles pro~ectores, etc; cuyo límite 

de utilizoci6n en temperatura seo 

su~rior o la que se deseo medir, 

2.6.4. Bandos semiconductores 

Todos los cuerpos tienen, m6s o me 

nos acusado, la propiedad de sufrir 

variaciones en el valor de su re

·SlStlVlOOa cuenco son ~ometloos o tensiones mec6nicos, pero en los s~ 

miconductores este efecto es mucho m6s notable y.se ~provecho porta~ 

to, corno elemento transductor poro lo medida de deformaciones. El fen6 
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meno expuesto de la pie:zoresistividod, no debe se ... cor.f·.Jn-:::1ijo con el 

de la piezoelectriciaao, q~_;e cresento'l los-: ~tstc!e!-: :;e ~-~o:zo y c~ ....... s, 

oe crear cargos eláctricos entre sus caros ~~ondo s~~; .;ef:-~a~~3. ~~ns 

tituyendo elementos activos, mientras o los a~.~e a:¡...:~ not. ~efe;imos sor 

elementos pasivos, esto se ""~ecesi:o:tr6n ur.(; c::-C'r- tc.:i6n de ener;1{o ester 

no (olimentocicSn) ·para conocer SL.iS vcr:a:¡0~es o-= re~~ste;.cio. 

En un semiconductor la resistiv1daJ :ie·~e cor valor 
~ 

p~~ donde N representa el número de portadores de cargas elt€c:ric::=:., 

v su ve loe idod medio y e, es lo c'1r1a del ei ectr6n. Lo vorioci6n de ? 
al aplicar cargas al semicon~uctor depe~der6 de la concentraci6n espe 

c{fico de portadores y de lo orientoci6n cristologr6fico respecto o 

las cargos aplicadas; si aplicamos Cargos de tracci6n o compresi6n el 

cambio relativo de resistividad se expresa por: 

,-e 
r 

.~· 

llomandose a ~t coeficiente de resistividad longitudinal. 

Recordemos que un semiconductor es un cristal de silicio 

o germanio (4 electrones de volencio).ol que se le oñoden impurezas ti_ 

po N (orsenico,S electrones de volencio) o Tipo P (galio, 3 electrone' 

de volencio) y dependiendo de lo proporci6n de los agentes contaminan

tes, podr6n obtenerse infinidod de elementos de muy variados carocte

r!sticos. 

El factor de sensibilidad en· .~~·s· extens!metros de f i 1m 

met6lico, hemos visto que tiene de valor 2, pera· si empleámos·bondos 

cuyo elemento. sensible sea un s~miconductor, S~~~ den. obtener va1lpres 

de K entre SQ.y 200 y. dodo que dimensionalmen:te pueden fabricarse igu~ 

les se establecen las ventajas de: 

1~ Obtener niveles de señal elevadas que -Pue.den evit~r:-· Un~:!.JSoaterior 

amplificaci6n. ~--_,.:,~,~-r· 

29 MeJG,..·:J'1 la reloci&n señol-r ... :do; sin 'ernbor_go·. su pre.cio··es mucho 

n6s elevado y su sensibil ódoo! o lo temperotu.í-a mucho ·m6s acusado 

que en los bandos convenc¡onales, :lo. que hoce que -·su uso quede li. 

mitodo o lo medida.de muy pequeños valore• de defor~aciones Y o lo 

fobricoci6n de captadores. 

El factor de sensibilidad es aefinido por: 

,\ R 
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siendo E· M6dulo de elasticidad: ¡u· Coeficiente de Poisson y ~t 

------------------_~fi·cfe~!eC!e-resiStTvidcil.lc)ng i tuC!inal. del seli>Tc.o¡:ldu.ci:"or. 

•coe-

El t'rmino ~(E es el equivalente ~l q~e por le consten

te de Bddgman se introwce en les bcr\dcs met6liccs, con le salvedad 

de que es bastante m6s elevado, 

La influencia de la temperatura en una banda=.semiconduc

torc est6 intimcmente ligada el número de 6tomos de impurezas que ll.!!, 

ve, as! para 1020 atomcs/cm3 , el factor Ksc· es constante pr6cticcme!!. 

te e las variaciones de temperatura. 

\($C :. ~ ~ :.. to ns tct.n \:e 

Si la proporci6n de impurezas es del orden de 107 atomos/cm3 el factor 

de banda se ver6 afectado en la forma: 

Ksc"' ~K~ct4)+c.l~)'e 
donde T• Temperatura absoluta;K5c~) • Factor de sensibilidad a la temp.!!. 

rotura To; ~ Constante y E •deformaci6n, 

Los diferentes niveles de contaminaci6n de los cristales 

de silicio se denominan por las letras, K, L, C, D, E, F, G y H y de

terminan los característicos piezoresistivcs del semiconductor. La re

sistividad según tipos, oscila entre 0,001 ohm/cm y lohm/cm, le fig.33, 

resume la respuesta de las distintas clases. 

Para compensar los efectos de variaci6n de temperatura, ·. 

se emplea un e ircuito con banda compensadora (ver tema 3) o bi<Sn el fa· 

bricante ad~a el semiconductor para que dentro de e iertos límites de 

utilizoci6n y para determinadOs materiales, variaciones de temperatura 

na pradUClcan deformaciones aparentes. 

-28-

En general las t'cnicas de pegg 

do, protecci6n, etc, ser6n id'~ 

tices a las de los extens!metros 

met61icos. APiadi remos por último 

que los monocristales de silicio 

san perfectamente el6sticos, lo · 

que hace que el fen6menó de hi_! 

teresis y .fluencia quede pr6cti..: 

cemente reducido al que introd~ 
--------·-···- -·· 



Cl el oonesiv:· 

2.6.5. Sondas poro muy altos presiones y temoeraturds 

Los necesidades surgidos en la investigación de programas 

aeróespociales de armamento, lineas submarinos, grandes obras de ~nge

nier!a civil, etc, dOnde es necesario medir deforrraciones en condic¡~

nes ambientales francamente adversas, ha motivodo el desarrollo de bon 

das especiales que pueden trabajor:Tl bajo. elevadísimas ores iones y ~err.p_! 

roturas, con excelente e~actitud. 

A título anecdÓ~ico señalaremos, que gracias o estos ban 

dos especiales, se han podido medir deformaciones en el cono del fuse

laje del avión cohete americano X-15. Lo tecnología que se expone 

corresponde a la desarrollada por la firmo Microdot Inc. 

El principio en que se basan es el cl6sico por el cual 

la resistencia de un conductor el~ctriCo varío si se somete o tensio

nes mec6nicos, sin embargo, respecto a las bandos convencionales, se 

diferer,cian en· que carecen de soporte y su parte activa lo constituye.: 

un conductor en for~ de U introducido en una c6psula met6lico de la 

que est6 aislado por polvo o presi6n de 6xido de manganeso (fig. 34). 

Se efectua su fijoci6n al punto de medici6n soldando por puntas la b~ 

a 

So orte de Ac ~~''"'" 

se met6lica del sensor. En la cons

trucci6n del filamento se utilizan 

aleaciones de Níquel-Cromo por~ m~ 

didas hasta temperaturas de 3509C 

y Platino-Tungsteno hasta 6502C. 

Los hilos terminales para uni6n de 

los cables a los instrurrentos de -

lectura las constituyen las oxtre

mos del propio filamento y ~s{ se 

consigue una resistencia me~ooico 

elevado; esta forma de te.rminoles 

se realiZo actuando por erosi6n -

qu!mica sobre el hilo constitutivo del sensor de un di6metro igual al 

del terminal hasta que la porte activa quede al di6metro inferior ode-

e uod o. 

Las aleaciones Cr-Ni del filamento se someten a tratomie~ 

tos t~rmicas, para que la variaci6n de resistencia debida al coeficien 
' . 



. - ··;-'" . .....,.rlz:;:¡:;:,~,, 
---· - - --------"-0,.2-Hz-.-i.Jr-c ier to ·f-lutter-exist~·-si·empre-debido-a ·imperfecciones· en . --~·--

l. 

el s1ste~o de transoorte 6 en el r~cubrimiento de lo cinta. Esto pro

?t;c~ perturbaciones er le bose de ~iempo e introduce ruido en el modo 

Frv', 

S~ expreso en t~rminos de %, pico o pico. Cuando se -

st e:"". el mismo ancho de bando y -.c.::.:·_...:: :J::o de : 1r:~-:;; '1Cr'!""'':~"-er~-::e a -

mayor velocidad, el fL..:t•.ar- es ~nor. 

El flutter C·.J,:;--;e :-o<::-.hJ~1rse significat~llo~~ente acoplcr.dc 

un servo·sistema con control de alto frecuencia o un transporte de bo

ja inercia. 

Error de base de tiempos 

Cuando se utilizan sistemas de bando ancho, el error de 

tiempo absoluto es normalmente m6s significativo que el error de

tiempo porcentual. En tales casos, se especifica el TBE, que es la va 

riaci6n del flutter con el tiempo. 

En la comparaci6n de dos registradores de TBE inferior 

nos aseguro una reducci6n proporcional del flutter, Un flutter a baja 

frecuencia produce proporcionalmente un mayor TBE. 

Dynomic Skew 

Se define como el error de desplazamiento de tiempo in

tercenales (ITDE) y es un desplazamiento variable de tiempo entre las 

pistos de uno :'T'iS"T'!a ca~;ezo causado Por tensiones no unifo.rrnes de ci~ 

to 6 irregularidades en su dimensionado. Se expresa en /seg, de des

ol~zomiento. Para que sean significativos, aeben mencionarse la velo

ci~oj ~e e into y el número de canales sobre los que se ha medido. Una 

especificación típica es + 0,25 

la misma cabezo a 120 ips. 

/seg. entre pistas adyacentes de 

29 

i 
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te t4rmico de resistividad, seo de lo mismo magnitud y signo contrario 

que. lo originado por dilatoci6n t~rmic~, con lo que se consigue una -

outocompensaci6n en un rango de utilizoci6n que especifica el fabrican 

te. 

Si lo oleac i6n es de Pl-W, un trotamie nto t'rmico de la 

misma, no ofrecer& una gcrOntia de conseguir una bueno compensaci6n -

del efecto de temperatura, por estor diseñados para trabajar a elevo

dos temperaturas, por tal motivo, se utilizan bandos con coeficiente 

de sensibilidad o les deformaciones nulo y que se monten en lo ramo 

adyacente a la que se monto la banda activo en un circuito de puente 

Wheatstone (fig. 35); se observo que al construir la banda compensa

doro arrollado en espiral, la sensibilidad a la deformoci6n mec6nica 

es nulo, y adem6s se puede fabricar dentro de la mismo c6psula de lo 

banda activa; las ventajas que se derivon son enormes, _pues se reduce 

5§~~~:~.~-;~-·~f~\~~:·~~~···~!:·~~·~.'~~-\~--~~"~~:\~\~~\~-~~:·.~:~:~: .. :::~-~~~~~:~e:~:m::ed:o:o:;:!:e~t:: ::~:::~: 
~ ~ ~inciden con el mismo valor en ambos 

bandas. 

~~~~i~!~E~~~~~§I Un pequeño inconveniente de lo ale~ 
~ ci6n Pl-W se debe a los diferencias 

.;.ñ~ 

que pueden haber entre el coeficie~ 

te t4rmico de resistividad y efec

to de dilo~oci6n del material de 

- ----e o--.; 

1
ensayo, por eso se monta en serie 

'

. uno resistencia Rtc, que compensan 

esos errores. Siempre el fabrican-___ ___. __ _¡ 

te incluye los·especificaciones de 

cada tipo. 

Lo preporoci6n de superficies poro montaje, no necesito 

de lo meticulosidad de los bandas closicos. 

El 6xido de manganeso es introducido, con suficiente -

compoctidod, poro que puedo transmitir las deformaciones de lo extru~ 

tura al filamento. 

-30-
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CIRCUITOS DE MEDIDA 
------TEMA:--ni·---· 

3.1. Teoría del Puente Wheatstone 

L~) 

,___ Ve _ ___, 

La fig. 1 represento el esquema de 

un circuito en puente de Wheotstone 

que es el m6s universalmente utiliz~ 

do pero medidos extensom4tricos. Las 

bandas extensom6tri~os podr6n ocupar 

uno, dos o los cuatro brozas· del pue~ 

te, denominéndose entonces circuitos 

de 1/4, 1/2, 1/1, de puente respecti 

vamente. 

Se llaman romos activas las ocupadas 

por bandas que se d_eforman por soli

citaciones mecénicas y ramas pasivas 

aquellas que no intervienen en la me-

dida. 

La d,d,p, Vs en la diagonal de G tiene por valor 

"J.• 'Vt l f.lr, - r::,.. ) -· - '- -· · · · · - · · [i1 
para pequeños ver ice iones de r, ~ r~ ~ r1 1 r.. pode-

mos derivar la (ij entonces: . . 
~·• >~ [Ar,(r,+r.)-r,(lr.i'ArL) Ar,(r1.ro¡)-r.(Ms+Ar.}J. 
&¡ "s = te - -(r, +r, )'- . tr~+r!i)'" 

. - . - -[2] 

. - . . . . . - .. . . . [3) 



-
<.1e aon11e se aeauce que le oortcción o lo d, .d. p. de sol id_a V$ ·de dos 

ron'IOS r.dyocentes que experi:-renton~ un Ar del mismo signo,. tiene senti

C:)S op:J~Stos, prcpie:jod irn;;ortont!sima que por olg.Jnos autores es deno 

minad~''ley de signos'', 
. . 6 k t. ~~o A!i .k. . 

S1 la expres1 n r.'- -r,:: + 7---¡:¡- , la transformamos en otr:-o de for~a 

Ar • ~ " ~' ~R_ r· J f\-¡:- · lo (3] quedo Vs•-¡¡- [" T ·-L3a. · · en lo que el -

factor ae puente "p'' incluir6 la apor:a:i6n a la se~al de salido de 

todos y cado uno de ~es rc~os, siendo 

a..;b, ;e, 

(.+ )c;-... Ar 

Ve. 

fig2 

-.. 
Los subíndices indican lo posici6n 

relativo de las bandos del puente, 

respec~o o un sentido arbitrario y 

o coca roma le asignaremos tres co! 
r • • • 

ficientes a, b,c, cuyo S1gnlf1cado 

es el siguiente: 

El coeficiente o es indicativo oe si 

lo rama. es activa o pasiva, por lo que 

tiene de valor: 

a=·¡ ·paro ramas activas 

a- O para romas pasivas 

~1 coeficiente b indicar6 si uno rama activo del puente sufra deforme 

~iones por esfuerzos de tracci6n O de· compresi6n, por tanto: 

b= +l si 

b= -1 si 

Ar >::> 
¿:-< ::_,1 

(trocci6n) 

(compresi6n) 

Si las romos activas del puente no sufren deformaciones absolutas 

si mul t6neomen te 

valor rr:6xirno de 

iguales, 
AR 
R 

referiremos lo deformoci6n de codo romo al 

sierido esto expresado por el coeficiente e, 

que por tonto tendr6 un valor comprendido 

~or todo lo anterior, si consideramos el caso de lo fig. 2 tendremos 

que: 

ol~ 02• 03 = 04 1 por ser todas las ramas activas 

bl= b3= + . ;:::J:- c:>r!"eSponder o esfuerzos de troce i6n 

o2~ b4~ -1 p~:- ~o;responc::ter o esfuerzos de compresi~n 

e¡• ~2c: c3= e = l. po.r ser 6K. un val.or abso-lt.JtO el :'!'lismo en 
4 K" 

las cuatro ramos del p~r:nt e. 

por lo que: 

·.;.¿ ~~ 
-,-~..-R. " . 

. (!il 

·2· 
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Consideremos particularmente-~-~ _co_so _ _ifjt_l __ c;_r<;:\Jito_ge_J.,/4 _de puen_te ___ _ 

(fig;- 30-) en el se cumple: í+llr ! ) .ir 
8

] 
---1 llYs~.,rtl'lrt-l~r -y= 4(R .. o,St:.R) ----- G 

is.3a. 
En el circuiro de 1/2 de 

Jr--~-...,. 
fi_g3b 

que es un circuito lineal 

expresión que indica lo no existencia de 

proporcionalidad lineal entre lo señal de 

solido y lo defo~moci6n; solamente cuando 

6sto seo muy pequeño, se podr!o despreciar 

el termino o;sAR del denominador 

Vr. =- t~ ~ - - - - y quedar 

- - [rct} 
puente ( fig, 3b)::.tenemos que: 

p• 01b1c1 - a2b2c2 

al• 02 • 1 

bl= 1 

b2= -1 

c1ac 2 • 1 

p• 2 

- - - - - - - - [7 b] 

3.1.1. Principios b6sicos en medidos oxtanaomftricos 

Hemos visto como bas6ndonos en el puente de Wheatstone, podemos -

transformar los variDciones que lo resistencia que un· extens!metro 

experimento cuando se deformar en una varioci6n de diferencia de 

potencial el,ctrico; pero en la materiolizaci6n de las medidos debe 

remos tener muy en cuanta ciertoa principios con el f!n de no cometer 

errores. 

En primer lugar consideremos lo fig. 4, en_ lo que se representan dos 

----, 
1 

1 
1 1 

circuitos de medido en 1/4 de puente que 

son conmutadas ol instrumento de lectura 

a trov's del conmutador C¡, si lo resis

tencia de los contactos no es constante, 

codo vez que conmutemos, o ld 'varioci6n 

propia de lo resistencia de lo bcnda, al'lg 

diremos lo variaci6n de lo resistencia L!~~IJ~~- J do contoc'to del conmutador, que introduce 

un error. on lo II'Bdida,lo que nos dice -

que dentro del circuito del. puente o,b, 

e .d no deben producirse m6s variaciones 

de resistencia que las producidas por los bandos. -3-
1 
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;;.__,, -~·•· Si existiesenotros conmutadores c2 y c3 que oct~osel\, en 
,¡,, .. d ~ ... , 

el cir~uito externo del puente, no se introducirían errores,- aún cua~ 

do los resist•ncios de contacto fluctuasen entre una y otra ~ctuoci6n, 

pues en realidad buscamos lo condici6n de equilibrio del puente que no 

se ve afectada por dic~as variac·iones. 

Por torito en todo medido extensom6trico se cuidor6 rigu

rosamente, no perturbar. los romos de l. puente por cambio de cables, CO!! 

tocto.s: de.fectuosos, resistencias de conmutadores (ser6n de excelente 

calidad) etc. etc. sin-embargo pequellos perturbaciones en los diogon.2 

les no tendr6n influencia. 

Otro condici6n b6sico ser6 lo gorontio de un perfecto 

aislamiento del circuito de medido, 1 ya que defectos del aislamiento 

(fig, 5) suponen, bien lo puesto en cortocircuito de cierto longitud 

activo de lo bando, o bien el acoplamiento en paralelo de uno resis

tencia de elevado valor, y en cualquiera de los cosos lo medido sería 

err6neo, 

3.1.2. Ccimpensoci6n del efecto de vario 

ci6n de temperatura 

Los materiales sobre lo.s que se montan 

los bandos sufren deformaciones por -

efecto de los variaciones de temperatu

ra (temo 2 aportado 2. 2. 3) que no e reon 

tensiones y que por lo tonto son ori

gen de errores1 si la banda es autoco~ 

pensado, se vi6 que, dentro de ciertos 

límites de temperatura, estos errores 

son despreciables, no obstante, si el 

circuito de medido es un puent~ de -

Wheotstone, podremos corregir los err2 

res por vorioci6n de temperatura en -

cualquier rango utilizando uno bando 

pasivo o de compensoci6n.· 

En lo fig. ~lo bando montado sobre probeta sufrir6 de

-formaciones cuando hayan variaciones de temperatura, pero si (fig.6b) 

sobr:e un trocito de material idlfntico al de lo probeta montamos uno -

banda compenSodo·ra, hoci.endo que en. el puente· de Wheotstone ocupe una 

romo adyacente respecto o ·ra activa, ocurrir6 que por variaciones de 

temperatura, las dos,. activa y compensod,ora, se deformar6n e_n· la misrw 

-·-
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magnitud, pe~o su apo~tación a la se~al de salida· es nula po~ la ley 

-------~de~los-signos~y-po~-tonto- el-ci~cuito--de-medido--solo -ser6- sens-ible o-

las .solicitaciones que suf~a 1~ probeta o element~· de ensayo.· 

Este m'todo presenta el inconveniente de necesitar dos 

bOndos, pero tiene la gran ventaja de compensar los efectos de varia~ 

ci6n de temperatura en todo la goma de utilizoci6n de los bandos. Por 

otra porte _en mediciones de varios puntos, puede emplearse una campe~ 

sodora comdn en la. mayoría de los cosos; así mismo, se podr6 buscar,

la disposición adecuado en ciertas medidas· que necesitan dos o cuatro 

bandas activas, paro que los efectos de temperatura queden compenso

dos (Se ver6 con detalle en efoportodo 3.1.6). 

3;1.3. Configu~oci6n del cableado en diversos montajes 

'r''-"'"-"-"-"'"""'""-"'--::C:;-;-:~:~t rumen to de medido u ti lizodo, 1 os 

fis 1a 

P. P-35<> 

D 

.... 
S.. 
s. 

{1glb 

!"-(edura z<'fec~ 

-L!!_j.!l~ 

bandas se monten de fo~mo que -

constituyen 1,2 o los 4 ~.amas de 
l 

un e i rcu i t o de puente·· de Wheotsto 

ne, incluyendose dentro del ·ins

trumento las resistencias que -

completen el puente seg6n lo con

figu~oci6n, Estudio~emos lo dis

posición de los hilos de unión -

del circuito do medido o los ins

trumentos según los diversas con

figuraciones. 

lg Circuito de 1/4 do puente: 

En el coso de medidos en los que 

se puedo considerar la temperatu

ra constante, el montoje de 2 hi

los de lo fig. 7 se puede utilizar 

sin m6s limitaciones que los e~r~ 

~es de linealidad, pe~o si lo -

temperatura varía-, aún dentro de 

los lím~tes de outocompensoci6n, 

(si lo bando est6 autocompensodo) 

nunca pod~emos ·corregi~ los pe~

_turbaciones que se originen en -

los hilos de unión, yo que &ates 



no pueden outocompensorse; por &sta roz6n se adopta el montaJe de 3 

hilos (fig. 7b) en los que se consigue uno simetría del circuito re~ 

pecto o dos romos adyacentes y por lo ley de signos, quedan compens~ 

dos las perturbaciones en lo lÍnea.~ 

En la fig,· 7c se r•sume lo expuesto, vien~ose q~e el· tras 

lodo del vertice A influye en que los conductores a y b c~:u•n en uno 

~ola romo (2 hilos). El conductor e por actuar en lo diagonal del 

puente no influye (3.1.1.) en la medido. 

En me_did~s de gran responsabilid:;d, se puede 'Jtilizor -

el circuito de 4 hilos (fig. 7d); se harán dos medidos, conectando o1 

ternativOmente los hilos según el esquema y obteniendo la medio orit

m&tico de los das lecturas. En realidad .se han efectuado dos medidos 

con montaje de 3 hilos para eliminar posibles asimetrías del. circuito 

22 Circuito de medio puente.-

El circuito oe 1/2 puente es el que se.ho indicado para 

lo compensaci6n de los efectos de t~mperotura. En general se utilizo 

cuando se quieren eliminar, efectos que cctuen ramos adyacentes del 

puente (fig. 8). Por su simetría, los perturbaciones en la lÍnea quedan 

compensados. 

~ -- ~---=- .---., ~ . . ·--·- -- -----~---~. _, ~-- ' 
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t -- , ., . ,. \,. S 
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. 3i Circuito de puente completo (l/l) 
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Si utilizamos fas 4 romos como activos, ob

tendremos la configuraci6n de lo fig. 9, en 

lo cual por ser un circuito sim~trico se -

compensan los efectos por6sitos que pertur

ben por igual a lo línea. 
~-t-f'?-~-- . : 

1 t '=:! ~-=:_:__ .::. _, 
3.1.4. Perdido de sensibilidad en las li

neas de transmisi6n --· ---· ------
Los hilos de uni6n del circuito de medida 

extensom.Strico a los· instrumentos de le.ctu

ros_ a~aden resistencias en serie o la ban

dr que afectan al volar del factor de ban

do K y suponen uno perdida de sensibilidad, 

1 

J 
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Rg, Valor 6hmico nomi.nal de 

la banda. 

Rl• Valor 6hmico de la l!- ~

neo de trans~isi.Sn. 

ARg. Variaci.Sn del valor 

6hmica de la bando, 

6 Alargamiento u ni tar io 

K, Factor de banda aislada 

Kv Factor de bando real · .. 

{igio 

__ en __ ej'ecj:_~_p_oJ"_ ,c:j~_fi.,ici.Sn, .el __ vclor _da l _.,._ 

factor de ·bando ta.Srico K vele (fig, lO) 

- ~- bll~jl= 
K - t. · <i y~ [1] 

pero el factor verdadero ser6: 
}.Qq 

Kv : _11::..4"'-=~=-r:!"'c'-- - - [1o.] 
Dedo que el fabricante da bandos ignora 

cual ser6 le resistencia de los hilos -

utilizados,· hcbr6 que introducir un fac
tor de correcci6n de volar: 

D= ~: ¡¿% --- -lBl 
K Qd+l<.''-

o se llame coeficiente da dasansibiliza

ci6n y ser6 pr6cticamenta 1 con lineas 

~y cortas, pero si &stas son superio

ras a unos 10 metros, as aconsejable; hg 

cer lo co~raci.Sn, pero lo cual si no,_:.c.2. 

nacemos le resistencia del conductor de

ber6 hallarse experimentalmente .... 

3.1.5. Relaci.Sn entra deformaci.Sn y se

Piel da salido 

El objeto principal de le Extansometr!o 

es al conocimiento del estado da deformaciones, paro en el estudio de 

los circuitos de medida hemos visto que las defol'mcciones del material 

donde se monte la banda, producen una voriaci.Sn de ia resistencia de 

la mismo y que al ser fsta parte activo de un puente de Wheatston~ orl 

gina una d,d,p, en una de sus aiagonales prcporcional a 

es decir que ser6 necesario establecer le relcci.Sn entre 

(deformoci.Sn) y le respuesto (d.d,p, en el puente), 
Af!/R 

Recordando [3n]: Vs.: ~ 1'- A: ; j la po. J 'f(.~ -E.-

deduc imos que: Ys : Ve ~K 
E. 4 

la deformaci.Sn, 

el estímulo 

__ [io] 

Relcci.Sn importante sobre todo cuando la lectura se efectua con ins

trumentos que no. dan lecturas directos en microdeformaciones. 

Ejemplo: El elemento de ·la fig, ll est6 ~ometido a un esfuerzo de -

tracci.Sn simple; si medimos al aplicar la carga, a le solide del puente 
·1· / __ .;._ ··-



uno_ V5 • 1 mV, calcular lo fuerZQ F. 
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3,1.6. Estudio de diversos circuitos de medida 

Es muy frecuente, que en el punto objeto de medido in

cidan esfuerzos compuestos y sin embargo, solo nos interese conocer 

la influencia individual de dichos esfuerzos como veremos estudiando 

~osos particulares, 

Trocci6n o compresi6n simple 

Si el elemento de ensayo est6 sometido simult6neamente 

a flexi6n, tracci6n compresi6n y variaciones de temperatura amplios, 

el circuito de la fig, 12 solo ser6 sensible a los esfuerzos de tro~ 

ci6n 6 compresi6n; en e'fecto, lo variaci6n de resistencia de cada -

una de las bandos es (llamando Roa valor nominal de la bando;ARr

incremento de Ro por la componente tangencial; ÓRN" iden, normal y 

ARt efecto variaci6n de temperatura 
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Lo anteriormente e~puesto .es vdlid·:J siempre que ¡::or el 

eje de aplicación de cargos pose un plano de simetr!o de lo pieza, y 

exige el montaje de dos bandos por romo ael puente, siendo oqu! de 

aplicación el utilizar valores froccionodos (ver 2.2.1.) p.e. 60 ohms, 

paro que lo impedancia del circuito seo· 120 ohrr, siendo esto último 

preceptivo si no se ·montan compensadoras y se utiliza ~antoje de 1/4 

de puente. 

~-~ex i 6 '!_ _s .!_m__e_!2. 

-iD-

FL E )(ION PURA 

No •• rnonlon 
compe".adoras 

t 
v. 
1 

Poro medir urio flexi6n simple (fig. 13) 

eliminando otros influencias. no es nece 

AZE=sorio montar bandos compensadoras, ya -

que el propio circuito compensa los efe~ 

Al tos de vorioci6n de temperatura. Se -

cumple que: 

r:::AI : i?~ .!J !(', + .t1 R ~- • ~ r:: t: 
.?,.2 : Ro •.1 Rr- ¿j f<,; .¡- ~ 1( t-

\'s: 

e'C..>;-

N= frecuencia natural 

f= flecho 

E= Modulo elasticidad 

~ •· dens idod 

[1.3] 
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Tor-si6n, ----~~S"¡o~ -,-- ______ Recor:demos_(fig ._14 )_.que--un e.j e-SO"'!, 

------:-:--"..-::-'~-~,~!!! -*:·- : -- tidÓ o un par de torsi6n experimenta 

~'~ 
1 sus m6ximos deformaciOnes en una di-

¿ u "' -.,._ -!' .. 'r~-
'" recci6n que forma 45~ con lo direc-

Íí~l4 ci6n de sus generatrias, y que dionas 

/ L 

t 

deformaciones son iguales y de signo 

contrario¡ por tal motivo si situa

mos las bandas a 45R seg6n la fig. 

l5a, tenemos que: 

e>' -1'~ t h í?c • 1':. 1.: .,. • !;. .._. ~ 

Í:A-z : ~o- !l. t!c T /::,. R' r •· 2:. i' t 

Vs: 1/e. ( t.~c .. A-,~ t ll2'r ..¡. Ó.ko~ ~~ _ ~Q', _ 
U h "e l?o 2~ ~o R,, 

.. ' \ 
Ll "'·· \. '-': ) . 

' . 

liQ i5o = ~ 11.8: · -
Podemos considerar que: ~e,~~ · 

o E ct ' 
siendo ?el esfuerzo cortante y G· 

2(1';)') 

:) 
En el montaje de l/2 se eliminan los 

efectos de tracci6n y campresi6n -

pero no la flexi6n, se puede demos

trar que en la configuraci6n de 1/l 

de puente, el circuito de medida solo 

es sensible a esfuerzos producidos -

por torsi6n (fig. 15b), 

3.2. Circuitos de ealibraci6n y equi

librado 

La tlenica de calibraci6n de un puen

te de Wheatstone para extensometr!a, 

consiste en producir en una rama del 

puente, por shuntado de una resisten

cia, un desequilibrio igual al que se 

produciría·· al someter o determinadas 

solicitaciones el elemento de ensayo 

l{SiG. (fig. 16J. 

El efecto de la resistencia de colibroei6n Re, es equivalente o 

una compresi6n sobre la rama que aetua, Supongamos que deseamos 

calcular el valor de Re paro que tengamos un efecto equivalente 

a 500)-l~ en un eirc:,uito de bandas de R0 • 120 ohm, K • 2, excito-

do con Ve • 2 V; tenemos que: 

__ _) 



.. -
··;;:~. 

1.2o.ooo o~m.- -

El signo (-) indicd que se trote de compresi6n. En le 

16 se supone que un solo brezo del puente es activo, en general 

y teniendo ~n .cuenta el n2 de brazos activos del circuito, encontra

~os le expresi6n general 

~2.o} 
NEK . ,:;;.-. 

en le que: 
. . ::: 

Re• Resistencia· de calii)roci6n 

Ro- Valor nominal de la resistencia de une reme del puente. 

K· Factor longitudinal de sensibilidad da lo bando. 

E• Alargamiento unitario equivalente que produce Re. 

N• N2 de brezos activos.del circuito del puente. 

(El termino éK en el numerador se desprecio por ser muy 
~- . 

pequeño). 

Si el instrumento de lectura do indicaciones directos 

en micro_deformaciones, lo explicado es suficiente, pero ocurre, sobre 

~oda en medidas din6micos, que tendremos que establecer uno reloci6n 

entre deformaciones y d.d.p. o .lo solido de los amplificadores que el.! 

ven de nivel los d'biles señales del puente de medido; siendo reglo -

pr6cticc, buscar escalos enteros. Ejemplo • 
. : ... 

En le _fig. 17 se _:~;epresento el circuito poro medido de 

trocci6n simple en uno borro circulor·de 500mm2 de aecci6n, se desea 

que uno cargo_ 10 KN d' uno indic.aci6n de 100 mV en el instrumento de 

lectura ( 1 de N/mVl. 

1 

. ' ~ 
MJA! 

Eo2J ¡d'dcl~/,....m"' ~ 
FiO K N 
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Luego si colocando uno Re= 252.100 ohm, ajustamos la 

ganancia del amplificador para leer -100 mV, tendremos el circuito 

preparado poro leer las fuerzas F con uno escala de l do N/mV. 

Observase que se ha empleado circuito de l/4 de puente 

con 2 bandas de 120 ohm en serie poro eliminar efectos de flexi6n y 

torsi6n. 

La ccli raci6n de un circuito extensom,trico por shunt' 

de una resistencia es casi universalmente a_ceptado, no ;obstante pr~-

santa el inconvenient 

din6micos, ra que die 

lo sumo puebe salirse 

-para paliar ésto, se 

1 

Reo 

de insertar lo se~o~ de referen~ia en registros 

o se~ol se superpone o la componynte din6micc y 

del rango de medida por saturocifn de instrument9 . ' . 
utilizar una res~stencia en terie tal y ~omo 

se indica en lo fig. lBt asi abriendo 

el interruptor A dejomat sin excitaci6n 

el circuito y nos morcar6 el caro ! -

~orrespondi€nte a carga; nula) y si o 
' 

continuaci6n cerramos B~ obtendremos -

una se~al de referenci~ independiente 

del estado de cargo del· circuito. 

Se demuestra que para producir la misma se~ol lo relo

ci6n entre los valores de la resistencias shunt y serie son R~·2Rc~ 

Hasta aquí hemos supuesto siempre que el puente de Wheat~ 

tone estaba completamente equilibrado para cargoS nulos en el circuito 

de medido, pero debido o las peque~os variaciones de resistencia que 

se originan~ montaje,(~or soldaduras, variaciones de la 

tencia de la banda al ser pegada. etc~ la se~al de salida 

r.J 

propia resi! 

Vs tendr6 un 
-13-



pequeño valor que conviene dnular poro hacer lecturas directos. 

El desequilibrio inicial del puente en medidas est6ti

cas, con instrumentos que don lectura directo en micrcdeformaciones, 

obliga a hacer una lectura inicial estando sin cargo la pieza de ens2 

yo que ser6 restada de las lecturas posteriores bajo carga. En el caso 

de medidas din6micas, partir con un desequilibrio, equivale a introdu

cir una componente de cont!nuo constante. 

Varios con los procedimientos que pueden utilizarse para 

corregir un desequilibrio inicial pero el m6s universal, consiste en 

colocar un potenci6metro de alto valor 6hmico en la diagonal de ali

mentaci6n del puente con el contacto m6vil unido a trav6s de una re

~istencia RA al v'rtice intermedio tal y como se indica en la fig. 19. 

....... 

fi,s2o 
Para el c6lculo 

La resistencia RA limito Cl tanto por 

cientÓ de desequilibrio cap6z de corre

gir y el potenci6metro P dÓ el poder -

de resoluci6n de dicho ajuste. En efec

to, suponganos que en el ... circuito de la 

fig. 20 queremos calcular RA para poder 

corregir desequilibrios de un 2% o lo que 

es lo mismo suponer que: 
R~·K\:í?~: 12o ol,rn. 

12t= U"f,G o"rn 
La resistencia total de la rama 2 tiene 

que ser igual a la de la ramo 1 por ta2 

4 1 J -+-=--T--
H1,c; l '2.D RA 

K',~.: :·_R~ :: 5880 ohm 
hemos supue\to que el cursor del poten-

to: J.. 4 1 
·,.,+-K; • ~<"1. 1? A. 

ci6metro est6 en .un extreno, por lo ·que si P es de valor elevado, al 

estar en paralelo con R, no le influye; para desequilibrios inferiores 

al 2% desplazando el cursor se consigue la posici6n en la que por G no 

circulo corriente. 

Otros procedimientos pueden consistir en añadir resis

tencias en serie en' las ramas hasta conseguir el eQuilibrio, pero si 

bi'n este ~todo es aconsejable para lo construcci6n de captadores, no 

es pr6ctico en medidos extensom,tricas salvo casos muy especiales. 

·14· 
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En~nstrumeñtaci6n para medidas din6micos-,. los dese·qúi

librios de los circuitos de medida se compensan introduciendo uno con 

trotensi6n en lo entrado de a~plificoci6n, con lo que se consigue no 

desensibilizar en absoluto el circuito e incluso producir "falsos ce

ros• cuando las condiciones de la medida lo aconsejen (fi~. ·21). 

i ¡ 

Seo cual sea el procedimiento con el que corrijamos el 

desequilibrio, los componentes utilizados serán de precisi6n y. esta

bilidad id&ntica a la exigida ol circuito de medido, El potenci6metro 

P ser6 de 10 vueltas 7 provista de duodial, que permitir6 reestable

cer las condicio~es ~nicioles de equilibrado de mo~rc f6cil, a~n -
; 

cuando las condicion~s originales hayan variado. 
! 

3.3. Captadores exte1som6tricos 

posibilida 

cierta ene 

que los pr 

que solo v 

El con 

de const 

g!a mec6n 

blemas qu 

rdaderos 

imiento de· las t~cnicas extensom6tricas obre la 

uir captadores que efectuen la t~ansducci6n de -
i 

en &ste cometido se presentan, n tah complejos, 

specialistas serón ca~ces de co eguir resu{ta-

co en el&ctrica, pero no obstantlhay que ad~ertir 

o que todo lo expuesto a continu9fión, deb~ ron~i 

informativo, para mejo~ comprend~r el funclOOCJ'1"1le~ 

to de esto instrume tos indispensables en un laboratOrio de ensayos -

din6micos • 

dos acepta les, por 

derarse so o a t!tul 

Un cop~ador estar6 formado por un dispositivo mec6nico 

que sea se+sible de formo mayoritaria a determinados par6metros físi

cos (fuerzo, presi6n, aceleración, etc) y pr6cticcmente insensible al 

resta de fenómenos que incidan simult6neamente sobre 61. Si sobre el -, 
elemento sensible del captador montamos bandas extensom&tricas, podr~ 

mos medir las deformaciones de &stcs relacion6ndolas con el pcr6metrc 

que las originó, como es lógico, podremos conseguir lo independencia 

del c~ptador o solicitaciones no deseadas vali&ndonos del adecuado di 

se~o ~cónico y de lo disposición de las bandos, 

-1~-



La elecci6n de lo's materiales que constituyen la parte 

mec6nica del captador es de vital imPortancia y se tendr6 muy en cue~ 

ta que el m6dulo de el~sticidcd E, seo totalmente constante en el maL 

gen de utilizaci6n y jamés sobrepasar lo zona lineal de trabajo, exe~ 

te en la posible, de fen6menos de histeresis y fluencia, siendo nor~2 

tivo~sobrepcscr en los cargos 1/10 del límite el6stico. El coeficiente 

de dilotoci6n t~ene menos importancia uno vez que los dilataciones se 

r6n homogenecs y se 'utilizar6n bandas cutacompensadas. 

A título de ejempld en la fig. 22 se ofrecen e~quemc~i

camente algunos monta;es paro medidas de los par6metras que se indi

can. Nunca habr6 limite en diseñar cualquier disposici6n mec6nica que 

añado mejores para determinados fines. 

Hasta aquí nos referimos a bandas extensom,triccs pego

dos (Bondad Strcin-gcges) pero en captadores se utilizo generalmente 

otro tipo de extensímetro_ en el cual, el elemento sensible es un hilo 

sin soporte y apoyado sobre unos zafiros (unbonded strain-gages), ~Ue 

_si bi'n cumple todos los principios hasta ahora expuestos, es muy dis 

tinto. En efecto, consideremos la fig. 23 en la que las bandas extens2 

m'tricos tal y como las hemos concebido hasta ahora eon sustituidos -

por hilos conductores A, B,C y D sometidos a uno tensi6n previo; si lo' 

1 • A 

8 e 

¡¡ 

ú~23 

A 

·16-

1 

~ Co.r c:.a...scs 
V'llwrr&Q. 

carcasa interno se mueve por cualquier 

solicitación me¿cnica (ej. cceleraci6n) 

o derecha o izquierda respecto a lo -

carease externa, los hilos A y D y los 

8 y e sufren deformaciones da signos 

contrarios respa~tivamante. La cone

xi6n al,ctrica del circuito para cons-

tituir al puente da Whectstona se in-

dice en la fig. 24. 
,_ __ 
--
_......., 

A título de ejemplo lo fig. 25 indica 

lo disposición adoptada por o2.rl en 

sus captadores de acelercci6n. 
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Desplazamiento 

Q ' 

1 

·· JQ.'?C"C .. ~-. :r = :. : u ~ 
, ,, A' ~ J 

Aceleroci6n-vibroci6n 

ffa se~ 
sl~m!cct. 

M 

.'' ,., ////'-f" 

. ' 

Preei6n 

Fig, 22 

--~·-· 

Los desplazamientos relativos entre A 

(fijo) y A' (m6vil) producen uno defo~ 

maci6n en la 16mino pro flexi6n, propo~ 

cional al desplazamiento d. 

Uno borro cilíndrico en tracci6n y/o 

compresi6n (evitar pandeo). 

Anillo dinomom6trico en tracci6n, 

La masa sismica M es sensible o l·as 

fuerzas de aceleroci6n y hobr6 propo~ 

cionolidod con lo deformoci6n que su

fro o flexi6n.lo 16mino M! S! lo 1fre

cuenc~o propio de lo 16mino es supe

rior o lo del movimiento lo respuesto 

ser6 o lo oceleroci6n y si inferior o 

lo velocidad del desplazamiento da M, 

Lo membrana M se deformo si en 16 ca

maro C hoy variaciones de presi6n. 

. -17-
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Lámina <:1. Undri.ca en jl.ezión 

F fuerza aplicada 
d • 2.r. ~ 
1 bram fuerza-banda 
L bram fuena~amiento 
N pr1mera frecuencia propia 
f flecha (desplaz-lento de F) 
&¡ defaz:mci61l l.cn;itulinal 

defoi."IMci61l transYersal. &2 

Anillo dinamom4tl'ico . 

F fuerza aplicada 
e . es¡ee" 
,. arri1nra 
R radio IIIEldiO ·• 
f flecha total 
E defaanaci61l lcn:¡itudinal exterior 
e• defonnac16n l.angitulinal interior 

1 

Al-bol .n torsión 

""'F 1 w::uento aplicado . 
L l.cnqitlxS total del arbol 

. a ' . 'n;W.o de q1ro en rad:icnes 
La diet_.ia de las bandas no afecta 
& 

1 
· defamacil5n de una de las bandas 

c2 de" nw:i61l de la otra ban3a 
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FORMULAS PARA EL l.ALCULO DE TRANSDUCTORES 
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F 
e,- E a e 
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e:,- -r;; 

4F 
c,•trE(0 1 d1) 

-4lt F 
c1

- r. E (01 - d 1) 
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8~FL -e• 
•••ebe1 •L,f 

e F L1 
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. ~·· 

Lámina en T~aación 

fuerza aplicada 
anchura 
espesor 
deformaci6n longitudinal 
deformaci6n transversal 

Taro .~:.l':!!.il 'lr e11 
T~aaci!11%~ompresión 

fuerza repartida 
di~tro exterior 
d~tro interior 
deformaci6n longitudinal 
deformaci6n transversal 

Lámina en fle:rión 

F fuerza aplicada 
a anchura 
e espesor 
1 brazo fuerza-banda 
L brazo fuerza-eDp)tramiento 
N pr:iliEra frec:uencia propia 
f flecha 
c1 defcmnac16n loogitudinal 
c2 defnnnaci.& transversal 

Lámina tl"ianguZar m i.sof7.cei.ón 

F fuerza aplicada (en el vértice) 
b anchura base 
L brazo fuerza-encastramiento(altura; 
f flecha 
La distancia de las bandas no afecta 
c 1 deformaci6n longitudinal 
c2 deformacifn transversal 

-19-
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Para ·la fabricacicSn de captadores de presicSn se suele 

emplear como elemento mec6nico sensible una membrana encastrada y con 

viene recordar como se reparten las deformaciones consideradas como 

placa (fig. 25) en la que vemos que la deformacicSn tangencial es nula 

en los bordes y m6xima en el centro y que la deformacicSn radial es m6-
xima en los bordes y luego cambia de sentido para adquirir un valor en 

el centro igual al m6ximo tangencial. 

Se comprenda, por tanto,. que una -

banda axtensom,trica normal no ser!a 

adecuada para conseguir una sa~al -

de elevado nivel • Vishay Micromes~ 

res ha desarrollado una amplia gama 

de geometrías en las cuales se comb,! 

na una disposicicSn radial de la pa~ 

te activa del extens!matro y otra -

tangencial, de tal manera, que aba~ 

quen aquellas zonas de la membrana 

de mayor deformacicSn· radial y tangen 

cial respectivamente, constituyendo 

as! una roseta de cu otro bandas que 

configuran un puente compla to de -" 

Wheutstane, y se fabrican en varios tama~os de acuerdo con diferentes 

di6metros de membrana (fig. 26). De las formulas de la fig. 25 se de-

duce que el espesor de la membrana es decisivo en la sensibilidod,pero 

·~ . 

\ 
l 
1 
r 

::eQ:-. 1 1 
\1 • 1 

' ' ' ' .... __ ... 

8 

habr6 que dimensionarlo de acuerd!> 

con el rango de presiones que se d~ 

seen medir. 

3.3.3. CorrecicSn de la deriva ttfrm,! 

ca del e ero 

Si las variaeionea de tempe rotura -

inciden de forma sensiblemente igu.al. 

sobre los cuatro ramas del puente, 

la compensacicSn de los efectos ttfr

micos se corrige bien en circuitos 

de medida extensomtftricos, pero -

cuando se trata de captadores las 
1 

especificaciones deben ser m6s elevadas, ya que por la propia geometrfq 

del .. c;aptaq!>_r~$1~ _yariaciones de temperatura no ser6n l'lomogeneas en \- · 
·20-

f 
1 -

1 

f 

1 
1 

1 

! 



-------

das las romas. Con bandos autocompensodas y paro usos industriales, 
-----

-----------se~cons·igue·n· -de·sv fa·c ro-neS d(;t 1--0rder,---de·l-f%-e·r;-·empi~~- ;;-t-~mperoturas 

pr6ximos a lo normal ambiental (242) pero paro mejores prestaciones 

se tienen que tener en cuento y corregí r los desviaciones en lo sen

sibilidad del puente y lo derivo del cero (equilibrio) que lo vorio

ci6n de temperatura introduce, 

Recordemos que lo se~ol de solido es. funci6n de lo ten 

si6n de excitoci6n y de lo vorioci6n relotiv.o de resistenc io(Vs=Ve ~¡;; ) 

si por vorioci6n de temperatura y no por cargos, se modifico lo relo-
AR ci6n R tendremos uno se~ol Vs que al no ser producido por cargos -:/ 

ser6 fuente de error, poro evitarlo (fig, 27) se colocan en serie con 

lo olimentoci6n resistencias con un coeficiente térmico que, poro los 

. . '6 6R ( t d vor1oc1ones de lo reloc1 n -.- por temperatura, den ro e. un rango -

de utilizoci6n) mantengan co~stonte lo reloci6nYif~'"'.;lol producirse 
. . \e.\'-'1 

en Rs uno c.d.t, de efecto ontog6nico al que se produce en el puente, 

J'r 
~iQ 

·...; 

m6s o menos sobre 

• , e" • 

' .. 
·::.. 

1 

Por otro porte¡ si partimos de un 

circuito equilibrado, los efectos 

t~rmicos pueden producir uno desvi~ 

ci6n del punto cero de equilibrio 

que se corrige colocando (fig. 2B) 

en un vertice la re~istencio Rb sen

sible o lo temperatura y por estor 

asociado o lo Ro, 

visor de tensi6n, 

que actua como di 

seg6n lo posici6n 

del hipot~tico cursor, se influir6 

lo romo AB o lo AD, existiendo uno posici6n en lo -

que los efectos de vorioci6n de 

temperatura son compensados, pero 

en el que el equilibrio el~ctrico 

del puente se ha perdido, Poro res

tablecer el equilibrio ellctrico se 

repite de formo simltrico el circui

to de compensoci6n en el vertice c. 

Lo rr~i·o·¡.~ pr6ctico de lo expuesto 

puede llevarse o cabo de formo expe

rimental y se comprende que es un -

proceso laborioso, delicado y coro, 

Existen resistencias de constituci6n on6logo o los bandos que facili

tan los ajustes mencionados (fig, 29) puls, bi~n desplazando uno gota 

de soldadura (o), o cortando los circulitos de referencia (b) se con-

sigue Un detenninado valor en ohmios. -21-
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de soldadura (a), o cortando los circulitos de referencia (b) se con

sigue un ~et~_!'~~nad~ valor _en ohmios. 
· -"A 222 

(TQ..ma.M.o a..urne.l"'' ro..d.o) 

3.4 TERMINOLOGIA EN CAPTADORES. 

Carga (Lood).- Valor f!sico aplicado 

a un captador para obtener una señal 

el&ctrico. 

Carga nominal (Full Scale Load).- V2 

lor m6ximo de carga que puede sopor

tar indefinidamente un captador sin -

perder sus características. 

Escala total de salido (Output Full 

Scole or Span).- Diferencio oigebroi 

ca entre se~ales de solido obtenidas 

con cargo nulo y nominal. 

Se~ol de Solido (Output).- Variocio-

nas de lo magnitud el&ctrico dadas por un 
. , 

captador cuando vor!o lo -

cargo. Pueden darse bajo lo formo __ de uno d.d.p., intensidad o resiste!l 

cio. 

Excitaci6n (Excitotion).- F.em, de lo fuente destinado o alimentar un 

captador. 

Resistencia de· entrado (Inpu.t Resistonce).- Resistencia el&ctrico en

tre los hilos o los cuales es aplicado' la excitoci6n,· estando los hi

los de salido en ciecuito abierto. 

Resistencia de salido (Output Resistance) .- Resistencia el&ctrica -

entre los hilos de conexi6n a los instrumentos, estando en circuito 

abierto los hilos de entrado. 

Curvos de col ibroci6n (Col ibr'ot ion curves).- Curvos representativos 

de lo se~ol de solido en funci6n de lo cargo aplicado, obtenidos por 

lo oplicoci6n de cargos conocidos tomados como patrones. 

Resistencia de aislamiento (Insuiation,Resistonce).- Resistencia el&!' 

trico entre el ciecuito y masa del captcdor. Debe referenciorse o las·· 

condiciones del medio ambiente. 

~---~~~,~~-~ ~~~~c~+;Y,;+v) .- Relnci6n entre_ una variaci6n de la se~al 
¿.2._ 
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Límite de sensibilidad (Resolution).- Menor vorioci6n de cargo cop6z 

de crear uno vorioci6n perceptible de lo señal de solido. 

Exactitud (Toleronce),- El mínimo valor del cual se est6 seguro es

superior o lo diferencio entre lo cargo real aplicado y el valor ob

tenido de la curvo de calibroci6n. Se expreso en porcentajes de lo -

carga nominal. 

Desequilibrio inicial (Zero Balance).- En el coso de uno solido de 

tensi6n relativo ) expreso lo señal de solido poro uno cargo nula. 

Deriva {Drift).- Variaciones con el tiempo de lo señal de solido o

cargo constante, Se expreso en porcentaje de la escalo de solido poro 

un tiempo definido. 

Derivo de equilibri6 (Zero Drift).- En ausencia de cargo y sin causa 

t~rmico, variaciones de desequilibrio inicial paro un tiempo indefini 

do. 

No retorno o cero (NRZ).- Diferencio entre dos señolas·da solido o 

cargo nulo, antes de lo aplicoci6n de lo corto y despu~s de lo supra_ 

si6n de lo mismo y su estobilizoci6n. (No confundir con histeresis), 

Fidelidad (Repeotobility),- M6ximo divergencia entre los dos señales 

de salida obtenidos por aplicaciones sucesivas de la misma carga en 

los mismos condiciones. Se expreso en porcentaje de lo escalo total 

de solido. 

Lineoridod (Lineority),- Divergencia m6ximo obtenido entre lo curvo 

de colibroci6n y uno recto trozado entre los puntos representativos 

de lo cargo nula y cargo nominal. Se expreso en porcentaje de lo es

colo total de solido y no es dado m6s que poro una carga creciente, 

Histeresis (Hysteresis),- Divergencia m6ximo obtenido entre los seña 

les indicados poro uno mismo cargo, pero por dos modos de oplicoci6n 

diferentes: cargo creciente o partir de cero y cargo decreciente o

partir de lo cargo nominal, Es dado, salvo indicoci6n en contra, poro 

uno cargo igual o lo mitad de lo nominal y se expreso en porcentaje 

de lo escalo total de solido, Estos medidos deben ejecutarse lo m6s 

r6pidos posible poro diferenciarlos del fen6meno de fluctuoci6n. 

-H-
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Temperaturas extremos de comPensaci6n.- Temperaturas inferior y supe

rior, qu~ no deben sobrepasarse, para que, empleando la compensaci6n, 

los característicos del coptodor se mantengan dentro de los límites 

definidos para los mismos. 

Temperaturas extremas de empleo.- Temperaturas inferior y superior -

que, .en coso de sobrepasarse, determinan lo p6rdido definitiva de las 

características del captador. 

Impedancia.- Sensibilidad o fen6menos poro los cuales el captador no 

ha sido realizado, p.e.: Sensibilidad de un oceler6metro poro acele

raciones perpendiculares a su eje primario· (Cross Axis Sensitivity). 

Desplazamiento (Deflection).- Distancio entre las dos posiciones de 

un punto despu6s de cargado, comprendido dentro de la que existe a 

carga nulo y nominal. 

Ambiente (Stamdard Test Conditions).- Conjunto de aquellos valores 

caracter!sticos del medio ambiente que pueden influenciar las propie

dades de un captador y que deben ser definidas en la calibraci6n. 

Frecuencia natural (Natural frequency).- Frecuencia de oscilaciones 

libres en ausencia de cargas. 

Sobrecargos el,ctricas admisibles.- Potencias iímites poro el circui

to de alimentaci6n y que no deben sobrepasarse, bajo el riesgo: 

a) De p6rdido de características de captador •. 

b) Destrucci6n total del c~ptador, 

Eje primaria (Primory Axis).- Eje seg.:in .el cual los cargas deben ser 

aplicadas. 

I nt ro duce i6n 

Con los extens!metros ohmicos lo .:inico que puede eva.

luarse son cambios de deformaci6n. Por consiguiente, si se desea de

terminar el estado de deforrrcci6n existente en· alguna pieza es nece

sario poder cambiar esa deformaci6n una cantidad medible despu6s de 

que se haya pegado la banda. A continuaci6n, interpretar adecuadame~ 

-24-
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_____ te-e-l-cambio--medido·,----·-

Las tensiones residuales determ1naoas por relajoci6n so~ 

un ejemplo de este m~todo. En ~1, una banda se fija a la oiezo y se 

mide su resistencia el,ctrico .. Luego se perfora o corta un trozo de 

la pieza teniendo cuid·ado de que no se produzca colentc:;:Jmiento; y se 

vuelve a medir lo resistencia de la bando. 

Si se produce una variaci6n correspondiente a una trae 

ci6n lo que habría es una compresi6n y recíprocamente • 

Teoría. Poro el coso de relaci6n or taladro (fi 

Si se hace un taladro 

de pequeño di6metro (2Ra) en una re-

gi6n con tensiones residuales, se -

produce una relojoci6n de deformaci~ 

nes. Los deformaciones suprimidos en 

el punto P a una distancia R del ce~ 

tro del taladro cuando solo existe la 

tens i6n ~ son: 

~-
' 

L-

. 29 
a 

2 

¡+ 
{' +}') ( .L 3 4 ------

Er :-e; 2. E rl - 4 • c..os2ot+ J+r r: .JL 
llo 

E : ·G": J.~.. }Jo f....L•-ª-.. ~J~~~~. 4p. 
0 ' .,E r' f" _· .. _J+ ,.... 

.!._c..os2ot) 
-, ... 

a rlt.. ..[!__ (--L -~ )'-re~tl O( 
2 ~ r• ra 

E t. -~)'(a,· ' fJ. l, n ... ) r- 1 :- .. , ---c.o\S~ac•-. DS"'"' . . 2 E ra. - r' · r-a 
que son funciones sinusoidales de la orientaci6n. Por ejemplo la de 

' 
fonmaci6n radial suprimida puede escribirse 

Er: (A +B w.s ~oc)o¡ 
y si existen simult6neamente r, ¡ r, ser6 

Los coeficientes A y 8 pueden calcularse f6cilmente a 

partir de las constantes l( ·, .. ~ del material en cuesti6n y poro cua_! 

quier distancio R. 

-25-
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~ ~ :~r,~~s ~y 8 ~acien.1c ~nsayos sin tensicn~s ··~s~auale~ ~: 

(ff ¡ a-1 cono e i r:l·> ~, e o r ejemplo 

Caso de l~ rn,c_r.to (f'o 30) - - -=-~ -'-"--~-=---~ -- ~ 

Con tres bandos oe~~ 

dos a una distancio R y en las Ol

recciones ~ ~ y ~ o 452 pueden me~ 

dirse tres deformat:iones€<
1
E,¡Ec 

aue llevadas a le ecuoci6~ ~n~~··1or 

ncs o.,. ..... _..,¡i·o?r-. ':1esoejar <r,;Gi i12J 
~- (.4-+S~2~)e-.-(A·S~2~) éc 

1 • 

J. A t. C-41 2. f3 

-4 .u (A) 2 J3 
:;; [& - 2. E• + Ec 

¡ cr,., : o 

., 
' 

\ ' Qy. / 
''O l .. 

a 1 

Estas eApresiones son buenos si los direcciones 4 J e 
-:orre-<:~or~den ocroxirr.odo~er:te ::on las princ ipoles. En casp de q·.:e n~· 

ser:- o~~ y l~s .2. y~ d6n l·::S oefo~trOc:ivnes :r.Ós distintos son :n6s so

·isfa(·:rias les ecuaciones siguientes: 

~.: 
2 A a(_,.,.,. tp o~- c.s 2p) 

{J-1& C6'J(1}t~o -(A-IJ ~.2¡3) l.._ 

.::_é::..r:..; :e.~~r'-~-' ol::•r.s~ll~ +- ~ ~J3) 
• 

Co"!lO en tcH:!o 1"'· ex~rimer.:ol, los ~~r:-omie•.f' :~<; opropi~ 
..Jos, :'l instrurrentoc i6n y lo cuidodcsa ac: :.c':l;:: ¡.~n ae los procedimie!! 

~ :!:: :;or: eser.-:-.c:~:::: para obteroer resultarle1s e;ierros. 

Ccn t--ocos cilíndricas, no cónicos. L.; porte :(..'r:~r--:.e 

sélo en el f.rente. El diánetro del cilindros~ re-J;;:e -::una disLon

cio de 0,16 ~a un diámetro menor en un 12% de~ o~ la punta po~~ G&~ 

jar sitio entre la brc~~ ¡ el agujero poro la salida de viru~os •. 



Rosetas de bandos ·especia:.·"'r'€,.-,te t1én es¡:ociaaos er. el 

c!rcwlo y con el centro de este bi6n defiriao. (~'6.31) 

PL. en": e de r-ed id a 

Puente por~able de baterías con oo:enci.~metros ~e e~ui 

librado. 

Centrado del taladro 

Soporte cen~rcdor ·~e un mi~rcscopio sustituible por uno 

tal adrado ro. e r-,. ~2) 

· · r 1 ·. wt..: r 
1 1 

1 A t 
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-----·-TEMA-rv·~---

4.1. ~n~~rumentos paro medidos est6ticas.-

Aceptando como universal el circuito de puente de 

Wheatstone en medidas extensométricas, dos son los procedimientos que 

se pueden emplear poro medir el aesequilibrio que en una diagonal se 

produce cuando las bandos se deforman. 

El "Método de oposici6n'' introduce en lo diagonal del -

puente (fig. i) una tensi6n opuesta a lo de desequilibrio, siendo el 

instru_mento Gel que controla la posici6n. de equilibrio. Si el poten

ci6metro P est6 graduado en 

.J la escala deseada (microde

formociones) e incluso va -

dotada de un indicador num' 

rico y dispositivas de pree

quilibrodo, podremos hacer 

las lecturas directas. Se -

comprende que para no intr~ 

ducir· error lQS tensiones -

E1 y E2 deben estar estabilizadas en alto grado o bi'n que sus variacio 

nes sean totalmente proporcionales, pero según el esquema de lo fig. 1, 

eso es muy dificil de conseguir, de ah!, que se utilice la dispasici6n 

indicado en lo fig. 2 en los que la saluci6n si bi'n es satisfactorio 

en un aspecto, creo problemas en otros, en efecto, si alimentamos los 

puentes en cor~iente cont!nuo, y dado su polaridad, los instrumentos 

nos indicor6n _las deformaciones producidos por esfuerzos de tracci6n 

o compresi6n según los desviaciones de la aguja seo en uno u otro se~ 

tido respectivamente, pero al ser excitados en corriente alterno es "! 

casorio introducir un circuito llamado' detector de fase que discrimine 

cuando los deformaciones son de trocci6n o de compresi6n en efecto: 

(fig. 3) 

: 1 E, 
1 

E..: • 
¡> 

1 

! 
1 
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si el puente.est6 en equilibrio: 
¡_: . < > 

= o ---. .:.. ' 

si hay tracci6n en una ramo: 

v5 (Tracci6n) 

si hay compresi6n en una rama 

v~ { compresi6n) 

\ 
\ 

--\.) 

~/'" .,..._---¡ 
1 ,_. 
1 

' 

\ ..----+---' ... 

Por otro parte, poro conseguir la oposici6n entre las 

tensiones E
1 

y E2 es necesario que est~n defasados 1802 y para lograc 

lo hoy que introducir ajustes capacitivos, lo cual representa otro i~ 

conyeniente; por tal motivo lo coso Vishoy-Micromesures, en su puente 

P-350, emplea como portadora uno onda c~adrodo, en vez de senoidal, y 

la oposici6n de fase se cons1gue de formo outom6tico sin necesidad de 

ajustes Capacitivos, ventaja que le confiere uno gran aceptoci6n por 

extensometristos experimentados. 

En el "M~todo de cero" {fig. 4) el equilibrio del puente 

j 

se consigue introduciendo resistencias en los ramas del puente hasta 

conseguir el equilibrio iñicial; los potenci6metros P 1 y P2 se despla

zan c··_.njuntomente en sentido inverso hasta anular tensi6n de desequil.! 

brio entre A y B. graduando adecuadamente•los mandos de P1 Y P2 podre

~os hacer lecturas directos. El mando de P
1 

y P 2 puede hacerse a tra

vés de un servomecon!smo y constituir as! uno unidad de lectura autom~ 

t ica. 

2 



--------~-------Ctro--p~oc-edi,;,iento,--que octuol,;;-;,:,t~-e~t6--~-iendo codo vez 

mas empleado, consiste en leer directamente la señal de salido del -

puer.:e ::or medio de un voltfrretro digital de precisi6n y exactitud ele 

vad~. Este procedimiento exige a su vez que la fuente de excitación -

seo m~y estable (fig. 5) 

4.1.1. Cojos de conmutoci6n manual 

Normalmente, los medidos extensométricos, hobr6 que efe~ 

tuarlos en varios puntos, si estos son muy numerosos (se estimo que su 

periores·a 25) uno unidad autom6tica seré conveniente, pero paro uno 

cantidad inferior se utilizan unidades de conmutoci6n manual con resul

tados pr6cticos satisfactorios; yo que el mayor tiempo de lectura que 

ser6 necesario emplear justifico su uso por rozones meramente econ6mi

cos, pues l6gicamente los equipos manuales son de bajo precio. 

El problema que se plantea es conmutar diversos circui

tos de medido o un solo instrumento de lectura de lo que ae deduce que 

el conmutador ser6 de una_calidod que garantice un mínimo de error en 

lo medido (Ver 3.1.1.)". Por otro porte lo unidad de conmutoci6n debe 

ofrecer lo posibilidad· de un- equilibrado previo de lo& circuitos de me 

dido, poro que ~ü't.ñilo" ensayemos bajo carga lo pieza en estudio, los 
-~·~:: ... 

lecturas pued~~~r'directos. 

En la fig. 6 se indico la disposici6n adoptado por Vi&hoy

.Micromes...,res en su ynidod 5-81 en lo que se consigue une adaptcci6n -

completo de los circuitos de 1/1; 1/2 6 1/4_ de puente, asociado al in~ 

trumento P-350 o cualquier otro similar. 

El potenci6metro P de equilibrado, ser6 de precisi6n y 

de 10 vueltas para conseguir uno buena resoluci6n, si a su vez va pro

visto de un mando con contador numérico de vueltos (Ouodiol) podremos 

reestoblecer las condiciones previos del equilibrado, aún cuando se -

hubiese utilizado en otros circuitos distintos lo unidad de conmutoci6n 

en el curso de experiencias diversos. 

3 
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4,1.2. Instrumentos de calibraci6n 

Los instrumentos de lectura son contrastados por el fa

bricante en ·sus foctorios, pero el uso Y. la degenero~i6n de sus campo~ 

nentes con .el tiempo, ho~e necesario une controstoci6n peri6dico de los 

mismos, paro ello pueden seguirse varios procedimiento_s uno de los e u~ 

les se explic6 en a 1 apartadO 3.-2. y .consistía en colocar resistencias 

en paralelo en una remo del puonte, que produjesen un desequilibrio -

equivalente al qu.,- experimentase el mismo ci rcui ta sometido a salici t9. 

ciones concretas. Esta m'todo si bi'n es recomendado paro calibrar los 

circuitos de medida no es idóneo poro cOntrastar el instrumento de lec

tura, yo que nunca sabremos si al ¿clocar lo resistencia en par~lelo -

observamos alguna onomal!o, si el error es del circuito o del instru

mento, por tal motivo se recomiendan dos procedimientos: lR Simulador 

de deformaciones y 22 Patrón primario de ·deformaciones. 

Simulador de de. formaciones! Consiste en uno caja de de

·cadas de alta precisi6n y estabilidad que comprende 5 d'cadas Que pu~ 

den obtener valores en p~sos de 0,01¡ 0,1; 1; 10 y 100 ohm. con preci

si6n total de ± 0,02% sobre cualquier lectura. -Su estabilidad es supe

rior a ~ 50 ppm por año. A estas características responde la unidad 
4 



Para calibrar un instrumento de lectura en extensometr!o, 

suponfremos que el simulador de deformaciones constituye la banda pro

piamente dicha y para ello ajustaremos un valor igual al de extens!me

tro p.e. 120. Efectuaremos posteriormente su conexión al instrumento en 

montaje de 1/4 de puente en la configuraci6n de 3 hilos (fig. 7). 
Recordando que: 

AR= K.R. 

tenemos que poro 

E= 1500/uÓ AR= 0,36 ohm 

E' 2000 /u Ó LiR= 0,48 .. 

E• 2500/u Ó AR=0,60 " 

Si K=2 y R= 120 ohm. 

Por tanto si el instrumento de lectura estó bien tarado, 

leemos los valores indicados de microdeformaciones, si en el simulador 

vamos paulatinamente fijando los valores de 120,36; 120,48 ohm etc. T! 

ner presente que así simulamos tracciones, si disminuimos el valor 120 

ohm, en la mismo proporci6n leer!anos compre.siones. 

Patr6n de deformaciones 

Uno viga de secci6n rectangular b .c. toma formo de arco 

de anillo circular, al ser sometida a flexi6n pura. El valor absoluto 

de la deformaci6n longitudinal que sufren sus coros horizontales es 

E= .;;Pa. 
l· e~ E 

p 
a_ 

.,. 
/ 

5 

La fl~cha.del orco de circunferencia así producido es 
: ,,, ... : ··- P "- A~ 

· ~~j · f : 2 ¿. e l E 
"6 ~ 1 f "6 La relac1 n entre f echa y de onroc1 n es 

E=-* f lo que nos dice que podemos conocer la deformación en f~n 

p 
t Cl. 

ción de la flecha y de cons 

__ j. __ -

t .. ' ' ' 
• 

b 
j dientemente de los cargas y 

¡, """'1 del m6dulo· de elasticidad 
e 

del materia l. 
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El ·Patr6n de Deformaciones permite fijar la flecha / 

ce- _o que se puede calcular la deformación é. correspondiente. Si -

ade.-.és se mide la deformación F. por medio de extensórretros Óhmicos, 

se puede calcular un coeficiente de corrección para este método o 

comprobar sistemas extensométricos, 

Estos sistemas son necesarios cuando por el número de -

puntos de registro, el tiempo requerido poro un barrido manual fuese 

tal que los condiciones del ensayo variasen dentro de ál, y por consi 

guiente no fuesen datos adquiridos en igualdad condic~ones los de uno 

misma lectura; o bién cuando la magnitud y frecuencia de medidas múl

tiples haga tedioso y propenso a errares de.anotaci6n las lecturas ma

nuales. 

El avance tecnol6gico de la electr6nica ha facilitado 

el diseño de equipos muy sofisticados, y o veces, no just.ificon los .

pequeñas ventajas que introducen el elevado precio que adquieren. Por 

tal motivo juZgamos oportuno describir el conjunto poro que el usuario 

futuro, tenga elementos de juicio para configurar el Sistema id6neo e 

sus necesidades, pero no entraremos en le descripci6n de circuitos, 

que se escapan del alcance de es~e artículo. 

4. 2. l. .Di agroma bloque 

.. -. .,:_,_; ·¡ 

~to ~q· ~cMdiCI4JIIfl /Jirifllr#tlcWI Ampli/t' .L !;,.., ---. e/H, IM:H-ri'do 
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o 
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. 
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Circuito de medido. 

Ser6 cualQuier circuito extenso~étrico, yo descrito, 

bi~n en el aspecto ~e bandas extensom6tricos, o bi'n bajo el concepto 

de cop.todor. Generalmente podr6 ser cualquier elemento transductor de 

energía mecánico en electrice. 

Excitoci6n.-

Por ser circuitos pasivos, tendremos Que opo~ar ener

gía, generalrrente poro excitar un circuito de puente de Wheotstone. 

Acondicionador.-

~ Debe permitir equilibrar el circuito de medido e intro-

ducir señales de cclibraci6n. 

Unidad de berrido.-

Esto unidad est6 destinado a conectar cada uno de los 

circuitos de medida o lo unidad central de lectura, 6on uno secuencia 

predeterminada. Sus corocter!sticas principales son:· velocidad de con

mutación; fiabilidad de los contactos, número de polos conmutados,etc . 

. Ampli ficacdor.-

Aumento el nivel de tensi6n de los señales débiles que 

se crean en los circuitos de medido. 

Control de barrido y registro.-

Lo forman circuitos electr6nicos, m6s o menos complejos, 

que permiten P.~ogromar los secuencias de los.lecturas y de lo impre-

s i6n. 
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Podríamos definir un s iste"mo como el conjunto de instru

mentos, debidamente acoplados, poro la odquisici6n de datos en forma 

predeterminada, de las magnitudes físicas o medir. 

4.3.1. Diagrama bloque 

Diagrama bloque de un sistema elemental 

El esquema de lo figuro responde o los elementos funcio

nales del sistema, que son: 

o) Cnptodor: Es un elemento cop6z de convertir uno magnitud físico en 

el,ctrica. Se basa en fen6menos resistivos, capacitivos, inductivos, 

piezoel,ctricos, termoel4ctricos, semi-conductores, etc, etc, 

b) Unidad de excitoci6n: Si el captador no outogenero su propio se~al 

(p.e.: termopares) es necesario alimentarlo con una fuente de ener

gía adicional. 

e) Unidad· de odoptaci6n y colibroci6n: Permite corregir y compensar 

los desequilibrios en los circuitos e introducirles una se~ol que 

permita la calibraci6n de los mismos. 

d) Amplificador: Los señales emitidos por los captadores pueden ser 

tan d6biles que no sean capaces de excitar los instrumentos de le~ 

turc 6 registro. Es necesario entonces el empleo de unidades inter 

medios que aumenten el nivel de lo se~ol de solido. 

e) Registrada~·6 unidades de lectura: Pueden ser cualquiera de los in! 

trumentos cl6sicos destinados o registros cnal6gicos 6 digitales 6 

bi~n osciloscopios, molivolt!rretros, etc,_ 
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lectura 6 registro. En el coso de golvon6me tras, tie f"1e una influen 

e io de e isiva referente a la respuesta en presencia de los mismos. 

~3 .,__2_, _Des~ .rip_ci .Óé' 

A Ccptadores 

Un captador 6 transductor es aQuel el~mento que, bajo estímulos fÍsi

cos, do origen a señales eléctricas. Lo mayoría de los captadores pr2 

porcionan salidos anal6gicos en forma de d.d.p. el~ctrico. Muy ideali 

zeda, podemos suponerlo tal y como se muestra esquemáticamente: 

Si una viga el6stico y empotrada recibe en su extremo 

libre un golpe, se producirá un movimiento oscilatorio amortiguado, 

pues bi4n, el transductor nos dor6 u,o d,d,p. onol6gica del estímulo 

recibido. 

Los captadores los clasificaremos bajo- diversos aspectos: 

o) Estímulo físico, al que son sensibles: captadores de aceleraciones, 

vibraciones, presiones, fuerzas, desplazamientos, _torsi6n, · color,etc 

b) Principio de 1~ transducci6,: Resistivo~· (P. de Wheatstone y pote!:!_ 

e iorrétrieos) inductivos,· piezoeUetdcos; · fotoel4etPicoa, copoci-

tivos, sen\icOnductores, etc. -·: :;-·, . 

.. ¡:.. 

e) "Alimentaei 6n de su e ircui to interno: Autoexci todos, ex e i todOs, en· 

c.c. y exci.tados en c.o (portadora), 
·_: ... 

Captadores m6s usuales 
. ...: .... ::j .:. ''i 

~o'lltj;íiciiii•O*. UJ\Q>IIIQSO sísmico M montado en uno cojo 
con un muelle y sistema amortigu~ 

~;~~~1~' ~""''·.:;."f:fo.:: ;:_ ti · .. · ' e·:· . dp.r, .. eoiiiO, el::· l"'e¡,_r: eae,t ado esquem6t i-
·.:·.;..._¡."¿:. 

·comente, Si la caja .. _es so_li~aria con 

• _: ; e. ''\.in ele .... ,to--~~~~.,-~ ~:fb~iones, 
".~ : :~'.se c~eor6 "'" movi~,~~~~o, P~tivo ''* .·!:' ~,.,tre maaaM.y C&V~·Y entre. cd)o y . ' . ' . . ·' . . . - -• ' 

e- ~ ':':"'"?'un ~· f' (j l> del, ,. SJI.Oc:.ic ~ i, !p Olft! 

--'L-•U...t...LL..LLL~U.i.I..L.~U.a._..,· · :mas "X"· e "Y" a los desplazO~ientos 
de M respecto a caja y de·.·caja res-

'Y ····-.eN; f"! ~~ ~~::t:.::,.:::o q::~-(~:~:::·:~ . j 
. .. ··: .,.-··citaci.Sn oparecer6 dentro de la caja ¡ 

una energía de valor: d.E•{ll-+)')cl.¡. 1 
'q 

'j 

··:-;. 
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Energía que se mon1f1estb en tres formas: cin~tica, de-

formadora del muelle y disipada en forma de color por el sistema amo~ 

tiguador, Por tanto: 

siendo K= coracterística del muelle 

C= constante de amortiguamiento 

Si el muelle es totalmente el6stico se cumple que K = 4 n 2 fn 2
1

y 

si el amortiguamiento es el ideal S 4Tt f de Mdonde igualando (1) 
n 

y (2), simplificando y sustituyendo~ obtenemos que: 

X".¡. 4>t.fn X'.¡. 4 T\ 2 fn 2 
X= -y" (1) 

El desplazamiento "Y" varía con el tiempo y no tiene 

por qu~ ser peri6dico, Su arm6nico principal sería de la forma y" = 

Aejwt siendo A la amplitud y w= 2 tt f; de esta forma la soluci6n de X 

sería: X = Bejwt en dond~ B es .funci6n compleja de w; sustituyendo 

en (3) queda simplific~do que:. 

- 8
4 n 2 t 2 .¡. j B ( 2tr f) .¡. B ( 2 n fn) 2 

= - A 

donde los dos· primeros t~rminos pueden despreciarse si fn) f 

es decir, si lo frecuencia natural del resorte es mayor que la 
2 

cia del movimiento de la caja, entonces: B (2rtfn) = 
2 

x (2rrfn) = 

frecuén 

Vemos, por tanto, que el desplazomie~ 

to de lo maso es proporcuonol a La -

10 

oceleroci6n o que se -somete lo coja, 

.sie""re que f n) f(:::: f es el 60% de. f n) 
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lo direcci6n y con la propiedad que giros de .±. 9Ó2 respecto o su pos!_ 

ci6n de equilibrio equivalen a producir los mismos efectas·que si se 

someten o una oceleraci6n de + 1 g, repectívomente (g= 9,8 m/seg- 2 ). 

El tipo descrito corresponde a un ocelerómetro resisti

vo, que son m6s utilizados, ya que con un margen de frecuencia, relati 

vomente.amplio, ·permiten medir desde f ~O Hz. Son, además, de muy f~ 

cil acoplo en el sistema por su bajo impedancia de solido y proporoio

nan señales altos, no existiendo problemas de ruido 6 descompensoción 

especiales cuando hoya que utilizarlos o distancias relativamente gro~ 

des. 

s .. t. J .. 
4 e~rc.v~-

h> ":,;..,.¡., 

Acel-~r6metro piezoel~ctrico. 
Si o un cristal piezoel~ctrico le 

aplicamos entre sus cor.as uno fuer 

zo F, se genero en las mismos una 

cargo q, Incorpor6ndole íntimomen 

te una masa al cristal, tenemos un 

aceier6metro, en efecto: q dF • 

dMa .. 

donde la d,d,p, V
5 

originado entre coros ~el cristal vale: 

es decir, 

dF A dMo • Ko e .,-e-

lo d.d.p. V es proporcional o las aceleraciones que es so 
S 

metido la maso M. 

Loa oeeler&m.tros piezoel6ctricos no necesitan alimento 

ci6n, yo que aon 0\ltoexcitados, Tienen._una respuesto en frecuencia a_! 

to, aunque no ret,,_Hl·Cien bi4n o frecuenc ios pr6ximos o O Hz. Necesitan 

un adaptador ~~i¡ladOncias para su acoplo en el sistema debido. o su 

muy ol to impedonc1~- cte aalido y pueden dar problemas cuando hoyo que 

emplear cableado'a diat~cia. 

2Q) Captadores de vibraciones,- Poro 

los aeeler6metros resistivos de

cíamos que lo frecuencia del moví 

miento debía ser menor que lo fr! 

cuencia natural del resorte, pues 

bi,n, si hocemos ahora que f fn, 

tendremos un captador de vibrocí6n. 
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En efecto, si lo ~ojo -Se mueve por 

·~ 

1 

encima de lo frecuencia de resonan

cia del muelle, lo maso sísmico pe~ 

monece_ "quieta•• en el espacio y lo 

corriente que se origino en los bo 

binas 'es proporcional a la veloci

dad de los desplazamient·os de la 

coja. 

Estos captadores tienen la ventaja 

de que son autoexcitados. 

Captadores de presi6n.~ El funda-
*· mento es e 1 mismo que ~en los oc el~ 

r6metros resistivos, salvo Que la 

masa s!smica es sustituido por un 

diafragmo, que es.el elemento se~ ·• 
sible o las presiones, 

Pueden hacerse medidas absolutos 

y diferenciales. 
TO 1'\C Ji.LTAaf : • ' 

':ILvw: E (CON~~ •"-T j: --~ · ·- j C•FFEREHCE vOLTAGE 4Sl) Coptador'es basadOs en trcnsf armado
--- OuTPUT E.Mc..•·l .. c..t 

lf. 
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res lineales.- Ha sido muy desorr~ 

llodo.lo t6cnico del transformador 

diferencial lineal p_aro su uso en 

transductores, B6sicamente, está 

constito.¡ido· por, ~v~ncdo primario 

y dos davonados SfEundarios id6nt!· 

ces y ~pdos •r opgsic i~n: los 

tres devanQdo•:C9~&t~tuyen lo porte 

estático del. ~optado~ y un núcleo 

mogn,tico formo lo porte din6mico. 

Al excitar el primario con una 

corriente alterno constante, si el 

núcleo se encuentro en su posici6n 

medio, no habr6 d.d.p. en los ter

minales del secundario, pero poro 

cualquier desplazamiento del núcleo 

oparecer6 uno d.d.p. entre termi. 

les del secundario proporcional al 

IZ 

,, 
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Vemos que un transductor basado en 

e_l anterior principio, puede conve.!:. 

tir cualquier magnitud mec6nica (de! 

plozomiento, presi6n, fuerzo, vibr~ 

ción, etc) en magnitud eléctrica. 

Los ventajas de estos transductores 

son: 

Salido exactamente proporcional al 

desplazamiento del núcleo. 

Alta sensibilidad y nivel elevado o 

la salida. 

Característica lineal de la respues

ta en toda su escalo. 

Vorioci6n de lo d.d.p, de salido desde cero, sin necesidad de equilibrar 

el circuito. 

Estabilidad del cero . 

Permiten la sumo 6 producto de varios desplozomi•ntos -

mont6ndolos en serie 6 tandem, respect!vamente, 

Por el contrario, presentan el inconveniente de que nec~ 

sitan demodular y filtrar lo solido y da qua su excitación no puede -

ser en corriente continuo. 

Poro paliar el anterior inconveniente, la firma Schaevitz, 

ha desarrollado un modelo que puede ser excitado en c.c.; su esquema

es el indicado y todo lo electrónica lo constituye un circuito integr,2 

do de estado sólido, de dimensiones reduc id!simas, incluido dentro del 

propio captador. El resul todo es francarre nte favo roble. 

------~--------~ 
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S.rvooceler&metros 

Constituyen un avance enorme en la 

medida de aceleraciones Por las 

elevadas prestaciones que ofrecen. 

Su principio est6 basado en la re~ 

tauroci6n _del equilibrio de una ma 

so sismica pendular_cuando ~ste es 

desplazado de su posicicSn de rapo-

so por una fuerza aceleradora. En 

efecto, de la ecUac:i6n Mr- (Momen

to de tensi6n)- 1 (Momento de ine~ 

- :a) (aceleraci6n) deduci11110s que una aceleraci6n angular .,..licoda 

a.l aceler&aetro y actuando sobre uno a:osa equilibrada ..nt:ada en un 

eje giratorio, origina un por de tensicSn sobre dicho eje; de la mis-o 

forma, si la ~a na est6 equilibrado (pendular) y es sometida a una 

• .-celeracicSn lineal producir6 en el eje de rotacicSn un ...,..,.to de ten-

.. 
El fen&.eno de la transduccicSn acele rae icSn,...seflal, se -

consigue disponiendo de un sensor de posicicSn, capaz de detectar los 

IIIOViarientos de la IIIGSa sisaüca pendular el cual da una seflal eHSctri

ca a dichos ~viaüentos y que es a.plificoda hasta conseguir el nivel 

adecuado para alimantar la bobina IIOOf'ltada dentro de un e:...,., magn4ti

co que originar6 el par antagonista al de torsicSn que creeS la fUerZo 

, aceleradora. El circuito es cerrado, de ahi qua la señal se obtiene -

CODO caida de t:ensicSn - RI" 

Lo -flal de estos acelereS-tras ,es de ! S \IDC y on la 

.ayor{a do aplicaciones no necesit:ardn posterior a=PlificacicSn para -

su registro. Son ali.entodas no~l .. nt:e a ! 15 YDC. 

B McSdulos de excitacicSn 

McSdulo do excitacicSn es un obu=nto cap6z de s.-inistror 

la energía adecuada al captador- para obt:o,...,. S4tl!ales el4ct:r-icas propo~ 

1-4-
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ciOnoles a los estímulos físicos a los que se someta. Podremos utili

_______ za r_,_a e.sd e-un a~s i mp1 e-- -p i-1-a-se e a-, hasta--una-so f i·s t-i e oda -fu en te=-de-o-ri-;_;-----

·----------~ento~ión, siendo lo calidad del captador y los carocter!sticos del -

sistema quienes impondrán el tipo adecuado de m6dulo. 

Nos referiremos siempre a m6dulos de excitación en c.c. 

ya que la utilización de excitación en e .a. (portadora)· cada vez está 

más en desuso y, cuonoo se utiliza, son los propios amplificadores los 

que llevan incorporados un oscilador que pn)porciona lo excitoci6n con 

d.d.p, de 0-10 V en frecuencias de 2 a 8 KHz, nonnalmente, 

Un buén módulo de excitación debe suministrar una d,d,p 

constante; se comprende ésto, ya que cualquier vorioci6n en lo d.d.p. 

de la excitación introducirá errores en la señal de salida del capta

dor, que es proporcional a la excitación y a la variación del estímulo 

f!sico. 

En general, la.elección de un módulo de excitación se 

hará considerando dos aspectos: 

12) Características del captador.- Impondrán el valor de la d,d,p., in 

tensidod de corriente y potencia; deber6n considerarse los casos 

en que sean varios los captadores alimentados en paralelo por un 

solo módulo. 

Especificaciones propias del módulo de excitación.- Serón Índice 

de la calidad del mismo. Deben considerarse como importantes: 

Posibilidad de ajuste sobretensiones (cortocircuitos, electromagn~ 

tica, térmica, electrónica, etc), 

Limi tador eltte.trónico de la corriente de salido. 

Reversibilid~ de la polaridad. 

Rizo residual de la tensión de solido, 

Aislamiento de bornes de solido o maso 6 tierra. 

Corrientes de fugas. 

Rechazo de interferencias. 

Voltímetro incorporada de control. 

Derivo de lo solido respecto a tiempo y temperatura. 

Mórgenes de la temperatura de utilización. 

Posibilidad de alimentación por c.a. ó por baterios. 

Incorporación de acu~uladores autorrecorgcbles. 

Conectores, cojo de montaje, pero, etc,etc. 

!S 



Una unidad de odoptoci6n incorporo en el sistema los ele 

mentas necesarios para equilibrar el circuito de medido, es decir, poro 

que una carga nulo en el captador· dá como señal de salida cero, campe~ 

sondo las asimetrías propias del captador, 6 producidos por cables, -

conexionado, etc. Si los captadores son resistivos, la compensación -

ser6 solo con potenci6metros, siendo necesario un ajuste capacitivo en 

el coso de captadores inductivos 6 cuando se emplee el sistema de exci 

· ,.c.:.<n por .. onda portadora". Opcionalmente, pueden incluir un· sistema 

'Ci6n y elementos pasivos. (resistencias) paro completar circui 

medida de captadores, generalmente cuando se utilizan puentes de 

stone. 

Normalmente, las especificaciones de una unidad de odap.:. 

taci6n son referidas a circuitos con 350 ohmios y excitados. con 10 V, 

pero no hoy roz6n para ampliar estas especificaciones o otros valores, 

por ejemplo, si una unidad de adaptoci6n permite compensar desequili

brios de ~ 4 mV en un circuito de 350 ohmios con 10 V de excitaci6n, 

Utilizando un circuito de 1.000 ohmios y lo misma excitaci6n, lo cober 

tura de ajuste ser!a: 

1.000 
X (± 4) ~ 11,4 mV. 

350 

El poder de resoluci6n debe ser del orden de 5 microvol

tios para una bueno unidad. 

-~:?#. . . 
··Es frecuente 

·era cal ibfo~~C;i"~cufto, 
utilizar una resistencia fija de precisi6n 

conmut~ió ·én paralelo con una rana del 

puente de Wheatstone. La se~al as! obtenida es equivalente a la que -

produciría el captador sometido ·a cierto estímulo físico. La carta -

~~ •Q ,compaña a los captadores indica el valor de la resistencia, que 

e 5 una señal equivalente a la del captador con el 8~ de su -
• . • • < • - ';...~.. •• ..... ·, _: • " 

Jminal. Con _el f!n de ev.{tár la· u:¡:11izaci6n de numerosas resis 

s de calibraci6n, se montan unas bornes exteriores que permiten 

_nectar una caja de d~cadas y, de esta firma, seleccionar el valor 

::JCe:uodo para codo captador 6 circuito de medida. 

En medidas de Extensometr!a se presenta, con frecuencia 

lo necesidad de utilizar 1,2 6 4 brazos activos de un circuito de -

puente Wheatstone. Para estos casos 6 similares, las unidades de odop-, 

::nc:6r. suelen llevar incorporadas las resistencias que completan los 

.._ •. 



brezos pos ivos de 1 e i re ui to, fac ~-!_!_~ando e 1 montaje con una economía 
notable al disminuir el número de extend!metros por circuito de medida. 

Se tendr6 muy en consideroci6n que no exista un punto 

común (maso), pues provocaría un cortocircuito en una rama del puente. 

D Amplificadores 

El amplificador es una unidad intermedia entre el circui 

to de medida y el registrador y su utilizaci6n ser6 justificada por -

dos razones: uno cuando le señal del captador sea insuficiente para -

excitar los instrumentos de lectura 6 registro y otra en el caso de -

fen6menos cuya presencio seo superior a los 350Hz, ya que los galva

n6metros capaces de dar respuestas a estas frecuencias son de baja sen 

s ibilidad. 

La tecnología electr6nica de un_amplificador para siste 

mas de medida ha evolucionado _grandemente en los 6ltimos años y del -

primitivo tipo de onda por todo ro ( carr ier). se ha paS<:J da a las actua

les de tipo diferencial, con circuitos transistorizados sencillos, e~ 

tondo desarroll6ndose actualmente t'cnicas m6s avanzadas con empleo -

de circuitos integrados. y del amplificador operacional. 

Describir cir.cuitos electr6nicos de un amplificador no es 

objeto de este artéiulo, pues no olvidemos que, desd.e el punto de vis-

to de instrumentaci6n, su uso, y no su constitu~i6n, es necesario co-

nocer. S! es precisp, sin embargo, interpretar correctamente las espe-
. .· .. ·. . ~. 

cificaciones _que d_e _ellos se dgo:. .. para poder elegir y (Afilizar siempre 

el modelo ;es~~~~~~ d,te';~inado F~tema; . 

,, .. ·.· .. 
Especificacioñ·ea'.de un amplificador.~ 

Configuraci6n (Configuration).- Indica generalmente lo disposici6n de 

lo entrada y salida, dici,ndose.que es verdaderamente "di 

ferencial" cuando est6n totalmente aislada~ ·y "single en 
.·~· . . : 

ded" cuando hay una entrada y sallda com6rí. La salido de 

un amplificadot puede tener un punto a tierra 6 estar te 

totalmente aislada. En este daso ~• dice .que tiene ·~oli

das flotantes•. 

,, 
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Ganancia en tensi6n (Voltage Gain),- Normalmente ser6 por pasos fijos 

(10, 20, 50, ioo, 200, 500, etc) y ajuste fino entre pasos. 

Es importante el grado de exactitud entre pasos. 

Respuesta en frecuencia (Frequency Response).- N~s indicar6 el% de va 

riacién de la ganancia en un determinado ancho de banda. 

Tiempo de recyperaci6n contra sobrecargas (Overload Recovery Time).

Si a un amplificador lo someterros a una sobrecarga de 10 

veces el valor final de escala, nos indicar6 el tiempo que 

transcurre desde qu~ cesa la sobrecargo hasta que se ole~ 

za el 90% del valor total de escala, 

Linearidad (Linearity).- Idealmente, un amplificador deber6 dar sali

das totalmente proporcionales a las señales de entrada, El 

error de proporcionalidad expresado en% del valor m6ximo 

de la señal de salida lo da esta especificaci6n. 

Derivas (Drifts).-Se entiende por derivas las variaciones de la señal 

de salida con señal de entrada nulo y puede referirse al 

tiempo y/6 temperatura.· Las variaciones de la ~elida por 

este motivo deben mantenerse en el entorno dado en esta -

especificoci6n. 

Ruido (Naise).- El ruido inherente a circuitos electr6nicos (agitaci6n 

t'rmica) limita el poder de resoluci6n, que no podr6 ser 

mayor que la especificaci6n dada para ruido. 

Modo común de rechazo (Common Mode Refection).- Es Índice del poder de 

expresa, en dB, como lo re 

~~·~¡?~:J· ~.;.;'it:'aje en m0dó coin6ñ (CMV) y lo señal que 

originaría en la entrada. 

CMR (dB) • 20 lag CMV 
IS 

Sensibilidad (Sensitivity).- Relaciona los ~iveles de lo señal de en-
. . ..... .. ;: . ;:, . ··SI? :3~.- ·;.:. :-·: . ·.. . . .. . _.-. __ '· 

trada y los n.5xímos de ·¡q señal de ·sol ido, 

M6xima impedancia del circuito de medida (M6ximum Source Impedance).

Es el límite superior del valor de la impedancia del circul 

to de medida. 

Impedancia de entrada (Input Impedance).- Es la medida a lo entrada del 

amplificador, ,, 

, •... 



Impedancia· de salida (Output Impedance) .- Es la medida a la salida del 

amplificador. 

Capacidad (Capability) .- M6ximos valores en ·tensi6n y corriente capa

ces de obtenerse a la salida. 

Ajuste Zero Offset.- Indica la capacidad del. amplificador de obtener 

una salido nulo con las entradas conectadas o un circui 

te de impedancia cero. 

MÍnima impedancia d~ cargo (Minimum Laod Impedance).- Mínimo cargo que 

debe conectarse a lo solido del amplificador poto obte

ner lo m6ximo salido, 

. Como conclusi6n; di remos que los especificaciones del ompli ficodor d! 

ber6n cumplir, como m!nimo; los propias exigidos al sistema en conjunto. 

Corocter!sticas superiores solo producirían un encoredmiento innecesa-

r io. 

E Registradores 

El registrador es el instrumento que recibe los informa

ciones transmitidas por los captadores a trav's de los m6dulos interme 

dios para ser grabadas de formo que permitan el c6lculo 6 procesamie~ 

to de datos. 

Lo elecci6n del registrador, ol igual que los dem6s comp2 

nantes del sistema, estar6 condicionada por el por6metro a medir. 

Si los fen6menos o registrar son de muy bojes frecuencias 

un registrador potenciom,trico ser6 suficiente. Por el contrario, si

las frecuenciaa:·aon de algunos herzios, tendremos que utilizar un re

gistrador oscilogr6fico de hez .luminoso, microfilm, placas oscilos_c6-

picas 6 cinta mogn,tico, En general, varios ser6n los factores que i~ 

tervendr6n en lo elecci6n y convendr6 considerar: 

Fidelidad, 6 seo, distorsi6n que experimenta lo saf'Íol en 

la grobaci6n, 

Valor mínimo de se~al que puede ser grabada y posterior

mente interpretado dentro de los límites de exactitud y precisi6n exi

gidos en lo medida, 

Bando de frecuencias con respuesta plano, 

. /9 



---------. 

Número de· canales simult6neos de registro. 

Tratamiento posterior de lo informaci6n. 

En medidos din6micos son muy utilizados los registrado

res oscilogr6ficos de haz luminoso y los registradores mogn~ticos de 

cinto. 

Registradores oscilogr6ficos de hoz luminoso. 

Lo señal el~ctrico procedente del captador excito un gol 

vcn6metro que reflejo el ~az precedente de una fuente luminosa cop6z 

de impresionar un papel fotosensible, grabando en forma anal6gica la 

magnitud físico objeto de la medido. 

Cuatro son los elementos fundanen toles de un ose i 16gráfo: 

mecanismo de trans6rte de papel, fuente luminosa de alta intensidad, 

sistema 6ptico y golvcn6metros. El mecanismo de transporte de papel de 

be permitir varias velocidades de registro y asegurar ¡a constancia de 

cede uno de ellas. Uno de las limitaciones de registrar fen6menos de -

frecuencias elevadas la impondr6 lo capacidad de transporte del papel 

pera conseguir le velocidad adecuada que permite une grabaci6n legible, 

con un consumo m!nimo de papel. 

Le fuente luminosa est6 tambi'n intimamente ligada a la 

frecuencia de los fen6menos e registrar y se comprende que, para fre

cuencias elevados, el tiempo de exposici6n del haz luminoso sobre el 

papel ser6 muy breve, de ah! que la intensidad del mismo tendr6 que -

ser grande. Se utilizan focos de 16mparos de tungsteno, arco, hcl6genos 

vapor de mercurio, etc. El l!mite est6 en frecuencias de unas 25 KHz. 

El ~ste·mc 6ptico de su oscil6grafc est6 formado por una 

serie de espejos y lentes que conducen el haz luminoso hasta e 1 papel 

fotosensible, consiguiend~ que le grabaci6n sea legible. La calidad 

de sus componentes, su facilidad de ajuste, as! como la precisi6n de 

su montaje, _ser6n el !ndice de le bondad de este sistema. 

El galvcn6metro es el elemento fundamental de un registr2 

dor y su misi6n es convertir una determinada energ!a el,ctrica en movi 

miento de· rotcci6n. 



\ 

...... _ ..... 

·-· --·--· -- . ..., 

--~--Los-go1von6metros-tipo--D'Arsonvol-----

son los m6s utilizados y est6n -

~ constituidos por uno pequeRo bobi 

no c~n una suspensi6n torsionol -

sometida a un campo maQn~tico con~ 

tcnte¡ la suspensi6n es portadora 

de un espejo ~ue recibe un hoz de 

luz y lo reflejo sobre popel fotg 

sensible; el paso de uno corriente 

por la bobina crea un campo elec

tromogn~tico. cu70 resultante con 

el compo mogn~tico del im6n per~ 

nente originor6 el giro de lo bo

bino y, por tonto, el del espejo 

de- lo suspensi6n. 

El volar· T del por de torsi6n de la suspensi6n tiene por valor T• NBi . 

. a.cos4> siendo: 

N Número de espiras 

B = Densidad de flujo 

i = COrriente en la bobina 

a a Ancho de la bobino 

~=Angula de deflexi6n 

La deflexi6n del hoz luminoso es proporcional al número 

de espiras de le bobino e inversamente proporcional a lo constante 

de torsi6n K de la suspensi6n; un incremento del número de espiras y un 

decrecimiento de la constante K, aumentar6 la sensibilidad, pero tanbi 
"'"" . 9 - - - ·-tombi6n el periodo de 'ia' osciloci6n, disminuyendo, por tonto, lo' fre-

.· .. moL.u:. . . 
cuencia natural';'·Oe oqu! se deduce que un galvon6metro con omplio res 

puesto en frecuencia implicor6 sacrificio en lo sensibilidad. 

Un galvan6metro balístico se usa para medir la cantidad 

de ·carga desplazada por una corriente de corta duraci6n. Suponganos 

(fig. a) que se cierra el interruptor e inmediatamente se abre, por G 

circular6 uno corriente de desear 

ga que origina un giro de lo suspe~ 

si6n. Este giro de la bobina en un 

compo magn,tico induce una f.e.m. 

pero, como el circuito est6 abierto 

no circulo corriente por G y 'ste 

oscilo indefinidamente existiendo 
Z1 
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a) 

b) 

como 6nico omortig~omiento, la fri~ 

ci6n de la .suspensi6n. 

En la(fig. b) la corriente debida a 

lo f.e.m., inducida por el giro, se 

cierra por el shunt y· esto corrien

te origino un Por de torsi6n que se 

opone al movi'T'Iiento prod~..;:: ido por 

la descargo del condensador. El va

lor de lo resistencia shunt limita 

el valor de la corriente or.~~gonis-

to_, existiendo un valor poro el -

cual G retorna o cero sin entrar en oscilaci6n. Este valor de shunt 

se denomina resistencia externo crítico de amortiguamiento (Critico! 

External Domping Resistance, CSDR). 

Galvan6metros utilizados poro frecuencias bajos necesl 

tan el amortiguamiento indicado en el p6rrofo anterior. Por·el con

tra_rio, poro altos frecuencias el omortiguaniehto se c~nsigue in_tr2, 

duciendo la bobino en un tubo capilar con un fluida (Silicono). 

Terminología de golvon6metros 

Frecuencia natural (Natural .Frequency) .- Es lo frecuencia o lo que 

un golvon6metro sin amortiguamiento responde con lo 

!Mximo ompl i tu d. 

Sensibilidad en c. c. sin amortiguamiento (Undomped d-e- Sensitivity) .-· 
. -., r-. ;-, í . ' 
. -;~-:·,. Dofloxi6n por unidad de corriente del punto luminoso 
:·;-;J,(• 

sobre un plano situado 

6ptico determinado. 

perpendicularmente o un brozo 

Sensibilidad en tensi6n (Voltoge Sensitivity).- Reloci6n de lo de

flexi6n con un determinado brazo 6ptico o lo d,d,p, -

aplicado al circuito del golvon6metro, teniendo 'ste 

uno resistencia interna equivalente o lo resistencia· 

de amortiguamiento. 

Ejemplos Sensibilidad de corriente• 1 ~ 
Sensibilidad de corriente o 
sin amortiguamiento • rg 

Sensibilidad de tensi6n 
o 

V o 

1 
., 
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CIRCUITO ~E TENSION 

Resistencia de amortiguamiento {Oomped Resist~nce).- Valor de resisten 

cio requerido paro el 0,64 del amortiguamiento crítico. 

Oesequilibrip (G.olvonometer Unbolonce) .- M6xiino deflexi6n que se prod!:! 

ce en un galvam6metro al someterse a una oceleroci6n de 

1 g. en cualquier plano, 

Lineoridod (Lineority).- Grado de con~urrencio entre- uno posici6n del 

punto luminoso y valor te6rico dividido por deflexi6n 

específico al valor total_ de escalo, expresado en%. 

Error tongencioñ (Tongentiol Error).- Error causado al registrar en 

uno superficie pleno, en vez de uno circular de radio 

igual al brazo 6ptico. 

Respuesto en frecuencia (Frequency ·Response).- Frecuencia o lo cual 

lo respuesto es plano. 

Corriente de seguridad (Sofe Current).- M6x{mo corriente que puede po

sor permanentemente por el golvon6metro sin dañarlo. 

Resistencia interno (Internol Resistonce).- Resistencia interno de lo 

suspensi6n y bobino medio con corriente contínuo. 

C6lculo de redes de amortiguamiento. 
'·. 

Al conector un golvon6metro e un amplificador 6 circuito de medido se 

presenta elproblemo de acoplamiento -oe impedoncios,yo que el omplific,9_ 

dor tendr6 un valor 6ptimo RL y, e su vez, paro un amortiguamiento de

terminado, el golvon6metro requerir6 una cierto R0 • En.todos los gol

von6metro5 CEC el valor R0 indicado en sus especificaciones se refiere 

al 94" de su amortiguamiento crítico, equivalente a una respuesta plana 

hasta el 60:' de su frecuencia natural, 

Fij6ndonos en el esquema, siempre· hobr6 unos valores R1 
·- R

2 
- R

3
, que permitan un acoplo y los ecuaciones que establecen di. 

. Z3 
chos valores son: 



Donde 

1 

R, = K (R 
g 

RJ = (1-K) 
K 

lt - SD/I · 
o 

+ 

R2 

. 
i l RD) 
t l-K2 (Rg 't fiu)/(R¡_ -t Rs) L 

- R 
~ 

Optimo impedancia de carga para el amplificador·. 

P 5 • Resistencia de solido del ·anplificodor. 

"1 

l . :. "~-: 

) 

R0 • Resistenc io de omortigu aniento requerido por el golvon6met r:>. 

S • Sensibilidad del golvon6metro (mA/cm), 

= • Resistencia interno del golvon6metro 
g 

D • Deflexi6n deseado (cm}. 

1 ~ Corriente de solido del amplificador poro el total de escalo. 
o 

K =Constante, 

En golvon6metros o~ortiguodos electromogn&ticomente, el 

valor h == amortiguamiento total, es _la suma de dos valores, uno cona

tonta, ( omort iguamiento viscoso • h ) v otro vori able (omort iguomiento. . V ,. 

mogn&tica • h ). Los especificaciones CEC indican estos valores paro . m 
coda tipo, En ellos se cumple: 

h = h ~ hv m 

hml 
= Rnr t R 

g 

h 1112 Ru2 + R 
g 

h (RDl + R ) - h m.: R 
1¡¡2 = m g g 

,.r-: ' h ,.2· 
Donde 

hml • Componente mogn&tico de amortiguamiento poro el 64" de omo·rtigu_!!· 

miento crítico. 

h • Comp.onente mogn~tica de -amortiguamiento paro el nuevo amortiguo-
rr.2 

mi e ntó deseado, 

R01 Resistencia· del amortiguamiento (64") 

Pc2 :~~(¡evo r€sistenc1a de amortiguamianti • 

. ~ ·. 

• Eligiendo un determinado valor de h, (CEC in~luye los 

curvos de respuesta de un golvan6metro para diversos h), podremos utl 
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F REGI STRADO<ES ANALOGICOS DE e: I NTA MIIGNET ICA 

Hace aproximadamente 30 años, Marvin Comros presen~ó al 

Novy's Bureou of Ships ~n instrumento que podr!a ser utilizado cor la 

industrio noval. Era el primer r~g_istrador en cinta ~agn6tica basado 

en los mismos principios que hoy se siguen utilizando. 

Consideraciones te6ricas 

Uno cinto de material ferro-mogn6tico es el soporte de 

este registro. Lo señal el6ctrico de entrado se aplico o las bobinas 

~el circuito mogn,tico de registro por el que paso lo cinto, el ·cual 

es sometido o uno inducci6n proporcional al valor de entrado. 

La inducci6n remanente forma el doto memorizado en la 

cinto que, al posar por un circuito de lectura crea, por varioci6n_ 

del flujo, una f.e.m. inducido. 

:!!ntajos del ...,gistro mo9n<ftico 

Veamos primero· los ventajas del registro en cinta mogn! 

ticc respecto o Otros sistemas:._tradiciqpoles, principalmente Qr6ficos, 
. . . ...... 

que han hecho esto t6cnico --indfSp·ensabi-~-~-~ ... e ie-rtos. campos. de aplico-

ci6n y una de las m6" utilizados y de m6s.posibilidodes. 

12} P~rmit~ re~~itra~ un ~asto campo de f~~cuencias, desde c.c. has~c 

varios MHz. 

22} Un.om!IUI~-~~g-..PcSil'itiicb'0 6-él:ln\po dé med:ldo superior o 50 dB. Se 

~no~;~A~Ude ~edfda·la roz6n, medido generalmente en dB, 

ent,.,,., ~ 'se~a:r meoíble sin distorsi6n 6 seí'lál fondo de es

colo y lo mínimo. señal distinguible del ruido. En otros t6rminos, 
. -.. ' .;../h -·. ~. . . 

es una re_l_oc~6n _s_eñ<;:Vrui'!~ refe_rido al valor fondo de escala . 
. ·' ··-- ... -' -- •'' - .. ' 

Considerando.-l.o seña-l> -o madi~;: .W'l ·c-om¡:io de medido superior o 50 d2 

indica uno resoluci6n del orden del 0,3" del valor "m6ximo rnedib, •. 

3~) En _coS<> de .s-obrecargo, las··posibles dasper.fectos son· mínimos si 

comporomo_s. con., las que se 1>1.J8 den. suceder· ,.o golvon6met ros ~ o: c·o, 

·sistemas mec6nicos. 
: ·, -~ ;: · . .,. .. 

- ... ; : . 
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~:·.~:.r·--,....,"J.---rc.,a,..·"""l".f'l'"'."' ... """ac·.•~·,.•·;roge .. y r'epfoduci ·,;n·-s·¡¡--forma.i1Tch lea. Eito·' '~ 

pe~.i~P.---~~i~-.i"~~-~-~1 registr-ador, no solo como instruMnto de -_medid~j 
s¡~c !"a~:én para recrear el ·fen6rneno or iginal 1 utilizo:.do en su 

sa~i-:1a un transductor invers0_ ·al utilizado en lo entrado. Esta cop_Q 

i:idod único _le ~.cce ~ns~..;s":.itt..:ble en experiencias simuladas 

Lo ·r-'1-e;.loriz-;:¡c:t-; ce lo señal en. su forma ~l~:tri.:o oos1oilito los 

trabajos·_de ·6da~isi~6n de datos en el laboratorio cuando !as 

diciones de medida no permiten hacerlo in situ. 

.:en-

52) _Lo cinto .mogn~tica puede-borr_arse y l.;tiliza·rs·e de nuevo. lo·que 

represénto una gran econom!a frente o otros m4~odos. 

62) El fen6meno registrado puede reproducirse ~ilea de veces, lo que 

aseguro la obtenci6n de lo mdxima. informaci6n paro el an6lisis de 

datos. 

7;) ~a densid6d d~ .informoci6n obtenible en un ~egistrador de cinta 

·cc·n6tico.no es posible can otros m4todos. Cientos de canales PU! 

~er• registrarse _mediante t~c_nicos de ·multiple~ing._ 

SQ) otro "ccir"aCter!stico, y no lo me·nas_ i~po_r'tante, es su faci lidod p~ 

r.-:J·varíar lo base de tiemco, reproduciendo ·el.feh6rrer"\o o distinto 

·"e!oci1od de lo del r·egistro. 

De ser ice i6n de un registrador mogri4tico 

Con objeto_ d~ c~npce·r alguno de 16s principios del di·se~o. ae e5tos r! 

g!stra~ores¡-·_·pensados _por_o ut ili.zaci6n instrumel"ltol, estableceremos •' ·. __ ,, ~:-~--~4:·.-:._..:.. ;-~ : ~: 

:,.;c~'"O grupOa-·b&ii'Ccis..:.en· s-u cons~r.ucci6n: 
. ·:; --t~>~;.-.)~-;-.}:~:/'_;~ '\ .. , 

lOO 

al registro convierten lo se~ol 
.. ~::-.- .-- :" -- . . . ·' -~---· ' . 
i.~rso~ es tOcios de· mognat izaci6n de la e into y du-

. rr:~te ,to · rePfod# i6.rt~ ..... alizo ,el<· proeoso inverso. 
· . _~;·J~:~-~~~~í_ .. ;}{ ~~--=:·-~;:~:¿ t\-~~~:_:f;·~-~~·rJr~t·~: .. ,:· .. :~_. -. ~ - _ _ 

.=.istEtmos .:~e ·arrostre _cuya funci6n es mover _la e into con la m6xima 

suavidad .y, a_ velo e idad const~-t:e. Lo prec is i6n. de ·es te movifnient o 

condiciono granderrente lo. calidad y coste del registrador. -. ·. . ... ~-· -~"" ~: ' . ' . 

40) Cinto mogn4tic.o · .. can~atituido par un ·soporte delgado, .n\QgMtieamente 

·~e ... tro,·.(pl6stica, poliest·~~. generalrrente) lo mds resistente pooj 
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._, 
ble o lo trocci6n mec6nico sobrt lo que se ha depositado una sus-

~~-~~~~----~--pens·i-6n~de~6xiao~f<frrico, --~-----'--

Cinta 

Cabeza m• n~tica 

Sistema de registro en Moduloci6n de recuencio 

Poro compensar los incc ·wenientes implícitos del regis

tro directo, se utilizo lo modulaci6· de lo se~ol en frecuencia y así 

lo inestabilidad de amplitud no _prod' ce trastornos en cuando que lo i!J. 

formcci6n va contenida en lo frecu~n io. Lo i~posibilidod de registrar 

seRales de frecuencias mu~ bajas. no xiste, yo que .seRoles en continuo 

son, en realidad, represento~cs por recuencios m6s 6 menos altas: En 

todo sistema FM, el demodulador debe ir seguido por un filtro posaba-· 

jry, c~va frecuencia de corte debe se~ cerco de 1/5 de la portadora. 

'"'"~·(::':: :;:·'"' F"il tro de 

ce paso bajo 

Control 

de ,-. 

,_-
Le tecn~ca FM llevo lo se~ol o trcvis ce un amplificador 

de c,c, o un oscilodGr controlado por voltaje Lo amplitud de lo señal 

se convierte ~sr en· una desviaci6n de frecuencia y lo frecuencia de lo 

se~c! er wna velocidad de desviaci6n. Esto portadora de frecuencia 6n

(lG!Qjc 5e r&:JiStra en lo soturaci6n. El orrplificcdor de reproduc<:i6n 

de$modula y filtra· 1~ seRa! pero recoger el doto. 

Uno primero desventaja, inmediatamente observable, comp~ 

romdo los diagramas bloque, es su m6s compleja electr6nica. As!mismo, 

t::l s::;:e."!'·C a>?- -trar.soorte debe ser mds perfec.cionodo y preciso, yo que 

31 lo velocidad no es rigurosamente constante •. se t~aduce, no en un 

27 

---i 
l 

.J 
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... -· -le respuesto de frecuencia es inferior que en el 

Sus ventOjcs ·rr.6s destacotles son: 

a) Posibilidad de registrar señales en continuo. 

' . :s;:; 
,..._ ·.¡¡.- l 

b) Insensib~lidod o las variaciones de ~mplitud, as! como ai ~ui0o -

originad~ en le cinte. Le releci6n s~ñal/ruido es superior e~ Jl

guncs decenos de dB e le obtenible e~ el sistema directo. 

Especificaciones de un registrador magn,tico 

Pespuesto en frecuencia 

Viene determinado pe- ca longitud del entrehierrc de les 

cabezos reproductores, lo velocidco de transporte y el m'todo de re -

gistro. 

El límite superior de frecuencia lo alcanzo cuando lo -

longitud de onda registrado (velocidad cinto/frecuencia) equivale o~ 

entrehierro. Los registradores de instrumentaci6n actuales operan a 

velccidodes comprendidos entre 1 7/8 y 240 in/rec.· Los versiones rno

de_rncs pueden establecerse en dos categorías de bandas intermedia y 

ce bandas oncnas. 

Re.loci6n señal-ruido 

Es uno indicoci6n del margen din6mico de señales de e~ 

~-r_odo que pueden registrc:'rse, reproducirse y separarse ·del ruido del 

siste1"10. 

·. t: Se expreso en dB y en uno funci6n primaria de la alee-

tr6nica de reproducci6n y oel ruido de lo cinto . . .... 
.. i~;"--
ó\s.torsi6n orm6nico . ·;):. 
:>· ... ~, 

·:;;,:,;: Es le medido de la na linearidad del sistema. Se expr~ 
'(~~;; ..... 
-~~--como porc~r'ltaje de uno 6 todos los orm6nicos respecto o la frtcuen 

~.i'a fundo:nentol sinusoidal. 

Flutter 

. · . 
. \~. 

S."l:de ro 
.·._ ... 

. ~-' 

·· .... 

En los registradores de cinto de instrumentoci6n se con 

flutter como cualQuier forma de varioci6n de velocidad_ superior 

lS 

-~ ·':-. . 'i 
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Teaching/learning Aids 
Through its Micro-Measurements, 

lnstruments, and Photolastic Divisions, 
the Measurements Group is dedicated to 
developing, manufacturing, and market
ing high-quality materials and equipment 
for precision strain measurement and. 
stress analysis testing. In addilion to 
offering a bread range of products. the 
Measurements GrOup also provides 
extensivo col!ateral support for those 
practicing experimental stress analysis. 
Training programs in the techniques of 
stress analysis, a full-time staff of 
applications engineers, andan extensiva 
selection of up-to-date technical and 

Student Gag es are a group 
of ten f\.·licro-Measurements 
EA-Series and CEA-Series strain 
gage types specially desrgned for 
student use. These strain gages are 
manufacturad from !he same materials. 
by the same processes. and to the same 
high-quality standards as the regular line 
of Micro-Measurements strain gages. 

1 1 1 1 • 

Like others in !he EA Series. Student 
Gages have constantan metal foil grids 
and tough. flexible polyimide backings. 
Student Gages are produced in three 
single-elementlinear patterns (LZ) and in 
a tllree-element rectangular rosette (RZ). 
The LZ patterns are avarlable with 0.060-. 
0.120-. and 0.240-in (1.5-. 3-. and6-mm) 
active gage leng!hs. The RZ rosette is 
designed wit11 0.060 in (1.5 mm) active 
grid lengths. CEA-Series Student Gagas 
are avarlable only in a linear pattern (UZ) 
with 0.240-in (6-mmj active gage length. 
Al! patterns of Student Gaoes are 
produceo In 06 and 13 ppm/'F sell· 
lemp¡;raturc-compensations for use on 

;,e.els and on alum!num alloys, 
cc"Jely. All gages are t 20!l in 

product literature are available to assist 
you in the application of experimental 
stress analys1s technology. 

The Measurements Group is equally 
. dedicated to serving the special needs of 
the.educational community. The Educa- . 
tion Division was established with a com
mitment to providing an outlet for the 
resources of the Measurements Group to 
engineering and technology students and 
teachers at schools, colleges and uni
versities around the world. In addition to 
oflering a unique line of high-quality in
structional materials and equipment, the 
Education Division serves as your chan-

\ 

resistance and all include a polyirnide 
encapsulation ol the grid. The CEA-. 
Series gages feature extra-la.rge copper-
coated solder tabs. · 

Student Gages are supplied in astan· 
dard package quantity of ten gag es. Each 
package of gages contains ten engineer
ing data forms with gage type, resistance, 
gage factor, transversa sensitivity. and 
therrnal output data which have been 
compiled specifically lar the gages in the 
package. ' 

Because costs are lleavily subsidized. 
Student Gages are provided exclusive/y 
for use in 1/iose teaching and /earning 
activities which are an integral part ot a 

. formal course of study. 
For informél.tion on how to qualify for 

Student Gages, ask ior Bulletin 307 or 
write 10 lhe Educalion Program Coor
dinator. 

2 

nel to the full ranga of Measurements 
Group experimental stress analysis prod- · 
ucts and services. 

This brochure describes a selection of 
Measurements Group products with ex- · 
ceptional utility as teactling·and learning • 
aids. These technically sound and aca
demically effective instructional materials 
and equipment are now in use in hun
dreds of technical high schools, technical 
institutes, engineering colleges, and uni
versities. 

The teaching and learning aids de
scribed in this brochure are fully com
patible with the entire range of Measure-

The complete line of Micro-Measure
ments precision strain gages is available 
lar both teaching and research uses. Witt1 
over 250.000 possible gag e types lrom 
which to select. a Micro-Me~surements 
strain gage for every measurement need 
- teaching or research- can be found 
in Catalog 500. 

r , , 

-r: re~~-.. ~ ...... "" ,,,n .••. , . Practice 
Pa'lttJ:erns 

Practica Patterns are uniquely de
signad lar developing sira in gage bond
ing and so!dering techniques. Tl1ey are 
similar in appearance to EA-Series strain 
gages and are construcled of the same 
rnaterials. Becausc tt1ey canta in inactive 
grids. Practica Patterns cannot. be used to 
measure strain. 

These training aids are ideally suited 
lo first-time s1raln gage U$Ors, W1ite to tne 
Education Program Coordina ter ÍGr r;10re 
details. 
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Student Understanding -
Measurements Group teaching and 

learning aids are directed toward improv
ing and deepening student understanding 
of stresses and strains by emphasizing: · 

how, why, and where they occur 
their relevance to the design of sale, 
economical components, machines, 
and structures 
how to measure them 
how to control and limit them 

Such understanding is critica! for stu
dents who will become technicians or 
engineers. Therefore, these educational 
aids are particularly relevan! and 

The.Student Strain Gage Applica
!ion Kit contains an assortment o! those 
,\Jicro-Measurements M-UNE Accesso
ries necessary lar making successful 
strain gage insta11ations in the laboratory. 
In addition to the materials for preparing -

. the specimen surface for bonding. the kit 
includes both the popular. fast-curing 
M-Bond 200 cyanoacrylate and the 
durable. creep-free M-Bond AE-1 O epoxy 
strain gage adhesive systems. All the 
tools and materials for bonding and 
soldering strain gages - including a 
:ontrolled-temperaturé soldering iron
are provided. Designad with the student 

\_ :J in mind. each kit comes complete with 
practica materials for developing strain 
gage installat'ton techniques. Up to four 
students can work from one kit. The 

. Sludent Strain Gage Application Kit is 

'c:·¡~tnmoth.of materials) . · :· 
matchline design · . 
experimental stress analysis 
materials science 
measurements and instrumentation 
structures and structural design 
design for safety and reliability 
value engineering 
failure analysis 

Teaching/Learning Alds 
Measurements Group instructional 

products have been designed for maxi
mum adaptability in supplementing and 
enriching established courses without 
revamping or restructuring them. . 

The educational products utiliza strain 
gage and photoelastic stress analysis 
techniques as vehicles for accomplishing 
their tutorial purposes. Basic products for 

Kit 
-

packaged in a durable storage box. Al! 
items are fully compatible with. and may 
be supplemented by. the complete fine of 
Micro-Measurements M-UNE Slrain 
Gage Accessories. All consumabiEis in 
the kit are replaceable from standard 
Micro-Measurements stock. For a com
plete list of contents. ask for Bulletin 310·. 

M-UNE Aécessories 
Making accurate and reliable_ mea

surements with electrical resistance strain 
gages in the classroom or laboratory re
quires installation with high-quality ac
cessory tools, materials. and supplies 
qualified for making strain gage instal
lations. Ask lar Cata lag A-11 O which de
scribes the complete line of Micro-Mea
surements M-UNE Strain Gage Acces
sories. 

· er depth 
ics, mechanical structures, and· 
stress analysis are actually experienced · 
by the student · · - .. · •· · · 

Measurements Group teaching/learn
ing aids are intended to generate student · 
interest, provide motivation, and develop 
comprehension of stress and strain con
cepts which otherwise timd to remaiQ 
abstractions. -

.The learning aids described in this 
brochure are flexible and can be em
ployed in a purely illustrative or demon
strative fashion or as fundamental com-

: ponents of course content Most al them 
are also open-ended, and provide the 
means for the imaginativa teacher (or· 
student) to explore advanced areas. 

VideoTec;h™ 
Libraries 

The VideoTech Library is a series of 
instructional VHS videotapes for strain 
gage installation. · 

The procedures outlined in the Video
T ech Library will help both novice and. 
experienced strain gage users to make 
reliable. professional-caliber strain gage 
installations every time. 

The videotape presentation formal Óf 
these dependable. preven. state-oHhe
art methods can be adaptad with equal 
success to individual. self-taught pro
grams. orto group training sessions. 
Each tape contains instruction for 
general-purpose surface preparation. 
gage bonding. teadwire attachment. and 
·typical environmental protections. Orga
nizad in detailed. fully illustrated steps. 
each tape concludes with an exampl_e of 
a· successful strain gag e installation. 

With the VideoTech Library at hand. 
the student learns by doing each of the 
prescribed steps to reproduce the actual 
installation. For additional details con
cerning theSe instructional videotapes. 
request Bulletin 318. 

,-,-~ 
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ments designad by c.c:· · ··'·.surface the · :~:_11J~"~~;~!trar1sv•ers.e' 
simple cantilever beam. E-1of.'c · · .,_ . ly orientad at the 
tended to teach 'ol ElastiCÍty··:...: Flexura··· . lowersurface on . . . 
mental stress analysis technolog}'as Designad for use with Pregagad Beam · ·Alter applying án ·arbitiaryi ~is¡:ílla6e: 
teaching medium.) Presentad in a logical, ,, : B-t 01: ·, :_: · ·:\'.· · ·. ·<>. · /;. . ·,. . .: ' : .:: . .-: . · m·ant or load ti> the beám, the strains· 
easy-to-follow formal on 8-1/2 x 11 in ·. y.tith a single strain gage mounted · ·. . are nieasured, and the Poisson's ratio' of '·, ·: · 
(216 x 279 mm) pages, each experiment along the axis and near the fixed end of a · the beam material is calculated from 
will yield consistently accurate and mean- . · cantilever beam, the student determines. these data. 
ingful results when the instructions are_. c'.:);".:)nodulys ofelasticity of thebeam material. . . , 
carefully followed. Necessary supplemen' ·:··':by: . :;-::· .. : . . ... : .. , ''"" ·· ... · · . 
tal information such as wiring diagrams;:,·,,.: .. - ·t. Measuf1ng the beam dimens1ons::. . . . Exparimerii E·10:Í ·Principal 
work sheets, graphs, and illustrations i~.:: \ . 2. Applylng a known load to the free e_nd · · Stralns and Stresses- Flexura 
included. Additionally, a list olthe learn;~'2"' · · · of the beain .. · : . . . · . · .•.• · . . Designad for use with Pregaged Beam 
ing opportunities embodied in the experi- :·, ... 3, .Caleulating tha stress at tha straln · • . B-t 03. 
ment, as well as sources of errors_iind tL'i>:_:j~·.:gagEi'lciéation from:(1) ¡¡nd (2) with-the.·-: A three-e_leinent'strain gaga rosette is 
estimates of time required to perform the.:·.:, .. flexura formula. . · ; _ ¡·· · mounted ori·a cantilever beam for this 
expenment, are contained m separata . ( . . ''. 4. Measuring the strain atong the beam-:,,. • '·' experiment. The rosette is orientad so 
"Notes to the Instructor" providad ~it~..;,; .• ''.-: _,,_;;_'axis::_ <_::. · .... :. :.:::·,: ,. . ... , , .. · ·• :::.· ,;.: that nene olthe element axes coincide 
each set of expenments.. · .. ,. · ·. ,. •''' o;-,'·-•:5.• Calculating the modulus of alasiiCity ·, ·' · :.· with the axes of symmetry olthe beam. 

Experimenta In Mechanlcs are conic ::_:i; .. ; from (3) and (4), using Hooke's law. " Alter applying a known load to the 
plete exercises requiring a minimum of -~- .•. :. ·,; :·. ·· · · -. • . · · : beam, the student measures the strains 
preparation time for the Instructor. The ·: ·. ·-.: Experlment E-102 ,• ,, .... . ;: . , ,_ , · :·_along tha three ros¡¡tte axes and calcu-
experiments employ conventional_ strairf."'''i:',:J'olsson's Ratio,.-" Flexure' · • : ''· '<\''· "-·: lates the principal strains from the strain 
gage techn~logy and are coordin*ad·WJi!'f(;:'I\Designed foiu~ WithJ'regagad BeamJ':'X'i transfonmation ielationships; Using the 

. the beams deS<Cribad betow: ,.' ·· .•. ·-~··.'·\'b,'.B-102.:.':::'( '.':·:-~,:::::.".;:-, . . ,": · '-';·,•'' · . \;:>;:.':..i::·~i¡¡xi¡¡l Hooke:s law, the student calcu-

··· < :~\~::}t:?~~~-\~t~!~~~:~;i~~:~i;~;Si1):.;:itt:-_y::. '. !:.5~t:1~k< :~: . ''. 

Cantllever Beams. designad for use 
with the Flexor. are coordinated with 
Experiments in Mechanics. but can be 
used separately for other demonstrations 
or experiments. All beams are manufac
turad from 2024-T6 high-strength alu
minum alloy and are t in (25.4 mm) wide 
by 12.5 in (317.5 mm) long. Beams 
designad for Experiments E-101 and 
E-1 03 are O. 125 in (3. 18 mm) thick. All 
otlters are 0.250 in (6.35 mm) thick. 

Ungaged Beams 
Ungaged Beams permit specialized 

instruction and are particularly valuable · 
when instructional time is sufficient to 
allow students to mount their own strain 
gages. 

For use With 
Catalog No. Descnptjon E~penmtlnt No 

UB·Ot 0.125in¡3.t8mm¡th,ck E·10t.E·103 
rectangular beam · 

UB·02 0.250 in ¡6.35 mm¡ E·1Q2. E·tOS 
rectan¡;¡utar beam 

Speclal Configuratlon Beams 
Special Configuration Beams are de

signad for advanced work in measuring 
stress concentrations. They are ungaged 
to afford students the opportunity to posi, 
tion and mount their own strain gages. 

For Use Woth 
Catatog No. 08SCIIptiOn Expenment tJo 

UBS·Ot S1ress Concentrat10n - E·tO.t 
w110 a 1 '4 on ¡6.35 mm! 
dnlltid and reamed hole 

UBS·02 ··~ess Concentrat1on- E·104 
·11 accurately m1lled 

,,,mewcal U·Nolches 

UBS·03 Constan! Stress - rwo· E-106 
slage rape red beam w1lh 
lwo constarol-stress l<!~els 

Pregaged Beams 
Pregaged Beams are instrumented 

with Micro-Measurements temperature
compensated foil strain gages. The strain 
gage installations are fully wired and are 
covered with a clear protective coating. In 
addition. all installations are factory tested 
lor resistance. stability. and freedom lrom 
creep. 

For Use 
W1th Ga9e 

Catalog E~penmem Number Gag e Ll:'ng::• 
No. No. Qt Gages Type 11''' 

B-101 E-101 linear G : 2', 

B-102 E-102 Linear o 125 

B-103 E-103 3-Eiem¿nt G 125 
Rosellt! 

B-104 E-104 Lonear O CJC: 
Lonear o :.;'') 

B-1 05 E-105 Linear o:::':! 

8-106 E-106 L¡n¡¡at o : .?~· .- ) 
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lates the principal stresses froin the prin-
cipal strains. These results are comparad Experlment E-105 
with the stress calculated from the flexura · Cantllever Flexura· 
equations for the known load and mea-.·, .... Designad for use with 
sured beam dimensions. · .:. 'B-105 

. .F: ·,: · .. /·:· · :.,·:. , .. Thls experimeni 
Experlment E-104. ,: : .•. , ,·. :·:.;•':j;¡r·,,y ·:·. ;: _.,; 'demonstration of the 
Stress and Straln Concentratlon:"·'·<.:; ; ''.''thevertical sheadorce 
Designad for use with Pregaged Bearii. · ·é· · · moment distributioris in ·a 
8·1 04. · · . ·:, · : · · : · , . ·· ploits the fact that the derivativa·,,,,,;..;;.,•~•· 

A cantilever beam with a hola thiough· . ,.,the bending moment distribution ~:t~\iffi~~{i~ 
the thickness of the beam, oh the center~;·.-'é: to !he. vertical shearJorce:. ·. .. •. :: ;¡;,¡·~!}jj¡\i:>C;t:ll!:: 

·· ·~"H'fn~[;;i~.~~:~~i~f,~~J!i·;~?: ·. ':·:"(:~!~?::::: ·~:· . 

The Flexor. a cantllever flexura 
trame. is a simple. versatile, and portable 
a!l-in-one fixture for loading beams. · 

The cantilever-beam principie is par
ticularly appropriate for measuring basic 
materials properties. and for performing 
strain gage and other stress analysis 
experiments. The test specimens are 
inexpensive and simple to fabricate. and 

only modest !orces 
are required to devel
op large strains and 
high stresses. 

Since the cantilever 
beam is a fundamental 

· .. -·· 

and widely used structural element. the 
Flexor offers numerous associated ad
vantages as a technical teaching aid. 

5 
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Déftections are produced and mea· 
sured by a micrometer. and strains al up 
to 2500~•r caribe obtained on a 0.250 in 
(6.35 mm) thick beam. The Flext.· :an 
also be used with deadweights. Eight 
integral push·clamp binding posts on the 
side of the Flexor are used for interme
diate connections to the gaged beams. 
The binding posts are prewired toan at· 
tached instrument cable which conven· 
iently connects te á strain indicatcir. The 
Flexor is 13·1/4 in (335 mm) long, 4-3/4 in 
(120 mm) high and 2·1/2 in (65 mm) 
deep. lt weighs 3·1!21b (1.6 kg). Three 
ungaged h•gh·strength aluminum alloy 
beams. a weight hook, and user's man
ual are provided with each Flexor. The 
Flexor is recommended for all Experi· 
ments in Mechanics . . 



A wide range of state'of-the-art strain 
gage instrumentation is available from the 
Measurements Group lnstruments Divi
sion. Many of théSe instruments are ideal
ly suited for use-iñ the classroomor 
teaching laboratóry. The Model P-3500 
Strain lndicator~:for example. is a port
able, lightweight; iugged instrument 
which can be used both for stress analy
sis testing and strain-gage-based trans
ducers. Featuring an LCD (or optional 
·LEO) readout. the P-3500 will accept full-, 
hall-, or quarter-bridge strain gage in
puts, and provides direct readings of 
strain, pressure. torque. load, and other 
engineering variables. An auxiliary ana
lag output for driving an externa! oscillo
scope or recorder is also provided. The 

Photoelastic methods of stress analy
sis provide a complete "picture" of thé 
stress distributions in a structure. As a 
result. they have become increasingly 
imponant elements in the design of 
modern products. The 080 Series Teach
ing Polariscope System will enable you 
te give your students a firm foundation in 
this valuable technology and will add new 
understanding to courses in design and 
strength of materials. 

The tvlodel 08 t Teaching Polariscope 
is a complete working polariscope which 
can be used tó graphically demonstrate 
and teach the principies ol photoelasticity 
and its application to stress analysis. Be
cause it has all the elements of a bench
mounted laboratory instrument. the 081 is 
also an excel!ent device for teaching the 
theory and operation of a polariscope. 

The 081 cañ' be easily carried to the 
classroom and o:uickly set up for use. lt is 
des1gn'ed to be~·placed en an overhead 
projector and allbws students to observe 
the different measuring operations nec· 
essary to determine the stress directions 
and magnitudes of the projected photo
elastic pattern. Ouantitative ,-:---:!asure
ments are made through the ·.oe of a 
transparent dial which surrounds the pro
jected pattern. 

The Polariscope consists of a sturdy 
anodized metal trame. two plane polar
izing filters. two removable quarter-wave 
filters. and the transparerirnumbered dial. 
A mechanical drive system is provided 

bridge excitation potentiaf el 2 . . . ;~~u~' 
in low bridge operating power and neg- ····::·.'.: ' 
ligible drift due te gage se~:heating: The " : 
P-3500 Strain lndicator is the most easy-' ·· 
te-use instrument el its kincf. By follow' 
ing a logical sequence ofset-up steps 
and activating color-codéd push-button 
controls, even the most inei:perienced . 
user can rapidly prepare the iristrument .... · . 
for making accurate andi'eliable mea,.:::<<< •.. 

::~~2~~~~~~~~~s~~~~6er~i¡/J~'f]·!¡~}I'bf:~-L~-
. inputs lrom strain. gages; load, pressure, ,.:·c:.•:.:.,..:.-:2.-:,-,,·.:: .- ·· 

and dc-displacement transducers;·and• ,;:.:,:-'~'-.le~reL~ignáls; and conditions and am
nickel temperatura sensors.'With a stan·:>·i.O:. püfies them into high-level outputs suit
dand bimdpass el de to S_kHi niiniriíum a('):abfe lo(múlti:channel simu~aneous 
-0.5 dB; the·21 00 Systein.accepts Jow:,-.;:.<<:· dynaínic recording. The system is com
. :-"· • ·.~.;;· .. \· ;:.,,:~:~·.:. _;' ·: ·~·;•\ .. :;·i;t::~~~:t': ·~:~:;,.·. ·,_.;~·t.~:;';}~~-:"é.~o ·. ~. · ... ~: ... :,~··::·~:,/; ::·;,: -:..:: .. • ·. 

lor rotating all tour 
filters simultaneous
ly. The lilters are lam
inated in glass for 
excellent light trans
mission as well as 
durability. 

·A full fine of acces
sories is also avail
able te extend the 
usefulness of the po
lariscope in teaching 
and research. The 
recommended 080 
System would include 
a straining frame with 
mechanical force dial 
indicator. support 
stage for stress-frozen 
models. uniform-field 
digital compensator. 
monochromator. and 
a set of educational 
models. For addition
al information on the 

· 080 Series T eaching 
Polariscope System. 

¡· 

ask for Bulletin 306. For inlormation about 
other reflection and transmission Polari
scopes and photoelastic materials and 
supplies. ask lar short form catalog 
SFC-300. 
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patible with galvanometers, coniputers, 
and strip-chart, magnetic tape, and X-Y 
recorders. Each 211 OA power supply 
module will power up to five 2120A dual 
channel conditioner/amplifier modules 
(ten channels total). With the optional 
2130/2131 digital readout module, the 
2100 System can also function as a 
direct-reading static s1rain indica1or. . .a gaga iéS·ter'<.';://"''·;_Y<';'.-; .. •:•· 

· For infonma1ian·about the éótñplete Also available is a complete line of 
accessories and auxiliary instruments, 
including strain-indicator calibrators and 

line of strain gaga instnini'imtation ~ .• · ·. · 
including the System 4000·computer<·. 1 . 

. ~---) :···· : '· . / 

The Stress-Opticon is a unique, 
textbook size instrument which can be 
used to demonstrate the funda.mental 
principies of stress analysis, mechanics 
of materials and the general nature of 
stress distribution in various structural 

shapes. lts five movable loading 

Stress
Opticon 
Models 

Model M-243: S:ar>Cd<d mOd"l Wllll 3 8 on 
,:; S'"''" tliarMmer ct~ntr~l note .•• lor tea~n,ng 
str~ss conc~r.ttat•on Elast'c wess concen
uat·O~ llctot tK 1t apprc .. matelv 2.16 tat a .. at 
taaa 

Model M:.: .;. <lo<ptesentato~e m~h.!.n<Cal 
. compan~nl ~: · ; :.\l•on .. lor tw~chtng 

photoetast'c s; .' : .neasurem~nt•n dlb1trary 
shap .. s 

screws a!low an infinita variety of loading 

Model M-241: Stdnd~rd prosm,111c moooi 
oor T•·.rcnon~ o•r.l•Tl ,,na column ¡n..,or•~:S 
St \'c•n,Jnt s pronco;:~~e_ ,¡rl(l otr . .,<s 

Moael M-244: Mo!lel w1th symmetncal 
s&miCIIcular notenas . , toi ltiJChong slri!SS 
concenuatoon_ E lastre sttess a¡nc~nllatron 
tactor iiPQro .. matety l .9. aual: 1 6. t>endrng 

Model M-247: Kr.~" t1ame .• tor 
l<idChtrlg SUeU !IISintlut•on lfl IVpiCal SIIUCIUIJI 
shapes 

Model M-242; SIJMJrtl rno<lel 'NIIn 
J 16 on ¡.j ¡j """ldo,¡m~T~f ('01<11,11 hQie 

lar ~~-•W•nq slu.!s5 eonc~nt<.lloOn Er.~s:·c 

&1<"$$ COflC<illiiJIJO<l IJCIO< oK¡I .lPP!O•Im.l~ely 

2 ~310< .l<TJIIoad 

Model M-245: Dual s .. ct,on structurJI 
marnC¡¡r. . tor leach•ng I~IJIIOnsn•p betwat~n 
strtiU ano CHlSS-SeCt•onat propert,~s. as w&ll 
as wess concenttat•on"' htlets 

1.\odel M-248: Aren .. IOIIQ<ICh•ng 
Sllt!SS arstr,tlutJon '" ctass.<cat structurat 
111tWltl<!<. 
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tiased stress analysis data system -
consult your Strain Gaga Technology 
Master Binder or ask for short-form 
catalog SFC-600 . 

modes- e.g .. cantil~ver bending. column. 
statically indeterminate beam.· and 
eccentrically loaded column- to be 
studied on a single prisma tic model. 

Each of the eigl1t models available 
for the Stress-Opticon is a separa te struc
tural shape which can be easily corre
lated lo standard textbook examples. 

The Stress-Opticon is effective in room 
lighting. requiring no speciallight source. 
For lecture purposes. it can be u sed with 
an overhead projector for particularly 
dramatic presentations. In addition. it is 
lightweight. yel rugged enough to be 
passed from student lo student durmg 
laboratory c:;ourses. . 

The Stress-Oplico'n is 9 in (229 mm) 
long. 6 in (150 mm) high and 1-L2 m 
(38 mm) deep. The device comes com
plete with a·detailed instruction·manual 
and structural Model No. M-241. 

Each Stress-Opticon model is a spe
cific structural ~hape which can be sub
jected toa variety of different loading 
arrangements. 

The models are machined from Type 
PSM--1 Plast1c. a durable, non-briltle 
photoelastic material that is high in photo
elastic sensitivity and free from time-edge 

· effécts. · 
PSM-1 Plastic is also available lar 

custom designing photoelastic models 
and comes complete with machining 
instructiohs for producing models without 
initial fringes. . 

The accompanying photographs show 
the stress distribution for only one al the 
many loading conditions possible wnh 
each model. 

,. 
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lntroduction to Strain Gage Technology 
Experimental Stress Analysis is an established. ·popular 
engineering tool. routinely used in the design of safe and 
reliable products and engineering structures. The techniq u es 
of experimental stress analysis may be applied at different 
stages in the life of a product: from preliminary design 
concepts to testing of the finished product; in proof and 
overload testing: and in failure analysis of products airead y 
in service. Within the broad field of experimental stress. 
analysis.· severa! practica! techniques are available. including 
photo~lastic coatings and models. moire. and electrical 
resistance strain gages. 

Of these techniq u es. the modern bonded electrical resistance 
strain gage is widely recognized as the most practica! tech
nology f or testing olload-bearing parts. members. and struc
tu res. Beca use both excellent accuracy and repeatability can 
be achieved. strain gages are also becorning incrCasingly 
important as primary sensing elements in load ce lis as well as 
in Pressure. force. torque, displacement. and other special
ized transd ucers. 

To make strain measurements of acceptable. quality -
whether for structuraltesting or for transducer a·pplications 

- req uires the consideration of severa! well-defined parame
ters: quality of the strain gage itself; proper selection of the 
strain gage. bonding adhesive. environmental protection. 
and other strain gage accessories: proper circuit design. 
proper installation of the strain gage: and quality of the 
strain gage instrumentation. While the importance of these 
parameters is we\1 understood by the experienced stress ana
lyst. their significance m ay be less obvious to thoSe unfamil
iar with strain gage technolrigy. The purpose of this manual 
is to farniliarize swdents with the proper techniques of suain 
measurements with electrical resistance strain gages. 

In addition to providing high-quality. state-of-the-art strain 
gages and strain gage instrumentation, the Measurements 
Group maintains an extensive selection of technical and 
product.literature describing the techniques, equipment. and 
practica! application of strain gage technology. This manual 
is a compendium of the Measurernents Group strti.in gage 
literature. specially selected to provide the student with a 
sound introduction to the hardware and procedures of strain 
gage methods. It includes the following tapies: 

• Strain Gage Selection Criteria. Procedures, Recommendations: The parameters for gage selection - including strain 
sensing aHoy. backing material. gage \en.gth and pattern. self-temperature compensation, gage resistance, and gage options 
- are detailed. Examples aré given of gage selections made in actual application. 

• Strain Gage Installations with M-Bond 200 and AE-10 Adhesive Systems: Steps used by professional stress analysts in 
preparing the test specimen and making gage installations with both M-Bond 200 cyanoacrylate and M-Bond AE-10 epoxy 
adhesive systems are described in detail. Also included is a section of two- and three-leadwire strain gage circuits anda 
troubleshooting guide. By following the detailed, illustrated steps, the first-time strain gage ·user can make dependable 
installations. 

ln t.he later sections, the hardware of strain gage technology is described: 

• Description of Strain Gag es and Accessories: Partiallistings of Micro-Measun~ments strain gages show the range of modern 
foil strain gage sizes and geometries. Included are linear patterns. three-elemént rosettes, pressure diaphragm gages, shear 
patterns. and others. Also included is a description of the accessory m·aterials and equipment necessary for making good, 
sound installations. 

• Dé~cription of Str~in Gage Instr~mentation: Thé: range of instrurnentation - including static, dynamic, and computer
co:¡}{rOlled stress analysis systems - iS shown. A· selection chart is provided as a guide in determining the type of 
in~Írumentation best suited to a specific measurement application. 

~:.~ . 

• Re~ding List: Additionally, a reading list of recommended references is provided for suPplemental st~dy. 
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_ Strain Gage Selection 
Criteria, Procedures, Recommendations 

1.0 Introduction 

The inÍtial step in preparing for any strain gage installa
tion is the Se!ection of the appropriate gage for the task. lt 
might at firsfappear that gage selection is a simple exercise, 
of no great corisequence to the stress analyst; but quile the 
opposite is true. Careful, rational selection of gage character
istics and pararOeters·can be very important in: optimizing 
the gage performance for spccified environmental and oper-

. ating conditions, obtaining accurate a"nd reliable strain mea
surements, contribuling to the case of installation, and min
imizing the wtal cost of the gage installation. 

The installation and operating characteristics of a strain 
gage are affected by the following parameters, which are 
selectable in varying degrees: 

• strain·sensitive alloy 

• backing material 
(carrier) 

o gage length 

• gage pattern 

• self·temperature-
. compensation number 

• grid resistance 

• options 

Basically, the gage selection process consists of determin
ing the particular available combination of parameters 
which is most compatible with the environmental and other 
opi:rating conditions. and at the same time best satisfies the 
installation and operating consiraims. These constraints are 
generally expressed in the form of requirements such as: 

• accuracy · 

o stability 

• temperaturc 

o elongation 

• test duration 

• cyclic endurance 

• case of installation 

• environment 

The cost of the strain gage itself is not ordinarily a prime 
consideration in gage selection, since the significant eco
nomic me asure is the total cost of the complete installation. 
ofwhich the gage cost is usually but a small fraction. In many 
cases, the selection of a gage series or optional feature which 
increases the gage cost serves to decrease the total installa
tion cost. 

lt must be appreciated that the process of gage selection 
generally involves compromises. This is because parameter 
choices whiCh tend to satisfy one of ihe constraints or 
requirements m ay work against satisfying others. For exam
ple, in the case of a small-radius fillet, where the space 
available for gage installation is very limited, and the' strain 

. gradien~ extremely high, one of the shortest available gages 
might be the obvious choice. At the same time. however: 
gages shorter than about 0.125 in (3 mm) are generally 
characterized by ·lower max.imum elongation, reduced 
fatigue life, less stable behavior .. and greater installa
tion difficulty. Another situation which often influenCes 
gage selection, and leads to compromise. is the stock of gages 
at hand for -day-tO-day strain measurements. While com
pn~mises are almost always necessary, the stress analyst 
shouid be fully aware of the effects of such compro'mises on 
meeting the requirements of the gage installation. Thi's 
understanding is rlecessary to make the best overall com
promise for any particular set of circumstances, and to judge 
the effects of that compromise on the accuracy and validity 
of the test data. 

The strain gage selection criteda considered here relate 
primarily to stress analysis applications. The selection crite
ría for strain gages used on transducer spring elements, while 
similar in many respects to the considerations presented 
here, may vary significantly from application to application 
and should be treated accordingly. The Measurements 
Group's Tra_nsducer Applications Department can assist in · 
this selection. · 

MEASUREMENTS GROUP, INC. . · . · _ (919f 365-3800 , : 
P.O. Box 27777 · • -·- · - • ,· -- . .Telex·802-502 , "· 

' 1 ' ~ ..... ' ' • • • 1' • • .... ~;;,' 

" - Raleigh; North Caroli!'a 27611;USA· - '", ,: _' ' -.•:r- '· FAX.(!!~9)'~6~-~945-~~f::;_'i. 
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2.0 Gage Selection Parameters 

2.1 Strain-Sensing Alloys 

The principal component which determines the operating 
characteristics of a strain gage is the strain-sensitive alloy 
used in the foil e:rid. However. the a!lov is not ineverv case an 
independently.~electable parameter. Í"his is becaus~ each of 
~icro-Measurements strain gage series (identified by the 
first two. or three. letters in the alphanumeric gage designa
tion ~ s~_e diagram on page 11 1 is designed as a complete 
syster:n. T-hat system is cornprised of a particular foil and 
backing~~.?mbination. and usual!y iricorporates additional 
gage construction features (such as encapsulalion, integral 
leadwii-es, or so\der dots) specific to the series in question. 

:VIicro-Measuremenis supplies a variety of suain gage 
alloys as follows ( with their re~pective letter designations): 

A: Constan~an in self-temperature-compensated form. 

P:- Annealed constan tan. 

. D: lso-Elastíc. 

K: Nicke!-chromium alloy. a modified K arma in 
self -te rripera tu re-ca m pensated ¡'orm. 

2.1.1 Constantan Alloy 

Of all modero strain gage alloys, constan tan is the oldest, 
and still the most widely used. This situation reflects the fact 
that constan tan has the best overall combination of proper
ties needed for many strain gage applications. This alloy has. 
for example. an adequately high strain sensitivity, or gage 
factor, which is relatively insensitive to strain leve! and 
t~mperature. Its resistivity is high enough to achieve suitable 
resistance values in even very small grids, and its tempera
tu re coefficient of resistance is not excessive. In addition, 
constantan is characterized by good fatigue life and rela
tively high elongation capability. It must be noted, however, 
that Constan tan tends to, exhibit a continuous drift at 
temperatures a~ove + 150° F (+65° C); and this characteristic 
should be taken into account when zero stability ofthe strain 
gage is critica! o ver a period of hours ·ar days. 

Very importantly, constantan can be processed for self~ 
temperature-compensation (see box at right) to match a 
wide. range of test material expansion coefficiems. Micro
Me~surements A alloy is a self-temperature-compensated 
form of constan tan. A alloy is supplied in self-temperature
compensatíon (S· T-C) numbers OO. 03, 05. 06, 09, 13, 15, 18, 
30. 40 and 50, for use on test materials with cofresponding 
thermái'~xpansion coefficienis (expressed in ppmf'F). 

. I~'S 

For i~e measurement ofvery large strains, 5% (50 OOO¡.tE) 
or abo~e. annealed constantan (P alloy) is the grid material 
norrnallY selected. Constan tan in this form is very ductile; 

· and. in gage lengths of 0.125 in (3 mm) and longer, can be 
strained to >20%. lt should be borne in mind, however, that 
under high cyclic strains the P alloy will exhibit sorne per· 
manent' resistance change with each cycle, and cause a cor
responding zero shift in the strain gage. Because of this 
characteristic, and the tendency for premature grid failure 
with repeated straining, P · alloy is not ordinarily recom· 
mended for cyclic strain applications. P alloy is available 
with S-T'C numl:¡ers of 08 afid 40 for use on metals and 
plastics, respectively. · 

2.1.2 lso·Elastic Alloy 

When purely dynamic strain measuremems are to be made 
- that iS, when it is not necessary to maintain a stable 
reference zero - [so-E las tic ( D alloy)_ offers certain advan
~ages. Principal among these are superior fatigue life. coro
pared toA alloy, anda high gage factor (approximately 3.2) 
which improves.the signal-to-noise ratio in dynamic testing. 

· Self-Temperature·Compensation 

An important property shared by constaritan and 
modified 'Karma strain gage alloys is their responsive
ness to special processing for self-temperature-com
pensation. Self-temperature-conlpensated strain gages 
are designed to produce minirnum thermal output 

· ( temperature-induced apparent strain) o ver the temper
ature range· from about -50° to +400° F (-.J5° to 

•.!00° C). ·\\'hen selecting either conStan tan ( A-alloy) 
or Karrna (K-alloy) strain gages. the self-temperature
compensation (S·T·C) number must be specified. The 
S-T-C nuinber is the approximate thermal expansion 
coefficient in ppmí° F of the structural material on 
which the strain gage will display minimum thermal 
output. 

The accompanying g~aph illustrates typical thermal 
output characteristics for A and K alloys. The thermal 
output of uncompensated lso-Elastic alloy is included 
in the same graph for comparison purposes. In normal 
practice, the S-T -C number for an A- or K-alloy gage is 
seiected to most closely match the thermal expansion 
coefficient of the test material. However, the thermal 
output curves for these alloys can be rotated abo.ut the 
room-temperature reference point to favor a particu
lar temperature range. This is d.one by irltentionally 
rnismatching the S·T-C number·and the expansion 
coefficient in the appropriate direction. When the 
selected S-T -C number is lower than the expansion 
coefficient. the curve is rotated counterclockwise. An 
opposite mismatch produces clockwise rotation ofthe 
thermal output curve. Under conditions of S-T-C 
~ismatch. the thermal ·output curves ·for A and K 
alloys (supplied with each package of strain gages) do 
not apply, ofcourse, and it will generally be necessary 
to calibrate the installation for thermal output as a 
function of temperature. 

For additional information on strain gage tempera
ture effects, see Measurements Group Tech Note 
TN-504. 

TEMPERATURE in 'C 
-50 ~ +~O +100 +150 ·~00 

~ +500r-_L~-r~-r~-r-rL-r-~-r~--r-~ 
~ +4oor-~~~~~++~r-t--r-+--r-,_-t~ 
·~ •loor-~o~-A~Irlo~v~t--r-t--r-t--t-+--~/~ 
~ +2oor-t-~-+-tt--r-t--r-t--t-+~+-~ 

+250 

5 +100~~=t:j~~~~~~$=~~~t=~ o ol-
_. -1 OOI-f?~.-::_.?'++:'.>,-.,~""'t-=l=f/~--t----il""-t 
ct: -200hol"i¿Y"'-+-+-IA·AIIoy +-+-+~,-:-\o::-::f--i 
2 // 1 1 K·AIIoy 
a: -3oot"1rt--+-t+-l___;f--t-t-+-.:Y1::...:;:;1::=.H 
~ -400if-t-+--if-+-t--i-t-+--t¡-¡f--t--i 
.... -100 o +100 •200 •300 

TEMPERATURE IN 'F 
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D alloy is not subjeCt to self·t~mperature-cómpensation. Backing materials supplied on Micro-Measurements 
~oreover, as .shown in the graph (see' box), its thermal strain gages are oftwo basic types: polyimide and glass-fiber-

~--'---o;:,u;;:tput is so hig~Jabout 80¡lf/° F (145¡u¿o C J]_lll_~t._ "th..,ic>.s _ _c·c_r'Ce"'in"'f"'orced epoxy-Qhenolic. As in the case of the strain sensio.-__ _ 
<illOy is not normally usab\e for static strain measurements. tive· alloy, t--¡:; backing is not- C_o~pletel)r ~n indepen-

' .. ~ 

There are times, however, When D alloy finds application.in dently specifiable parameter. C~rtain backing and alloy 
special-pU:rpose transducers whére a high output is nee"ded. co111binations, along with special-construction features.·are 
and.where a full-brÍdge arrangement can be used to achieve designed as systems. and given gage series desi'gnations. As a 
reasonable té:mperature. Compensation within the circuit. n:sult. when arriving at the optimum gage typ.e for a particu-

. lar application. the process does not permit the arbitrary 
Other properties of D allo_y· should also be noted when combination of an alloy anda backing material. but requires 

- ·considering the selection of this grid materiill. lt is. for the s·pecification of an available· gage series. ~1icro-
instance. magnetoresisti ve; and its strain-sensitive response ~1 easurements gage series and their properties are described. 
is somewhat nonlinear. becoming.significantly so at strains in the fol\owing Section 2.3. Each series has its own charac-
beyond ±SOOOJ.tf. teristics and preferred areas of application: and selec-
l.l) Kar~a Alloy tion recommendations are given'in the table on page 5. The. 

individual backing materials are discussed he re. as the alloys 
Modified K arma. or K alloy. with. its wide are as of appli- were in the previous section, to aid in understanding the 

cation. represents an imPortant member in .the family of pro"perties.of the series in which the alloys and backing 
strain gage alloys. This al\oy is characterized by good fatigue materials occur: 
life and excellerit stability; and is the preferred choice for 
accurate static strain measurements over long periods of 
time (months or vears) at room ternperature. or lesser peri~ 
ods 'at elevated te~perature. lt is recomrnended for extended 
static Strain -measurements o ver the temperature range frorn 
-452° to +500° F (-269" 10 +260° C). Forshort periods. encap-

. 'sulated K-alloy strain gages can be exposed to temperatures 
as high as+ 750°. F (+400" C). An inen atmosphere will improve 

· stability .and extend the useful gag e life at high ternperatures. 

Arnong·its other advamages .. K a Hoy offers.a much tlauer 
therm3.1 output curvethan A alloy, and thus permits more 
accurate correction for therffial output errors at temperature 
extremes. Like constan_tan, K alla·y can be self-temPerature
compensated for use o"n materials with different thermal 
expansion coefficients. The available S-T-C numbers in K 

, alloy are limited. hówever. to the following: 00, 03. 05. 06,. 
09, 13. and 15. K alloy is the normal selection when a 
temperature-compensated gage is required that has envi
ronmen.tal capabilities and performance·characteristics not 

· attainable in A-alloy gages. 

· Dueto the difficulty of soldering directly to K alloy, the. 
duplex. copper feature. which was formerly offered as an 
option, is now standard on all Micro-Measurements open

. fact:d strain gages produced with K alloy. The duplex copper 
feature is a precisely formed copper soldering pad (DP) or 
dot (00), depending on the available tab area. All K-alloy 
gages which do not ha ve leads or solder dots are specified 
with DP of DO as part of the designation (in place o f. or in 
additiÜrt to, the optio~ specifier}. The specific style of copper 
treatment will be advised when the Order Service Depart
ment is contacted. Open-faced K-alloy gages may also be 

· ordered with solder dots. .. 

2.2 Backing Materials 

COnventional foil strain gage constructiori involves a pho
toetched metal foil pattern mounted on a plastiC backing or 
carrler. The back.ing serves severa! important functions: 

• provides ·a rneans for handling the foil patte_rn during 
· installation · . · . 

! pre'sents a readily bondable surface for adhering the ., 
gage to the test specimen 

• provides electrical insulation between the metal foil 
and the test object. 

The Micro-Measurements polyimide E backing is a tough 
a·nd extremely tlexible carrier, and can be contoured readily 
to fit small radii. In addition. the high peel strength ofthe foil 
on the polyimide backing makes polyimide-backed gages 
less ·sensitive to ·mechanical damage during inS.tallation. 
With its e ase of handling and its suitability for use over the 
temperature range from -320° to + 350° F (-/95° 10 + 175' C ). 
polyimide is an ideal baéking material for general-purpose 
static and dynamic_stress analysis. This back.ing is capable of 
large elongations, and can be used to meas u re plastic strains 
in excesS of 20%. Polyimide backing is a feature of Micro
Measurements EA-. CEA-. EP-, EK-, S2K-. N2 . .\-.J2A-and 
E O-Series strain gages: · 

For outstanding performance over the wideS.t range- of 
ternperatun':s, the glass-fiber-reinforced epoxy-phenolic 
backing material is ·the most suitable chOice. This backing 
can be used for.static and dynamic strain meaSurement from 
-452° to +550°F (-269° 10 +290°C). In short-term applica
tions, the upper temperature limit can be extendei:i toas high 
as+ 750' F (+400° C). The maximum elongation of this.car
rier material is limited. ho.wever, to about 't to 2%. Rein
forced epox.y-phenolic b~cking is employed on the following 
gage series: WA. WK, SA, SK',WD, and SD. 

2.3 Gag e Series 

As noted in SectiOns 2.1 and 2.2, the strain-sensing al\oy 
and backing materi3.1 are not subject lo completely indepen
dent selection and Úbitrary combination. lnstead. a selec
tion must be made from arnong the available gage systems. 
or series, where each series generally incorporares special 
design orcOnstruction features. as well as a-specific_cornbina
tion of alloy and backing material. For convenience iil iden
tifying the 3ppropriate gage series to meet specified test r~
quirements, the information on gage series" performance and 
"selection is presented he re, in condensed form, in two tables. 

The tab,le on the following page gives brief descriptions of 
all general-purpose · Micro-Measurements gage series ~ 
including in each case the alloy and bilCking combiilation 
and the principal construction features. This table defines 
the performance of e"ach series in terms of operating temper· 
ature range, strain r8rlge, and Cyclic eOdurance as a function 
·or strain leve l. 1t must be noted, however. that the perfor
mance data are nominal, and apply primarily to gages of 
0.125 in (3 mm) or longer gage length. 
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Constan tan· foil in combination w1th a tougn. flex1ble. Normal: -100° to ;350"'F. ::3% for gage 
polyimide back1ng. W1Cie range of op110ns avadable·. (-75" to ·175"C) lengths under ::::1800. 1()' EA Pnmanly intenaed lar general-purpose statiC and dy- Spec1a! or Short-Term: 11_8 in (3.2 mm) :::1500 10' 
nam1c stres~s analysis. Not recommended ter nighest ~320" to ·400" F _::::5% lar l/8 in :::1200 10' 
accuracy transaucers (-195~ to ·205"Ci and over 

Un1versal general-purpose strain gages. Constantan grid 
:r:3% for gage completely encapsulated in pblyim1de. with larQe, rugged Normal: -100" to •350"F o<1500 10' 

copper-coated tabs. Pril!larily used for Qenera:i-purpose (-75" to •t75"C) 1engths under 
::!::1500 100' CEA 1/8 in (3.2 mm} stat1é and dynamic stress analysis. 'C"-Feature gag es are' Stac~ed rosettes limited to 

::::5~ for 1/8 in "Fatigue life improved 
spG'Cially highlighted throughout ·the gage listing +150"F (•65"C) 

and over using low-modulussolder. 
seC.t10ns of Catalog 500, Part A - Strain Gage Listings. 

l.,rt1. . 
Oq.~n-facec: constaman foil gages with a thin. laminated_. 
poly_1m1de-film backmg. Primanly recommended lar use 

Normal Static 
iri ·p·rec•s•on iransducers. me N2A Series is characterized 

Transducer Service: :::1700 106 N2A by low and repeatable creeo pertorman·ce. Al so recom- ::::3% 
mended lar stress anaiYsis applications employ1ng large 

-100" :o +200"F :::1500 10' 

gag e patterns. wnere tne especia!ty flat matr1x ea ses gage 
(-75~ ro -9s~cJ 

installat1on ' 

Constantan foil gages with a thin. taminated. oolyimiae 
bac~ing and encapsulating fi!m. Exposed solder tabs lar Normal Sta tic 

J2A direct 1E!adw1re anacnment. Primarily recommended lar Transducer Service: 
=2% =1700 106 

prec1sion transducers: the encapsulat1ng film provides -100" to ·200"F ::::1500 10' 
a more rugge"d gage !han rne_N2A Series. buf may In- (-75~ ro ·95"CJ 
crease reinforcement al thin transducer flexures. 

lso-Eiastic fo11 in combinat1on with tough. flexible polyi-
=2% mide film. High gage factor an_d extended fatigue lile Dynamic: . Non linear at =2500 106 e o exce!lent for dynamic measurements. Not nomlally used -320° lO ·400c F 

. strain levels =2200 10' 1n static measurements dueto very high !hermal-output (-195~ ro ·2o5~c, 
over ::::0.5% characteristics. 

Fully encapsulated constan tan gag es_ witn high- Normal: :-100" to -400"F 
endurance leadwires. Useful over wider temoerature (-75° ro ·205"Ci =2000 10' 

WA ranges ar.a m mor_e extreme environments than· EA Se-~ies. Spec1a! or Shon-Term: =2% :::1800 106 
Option W available on so me patterns. out restricts fatigue -320° to -500° F =1500 107 

lile 10 sorne extent. (-195~ to ·260"CJ 

Karma foil in combiriation w1th a tough. flex1tle poly1mide Normal: -320° to -350° F 

EK backing. Pr~manly used where a combmation of higher (-195° ro .-¡75cc¡ 
:::: 1.5~-l;i :::1800 10' grid resistances. stabllity at elevated temperature. and Special or Shon-Term: 

greatest bácking llexibility are required. -452° to ·400°F r-269° to -205= C) 

Ful!y-encapsulated K-alloy Qages with high-endurance 
Normal: -452° to •550° F 

leadwires. Widest temperature range and most extreme 
·~p to ·290°C) =2400 106 

WK environmental capability al any general-purp_ose gage S: :.r Short-Term: :::1.5% =2200 10' when self-temperature-compensation is reQuired. Option --:2" to ... 750oF :02000 10' 
W avallable on sorne pattérns. but restncts botn fatigue . 

(-269° to •400°C) 
l1fe and maximum opera11ng temperature. 

Sp-;c1al annealed constantan foil with tougn. high- :::10% lar gage 
elonga110n poly1mide ·backing. U sed pnmarily lar mea- -1 ooo to ... 400° F lengths under ::::1000 10•. 

EP surements ol large post-yield stra1ns in metals or on 
(-75° to •205~CJ 

1/8 in (3.2 mm) 
low-modulus mateiials (polymers). A·vailable witn :::20% for 1/8 in EP gages show zero shift 
Options E. L. and LE {may restri~t elongation capaoility). and over under high-<:yclic strains. 

FuliY encapsu!ateCJ Constantan gages with sotder dots. Normal: -100° to ·400"F 

SA Sai-ne matrtJt as WA Series. Same uses as WA Series but (-75° ro ·205"C) 
=2% 

::1800 10' 
der~~ed somewhat 1n maximum temperatura and operat- Specia! or Shl)n-Term: '::::1500 10' 
1nv~nvironment becal;se of so!der dots. -320" to •450"F r-195~·ro ·230°C) 

Kál'ma loil laminated to 0.001 in (0.025 .mm) thick: hign- Normal: -100° lO •250°F 
. 

performance poly1mide backing, witn a !ammated po1y1- (-75° ro ·120°CJ 
:::1800 106. 

52 K mfáe overlay fully encapsulat1ng the grid and solder tabs. Special or ShOrt-Term: :!:1.5% 
. =1500 10' 

Provided w1th large solder pads lar ease of leadwire :-300° !O •300" F 
ana·cnment. ' (-185° to •150°C) 

. 
Normal: -452" to •450° F 

Fully encapsulated K-alloy-gages with solder dots. S ame 
(-269° to •230°C) :::2200 10' 

SK uses as WK Senes. but derated in maximum temperature 
Spec1al or Short-Term: 

:::1.5% 
=2000 10' 

arid operat1ng environment because of solder dots. 
-452" !O ... SOO"F (-269° to •260°C) 

Fully encapsulated lso-Eiastic gag es with h!Qh-endurance Oynamic: -320". to •500° F :::1.5%- non- =3000 10' 
wo leadwires. Used 1n wide-range dynamic strain measure- linear at strain ::2500 10' 

ment apphcations in severe environments. 
(-195' 10 -250'C! 

levels over :::0.5% =2200 10' 

so Equivalent to WD Series. but with solder dais 1nstead of Oynamic: -320° ió •400" F. =1.5% =2500 10' 
leadwires . . (-195° lO •205°C) See above note =2200 10' 
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Strain Gage Series. and Adhesive Selection Rderence Table 

GENERAl 
STA TIC OR 

STA TIC· 
OYNAMIC 
STRESS 

ANAL.YStS• 

HIGH-
ElONGATION 
(POST·YIELD) 

OYNAMIC 
(CYCLIC) 
STRESS 

ANALYSIS 

TRANSOUCER 
GAGING 

·.-:"-\":~~::-"'· 

.... , 

~SOG !O +15aQF (~45" to •65QC) 

~SO" to •400°F (~45° to ·205"CJ 

~452° to •450" F 1 -269" ro •230° e¡ 

<&aoo F (<315°C) 

-sao to •150°F (-45° to •65°C) 

~sao to •15a"F (-45" to •65"C) 

<:10• 

>JO• Moderate 

>10• High 

>la• Very High =2aoa 

<taJ Moderate :::t60a 

>103 High 

> Moderate 

<la< Modera te 

<10 Modera te 

.>103 Modera te 

>la3 Moderate 

This category includes most testing situatlons where sorne d_egree of stability under static test conditions is required. For 
absolute stabilily with constantan gagas over long periods of usage and temperaturas above +150"F (+65"C), it may be 
necessary to emptoy hall- or full-bridge·contigurations. Protective coatings mayal so influence stability in cases other than 
transducer applications ~here the element is hermetically sealed. 

lt is inappropriate to qu_antify "accuracy" as u sed in this table without consideration ol various aspects ot the actual test program 
and the instrumentation used. In general, "moderate" for stress analysis purposes is in the 2 to 5% range, "high" in the 1 to 3% 
range. and "very high" 1% or better. 

The above table gives the recommended gage series for 
specific test "profiles," or sets of test requirements, catego
rized by the following criteria: 

• type of strain measurement (static, dy-namic, etc.) 
• operating temperature of gage installation 
• test duration 
• accuracy required 
• cyclic endurance required 

This table provides the basic means for preliminary se!ec
tion of the gage series for most cOnventional applications. It · 
alSo includes reco~mendations for adhesives, since the 
adhesive ir. a strain gage installation becomes part of the 
gage system, and correspondingly affects the performance of 

the gage. This selection table, supplemented by the informa
tion in the table on page 4, is used in conjunction with 
.Catalog 500, Part A - Strain Gage Ustiñgs to arrive at the 

·complete gage se\ection. The.procedure for ac~omplishing 
'this is described in Section 3.0 of this Tech Note. 

.. When a test profile is encountered that is beyond 'the 
ranges specified in the above table, it can usual\y be assumed 
that the test requirements approach or exceed the perfor
mance limitations of available gages. Under these condi~ 
tions, the interactions between gage performance characteris
tics beco me too comple• for presentation in a simple table. 
In such cases, the u ser shou\d consult the Applications Engi
neering Deparlment of MicrÜ-Measurements for assistance 
in arriving at the best compromise. 
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Strain Gage Series aild Adhesive SelectiOn Reference Table 

GENERAl 
STA TIC OR 

STATIC
OYNAMIC 
STRESS 

ANALYSIS" 

HIGH
ELONGATION 
{POST-YIELO) 

DYNAMIC. 
(CYCliC) 
STRESS 

ANALYSIS 

-sao to ·400~F 1-45" ro ·205'C¡ 

Ci 

>106 

<OQ6 

Higl"l <106 

Mocerate >10~ 

<11)6 

Moderate 

Moderate 

<~06 

WA. SA 

W<. SK 

WA. SA 

WK. SK 

WK. SK 

WK 

WK 

WO AE-POorAE-15 

WD or 610 

wo 500or610 

CEA. EA orAE-15 

CEA .A.E-15 
TRANSOUCER ~------------------~--~--------~~------~-------+------~------------~----------~ 

GAGING "'' N2A 

WA. SA 

WK. SK 

This category in eludes most testing situations where sorne degree of stability under static test conditions is required. For 
absolute stability with constantan gages over long periods of usage and temperatures above ... 150°F ( .. 65°C). it may be 
necessary to e~ptoy half- or full-bridge configurations. Protective coatings may also influence stability in cases other !han 
transducer applications where the element is hermetically sealed. · 

1t is i_nappropriate to quantify "accüracy" as used in this table without consideration of various aspects of the actual test program 
· and the instrumentation u sed. In general. "moderate" for stress analysis purposeis is in the 2 to 5% range. '"high" in the 1 to 3% 
range, and "very high" 1% or better . 

. 1'-tle··above table gives the recornmended gage series for 
spe'Cific test "profiles." Or sets of test requirements, catego~ 
rizeá•tiy the foHowing criteria: · 

• type of strain measurement (static. dynamic, etc.) 
• operating temperature of gage installation 
• test d uration 
• aCcuracy required ' 
• cyc_lic endurance ·re'quired 

This table provides the basic me·ans for preliminary se lec~ 
tion of the gage series for most conventional applications. lt 
also includes recommendations for adhesives. since the 
adhesive ir. a strain gage installation becomes part of lhe 
gage system, and correspondingly.affects the performance of_ 

the gage. This selection table. supplemented by the informa
tion iD the table on page 4. is used in- conjunction with 
Cata!Og 500, PartA - Strain Gage Listings to arrive at the 
complete gage selection. The procedure for accomplishing 
this is described in Section 3.0 of this Tech Note. 

when a test profile is encountered that is beyond the 
ranges specified in the abo ve table, it can usually be assumed 
that the ~est requirements apprOach or.exceed the perfor
mance limitations of availilble gages. · Under these condl
tions, the interactions between gage performance characteris
tics become too ¿omplex for presentation in·a simple table. 
In su eh cases, the user should consult the Applications Engi
neering Department of Micro-Measureffients for asst-stance 

. in arriving at the best comprOr~üse. · · 
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the re.presentative strain in the structure: In other words, it is These requirements severely limit the meaningful applicabiJ. 
. usually the average strain that is sought in such instance~. ity ofsingle-grid strain gages in stress analysis: and failure to 

--· -· --not-the-severe-local-f1uctuations-in-strain-occürrih-g-·a:t-iti:_-e ___ c~o;_,n=si0Cf0iaxi"a:lity ofttie stress state can ·lead to largeerrors ---· ~--
interfaces between the aggregate panicles and the cernen t. In in the stress magnitüde inferred frám measureffients made 
general, wh'en measuring strains on structures made of com- with a single-gr_id gage. 

1 . posite rriaterials of any kind. the gage length should normally 

'\ 

,. 

be Jarge v.;ith respect to the dimensions of the inhomogene· 
ities in the material. 

As a gene rallY applicable guide. when the foregoing con
siderations do riot dictare otherwise. gage lengths in the 
range from 0.125 to 0.25 in (J to 6 mm) are·prderable. The 
largest selection ofgage patterns and stock gages is availa~le 
in this range of lengths. Furthermore. larger or sma!ler sizes 
general! y -cost more: and larger gages do .not noticeably 
improve fatigue life. stability, or elongation. while ·shorter 
gages are usually infe"rior in these <;haracteristics. 

2.5 Gage Pattern 

.The gage pattern refers cum.ulatively to t~e shape of the 
grid. the-number and orientation of the grids in a multip!e
grid gage. the solder Ú!.b configuration, and various con
struction features which are standard for a particular pat
tern. Al! details of the grid and solder tab configurations are 
illustrated in the "Gage. Pattern" columns of Catalog· 500, 
PartA........:.. Sr rain Gage Listings. The wide variety of patt~rns 
in the list is designed to satisfy the full range of normal gage 
installation and strain measurement requirements. 

. With single-grid. gages, pattern suitability for a particular 
application depends primarily on the following: 

Solder tabs - These should, of course, be compatible in 
. size · and orientation with the·space available" at the gage 
installation si te. lt is also important that the tab arrange
me'1t be such as to not excessively tax the pro~ciency of 
the installer in makiilg proper leadwire corinections. 

Grid widrh- When severe strain gradients perpendicular 
to the gage axis exist in the test specimen· surface, a 
narrow grid · will minimize the averaging error. Wider 
grids. when available and suitable to the insiallation si te, 
will improVe the heat dissipation·and enhance gage stabil
ity - particular! y when the gage is to be_ installed on a 
rJ:laterial or specimen with poor heat transfer properties. 

Gage resisrance - In certain instances, the only differ
ence between two gage patterns available in the same 
series is the grid resistance - typically 120 ohms vs. 350 
ohffis. When the choice exists, the higher-resistance gage 
is preferable in that it reduces the heat generation rate by a 
factor of three (for the same applied voltage across the 
gage). Higher gage resistance also has the advantage of 

. decreasing leadwire effects such as circuit desensitization 
due to leadwire resistance, and unwantCd signa! varia
tions caused by leadwire resistance changes with temper
ature fluctuations. Similarly, when the gage circüit 
includes switches, slip rings, or other sources of random 
resistance change, the signal-to-noise ratio is improved 
with higher resistance gages operating at the same power 
leve!. 

1 n' experimental stress analysis, a single-grid gage would 
normally be uSed only when the stress state at the point of 

· measurement is known to be uniaxial and the directions of 
the principal axes are known with reasonable accuracy (±5°). 

For a biaxial stress state ~a com
mon case necessitating stro.in meo.
surement - a two- or three-element 
rosette is required in· or.der to deter
mine the principal stresses. When the 

. directions uf the principal axes áre 
known in advance. a two-element lJO-

QO-degree rosette 
degree {or "tee") rosette can _be· '---------' 
employed with the gage axes aligned to coincide"with th.e 
principal axes. The directions o( the principal axes can sorne
times be determined with sufficient accuracy from one of 
severa! considerations. For example. the shape of the test 
object and t-he mode of loading may be such that the direc
tions ofthe principal_axes are obvious from the symmetry of 
the situation. as in a cy!indrical pressure ves se l. The principal 
axes can also be defined by testing with photoelasti~ coating. 

In the most general case of sur-. ~----~--~ 
face stresses, when the directions 
~fthe principal aX.es are not known 
from other considerations, a three
element rosette · must be u. sed to 
obtain the principal stress magni
tudes. The rosene can be installed 
with any o·rientation, but is usually 
mounted so that one of the grids is 
aligned with sorne significant axis 
of the test object. Three-element 
rosetteS are available in both 45~ 
degree rectangular and 60-d_egree 
delta configurations. The usual 
choice is the rectangular rosette 

45-degree rosette 

60-degree rosette 
since the dato.-reduction task is 
somewhat simpler for this configurauon. 

Whc:n a rosette is to be employed, 
careful consideration should always 
be given to the difference in character
istics between single-plane and stacked 
rosettc:s. For any given gage length, 
the single-plane rosette is superior to the 
stacked rosette in terms of heat transfer 

Stacked rosette 

to the test specimen, generally prÜviding better stability and 
accuracy for static strain measurements. Furthermore, when 
there is a significant strain grad ient perpendicular to the test 
surface (as in' bend ing), the single-plane r9sette will·prod u ce 
more accurate strain data because all grids are as clase as 

· possible to the test surface. Still another consi.deration is that 
stacked rosettes are gene rally less conformable to contoured 
surfaces than single-pl_arie iosettes. 

_ On the other hand, when there are large strain gradients in 
. the plane of the test surface, as is often the case, the single

plane rosette can produce e"rrors in strain indication beCa use 
the grids sample the strain at different points. For these. 
á.pplications the stai::ked rosette is ordinarily preferable. The 
stacked rosette is also advantageous when the space for 
mounting the rosette i~ liinited. 
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2.6 Optional F eatures 

\.licro-\teasurements offers a se\ection of o¡Hional fea
ttires for its strain gages and spec1al -;ensors. Tt"te addit.ion oi 
options to the basic gage constrUcuon usually increases the 
cost. but this is generally olfs.et by the benefits. E.xampks 
are: 

• Significant reduction of installation time and costs 
-.. 

• Red.Üction ol the ski!! le\·el necessary to make depend
ablé'~·installat ions 

-..~;-

' . 
•. indCased rt:liabi!ity of applicarions 

:'>· .~,,.. 

• Sirri"plified installation of st!nsorS in difficult locations on 
componel"!ts· or in the fie.ld 

• Iricreased pro tecÚan. both in handling during iilsulllation 
and shielding from the test environment 

• .-\chie\·ement of Special performance characteristics 

A vailability of each option varies with gag e series and pat
tern. Standard options are noted for each sensor in Cata! o~ 
500. P_an A- Strain Guge Listings. -

Shown ·below is a summary of the optional features 
off e red. 

Standa_rd Cat31og Options 

OPT10N BR1EF DESCR1PT10N 

w Integral Terminals and EncapsulatlOn 

E Encapsulation with Ex-posed Tabs 

SE Solder Oots and Encapsulation 

L Preattached Leads 

cE Preattachea Leads ano Encapsulat;Qr, 

Option W Series Availability: EA, EP, W A, ED, EK, WK 

General Description: This option provides encapsulation. and thin. printed circuit terffiinals at the tab end 
of the gage. Beryllium copper jumpers connect the terminals to the gage tabs. The terminals are 1.4 mil 
(0.0014 in 10.036 mm¡] thick copper on po1yimide backing about 1.5 [0.0015 in (0.038 mm¡] thick. 
Option W gages are rugged and well protected. and permit the direct at:_.:¡ment ollarger leadwires than 
wou!d be possible with open-faced gages. This.option is primarily used on EA-Series gages for general
purpose applications. Solder:· +430° F (.,. ]20° C) tin-silver alloy solder joints on E·backed gages: •57W F 
r• 300° C) 1ead-tin-silver al1oy solder joints on W-backed gages. Temperature Limit: •400' F (+ JOO' Cj for 
E·backed gages. -sooc F (+l60° C) for W-backed gages. G.rid Protection: Entire grid and pan ofterminals 
are encapsulated with polyimide. Fatigue Life: Sorne loss in fatigue life unless strain levels at the terminal 
location are below :::1000~€. Size: Option W extends from the soldering tab end ofthe gages and thereby 
increases gage size. With sorne patterns width is slightly greater. Strain Range: With sorne gage series. 
notably E-bilcked gages. strain range will be reduced. This effect i.S: greatest with EP gages. and Option W 
should be avoided with them if possible. Flexibility: Option W adds encapsulation. making gages slightly 
thicker and stiffer. Conformance to curved surfaces will be_somewhat reduced. In the terminal area itself. 
stiffness is markedly increased. Resistance Tolerance: On E-backed gages, resistance tolerance is normally 
doubled. 

Option E 
cf>, 

_Series Availability: EA, ED, EK, EP 

Gen~::fill Description: Option E consists of a protective encapsulation of polyi~ide film approximately 
1 mii[O.OO 1 in ro.0!5 mm¡] thick. This provides ruggedness and excellent grid protection, with little sacrifice 
in tleXibility. Soldering is greatly simplified since the solder is prevented from tinning any m<:>re ofthe gage 
tab than is deliberately exposed for lead auachment. Option E contri bu tes significantly to long-term gage 
stability. because the grid cannot be contaminated by fingerprints or other agents during installation. 
Heavier leads may be attached directly to the gage tabs for simple static load tests. Supplementary protective 
coatings should still be applied after Íead attachment in most cases. Temperature Lin1it: No degradation. 
Grid Protection: Entire grid and part oftabs are encapsulated. Fatigue Life: When gages are properly wired 
with small jumpers. maximum endurance is easify obtained. Size: Gage size is not affected. Strain Range: 
Strain range of gages will be reduced because the additional reinforcement of the polyimide encapsulation 
can cause bond failure befo re the gage reaches its full strain capability. Flexibility: Optión·· E gages are 
almost as conformable on curve.d surfaces at' open-faced gages, since no internalleads or sqlder are present 
at the time ofinstallati.On. Resistan ce Tolerance: Resistance tolerance is normally doubled when Option E is 
selected. 
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-------~ -OptionSE·~-~1-Series-A vailability:-EA-;-ED;-EK; EP 

(1 
General Description: Option SEis the combination of solda dots on the gage tabs with a !·mil [0.001-in 
(0.025-mm)} polyimide.encapsulation !ayer that covers the entire gage. The encapsulation is removed over 
the s~lder dots. providing access for !ead attachment. These gages are very nex.ible. and well protected from 
handling ~amage during installation. Option SEis prim<lrily intended for small gages that must be installed
in restricted areas. sine1: leadwires can be routed to the exposed solda dots from any direction. The option 
does not ii1crease m·eral! gage dimensions. so ·rhe matrix may be field-trimmed very clos"e to the a.:tuat· 
pattern size. Option SEis sometimes useful on miniature transducers.of medium or \ow accuracy dass. or in 
stress analysis work on miniature parts. Snlder: "~-570::: F (+]00° C) lead-tin-silver alloy:To preventloss of 
long·-term stability. gages with Option SE must be soldered with noncorrosive trosin) Jlux. and all !lu.x 

·residue.should be carefully removed.with Jf-L!SE Ros in Solvent·after wiring. Protective coatings should 
then be used. Temperature Limit: :\o degradation. Grid Protection: Enti~~ gage is encapsulated. Fatigue 
Life: When gages are properly wired with smalljumper.s. maximum endur.: . .:e is easily obtained. Size: Gag e 
size is not affected. Strain Range: Strain range of gages will be reduced beca use the additional reinforcement 
of the polyimide encapsulation can cause bond failure befen! the gage reaches its fult strain capability. 
Flexibility: Option SE gages are almost as conformab\e on curved surfaces as open-faced gages. Resistance 
Tolerance: Resistance tolerance is normally doubled when Option SE is selected·. 

Option L Series Availability: EA, ED, EK, EP 

General Description: Option Lis the addition of soft copper !ead ribbons to open-faced polyimide-backed 
gages. The uSe ofthis typ~ ofribbon results in a thinn~r and .more conformable gage than would be.the case 
with.round wires of equivalent cross section. At the same time. the ribbon is so designed that it forms almost 
as readily in any de.sired direction. Leads: Nominal ribbon size is 0.012 wide x 0.004 thick in· (0.30 x 0./0 
mm). 'Leads are approximat~ly 0.8 in (20 mm) long. Solder: +430° F {+ ]]0° C).tin-silver alloy. The solder is 
confined to small, well-defined are as at the end of each ribbon. Temperature Limit: 1"400° F (+200° C). 

.Fatigue Life: Fatigue life will normall): be degraded by Option L. This occurs primari!y beca use the copper 
ribbon has limited cyclic endurance. When it is possible to carefully dress the leads so that they are not 
bonded in a high strain field. the performance limitation will not apply. Option Lis not often recommended 
for very high endurance gages sUch as the ED Series. Size: \1atrix size is unchanged. Strain Range: Strain 
range will usually be reduced by the addition of Option L. Flexibility: Gages with Option L are not as 
conformable as standard gages. Resistance Tole~ance: Not affécted. 

OptionLE Series A vailabillty: EA, ED, E K, EP 

General Description: This option provides the same conformable soft copper lead ribbons as used in Option 
L. but wíth the addítíon of a 1-míl [0.00 1-ín (0.025-mm)j thíck encapsulatíon !ayer of polyímíde film. The 
encapsulation !ayer provides excellent protecti'on.fOr the gage during handling and installation. lt also 
contributes greatly to environmental protection, though supplementary coatings are still recommended for 
fíe id use. Gages wíth Optíon LE wíll normally show better long-term stabílity than open-faced gages whích 
are "waterproÜ.fed".only after installation. A good part of the reason for this is that the encapsulation !ayer" 
Prevents contamination of the grid surface from fingerprints or·other agents during handling and installa
tion. The presence of such contaminants will cause sorne loss in gage stability, even though the gage is 
subsequently coated with protective compounds. Leads: 0.012 wide x 0.004 thick in (0.30 x0./0 mm)copper 
ribbons. Leads are approximately 0.8 in (20 mm) long. Solder: •430° F (+ 120° C) tin-silver alloy. The solder 
is confined to small, well-defined are as at the end of each ribbon. Temperature Limit: +400° F (+200° C). 
Grid Protection: Entire gage is encapsulated. A short extension of the backing is left uncover~d at the 
leadwire end to prevent contact between the leadwires and the specimen surface. Fatigue.Life: Fatigue life 

, · will normally be degraded by Option LE. This occurs primarily beca use the copper ribbon has limíted cyclic 
endurance. Option LE is not often recommended for very high endurance gages such as the ED Series. Size: 
.'vlatrix size is unchanged. Strain Range: Strain range will usually be reduced by the addition of Option LE. 
Flexibility: Gages with Option LE are not as conformable as standard gages. Resistance Tolerance: 
Resistance tolerance is normally doubled by the addition of Option LE. 
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Leadwire Orientalion ror Oplions L and LE 

These dlustrations show the standard orientation of leadwires relati\·e to the gage pattern geometry for Options L and LE. 
~he general rule is that th~ ieads are para!lel to the longest dimension of the pattern. The illustrations al so apply to kadwire 
orientation for WA_-. WK-. and WD-Series gages. when the r.::tern shown is available in one of these series. . 't 

'At -· 

·4ii 
.._, .. 

2.7 Characteristics of Standard Catalog Options 
on EA-Series Gages 

As in other aspects of strair:t. gage selection. the choice of 
options ordinarily involves a variety of compromises. For 
instance. an option which .maximizes a particular gage 
performance parameter such as fatigue life may at the same 
time require greater skill in ins_tatling the gage. Beca use of the 
many interactions between installation attributes and per- . 
forrnance parameters associated with the options. the rela
tive merits oi al! standard options are surnmarized qualita
ti\·elv in the chart below asan aid to option selection. For 
comParison purposes. the' corresponding characteristics of 
th'e CEA. Series are given in the r;~ht-mqst column of th·e 
table. 

Sin.ce: in strain measurement for stress analysis. the stan
dard options are most frequently applied to EA-Series strain 
gages. 'the iniormation suppiied in this section is directed 
primarily toward such op~ion applications. 

\\r'hen comemplating the application of an E A-Series gage 
\1."··-. an option. the first consideration should usually be 
whethe~ there is an equivalent CEA-Series gage that wili 
satisfy the test requirements. Comparing. f6r example. an 
EA-Series gage equipped with Option W anda similar CEA· 
Series pattern. it will be found that the latter is characterized 
by lower Cost, greater Oexibility ~nd coniormability. and 
superior fatigue life. The only püssible advantages for the 
selection of Option \V are the wider vúiety of avaiiab\e 
patterns and the occa.sional need for large soldering terminals. 

lt should also be· noted that many standard strain .gage 
types, without options. are normally available from stock: 
while gages with options are commonly manufactured to 
arder. and may thus im'oive a minimum arder requirement. 

In the tab\e below. the respecti\'e performance parameters 
for an open-faced EA·Series gage without options are 
afbitrarily assigned a value of 5. i'íumbers greater than 5 
indicate a particular parameter is irnproved by addition of 
the option. while smaller numbers indicate a reduction in 
performance. · 

~-c:•INSTÁLLATIOttAnRIIIUTE-"" · .·:---
_C!"A'PERFORIIÁNCE-IIETSH' -· 

/ .·.~--~.._: • .>.:.: -:.;:.. ··'.;~~ ·~..-_,_ :-·. -.~ ·. oniO!al- CEA 
•.. · 

··~··. 
.. !':X_I: r·· .-.,.--=-r--- L· LE SERIES 

"1.0veral1 Ease of Gage lnstallation 8 7 
1 6 1 5 6 10 

. Ea se of Leadwire Attachment 10 8 7 7 8 10 
--·.· 

Protect1on of Grid from Enviran mental Attack 8 ' 8 8 5 8 8 
1 

Cyclic Slrain Endurance 2 7 8 3 4 4 

Elongation Capability 2 3 3 4 3 3 

Resistance Tolerance 3 
1 

3 3 5 3 3 .. " 
Reinforcement Etfects 2 .3 3 5 3 3 

•. 
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3.0 Gage SelecÍion Procedure With an initial selection of the gage size and pattern coffi-
p\eted, the next st~p is to.select the gage series. thus determin- ________ _ 

-c--'T:':h..,_e p_erformance.of_a strain.gage.in.any.given-application· ----- ·ing the foit·an_d-ha·cKing comDinatiOil.JñCra-ny--; Ü(her featU~es-
is affected by every element in the design and manufácture of common to the series. This is accomplished by referring to 

the gage. ;vticro-Measurements offers agreat variety of gage the chart on page 5, which gives the reoommerided gage 
types for meeting the widest range of strain measurement series for specific test "prefiJes". or sets of test requirements. 
needs. D"espite the large number of variables in volved. the (f the gage series is w ha ve a standard option applied. the 
process of gage selection can be reduced to only a few basic option should be tentatively specified at this time, since the 
steps. From the diagrarn below that explains the gage desig- availability ofthe desired option on the selected gage pattern 
nation cqde. it is evident thai there are buÍ five pnrameters to in that series requires verification during the procedure out-
select. not counting options. These are: the gage series. the lined in the fol!owing paragraph. 
S-T-C number. the gage length and pattern. and the 
resistance. After selecting the gage series (and option. if any), refer-

Of the preceding pararneters. the gage length and pattern 
are normally the first and second selections to be made. 
based on the space available for gage mounting and the 
nature of the stress field in terms of biaxiality and e·xpected 
strain gradient. A good starting point for initial considera
tion of gage length is 0.125 in (3 mm). This size offers the 
widest Variety of choices from which to select remaining gage 
parameters such as pattern, series and resistance. The gage 
and its solder tabs are large.enough for relative\y e.asy h<in
dline and installation. At the same time. gages of this length 
pro;ide performance capabilities comparable to those Of . 
larger gages. 

The principal reason for selecting a IOnger gage would 
commonly be one of the following: (a) greater grid are a for 
better heat dissipation; (b) improved strain averaging on 
inhomogeneous materials such as fiber-reinforced compo
sites; oC( e) slightly easier handling and installation [for gage 
lengths up to 0.50 in (13 mm)]. On the other hand. a shorter 
gage length m ay be necessary when the object is to meas u re 
localized peak strains in the vicinity of a stress concent,ra
tion·. such as a hale or shoulder. The same is true, of course, 
when the space·available for gage mounting is very limited. 

In se\ecting the gage pattern, the first considerarían is 
whether a single-grid gage or rosette is required (see Section 
1.5). Single·grid gages are available with different aspect 
( length-to-width) ralios and various solder tab arrangements 
for adaptability to differing installation requirements. Two
e\ement 90-degree rosettes, when applicable, can also be 
selected from a number of different grid and solder tab 
configurations. With·three-element rosettes (rectangular or 
delta:). the primary choice in 
panern se\ection, once the gage 
length has bee~ determined, is. 
between planar and stacked con
struction. as described in Sec
tion 2.5. 

ence is made ~i:pin to Catalog 500. Pan A - Strain Gage 
Listings to record the gage designation of the desired gage 
size and pattern in the recommended series. lfthis combina
tion is not listed as available in the cat3.1og. a similar gage 
Pattern in thesame size gro u p. ora slightly different size in 
an e'quivalenl pattern. can usually be se!ected for meeting the 
installation and tesi requirements. In extreme cases. it may 
be necessary w select an alternare series and repeat this 
process. Quite frequently, and especially for routine strain 
measurement, more than one gag e size "and pattern combina
tion wi\1 be suitable for the specified test conditions. In these 
cases. it is wise to selecta gage frorn the Super Stock Listings 
to eliminate the Jikelihood of extended delivery time ora 
mínimum ord~r requirement. 

As noted under the gage pattern discussion on page 7, 
there are often advantages from selecting the '350-ohm 
resistance if this resistance is compatible wit h the instrumen
tation to be used. This decision m ay be innuenced.: however. 
by cost considerations. particularly in· the case.Óf ver)' sma\1 
gages. Sorne reduction in fatigue Ji fe can also be expected.for 
the high-resistance small gages. Finally, in recording the 
complete gage designation, the S-T-C number Sho~ld be. 
inserted from the list of availabli: numbers for each · alloy 
given on p~ge 4 of Catalog 500, ~art A - Straiñ G'age 
Ustings. 

This completes the gage selection procedure. In each step 
of the procedure, the Strain Gage Selection Checklist on 
page 12 should be referred toas an a id in accounting for the 
test conditions and requirements wh.ich could affect the 
·selection. 

"'-;:,. 
\ ·~~.··. -

" •!í 
i 

Strafn Gage Selectlon Steps ' 

The format of Catalog 500. 
Part A - Srrain Gage Ustings 
is designed to simplify selection 
of the gage length and pattern. 
Similar patterns available in each 

. gage length are grouped together. 
and listed in order of size. The 
strain gages in 'the Super Stock 
seclion of the catolog are thc: 
most widely used for stress ana
lysis !lPPlicíitions. This section 
should always be reviewed ftrst 
to \acate an appropriate gage. 

· ~-Os-25Qªf-!5,.Q- OPTION LE . 

GAGELENGTHJ . 2:tFANY)9 9 
e GAGE PATTERN RESISTAN CE 9 

"-9 GAGE SERIES. . 5-T·C NUMBER 9-
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4.0 Strain Gage Selection Checklist 

This checklist is provided as aconvenient. rapid means for 
helping make cenain that no critica! re4uirement of the test 
profile which could afkct gage ~e!ection is overlooked. lt 
sh.ould tie borne in mind in using the checklist th3t the 
'\:onsiderations .. li:-.ted apply·lO rebtively routine and con
\·entiDnal st_ress analy:'is situatiiJns. and do not embrace 
exotiC apP.lic<Hions im·l)]\ing nudear radiation. intense 
magnetic lidds. extreme l.:'entrifugal. forces. and the like. 

~. 

."11 . 

Select!On Steo: 1 

Paramerer: Gage LenQih 

Select,on Steo: 2 
Parameter: Gag~ Pattern· 

Selec/10n Stea: 3 
Paramerer: Gage Series 

' .. 

Serect1on Steo: 4 
Paramerer: Options 

' ' 

Seiection Steo: S 
Parameter: Gage 'Resistanee 

Selection Step: 6 
Parameter: S· T -C Number 

CONSIOERATIONS FOR 
PARAMETER SELECTION 

:_ st~a·n grac:,er.ts 

e area of maxlmum stram 

CJ accuracy ·reqUJrea 

U stat1c stra1n staO•IIty 

[j maximum etongat10n 

e C;fCIIC er.Curar.Ce 

CJ l'leat 01SSIP3!10r'l 

CJ soace lar mstallat10n 

C: ease of lr'IStallatlon 

· L stram gradients fin-plane and 
normal to surface) 

O blax1ality o! stress · 

0 heat'diSSIDa!IOn 

O space lar ir.stallation 

O e ase of 'nstallat10n 

e gage resistar.ce availability. 

O type al strain measurement 
a:::::l•catlon ¡stat1c. dynam1c. 
post-yield. _etc.) 

O operatir.g temperatura 

O test aurat1on 

O cyclic endura~ce 

!::::: accuracy required 

O ease of installation 

O type of measurement {static, 
qynam1c, post-yield. etc.) 

O installation environment
laboratory or field 

O stabllity requirements 

O soldering sens1t1vity al 
substrate lolastic. bone. etc.) 

O soace avauable for installation 

íJ ,nstallat10n time constraints 

O neat c .... .:at10n 

O leadwire desens1tizat . 

. O signal~to-noise rat10 

e test specimen material 

O operallng tempera,t!ue range 

O accuracy reaUJred . 

5.0 Gage Selection Examples 

In this section. three examples are given of the gag.e
selection procedure in representative stress analysis situa
tions. An attempt has been made to p-rovide the principal 
reasons for the particular choices '"''hich are rnade. lt should 
be noted. however. that an experienced stress an-alyst do~s 
not or_dinarily proceed in the sarne step-b:.<step fashi9n illus

.t rated in these examp les. 1 nstead. sirnultaneously kt:eping in 
mind the test conditions and c:n\'Íronment. the gage insta\la
tion constraints. and the test requirements. the analyst 
reviews C:Ha\og. 500. Paft A ~ 5Irain Gage Ustine:s. and 
quickly 5egrc:gates the more likely candidates from among 
the J\'a_íiable g.agc:·pattern and series combinations in the 
appropriate sizes. The 5eleclion criteria are then refined in 
accOrdance with the paniCula·r strain-rneasurernent task to 
converge on the gage or gages to be specified ·for the test 
prog.ram. \Vhether iormaliy or otherwise. the knowiedg.e
able pr~ctitioner does so· in the light of parameter selection 
considerations such as those iternized in the preceding 
check!ist. 

A. Design Study of a Pressure Vesse( 

Strain measurements are to be made on a ·scaled-do\l.in 
plastic model of a pressure vessel. The mode! wil! be tested 
statica\!y at. or near. ~oorh temperature: and. aithough !he 
tests rnay be conducted over a period ol severa\ rnonths. 
individual tests wil! take only a few hours .to run. 

Gage Selection: 

J. Gage Length Very short gage lengths should be 
avoided in order to minimize heat dissipation problems 
ca u sed by the low thermal conductivity of the plastic. The 
rnodel is quite \arge. and apparently free of severe strain 
gradients: tr.:!refore. a 0.25-in (6.3-mm) gage length is 
speCified. because the widest selection of gage patterns is 

. available in this length. 

., Gage Pattern - In sorne areas of the rnodel. the direc
'tions of the principal axes are obvious from considera
tio-ris of symmetry. and single-grid gages can be employed. 
Of the patterns available in the selected gage length. the 
250BF pattern is a good compromise beca use· of its high 

. Fl grid resistance which will help minimize heat dissipation. 
problems. 

-12-
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---~. ----
··------·~---~·--·-

In other are as ofthe model. the directions ofthe principal Gage Sel~ction: 
a:~es are nÓt known. and a three-element rosette will he 

---"---'-~~-,=-e:.:q:;u~i.::re"d~. For. this pui-POs~~-0faOar" rosette shO'UTctbe ---¡-:-cage Lengrh ~A gage lengtli wliiCh-iSSm-<ill-V.~ith-6:-speCt -----
selected. since.a stacked rosette would contribuie signifi- to the fillet radius should be specified for this application. 

t cantly to reinforcement and heat dissipat:.· ·, problems. A lengthof0.0\5 in (0.38 mm)is preferable. but reference 
Beca use ofits high-resistance grid. the 250R .. ; t1anern is a to Catalog 500. PartA - Suain Gag e Lúrings. indicates 
good ¡;hoice. · that such a choice severely limits the available gage pat-

. terns and grid allo_vs. Anticipating problems which wou\d 
J. Gag e 0aies - The polyimide (E l. badking is preferred otherwise be encountered in Steps 2 and 3. a gag e lengt.h 

beca y se its Jow e las tic modulus will mlnimize reinforce- of 0.031 in (0.8 mm) is selected. 
rTient of the plastic model. Beca use the norinal choice of 
grid alloy for stJtic strain measurement at roonrtempera
ture is the A alloy. the E:\ Series should he seleL·ted for 
this applicatil?n. 

.J. Oprions - Excessive heat application to the test model 
during leadwire attachment could damage the material. 
Option L (preattached leads) is therefore selected so that 
the instrument cable can be Jttached directly to the leads 
without-the application of a soldering iron to the gage 
proper. Option L _is preferable over Option LE because 
the encapsulation in the latter optíon would add rein
forcement. 

5. Resisrance- In this case. the resistance was determined 
:'tep 2 when the higher resistance alternative was 

: :::..: . .:l:ted from among the gage patterns; i.e .. in selecting 
the 250BF over the 250BG," and the 2SORD o ver the 
250RA. -r:he selected gage resistance is thus 350 ohms. 

6. S- T-C Numher - ldeally. the gages should be self
temperature-compensated to match the model material. 
but this is not always feasible. since plastics - particu
larly reinforced plastics - vary widely in_thermal expan
sion coefficient. For unreinforced plastic. S-T-C 30.40 or 
50 should usually be seleCted. lf a miS match between the 
model material and the s_lT -C number is necessary. S-T ~C 
13 should be selected lbecause of stock status). and the 
test performed at constant temperature. 

Gage Designations: 

From the above steps. the strain gages to be used are:. 

Ec\-30-250BF-350'0ption L (single-grid) 
Ec\:30:250R D-350; Option L ( rosette) 

See page 15 for a description of the strain gage types 
mentioned in this section. 

B. Oynamic Stress Analysis Study 
of a Spur Gear in a Hydraulic Pump 

Stfain measurements are to be made at the r~ot ofthe gear 
· tooth while the pump is operating. The fillet radius at the 
tooth root is 0.125 in (or about 3 mm) and test temperatures 
are expected to range from 0° to + 180° F (-20° ro +80° C). 

, Gage Pauem ·- Beca use the gear is· a spur gear. the 
directions of the principal.axes are known. and sing!e-grid 
gages can be t:mployed. A gage pattern with both .'io\der 
tabs at the sarTie end should be selected so that !eadwire 
connections can be located in the clearance area along the 
root circle b~~ween adjacent teeth. In the light of these 
considerations. the OJICF.pattern is chosen for the task. 

3. Gage .)~erit>s - Low súain levels are expected in thi~ 

application: and. furthermore. the-strain signals must be 
transmitted through slip rings or through a telemetry 
system to" get from.the rotating componen! tO the station
ary instruméntation.' lso-Eiastic (O alloy) is preferred for 
its higher gage factor(nominally 3.2. in contrast to 2.1 t"or 
A and K alloys). BeCa use the gage must be very llexibl~ to 
conform to the small fi!let radius. the E backing is the 
most suitable choice. The maximum test temperature is 
nota conside_ration in this case. since it is wel!r,within the 
recommended_ temperat u re range f or any of t he standard 
backings·. The combination of the E backing•itnd the D 
alloy defines the ED gage series. 

./. Oprions - F6r protection of the gage grid in the test 
environment. Option E. encapsulation. should be spe(Í
fied. Beca use ofthe limited clearance hetween [he outsidt: 
diameter of one gear and the root circle or ~he mating. 
gear, a particularly thin gage installation mus't he maJe: 
and verv smallleadwires will be attached to the gage tah'i 
at 90° t~ the grid direction. :md run over rhe sides of the 
gear for connection to larger wireS. This requirement 
necessitates attachment of the smallleadwires after gage 
bonding. and prevenrs the use of preattached Jeads. 

5. Resistance- In the E O-Series versio_n ofthe 031 CF gage 
pattern.'Catalog 500. PartA- Strain Gage Lisrings.lisrs 
the resistance as JSO ohms. The higher resistance should 
usually be se_lected whenever the choice exists. and wil! be 
advantageous in this instance in improving_the signal-t~J
noise ratio when slip rings are used. 

6. S- T-C ~Vwnher- D Jlloy is not subject to self-temperature
compe nsation. nor is compensation needed f or these tests 
since onlv dynamic súain is to be measured. In the E D
Series de~ignation the rwo-digit S-T:c ~umber is repl:.lced 
by the letters DY for "dynamic." 

Gage Designation: 

Combining the results of the ahove sdection procedun:. 
the ·gage t_o he employed is: 

ED-DY-031CF-350.'0ption E 

-IJ-
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C. Flight'Test Stress Analysis 
of a Titanium .-\irCraft Wing Tip Seclion -

With, and Withour. a 'tissile -Module Attached 

The operating temperature range fo.r strain measurements 
is irom -65~ to -~"450c F (-55~ ro ~230° C). and will be a 
dominant !actor in the gage sekction. 

Gage 'Selection_: 

J. Gag e Lengrh- PrelifDinar~- design studies using the Photo· 
Stress~ photoelasric; coating technique indicare that a 
gage length of0.06~ in ( 1.6 mm) represents the best compro
mise in view of the strd.in-gradients. are as of peak strain. 
and space for gage instal\ation. 

"' Gage Pauern - \Vith inforrnation about the stress state 
and directions oi principal axes gained from the photo
elastic coating studies. there are sorne are as of the-wing tip 
where sinele-e:rid eaees and two-element "tee·· rosettes 
can be e~pl;yed.-1~ oiher locations. where principat" 
strain directions \·ary with the nature of the !light 

. mane u ver. :-l5: -degree rectangular rosettes are required. 

'"' . ~~¡c-. 

·~ 
.~ 

'>-· 

. The strain gradients are sufficiently steep that stacked 
rosettes shoul.d be selected. From Catalog 500. Part .-\ 
-Suain Gage Lisiings. the foregoing requirements sug
gest the selection of060WT and 060\VR gage patterns for 
the-stacked rosettes. and the 062AP pattern for the single
grid gage. In making this selection. attention was·give·n to 
the fact lhat al! three patterns are available in the WK 
Sr.:ries. ~tlich is compatible \\-·ith the specified operating 
tempera~ure range. 

' 
J. Gage St!ries - The maximum operilting temperature. 

a long with the requirement for static as well as dynamic 
strain measurement. clearly dicta~es use of K alloy for the 
grid material. Either the SK or. WK Series could be 
se!~cted. but the WK gages are preferred because they 
have integral leadwires . 

.J. Oprions- For e ase of gage insta!lation. Option W. with 
:integra! s.oldering terminals. is advantageous. This uption 

is not applicable tO stacked rosettes. however. and is 
t~erefore ·specified for only the single-grid gages. 

5. Resisrance- When available. as in this case. 350-ohm 
gages should be Specified because of the benefits asso
ciated with the higher gage resistance. 

6. S- T-C .\"umbei- The titanium a!loy used in the wing tip 
section is the 6A 1-4 V type. with a thermal expansion 
coefficient of 4. 9' 1 o-· per' F (8.8 X ¡o-, per' Cj. K alloy 
o f. S-T -C number 05 is the appropriate choice. 

Gage Designations: 

WK-05-0.62AP-350 Option W 

WK-05-060WT-350 

WK-05-060WR-350 

-14-
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-·----·----·--------------~------~ .. 
Strain gages,referenced on pages 13 and 14 .. 

--- ~----r-----:-:--:-::-:::---'----, 
Ac1ual SIR Sl'lo•n. 
IEmuv-cl When H-....ry 
For Dallntllon. 

r----~=~~-'-='1--- -----~~---

~ lln 51\own. 
~f.ar9ed When NKft&atl GAGE PATTERN GAGE PATTERN 
FOJ O.flnlllon.. 

' " Each S..:uon " Each Sacuon 
S S..:Uon ($1 :. S~te 1) S..ctlon (51 ~ S..: 1) 

e• Compl1!1 Panarn u'lehn e• Complet• Pan.,n "'CI'IU 

• Ma1nx mllllm.l,.. • Matrlx .TtHII,.ft'N 

031CF 062AP-
' • , IUUUUI . '::_!..;,:¡:: • 

11 ,i'~i ' 
. ' 

! R 
1X 6X 1X . 2X 

GAGE OVERALL 1 GAlO OVERALL 
LENGTH LENGTH WIQTH WIDTH 

GAGE 

1 

OVERALL GAlO 

1 

OVERALL 
LENGTH LENGTH WIDTH WIOTH 

o 031 0.076 o 062 0.062 

0.79 1.93 1.57 1.57 

0.062 

1 

o. 114 0062 

1 

0062 

1.57 2.00 1.57 1.57 

Matmr Sue 0.19l x 0.14W 4.8L x J.SW Matnx Sue 026L~Ol6W 6.6L x4.1W 

.. 
. ' 

250BF 060WT '•) 

... 

1 ·f:- "~- ---
' ' 

' . 
' u 

1X 2X 

GAGE C?VEFIALL .¡ GAlO OVERALL 
LENGTH LENGTH WIOTH WIOTH 

GAGE OVERALL GAlO j OVEAALL 
LENGTH LENGTH WIOTH 1 WIDTH 

0.250 0.375 

1 

0.125 o. 125 

6.35. 9.53 3.18 3.18 

0.060 ES 0.240 M 0060ES 1 0300M 

1.52 ES 6.1 M 1.52 ES 7.6 M 

Mamx Sue o 52L X o 22W 13.2L Jl5.6W MatriJI S!Zs 0 24L x O.:SOW 6.1L 1t 7.6W 

250RD 060WR 
e A--. ' 

:'Ab: .. ~· 
' 

L " 1X 2X 

GAGE OVEAALL GAlO OVEAALL GAGE OVERALL GAlO OVERALL 
LENGTH LENGTH WIOTH . WIOTH LENGTH LENGTH WIOTH WIOTH 

O 250 ES 0.550 CP 0.125 ES O 847 CP 0.060 ES 0.24 M 0060 ES 0.030 M 

6.35 ES 13.79 CP 3.18ES 21.~1 CP 1.52.ES 15.1 Al 1.52ES 7.6 M 

Marrr11 s,ze 0.78L x 0.93W Hii.BL 1t 23.8W. Marr111 Sizs 0.24L .t O 30W 8.1L1fl.6W 

·'. 
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M-LINE ACCESSORIES. 

Student lnstruction Bulletin -... --:M:M: 
Strain Gage lnstallations with 

M-Bond 200 and AE-10 Adhesive Systems 

······. 

1.0 INTRODUCTION 

BecauSe the strain gage is an extreme! y sensitive devicC: ca
pable of registering the srnallest effects of an imperfect bond. 
considerable attention to detail must be taken to assure 
stable. creep-free installations. However. the techniques 
in volved are very simple. and readily mastered. 

This manual gives explicit step-by-step instructions for mak
ing consistently successful strain gage installations with 
M-Bond 200 and M-Bond AE-10 Adhesives. These direc
tions should be followed precisely. More detailed informa
tion may be found in the Measurements Group VideoTech'• 
Library and in the following publications: 

• lnstruction Bulletin B-129, Surface Preparationfor 
Strain Gage Bonding. 

• lnstruction Bulletin B-127. Strain Gage lnstalla
tions wilh .'vf-Bond 200 Adhesive. 

• lnstruction Bulletin B-137. Strain Gage lnstal/a
tinnrwithM-&ndAE-10/!5andM-&ndGA-2Adhesive 
SJ·stems. 

All operations described in this manual can be performed 
with the use of the Student Strain Gage Application Kit. The 
procedures outlined here are ideally suited to the classroom 
or teaching laboratory. For most teaching¡iearning activi
ties involving strain gage technology, the specially priced. 
first-quality Srudem Gages manufactured by Micro· 
Measurements Division ofthe Measurements Group may be 
used with ex.cellent results. 

2.0 STRAIN GAGE ADHESIVES 

Because consistently successful installation of strain gages 
requires the use of an adhesive certified for strain gage use. 
Micro·Measurements ;\I·LIN Eadhesives undergo extensive 
laboratory testing to ensure reliability and consistency of 
those pro"perties required in strain gage bonding. To assure 

accurate and reliable strain gage measurements, it is strongly 
recommended that a certified adhesive such as M-Bond 200 
methyl-2-cyanoacrylate or M-Bond AE-10 epoxy adhesive 
be selected for most generallaboratory installations. 

2.1 M-Bond 200 

Micro·Measurements certified M·Bond 200 is an ex.cellent 
general·purpose laboratory adhesive because of its fast 
room-temperature cure ande ase of application. lt is compat· 
ible with all Micro·Measuremems strain gages and all ca m· 
mon structural materials. M-Bond 200 Adhesive can be used 
for high-elongation tests (+60 OOO¡.tE), for fatigue studies, 
and for one4:ycle proof tests within a normal operating 
temperature range of -25° to +Iso•f (-32" to +65°C). 

7 2 C.'Silt._, -·--··-

The catalyst supplied with M-Bond 200 is specially formu
lated to control the reactivity rate. For best results, the 
catalyst should be used sparingly. Since M-Bond 200 bonds 
are weakened by exposure to high humidity, adequate pro
tective coatings are essential. Because this adhesive will 
become harder and more brittle with time, M-Bond 200 is 
not gene rally recommended for permanent installations over 
one or two years in duration. 

HANDLING PRECAUTIONS 

M-Bond 200 is a cyanoacrylate compound. !mmediate 
bonding of eye, skin, or mouth m ay resull upon conract. 
Causes irritalion. The user is cautioned to ( 1) avoid con· 
tact with skin; (2) avoid prolonged or repeated breathing 
of vapors; and (3) use wilh adequare venrilation. For 
addilional healt!t and safety information. consult the 
material safet.v dala sheet ....,hich is available upon request. 

The shelf life of M-Bond 200 is six months when stored 
under normal laboratory conditions. Life of unopened 
material can be extended by refrigeration [ +40° F (+5° C)]. 
Due to possible condensation problems, care should be 
taken to allow the unopened bottle to return to room 
temperature befare opening. Refrigeration after opening is 
not recommended. 

-17-



2.2 M-Bond AE-10 

Micro-Measurements certified M-Bond AE-10 is a 100% 
solids epoxy system for use with strain gages. lt offers the 
advantages of high elongation (lOo/e) and Ylider o¡)erating 
temperature range [ -.1 "0° to +200° F (-195° 10 +95° C)]. 
Beca use it is highly re~:.,:.ant to moisture and most chemicals, 
M-Bond AE-10 is recommended fOr permanerít installations 
over one year in duration. 

M-Bond AE-10 Adhesive is supplied in kit form with pre
weighed resin and sufficient curing agent for six separare 
mixes of adhesive. Allow the materjals 10 artain room 
temperature befare opening the containers. Each of the indi
vidual units of res in can be separately activated by filling one 
of the calibrated droppers with curing agent exactly to the 
number 1 O and dispensing the coritents into the center of the 
jar of resin. !mmediately cap the bottle of curing agenl to 
t,n•oid moisture absorplion. Mix the resin and curing agent 
for five minutes, using one of the plastic stirring rods, The 
po·t life or working time after mixing is 15 to 20 minutes at 
+75cF (+24°C). The pot life can be somewhat extended-by 
occasionally stirring the mixture, by cooling the jar, or by 
spreading the adhesive on a chemically clean aluminum 
plate. Discard the dropper _and stirring rod after use. 

HANDLING PRECAUTIONS 

While M-Bond AE-10 is considered relatively sáfe to 
handle. contaCI wilh skin and inhala! ion of its Vapors 
should be avOided. Immediately washing with ordinary 
soap and water is effective in deansing should skin con
tact occur. For eye contac.t. rinse thoroughly with ~opious 
amounts of water and consult 3. physician. For additional 
health and safety information, consult the material safety 
data sheet which is available u pon request. 

The shelf life of unmixed components is one year at rOo in 
temperature. During storage, crystals may form in the resin. 
These crystals do not affect · adhesive performance,· but 
should be reliquefied prior to mixing by warming the resin 

· jar to + 120° F (+ 50° C) for approximately one-half hour. 
Beca use excess heat will shorten pot life, allow the res in to 
return to.rooin temPerature befo re adding the curing agent. 

. 3.0 SURFACE PREPARATION 

Strain gages can be bonded satisfactorily to almost any salid 
- -- rñatefiaTif rne material surface ·¡sproper¡y-p·re¡)a_r.ed. Whi!C: 

there are many surface prep"aration teéhniques available, the 
specific proced u res and techniques described he re are a care
fully developed and thoroughly proveo. system. They are 
ideal for both M'Bond 200 and M-Bond AE-1 O Strain Gag e 
Adhesives. 

The purpose of sudace preparation .is .to develop a chemi
cally clean surface having a roughness appropriate to the 
gage installation requirements. a surface a_lkJ.linity of the 
correct ·pH. and visihlc gage layout lines for locating ilnd 
orienting the strain gage. The Micro-Measurement_s system 
of surface prepara.tion V.·il_i accomplish these objectives fo_r 
aluminum alloys and steels in five basic operations: 

• Solvent degreas_ing 

• Surface abrading 

• Applic<ition of gage layout lines 

• Syrface conditioning 

• NeutraliLing 

To ensure maximum cleanliness and best results. the follow
ing should be avoided in all steps: 

• Touching the su~face with the fingers 

• Wip_ing back and forth or reusing swabs or sponges 

• Dragging co.ntaminants into the cleaned are a from · 
the uncleaned boundary of that are a · 

• Allowing a cleaning Soiu'tion to evapo_rate on the 
surface 

• Allowing partially prepared surface.to sit between 
steps in the preparation procesS ora prepared sur-
face to sit befare bonding · 

Consult_Instruction Bulletin B-129 for other·test materials 
and for specia.J p_fecautions and considerations for surface 
prepJ.ration. 

3.1 Solvent Degreasing 

Degreasing is performed to remove oils. greases. organic 
contaminants, andsolu ble chemical residues. Degreasing 
should always bé the first operation. 

18-. 
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2.2 :\!~Bond AE-10 

\ticro-Measurements· certified \1-Bond .-\E-10 is a !000(; 
solids epoxy system fo~ use. with strain gages. lt offers the· 
ad\·antages of high elongatio.n (\OC() anq wider operatirig· 
temperature range [ -~20° to +200° F (-195-=- ro +9j° C;]. 
Beca use it is highly res;~· .. wt tQ moisture and mos.t chernicals, 
~vt-Bond AE-1 O is reconlmended for perrnanent installations 
over one year in duration. . 

\1-Bond AE-10 Adhesive is supp\ied in kit form with pre:
weighed resin and sufficient curing agent for six separare 
mixes of adhesive. Allow the materjals to attain room . 
temperature befare opening the ~o~ta_iners. Ea eh o!the indi- · 
vidual units ofresin can be separately activa_teq by filling ene 
of the calibrated dróppers with curing ageÍH exacrly to the 
nurnber 10 and dispensing the contents into the center of the 
jar of resin. !mmediarely L·ap rhe'bou!e of curing agent ro 
c;\·uid moisrure absorption. Mix the res in and curing agent 

. for five minutes. using one of the plasti.c stirring rods. The 
pot life or working time after mixing is 15 to 20 minutes at 
+75c F (+:4c Cj. The pot life can be somewhat extended by 
occasionally stirring the mixture, by cooling the jar, or by 
spreading the adhesive on a chemically clean aluminum 
plate. Discard the dropper and stirring r.od after use. 

HANDLING PRECAUTIONS 

While M-Bond AE-10 is considered relatively safe to 
han die. conract k'ith skin and inhalation of its vapors 
shoutd f/f~ avoided. lmmediately washing With ordinary 
.soap an~twater is effective in cleansing shou\d skin con
tact occur:•For eye comact. rinse thoroughly with copious 
amountSl'Óf water and consulta physician. For additional 
health and safety information. consult the material safety 
data sheet which is available u pon request. 

The shelf life of unmi:xed cornponents is one year at room 
temperature. During storage. crystals may form in the resin. 
These éiystals ~a o not affect adhesive performance, but 
should be reliquefied prior to mixing by warming the resin 
jar to + 120° F /+500 C) for approximately one-half hour. 
·secause excess heat will shorten pot life. allow the resin tó 
return to room temperature befo re adding the curing agent. 

3.0 SURFACE PREPARATION 

Strain gages can ):>e bonded satisfactorily to almost anysolid 
material if the material surface is properly prepared. Whi\e 
there are many surface preparation techniques available. the 
spc:cific proced u res and techniques described he re are a care
fully developc:d and thorough!y proven system. They are 
ideal for both M-Bond 200 and \l·Bond AE-10 Strain Gage 
Adhesives. · 

The purpose of su·rfar;e preparation is to develop a c.hemi~ 
cally clean suriace having a· roughness appropriate tO the 
gage insta\lation requiremc:nts .. a surface alka!inity of the 
correct pH. and \·isible gage layout lines for locating and· 
orienting the strain gage. The \1icro-\-1easufeme~ts system 
of surfaá preparation.will accomplish thc:se objecti\·es for 
aluminum alloys and stee!s in five basi_c operations: 

•· Solvent degreasing 

• Surface abradi~g 

• Application of.gage layout lines 

• Surface cond~tioning 

• ).'eutralizing 

To ensure ma.ximum c\eanliness and best results. the iollow
ing should be a\oided in al! steps: 

• Touching the surface \VÍth the fingers 

• Wipirlg back and fonh or reusingswabs or sponges 

• Dragging contaminants into the cleaned area !ro m 
thc: uncleaned boundary of that area 

• Al!owinga clea,ning solution to evapo~ate on the· 
surface . 

• Allowing panially prepared surface to sit between 
steps in the preparation process ora prepared sur
faceto sit before.~onding 

Consult lnstruction Bulletin B-129 for other test materials 
and for special precautions and considerations for surface 
preparation. 

3.1 Solvent Degreasing 

Degreasing is performed to remove oils. greases. organic 
contaminants, and soluble chemical residues. D~greasing 
should always be the first operation. • 
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DegreaSing can be accomplished using a solvent such as 
CSM-1 Degreaser. Spray applicators are preferred to avoid 

3.4 Surface Conditioning 

- --back-comamination-of-the-parent solvent:--Use a clean·gauze-- ----,------~----'---------,----.,-- --- -----· tt sponge to e lean the eiuire specimen, if possib_le. or an are a 
covering 4 to 6 in ( 100 ro 150 mm) on all sides ol the gag e 

_ ~ location. 

. ,~ 

3.2 Surface Abrading 

The surface is abraded to remove any loosely bonded adher
ents ( scale. rus t. paint. coatings. oxides. etc.). and to develop 
a surfaCe texture suitable for bonding. For rough or coarse 
surfaCes it may be necessary to start with a grinder. disc 
sander, or file; bu t. for most specimens a suitable st:r:"ace can 
be pi-oduced with only silicon-carbide paper of th~ appro
priate grit. 

Place a liberal amount of M-Prep Conditioner A in the 
gaging are a and wet-lap with clean 320-grit silicon-carbide 
paper for aluminum. or 220-grit for steel. Add Conditioner 
A as necessary to keep t_he Surface wet during the lapping 
preces~. 

When a bright surface is produced. wipe the surface dry with 
a clean gauze sponge. A clean surface ofthe gauze shouid be 
used with each wiping stroke. A sufficiemly large area 
should be cleaned to éns.ure that contaminants wi\1 not be 
dragged back into the gaging are a during the steps to follow. 

Repeat the above step, using 400-grit silicon-carbide paper 
for aluminum. or 320-gril for steel. 

3.3 Layout Lines 

The desired location and orientation ofthe strain gage on the 
test surface should be marked with a pair of crossed, perpen
dicular reference lines. The reference or layout liries should 
be burnished, rather than scored or scribed, on the surface . 
For aluminum, a medium-hard drafting pencil is satisfac
tory. For most steels, a ball-poi[tt pen ora tapered brass rod 
may be used. All residue from the burnishing operations 
should be removed in the following step. 

==-== . ..::> 

After the layout lines are marked. Conditioner A shou!d be 
applied repeatedly, and tht: surface scrubbed with cottoÍl
tipped applicators un ti! a cl_ean tip is no longerdiscolored by 
scrubbing. The surface should b_e kept constantly wet_with 
Conditioner _A until the c!eaning is completed. When e lean. 
the surface should be dried by wiping through the cleaned 
~rea with a single slow stroke of a gauze sponge. The stroke 
should begin inside the cleaned are ato avoid dragging con
tarriinants in from the surrounding area. Throw the used · 
gau.ze away and. with a fresh gauze. make a single Slow 
stroke in the opposite direction. Throw the second g,auze 
away. 

3.5 Neutralizing 

To provide Optimum alkalinity for Micro-Measurements 
strain gagc adhesives, the cleancd surfaces must be neutral
ized. This can be done by applying M-Prep Neutralizer 5A 
liberally to the cle"aned sU:rface. and scrubbing thc surface 
with a clean cotton-tipped applicator. ;"[he cleaned surface 
should be kept completely wet with Neutralizer 5A through
out thiS opcration. When ncutralizcd, the surfacc should be 
dried by wiping through-the clcaned arca with a single slow 
stroke of a clean gauze sponge. Throw -the gauzc away and 
·with another fresh gauze sponge, make a Single stroke in the 
opposite direction. Always bcgin withinthe cleaned arca to 
avoid recolna_miriation from t~e uncleaned boundary. 

If the foregoing instructions ha ve· been followed precisely, 
the surfaee is now pro'perly prepared for gagebonding. The 
gages should be installed within JO minutes on aluminum or 
45 minutes on steel. · 
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4.0 STRAIN GAGE BONDING 

The electrical resistance strain gige is capable of rri.aking· 
acc'urate and sensitive indications of strains on the surface of 
the test part. lts performance is abso\utely dependent on the 
bond between itself and the test part. The procedures out~ 
lined below will help ensure satisfactory bonds when using 
\1-BrJnd ~00 or :\E-10 Adh~sives. While the steps may 
appear unduly elaborare: these techniques have been used 
repeatedly in strain gage installations which ha\·e yielded 
consistent and accurate results. The steps shown assurne that 
a termina!~úip will be used. \\'hen CEA-Series gages are 
used. no strip is re4Uired. 

4.1 Handling and Prepaiation 

\1icro-Measurements Strain gages are specia!ly treated for 
optimum bond formation with all appropriate .gage adhe
Sives: ~o funher cleaning is necessary if contamination of 
the prepared bonding surface is avoided during handling. 
(Should contamination occur. clean with a cotton swab 
moistened with a low residue solvent such as Jf-L/SE"t'.eu
iralizer SA or GC-6\sopropy\ Alcohol. Al\ow the gage to dry 
for severa\ minutes befo re bonding.) Gages should never be 
touched with the hands. 

Remo ve the strain gag e frorn its acetate en velo pe ~y grasping . 
the edge of the gage backing with tweezers. and place on a 
chemical\y clean glass plate ! or ernpty gage box) with the 
bonding side of the gage down. Place the appropriate termi
nals (if any) next tO the stra:n gage solder tabs. leaving a 
sp<i.ce of approximate!y 1 16 in (/.5 mm) between the gage 
backing and term_inal. 

á;:;y 

üsin·g. a '4-to-6-in (IOO·to·fjO.mm) length of M-UNE 
PCT-ÍA cél\ophane tape. anchor one end of the tape to the 
glass plate_ behind the gage and terminal. Wipe the tape 
firmly down over the gage and terminals. Pie k the gage and 
terminals up by careful\y lifting the tape at a shal\ow angle 
(30 to45 degrées) until the tape comes free with the gage and 
terminal attached. (The shallow angle is important to avoid 
over-stressing the gage and causing permancnt resistance 
changes.) Caution: Sorne tapes may contaminate the bond
ing surface or react with the bonding adhesive. Use only 
tapes certified for strain -gage installations. 

The strain gage is now prepared for positioning on the test 
specimen. POsition the gage: tape assernbly so the triangle 
alignment marks on the gage are over the layout lines on the 
specimen. Holding the tape at a shallow angle. wipe the 
assernbly onto the specimen surface. lfthe assembly is mis-· 
aligned.lift the tape again ata shallow arigle un ti\ the assern
bly is free of the specirnen. Reposilion and wipe the assembly 
again with a_shallow angle. 

,_ 
-·- --. 

In preparation for applying the adhesive. lift the end of the 
tape opposite the solder tabs ata shallowangle until the gage 
and terminal are free of the specirnen. Tack the loase end of · 
the tape under and press to the surface so the · gage líes flat 
with the bonding side exposed. 

The appropriate adhesive m3.y now be applied. The proce
dures for M-Bond 200 and M·Bot1d AE-IQ are describ€d in 
the two sections which follow. · 1 ' 
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4.2 Bonding with M-Bond 200 

M-Bond 200 Catalyst should be applied Sparlngly in a thin 
uniform coat. Wipe the brush against the lip of the bottle 
approximately ten times to remove most of the caialyst. Set 
the brush down on the gage and swab the gage backing by 
sliding- not brushing in the paiming style ·.:...._ the brush o ver 
the entire gage surf·ace. \1ove the brush toan adjacent tape 
are a prior to lifting from the surfaá. Allow the catalyst tÚ 
dry at least one minute under normal ·ambient laboratory 
conditions. 

The nexl 1hree steps must he completed in sequence wirhin 
rhree rú jl\'e .wcUnJs." -R-~OJ ihi!se sre{JS.bi!/0~1! ¡Jrocáding. 

Lift the tucked-under tape. Holding the gagejtape assembly 
in a fixed Position, apply one or two drops of M-Bond 200 
Adhesive at the junction _of the tape and specimen surface, 

"about 1/ 2 in ( 13 mm) outside the actual· gage installation 
are a. 

!mmediate/y rotate the tape to approximately a 30-degrú 
angle so that the gage is bridged over the installation ai'ea. 
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Holding the tape slightly taut and beginning from the tab 
end of the gage, slowly and firmly make· a single wiping · 
stroke~over th.e-gage/-tape-assembly-with-a -e lean -gauze--- ·--- --
sponge to bring the gage back down over the alignment 
marks on the specimen. Release the la pe. · 

lmmediately u pon completion of the abo ve step. discard the 
· gau:e and apply·firm thumb pressure to the gage and termi
n·al an!a: This pressure should be he id for at least one minute. 
Wait tw<;~ minutes befare the next step (tape removal). 

The gage and terminals should now be bonded to the speci
men. To rernove the tape. pull it. back directly O~'er itself. 
peeling it slowly and steadily_ off the surface. 



.. 

4.3 Bonding with :\-1-Bond AE-10 

(This section follows 4.1 when using '4-Bond AE~IO Adhe
sive.) '-'lix the Res in AE with Curing Agent Type 10 per the 
instructions in Instruction Butletin B-\J7 supplied with the 
adhesive. 

Coat the specimen and back of the gage and terminal with 
the prepared \1-Bond A E-lO .Adhesive. The mixing rod m ay 
be used to apply a thin \ayer of adhesive over both surfaces. 
Be carefu/ no e ro pick up any unmixed components of the 
adhesi~~e.·T o ensure this. wipe the mixing rod Ctean and then 
pick up a very small amount of adhesive fiom the central 
are a ot t he adhesive jar. After appl ying the ad hesive. proceed 
immediately to the next step. 

Lift the tucked-over end of the tape and bridge over the 
specimen installation area at appro:~imately a 30-d~gree 
amzle. Beginning ira m the tab end of the gaee and using a 
cl!!;n gau;e spo;ge. slowly and flrmly makC:; single wiping 
stfl)ke over the gage/tape assembly to bring the gage back 
down over the alignment marks on the specimen. 

'· 

Place a silicone rubber pad anda back-up plate over the gage 
instailation. Appiy force by dead weight or spring clarTI.p 
until a pressure oí 5 to 20 psi (]5 ro 135 k N/ M') is attained. 

· Take careto ensure the pressure is equal over the en tire gage 
surface. 

The \!-Bond .-\E-10 .-\dhesive will develop adequate bond
ing strengt~ in six hours at room temperature [ -75° F 
(+~.Jc Cj]. The time may be reduced by increasing the 
temperature of the glueline perthe schedule below. \\'arning: 
For curing tempera tu re abo .. ·e +150° F (+66°C) a special 
m~·lar tape" mu~t be used for gage handling. anda Teflo~~. 
strip shoul_d be placed betwéen the gage and the silicone 
rubber pad. 

1 

REC0:\1:\IE:o;DED CCRE SCHEDL'LE · 

GlUELir.E 7E'-IPERATURE IN •e-
,. 

"' " •oo '· ' '" • 1 1 j 1 1 11 11 1 1 ' 1 1 ' ' i i 11 li . 1 1 1 1 11 
• \1 1 1 1 1 1 ! 1 1 11 11 

: 1\ 1 

' 
o 

! 1 1 1 11 1 1 11 
. 1 ']h.. 1 1 i 1 11 i 1 11 

1 11 
' 

.11 ' 1 11 . 7!> 100 1~ IS(: 175 200 .~ l'!>O 21~ 300 lZ5 l5-0 ]1'!> 

GlUELINE TEMPE~ATURE IN 'F-

After the adhesive is cured. remove the clamps or weights. 
the silicone pads and Tet1on strip (if used). To remove the 
tape. pull it back directly over itself. peeling it slowly and 
steadily off the surface . 

~Registered trademark of DuPont. 
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5.0 SOLDERING TECHNIQUES 

----~ --r===-==--=--=--==-=-_,.,...., __ ,..,..,_ -=-":"0:--=-=-:o::-=-=--=-:=J-

·(f the strain gage is without encapsu\ation or preatiached 
lead ribbons. mask the gage grid area with drafting tape, 
leaving only the tabs exposed. 

After the soldering iron has reachi!d operating temperature. 
cit"an the tip with a gau¿e sponge and tin it with fresh so\der. 

_Tin the gage tabs and terminal tabs (if used). Melt a srnall 
·_ amount of solder on the tiP of the soldering iron. \ay the 

rosin-core solder wire across the gage tab or copper terminal. 
Firmly apply the iron tip for one second, then simuitane· 
uusly lift both solder and ti p. A bright:s-hiny. t:\'en mound of 
so\der should ha ve been-deposited on the tab. lf not. repeat 
the process. lf spikes are formed ratherthan smooth beads. it 
is a sigo of inadequate flux. dwelling too long with the iron, 
and/or an impropCr iron temperature. Feeding the cored 
solder into the tab area during heat application will incre·ase 
the amount of flux available.~ 

For a three-conduCtor lead-in wire, separate the individual 
leads for 3¡.4 in (20 mm). Strip away·l/2 in (13 mm) of 
insulation by using the soldering tip to melt the insulation on 
both sides of each end of the wire 1 ¡ 2 in (13 mm) from the 
ends and quickly pulling off the insulation. Warning: Do not 
use a knire or other blade lo cut the insulation. When· the 
main leadwire is stranded and terminal strips are used, it is 
often convenient to cui all strands but one to fit the size of the 
copper pad. The long mand can then be used as the jumper 
wire. Soldering is made considerably easier by this method. 
This is Unnecess.ary when the leadwires are bonded directly 

. to the solder tabs on CEA-Series strain gages. 

Holding the tip of a finger on the tip of the tinned wire for 
safety. cut each wire wirh diagonal wire Cutters leaving l ;'8 in 

~ (3 mm)_of_e_xpgs~d,..!ir!Jl._e_d_Y!'jr_e_.~. · ---· _____ ~- __ _ 

Tack the ieJd-in wires to the specimen with drafting tape so 
the tinned end of the wire is spring-loaded in contact with the 
solder bead. Complete the solder connection as befare bv 
applying solder and iron tip for .one second and removing 
simultaneously. 

Apply ·ros in so\vent liberally to the solder joints. Drafting 
tape may be removed by loosening the mastic with rosin 
solvent. Remove áll solvent ~·ith a gauze sponge. using a 
dabbing action. Repeat. 

TaPe or otherwise secure the lead-in wires to the sp_ecimen tÚ 
prevent the wires from being accidentally pulled fro_m the 
tabs. A stress relief"loop"should be placed between the tape 
and the solder connections. 

Apply a protective coating over the entire gage and terminal 
area. For most laboratory uses, M-Coat A will. provide 
adequate long-term protection. The coating should be con
tinU:ous up to and over at least the first 1/8 in (3 mm) of 
leadwire insulation. 

The properly installed strain gage_ will ha ve a resistance to 
ground of al leást 10 000 lo 20 000 megohms. Checking 
leakage resistance with t~e Model 1300 Gage lnsta\lation 
Tester is highly recom·mended . 
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6.0 TWO-AND THREE-WIRE CIRCUITS 

. .1.!1 cornrnercial static strain indicators employ sorne form of 
t he Wheatsto ne bridge ci re u it to detect the resistance changc= 
in the gage with strain. 

When iJ:single active gage is conn~cted to the Wheatstone 
bridl!e with on]\· two wires. as shown in the accompany1ng 
sche';,atic. both-the \~tires will be in series with the gage in the 
same arm of the bridge circuir. One of the áfects of this 
~rrangement.is that te~perature-induced resistance changes 
in the~ !ead~:ires are manifested as thermal output by the 
strain indicator. 

Two-wire circuit jor single active gage fquarter bridge) 

The errors dueto \eadwire resistance changes in sing\e-gage 
installations with two-wire circuits can be minimized by 
minimizing the total leadwire resistance: that is. by using 
short lead~ires of the largest practicable cross-section. 

T~o·~·ire circuitjor two gages (half bridge) 

When two ~atched gages are connected as adjacent arms of 
the bridge:¿ircuit (with the same length leadwires, main
tained at the same temperature), the temperature effects 
cancel since thev are the same in each arm. and .. like" resis
rance changes fn adjacent arms of the bridge circuit are 
se!f-nullif ying. . 
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Leadwire effects can be virtually eliminated in single active 
2:age installations bv use of the ''three-wire" circuiL In this 
~a;e a third lead. rePresenti-ng the cemerpoint cbnnection of 
the bridge circuit. is brought out to ene of the gage terminals. 
Resistance changes in the bridge ct!nterpoint lead do not 
affect bridge balance. 

For this method of \ead\vire compensation to be effective. 
the two lc:adwires in the adjaceru bridge arms should be the 
same !enllth. and should be maintained at the same tempera
ture. Th; three-wire circuir i$ the standard method of con
nection for a singlt! acti\-e temperature-~ompensated st~ain
gage in a quarrer-bridge arrang~ment. 

_i_ 
h··· 

'; ... ,,; 

'" ... ..._ .. 

O, 

Three-wire circuit jor single active gag e fquarter bridge) 

Contact resistance at mechanical connections within the 
Wheatstone bridge circuit can \ead to errors.in the.measure: 
ment of strain. C~nnections shou\d be snugly made. Follow
ing bridge balance. a "wiggle" test should be made on wires 
!e;ding ~o mechanical connections. ~o change in balance 
should- occur if good connections ha ve bet:n made. 

lf necessary, contact surfaces m ay be cleaned of oils with a 
low residue solent such as isopropyl alcohol. If long periods 
af disuse ha ve caused contact surfaces to tarnish. clean them 
by scraping lightly with a knife blade. 

~;: 
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7.0 TROUBLESHOOTING PROCEDURE 
M-Bond 200 Gage Installali~m 

______ -~~-Lanempted.to.install.a strain.gage.w!lh.M--Bond.200.Adhesive,.but the.gage unbonded.!rom.the.testsuriace.when.Lremoved.the.handlmg.tape.~- -~-
What should 1 do? 

., 

• 
Vl~en ::1e gagt! 1a1ts :o aonere ro me test-can sur!ace. ot •S necessarv ot course. :o 'eoreoare :ne su nace anc ons1a11 a ,,e,.. gage 8e:or" oo•ng so. nowever :ouow rnrougr. rnos rrouoresnoo11ng 
oroceoure te •so1.11e :ne CdllS€ or -:.lt.:S€5 Ot bono rarlurt~. Amor<¡ 111e hrst se• en ~'.J€S110ns_ ¡ny ouesr•on -..,n,cn car"not ce ans-... er<:o prec•Si!ly anc r,mry .-mn '(ES '1aS NO tor otS ans·..,er 
rr:escectr•,e ot er.~<:~unJ>:Mg ene or mote NO ansm~rs. rne trOUOhJsnoour.g orocect.::e shot.:td Dt! ~0'1to:1tJt!O '113 tne oasned l•nes to •Oentrt\' aCO•I•onat mstdllaltOn St&ps wnocn mav :>Ct :>a•e 
::.eer. certcrmt>o :::rooerry. In ar.y case. a caretul :evtew ot Mocro-t.teasverrents ;r.~HI..Ct•on Bullet1n B-~.F. S,",¡.r; LiJ<;oc> u•o;;:;.J:-c:rs .1::-" •.: :3.::";; ..:'D.,.' -',:na~·-<'. tS recommenoec oetere 
ar,emotrl"lg te rr.starl J neN gage. S.-e also t~e V•oecTecn·~ Lrbrar,. 

Was catJiyst iiCOIIeO 10 :~.- oorcrng ~una~ e ut :nt 
gage. usrng t'1e sroe ot m.- orus:-: a_rter ,...,crng :ne no 
orusn cr. :r:e 110 ot :11e bO!lle at :east ten t1m.os? 

Was aCI1f!Sive aoo~>eo +n a or;:,p en ::-~e test-can _.
su:iace. 1 2 1n , rJ mm1 outsooe ot tne gaqe •nstat· 
ta:,on area as snown .n F•g 3 Butteun 9· 127? -no 

1 ,,, 
Was :re aonesr.e rlow,;,o unoi!r the gage ay ,...,o ¡..
rng the gage stowly •2·3 seconost al"lo tormty ante 
tr>e sur1ace as snown 111 F1g. 9. 8ullet•n 8-127? r-no 

y es 

' Was t.rm tn~mo oressure a.ppheo :a· :r:e oonoeo f-. 
gage w1tn•n ene secono aner tne gage contacteo -
::-:e s~.;r.::~ce. ano r:eto ter atteast ene m1nute? r-no 

y es • Was tne :aoe attowec te remarn on the gage at ~
leas! two monutes alter tnumb pressure was re· 
ieasea? 1- no 

y es 

'Nas me :aoe peeteo mreclly bacK on rtselt as 
snown •n Frg. 11 01 8u11etrn 8-127? 

y es 

Nas aor:esr~e thm ano ctear wnen compareo toa 
new oottte? no 

y<S 

W.1s aones.ve usea or~or 10 tr.,¡ e•poratton date on 
tne oo111e' 

y es 

' Cl•c JGr:es.ve rernarn on tne ooncrng surtace el 

00 

tr:e ')3Q8 35 ju0g80 trom COmpartSOil Wltrl a llf!W rn0 
;a<;e) 

Ooc acr>esr·;e re~arn on tnt! gaga area ot tne test 
pan as ¡~..oOgeo trcm com¡::anson wnn a ctean area -no 
::r me oar:' . 

1 
y es 

WJ.s tne aones1~e 11\ 1he gaQe area ory. m01catrng 
:natrt nao orooerty set u o' 

't' 
00 

ts aonesrve present on me' tes! part rn the area 
comoletely surroundrng tne gaga area. rn.orcaung -no 
that aonesive Howeo out oeneatn the gag e' ' 

Conlrnue trouoresncct.ng orace --... r-dure :o raenuty acor::cnal 5teos 
~01 orooer~y e•ecu!eé 

' ' ' ' __________ .; 

' ' ' Us;ng a 1 16-1n ,· r-S·mm1 :nrcK atumonum soec 

' •men. pract<ce rnstathng a gage. iottewong ~r&· 
' ,. . crsety me rnsi~uc:•ens 1r: B~.;llet;ns B·t2i ano 

' B-129. Alter tne gag e rs oonaeo. nota :ne soec-----------.J •men crosswrse agarnst a rrgoOiy mounteo 
J·4·rn 119-mml orameter reuno ::lar. W1111 tM 

' trans~erse centertme ot :ne gnc ovar me a .. at 
' 
' centerhne ot lhe oar Now. c-eno tne soecrm.on 

' arouno the oar un:<! a U·snaoe os tormea " ' prooerty mstartea. me gage snouro not orsoono ' ' .o•ceot :or ~ernaps t 16·•n 1 r 5-mm¡ or so a1 ________ .:._ . .; 
e1111er ene. Repeat orac!lce rns:allat10ns. orag· 
nosmg eacn :aun·; rnstattaHon ,...,¡n tn1s t:ou· 

' Otesnoo!lng orocecure un!ll conSIStentty prqper 

' ' 
~nomg •s acn1e~ec 

' 
' ' ' ' __________ .J 

1 ' 
' r ' ' CHECK THE GAGE RESIS· 
' ' TANCE ANO THE RE SI S· 
' TANCE TO GROUNO WITH ----------.J Does gaqe 

bono tormty y es_.. THE MODEL ÚOO STRAIN 

' te test ¡¡art? GAGE INST ALLATION TES· 
' TER, ANO COMPLETE THE ' ' INST ALLA TIOH. 
' ' ··--------"" 

Rectean tne test-par¡ Sl..'rface tno1:>ugnty 
removrng atl traces 01 pravoa ... s rnstallat•on 

Aeptace aone_srve wttn tresn ~ L-. anempts. ano p1oducrng a tresn, wgon surtace 

oonte. oT tne test·ob¡ect mamr1a1. Maka cenam tila! al! 
surtace preparatren materoals .ara CltJan ano 
wothrn 111er1 recommenoed snett 11~es. Usmg 
tresh adnesr~e ano catalyst. ano tollow•ng me 
orrecuons rn Burteuns 8-127 ar.d 8·129 ore· 
crsely. reattempt tne gage rnstallauon wrth a 

--+ Gag e was proo.aoty con1amonal· - new gage. 
ao Ourmg storage or nandlmg 

Was gage instaii&O 1mmeo•atety 
oo+ 

Surtace ma~ na~e eeen con· 

r---... tottowrng surtace oreparauon to tam•nateo at1er surtace prepara-
prevent r econta m 11\3110 n ol !IOn. 
SQ«:rmen? 

y;s 
Sur1ace preparat•en was not aoequate tor prooer 
gage bOnO•ng. 

1 

tnaoequate thumo pressure. or tace removed too 1. 
soon. or num•d•ly or temperatura too extreme. 

1 

. 

--... lnsut1ic•ent aonesrve usad. or aones1ve not wrped 
unrtormty o~er the an11re .:_;ar:;e area. 
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Micro-Measurements has been a trusted na me in the field of Strain Gag e Technology for many years. Weare proud 
of our wofl.dwide reputation as a premier supplier of high-quality precision strain gag es and strain gag e accesso
ries. and"are fully committed to maintaining our position as the leader in this field. This short-form catalog of 
M icro-Measu rements strain gag es and related products is intended to provide a condensed overview of the sensors. 
supplies:\~'nd tools commonly needed for typical strain gage applications. 

Micro-Me,isurements was independently founded and operated in the early 1960's. A few years later it became a 
part of Vishay lntertechnology, In c. and. in late 1973, was incorporated with the other stress analysis divis1ons of 
Vishay into a singleentity- The Measurements Group. All divisions of the Measurements Group are now located in 
our world headquarters facility near Raleigh, North Carolina. Micro-Measurements maintains an additional strain 
gage productión facility in Romulus. Michigan. 

Customer Support Services 

The common denominator in all Micro-Measurements products and services is our dedication to helping you 
achieve consistently accurate and reliable strain measurements. And we've made so me significan! commitments to 
help ensure your success: 

We publish.the.widest range of technical 
reference ljterature in the strain gage field
available·th'rough the Measurements Group's 
Technical Data Mailing Program. 

•¡' 

We respond quickly to requests for "specials" 
to suit individual requirements. 

. <' ·'.· 

An experienced and friendly Applications 
Engineering staff is readily available by 
phone,o'r .letter. 

~. ; . .';~¿· ,:. . . '·-~ . - . ~-f.!.:·~:. ... , 
:~~:· .~ 

l 

·~ .. t.'¡• . . . . 

We offer a variety of comprehensive technical training programa from 
beginñer to advanced levels in strain gage technology.The Measurements 
Grou'p regularly conducts workshops and technical seminars in our Tech
nical Training Center in Raleigh, North Carolina and al locations through
out the i-J.S. and the world. 

-28-
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This introductory catalog contains abridged strain gage listings 
which are representative of the types and sizes most widely u sed in 
stress analysis applications. Forthose involved in extensive stress/strain 
measurement programs, it is advantageous to request a copy of 
Micro-Measurements Catalog 500. The gage listings in Catalog 5_00 
include essentially al_l standard types and pattern configurations 
manufactured by Micro-Measurements. Considering the variatlons 
in pattern design, grid alloys, self-temperature-compensatlon 
(S-T -C) numbers, backing materials, and optional features, there 
are o ver 100,000 possible gag e types from which to select. 

Catalog 500 contains a bread range of pattern configurations and 
sizes, designed to meet the many and varied test requirements 
encountered throughout the field of experimental stress analysis. 

A special g'roup ot strain gagas - Transducer-Ciass3 -
has been_ developed specifically for transducer appli
cations. Transducar-Cias& strain gagas, described in 
separata Micro-Measurements literatura. are a select 
group of standard and special gaga patterns_designed for 
optimum cosVperformance ratio (in transducer service) in 
high-volume production quantities. 

_4tGage Listings 
Reproduced below is a sampl~ Catalog 500 listing 
for a single, representativa gage pattern. The listing 
in eludes a tabulation of all gag e series in which the 
pattern is available, as well as optional features 
applicable te each series. Complete descriptions of 
the gage series, options, etc. are provided in the 
introductory section of Catalog 500. 

ES "' hch S..:tlon 
S "' S.C:IIon (51 "' S.C 1) 

CP = Complel1 P1n1m 
M "' WÍU11 

GAGE 
DESIGNATION 

lnMrt o.tlr.d 1· T ·C No. 
In S,.c:n MatUd U 

RES. 
IN 

OHMS 

1 

OPTIONS AVAILABLE 
Add lndk:ateó l'1iw To PK; ...... Priee 

Not1; ltoc:k la.tq lymbob Do Not 
Apply To G"V" Wlth Opllonal haturn 

LE 

125AD ~ .-_.¡.pu._-- Soe allo 125AC pellom. EK-8eftel- ue aupp(léd wl1h duplox 
- I)MD (DP) _, opllonalleoture W ot SE la not opocifted. ·.- ' 

• EA-XX· 125AD· 120 120 ±0.15% 

ED-DY-1 25AD-350 350 ±0.3% •• EK-XX· 1 25AD·350 350 ±0. 15% 

WA·XX-125A0·120 120 ±0.3% 

WK·XX· 1 25A0·350 350 ±0.3% 

EP.08-1 25AD· 120 120 ±0.15~ 
SA-XX- 1 25A0-120 120 ±0.3% 
SK-XX-125A0:350 350 ±0.3% 

SO·DY·125AD·350 350 ±0.6% 

WD-DY· 1 25AD·350 350 ±0.6% 

-29-
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Strain Gage Desñgnation System 
and Selection Chart 

In selecting the most suitable strain gage for each application. consideration must be g1ven to the variations in t 
pattern design, grid alloy, self-temperature-compensation (S-T-C). backing material: and optional features. The 
gag e designation system and standard strain gag e selection chart shown on this page presenta partial summany of 
the many·combinations of these factors availaole in Micro-Measurements strain gag es. For brevity, this summary is 
limited to·those gage series and optional features.listed in this catalog only. When selecting or ordering a strain gag e 
from this!catalog, these charts will provide a key to choosing the appropriate gage for your application. 

·-tr·- · 
A complete. detailed designation system and selection chart are included in Catalog 500. 

"'1,,: ' . ' . . 
When tesr.conditions are severe, or when there are unusually stringent demands on accuracy and stability, 
selection ·of the optimum gag e parameters to satisfy the test specifications can involve a number of subtle 
considerations. Asan a id in systematically arriving at the most appropriate gag e type, given a specific measurement 
task, Measurements Group Tech Note TN-505, "Stra1n Gage Selection Criteria. Procedures. Recommendations",
available on request from the Measurements Groups Applications Eng ineering Department, will provide a valuable 
reference for use in conjunction with these selection cnteria and charts. 

Self-Temperature-Compensation 

Foil Alloy 

Carrier Matrix (Backing) 

1
C E A- O 6-2 5O U W- 1 2 O 

T 
E: Open-faceo. cast polyimide bacKing A: Co:"lstantan alloy tn self-temoerature-

W: Fully encaosuta:ecl: glass-fiber-retnlorcea 
eooxy-onenoltC resin. High-enaurance 
leacwtres 

compensateo form. 

P: Annea!ed Constantan. 

O: lsoe1ast1c a11oy. 
CE: Tr11n. flex:ble gages with a cast polyimide 

bac.(tng ano encaosulation leatum.,g targe. 
~uggec. copper-coatea solder_ taos. Thts 
ccnstructton provides opttmum capability 
lar direct teaawtre attacnment. 

K: Moailied Karma alloy 

-

EA 

CEA 

General-purpose static ana oynamic stress ana1ysis. Wide 
range ot options availaole. · 

• Universal general-purpose strain gaget. Constan tan 
grid completely encaptulated in polyimide. with la~e. 
rugged, cooper~oated taba. Primaríly u:Md fo4' generai

·-PU!'POH static and dynamic streaa ana1Y$it. 

'"' q. 

Normal. -100• to •Jso•F 1-15• ro •1!5'CJ 
Special or Shon Term 

-320• to-·4oo•F 1-195° to •2os~c¡ 

Normal: -1oo- te •35Q"'F r-7SO to •17s-C) 
Staclteci rosenes llm1UKl to •1~F (~C) 

ED Excellent lor dynamic maasurements. High gaga factor 
·ano extenoed fatigue lile. Dynam1c: -320• to •-400•F 1-195• to •2os•c¡ 
4 

. 

WA 

WK 

EP 

WD 

Stlass analysis and transducer applicat10ns. Wide temper
atura ranga ano extreme environmantal capabihty. High
endurance teaowires 

Widest temperatura range and most extreme· env•ron· 
mental c8paoility. High-enouranca leadw•res. 

High·alongatlon maasurements (post yield). Only avail· 
abte in 08 S· T-e value. 

For wide·range dynamic suain measurements in se
vera env1ronments. Higt11ndurance leadwires. 

·Fatigue lita improv&d usmg low-modulus sotder. 

Normal: -HXl" lO ·-40Q•F f-75° to •205"CJ 
Special or Shon-Term: 

-320" to •SOO"F 1-195" ro •260'"CJ 

Normal: -452• to •5so•F (-26go ro •290'"C¡ 
Special or Shon-Term: 

-452" to •750"F f-269• to •4WCJ 

-30-

Active Gag e Length in Mfls 
(thousa_natns o! ar: tnch) 

Grid and Tab Geometry 

Resistance in Ohms 

The S- T-C number 1s the approx1mate :r.erma. 
exoans1on coeflic1ent 1n PPM;' F o! the str:.;ctural )
mate na\ on whiCh tl'le gage 1s to oe useo. The' 
lc!IOwing s:anoard compensat10ns are avaliaole: 

A and K alloys: 06. J3. 

P alloy: 08 

The O alloy 15 not available in sell-tem¡::erature
compensated form. ·oy· is Used 1nsteao: 

1 

::3~ lor gaga lengths 
unoer 1/8 in (3.2 mm). 
::5"1111or 118 in & over. 

::3'111 tor gaoe '-nQlht 
unoer 118 in (3.2 mm J. 
::s-. for 1/8 in & O'tflf. 

=2'llt 
Nonlinear al strain 
lavels over -0.5% 

::1.5"' 

:: Hl.,._ lor gaga tangths 

!:1800 

=1500 
::1200 

::1500 
r1SOO 

::2500 
::2200 

:=::2000 
:=::1800 
=1500 

:=::2-400 
::2200 

:2000 

::1000 

"'' 1(,¡11 

10' 

""' 10'" 

"" '•J1 

--
•:y 

'"' 10' 

1()0 
10' 

"'' 
10' 

under 1/8 in (3.2 mm¡ EP gagas show zero sh1h 
-2QG!t. for 1/8 in & over. unoer n•gh·Cychc strams. 

~1_5, 

Non linear al stratn 
levels ovar :=O.SIIIt. 

~3000 

=2500 
=2200 

"'' 10' 

"'' 



., 

. \. 

-.M-M-- - -- - -- Super Stock Gage Listings Section 

The gages listed on this and the following page represen! the most widely used types for general-purpose 
experimental stress analysis. Gage lengths range from 0.015 to 0.500 in (0.4 to 13 mm) in a wide range of pattern 
configurations. In addition to single-element gag es in a variety of sizes and a.spect ratios, the list includes two- and 
three-element rosettes for use in biaxial stress fields. There are al so twin-element chevron patterns for measuring, 
shear strain or torque. Grid resistances of 120,350, and 1000 ohms are available. · 

Selection of gages from this list will generally lead to the best delivery and, in many cases. toa price advantage as 
well. The "C"-feature, or CEA-Series, stratn gag es are normally the first choice beca use of the e ase of installation. 
These gages have rugged, copper-coated solder tabs, permitting direct leadwire atiachment. · 

All gag es in this llst are classified as Super Stock. Thls means that Mlcro-Measurements guarantees lo maintain 
stock for oll-the-shelf delivery of al leas! 10 packages of any type llsted In 06 and 13 self-temperature-compensatlon 
numbers (except 08 S-T-C for Palloy and OY for lsoelastic). The.re are no Mlnlmum Order Requirements for gag es 
selected under the above condltions. 

lf your application requires a gag e that is not listed he re, yo u should refer to Micro-Measurements Catalog 500, 
which includes all standard, general-purpose Micro-Measurements strain gages. All gage patterns are shown at 
actual size except where enlargement is necessary for geometry definition. 

GAGE OESIGNATION ANO PATTERN 

CEA-XX-015UW-120 

Micro-miniatura pattern with 
large ex poseo sotder tabs lar 
high-strain-gradient apphca
ttons. Exposeo tab afea is0.06 
x 0.04 in (1.5 x 1.0 mm). 

CEA-XX-Q32UW-120 

Short gage length pattern 
wllh targe exposed soldar 
t_abs for high-stratn-gradient 
apphcahons. Exposed tab area 
is 0.07 K 0.04 m f 1.8 x /.0 mm). 

EA-XX-031 OE-120 

Miniatura pattern lor posi· 
tionmg adjacent to htgn stress 
concentrattons: e.g .. hales. 
lillets. etc. 

WA-XX-060WR-120 

Small 3-element 45° rect
angular stacked rosette. 

EA-XX-062AK-120 

Small general-purpose pat
tern with elongateo soloer 
tabs. 

• .iN.. 
•••• 

' 4X 

,:J~ 

A 
~, _,.i 

2X 

.-=·' - . 
' ' 

' 
4X 

'~ 
' ' 

2X 

:.: 
u 

2X 

' 

GAGE DESIGNATION ANO PAmRN GAGE OESIGNATION ANO PATTERN 

EA-XX-062AP-120 EA-XX-125AC-350 
WK-XX-062AP-350 

Compact small general- !llf purpose pattern. Select 
.. 

WK gage lor wtCJe tempera-

Widely used general-purpose 
pattern with hign-reststance • gnCJ. 11 

tu re range app!tcations. 

2X · 

EA-XX-062.&.0-350 

Sama size as 062AP pattern R: but with high-reststance gnd 
in EA Series. . . 

1 

EA-XX-125.&.0-120 

•• ED-DY-125.&.0-350 
WD-DY-125.&.0-350 
WK-XX-125.&.0-350 11 

Wic:Jely used. general-purpc:Jse panern. Select 
ED· or WO-DY gages lar fatigue applicat•ons: 
WK lar wtde temperatura range stattc or 

2X dynamic measurements. 

CEA-XX-062UW-120 CEA-XX-125UN-120 
CEA-XX-062UW-350 

-·rt-
. 

Small general-purpose gage . . with large exposed soldar 
tabs. •E.J~poseCJ tab area 1s 
0.07 x 0.04 in ( I.B x 1.0 mffl). ' 

CEA-XX-12SUN-350 

Narrow general-purpose gag e ft pattern. Exposed tab area is 
. . 

0.06 .11 0.05 in (! . .S x l. 1 mm) 

2X 

EA-XX-062TV-350 CEA-XX-125UW-t20 
CEA-XX-125UW-350 

Small 2-element goa torque ¡;: gage. 

. .... 
Most widely usad general- :": purpose gaga in CEA Senes. . . 
Expose<l tab area ts-0.10. x 
0.07 in (2.5 x 7.8 mm). 

2X 

EA-XX-G02TT-1 20 EA·XX-12588·120 

Small general-purpose 90° 

IIft·· "tee· rosette. Sect•ons .:ire 
electrically indepenc:Jent. i i 

Narrow general-purpose pat-
tern with elongated·tabs. i 

1.1. 

' 2X 
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_M_M_ - - -- - - Super Stock Gage ll...istings Section 

'GAGE OESIGNATION ANO PATIERN GAGE OESIGNATION ANO PATIERN GAGE OESIGNATION ANO PATIERN 

EA-XX-12SBT -120 CEA·XX-187UV·120 
CEA-x'X~187UV·350 

EA·XX-250BK·10C 

Ger.eral-oJr"oose pattern w•th 1 narrow gr~~- ano compact 
.. 

geor.-1etry. 

••• ·:r_:~~-. 

.::¡JJ 
,. 

2X 

2-etement 90° rosette la' m torc¡ue and shear-stratn mea· ···. ji 
surements. Sec:lons ha11e a ;r. 3 

common e1ectrtca1 connec-
~ tion.Exposed tao area 15 0.13 

x 0.08 in (3.3 x 2.0 mmj. 

Very hign-resistance (1~0) 
pattern. Recommended lar 1 high ·bndge II"Oitages or for 
use on plasttcs. . u 

EA-XX-12SBZ-350 EA-XX-250.AE·350 CEA-Q6-W250A·120 
CEA-06-W2SOA·350 

Narrow hign-res1stance pat- -~-tern w•th compact geomeuy. 
.. 

_d 

Large general-ouroose gage .. 

'il U seo when ntgh ::;ower-disst-
pat10n is reqUireo. · ... Lowest-cost. most flexible 

1 ano con!ormable linear 
weldable gage oattern. See 
page 8 lar more Cetalls. 

2X .. 

EA-XX-12SRA-120 EA-XX-250.AF·120 CEA-XX-250UR· 120 
CEA-XX-2SOUR-350 

'General-purease 3-element 
45° rectangular rosene. Com-

'Ab pact geometry .. 

Large general-puroose gage. 

·p]-U sed when high oower-dissi-
pation is requtreo. 

"' Large 3-element 45° single-

«1~~ ptane rosette. Exposed tao 
are a " O. 13 X 0.08 in 
(3.3 x 2.0 mm). 

. . 

CEA-XX-125UR-120 
CEA-XX-12SUR-350 

General-purpose 45°single-

;((~~ plane rosette. Compact geo-
metry. Exposed !ab area is 
0.08 x 0.06 in (2.0 x l.S mm). '' 

EA-XX-2SOBG-120 
EP-Q8-250BG-121J 
WA-XX-2508G·120 
WK-XX-2SOBG-350 

! Widely used general-pur-
pose pattern. EP Series cap-
able ot elongation > 20%. 

EA-XX-SOOBH-120 
-

1 
Long· general-ourpose gag e 
in a compact geometry. . 

EA-XX-12STM-120 EA-XX-2508F·350 CEA-XX-SOOUW-120 

'3eneral-purpose 2-elenient 
Joa:tee· rosette. Sections are 

R electncalty indepenaent. 

General-purpose pattern with . 
high-resistance grid. Com- 1 pactgeometry. Similarto2508G 
pattern except for res1stance. .. 

Widely used long gage pat-

1 tern. Exposed tab area is 0.10 
x 0.07 in (2.5 x 1.8 mm). . . 

.. . . 

CEA-XX-12SUT-t20 
CEA-XX-125ÚT -350 

CEA-XX-250UH- t 20 
CEA-XX-2SOUH-350 

,._•.r 
' ·IIft· 2-element rgoo 'tee rosette 

lar general-purpose _use.· . . ' 
Exposed tab area is 0.10 x 
0.07 IM (2.5 X 1.8 mm). 

Narrow general-purpose 1 gage pattern. E:x¡:osed tac .. 
are a is 0.08 X 0.05 tn 
(2.0 x 1.1 mm). . 

EA·XX-125TK-350 CEA-XX-2SOUW- 120 
CEA-XX-250UW-350 

High-resistance 2-element 
90° gage for torque apph- 1 cations. 

Larger grid and tab !han -~· 250UN pattern. Exoosed tab 
:~~-. araa is 0.10 x 0.07 m (2.5 x 1.8 

mm). 
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Speciai-Purpose Gages, Sensors, ánd Equipment 

In ~ddition to providing the stiess analyst with a vast selection of standa;d strain gage types.' Micro-Measur~ments 
offers a variety of products designed to meet special needs and perform special functions in experimental stress 
analysis. Although space in this introductory catalog permits ne1ther a fulllisting of these products, nor complete 
descriptions, a few types of special sensors are briefly noted. · 

Full information on any of these products, along with detailed technical specifications, can be obtained by 
requesting Catalog 500, or by contacting the Measurements Group's Applications Engineering Department 

~ -~-~-

Temperature Sensors 
TG Temperatura Sensors, with a grid of ultra-pure nickel foil, are recommended for general
purpose temperature measurement from -320' to +500'F (-195' to +260'C). For application at 
extremely low temperaturas, two alloys- nicke.l and manganin- are.combined to produce tlie 
CL TS-28 (cryogenic linear temp~rature sensor). The duplex construction of this sensor results in 
an essentially linear change of overall resistan ce with temperatura, from -452° to + 100° F ( -269° to 
+40'C). . 

!1 Reusable LST matching' networks are available for half~bridge con"nection of temperatura sensors 
to strain indicators. With these accessories, t~e strain indicator registers temperatura directly, ata 
scale factor of 1 O o~ 100 microstrain pero Foro C. 

J . . 

Crack Detection 
CD-Series Crack Detection Gag es are designad to pro
vide a convenient, economical method of indi
cating the presence of a crack, or indicating when a crack 
has progressed toa predetermined location on a test part 
or structure. By employing several CD gages, it is also 
pos~ible to monitor the rate ot crack growth. · 

Crack detection gages are available with various strand 
lengths; from 0.4 to 2.0 in (10 to 50 mm). 

Strain Gages for 

Crack Propagation 
Crack Propagation Gages accurately indicate rate of 
crack propagation in a specimen material over a very small 
distance. These sensors are often used adjacent to 
notches, fillets. or other types of discontinuities in structures. 
Severa! sizes and geometries are available. 

IIIIIIIIIIIIIIW 1 
11111111111111111111 

Residual Stress Determination 
~-~ -""' 0: . :[1· ~ 
.,.o~ ({¡..))~ . . .· . 
~- ''' ·' _,. 

The most widély used ·practica! technique for measuring residual stresses is EA S.riM ·cEA s.n.s 
the hole-drilling strain gage inethod described in ASTM Standard E837. With. 
this method, a specially configuredelectrical resistan ce strain gage rosette is 

TEA S.rin 

appro.ximllely 2X ICIUII $1Z! 

bonded to the surface of the test object, and a small, shallow hole is introduced through the center of the gag e, using a 
precision drilling apparatus such as the Measur9.ments Group's RS-200 Mining Guide. After. drilling, the strair in the 
immedi~te vicinity ot the hale is measured, and the relaxed residual stresses are com?uted from these measurements. 

For lurther details, fequest Bul/etin 304. · 
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Weldable.Strain Gages and Temperature Sensors 

Weldable gages are precision foil sensors bonded to a metal 
· carrier for spot welding to structures and components. These 
sensors are easy to 1nstall and require mintmal surface 
preparation. lnst"allation is acc·amplished without adhesives. 
eliminating heat curing problems on massive structures. They 
are also well suitea to laboratory test programs requiring 
elevate·a-temperature test"ing and rilin1mal installation time. 

·~ . 

CEA-Senes Weldable Stratn Gage: Con· 
starHan a1loy sens1ng gr1a completely en cap- 1 
su1ated 1r. oo1y1mu:le. Very flexible. In most 
cases can be contoureo to rac1i as small as 
112 in 113 mm1 P.ugged. co::~oer-coatea 
tabs for conven1er.¡ 1eaow1re at:acnment. 

:1 ...... 

SoniOf 

CEA 

1 

1 

LWK 

1 

1 

WWT 

S !onda,. 
5-T~C 

06.09 

06.09 

N/ A 

W2SOA 

. SPECIFICATIOHS . 
LWK-Se(/es Weldabie Stra1n Gage: Modi
fied K arma 1 K-a!loy) sensmg g(l(: comp!etely 
encapsulated m a fiberglass-remforcetl eooxy· 
phenotrc matrix. Integral three-wrre lead 
system consrsts el 10 in (250 mm¡ tlexrble 
etched TE! !Ion ~-rnsulated :eacwrres. lnstal· 
latron radius g"enerally lrm1teo to 2rn rSOmm¡ 
or :arger m the orrectron ot tne grrd axrs. 

. 

1 
1 

1 

RH!atance G-
In Ohma hc10r 

120 = 0.4% 

1 

2.0 
350 = 0.4% 

350:::: 0.4lil 2.1 

so= 0.4%@ ,¡ 
•75"F (•24"C) N/ A 

Temperature 
R""i!i 

-100° !O •20QGF. 
(·75• to •95•CJ 

-320" to ·500' _¡: 

f-195• to +26U'C) 

-320G to -sao• F 
r-rw to•2150"C) 

WWT ·Senes Weldable Temaerarure Sensor: 
Higr.-ourity r.rc!(el ser.smg gric :omoletely 
encapsu1ateo rn a froerglass·rernlorcec 
epoKy·Pnenotic rilatrix. ln:egrat tr.ree-tao 
prrnted crrcurtterr.r.rr.als ter convenrentlead· 
w1re auachment. 

!lAegistereo Trademark. of OUPont 

W250B 

W200B 

Model 700 Portable Strain Gage 
Welding and Soldering Unit 

The Model 700 is a completely portable. capacitance
discharge spot wélder. designed tOr efficient installation of 
weldable strain gages and temperatura sensors. Supplied 
in a rugged. gasketed case. the battery-Dowered L!nit can be 
used under field conditions wher~ no power lines are available. 

A temperature-controlled soldering pencil. operated from the 
main battery supply, is an integral part of the Model 700. The 
lightweight pencil can beadjusted toa wide range of tip temper
aturas for both gage soldering and leadw1re splicing. 

For furthar datails, raquast Bulfatin. 302. 

Sondable Resistors 
Micro-Measurements manufactures a variety of fixed, adjustable, 
and ccimbination ·bondable resistors for use in many applications 
where precise resistance is required. Appropriate patterns are 

'available in both low and high temperature-coefficient-of
resistance types. Widest use is in transducer bridge circuits to compensate for small temperature-induced errors and to 
adjust bridge balance. · ·· · 

Various alloys, sizes, and patterns are available." allowing selection of the optimum resistor for soecific applications. 
Resistors are normally produced open-faced on a polyimide carrier. The recommended tempera tu re range is froi"n oo to 
•3oo• F 1 -20• ro +175• C). For furthar datails. raquasr Transducar-Ctass Catalog TC-116.· '' 
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------
Micro· Meas u rements 

Strain-Gage--Accessor-ies~-. ---

Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the 
·utmost care and attention given to ensurmg the high level of quality and precision for which these gages have 
gained world-wide recognition. However, the gages' full potential for accurate strain measurement can be realized 
only when they are properly installed. There are, in tact, three principal components in every strain gag e installa
tion: (1) the strain gag e itself, (2) the tools, materials, and supplies (accessories) needed to install the gag e, and (3) 
the techniques employed in pertorming the 1nstallat1on. Professional stress analysts ha ve learned from experience 
that compromis1ng any of these m ay lead to compromismg the quality of the installation and ·the accuracy of the 
strain data. 

The well~established formula for making consistently successful strain gag e installations is qUite simple: 

• select high-quality precision strain gages. 

• select protessional-caliber accessories which have been laboratory-tested and field-proven tor 
effectiveness and compatibility with the strain gages. 

. . 

• follow the installation procedures recommended by the mariufacturer of the gages and accessories. 

Featured on the following two pages is a small sample of Micro-Measurements M-UNE strain gag e installation 
.accessories. As indicated, the appropriate m a terials, supplies, and tools are provided for ea eh important step in the 
gag e installation process-'- from preparing the surtace of the test piece to applying a protective coating over the 

· bonde.d and wired gag e. All accessory i!ems,whether manufactured directly by M1cro-Measurements·or specified 
tor purchase from an outside supplier, are of the highest quality, and ha ve. 
been designed or selected specifically to help ensure successful installa
tion of Micro-Measurements strain gages. 

egular users of strain gages will want to request a copy of Catalog 
,-110. This 40-page, tully illustrated catalog describes the complete line· 

of gage installation accessories and related equipment. In addition to 
detailed product descriptions and specifications, it includes, where 
applicable, extensive recommendations for the appropriate selection and 
application of the accessories. · 

Catalog A-110 is available on request from our Applications Engineering 
Department. 

IL----
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6 s·mple Steps To Successf.Ja s· 

s'&.rtace .·.··. ·.· 
Preparation' · :5 ~ 

. ,·: 

Adhesive .. ··.~. 
·selection:· '• 

Coating .·.· 
Applicat · 

. 1 1 

. ~ .. Pf-~.:4.ay)l 
l . 1ft&\ 
1--: .. - . ... . ;" ~ 

. ··········· 

• • • With /1'-L//YE Accessorfies -
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Strain Gage nstaUations • • • 

- Lab-Tested 

The ultimate in gage installation 
capability is provided by the 
MAK-1, Master Strain Gage Appli
cation Kit. The MAK-1 includes all 
of the supplies and special tools 
necessary for making a wide range 
of gage installations for both 
laboratory and field applications. 

lt is often of greatest conven
ience for the strain gag e u ser 
to purchase all of the needed 
accessory supplies ana ma- · 
terials in a single package. 

GAK-2 Series Kits provide 
specific selections of M-LINE 
accessories for making basic 
strain gag e installations with 
the M-Bond 200, AE-10/15, 
or 610 adhesives. 

Because technique . ~·- -'~ .:;;:; 

.-~ is such an importan! 
ingredient in success
ful strain gage installa-

. tion, detailed lnstructlon 
Bulletlns ha ve been pre
pared for virtually all 
Micro-Measurements strain 
gage installation products. 

In addition. a library of. 

"'('·"" 

-C7771 

Tech Notes and Tech Tlps is 
·available for reference on a broad 
range of subjects within Strain Gag e 
Technology. 

• C::I ·::J. •. • 
_j 

Tech Tlps present practica! strain gage application techniques for 
"out-of-the-ordinary" situations, and represen!, as m u eh as possi
ble. a practica! "how-to" approach to strain gag e installation. 

-

Tech Notes contain in-depth technical treatments of specific sub
jects having director indirect bearing on the.successful application' . 
of stress/strain measurement technology. , 

Field-Proven 
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Ordering lnformation 

The Measurements Group Order Service Department can 
provide immediate stock and d_efivery information. fy1ost 
products are avaifable for same-day shipment or can be 
produced on short delivery cycle"s. Measurements Group, 
lnc. mé!intains regionaf·sales representat1ves throughout 
the worid to further assist yo u. For additional information 
on any:.Ot our product fines. contact us or our representa-
tiva sef.Ving your area. · . ¡. 

7f• 

QüarÍtity discounts are available on strain gag es and spe
cial serisors. Al! other items are sold on a net basis only. 
All prices are subject to change without notice. 

MicroaMeasurements Warranty Po~icy 

The Micro-Measuraments Oivision of Measurements Group, lnc., warrants that the products sold under its name, are lit lorthe puroose lorwhich they 
were intenaed by the supplier ano guarantees saia items agatnst aafects 1n workmanship or material for a period of ninety (90) days, or otherwise 
specified limits, lrom date otdelivery. Every reportee case ot non·standard matenal is thoroughly invesiigated by ourQuatity Assurance Department. 
lt should be recognized that there is no methOd to 1~ test our type of products srnce many tests would be desiructive. 8oth Micro-Measurements 
ano the purcnasers must depend u pon statistical sampling techniques that have in the past preved to be reliable and economical in respect to tne cost 
of the proauct. 

Thls warranty ~ In 15eu ol ..,. other watranU.... expn:sMd or lmplled; lndudtng MY lmpüed warrantMs of ~tty or fttneaa lor a particular 
purpoM. TMrw are na warranU.._ whieh extend beyond ttM dncripUon on the tac. M...al. PurchaMr .ek.II0.-11 jiP"• that -'1 goods pui'"Ct\aed trom 
Measur.ments Group are purchaMd als, and buy..-st.tn that no Miesman, av-nt. empk)yeeorothet"penon ha rneOe tiny IUdi ~ or 
warrantles or otherwiM auumed tor Meuu~tl Group any llablllty in connecüon wtth the .... of eny goods to dM Purc:n:..r. Buy.r hereby 
walves all ~hts buyer m ay Nrre srlsl~ out ot any bf'eech ot contract or bruet't ot wan.nty on the" parrt of M•-.ur.mOftta Group, to .ny lnddantal Or 
consequentlal damag ... lneludl~ but not llmtted to damegn lo property, danwges tor ln~ry to tfM penon, ~ fot k»a of use, k)a of time, )oq 
of proftb or tncome, or loa rnultlng from per&Of\aJ lnfury. 

Sorne state:s do not aUo~ the exclusion or Hmit8tion of incidental or conaequential damages tor consumar product3, so the above limitations or 
exclusions may not apply lo you. 

The Purchaser agrees that the Purchaser i:s responsible for notifying any subseQ¡,¿ent buyer of goods manufacturad by Measurements Group of the 
warranty provisions. limitations. e"xclusions and disclaime~ stated herein prior to the time any suctl goods are purel'lued by sucn buyers. and the 
Purchaser hereby agree:s to indemnity and hold Meaaurement Group harmless from any claim asserted against or liability imposed on Mea5urerrients 
Group occasioned by the ta1lure of the Purcnaser to 10 notify IIJCI'l buyer. Thia provision is not intended to atfon sut)Sequant purch8sers any 
warranties or rights not expreasly granted to such subsequent purchasera under tha law. · 

The Measurements Group is soHtly a manufacturer and uaumes no responsibility of any form fortha accuracyoradequacy of anytest re:sults, data. or 
conclusrons wnich may result from the use ot its equipment. 

The manner in which the equipment ls employed and the use to which the data and test results may be put are eompletely in the hands of the 
purch~ser. Measurements Group, lnc. shaU in no way be liable for damages consequent1al or incidental to defects in any of il3 products. 

UMIT A TI ON OF REMEOY: In tha event any discrepancy is found to be Micro-Measureniants' respon!llbility, ttle buyer's sola and axcluaive rernedy 
will _be the replacement of, or full credit for tha discrepan! product. 

·¡~ 

we W,ill provide immediate a.ssistance to tha best ot our ability in locating and iOentitying the source ot any difticuttiea invotving our prOduct. 

MEASUREMENTS GROUP, INC. 
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P.O. Box 27777 
Raleigh, NC 27611, USA , 

(919) 365-3800 ~j 
Telex 802-502 eFAX (919) 365-3945 
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The lnstruments Olvlsion of Measurements 
Group, In c. oflers a wide seleclion of reliable, 
precislon straln gage instrumentation for stress 
analysis, structural, and materials tesling. 

This short-form catal.og will introduce you lo our 
instruments, and a·ssist you i.n selecting !hose 
most appropriale for yourmeasurement needs. · 
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STATIC MEASUREMENTS 

Manual, 
Oirec:t-Readfng 

2.0Vdc 

DCSt .. -1.0.1S.OV 

oc 
9e+ee " 

ea_., 
(AC Ootlanafl P-3600 

--
'Swl!cn and balance units are used toread sequentialiy tne oU:¡:luts ol two or more stram gag es on a smgle indicator, 

See Spec1a1-Purpose !nstrumentation on oack co: .. er. 

DYNA 
··-.-. 

"""""'" -0.05'11 Aci:uracy 

WJde-Aanoe. Hi(}h
LAI>o<>IO<"f 

Strain lndlcator 

ENTS 

H1gn Perlonnance. 
lar ()emaodmg 
EnVTfO!'If'l"'ee'lts 
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Static signals are essentially constant; 
while quasi-static signals vary slowly, 
typically ata few cycles per minute (e.-g., 
0.1 Hz). Basic instrumentation require- · 
ments call for stability, accuracy and 
high resolution, particularly where 
measurements are to be taken over 
long periods of time. 

lf test conditions in vol ve predominantly static or quasi-static measurements, the first choice for 
a measuring instrument will ideally incorporate a digital or analog display, director null-balance 
reading, and, depending on the degree of sophistication, ou.tput toa printer, microprocessor or · 
computer. Multi-channel capability can be provided by manual or automatic switching/multiplex
ing units, which may include balance and/or span control facilities. 

Many static strain measuring instruments have an analog output available for making single
channel dynamic measurements in conjunction with, for example, an oscilloscope, recorder: 
or peak-read indicator. However, this dynamic capability may ha ve limitations with respect to 
frequency response and amplifier gain compared toan instrument designed specifically for 
dynamic measurements. 

,; -... 
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The 2100, 2200, 2300, and 

3800 

P-3500 
The P-3500 is a penable, battery-powered 
precision instrument featuring a 4-1/2 digit 
LCD readout (optional LEO available). 
Color-coded push-button controls provide 
an easy-to-follow. log;cal sequence of 
setup and operational steps. A transducer 
input connector facilitates connect;on of 
strain gag e based transducers. Request 
Bulletin 245. 

. The 3800 is a high-precision, laboratory
type digital display strain indicator. lt fea
tures extremely wide-range gage· factor; 
balance, and bridge·excitation controls. 
Th.e wide-range feature enables measure
ment resolution of O.lJ.lE. The 3800 can 
also be used as a high-performance trans
ducer indicator. Request Bulletin 249. 

2400 Systems accept low-level 
signals, and condition and amplify 
them into high-level outputs suit· 
able for multiple-channel simulta
neous dynamic recording. These 
systems can be used in conjunction 
with various recording devices. 

2100 The 2100 is an economical system with a 
central power supply, and two active channels 
per unit module. Request Bulletin 250 .. 

¡"1·• .. 

. . -.. 
,, ""-'::: .. ~ .. 

. ...:::__.:___, 

-42-

2200 
The 2200 System offers high performance in the 
most severe operating environments. Among its 
features are isolated constant-voltage/constant
current excitation, guarded input structure with e·. 
x350V common-mode capability, automatic · : 
wide,range bridge.balance, and four-pole Bessel 
low-pass filler. The plug-in amplifiers are · ' 
removable from the rack mount without havihg 
to disconnect the input wiring. Request Bulletin 252 . 

-/ ./ 
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SYSTEM 4000 
·Featuring an extensive, preprogrammed software package, System 4000 is a state-of-the-art 
computer-based data system for stress analysis and structural materials testing. The most signif
ican! fea tu re of System 4000 is its unique 4216 Executive Unit, including the system·s compre
henslve operating software which addresses virtually every variable that must be considerad in 
stress analysis testing- from initial data entry, to data acquisition and. conditioning, to .on-line 

. and off-line presentation of results. System 4000 will accept inputs from strain gages, the'rmo-.. 
couples, LVDT's, load cells, and other transducers. Simple to opera te, System 4000 provides 
maximum stress analysis testing capability with minimum mvestment. RequestBulletin 235 . 

2300 
The 2300 is a sophisticated system 
incorporating such advanced features 
asan individual power supply per . , 
channel, active filtering, three simul-

. taneous outputs, tape playback mode, 
wide irequency response, and elec-

. tronic bridge balance. 
Request Bulletin 251. 

-43-

2400 
The 2400 Systemis an expandable 
strain gagesignal conditioning/ 
amplifier system which allows the 
user to configure individual.si.gnal 
conditioners from any host com
puter with IEEE-488 or RS~232 
capability. Programmed functions 
include amplifier.gair ... ~xcitation, 

· filter !Úllection: and auto-balancing .. 
Request Bulletin 253. 



SPECBAL-PURPOSE INSTRUMEN" 'ATION 

The SB-10 is a high-quality, 
1 0-channel switch and balance 

·unit for uSe with strain indi
cators. lt features gold~plated 
btndmg posts for reliable 
connectron of input circuits. 
and incorporates fine-balance 
coritrol w1th turns-counting 
dials for each· individual 
channel. Request Bul/etin 247. 

The 1300 Gag e lnstallation 
Tester is used to verify the 
quality of an installed strain 
gage, as well as the complete 
gage installation. including 
leadwires. A carefully selected 
individualized test voltage is 
_u sed ter each measurement 
mode. Operation is by push 
buttons. Request Bulletin 301. 

1601 LVDT ADAPTER MODULE 
The 1601 Adapter Module 
provides an interface and direct 
compatibility between the 
strain indicator anda wide 
variety of LVDT displacement 

. transducers. 

3650 

1550A 

V/E-40 

The 3650 Peak-Read lndicator 
is a portable, battery-powered 
instrument for capturing peak 
values of dynamic signals. The 
instrument is designed to be 
used in c6njunction with any 
static strain gage irídicator. 
transducer indicator. or signal 
conditioning system. The .3650 
fea tu res dual LCD readouts for 
simultaneously displaying the 
most positive and most 
negative readings. and easy-to
use color-coded push-button 
controls: Request Bulletin 246. 

A true Wheatstone-bridge 
simulator, the 1550A Strain 
lndicator Calibrator presents 
known and repeatable 
reststance changes to the input 
of the indicator. Three decades 
ot push buttons are u sed to 

. produce incremental resistance 
changes. The 1550A is NIST
traceable. Request Bulletin 313. 

This 'decade resistor/strain 
gage simulator can be used as 
a resistance standard. decade 
box. instrumentation calibrator, 
strain simulator. or investi
gative tool. lt is also useful in 
measurement of arbitrary 
resistances and large strains. 
RequestBul/ehn316 

MEASUREMENTS GROUP, INC. 
. P.O. Box 27777 

. Raleigh, NC 27611, USA 
Telephone (919) 365-3800 

Telex 802-50.2 • FAX (919),_365-3945 
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RECOMMENDED REFERENCE LITERATURE 

The S tia in Gage Primer. by C. C. Perry and H. R. Lissner. 

Explains the use of bondt>d wire and foil resistance strJin gagcs for sotving probl_ems 1n expenmental stress analysis. 
Covers a.I.J phases . .from sdecting the proptr gage through in'tt:rpreting ·readings i~ tcrms of significant stresses. 

Sr rain Gauge Tech/wlogr. editej. by A.L. Window and G.S. llnlister. 

Thor_ough. practica! review of contemporary ·suain gage tcchnology. lncludes a chapter on g~tge u_se iry hostite 
e_nvironments. and onc on errors and uncertaintics in stra_in measurements. 

Handhoók on Experimental Me<·hanin. edited bv A .S. Knbavashi. . - . . . . 

Twenty-one chapters contributed by t wenty'five prominent author; cover well-know~ tradiÚonal disciplines aswell as 
new experimental techriiques. Extensive lists of re(erences are providcct.· · 

Experimenral Srress Analysis. by J. W. Dally and W.F. Riley. 

Prepared to serve as a teaching text for ~ourses in experimental stress analysis. Topics covered include ele.mentary 
elasticity, brittle.coatings, photoelastictty, strain gages, and rclated instrumentation. . 

·< 

ormulasfor Srress and Srrain. by R:J. Roark and W.~-: Young. 

A comprehensive summary of the.formul.as, facts, and principies pertaining to the strengt h of materials. for th~ désign 
engineer and stress analyst. 

Experimenral Srress A11a~rsis andMotion Measuremenr, by R.C. Dove and P.H .. Adams. 

A th,or~ugh discuss_~on o.fst.ress an~!Ysis and strain·m~as.u:·rem··~-~t. with prop~r attenti~n to new eX~_erime.ntal ~ethods 
induding moire' fri.ngés and semicondUctOr gageS. Pan two.covers techniqufs and instrumen_ts used for rueasuring and 
analyling displacements. veloci_ties, and accelerations. · · · 

Sue.\·s Conct!ntration FtHturs. by R.E. Peterson. 

The most complete and authoritative compilation of stress concentration factors available in the published literattlfe. 
Data are included for most commonly encountered geometric configurations and design details.. · 

A broader selection ofExperimental Stress A11alysis re/ated literature is availablefrorn: 

·. :.! 

Sacie/y for Experimenta/¡\-fechanics 
7School Street 
Bethel, Connecticul 06801 
Telephone (203) 790-6373 
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A predominan! factor cJntributing to the structural faiJ-, 
ure of machine parts, pressure vessels, franied struc
tures. etc., may be the residual "locked-in" stresses that 

· exist in the object priorto its being put into service. These 
residual stresses are usually introduced during manu
facturing, and are c&used by processes su eh as ·casting, 
welding, machining, heat treating, molding, etc. 

Residual stress c:m neither be detectad nor evaluated 
by conventional su. lace measurament techniques, since 
the strain sensor (s· rain gage,photoelastic coating, etc.)· 
can only respond ·t: strain changas that occur alter the · · 
sensor is installed. 

The most widely used practica! technique for measur
ing '~ual stressE'~ is the hole-drilling strain gage 
method described in ASTM Standard E837.· With this 
method, a specially configurad electrical resistance strain 
gage rosette is bondnd to the surface of the test object;. 
anda small shallow h.;;le is drilled through the center of 
!he rose !te. The local changes i~ strain duelo introduction .. 

.. ·.;·, 

. ;_ 

BULLETIN 304-F 

-M"'"M-- - ·-- - -
Strain Gages 

and 

lnstrumentation 
for 

Residual Stress· 
Measurements 

· of the hale are measured, and !he relaxed residual 
stresses are computad from these measurements. Mea
surements Group Tech Note TN-503, Measurement of 
Residual Stresses By The Hole-Drilting Strain Gage 
Method, presents a detailed discussion of the theory and 

· .. application of this technique. · 

The hole-drilling method is generally considerad semi
destructiva, since the drilled hale may not noticeably 
lmpair !he structural integrity of the part being tested. 

. Depending on the type of rosette gage used, the drilled 
hale is typically 0.062 or 0.125 in (about 1.5 or 3.0 mm), 
both in diameter and depth. In many instancas, the hola 
can also be pluggad, if necessary, to return the part to 
service atter the residual stresses hava been measured. 

· · The practicality and accuracy of this method is diractly. 
relatad to !he precision with which tha hale is drilled 

·. through the center of the strain gag e rosette. Tha Mea
.·. surements Group RS-200 optical milling guide described 

· · ·. herein provides a practicar means to accomplish this task. 

OCopyright Measurements Group, lnc., 1988 
All Rights Reservad •. , . · 
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Equipment -----------,.---____,...-~_...;;,;__-_,_ 
The RS-200 Milling Guide is a precision fixture for 

the accurate positioning and drilling of a hole through 
the center of the strain gage rosette. Principal fea tu res 
and components of the milling guide assembly are~ 
shown in the photos below. When installed on the 
workpiece, the guide is supported by three leveling 
screws which are footed with swivel mounting pads to 
facilitate attachment to uneven surfaces. · 

Alignment of the milling guide relative to the strain 
gage rosette is accomplished by inserting a speclal
pi.Jrpose microscrope into the guide's centering jour
nal, ano then positioning the guide precisely over the 
center of the rosette by means of tour X-Y adjusting 
screws. The microscope assembly, consisting of a pol
ished steel housing with eyepiece, reticle, and objec
tive lens. permits aligninent lo within 0.0015 in (0.038 
mm) óf the gag e center. The microscope is al.so u sed to 
measure the diameter of the hale alter it is drilled. An 
illuminator attaches to the base of the guide to aid in 
the optical alignment procedure. 

Alter alignment is achieved, the microscope is 
removed from theguide, and the milling bar inserted in 
its place for slow-speed drilling of the hole. Two stan
dard milling cutters are supplied: 0.062 and 0.125 in 
(1.6 and 3.2 mm) diameter. The milling bar is equipped 
with a universal joint for flexible connection to a drill 
motor. 

Conventional slow-speed milling may be satisfac
tory on sorne mild steels and aluminum alloys. But 
high-speed drilling is ¡¡enerally the.most convenient 
and practica! method for introducing the hale in all test 
materials. (When resi~ual stresses are to be measured 
on materials such a:, stainless steels, nickel-based 
alloys, etc., ultra-high-speed drilling techniques are 
preferred.) For this p Jrpose, a high-speed air-turbine 
assembiy is supplietl for use with the milling guide, 
along with a supply r f tungsten carbide-tipped cutters 
[ten each 0.031 in (0.8 mm) diameter and 0.062 in 

Alignment Setup 

·Microscope-
Tube 

Eyopleco 

End-Mill 
O..rilling Setup · 

(1.6 mm) diameter]. A foot pedal control is included for 
operating the air turbme. 

Al so part of the'milling guide assembly is a inicrome
ter depth set attachment. This device is used for incre
mental drilling in those cases when information on the 
variation of .residual-stress-with-depth is considered 
essential. 

Other items supplied include a plastic templa te for 
the proper location of the milling guide foot pads on the 
test part and a special break-off tool which is used to 

·re m ove the foot pads from the part alter the test is 
completed. All co'mponents are housed in a stuidy car
rying case. The guide is approximately 9 in (230 mm) 
high, and 4.5 in (114 mm) wide at the base. 

A fast-setting-cement kit, used to firmly attach the 
guide to the test part, is available asan accessory item. 

/ 

High-Speed 
Drilling 
Setup 

.:-·· ~
./ 

·· ··. Mllllng Su Wllh . 
· Unlvuul Jolnt Anulltd

111 · · Locldnq 
Mlcrometer ~ Collu 

~ Adjultmant f Mlcromatar 
LJcklng 1 1 Collar 

.~ ~ ( lock 
~Micromater 

,, 
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~Residual-Stress-~-----------'----------'--~~~ 

Measurement Procedure ------'---~-
Making residual stress measurements with the 

RS-200 Milling Guide consists of the lollowing steps: 

1. A special three-element 
Micro-Measurements 
strain gage rosette 
is bonded to the 
test part at points 
where residual 
stresses are to 
be determinad. 

2. Each rosette grid 
element is connected 
toa strain measuring 
inStrument and "zero" 
readings are recordad. 

3. The AS-200 Milling 
Guide is positioned 

· over the center of 
the gag e and 
securely 

· attached to 
. the test part. 

4. The RS-200 is 
--::,::.;.: .. 

optically aligned so that its drilling axis is precisely 
positioned over the target at the e en ter of the 
strain gag e rosette. 

5. A hole is drilled through the center of the rosette. 
and into the test part. 

6. Strain gag e instrumentation is used to obtain 
strain readings. 

Accessories and 

7. Residual stresses an the. e< .mputed, either 
manually or by u si 19 the , h asurements Group's 
RESTRESS softw tre pro~" 11. RESTRESS is 
available on eittie: 5-1/4 in'-' 3-1/2 in disks 
for use with most MS-DOS f'C·compatible 
computers. RESTRESS provijes data reduction 
in accordance with ASTM St·tndard Method E837, 
a·s well as approximate determination of residual 
stress variation with depth. (Refer to TN-503). 

Model P-3500 Strain 
lndicator for Manual 

Daia Acquisition _ 

.. ': 

Replacement Parts for the RS-200 
Usted below are accessory items and replacement 

parts for the RS-200 Milling Guide. 

Double-Ended Borlng Milis 
Although boring milis are supplied as standard 

equipment with the basic guide, replacement will be 
necessary after prolongad usage. These milis, of high
speed steel. are available in two sizes: 
HS-200-125, 0.125 in (3.2 mm) diameter. 
HS-200-062, 0.062 in (1.6 mm) diameter. 

Cutters For Hlgh-Speed Alr Turbine 
Cutters are inverted-cone, carbide-tipped: 

ATC-200-062, 0.062 in (1.6 mm) diameter. · 
ATC-200-031, 0.031 in (0.8 mm) diameter. 

Type RM-1 Motor lor Hlgh-Speed Alr Turblne 

Cemenl Kit 
A fast,setting (15 minutes) two-component resinous

type dental cement especially suited for firmly at
laching the milling guide Jo the test part. Standard 
packaging is approximately two cunees. One package 
is sufficient for ten guide mountings. 

A fu/1/lne of straln gage lnstruments for 
measurlng the stra/n magnltude ls also 
avallable from the Measurements Group. 



:M:~ Special Rosette Strain Gages----,..--
All gages are conslrucled of self-lemperalure

compensaled conslanlan foil, mounled on a flexible 
polyimide carrier. Since their application is generally 
associated· with a precision alignment milling guide. 
each incorporales a cenlering larget. The unique fea
lures of each conslruclion are: 

EA Series: Normally supplied "open-faced", bul álso 
available wilh solder dols and encapsu~ 
lalion (Oplion SE). 

TEA Series: Fully encapsulaled wilh easily accessible 
copper terminals la lacililale inslallalion. 

EA-XX-03ÍRE-120 
EA-XX-031RE-120/0plian SE 

CEA Series: Incorporales all lhe advanlages of Micro
Measuremenls' popúlar ·e· Fealure gag es. 
Pattern is specifically designed for appli
cations where it is impractical to use RE or 
RK configurations (i.e., adjacent lo weld
ments, corners. and intersecting surfaées). 
Care must be exercised when using this 
pattern, however, as limitations may exist 
in data redu_ction equations. · 

Reler ta Micra-Measurements Catalog A-110 lar de
tailed information concerning strain gage installation 

· accessaries. Reler ro Catalag 500 lar detailed inlarma-
tion about foserte specifícations. · 

Dueto small pattern size, measurement error can be magni
fied by slight IT'!islocation of dril! hale. Pattern not recom
mended for. general-purpose application·s .. 

EA-XX-062R[-120 
EA-XX-062RE-120/0ption SE 

120 ±0.2% 
120 ±0.4% 

EA-X:·.-125RE-120 

Mast widely used RE pattern far general-purpase residual 
stress measurement applications. 

EA-X :-125RE-120/0ptic n SE 

TEA-XX-062RK-120. 

CEA-XX-062U:,1-120 

Larger versian al the 062RE pattern. 

Fully encapsulated, with capper terminals lar ease al salder
ing. Same pattern geamelry as 062RE pattern. 

EOUIPOs' ~W~c~~~~~ ~ DE c. V. 
l CIEII . 89 12o8-PGA 

f'l. F \~01-COL EL RECP.':C 1 
CA!RO No, 2_ M8(1CO. D F. / ...... 

, c. P. 02070 · ¡:JI;)( 343-59-51 
\ T[L. 561-80-04 

UREMENTS GROUP, INC. 
P.O._ Box 27777 

Raleigh, North Carolina 27611, USA 
Telephone (919) 365-3800 

Telex 802-502 • FAX (919) 365-3945 .. 
022412GP 

Printed in USA 



. ;.¡ 

MODEL 
,/1550A . 
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STRAJN 
INDICATOR 
.CAI.IBRATOR 

\ 

~-
' ; 

'A /aboralory standard for ver/fylng lhe cal/brallon of slraln and lransducer lndlcalors. 

• True Wheatstone Bridge Clrcullry 
• ,, i 

o Slmulales Quarter, Hall & Full Bridge- bolh 120fi/350ll 

" 3 Decades of Push Bullons 

• Slraln R.1nge Dlrecl Readlng: ±99 900¡Lf ... lncrements of 100Jlf 

• Transducer Range: ±49.95 m V/V ..• Incremento of 0.05 m V/V 

~ Revenilng Swllch for Plus and Mlnus Calibrallon 

" Hlgh Preclslon Vlshay Reslstors used lhroughoul IÓ ensure Excellenl Slablllly 

o Accuracy 0.025 Percenl- Traceable lo lhe U. S. Nallonallnslllule of Standard& and Technology 

.· 
... ---

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
(919) 365-3800 

~Copyrighl Measurements Group, lnc .. 1984 
Al! Aights Reserved. 



DESCRIPTION 
. Sound engineering and laboratory practices require that the 
1nstrumentation used to make critica! strain measurements be 
periodically calibrated to verify that it is within the manulac
turer·s original specilications. Additidnally, ea eh typc ·of strain 
ind1Ca\or exhibits sorne degree el nonlinearity, especially lar 
large strams during quarter-bridge operation. Since this is the 
most common stress analysis apptication of strain gages. it is 
importan! that the strain indicator be calibrated ih this mode. 
Instrumenta ti en spiln should also be checked at a number of 
poi~ts befare each imp_ortant test lo avo[d inaccurate data. 

The 'Model 1550A ·catibrat'Or is a Wheatstone bridge and 
gerierateS a true cliange al resistance in oné or two arms al the 
bridge. lt.simutates the actual 1behavior of a strain gage in both 
positiv~ and negattve strain. · · · 

The 'star network' used in certain other commercial cali-· 
brators provides a substantially lower cost instrument design, 
beca use componen! specilications are less critica\, and fewer 
components are required. 

However. the 'star network' cannot simulate quarter-bridge 
strain gage behavior, and cannot simulate positiva strain. 
Another serious problem wíth this clrcuit is that the bridge input 
and outpul resistances change in an abnormat manner, teading 
to inaccuracies in catibration under sorne conditions. 

A ca\ibrator based on the Wheatstone bridge principie 
requires stable components. A total of 66 uHra-stabte Vishay 
precision resistors are used in the Model 1550A calibrator lo 
provide the stability, repeatability. accuracy and incremental 
steps required ir: a laboratory standards instrument. 

Calibration verilication al a P-3500 Portable Strain 
lndicator befare an important test. 

~ni 
WHEATSTONE .BRIDGE 'ST AA NETWORK' 

SPECIFICATIONS 

Accur: ;y: 

r :~pe .tabtlity: 

;tab ,ily: 

,. Tharmal EMF: 

;~,... ; _. Br!dga, Resistance~:. 

'Circuil: 

Simulalion: 

Ranga: 

Excitation: 

0.025'*' ol selting ±1JJE {0.0005 mVIV), m~x. 
Traceable lo Unitad Slalas National 

Instituto ol.Standards and Tachnology ... 
±1p.t {0.0005mV/V), max. · 

(0.00111¡4¡ o! satting ±1p.t)rC. max. 

0.5 p. VN olaxcitation, max. 

12Óil and 3500. . .. - ~ · 
Input resi;;tanca: ±0.05'111. max., lrom nominal al al! 

oulput sattings.· 

OutPut resistanca: ±O:OS'!f.. max., lrom nominal at 
"000" p.t, -o.25~ et ±99 900p.t. 

True ±.3-A.In two edjecent arma (opposlte signa), 
plus two.lixed arms_to¡bridga complatiOn. 

Ouarter bridge, ona active erm. 
Hall bridg.3, ona or tWO it.ctive arms. 
Full bridWO. two active arms. 

Two acuv, arma. 
O 10 ±99 900J.Jf in steps of 100p.t @ GF=2.00. 
O lo :t49.95 mV/V In staps el 0.05 mV/V. 

One lctlve arm: 
O tu ±49 950J.Jt in steps oiSOp.t@ GF=2.00. 

Te· meet accuracy and rapeatabílity specilicatlons: 
1200: 0-tOV acorde. 
3500: O-1 5V a e or de. 

Maximum permissibfe: 
~ 200; 25V acorde. 
350Cl: 30V ac or de. 

MEASUR~MENTSGROU~INC. 
P.O. Box 27777, Raleigr. N.C. 27611, USA 
.(919) 365·3800 • FAX (019) 365·3945 • Telex 802·502 

Output @ 000: 

Environment:, 

Siza: 

Weight: 

50Jlt (0.025 mVN), max. In lull-bridga mode. 
Ta~parature:o• te +120°F (-18" to +49•CJ. 

Humidlly: Up te 70'J. AH, non-condenslng. 

Aluminum case (separable lid). 
5-3/4 H )( 8·1/4 W x 7·314 O In 

(145 x 2f0 :t Í9S mm). 

4.8 lbs (2.2 kg). · 

A Certifica te o! Calibration is provided 
with each Model 1550A Cahbrator. 

011514TD 
Printed in USA 
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BULLETIN 316-A 

MODEL 
V/E-40 

STRA~N 
GAGE~ 
SIMULATOR 

. 

A p.recision decade resislor lof accurately simulaling the behavior ol strain gages and RTD's. 

-

• 5 Decade Selector Swilches 

• Resistance Range: 30.00 lo 1111.100 in 0.010 steps 

• High Pr•:.cision Vishay Resislors used throughoutto ensure Excellenl Stability 

• Accuracy 0.02% ol Selling 

• Simula: es Tension and Compression Strain lor most widely used Strain Gage 
Resistar.ce Values 

• Simulate; a Broad Range ol RTD's lor lnstrumenlation Se! Up and Calibralion 

A DE C. V.·~\ 
EDIC, sf.cnco• \NDUSiR\f>.t.(S 
EC.UIPOS 0\0 o~ A DE C. '1. 

. MEASUREMENTS 
1 CIENi\FICOS, ~- . -PGA \ 

C EOI-~9 1208 E'-, 
11 F. COL E.L RE.CR :~J 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, !.JSA 
(919) 365-3800 

CAl nO No 251 O:iCO O. F. !'.1 L 
e:. P. 020 70 M '¡-¡\t.' 343-59-51 

lEL. 561-oo-04 
-~QU~VISHAY 

CCopyright Measuremenls Group, lnc., 1992 
All Rights Reserved. 



DESCRIPTION 

The V /E-40 Strain Gag e Simulator is an accurate. 
stable, compact, five-decade resistor specially 
designed to simulate the behaVior of strain gag es 
and RTD's, and for use in a broad range of mea
surement and calibration applications. 

As a precision strain gage simulator. the V/E-40 
can be used to measure nonlinearity of the 
instrumentation in quarter-bridge operation, orto 
verlfy lnstrument calibratlon over the anticipated 
measurement range. 11 is ·al so well-suited to 
measuring desensitization of the strain gag e cir
cult dueto the finite resistance of the strain gag e 

· leadwire system. · 

In a similar manner, the V/E-40 can be temporar
ily substituted for an RTD over a resistance range 
of 30.00 to 1111.1 O ohms to verlfy callbratlon of 
temperature meas_urement instrumentation. 

The V/E-40 can aleo be. u sed in conjunction with a 
conventional Wheatstone bridge strain indicator 
to measure arbit,ary resistances between 30.00 
and 1111.1 O ohms, or to elimina te Wheatstone 
bridge nonllnearlty effects when measuring high 
post-yield strairs In quarter-bridge opeF"on. In 
this mode. the resistance or strain ge:;: to be 
measured is ce nnec"ted as one arm of a Wheat
stone bridge.!· ~V /E-40 is u sed as a decade resis
tor in an adja ,;nt arm. and the strain measuring 
instrument a.< a null detector. 

· Other app i· ations include use asan investigative 
tool to tr?L bleshoot faulty strain gag e installa
tions, oras a precision dec~de resistor. 

:[/,: 
a:§ P• 0-f-------¡¡, 
re~ P-

•• 
5~ 5-

~::. s·Q 
~; 0120 o 
<o 
e=~· oJsoQ 
~· 
.~ GNO Q 

V/E-40 

----l-00 o o o o 
o 

V/E-40 used for large strain measurement 

STRAIN 

tNOICATOR 
R 

VIE-40 

ACTIVE~~-------+=:Il __ c..::__c__1 
OUMMYo-t-------t-0 o o o o o 

o 

V/E-40 used to measure arbitrary 
resistance value, P 

SPECIFICATIONS 

Accuracy: 0.02% or reading. Environment: 0° to+120°F(-I8° to+49°C), 

Maximum To meet accuracy and repeat- up to 70% relative humidity, 

eurrent: ab:lity specifications: 1200: 65 mA; non-condensing. 

·350f:: 55 mA; 10000:25 mA. 
Size: 3-7/8 H x 9-1/8 W x 3-1/8 D in 

Stability: ±3 ¡:pm/" e max. (98 x 232 x 89 mm). 
Resistance 30.00 to 1111.100 in 
Range: 0.01 n steps. Weight: 1.9 lb (0.85 kg). 

All specifications are nominal or typical at +23° e ( +73° F). 

MEASUREMENTSG~OUP,INC .. 
P.O. Box 27777, Raleigh, NC 27611, USA 
(919) 365-3800 • Telex 802-5.-•2 • FAX (919) 365-3945 

o;o: "4TD 

Printet; . ~ USA 



MODEL 
700 

PORT ABLE STRAIN 
GAGE ··wELDING AND 
SOLDERING UNIT 

BULLETIN 302-B 

AbatfHy-operated capacitiva dlscharge spot welder for attachlng and wiring weldable straln gages 
and temperatura sensors. ' 

•. SPparate visual and aLdible lndlcators monitor_ 
welder status - We!d energy is continuously 
adjustable from 3 to 50 joules, making the 
Model 700 an excellent choice for installing 
weldable strain gag<~s and temperature sen
sors, as well as small thermocouples and light
gauge met!ll. 

• Supplled with a llgiltwelght solderlng pencll 
-A front-panel control adjusts soldering tip 
temperature fpr a wide range of soldering 
applications in th~ field or in the laboratory. 

• "Low-battery" light to warn the user when the 
Interna!, sealed lead-acid battery requlres charg
lng - A built-in charger- opera tes automati
cally when plugged into 115 or 230 Vac, io 
ensure full battery charge with no danger o! 
overcharging. lndicator lights monitor battery 
charge rate. 

• Convenlent storage space for cables and 
. instruction manual. 

r,OIC, S. A. DE C. vJ 
OIJ/POS DIDACTICOS INDUSir.lf,L[~ l 

Y CIENTIFICOS, S. A. DE C. V. ¡ 
n. F. C. EDI-8gi20R-PGA 1 

MEASUREMENTS GROUP, JNC .. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA ! C1\1no N~. 251 COL. EL nEcn:-r· j 
' '' 1' O' J70 ·- . tJ-J ·-·· .. _· ¿¡ t,I[X~~O. D. F. !.! ::. 

1,: .·• I'V'
1 ·~>4- f .:. :~.-'1. ~·>.~:.¡ 

. .. -. . ' -·- -: .. 

. . . - . - (919) 365-3800 

CCopyright Measurements Group, lnc., 1961 
. All Rights Reserved. 
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PANEL CONTROL FEATURES 

SELECTOR 
SWITCH FOA 
WELDING/ 
SOLDERING 

'IJN(!IQN 

MOOH 700 

-~' BAII!~Y ~IAIIJ\ 

• 
18 ... .,.,, 

lot()(~ING ~tN(II 

BATTERY 
STATUS 

INOICATOR 
LIGHTS 

WELO 
ENERGY 
CONTROL 

POUAfltf SJl!AIN CACE 

WH01NG10lDf~INC. UNII 

SOLDERING 
PENCIL 

RECEPTACLE 

MEASUUMENTS GROUP 

115/230 VAC 
SWITCH 

CABLE 
STORAGE 
AREA 

SOLOERING 
PENCIL 

HEAT 
CONTROL 

AUDIO 
INDICA TOA 

SWITCH 

SPECIFICATIONS 
WELOJNG 

WELO ENEAGY ~ANGE 
3 toSO ¡oules. ontinuousfy ac•ustable by front-panel control. 

MAXIMUM WE~O AEPETITJON .'::tATE 
20 per minute at 30 joules. lypirat. 

NUMBER OF 'NELOS PEA BATT'.:.RY CHARGE 
Approx:imaw~y 2000 al weld ene'QY sel!ing ol 30 joules. This 
is equivaJen!lo 40 Micro-MeasurJments weldable gage 
in.stallaJions 

8ATTERY CHAAGE TIME (from full discharge) 
12 hours te iS% full charge; 18 hours lo fuH charge. 

BA TTE'1Y 
One :.ea leo. rechargeable lead-n-:rd (nc.n-liquid) type. 
12 vc.H. 5 a·r :~ere-hour. 

WELDJNG PhOBE 
Manual/y fired w1th trigger controt·and "stf!ady~rest."· 

WELOJNG C:'l.BLES 
Two 5 ff ( 1.5 m). fully flexible.· 

WELD ENERGY MONITOR 
Calibrated front-panel control with AEAOY and WAIT 

· indicators: audible indicalion seteclable. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777, Raleigh, N. C. ?;r•: '.USA 
(919) 365-3800 • FAX (919) 36'·, ·.,.,, •. • Telex 802-502 

SOLDERING 

TEMPEAATUAE CONTROL 
Continuously vanable with bands indicating melting range of 
solders. 

SOLOERING PENCIL 
1.1 oz (31 gm). rated al 25 wa!ts. 12 vol! operation. 
Tip tempera Jure adjustable lrom +200° lo +900° F 
(•90° ID •480°C). 

SOLDER!NG DURAT!ON 
4 hours.using +36i° F (+ 183°C) melting point solders ·(wilh . 
initiallull charge). 

GENERAL 

OVERALL SIZE 
9 L x 9 W x 9-3/4 Hin (230 x 230 x 250 mm). 

WEIGHT 
21 lb (9.5 kg). 

INPUT POWEA FOA RECHAAGJNG 
115 Vac or 230 Vac. 50-60Hz. 

OPEAATING ANO STOAAGE TEMPEAATUAE RANGE 
0° lo f120°F (-20° to + 50°C). 

. 
1 

!Í91118TD 

Printed in USA 
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CiAGE 
lt~STALLATION 
TESTER 

. - ~-·-..,--~ -~." :~ ---~~- .... 
. _,._::.;;. . . : ._::~-:-· .·. ·:.. 

A compacf, battery-powered instrument used to verify the electrica/ quality of a strain gage 
.instal/ation BEFORE it is placed in service. 

• Reads with the Push of a Button: No Warm-Up. 

• Reads lnsulation Resistance (Leakage) to 20 000 Megahms with 15 Vdc. 

• Measures Deviation al lnstalled Gag e Resistance Ira m Precise Standards ta a Resolutian al 
0.02 Percent. 

• Ohmmeter Scale lor Troubleshooting Queslionable lnstallations. 

• Verifies the Complete Gage Circuit lncluding Leadwires. 

¡:~"~ 
~1j 
~-}~ 

1 
EQ~~~~~ D/DACilcos 11/DUSTRÍA• Y: MEASUREMENTS GROUP, IN C. 

n NT/FJCOS, S. A. DE c. V. •• , .. _P.O. Box 277.77 
c,\:no ·

1 
;- e 501 ·D9r2oa-PGA • 1 Ra/eigh, North Carolina "27611, USA 

r' p 020°7· 251 COL. EL REc~,-,., (919) 365-3800 
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' TCL 561-ü:'-C4 ~~ F:"9· D. F. 1\TZ.. ccopynght Measurements Group, lnc., 1980 1 
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DESCRIPTION . 
Two cf !he r:10st importilnt mcasuremen:s usf!d :o \·erify t;-:e c;u.::.~it~' e~ a strain 
Q?.ge iñs:~::.Jtion are ir.su!at1~n resistance (le.Jf-;age to grounc} ;:;nd snif: in 
gage resistar.ce.due to ins:allation proccC:J~<)S. 'llhile thóse :· ... ·v rr.easL.:rs-
mcn:s are :oct a complete gu3rantee oí e·,entual proper strain gar;f! ;:;er!or
mance, any installation 'Nhich produces questicna:Jie values sh:=Juld not t:e 
relif!·.:! ~pon where adcuracy of results is r:ecessary. 

Sever:ol scurces of variations in insulation resis!ance and shifts in gagc 
resistance are: 

lnsula:::~ resistar.ce '~'~ exc'}S3 uf 20 000 r:;egohms should be ex;:;.;cteo 
for !e ,L s:r.J:;~ ;;,:,gCs 't.h•Jn :r,s_;::~ilod under lt!boratory conditions. A value of 
iO 002 :-r.ec:.inm:; sho·_.¡c ~e cOr.siCered rr.inimurn. A reading be!ow this 
vat-..:e ,_j-:!nera~:y ir.dicates tra;:;;Jed f:lrcigr1 matter, moisture, residual flux· 
or bac.'\: ~J ~<:!mago;! due ta so!derir.g, as welt as incomplete salven! evapc
ratior. fror:1 an av·ercaa:ing. 

DetericrJtion of the :r.sutation rcsis:J.nce with time ma'/ be an indic.<Úion 
of an irr.;;roperty coa:ed ir.stallation. 

At high,;r test ~empera~ures, particuiarty above +300°F ( ... 150°C). it is 
norma! to e.(oect lesser va1ues. Ten megohrns is considered to be the 
:ower a11owabte •;a!ue. 

A vot:age differencc !:ct·.·:een the spe'=imen and strain gage frequently 
exists. A ·;ery high ins:..:!a:ior. rcz1:;:ance will help keep this vo1:age difier
e:<ti31 from introd:.Jcing ex:raneous sigr.als duri:1g strain mec.suremer.t. 

Shif:s in g<!ge resistance Curing i:1stat:a:~"Jn s:-"lculd not normaliy exc~ed 
c.s~: 'Nhen using room-:emperature-curir:g adhesives. Res:star·:e sh_if:s 
!;rea:cr t!-.an 0.5% ~er.e~al!y inCicJ!e Cama~e to the gaQe dueto :r:-:¡:Jrop0r 
h2ndlir.g or clamoi:1g. Ho·ne'.'er, s:rain ~oges installed using eleva:ed
tem:o,;rc.:u:e-curing achesi·;es may exhi::it greater shifts in resis~ance 
c'-'e :o ~dhesi•1e locA·u~ at eten:ed tem::;erJ.tures (ditferer.ce in line3r 
cocffic1-nnt of therm:11 ex:::ar.5ion botwc·Ji. ·me s:rain gag e ari:! s~ecime:".): 
n~~sc shifts will vary dc~cnCi:1g uoon.me specilic cure temperature anc 
r.-:a:criaiS use d. The shif:s shcu!d nevercxceed 2% and shou!d be uniform 
wi:r,in 0.5%. 

li-:e ~.1oCet i3GO ·i;as joi;,!!'¡ Ces:gn.ed by ¡h·s Micro
Uca~:.Jrements and lnstruments Oivisic:-.s of the 
.'.~eJ.surcm;;:-::s Grot:;J lor maxir.'l:.:m usability. The 
ur.i:'s pa;·back is very shon óS it wi!I1Centify fautty 
-;a~e ins:allations :hat coGid ruin a costly test 
;}~-:>gr.Jm. · 

Com.¡Jle:.e s::ain ;a;;e 'ins:::;:ta:iol1. is easi!y verified 
using :he ~.le-: el i30'::. Or.ce initíal wire conr.ections 
a:e rnac!e. r.1eas~remen:s are accomplished simply 
by pl!shing the appro¡Jria:e b~Jt!pns. 

·" .. -.-, 
·- ''-. 

SPECIFICATIONS · .. ~ 
( . 1 

.¡ 

' \ 

IN?UT CiF.·:JITS 
G.:1¡; ~s: j ... ,,.¡;e e<:.:ar:er b.<~ge (120 and 350!1) ar.d half bridge. Othéi- va.lue c•Jarter . 
briCgcs ·.;sir'g customer's re!erence, a! r<~J::lily accessible panel \erminals. As 
o~r..rr:ete•: 2 reads (500!1 and SúO Mn midscale). 

INPUT u:r~DS 
·Ht ( :.2·.7: _: ·!·cond~.:::tc~ ,~_'.'.'·J 112'3 (0.4-m:n d:a.) twis:ed 7eflon'!-ir.s-.;la\ed cabie 
Si:~~~:e:::: •:·,.,1th ·;reune cli¡::¡ ;;.:id 3 tinned :eads¡. 

METE!::! 
3.5-in si.:e ¡J.OO-in (i$-fi:m} scale fengthj with mirror. Trac~inQ accuracy ±1% 
luil rar.g!!. 

MOOE. s·:.TtCH 
5 r~orrentary push but:ons: bat:er¡ checil.. :::5~-fl deviation, =:1% deviation, gag e 
resis!a.'lce (ohms). a;,d ir.sulatior. resistance (meo;ohms). 

DEVIATICtJ MOOE 
Two rar:ges, ±1% and ±5~ F.S. (50 gradt.:ations either side of ze:o). 
Accuracy: t% range: 0.04% .lR (2 meter gra::uations) 

5~ range: 0.2% .lR (2 meter gr.JO:Ja:;ons) 
E.<Ci:~:ion: 1.0 V de per gage. 

1NSULATION AESISTANCE MOOE 
Grad-.:n:ed 5 Mtl to 20 000 MO {500 MO rnid-scale). 
Accur.::~:/: 1 sC:liC 1:·,, 
Test 'Jol!a~e: 15 Vd e oper: :ircUil. 

OH~.I 1.10DE 
Grn.O:::.:a!e<l Sr. t-:> 20 l(l! (5~!! mid-sca!e). 
Accuracy: l scale div. 
Test Voltage: 2 Vdc c¡::e!"l ci_rcuit (0.4 Vdc@ 12011). 

ENVIRONMENT Al 
+15" to •125°F (·10" to •SG"C): up to 90% relative humidity, non-conC:~: 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777. Raleigh, N.C. 27611. USA 
(919) 365-3800 • FAX (919) 365-3945 • Telex802-502 

SiZS 
Alu'rnir:~m case :se~arao!e líe!) 
5 H x 7 '.V:< 5 :J i.'l with lic 
(;25 x 180 x 125 mm). 

WSiGHT 
3.6 lb (1.6 kr;J w::r. bat:eries 

POWEM SUPPLY 
Four 91/ NEDA 1604 ~at~eries (E·tereaCy 216 or equiv.) 
Lile: Will fuliy :est ¡QQ0-~000 íns:¡¡:llatior:s. 

f!) 
"J ,_ • ... 

, .. ~ 
' o ~ ... 1 

l '.· ··~ 

·>;,j 
, •. -'j 
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;~:-·~.~-~ 
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~=:; .. J 

·~ O' ~o_,.,,,.~ •••• ~~ 

>.1omenta.ry action, ~olor-coded pusfHwtton switches ~j~~~ 
enabte easy selectio'n of meter scales-ohmslmegohms... ,A,I!li .• ~-~;~"l 
:::1% deviation, ::se~ deviation and batt&ry check. .,.'X; 
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uu'D® ~u©cBJ~~~fr tRi©J[JH~~ O~ 5)Qrr©loiT1l G©l~®~ 
AUíl@ ~cece®~~@tr~®~ A W©lB~©l[b)~® 

t.~¡c;o-r-.:eZisurements has ~e en a trusf:d nnme ir, the fi9id o.f S::·::i·n G6ge Technolog:; for m"any y~ars. '.~/e are prou.d 
'J! c·.:r '.';or1dwid·= rc;:¡utation 0.s a premi0r supplier pf high-q·Jali:y-precision strain gag es a~d stra_in gaf;e accesso
ries. and are fully committed to máintain;ng our position :;s !!~e leader in this fie!d. This short-formcatalog of 
,·. ~ic_r·:.-;;lcasure(ilents strain Q¿'¡ges and re;a ted prcducts is ir. tended to p~rovide a canden sed o•¡en.~iew of i:he sensors. 
supp;;·e:s. and tools common!y needed for typical s~rain· gé!ge applications·. .· 

!':1icrc-~.1eJsuremer.ts W<lS independently foundeC and ope:5teC in the eé'lriy 1960's. A fe•:: years· la ter it beca me a 
parte! \f\shay lntertechno!og·;. lnc. 2nd. in \Jte 1973, 'naS incorPorated ·..vi~,"l the other stress anal;isis divisions of 
VishJ.:-- :n¡o a single entity- The Ltleasuremenfs Group. All di~·isions·of the Measurements GrouP are no•n located in 
OLlr''.'i0~\d \leadquartcrs faclr·,~y near Ra!e~gh, North Caro:i.na. ¡\-1icro-r-..-1easuremenfs mainta~ns.an additiOna·r strain 
g.Jge·¡:.roductiori facility in Romulus, MiCiligan. 

<?ustomer Support Services 

Thí! common.der.cminutor :,n all M:,cro-;-/~-::éisurements projucts.and sen/ices is our de~icatión to helping you 
ac;,ie·:e consistently accurate and reliab· ·:Jin measurements _And we··/e m a de so me significárit commitments to 
help ensure your success: 

\'le publish the·widest range of technical 
r;,:erence literature in the .st!ain gage..field -
·availobl'e through ihe Measurements Group's 
Technica! Data Mailing Program. 

lile respond quickly to requests for "specials" 
tÓ S'Jit individu.al requirements. 

An experienced and friendly Applications 
Engineering staff is readily available by 
phone or letter. 

We ofter a variety of comprehen·sive technical training programs from 
beginner to advanced levels in strain gag e technology. The Measurements 
Group regularly conducts workshops and technical seminars in oür Tech
nical TrainingCenter in Raleigh, North Carolina and at locations through
out the U.S. and !he world. 
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Master Str~h1 Gag® C©1t©!!og 
e©Ji©l~og,-5®)(0) 

This introductory catalog contains abridged strain gage listings 
which are representative of the types and sizes most widely u sed in 
stress analysis applications. Forthose involved in extensivestress/strain 
measurement programs, it is advantageous to request a copy of 
Micro-Measurements Catalog 500. The gage listings in Catalog 500 
include essentially al! standard types and pattern configurations 
manufactured by Micro-Measurements. Considering the variations 
in pattern design, grid alloys, self-temperature-compe.nsation 
(S-T-C) numbers, backing materials, and optional features, there 
are civer 100,000 possible gage types from which to select. 

Catalog 500 contains a broad range of pattern configurations and 
sizes, designad to meet the inany and varied test requireinents 
encou·ntered throughout the field of experimental stress analysis. 

A special group of strain_gages- Transducar-Ciasse
has been developed ·specifically for transducer appli
cations. Tra_nsducar-Ciass strain gages, described in 
separa te Micro-Measurements ·mera tu re, are a select 
group of standard and-special gage patterns designed for 
optimum costlperformance ratio (in transducer service) in 
high-volume production quantities. 

·. - . 

Gage Listings 

Reproduced below ,is a sample Catalog 500 listing 
for a single, repiesitritátive gag e pattern. The listing 
includes a tabulation of all gag e series in which the 
pattern is available, as well as optional features 
applicable to each series. Complete descriptions o! 
the gage series, options, etc. are provided in the 
introductory section of Catalog 500. 

S ., Sedlon (Sl = lec 1) 
CP "" CompM~ Pat!.em 

M .. M•bh IAI 

GAGE 
DESIGNATION 

1_, O.WM S·T-C No. 
lftl~aMattlltdXX 

U&AM 

RES. 
IN 

OHMS 

- 1 

' 1 

i 11 ! 
1 

! 
' ! 1. 

OPTIONS AVAILABLE 
Add lndlui..S ~ To Pacl.ag• Pr1(:• 

Nol•: Sloc:k St.lu. Symbol• Do No! 
Applylo G•g .. Wlth Op\lonal F .. t .. rn 

125AD '''·'·'u~· ü~iiC(Q~neral-pur~Os8·ga~9. ·see al so 125AC pattern. EK-Serie·s g8ges are supplied with duplex 
1-~copp,er pads .(DP) when _optional feature W or SEis not specified. 

EA-XX-12SAD-120 
ED-DY-125A0-350 
EK-XX-125AD-350 

WA-XX-125A0-120 

WK-XX-12SA0-350 
EP-{)8-12SAD-120 

120 =0.15% 

350 ±0.3% 
350 ±0.15% 

120 ±0.3% 

350 ±0.3°h 

120 ::::0.15% 

120 ±0.3% 

350 ±0.3% 

350 ±0.6% 

--~---·--·-----~~~~=~~~~~;,:;:~~~~~~~~~~~fl~_l~3~5~o~±~o~,fj:%~_t~:J.:J.~-'--L-'-_l. __ _l __ _.l __ _j 
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Strain Gag~;Designation System 
and S-~!ection Chart 

:1n selecting the niosl suilable strain gage for each applicali·Jn, consideration musl be given to the variations in 
p:allern design, grid alloy, self-lemperalúre-compensation (S-T-C), backing material, and optional features. The 
9age designalion system'and standard strain gag e selection chart shown on this page presenta partial summary of 
lile many combinations of these factors avai lable in Micro-Measurements strain gages. For brevily, lhis summary is 
limiled lo !hose gag e series and optional features listed in this catalog only. When selecting or ordering a strain gag e 
from this catalog, these charts will provide a key to choosing the appropriate gage for your application. 

· .. A complete, detailcddesignation system and set"ection chart are included in Catalog 500. 

Wlwn test conditions are se•1ere, or when there are unusu<.:iy stringent demands on accuracy and stability, 
selection of the optimum gage parameters to satisfy the test specifications can involve a number of subtle 
considcralions. Asan a id in systemalically arriving atthe most appropriate gag e type, given a specific measurement 
task, Measurements Group Tech Note TN-505, "Strain Gago S<Jiection Critaria, Procaduras, Aecommandations", 
available on request from the Measuremenls Group's Applications Engineering Department, will provide a valuable 
reference for use in conjunction with these selection criteria and charts. 

Self-T ernperature-Compensation 

Foil Alloy 

Carrier Matrix (Backing) 

C EA-06-250UW-120 

T 
E• 

W: 
Oper.-!a_ccd, C:lSt polyimide backing. 

Fully encapsula\cd: glass-fiber-reinforced 
epoxy-phenotic resin. High-endurance 
leadwires. 

A: · Constantan alloy in sclf·temperature-
compensated lor.m. 

P: Anneafed Constantan. 

CE: Thin. flexible gages with a cast polyimida 
backing and encapstJiation leaturing large, 

,ruggcd, copper-coated so!der tabs .. This 
construction provides optimu'm capability 
lor direct lcadwirc attachment. 

O: lsoelastic alloy .. 

K: Modified Kúma· alloy. 

1•.· 

. . 

Gag e OESCRIPTION ANO PRIMAAY 
TEMPERA TU RE AANGE SP.ries . APPLICATION 

. 

Normal: -too• to •350"F (-75" to +175"CJ 
EA Gí!ncral-purpose static and dynamic stress analysis. Wide 

Special or Short Ter m: 
raroge ol options avaitable. 

-320' to •400"F (-195" lo •205"C) 

Universal general-purpose strain gagas. Constantan 
grid completely encapsutaled in polyimlde, wllh larga, Normal: -100' to +350•F (-75' to +J75'C) CEA 
rugged, copper-coated tabs. Priniarily used lor general- Stacked reselles limitad lo +150' F (+65" C) 
purpose static and dynamic streu analysis. 

Exccllcnt tor dynamic measurements. High gago factor EO Dynamic; -320' to +400'F (- 19?' to +205" C) and e)(\ended la tiQue lile. 

Stress anatysis and transducer Apptications. Wide temper- Normal: -100• to +4oo•F (-75" to •205°CJ 
WA ature range and CJ.treme environmental capability. High- Spcciat or Short-Term: 

endurance teadwires. -320' to •5oo•F 1-195• lo •26o•CJ 

Widest temperature range and most eJ.treme enviro_n- Normal: -452• to •550'F (·269' to +290"C) 
WK Spaciat or Short-Tarm: mental capability. High-enduranca laa.llwires. 

·452• to • 1so• F t ·269' ro +40lt e J 

Hi¡;h-elongation measurements {post yield). Onty avail-EP -100• tO +400"F (-75" lo •205'CJ ablo in 0_8 S-T-C vatue. 

For w1de-range dynam1c strain measurements in WD se-
Oynamic: ·320" to •5oo•F (·195" to •260"C) ve re environments. High-endurance lcadwires .. 

'Fatigue lile •mproved using !ow-modu!us sotder. 

4 

Active Gage Lenglh in Mils 
(tllousandlhs of an 1nc11¡ 

Grid and Tab Geometry 

Resistance in Ohms 

The S· T ·C number is the approximate thermal 
expansion coelficient in PPM/° F ol the stiuctural 
material on which 'the gage is to be used. The 
lollowing stanaard compensations are aliaila_ble: 

A and K alloys: 06, 13. 

P al!oy: 08. 

The O·alloy is not avai!able in self·lemperature
compensated form. 'DY' is used instead. 

FATIGUE LIFE 

STAAIN RANGE Straln leve! Number ot 
In ¡.u: Cyclet 

±3% lor gag e lengths ±1800 10' 
under 1/8 in (3.2 mm). ±1500 10' 
±5%. tor 1/8 in & ovar. ±1200 10' 

±3% for gage lengths 
±1500 10' under 1/8 In (3.2 mm). 
±1500 100' 

±51111 lor 1/8 in & ovar. 

±21111 
:1!2500 100 

Nonlinear at Sttain 
levets over ±0.5%. 

±2200 10' 

±2000 10' 
±2 .. j: 1800 "'' ±1500 10' 

±2400 100 
±1.5% ±2200 10' 

±2000 '"' 
±10% for gag e tengths ±1000 10' 
undor 1/8 In (3,2 mm}. EP gag es ahow uro shilt 
±20% lor 1/8 in & over. under high-cyclic strain1. 

±1.5% ±3000 10' 
Non linear at strain . ±2500 10' 
levets over ±0.5%. ±2200 .100 

. _, 

) 
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_M_M_ - - -· - - - Super Stock Gag e listings Section 

The gages listed on this and the following page represen! the most .widely used types for general-purpose 
experimental stress analysis. Gage lengths range from 0.015 to 0.500 in (0.~ to 13 mm) in a wide range of pattern 

._/ configurations. In addition to single-element gages in a variety of sizes and aspect ratios. the list includes two- and 
three-element rosettes for use in biaxial stress fields. There are al so twin-element chevron patterns for measuring 
shear strain or torque. Grid resistances of 120,350, and 1000 ohms are available.: 

Selection of gag es from this list will generally lead to the best delivery and. in many cases. toa price advantageas 
well. The "C"-featúre. or CEA-Series, strain gages are normally the first choice because of the ease of installation. 
These gages have rugged, copper-coated solder tabs. permitting direct leadwire attachment. 

All gag es In this llst are classified as Super Stock. This means that Mícro~Measurements guarantoes to maintain 
stock for off~the-shelf delivery of al leas! 10 packages ofany type listed in 06 and 13 self-temperature-compensation 
numbers (except 08 S-T-C for P alto y and DY for lsoelastic). There are no Minimum OrderRequirements for gages 
selected under the above conditions. · · 

lf your application requires a gage that is not listed here, you should refer to Micro-Measurements Catalog 500, 
which includes all standard, general-purpose Micro-Measurements strain gag es. All gage patterns are sl1own at 
actual size except where enlargement is necessery for geometry definition. 

GAGE OESIGNATION ANO PATTERN GAGE OESIGNATION ANO PATTERN GAGE OESIGNATION ANO PATTERN 
-· ,_ 

CEA-XX-015UW-120 ... EA-XX-C62AP-: 20 E.·\~AX-125AC-350 

Micro-miniature pat!ern with -~-large exposed solder tabs for 
high-strain-gradient applica- ·~ ~-tions. Exposed tab area is 0.06 L 

x 0.04 in (1.5 x 1.0 mm). 

' 

\'/K-XX-C62AP-350 1 

Compact small general- :pf 
purpose pa 1 :ern. Select 

.. 
WK gag e lar wiCe tempera· 
ture range applications. 

WiCely use e general-purpose 
panern w1th nigh·resistance • grid. .. 

lf 

4X 2X 

CEA-XX-OJ2UW-120 !:A-XX-062A0-350 E:,.x:<-12SAD-120 
~ .. , 

Short gage length pallern 1\; with large exposed sctder 
tabs for high-strain-graéient •¡¡¡ ,j' 
applications. Exposed tabarea . 

Same size as C62AP pattern ·:g: but with high-resistance grid 
in EA Series. -..... 

:C.O-DY-125AD-350 ~ '.'JD-0 '{-125AD-350 
'/.'i<-XX-125AD·350 lf 

Widely useé. ;eneral-purpcse ¡::at:i:r:.. S<!lec! 
is 0.07 x 0.04 in ( 1.8 x 1.0 mm). EO- or WO-OY gages for la:igue a;.:p:icatic.-.s: 

2X 2X 
W'K lar wiC!:! temperature ~3f'';j-.! s:.a:ic C< 
éynamic measurements. 

SA-XX-031 DE-120 • CEA-XX-062UW-120 CEA-XX-125UN- 1 ~-J 

Miniatura pattern for posi· 

'1' tioning adjacent to t'ligh stress . . 
concentrations, e.g., hales. ' ' lillets, etc. 

• 

CEA-XX-062UW-3SO ' . ' 
~ .. g .. .... •. ·.~- ~ 

Small general-purpose gaga """'' 
' ' with larga exposed soldar u.wr tabs. Exposed tab area is 

0.07 x 0.04 in ( 1.8 x 1.0 mm) . 

CEA-XX-125UN-350 

Narrow general-purpose gag e A pattern. Exposed lab area is 
.. 

0.06 x 0.05 in ( 1.5 x 1.1 mni). '·' 
4X 2X 

WA-XX-OSOW_R-120 

. ~! . . 
Small 3-element 4S•rect- · · 
angula<Siacked msette. . )0 .'. , .}"·k 

/!: 
1 • 
' 1 

EA-XX-062TV-350 

sinall 2-element 90" torque :;·¡; gage. 

·•.•· 

CEA·XX-125UW-120 -
CEA-XX-125UW-350 

Most widely used general- :~: purpose gag e in CEA Series. 
Exposed tab area is 0.10 x .... ~ 
0.07 in (2.5 x 1.8 mm). 

2X 2X 

EA-XX-062AK-120 EA-XX-062TT- i 20 EA-XX-12588-120 

Small generaHiür"póse Pat- .. :n: tern with elong'ated sOIOSr· 
tabs. :;·. ' ·····' '\ ~,.. ... . ;.¡ ~-: :,, ' 

Small general-purpose 90° ..... 'tee' rosette. Sections are 
electrically independent. . ¡ i 

'1 •. 

Narrow general-purpose pat-
lern with elongated tá~s.~, ''~ .. i . ,, .. 

1 .... ' 
1,1 

2X 2X 

-
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• GAGE DESIGNATION,AND PATIERN 

Gcn'.lr;•l·pur~o~e ~attern with 
, narro·.v gna and cornpacr 
CJ'HJmetry. 

1 :,~::~~ 
1

:.::,~::::10nce pal· 

/,le'-' H;lh ccm;ac< ;comelry. 

l' ·:' ., 
¡1 ,.,- •.. :. 

~~.=. ·:~-125AA·1ZI) 
, · ~~~~n~t-purpose 3-e!omcnt 
j ~~' rec:i\ll'Jl.<l;urosette.Com· 

¡:uct geometry. . 

··· ;:,\. :~x -145ll n-' ::o ! ~ ::.~-:..:;:.t2~'~':1<~C 
' . 

l. 
Gmloral·pur:w~o .t5•,mglo· 
p!ane r<:"se!:e. Ci),1lOACI gco
r:w!ry. E;•po~ed !Jb area is 

1 ,:-ca,oco;n¡2.o, t.jmm). 

2X 

2X 

-ttA'h~ 
';J u i.t ! ;, -~-. . . 

i 
~--------------------~ i·· .. ·::·:-1:5T'-'·:CC. 

:Gcr:erai·i)L:rposo 2-element 
9')"'tee' rcs~tlc. Secticns are 
eli!ctrica!ly independenl. 

,:--:;~:,.:·::-:-125UT ·1 :W 
'(:i:.-\-:-:::-1 :..::u T ·350 

2-elemcnt so• 'tee' roseue 
lar gP.ner,11·purpose use. 
t.~posed tab arc3 is 0.10 x. 
o:o7 in (2.5 x ~ .8 mm). 

:::,.;<;<-14:5TK·:I~O · 

High-resi~tanco 2·element 
so~ gage lar !arque appli
f;alions. · 

. 

ii ...... 

GAGE DESIGNATION AND PATTERN 

CE·\-XX·IB7U'/-120 
CEA-:<X·18iUV-:J50 

2-elemont so• reselle lor 

~ torcj'u'c and shei\r·strair: mea· 
suremcnts. Sect!ons have a 
common clectricat connec- . ,J 
tion.E)(posod tab are a 1s 0.13 
x 0.08 in (J,:J x 2.0 mm), 

E,\-XX·::!SOAE.·350 

Largo general-purpase gag e. 

-~· Used when high po•t•er·dissi- -
pation is required. · . .. . 

[.:;.;-:;.: -:!SOJ\ F ·1 2{) 

Large gencral-purposr. :,.ge. 

-~· Us<:!d when high po•..,-.,, · .:~si· 
pation·is required. . . 

r:,-..:.:x-2~CIJG· :20 
L::·'·0~-2508G-120 
'NA-XX·250BG·120 
WI<-:<X-25000.·350 

·~ Widely u sed general-pur-
pose pattcrn. EP Series ca¡l-
able ot uh.mgation > 20%. 

E;....;<X·25CBF·350 

Gcncral-purpose pattern with 
high-rcsistance grid. Com· 

! pact geometry. Similar to 250BG 
pattern c:xcept lar re'sistance. 

CEA-XX-250UN·120 
CEA-XX·250UN-350 

Narrow genera 1-purpose :¡ gag e- paltern. E:xposed tab . . 
a re a ; ' 0.08 ' 0.05 i'n 
(2.0-x r. r mm). '·" 

CE' ~\-XX·250UW·120 
CEA·XX·2~0UW·J50 

LJrger. grid ·and tab than -~· 2SOUN. pattern. Exposed tab • ::--r.: -

area i:s O. 10 x 0.07 i_n (2;5 x J,B ~~::.: 
mm). 

6 
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GAGE DESIGNATION AND PATIERN 

. EA·.XX·25CBK·lOC 

Very high-resistance (10000) 
pallern. Aecommended lar 
high bridge· voltages or lor 
uso on plastlcs . 

CEA-OG-W2SOA·120 
CEA-06-W250A-350 

Lowest-cast, most flexible 
and conlormable linear 
weldable gage pattern. See 
page 8 lor more_ detai!s. 

CEA·XX·2SOUR-120 
CEA·XX·ZSCUR-350 

1: .. 
~l 

.J 

"' ~~:~: ;~~~:t~e~n~:x~~5=~~~e~ ~A~ 
area is 0.13 :x 0.08 in 
(3.3 z 2.0 mm). . : . · 

. . - . 

EA-XX-SOOBH-120 

Long general-purpose gage 
in a compact geometry. 

CEA-XX-SOOU'N-120 

Widely used long .gage pal· 
. tern. EJtpos'ed tab are a is O. 1 O 

Jt 0.07_in (2.5 x 1.8 mm). 

. . . . 

.~·. n 
-~· . . 

: : .. 

~----------------~ 

.. 
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Speciai-Purpose Gag es, Sensors, and Equipment 

1 n addition to providing the stress analyst with a vast selection of standard strain gag e types. Micro-Measurements 
offers a variety of products designed to meet special needs and perform special functions in experimental stress 

,"-' : analysis. Although· space in this introductory,catalog permits nei ther a full listing ofthese products, nor complete .. ·-. 
descriptions, a few types of special sensors are briefly noted. · 

Full information on any of these products, along with detailed technical specifications. can be obtained by 
requesting Catalog 500, or by contacting the Measurements Group's Applications Engineering Department. 

.,.., · · Temperature Sensors 
11 ~ 1 - TG Temperatura ~ensors, with a grid of ultra-pure nickel foil. are recommended for general~ 
Jll . 1 ! purpose temperatura measUrement from -320" to .,-soo~F (-195° to •260"C). Forapplication at 

i extreme! y low temperatures, two _alloys- nickel and manganjn- arecombined to produce the 
· CL TS-28 (cryogenic linear temperatura sensor). The duplex construction of this sensor results in 

mi· 
~::· 

an essentially linear change of overall resistance w:th temperature, from -452° to .,., ooc F (-269° to 
+40' C). 

Reusable LST matching networks are availab!e for half-tridge connection of tempera tu re sensors 
to strain.indicators. With these accessories, the strain ir.cicator registers tempera tu re directly, a t. a 
scale factor'of 10 or 100 microstrain per °F or °C. 

Crac!< Detection 

CD-Series Crack··oetection Gages are 'designed to pro
vide a convenient, economical method of indi
cating the ·presence of a crack, or indicating when a Crack 
has pro"gressed toa predeterminad location on a test part 
or structure. By employing severa! .CO gag es, it is atso 
possible to monitor the rate of cr?ck growth. 

Crack detection gages are available with various strand 
lengths; from. 0.4 to 2.0 in (70 to 50 mm). 

Strain Gages for 

Crack Propagation Gages accurateiY indicate rate of 
crack propagation in a specimen material over"a very small 
distance. These sensors are often used adjacent to 
notches, fi!lets, orothertypes of discontinuities in structures. 
Severa! sizes and geometries are available. 

1 i i 
i:; 
'. 
i 1: 
~ ; ! 
't: ! 'i 
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·.Residual Stress Determination 
~·~ -- <0: . ;~, 
'<~~. ffili) -~~1rt'. · 

The most widely, usedlpractical technique for measuring residual stresses is EA serie• CEA serlea :.. ~ .• ·.rEA Serie• 
. , the. hole-drilling·straiñ·gage method described in ASTM Standard E837. With . appro~imalety 2x·iCtua1 ·s,~8 ¿, :;,' 

·. this method, a specially;configured electrical resistance strain gag e rosette is , .. , . .:;--:.: ·r~· [;~::.·::l.: 
bonded to the surface:of:the test object, and a small, shallow hale is introduced through the center of.the:gage:using a 

··' -· ::_ .precision drilling;apparáfus:'süch as the Measurements Group'srAS-200· M.illing.Guide. After.drilling~-:.the·.strain.:in~the . 
.;;.;/ · :~1 immediate vicinity.of the:hole.is measuied, and.the relaxed residual stresses are computed from these.~easurem~nts. 

- For further details, request Bulletin 304. 
1 ' 

-·---------- L--~·.:_· -·--_· ·-'--~----"----------'-------'--'--'-----'-'-------'---__j 
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Wcid1bie gagns are prÜci~iOil foil sensors bonded to n mot<tl 
c<trrier for spot wcldinQ to structures nnd compnnents. ThrJSÜ 
scnsors are easy to install and reau.ire rninimal surface 
pr~paration. lnstallation is accomplisi~cd without adh.esivcs. 
ciiminating heat ·curing problcms on massiVe structures. Th,-:/ 
<:He also well suited to laboratory test programs requir;r;g 
clevated-temperaturc testing and mi:1irnal installation time. 

SPECIFICATIONS 
. 

Sensor 
Standard Reslstance Gag e Temperatura 

S·T-C ln,Ohms Factor Range 

CEA 

1 

06,09 120:!:: 0..1% 
2.1) 

-100° \O +200°F 
350:!; 0.4% (-75° ro +95°C) 

' 

LWK 

1 

06.09 350 :±: 0.4% 2.1 
-320° to •500"F 

(-195" to +260°C} 

WWT N/ A 5_0 ± 0.4~.Íl@ NíA -320° to •SOO"F 
•75~F (•24°C) (-195° to •260"C) · 

SENSOR DESCRIPTIONS 

CEA-Sorics Wüldable Strain Ga!]o: Con· 
st:Jntan nlloy scnsing grid complctely encap
sulated in polyimide. Very flexible. In most 
casés can be contoured to radii as small as 
1/2 in (13 mm). Rugged. copper-coated 
tabs lar convenient leadwire attachmcnt. 

L'IIX-Scrios Wsldablo Strain Gaga: Madi· 
lied K arma (K-alloy) sensing grio completely 
encapsulated in a fibergtass-reinlorccd epoxy
phenolic rnatrix. Integral three-wirc tcad 
system consists of 10 in (250 mm) flexible 
etched Tellon .. ~-insulated leadwires. Insta\-. 
lation radius generally limited to 2 in (50 mm) 
or largor in \he direction of the grio·axis. 

WWT-Serios Weldable Temperature Sensor: 
High-purity nickel sensing grid cornpletely 
encapsulated in a !iborg lass-reinforced 
'epoxy-phenolic matrix. Integral three-tab 
printed circuit terminals lar convenient lead
wiro al\achmcnt. 

~Aegistered Traoemark ol DuPont 

Moch"'l700 Portá~Jie Strain Gage 
Welding and Soldering Unit 

W250A 

1
······; 
: j 

! 

tiLl 

W250B 

W200B 

The Model 700 is a com.pletely portable, capacitance- · 
discharge spot welder, désigned for efficient installation of 
we!dable strain gages and temperature sensors. Supplied 
in a rugged, gasketed Case, the batt.ery-powei-ed unit can be 
u sed undcr ficld conditions wher~ no power lines are available. · 

Bondable Resistors 

A temperat1t:n-controlled soldering pencil, ope·rated from the 
main batter:¡ supply, is an integral parl ol the Model 700. The 
lightweight p·~ncil can be adjusted toa wide rangc of tip temper
atures for. bc:h gag e soldering and l€adwire splicing. 

For lurther detaits, request Bul/etin 302. 

tllicro-Measurements manufactures a variety of fixed, adjustable, 
and combination bondable resistors lar use in many applications 
where precise resista_nce is required. ApprOpriate patterns are 
available in both low and high temp·erature-coefficient-of
resistance types. Widest use is in transducer bridge circuits to compensate for small temperature~induced errors and to 
adjust bridge balance. . · 

Various alloys, sizes, and patterns are avnilable, allowing selection of the optimum resistor for specific applications . 
. Resistors are normally produced open-faccd on a polyimide carrier. The recOmmended temperatura range' is_fiom 0° to 

+300" F ( -20" to + 175" C). For lurther details, request Trsnsducer-Ctass Catatog TC·116. · 

1. 



M icro-Measurements 
--~------.Straln-Gage-A-cce-ssories-------

-._ 

,../ Micro-Measurements strain gages are produced under rigidly control!e:J manu'acturing conditions. with the 
utmost care and attention given to ensuring the high ievel of quality and precision for which these gag es have 
gained world-wide recognition. However, the gag es' full potential for accura!e strain measurement can be rea 1ized 
only when they are properly installed. There are, in fact, three principal com;:;onents in every strain gag e installa
tion: (1) the strain gag e itself, (2) the tools, materials, and supplies (accessorics) needed to install the gag e, a na (3) 
the techniques employed in performing the installation. Professional stress analysts have learned from experience 
that compromising any of these m ay lead to compromising the quality of t'le installation and the accuracy of the 
strain data. 

The well-established formula for making consistently successful strain gaoe installations is quite simple: 

• select high-quality precision strain gages. 

• select professional-caliber accessorie~ which ha ve been laboratory-tes~cd and fie!d-proven for 
effectiveness and compatibility with the strain gages. 

• follow the installation procedures recommended by the manufacturer of tc.e gages and accessories. 
. .· . 

Fea tu red on the following- two pages is a small sample of Micro-Measureme~ts M-UNE s'train gag e installation 
accessories. As indicated, the appropriate materials, supplies, a lid tools are pro•;ided for each importan! step in the 
gage installation process- from preparing the·surface of the test piece to apolying a protective·coating overthe 
bonded and wired gag e. All accessory items, whether manufacturad directiy by Micro-Measurements or specified 
for purchase from an outside supplier, are of the highest quality, and ha ve 
be en designed or selected specifically to help en su re successful installa
tion of Micro-Measurements strain gages. · 

Regular users of strain gages will want to request acopy of Catalog 
A-110. This 40-page, fully illustrated catalog describes the complete line 

-/ of gage installation accessories and related equipment. In addition to 
detailed pwduct .descriptions .and specifications, it includes, where 
app_licable,-extensive recommendations for the appropriate selection and 

. application of the accessories. 

Catalog A-110 is available on request from our Applications Engineering 
Department. 

- .. ,. 
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CS~.-~-1 Ocgr~aser 

M-Prep Conditioner A 
M-Prep Neutralizer 5A 
Silicon-Carbide Paper 
Cotton S\vabs 
Gauze Sponges 

·M-Bond 200 
M-Bond AE-10 
M-Bond AE-15 
M-Bond 600 
M-Bond 610 

Cellophane Tape 
Mylar JG Tape 
Spring Clamps 
Teflon Film 
Silicone Rubber 
Application Toóls 

. 

... 

Solder·Terminals 

. . . ,-

., 

,_. __ 

Wires, Cables- So lid, Stranded, Tinned • · 
Solders 

_, -
. 

. 

... ~ . 

-~·!f'~:;, 

So.ldering Station 
Wiring Tools 

.· ' . 

M•Coat A Polyu rethane . : ': ·,. · 
M-Coat B Nitrile Rubber · 
M~Coat C Silicone Rubber 
M-Coat D Acrylic 
M~CoatW-1 Microcrystalline Wax 

. . . . . :·;.~------·- :- . 
.·.' 

,l .-;·. 
·1 • Reads insulation resistance (leakage) to20000 Mn wit~ 15 V de.: -'· , 

. :~"7.'·· ! . . . . . .,. '· .. . ·. . : ;;,~~1· r . ~~ .... ~~~~0~·~\"6¡~~~~ in~talledgageresi~tance lrom pre;\/"~~ttnd~r~s ~0: '. 
/''.ff..g• · 1 • Auxiliary ohmmeter'scale lar troubleshooting qÚestionable in.stallations. 

. ~ 1 . . . 
1 e,Reads with the push ola button. · -~ 

i • Verilies the complete gag e circuit in~luding leadwires .. 
i 
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The ultimate in gage installation 
capability is provided by the 
MAK-1, Master Strain Gag e Appli
cation Kit. The MAK-1 includes all 
of the supplies and special tools 
necessary for mai<ing a wide range 
of gage installations for both 
laboratory and field applications. 

lt is cften of greatest cor.,;en- :. 
ience for the strain gag: u ser 
to purc~ase a!! of the needs8 
accessory .supplies and r,¡a
teriais in a single pac':sge. · 

GAK-2 Series Kils pcovice 
specific select¡ons of /A-L!NE 
accessuries for making basic 
stro.in gag e ir.sta!!atio~s -..·;ith 
the M-Bond 200. 'AE- i 0/15. 
or 6i0 adhesives. 

---- -~~:~~ Because technique 
is such an importan! 
ingredient in success-

~~·:.::.~ ._...... -
.·~!_L-.. --. 

lul strain gage installa
tion, detailed lnstruction 
Bulletins have been pre
pared lar virtually all 
Micro-Measurements strain 
gage installation products._ 

In addition. a library al 

··~ .... ' . . . .. 
:E·:II (;;> 

Tech Notes and Tech Tlps is 
available lar reference on a bread 
range ol subjects within Strain Gag e 
Technology. 

.~ llO::J_::·:.::·:~.,~~ 

-e-···-' .... ·• 

~-::.::.::: , ......... :. 

Tech Tips present praciical strain' gag e application techniques for 
"out-of-the-ordinary_".situations. and represen!, as muchas possi
ble, a practica! "how~to" approach to strain gage installation. 

1 ·.·.::,-·>-:·_:.. . . .:·~;·,' 
: -Tech Notes contain.in,depth technical treatments of specific·sub· 

. jects having director;i~d_irec!_bearing on the successful applicat¡_on .. , 
of stress/strain meásuremeiit teclinology . . . . . . 
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All Micro-Measurements products shown in this catalog 
cari be arde red from the accompanying price list. 

The Measurements Group Order Serví ce Oepartment can 
provide immediate stock and delivery information. Most 
products are available for same-day shipmcnt or can be 
produced on short delivery cycles. Me.asur"ements Group, 
lnc. maintains regional sales representativas throughout 
the world to furthér assist yo u. For additional information 
on any of our product lines, contact us or our representa
tiva serving your area. 

Quantity discounts are avai1ab1e en strain gag es and spe
cial sensors. All other ltems are sold on a net basis only. All 
prices are subject to cha_nge without notice. · 

: ... 

... <. Micro-Measurements Wan·On~y !?olicy 

·'i-h~ Micro-Me8~urement~ Olvision Of Measurements Group,lnc., warrants ihat tha products so!d unCer.its nom€1, are fit for the p~..:rpos8forwhich they 
· were In tended by the supp11er and guar.il.ntees sald items against delects in worKmonship or ma!criol for a period ol ninoty (DO) days, or Otherwise 

...... specified Hmits,lrom date ofdelivery. Every reportad case of non-standard material is thorougl11y investigated by ourQuolity Assurance Oepartmcnt. 

.,_. ·lt should be recognlzed that thora is no method to 100% test our typo o! products sine o many tests would be destructiva. eoth Micro-MÉlasurements 
;: ·.:.- and tl'le purchase/"3 mustdepend u pon statlsllcal oompling technlquos lhat ha ve In !he nast proved :o bo rellablo and economicul in reapoct to the cost 

.~ ~ · of the prciduct. ... · 
•: .. ' ~'-

Thlt warrantY.tsln ueu ot any other warrantles, expreued or lmplled, lncludlng any lmplled wnrrcnUes of merchanlablllty or fltness for ll particular 
. purpote. There are no warrantles whlch extend beyond the descrlptlon on \he lace herllol. Purchaser acknowledges that al! goods purchased Ira m 

·. Measuremants Group are purchased as ls, and buyer states lhat no salesman, agent, employee or olher person has made any such representatlor.s or. 
warrantlea orotherwlse usumed for Maasurements Group anyllablllty In c:or:necllon wHh the sale o! any goods lo the Purchaser. Buyer hcreby w<!i~·es 
all rlghts buy"er may have arlslng out Or any breach of contrae! or breach of warranty on !he por! of ~.~:?-oaurements Group, lo Dny incidental or 
consequentlal damages,lncludlng but notllmlled lo damages lo property, damt~aes lar lnJury lo the pcrson, damages for loss ol use,toss ol lime, lo~s 

·. of proflts or lncome, or los1 retultlng trom personallnJury. . . . . . 

anc!tho u,,.·· t6which the data and "test r~sults m ay be put arecompletely in the hañds of,the purchaser. 
for damages consequential or incidental lo defects in any of its products. 

found to be Micró-Measurements' responsibil!ty,·the buyer's sol e and exclusive remedy will 
product. . 

the bést ot·~~r ability In locating ar~d ldentifying tho source ol any dilflcUitles lnvolvinQ our product. 

:, .. . .... 

MEASUREMENTS GROUP, INC. 

1 

1' 

EDIC, S. A. DE. C 
fO~~~~N~~~~~;~c~s INDUSTRÍAl~ 

R F. • · A. DE.c. V. 
CIIIRO .N. C. EDI·O~I:?CrJ-PGA 
C .. P. 020070. 251 . COL. EL f1ECf1CO 

- /v,EXICO o --
TF:L 5('1·00-04 - . . F /,, Z. 
' ... .,_ '· /-/.:{ :1".1·';~ r 1 

P.O. Box 27777,
Raleigh, NC 27611, USA

1 

(919) 365-381)0 
Telex 802-502 •FAX (919) 365-3945 
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·5op.histicated/Uncomplicated 
·--. 

:Thc 2300 Signal ©orr.ditioning Amplifier System 
:.<fombines the latest h1 electronic sophistication 

with simplicity h1 setup and operation . 
• 1 ·, 

f· '··. 

/' 

'" 'The 2300 System conditions and amplifies low-
lével::signals to high-level .outputs for multiple~: 
chan'nel, simultaneous dyna'mic recording or dis-

1' • - • - ' 1 

playron:.e·xternal devicés. . . .' 
ti p¿~¡ ;> .. -~ . ; . . ¡ : < . t ·_ - . 

<'Am:ong its advanced features¡ each.2310/2311 
t-iloaúle includes a ,built-in power st.ipply, active 
filter.ing, three simUitaneous outputs, playback 

' mode, wide frequency response, and electronic 
bridge balance. Socket-mounted integrated cir
cuits and discrete components achieve ttíe d~c 
manding specifications· listed while provÍding 
ease of serviceability. 

Up to ten 2310/2311 Modules can be mounted in 
· a Model 2350 Rack Adapter; or up to tour modules 

in a Model 2360 Portable Enclosure; or, a single 
2310/2311 can serve as a stand-alone unit. 

While the Model 2311 provides wider frequency 
response and more versatile excitation, the basic 
2310 and 2311 Signa! Conditioner/Amplifier 

Madures accept inputs from strain gages, load/ 
pressure/dc displacement transducers, potentio
meters, thermocouples (with Model 1611 Adap
ter), RTD's and nickel temperatura sensors, 
without any interna! modification. 

Controls on the 2310/2311 are arranged in sec
tions, permitting easy setup. Clearly marked 
push-button and single-purpose switches mini
miza the possibility of operator error during use. 
With the exception of the playback switch, all 
operational and monitor controls are on the front 
panel. Switches for selecting remole sense and 
specific shunt calibration configuraiiOns are 
located on the printed circuit board inside the 
unit. 

Typical 2300 System configurations are shown · 

·:.r~.r.1m''~''~···.:" "i.,, 

f?i·:;:;~~,~;: . A·''~ .: ··. 

on the facing page. The operating features of the ( 
basic 2310 and 2311 Modules (shown actual size) v 
are illustrated and described on pages 4 and 5. 
Complete specifications are given on page 7. 

'• '.1• '.' 

' 
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Co nfi g urati oras 
------------~-----

The 2310/2311 Amplifier Modules can be u sed as sland-alone, single-channel inslrumenls, or can be 
configured inlo racks lor mulli-channeltesting. 

Stand-aiC:me, single-channet instrument used 
·with the Modei2310-A20 line cord and stabilizer 
bar accessory package. 

Model 2360 Portable Enclosure includes ·all ac 
wiring. Accepts up to tour amplifier modules. 

< .. 

. ~r-~~----~~-=··~-·=·---~----~--~~----~--~------------~~ 
· · Ten-Channel System (including Model2350 Rack Adapter) shown with the Model2355 Enclosure. The ModeL 

2350 Rack Adapter fits standard 19-in (483-mm) electronic equipment rack.-AII wiring is buill-in to accept ·¡ 
·adjacent ten-channel systems. - " · 

3 
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Front-Panel Controls 

2310 SIGNAL 
COt,DITIONING The principal differences between the 2310 and 

~·· AMPLJflER .·-, 2311 amplifiers are the 2311's wider frequency 
\:! CAL ·.'t¿j! response and broader range of excitation set-
. ,}......_ + ,§ . G (!JI'' tmgs. See specificaliOns on page 7. 

~~-~ ~ ú<: '-------,,:-------------' 
rOUTPUT~~LTER ~GALVANOMETER: Electromc adjustment for 

- +~o o,'-";"'i~ zero pos1l10nmg and span of the galvanometer, 
~ -~ :·~---~'!. remole from recordar. , 

1 ~~~}rª CALIBRATION: Momentary two-pos1tion 
¡AUTO BALl <.;;(J 1J switches, ±A and ±B, control shunt calibration 

Off Hl · ,_~ levels; 4 po1nt. 

ot(~'). () · IK ~j'fj .........,_LEO DISPLAY: Set up;~d.icator for amp'.ifier 
N~" ~· .• ::~._·. . balance, bndge balance and for momtonng the 

RESET IOK ~ output leve l. • . 

.i_ 1tt ·: ':w<' FJLTER SECTION: Push-button controls for · 
WB · activatin.g appropriate low-pass active filler, or · 

selecting wide-band operation (WB). 

ELECTRONIC BRIDGE BALANCE SECTION: 
Three-position switch.- OFF, ON, RESET -for 

¡--EXCITATION · electronic bridge balance; auto ranging up to 
ON. ±25 OOOJ1E with nonvolatile zero storage; 

2 2.7. ·.3.5 5 . ~~~ . ycllow light indica tes high·range operation or 

• 

. !t"JJIY. overrange condition. Vernier TRI M control is 
I.0~.-7 ,.~ · 1_21~ ··~{; ~used to refine bridge balance when desired. 

.,.. ·: AG IN: Capacitiva coupling in the amplifier; 
0.5 15 ""'i\eliminates static component of the signal. AMP . 

r'---GAIN BRIDGE EXCITATION: ON-OFF switch for 

'

. removing bridge excitation lrom the strain gag e 
1
• • or transducer. 

. .. . AMPLIFIER BALANCE: Adjusts any amplifier 
offset. 

TION LEVEL: Twelve-position switch; 
values arranged for doubling power with each 
step. 

2311 SIGNAL 
CONDITIONING 

Co::\ AMPllflER@ 
~;CAL ·:SO 

A 8 

~+@ ,_. 
- ---

¡- OUTPUT-, r 1 ·-. 
rAUTO BAL¡ 

OFF Hl 

2fi¡G) 
RE.SET 

TRI M · .. e 
.· :·~-:-··: 

¡-EXCITATI 

1.4 7 '1 1 10 ' 

e 
AMP 
BAL 

2311- Same as 2310'exccpt 0.5 replaced by --.J 
· variable sctting: 0.3 to,6 Vdc. •·•c:,,l¡¡tu,, 

PLIFIER GAIN SECTION: Continuously 
variable potentiometer (1.00 to 11.00) plus 
push-button multipliers control amplifier gain; 
direct-reaqing. . ,_: 

TTERY TEST: Momentary push bullan 
determines battery level for bridge zero storage. 

· · BAT 
·rEs'r0 .... u 

.·· ·POWER ... .. e>;~:.ll, 

. ·- . _· ··:-.. : ~-·Jn::'· ·'· .. : 
- i..srNMINrs ~·if&\ ,· 

DIVI510N •:~ 

--'"·--·· . ,¡: 

ro 
'-_) 

ú 

N POWER: Turns 'unit on/off; LEO pilot 
light: 

u~AJ~¡L~~;E~0~~~c~: :~~~~~~~~T6~~PuT. .:. ~ ..• ~"_-:.fi.:_·~t.i · .. L .. 
Excitation pin jacks only for Model 2311. -----' "~L: · .~ ......... ~;::~~f.J-. 1 '--.../ 

Shown actual size Shown acluar size 
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Back-Panel Controls- 2310/2311 

-- r.;;,---· •... '\.....,. ~,,.. : .... -
. ~ ---.-~ 

jl(">PLAYBACK--¡ -ON 1 · •• 

. .• . ~._~(e\\_ 
~-NO!I.M T ··,, -. •• / 
~-Jl·.· .... ~ -:', :.: 

·shown actual size 

' - .... •:,-- ~ 

AC LINE SWITCH: Selects 
nominal 115 or 230 Vac opera
tion. Recessed to eliminate 
inadvertent movement. 

TAPE PLAYBACK SECTION: 
Si id e switch activates magnetic 
tape-playback operating mode. 
Connects the input to the filler 
circuits and post amplifiars. 
BNC input connector. 

MAGNETIC TAPE OUTPUT: 
Full-scale ±1.4V leve! available 
at this BNC connector for driv
ing magnetic tape recorder. 

HIGH-LEVEL OUTPUT: Full
sc.ale ±1 OV leve! available at 
th.is BNC connector for driving 
an oscilloscope, DPM, etc. 

OUTPUT RECEPTACLE: All 
- - three outputs available.at this _ 

connector for those who prefer 
to hard wire ·their connections 
(mating p/ug inc/uded). Outputs 
are 75 m A for galvanometers, 
±1.4V, and ±10V. 

INPUT RECEPTACLE: All sen
sor inputs made through this 
15-pinquarter-turn connector. · 
Pin selection determines mode 
of operation (mating p/ug 
included). 

POWER CONNECTOR: Main 
power input from the rack adap
ter, portable enclosui.e or indi
vidualline plug.¿Adqiti9nal pins 
for optional remote operation of 
shunt calibration:¡bridge excita
tion (ON/OF.F),.and electronic 
bridge balance._. :'F; ~ : · 

.. ·.··· -~- ~ 

5 

PC-Board Controls 

Convenient\y located switches on the 
printed circuit board permit easy setup 
for fi~tering of outputs·. sr.unt calibration, 
and remate sense selection. 

FILTER 
SELECTION 

(output) 

SHUNT 
CALIBRATION 

SELECTION 

REMOTE 
... · " SENSE 

SELECTION 

1 

1 

,-

-.' 



Technical Notes 

Thc shunt calibration technique is customarily used to calibrate and introduce gage factor into the system. Two front-panel switches, A 
and 8, actívate two pairs ol fixed resistors mounted in socKets on !he printed circuit (PC) board. These are the shunt calibration resistors, 
and their values determine the calibration levels. Addilionolly, a multiple switch assembly on the PC board controts which Wheatstone ,__, 
brid~e arm{s) is being shunted, and selects local or remate wiring lo these arms. Multiple shunt configuralions are possible by simply 
moving \he selector switches - rewiring is not necessary. The specilic test conditions dictate the best conliguration. Severa! of the more 
imponant conligurations are illustrated below: 

FULL BRIDGE: Double shunt; recommended lar 
high-accuracy transducer applications. 

HALF BRIDGE: Shunl active gage with 
dedicated leads; usad on soma transducers 
and sorne stress analysis applicaUons: ellm
inates leadwire influences on calibration. 

Power dissipation is an importan! consideration for obtaining optimum stability and par
lormance !ro m strain gagas, strain gaga basad transducers and similar devices. 

The excitation steps on the 2310/2311 have been carefully chosen and arranged to provide power 
doubling with each step, starting with an extremely low excitation. The power·.versus
voltage graph it!ustrates this importan! fea tu re. The step excitation switch allows quick and certain 
repositioning ol the excitation leve!; and, in combination with a continuously variable gain, provides 
exce!lent measurementllexibi!ity. 

REMOTE SENSE: Serious lull-bridge measurement inaccuracies can be caused by voltage losses 
dueto cable resistance and variations al that resistance. To minimiza this problem !he 2310/2311 is 
equipped with a RE MOTE SENSE feature. When used, it automatically senses the voltage at the 
transducer and regulates_the voltage of \he power supply lo achieve the preset leve! al !he transducer. 

CUARTEA BRIDGE: Shunt dummy gaga: 
recommended lar stress analysis applica
tlons to campensate lar leadwire desen
sitization. 

EXCITATION STEP 
DOUBLES 

' EXCJTATJON (BRIDGE VOLTS) 

R 

" J5on GAGE OPTION Y- RE MOTE OPERATION; Remole calibratlon by externa! command ls en optional feature 
for !he 2300 System. This oplion adds six interna! relays enabllng !he u Ser to remotaly opereta: Shunt 
Calibration (+A, -A. +8, and -8), Auto Balance Aeset, and Bridge Excitation ON/OFF (lo check ampfifiei balance). 

For single-channel applications. the interna! power supply may be usad to energiza these relays. More !han one 2310/2311 can be operated with a 
single set or ~-Nitches (or externa! relays); en externa! 5 Vdc power supply is required (250 mA for each ten channels). 11 Option Y is spec•fied lor 
the 2310/2311, it must a!so be specified for the accompanying Rack Adaptar (2350), or Portab!e Enclosure (2360), to ensure that the necessary interna! 
cabling, receptacle and mating connector are supplied. · 

Setting the initialtest condition to zero output (balance) is normally done befare each test. With the 2310/2311, balance is automatically achieved by 
~ushi~g the momentary switch to the RESET position. The OFF pos ilion disables the auto bala_nce circuit. 

Tne Yottage injection technique is used ·la set zero. With this technique a voltage is generated which· is essentially equal (but of opposile sign) to the 
unbafanced bridge output; this voltage iS injected into the amplifier to produce zara net output vorfage. The main advantage of this technique ovar 
thc conVentional potentiometer-resistive-balance method is that it does ncit load the bridge - a necessary requirement lar accurate full-bridge 
O;J<:!ration and good common-mode rejaction. The injection voltage, although analog in lorm, is digitally generated and digitally stored. Interna! 
batteries preserve !he zara when the main power to the unit is interrupted or turnad olf. 

When balance cannot be achieved on the low ranga, tha 2310/2311 will auto ranga to the high ranga, which is indicated by a steady yellow panel 
light. The high ranga provides greater ranga with leas resolution. 

A!thOugh not normally used, a TRI M control is provided for that demanding measurement where zero must be precisely set. 

Batanea by axtarnel command l$ an optlonal !esture. 

Whcn \he measuremenl does no! iequire the full bandwldth, a -built-in low-pass filler can be 
uscd to suppress high-lrequency components of the input signal. The standard 2310/2311 has 
a two-pole Jow-pass active Butterworth lilterwith selactable frequencies. Greater suppression above 
the cutolf lrequency can be obtained by specilying Option V. This option increases the standard 
two-pole lilter toa four- or six-pole filler with characterislics similar to the Butterworth. 

A graph illustrating !he rofl-off characteristics olthe 2- and 6-pote lilters is shown. 

Push butlons control the cutolllrequency, while the wide'band (WB) position allows the amplifier to 
apera te a.t its fullest capacity. 

The ac posilion is used lo eliminate the static (de) componant ol the signal and pass onJy the 
dynamic componen!. In this circuil conligurallon, the amplifier is capacitively couplod afler 
the preamplilier. 
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- . Specifications 
. . 231.0/2311; SÍGNAL 'CóNÓITIONING:AMPLIFIER · 

INPUT 

·~ Strain Gagas: Ouarter (120 and 3500), half or full bridge 
"""-" · (SO:to 10000). Dummy resisto'rs installed. ;,;~.,. ,.. 

-· 

¡ 
i 

. ¡ 

~~·... • . .> 

' 

~f41;l~~~:.\ . 
,.,.,!.~.,. :~--· 

l~!~!bl::-~~ _, 

Transducers: Foil or piezoresistive strain gage types. 

Potentiometer. . 

DCDT displacement transducer. 

EXCITATION 

2310-12 settings: 0.5, 0.7, 1, 1.4, 2, 2.7, 3.5, 5. 7, 10, 
12 and 15 V de :::1%, max. 

2311 - Same as 2310 except 0.5 replaced by variable setting: 
0.3 lO 6 V de. 

Current: 0-100 mA, limited at 175 mA, max. 

Regulation (0-100 mA, ±10% line change): ±0.5 mV ::!:0.04%. 
max measured at rematé sense point. (Local sense: -5 m V, 
typ(cal,@ 100 mA, measured at plug.) 

Remota Sense Error: 0.0005%/0 of _lead resistance (3500 load). 

NOise and Ripple: 0.05% p-p, max (de to 10kHz). 

Stability: o.02%rc. 
Leve!: Normally symmetrical about ground; eilher side can be 

grounded wilh no effect on performance. 

BRIDGE BALANCE 

Method: Counter':'emf injection al preamp; automatic etectronic; 
dual range; can be disabled on lront panel. , 

Ranges (auto ranging): · 
±SOOO,Uf (1% bridge un balance or 2.5 mVN), resolutiqn 

2.5J"f (0.0012 m V/V). 
±25 OOO,ue (S% bridge un balance or 12.5 mVN), resolution 

12.5W (0.006 m V/V). 
Balance Time: 2 seconds, typical. 

Manual Vernier Balance: ±SO ,Uf(± 0.025 m V/V). 

lnteraction; Essenlially independent of excitation and 
amplilier gain. · · 

·Storage: Digital; up to 2 years without line power. 

SHUNT CALIBRATION 

Circuit (2-level, dual polarity): 
Single-shunt {for stress analysis) across any bridge arm, 

including dummy gage. 
Double-shunt (lar transducer) across opposite bridge arms. 

Provision for 4 dedicated leads lo shunt externa! arms. 

Cal circuit selected by switches on PC board. 

Standard Factory-lnstalled Resistors (±0.1%) Simulate: 
±200 and :::!:1000,Uf@ GF=2 across dummy hall bridge; 
+lOOOJ"E@ GF=2 across dummy gage (120 and 3500): 
±1 mVN (double-shunt) for 3500 transducer. 

Remole-Operation Relays (Option Y): 4 relays (plus remote
reset relay lar bridge balance and relay for excitation on/off). 
Ea eh requires 10 mA@ 5 V de, except excitation on/ofl25 mA. 

AMPLIFIER 

Gain: 1 to 11 000 continuously variable. Oirect-reading. 
2310: ±1% max. of reading 

±0.5% max. of full sea! e vernier setting. 
2311: ±1% max. of reading. 

Ten-turn counting knob (X1 to X11) plus decade multiplier 
(Xl 10 X1000). 

2310 Frequency Response (all gains >S. full output): 
de coupled: de to 25kHz, -0.5 dB max. 

. de to 65 kHz, 1~3_d~;{typ,il:~aL8f40, ~~~tpu,t). 
ac coupled:-5 Hz to 25 kHz;·..0:5:dB:·-l<-·•·&·.o~~ .. ~""·"'"'u:-""··~·"""-' · 

2311 Frequency Response (all gains, full output): 
de coupled: de to 50kHz, ,-(};S·dB max ... :. ;_.;· 

de lo 125kHz, -3 df3.max.· .. ·.,. ··· , r· .; 
ac coupled: 1.7 Hz to 125 k¡:iÍ, -3 dB.mB.X. · 

2311 Frequency Response, Reduced Output (2 Vrms max): 
; Bandwidlh (-3 dB)@ Gain ol: 1-11,200 kHz: 10-110, 

-~~-_, ______ .170kHz: 100-1100, 135kHz: 1000-11000, 125kHz. 

Al/ Specifications are nominal or typical at •23°C unless noted. 

----Input lmpedance:-100-Mn:-m¡n-;-differentiiiiOi"'COmmon-mo.d•e.--,_-,;;'; --
including bridge balance circuil. 

. "~' ,; 

7 

Bias Current: ±50 nA. typical each input. 

Source !mpedance: Oto 1000n each.i~put. 
Common-Mode Voltage: ±:lOV. 

Common-Moc!e Aejection {gain over X lOO): 
Shorted input: lOO d8, min, at de; 90 dB, min, de to 1kHz. 
350n balanced input: 90 dB. typical, at 1 kHz. 

Stabillty (gain over X100): ±:2 J..1.V/°C, max, réferred to input 
(ATI). 

Noise (gain over X lOO. all oulpuls): 
0.01 lo 1 O Hz: 1 }"V p-p AH 
0.5 Hz lo 125. k Hz: 5 }"Vrms, max, AH 

FILTER 

Characteristic: Low-pass active 2-pole Butterworth standard. 

Frequencies (-3 0::1 dB): 10, 100, 1000 and 10 000 Hz and 
wide-band. 

Outputs Filtered: Any·1 er2 oral! (switch-selected on PC board). 

NOTE: Consult Applica.tions Engineering Oepartment · 
concerning optional filter characteristics and frequenci~s. 

AMPLIFIER OUTPUTS 

Standard Oulpul: O::lOV@ S mA, m in. 
Tape Oulpul: :!:1.414V (1 Vrms)@ 5 mA, min. 
Galvanomete·r Output: ±10V at 75 mA. m in, current-limited at 

100 mA, max (minimum·!aad resislance for 0.05% linearity: 
500). . 

Galvanometer attenuator (0-100%) anct zero adjust (±1V) en 
front panel. 

Linearity@ de: 0.02%. 
Any eutput can be short-circuited with no effect on others. 

PLAYBACK 

Input: :!:1.414V:full scale; input impedance 20 kn. 

Gain: X1 to tape output; X7.07 te standard output. 

Filter·Selection: As specified abeve. 

Outputs: All three as specified above. 

POWER 

105 to 125V or 210 lo 250V (swilch-selecled), 50/60Hz, 
10 watts, max. 

Keep-Aiive Supply (for bridge balance): 2 Eveready S76E or 
equal. Shell-life (approx. 2 years). 

SIZE & WEIGHT 

Panel: 8.75 H x 1.71 W in (222 x 43.3 mm). 
Case Oeplh Behind Panel: 15.9 in (404 mm). 
Weighl: 6 lb (2.7 kg). 

POWER 

2-ft (0.6-m) 3-wire tina cord; 10-ft (3-m) extension cord supplied . 

Fuse: lA size 3AG (32 x 6.4 dia mm). 
Receptacle to accept line cer~ from adjacent 2350 Rack Adaptar. 

Wiring.fer remate calibration with Option. Y. 

SIZE & WEIGHT 

8.75 H X 19 W X 19.06 0 in (222 X 483 X 484 mm). 
13.5'1b 16,1 kg). 

8-fl (2:'4,m),detachable 3-wire cord. 
Fuse:·1/2A size áAG (32 x 6.4 dia mm). 
Wiring for remete calibration with Optian·v. 

SIZE & WEIGHT 

.. ·'·':':",..:~.,;~. ~.; . ' 
,·,2 :;r, ~-

9.06 H x 7.20 w x.18.90 o in (229 x 183 x 480 mm). .• 
6.75 lb (3.1 kg). 

,. 
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; The 2400 Signal Conditionirig System 
< ¡,Incorpo,rales, as standard, all lhe,leatures 
•necessary' lor precise conditioning of strain 
;gag e and lransducer inputs combined wilh 
:tlle convenience and sp_eed of computer~ 
i-controlled setup. ;íhe 2400 System allows 
ith:e u ser lo configure individual signal con
.éliiioners from any host computer wilh an· 
· IEEE-438 or RS-232 communicalions link.¡ 

Among the features of the 2410 Amplifier are. 
isolated constant-voltage/constan t-cu rrent excita; 

).ti.on:-;. .. guarded input stru,c,ture with ±350~.: 
¡9omniori-nióde ca·p·ability, ±10V'arid tape ouh 
¡puts:a·utomatic wide-range bridge balance and 
'four"pole Bessel low-pass filters: · ' 

2 

A basic system consists of a Model 2401 Mas
ter Unit which accommodates up to eight (8) 
Model 2410 Signal Conditioning Amplifiers. 
The system may be expanded to 256 channels 
by adding a Model 2402 Expansion Unit for 
each additional eight-channel rack. The system 
may be expanded beyond 256 channels by 
using an additional IEEE-488 address or 
RS-232 port. 

Ea eh master a·nd expansion unit is housed in a 
standard 19"in (483-mm) rack adapter which 
occupies 7 in (1l8mm) of rack space. Attractive 
panels are supplied with each rack unit for 
those applications where tabletop mounting is 
desirable. Expansion units may be separated 
from the master unit and from succeeding 
expansion units by up to 100ft (30.5 m). 

{ 
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lnputloutput signa!, control, and power con
- --------ne-ctors are mounted on the rear panel of the 

to eoab:e the oP-_t;:Lª--t:H to_easi!¡~determine_the~~
channel st.ltus: 

~, rack mounting assembly. All inating connec-
..._,. . tors.(except signa! output) and powercords.are 

supplied. lnstallation or removal of inci•;idual· 
channel modules is accomplished from the 
front of the rack without requiring rear access 
or removal of mating connectors. An optional 
rack-mounted power controi panel is available 
to provide front-panel access to the power 
switch. 

o Excita~icn ON cr.OFF 

• Autabalance cr~¡ or OFF---

., Autobalar.ce Range Low or High 

o .t..utc:,:.!3nce S8que:.ce !nrange 
or Overrange 

o Excitation Constant-Voltage or 
Cons tant-Cu rrent 

• Input dc-couplad oi ac-coupled 

o Addressed Ch2~nel Validar lr.·:alid 

• Power lnterrupt 

Programmable functions and status outputs 
are compatible with the IEEE-488 and/or 
RS-232 protocols. No additional hardware is 
required to operate in either mode. Individual 
channels m ay be addressed, oran "all-channel" 
command may be· utilized to address every 
channel simultaneously for fast initial setup. 

All programmed functions may be read back 
from individual signa! conditioners at any time 
without altering any programmed setting. 

In addition to the user-selected settings de
scribed below, the following flags are provided 

A hard·.vare reset cápability is pro·;iced so 
that the a:r,plifier will pov;er up wit11 the excita
tion reduced to zero. This capabi!ity guarantees 
that sensitive strain gag es or other input de
vices will not be damaged by high excitation 
voltages (or currents). Likewise, a power inter
ruption will cause all programmable functions 
to reset to the off state and will set the power
interrupt flag. 

Fea tu res 
· o s·et-up and Jilonitoring of all channel · .... 

input paramelers from any host computer 
wilh IEEE-488 or RS-232 communica-
tions link .. 

.. :· 

·.:·-·· 

· • Programmable four:pole Bessel low-pass 
fil!ers \'Ji!h cutoff frequencies o! 1 Hz, 
10Hz, 100Hz, 1 kHz and 10 I<Hz. 

• Two simultaneous buffered outputs; 
±10V and tape 1.0 Vrms; will drive up lo 
0.15 ¡..r.F wi!hout instabi!ity. 

•. Plug-in amplifier design; amplifiers are 
removable from the master unit wlthout 
affecting input/output connections. · · • Stable, proprietary bridge completion 

·· • Programmable constant-vollage or . /> .. , .. module for quarter- and hall-bridge 120-
constant-currenl excilatlon; 0.25 lo ··•<;•,;··. :· and 350-ohm ·strain gag e and transducer 

· _15.75V or_1,.~ '? ~3-~~: .••••. ·' _ ...• ··.):iB> .. circuits. . 
, • Prógrammable-.gain .from 1 to 3000. · · .:;,<f,gf:• _ 120-ohm dummy ea sil y configured for 

· ~ ~-- -~·::,:;·.~" ~-~-:,>t-~~~~-~~~:,;~ -~7::~~-::.::.:.~.(.,:1->::.. --~:-:. :•:-'- -: ·_.: -·' . _ _.,;.&(~~·~_.-:·· ·. 1000-ohm completion. 
• Electronlcally:.lnJécted, automatlc wlde- '."-'i;1'f·•:':·- · . 

: · ... __ .· ~arige!Írtctg·e.b'alancewlth'battery backup}f/:• Built-ln programmable shunt callbrallon 
· .,. · ,.,, ·:.•"- ._,,..,.:!o retaln))alani:e ln·:power-off conditlon:.c\t6\·'} .. ~ •. circults; interna! user-selectable configu-
::.o .. ·;·: ··- · -:v.''·-- ·.: ·-, •. :-~·-.•·•;.;;:»:':,"'·:.·.•.,::.:•:·,··· · .. :-::•-;, .. :,: ........ · · ./);~:tT;:.:- rations to provide two-point shunting of 
f:¿ ._, ;:'}';·.;¡~:Input coupllng; hardware select~blc;_ ·: '#::;':>': . any bridge ciim'ponent or two-poinl do u-
... , ....... : ···-- ,_;¡, ... a e or de. . . _ __ . ••. · · ,: ' ,.;;;';_;,::.:::_ · ble shunt·calibration of transducers. 

:· +~l~·:,;¿l::d1 A~:fully guarded input ainpl~f_!~r;;±;3~9,Y9~,,S~;fV:;; .. ~ Docu.,;~;:;téihíy~t~'m software commands 
,. t~¡,·>~~'l'if; j~~.i~~~~=:~ ac COil)mon-mo,~~w~~r~m~,~- ,·>~·?·E;;t::: )or maxinÍ~mitl.fxJ~iJi~Y of;.user .. 

.. _..,.,.1 , ' • .. :· • .. ,.. ., ·¡ •· ., • _._..-.-,·.-·· · programmzng ¡ --.• · . · 

·';';~1\_;,,,:í.J. :.if'·-~_·_·Full-power bal)dwidth qb9o;k_!tz,a,t,al_l,:.;;l':'':,~ •lnz'tz'al s· e't-~_'u'-"'p1_ :p';'_r'o1_·g'-''r'a·_· m· s p·ovl-'nd to'·r· 
,.,'j'<, .. ,,¡ .. · · -· tr · --¡ • - T6'3·vr"·· ·· · .......... ' • ' .u~ • -;·:.:;'1} s;.~. gam se zngs; s ew ra.e o . . . .·¡..r.sec .. ·'·. ¡:· . systení· chéi::koüt:·;;. · ··,, · 

.~ . -
: · ...... . 

• > : 

:·: . .:~ .. 
. ------·'--'-----'------'-----''---'-------'-'---'---'-.;.;._-~-------' 
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INPUT 

Input lmpedance: 
· dc-coup!ed: 22 M !l. 
ac-coupled: 1.1 J.LF in series with ·20 k!l; 

low lrequency cutoff (3 dB) 8Hz no m. 

Source Curren!: ::!:10 nA typical; ±20 nA max. 

Conliguration: 2- to 10-wirc plus guard Sllield to acCept quarter-, 
, hall-, or lu!l-bridge struin gage or transducer inputs. Interna! 
·bridge completion with temperature' stabi!ity better than 
3.0 ppm/°C lar dummy 1200, 35011, and 10000 completion 
gages and interna! hall bridge. Accepts inputs from ground
referenced or isolated devices. 

Oifferentiallnput: Maximum differential input voltage of ±30 V de 
, or peak ac. 

cOmmon-Mode Input: Maximum conunon-mode input voltage of 
±350 Vdc or peak ac. 

Guard lmpedar:ce: >250 kn to output common; >1000 MO to 
power and rack ground. 

AMPLIFIER 

Gain: 1 to 3000. Coarse Gain Steps X1, X10, X100, X200. Fine 
~~in O tp 15, 16 steps incre~enta,L Ov,e,r~ll ~c9uracy ±0.2%. 

unearlty: ±0.02% of full scale al de. 
·{ 

Frequency Response: . . . 
de lo 100kHz: 3 ±0.2 dB at all gain setlings and full output; 
~e to 50kHz: 0.5 dB max at all gain settings and full output. 

Slew A ate: 6.3 V/¡J.sec mina~ all gain settings. 

Noise: (350!1 source impedance, dc-coupled). 

Referred-to-lnput (ATI): 
1 ¡.¡V 0.1 Hz to 10Hz p-p; 
2 ¡.¡V 0.1 Hz to 100Hz p-p; 
3 ¡J.'JO.l Hz lo 100kHz rms. 

Input Coupling ac/dc Select 

' . 
. _, .. 

Digital 
Control 

Board 

Model 241 O Signa 
SPI 

1 
Aeferred-to-Output (ATO): 

FG =fine gain setting 
200 ¡.¡V+ (FG x 100 ¡.¡V) 0.1 Hz to 10Hz p-p; 

"500 ¡.¡V+ (FG x 200 ¡.¡V) 0.1 Hz to 100Hz p-p; 
600 ¡.¡V+ (FG x 300 ¡.¡V) 0.1 Hz to 100kHz rms. 

Zero Stability: ±2 J.LV RTI, ±200 JlV ATO at constan! temp. 

Temperatura Coeflicient of Zero: ±1 JlVrC RTI 
±200 ¡.¡V/°C ATO; -10° to 60°C. 

Common-Mode Rejection: 

GAIN CMR (dB) 
X1 82 

X10 102 

GAIN 
X100 
X200 

CMR (dB) 
122 
128 

Common-Mode Voltage: ±350 V de or peak ac, 'max operating. 

Standard Output: ±10V@ 10 mA max. 

Tape Output: 1.0 Vrms@ 10 mA max. 

Output lsolation: lsolated from power and rack ground; 
>1000 MO. . . 

Output Protactio~: Pro.it3~ted a9ain~t conti~uous short. 

Capacitiva Lo.ading: Up to 0.15 JlF. 

Filter: F.o!Jr-pola Bessallow-pass filler with selectable 
3 dB bandwidths of 1Hz, 10Hz, 100Hz, 1kHz and 
10kHz. 

CONSTANT-VOLTAGE EXCITATION 

Range: 0.25 to 15.75 Vd~ @ 85 mA.max, 0.25V increments. 

Accuracy: ±0.10% ±5 m V. 

Noise: 100 ¡.¡V ±0.002% p-p de to 20kHz. 

Une Regulation: ±200 JJ.V ±0.01% max for line voltage changa of 
· 10% from nom. 

\ 

1 

' f ·¡;·.. ,, . 
... :~ ~· 

'· ·' ,;, ' 

"Piggyback-mountlng"or'the Mode/2410's prlnled c/rcu/1 boarda allorda compact 
deslgn, yet pro v/des for easy access when Interna/ conflguratlon changas are .. 
requlred to mfiet speclflc teat appllcatlona. 

1 
\ 
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Load Regulation: ±200.).N ±0.01% max for load variation of 10% · 
to ~ of fullload. 

Remate Sense: Excitation error <0.0005%/0 al fead 
resistance. 

-Temperatura Stability: ±0.01%/~~-

Monitoring: Front-panel monitoring jacks. 

..:d.scrli2:t:tc:":"..:·isaia!Edjrot:tDOW~r.owr::ra~~

floats w1th Guaro; 

CONSTANT -CURRENT EXCITA TIC N 

Ranga: .1.00 to 63.0 mA de. 1.0 mA increments. Compliance 
voltage 15.75V; max open circuit voltage 21.0V. 

Accuracy: :!:0.10% ±5 p.A. 

Noise: (1 p.A + 10p.V) p-p; de lo 20kHz. 

Line Aegulation: ±1 #JA ±0.01% max. lar llne voltage cha.nge of. 
±1 O% from no m. 

Load Regulation: ±1 p.A ±0.01% max for 100% load change. 

Monitoring: Front-p_anel monitoring jacks. 

lsolation: lsolated from powerground and outputcommon; floats 
with Guard. · 

Temperature Stability: ±0.01%/°C 

AUTOMATIC BALANCE_ 

Method: Etectronically injected automatic balance. 

Activation: Programmable. 

Storage: Digital storage witti battery backup. Battery life 
2 to 4 years. 

Range: ±15•00D,uf (7.5 m V/V) RT.I Low Aange/~.:lw 
±45 OOO¡H (22.5 mVN) RTI High Range. 

;·' 

A~solution: O.S,ue RTI Low Aange; 1.5,ue RTI High Range. 

Accuracy: ±3 mV ATO; :::3 ,ue RTI. 

NOTE: Range, Resotution. and Accuracy specifications apply to 
gain ranges of-XlO, XlOO. X200. On gain range of Xl. al! MTI 

...soecifications ar~ mu!tioie:=: X i 0 

CALIBRATION 

. Four interna! shunt calibration resistors. ±0.1% tolerance: 

174.8K 1000¡¡< (0.50 mVIV) 350n; (2 each) 
874.8K 200¡¡< (0.10 mVIV) 350rl; 
59.94K 1000p.< (0.50 mViV) 120n. 

Interna! selector switches for se!ection o( two-point unipo!ar. 
bipolar, or two-point doubte-shunt catibration circuits. 

Externa! static or dynamic ca1ibration signats are al so program 
selectable. 

ENVIRONMENTAL 

Temperatura: 
Operating Range -1 oo e· to 60° e: 
Storage Aange -20° e to 70° C; 
Humidity to 95% without condensation. 

SIZE 

5.69 H X 1.87 W X 20.37 D in (145 X 48 X 518 mm). 

WEIGHT 

2.6.1b (1.17 kg) .• 

'-

Balance Time: 4 seconds typical; 8 seconds max:·.-- --:~-- ··:·--~- · ·- All'relerences to microstrain as sume a gaga factor·of 2;0o.---- · · -- ---

Al/ speci/ications nominal or typical at +25° C un/ess noterj. 

' . 
. ' ~.. ... . -·' ·-- ·-- ' ' 

ciili b'rai'io-n' eó~iá .•-·:• • 
-. -\-: ~*t:~~:i~i~~~~~~};i ~-~~:::- .·:; ... 

_ Excitation. 
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Model 2401 Master Unit 
The Model 2401 Master Unit contains the system 

control circuitry. lt accepts up to eight (8) Model2410 
Signal Conditioning Amplifiers and provides the required 
lnpÚI!output rear-panel connections. The front panel 
has silk-screened channel identification (Oto 7). The 
master unitis attractively styled for tabletop mounting, 

. or it can be rack mounted in a standard 19-in (483-mm) 
equipment rack. · 

) j '' ... 

O~tpu~ 

Computar 
lnter1ace: 

Power: 
f.-th~:.+¡; í~~~. 
j.'í:•! j di¡_ 
~-:~!::.~ ~~..;:';" .. 

Slze: '· 

Wolght 
~ ti r; 

Spe.clflcatlons · 

Input pluga are provlded for elght 
Model2410 Ampllllers. 

Standard (±10V) and tape (1.0 Vrms) 
output for each channel; BNC receptacle. 

Connector for interfaclng to AS·232 port. 
Connector for lnterfaclng to IEEE-488 
bus.-

115/230 Vac, SQ-60 Hz, 120W max 
Fu se: 1.5A! 3AG (1 1 5V) or 314 A, 3AG 
(230V). . , ' . ., · 

. - >; ',_ .::::. .. ...... 
7 Hx 19W x 21.5 O tn'(l78x483x546mm). 

171b (7.7 kg). 

( EDIC, S. A. DE C. V. 
EQUIPOS DIDACTICOS INDUSTRIALES 

Y CIENTIFICOS, S. A. DE C. V. 
R. F. C. EDI-891208-PGA 

Ci\IRO No. 251 COL. EL RECREO 
C. P. 02070 MEXICO, D. F. />::.· 

TEL. 5G1-80-04 FAX 343-5[>·'' 
"-

Front 

.Model 2402 Expansion Unit 
The Model 2402 Expansion Unit allows the addition 

,of up to eight (8) Modei2410Amplifiers toa system. All 
irequired. control ánd interface circuits are included. 
lThis unit can be stacked fortabletop mounting with th8 
;Model 2401, or rack mounted. The Model 2402 is sup-
1 plied with pre-numbered, reusable "customer-installed", 
'self-adhesive channel identifi~ation strips .. 
¡: .; .. 

Sp.ec.lllcatlons 
• • ' .l ' . ~ . . ,. . -, 

Input Plugs are same as_the Modal_ 2401. · ' ; ¡ ; ,. 

~ f"!':Outpi.&_t:·· Same aa the Model 2401 . . ·(:, .. ::.. ... ~ 
4·~ . '· ' .'' • ' ' ·. ,;. : 

; Specifications for Power, Size, and Welght S re same as the 
'Modtitl2401. · · •: · 

. 

6 

.,!.-;•:_· 

Front (Rear Panel . · 
lnput/Output Arrangement 
Similar lo Master Unit) 

·.-.. . 

Reusable Self-Adhesive 
Channel ldentlflcatlon 
Strips - Provided for 
Both Front and Rear Panel 
on Expansion Units. 



- --------~--- --· 

Programmable Functions 
·- ·-· -···-· ---------:--..,.----------

Communication with the 2400 System is accom-. 

.1 ("" ' 
'----

' ... ~ . 

. '--ll· 

, __ _,. 

plished by sending simple ASCII commands lo 
the· Model 2401 Master Unit. All commands are 
well documentad lo provide sufficient informa-
tion for developing user-written programs. • 

¡.INPUT 

Selectable input configurations are: 

• Standard - connected to the externa! S+, s~ bridge 
input; 

• AUX 1 - connected to the externa! auxiliary 
input #1; 

• AUX 2- connected to the externa\ auxlliary 
input #2. 

The auxiliary inputs are connected through the rear~panel 
input connector. lnputs may be dynamic signals for catibra
tion of recorders. oscilloscopes and other devices, or direct 
current calibration vo!tages within specified accuracy limits. 
~!so, an auxiliarY input can be shorted to provide a reliable 
amplifier zero reference point. 

AMPLIFIER GAIN 

Coarse Gain {CG) steps of X1, X10, X100, X200. 

Fine Gain {FG) steps ol Oto 15. 

Total amplifier.gain is the product of CG and FG. Overall 
_ accuracy ±0.2%. 

A fine gain setting of zero áltoVis- o~ie-rator to·observe output 
noise independent of the input circuit. 

CALIBRATION ... 
. ' 

Two low-thermal EMF, shielded, guardad refaYs are 'util
izad. Selectable configurations are: 

• Calibration OFF 

• Shunt Cal A •. !_ ••• • 

• · S~unt Cal B 
• Shunt Cal A & 8 simultaneously 

Four shunt calibration. resistors are provided-for catibration 
of 3500 and 120n bridges. These resistors are easily change
able (without soldering) so that user-selected valueS can be 
substituted as desired. 

Board-m"Ounted dip. switches allow the usar to"·setect:any:. 
desired Calibration configuration for Shunt C8E'A and Shunt _, 
Cal 8; i.e., shunt dummy resistor, shunt active-·gage, shunt. 

EXCITATION 

.. '·"i. . ·' ··~-· ~-- ,, ·~-. 
Constant voltage or constant current excitatiori iS Setected · 

· by a board-mounted togg!e switch. A status bit is s·et to atlow 
operator monitoring of the exísting setting. 

Constan! voltage, 0.25 to 15)5 Vdc in 0.25V increments, 
85 mA max. 

Constant curren t. 1.0 to 63 m A in 1.0 mA increments, 15. 75V 
compliance voltage, 21.0V max. 

A separate on/off function reduces excitation to zero with
out altering the previously programmed excitation tevel, with 
the on/off status av'ailable for review. 

FIL TER ANO OUTPUT 

Selectable four-pole Bessel !oW-pass filters of 1Hz, 10Hz, 
100Hz, 1 k Hz and 10kHz are provided. The wideband {WB) 
Output can al so be Setected. · 

Outputs of :!:lOV anc;! Tape (1 Vrms) are standard. The 
fi1tered or WB output can be independently routed to the 
±10V and/or the Tape output by the filter program command. 
For example, a wideband tape output may be viewed or 
recorded while the ±lOV output is u sed for moñitoring quasi
static or filtered signals. 

8oth outputs are capable of driving larga capacitiva loads 
as in the case of long coaxial output cables. 

AUTOMATIC BALANCE 

The autobalance circuit provides balance ranges of 
±15 000¡.¡< {7.5 m V/V) and ±45 000¡.¡< (22.5 m V/Vi. with reso- . 
lutions of 0.50p.E and 1.50p.f, respectively. The autobalance 
circuit is fully programmable.a-s follows: 

OFF Autobalance injection voltages are removed. In 
this moda, raw input unbalances may be read 
and the input circuit evaluated. 

ON-LOW Autobalance voltages are injected and the low 
{±15 000¡.¡<) range is selected. 

ON-HIGH Autobalance voltages are injected and the high · 
{±45 000¡.¡<) ranga is selected. 

ON-Restart The autobatance voltage is reset to zero, ~nd a 
new autobalance sequence is. i_nitiated. 

intern"B.I half Crict9e.·'etC. Als·a. the relays can b·eiConfigured·to .. /,< The autobalance circuit.is fully.~alioffie!lric. tnjected volt-
·. _shun~ re_mo_t~·or·local resistors.across externaLbri_dge .. ~pp'l_;.,,.~<•, ages are derivad from the sense<;t _(local or._rf?mOt_~) v~l~ages. 
pon~n~S>OI~ tranS:d_~c,ers"'ra:s in· double-shunVc31i~rª~!o_n;;_c~J-': •. ~; Also,· when constant curre(1t._excitation)s_ used.:~the auto
transducers: •\' .'\!'-.;¡r-". ~ ~ . • ~:- ~,,.-~:':.';;4 é-ÍJ.¡!Jl~~!>';,,balance circuit-remains .fully.,r3tiome"irié~arí(j un·desirable_ 

EX:tér~·al!¿¿¡¡~¡.~·ti6~ S~ü~C'es· can be u sed by 'cOrÍ'r11E{Cti6'idóp;~· ;• fixed offset voltages are not uS,e~.:~-;~., .;,;. __ :"· ~;.,. .. : • : . ) 
.,,, .• ···.-• · •<. • . , "~····•;<.-¡l•·.::..cn;o'-''·-''··'·'" ·••' 

the_ ~~.:x~~~~(' /-:.~~~~.: .~·:.:_.-~:~. '.;-t>;~·_{t.,::~.'-.:;1:~{~ ;J:t · Status "flags'' are provided.t,t.~1 ~Jio~.~-~¡..litoring of auto: 
· · · ·• · •· · .... , .. · · ·· ...... , .,. '•.,,. · ·balance range· (low/high);: autobálance.:on/oll .• and_.auto-

·A-demonstration program for initial setup and balance overrange. · ••·•··· ........ . .. · ' ,, 

control of all programmable functions, through 
. the RS-232 port, is provided with each system. 

7 

Autobalance readings are stored and memory is battery . 
back~~- Battery lile is 2 to,4 years. 





Q,two:charinel pllrg:in module wfi((},~iñCiüdes tí'iidge 
completion, bridge balance, amplifiér, amplifier bal
ance, excitation regulator and shunt calibration. 

r--':--~S-p-e-:-.,-;:-;é,-,rt~ .. i.--,.,.c;-a-t-i o_n_s__ ----, --:~~ ·. 

FRONT 

... -gs· 
;._,\(.:.N(!' 

LEO DISPLAY: Setup/indicator 
for amplifier balance. bridge 
bntance, tension/compression. 

a BRIDGE BALANCE: 
Aesistively balances the bridge: 
standard locl{irig knob; digital 

,.,u·.:••ut~ locking knob ("K" option}. 

CAl~ O- : .. ~ ~ G~~~ . 
'"\.___•:-:~---- ~ GAIN RANGE ANO VERNIER: 

~ff/, ~~~ Varies amPtifier gain between 

;~:: . i~: 1-2100.- . 

~·~"'t ..... ·•:r;r,t.· ~":~----- BRIDGE EXCIT ATION: Varíes 
· 

1C)' :(;/ f~ · bridge e;.;crta_tion between_ 
E~~rr C7~ EXCll C.''-._ 0.5-12 Vdc. 

,: ... :·-,;" ·f!':.•· ·-~-< :;~: ~:~,-.............. AMPLJFIE.R BALANCE: .. 

,.: ... é:.:: "~ ;~ ~ ::i~:': ~7~~;~:Ao~::~ 
~ (2 points). .. 

~ BRIDGE EXCITATION {on/off): 
...,__) Removes bridge excitation. 

'. 
REAR 

These specifications apply for each of two independent 
channels per module. 

INPUTS Ouarter ( 120!1 and 3500), hall and full bridge 
(50-lOOOil}. 
Ouarter-bridge dummy gages provided. 

BRIDGE 0.5 to 12 Vdc (adjustabte lor each channel) 
EXCITATION with 12011 full-bridge load. 

Short-circuit current: <40 mA. 

Aipple, noise, and 10% line change: 
±2m V max. 

Load regulation: ±0.2% no·load lo 120n load 
(10% line change). 

BRIDGE· :::t2000,Uf (quarter, hall. or 350n full bridge), 
BALANCE range can be changed by interna! jumper to 

.±:4000¡..tf or ±6000¡..tf. 

CALIBRA TION Two·position (can ter oll) toggte switch. 

Standard lactory·insta!led resistors (±0.1 %) 
simulate ±lOOO,ut al GF-=2. 

AMP GAIN no 2100 continuously adjustable, ::!::0.5%. 

BANOPASS · OC to 5kHz (min): -0.5 dB (-5%). 
OC to 15kHz: -3 d8. 

Can be extended by interna! jumper to: 
DC to 17 k Hz -0.5 dB: 
OC to 50 k Hz -3 dB. 

AMP Temperature Coelficient ol Zero: 
INPUT ±1 J.lV1°C ATI". ±210 ¡;.VfOC ATO""; 

-10° to •60°C (alter 30 minute warm-up). 

Noise ATI: {3500 source impedance) 
1 J.lV p·p at 0.1 Hz to 10Hz; 
2 J.lV p·pat0.1 Hz te 100Hz; 
2 pVrms at 0.1 Hz te 50kHz. 

Noise ATO; 
50 .uv p·p at 0.1 Hz to 10Hz; 
80 .uv p·p at 0.1 Hz to 100Hz: 
100 pVrms at 0.1 Hz to 15kHz; 
200 ,uVrms at 0.1 Hz to 50 k Hz. 

Input tmpedancé: >100 MO (balance 
limit resistor disconnected). 

Common·Mode Aejection: (de to 60Hz). 

Gain Multiptier 
X2 
X20 
X200 

CMA (dB) 
67 
87 

100 

,. 

Source Current: ±10 nA typical; ±40 nA max. 

. OUTPUT ±10V (min) al ±100 mA. 

Curren! limit 140 mA. 

.. ~ 

<1(.• 

,_:-:: .. _,;QP.TIONAL '· 
•:~FEATUAE 

May be ordered with, or be field upgraded 
tor. remote-operation relays for control of 
shunt calibration and excitation (off). Remot&-o 

SPECIAL PORTION OF FRINTED'CIRCUIT'BOARD 
FOR SHUNT CALIBRATfON RESISTORS>ANDcJUMPERS ·" 

\.·C.: o:c-. ,;.,;!.. 

··-'· ... ~ 

operation capability is required·in the:~odel ·""'''' 
2150 or 2160 also. Contact Measurements. ~ ~r::._:-:;::;-:.r. 
Group tor details. . . . , e ··~'J•·:~ 

All specifications in this bulletin are nominal or typical 
-al +23° e unless noted. 

., 

'· 

'-· 
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Mod'el, 211 OA Power Supply . ' ' . . . . 

2110A 0 

J, 

BRIDGE-VOL TS METER: 
Used to set up/monitor 
bridge excitation, nlso line 
and power supply levcls. 

CHANNEL SELECTOR: 
AC monitors AC line input. 
OC monitors tlle powcr 
supplies. Positions totO 
sctect and displíly bridge 
excitation for each 
channel. 

PILOT LAMP: 
lndicates main power. 

POWER SWITCH: Main 
powcr on-oll. 

EXTERNAL METER: 
Used with an externa\ 
digital voltmeter to 
precisely adjust 
bndge excitati?n. 

~~~f;~ ~:_;!i:t .· : . .. ' . 'l~ • : .. •/ ' .. ' 

•·A'iplug:in'module thát provides real-time digital 
readout on channel-by-channel basis. Will accept 
and switch up to 10 inputs. Peak hold/retention 
capability is provided with the Model2131. (The 

.Model2131 is shown below.) 

. 2131 

PEAK RESET: Provides 
manual or automatic 
reset. 

DIGITAL DISPLAY: 
3 4 1/2 Digit LEO, 
± 1999 counts. 

PEAK MODE ON: 
On/oll switctl. 

PEAK MODE MAX/MIN: 
Selector for maximum or 
minimum peak mode. 

CHANNEL SELECTOR: 
Positions 1-10 select 

AHEN ·~ Input channel for display. 
>~ POWER ~ 

~ ~ PILOT LAMP lndicates 

,. '"~o"~ ma<n power. 

~ ;w:__- POWER SWITCH: Main 
power on-off. 

.EXT.Ef3NAL: . 
iF.roñt-panel Jélcks accept ATTENUATOA: 
~ir\pu·t~lypically bridge'·.-;. 
~rv:Oit~ge:_f(.Om 21 tOA eXte~hal 
~ine~e·r-~¡ackS. • · ·· 

w/ t~;'·,,. : .. '· 

Attenuates inpul signa! 
:.~o increasa measurement 
'fange. 

A plug-in module capable of powering up to ten channels 
(five Modet 2120A modules) at maximum rated voltage or 
curren!. Provides initial bridge and amplifier voltages. All 
supplies are current-limited against amplifier malfunction. 

Specifications 
OUTPUTS ±15V at 1.2A and +17.5V al 1.1A; all regulators 

current-limited against oYertoad. 

INPUT 107, 115, 214, 230 Vac ±10% 50/60Hz (setected 
internally). 

Power: 40W typicat, lOOW max. 

METER O lo 12 Vdc (wHh switch) toread bridge o~tcitation. 
Also AC input and OC output go/no-go monitor. · 

SIZE 5.25 H x 2.44 W 1t 12.34 D in 
(133 1162 x 313 mm). 

WEIGHT 6.7 lb (3.1 kg). 

Specifications 
2130/2131 SPECIFICATIONS 

INPUT CAPACITY . 

SWITCH OUTPUT 

UPOATE AATE 

INPUTVOLTAGE 
AANGE 

INPUT IMPEOANCE 

COMMON MODE 
INPUT AANGE 

ACCUAACY 

SIZE 

WEIGHT 

2131 SPECIFICATIONS 

STEP/INPUT 
RESPONSE 

STORAGE ST ABILITY 

PEAK MODES 

PEAK RESET 

10 channols, BNC (roar panel). 
1 channel, banana jacka (lront panel). 

Not allenuated, BNC (rear panel). 

·3 readingl/sec, nominaL 

±1999 mV (X1 range)- 2130/2131. 
±19 990 mV (X10 rango)- 2130. 
±10V (X10 range)- 2131. 

100 kll- 2130. 
Greater !han 1 Mn- 2131. 

±100 mV (rear-panel input) min- 2130. 
±10V (rear-panel input)- 2131. 

±(0.05% readino +0.05% lull scale) 
or better (Peak Modo 011- 2131). 

· 5.25 H x 2.94 W x 10.97 O in 
(133 x 75 x 279 mm). 

2 lb (0.8 kg): 

±5 counts lor 10 msec lull-scale 
step input (worst case). 

±3 counts/min (max). 

MAX (usuallv positivo) excursion and 
MIN (usuallv negativa) excursion. 

Manual Or Automatic. 

· .. -~ 



_______ Mod_eL2j_1_1_D_C~Operated_F!ower_Supplv~------~---

.. -

A plug-in module capable of powering up to eight 
channels (four Model 212DA modules) at maxic' 
mum rated bridge voltage and output curren t. or 
up to ten channels when maximum bridge voltage 
and output current are not required. The 2111 
functions similarly to the211DA Power Supply, 
with the excepticin of the 12 Vdc nominal input 
which supports battery operation only. The front 
panel is similar in appearance to the Módel211 DA. 

Specifications 
O_UTPUTS ::=-15 Vdc at l.OA and .. 17_5 Vdc at 1.0A; outputs 

are protected against overtoad. 

INPUT 12 Vdc nominal (9 to 18 Vdc range). 

METER 

SIZE 

WEIGHT 

Power: 60W max; 78% el!iciency al !ullload. 

Reversa polanty protection: Interna! 
shunt diada. 

Oto 12 Vdc (with switch) toread bridge 
exci:ation. 

OC output go/no·go monitor. 

5.25 H x 2.44 W x 12.34 o in 
(133 x 52 x 313 mm)." 

3.0 lb (1.4 kg). 

Model 2150 Rack Adapter, Model 2155 Enclosure, 
and Model 2160 Portable Enclosure 

Model2150: A prewired rack adapter which accepts 
one Model 211DA or 2111. and any combination of 
five Model 2120A. 213D. or 2131 plug-in modules. lt 
has its own fu se and power cord and can be housed 
in any standard 19-in (483-mm) electronic equip
mentrack 

2150-FRONT 

. ·• l 

.. 
2150 REAR 

AUXILIAR Y RECEPTACLE 

Model 2155: A sturdy cabinet (shown on front cover) for 
enclosing a complete eight- or ten-channel system for 
free-standing operation, while providing additional 
mechanical protection and increased portability. A Model 
215D is required. · 

Model 2160: A prewired, fu sed enclosure which houses 
one Model 211 DA or 2111 ,. one 2130 or 2131, and one 
212DA module. A carrying handle · ensures maximum 
portability. An additional snap-down bail support on the . 
bottom can be u sed to eleva te the 216D for excellent work 
efficiency during bench-top operation. The Model 216D 
(shown with the 211DA, 2131. and 212DA modules) would 
be substituted for the Modei215D when two or lour chan
nels and maxiinum portability are required. 

Specifications 
2150 SPECIFICATIONS 

POWER 

SIZE. 

WEIGHT 

2-lt (0.6-m) 3-wire line cord; 
10-lt (3-m) extension available. 

Fuse: lA size 3 AG (32 x 6.5 dia. mm). 

Aeceptacle to accept line cord from adjacent 
21 SO Rack Adapter. · · 

.5.25 H x 19W x 14.17 O in (l33K483:t360mm). 

6.6 lb (3.0 kg). 

2155 SPECIFICATIONS 

SIZE 

WEIGHT 

5:25 H x 19 W x 13 O in (133 x 483 x 330 mm). 

18.81b (9.5 kg). 

2160 SPECIFICATIONS 

SIZE 

WEIGHT 

5.55 H X 8.75 W X 13.80 0 in (14 1 X 222 X 350mm}. 

5.2 lb (2.4 kg}. 

... 

,._ 
' 



Strain 
Gage 

Load 
Cell 
TX 

Pressure 
Ce ti 
TX 

2100 Syshnn 
t?Jit~1l ·~fO. üe·vfic.c,~ 

X-Y 
Aecorder 

uv 
Aecorder 

Magnetic 
TaJX! 

Aecorder 

The 2100 System provides better data ••. 
A separate bridge power switch removes bridge excita-

. tion, enabling the ope_rator lo detect unwanted signals due 
te. electrical interference and/or noise, thermocouple 
eftects, and shifts of the instrument zero during a .long
term test. This feature is an absoluta mus!' for dynamic 
testing, and for validating test results. 

An adjustable bridge excitation control on each channel 
permits excitation to be setas specified by the strain gag e 
or transducer manufacturar. lt al so allows for any special 
consideration which maY be dictated by the test material: 
for example, the peor thermal conductivity normally asso
ciated with plastics. 

In addition to adjustable bridge excitation, ea eh cha-nne/ 
has its own regulator circuil. ·This prevents interaCtion of 
adjacent channe_ls during setup or operation. 

Each channel has a continuously variable gain Control. 
In combination with recommended· excitation, the inde
pendent gain control can provide a large output signal so 
that small signals can be resolved withou.t overpoWering 
the strain gage o(transducer. 

1 Y CIWT:FiCOS, S. A. · · 

An LEO display for each channel gives positiva indica
tion of amplifier and resistiva balance. This capability 
accelerates setup, minimizas the risk of destroying g_alva
nometers, and verifies tension/compression·Joading. 

Easily r~ad reference marks on the setup meter indkate 
acceptable line voltage and proper operation of interna! 
power supplies. 

A switch contained in the Model 2110A Power Suppty 
allows adjustment when the line voltage is too high or too 
low. 

The 2100 System provides true quarter-bridge, three· 
leadwire capability, including interna! dummies and suffi
cient plug connections for ~er'note _shunt calibration. 

A convenient network in the Modet 2120A Strain Gage 
Conditioner/ Amplifier attows the operator to change the 
factory-supplied shunt val u es, as well as shun"t any arm of · 
the bridge, as required. 

: :;. F. c. EDI-B9I 2ú'H'l>il MEASUREMENTS GROLJP, INr' 
1 U%.1 r!a. 251 Cül.. ll íiECI1C.O, · 

VI.HI.W 

1 D r. , .• 7 • P.O. Box 27T,, 

L·'. P. 02070 w::XJCO, · ,-. rh.; Rale.igh, NC 27611, USA 
lU. SG1-!;C-04 FAX 343-59-51 j 

__ _ .··----- Telephone (919) 365-3800 
Telex 802-502 • FAX (919) 365-3945 

021119HP 
Printed in USA 
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The BAM-1 i$ a battery-powered universal strain measuring 
instrument and signa! conditioner containing a OC amplifier, 
bridge completion, and indicating meter. Additional features 
include a separa te bridge excitation switch. variable gain control, 
initia! bridge balc3nce ·control, shunt calibration switch, and ampli
fier balance éontr61. 
·Sta tic measurements are rllade directly on the instrument's 

analog meter. ·u desired, a standard digital voltmeter can be u sed 
with the SAM-1 to provide a digital output. · 

For dynaillic testing, two outputs are provided: 'The SCOPE 
signa! provides OC to 20 000 Hz at high so urce impedance, while 
the METER signa! is a low source impedance output for oscillo
graphs. The dynamic range can be inc(eased to 100 000 Hz by 
specilying Option 8 (8AM·18). 

An inéependent bridge power switch makes the BAM-1 an 
excellent instrument for long-term testing. With this feature, 

FEATURES 
e Slallc and Dynamlc Measurlng Capablllty 

• Battery Operallon wllh AC Opllon 

e Separate Bridge Excllallon Switch plus 
Variable Galn Control 

• OC lo 20 000 Hz std. 
.: 100 000 Hz wlth "B" Optlon · .... 

J :~· 

• . Bullt-ln Ten-polnl Shunt Callbrallon : ~ 
Switch · ···- · . · · .. L 

' ' 
amplifier balance can be checked and Corrections mado at any time during a test by temporarily turning off bridge power and 
resetting the amplifier balance ifthe output has devi8ted froni zero. Thus, during long-term measurements, the u ser has the ability 
to electrically maintain the original zero of the instrument, and separa te any instrumentation drift from the desired test measure
ment signa!. 

Calibration of the BAM-1 for static or dynamic w·ark is accomplished by using a ten-point shunt CALIBRATION switch, and 
system GAIN (span) control. The GAIN control is adjustable over a wide range by chan'ging b'ridge excitation and, in the case of 
static measurements, by attenuating the meter signa!. The BAM-1 can be adjusted toread directly in strain, psi, or any other 
desiied engineering unit. 

Applications with the BAM-1 or BAM-1 8 include measuring or monitoring signals from strain gag es, transducers, temperatura 
sensors, and thermocouples en an oscilloscope, oscillographic recordar, or directly on the meter of the instrument. 

SPiECIFICA TIONS 
INPUT CIRCUITS 

SI rain gagesftransducers, 50 to 20000. and thermocouples. 

Hall or lull bridges; 1200 Quar:er-bridge operation with the provided 1200 
dummy (interna!) resistor. 

Bridge Balance: Ten-turn poten:iometer with counting dial. ±8% for half 
bridge, or ±7~ ter 3500 lull bridge. 

BRIDGE EXCITATION 

Hall or Ouarter Bridge (exci:a:ion per gago): 1200.0.25 te 2.5 V de; 

3500.0.7 te 5.6 Vdc. 

Full Brit!ge: 1200,0.5 lo 6 Vdc: 3500. 1.4 to 9 Vdc. 

Gage Curren!: Mu 25 mA depcnding on sa;e resistan ce and GAtN ~ettlng 

using recommended procedures. 

AMPLIFIER 

Direct-coupled. sol id state. 

Baianced dillerential input. approximately 20k0 impedance. 

Noise: 2_uVrms A TI. 

Stability: :::1 }J.VIhr max at input alter 112 hour warm-up. 

Drift: :to.s.uvrF max at inpUt (32" to 77"F) 
{:t0.9~ VI" C ma:. at input (O'" to 25" C)]. 

:t25¡..¡V max at lnputlrom turn-en and 32• to 77"F 
(O"' to 2s•c) changa. 

Gain: 125 at SCOPE jack; 250 at METER jack. 

Bandpass (-<l.5 dB or 5%): SCOPE jeck OC to 20 000 Hz; 
1114ETER jack OC to 2000Hz. 

Qutput lmpedance: SCOPE 30k0 tingle e;nded; METER ~500 diHerentlal. 

Lir.ear Output SCOPE :t3V into SOOkO load; 
METER ±5V into 100k0 load. or :!::0.5 mA into 1k0 or less. 

CAUBRATION 

Ten 1% shunt~calibration resistors. 

·Half or Quarter Bridg&: Simula tes ±20 to 20 OOOJlf (GF=2) 

by shunting interna! 4000 hall bridge. 

Fvll Bridge: Shunts ene arm of externa! bridge. 

METER 

Taut Band Movemont. Lineerity: ±1 graduation. 

Scale 3.5 in (89 mm). 100 total graduations; with.mirror. 

Sensitivity allenuated 15:1 with GAIN control. 

SYSTEM SENSITIVITY USING METER 

Hall or Ouarter Bridge, 120Í'l, 1 active gago, GF•2: :t:100 to ±15 OOO¡.¡e F.S. 

Fui! Bridge: 1200, ±0.1 to 10 mVN F.S. 
3500. ±0.05 to ±4 mVN F.S. 

OC Input: ±350 lo 5000pV F.S. 

POWEA SUPPL Y 

Interna! Batteries (standaJd): Two 6V NEOA No. 920, 200 hr; 
One 22-1!2V NEOA No. 710, 500 hr. 

PHYSICAL 

Weighl: 12 lb (5.4 kg} with batteries. 

Casa Oimensions: 9 L x 9 W x 10 Hin (228.6 x 228.8 x 254 m"m). 

ACCESSORY 
AC Power Pack (replaces b•llerles): Model4008, 115 V te. 50-60Hz. 'Ni: 

Model 4008Z, 230 V1c. 50-eO Hl. 2W. 

All tpeclflcallon• nominal Of typlcal 11 •23• C unle" noled. 

The Measurements Group is a leading supplier of strain gage instrumentation. Available instruments include P.Oftable 
indicators, signa! conditioners/amplifiers, strain gage instatlation testar, instrument calibrator, and sophiSticate·d··. 
computer-controlled systems for the acquisition, storage and feduction of test data. Call or write for all of youi strain 
gage instrumentation needs. 

MEAsUREMENtJCDI::~·-,-~-~.-A-.-I-)E e:·- V, l MEASUREMENTS GROUP; INC. 

~
UP _:OIJ!P;";:, i)J'),!,CTISGS !:J:11.1S"i!1L~LES! . P.O. Box 27777 

l ~ ··-''''' i .r "' e, ,.. · L·~ ,:, · ; Raleigh, NC 27611, USA 
() 

-· ~····-···¡"(lO r· A -- r· '! ' 

. ) r •:·: :; ,;, c;r.·l''J:-7:::.:,:o::;.'c;:~Wl)~65-3800 • Telex 802-502 • FAX (919) 365-3945 
t ··" "' '·' ..... _ ..... l - \)_, '--· !¡._,_.,, '-·· . 
; \;. P. ·.:.:'::;--~~ !·.'!C~::~C. D. F. ;-·:· . 
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·This - .3trument is designed to simultaneously display 
bot~ the maximum (most positive excursion) and mini
mu:-r. lmost negative excursion) values of a trar.sient 
wa'-'Eiorm. The primary application is to display the peak 
values of dynamic mechanical.straii1s meaS u red by strain 
inc':cc~::Jrs suc11 o.s the Mcasurements Group's P-3500 and 
Model3800. 

A !ypical-exar.1ple of such usage is the measurement of 
maximum torces developed in the structiJre of_mechanical 
presses during each load cycle. In this case, strain gages 
are installed at appropriate locations on the press, and the 
Mocel2650 utilizes the analog output signa! from the strain 
indicator as its input signal. The Model 3650 is equipped 
with an extremely versatile system of meter display and 
reset. which allows easy and accurate monitoring of the 
variable force occurring with each strike of the press. 

\Vhile the Model 3650 is primarily in tended to operate 
from the_ DC analog output s-igna! obtained from suitable 
strain gag e indicators or conditioners, it mayal so be used 
to capture and display dynamic voltage signals obtained 
from othe_r sources, so long as these signals lie within its 
operating range (typically, instruments that provide an 
analog output in thc 1.0 to 11.0-volt range) .. 

The Model3650 featuresdual LCD digital displays witha 
fuli-scale range of ±19 999 counts. Color-coded push
button controls are easy to use. and allow the operator to 
Cetermine.the operating mode ata glance. 

The instrument is powered from an interna! battery pack 
consisting of six alkalin_e "C" cells, which are readily 
avc::i!able anyv•here in the world · when replacement is 
re::::u;red. Battery life is approximately 250 hours of continu
oo..:s use. An externJI line-voltage adapter is al so available 
(1 ~ 5 or 230Vac, 50 to 60Hz). 

/<.se. -:~ynamic analog signa! is fed into the Model3650, an 
ins:a~.:an8ous comparison is made ·to the previously 
storej values. When the stored values are exceeded, they 
are immediately replaced with updated values and dis
pla,·ed. The new values are retained until they are 
exceeSeC, or reset occurs. 

' 
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Reset is accomplished either manually ·wlth a push
button switch, automatically by a selectable timing circuit, 
or externolly by contact closure or TTL low-logtc leve!. 

· Reset simply changes the stored values to the.values of the 
input signa l. 

For suppression of voltage transients (noise), often 
· .encountered during strain gage measuremeni$ in shop 

environments, a four-pole Bessel low-pass Últer with 
switchable cutoff frequencies from 2 to 4000Hz is built into 
the instrument. ·· 

To measure the amplitude of dynamic voltages, 
the use of peak-capturing meters, such as the 3650, 
often requires special precautions to ensure that the . 
input signa! is sufficiently "clean" (free of noise), and 
thátthe signa! duration is sufficient to permit proper 
measurement accuracy. While the Model 3650 dem- .. 
onstrates repetitive accuracies approaching 0.1o/o .. 
dUring calibration en ideal waveforms, such accura·_ . 

· cies should not be expected in practica! dynamic 
strain measurement: Because of parasitic strains 
trom loose or badly fitting parts of a moving 
structure, excessive electrical noise, etc., practica/ 
repetitive peak measurement accuracies m ay range 
trom O.So/o to So/o, or even 10o/o, of the transient 
maximum strain value. 

lt should al so be noted that the "response time" of 
this instrument, which determines the minimum 
duration of the pulse that can be measured with 
suitable accuracy, has been designed for typical 
dynamic mechanica/ phenomena. The Model3650 is 
therefore not generally intended for high-speed 
electrical waveforms that are ot interest in various 

· e/ectronic circuit developments. 

( +) 
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The Model 3650 simultaneously displays both the maximum (most positive excursion) and minimum (most 
negative excursion) values of a transient waveform, as illustrated. in the above diagram. · 
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• Simultaneous display of both the 
maximum and minimum values of a dynamic input signa l. 

• Maximum and/or mínimum display can be independently or simulta
neously reset by manual push buttons: externally generated reset pulse. or reriodic automatic in•Grnal reset. 

• Selectable four-pole Bessellow-pass filter to discriminate agninst undesimt:-.!9 high-frequency 
interference. 

• Color-coCed push-button coiltrols for simple operation and mínimum oper:-:~cr training. 

• ·Compatibility with most·instrur:nents that'provide an analog output signal. 
,y 

SPECIFICATIONS 
Range and Display: 

Dual direct-reading liquid crystal display. ±19999 counts 
fu!l scale. 

Overload lndication: All-zero display with two flashing 
columnar indicators. 

Sensltivity: 

:::1.0 te ±11V nominal forfull-scale indication (±19999 
counts). ' 

Resolutio"n: 

1 count, 50 io SSO¡N. 

AccuraCy: 

· .;;'s¡~·p·Í~put: ·:±0.1% ±4. counts for step input of >Í millj- . 
: :~~: :1 ;:,:~~-:·seCorids dUration. · 

.. 1 Re'p8titive Step Input: ±0.2% ±4 counts for repetitive step · 
•• ~~ .:,.!~.~;·:;... · · inputs of >200 microseconds dura

.. tion. Number of steps required 
> 4 milliseconds . 

Pulse Duration 

'. 

Input Circuit: 

lsolated;· input impedance >200000; either si d. e may be 
connected to system ground. · 

Hold Stability: 

4 counts/minute maximum, averaged over S-minute 
period. 

Reset Capability: 

Jndependent or simultaneous reset of maximum and/or 
mínimum by manual push .buttons;.automatic timed 
reset; or externa! contact closure or low TTL level. 

Slze and Weight: 

. . •" - ... 

. ;:..e~· ... ~;:~ 
6 H x9Wx 6 D ln(l52x 228x 752 mm) . 

. '- · 's.Sib(2.5 kg). ::.• ~;~;; wpc · 
. ' .. '.- ". ·:.... , . 

j.";2,~1,:7rl'.:~¿ ;:; ,;,r '~ : •• • 

~¡C.: ,:.·-·R . 

AIJ specifications nominal or typical 
al +23 °C Unless noled. 

" 
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Model 3650 Peak-Read lndicator, u sed 
in conjunction with P-3500 Strain lndicator and SB-10 Switch and Balance Unit, 

lo measure peak strains on press platen during metal punching operation. 

Other appUcations include, bu! are no! limited lo: 

o Rolling Milis • Vehicle Testing o Structures Testing 

• Ship Propellers • Aircraft Landing Gear • Granes, Derricks 
o Production Machinery • Hydraulic Systems • 011-The-Road Machinery 

• AndMore ... 

·--------····· 
The Measurements Group is a leading supplier of strair. gag e ins!rumentatio:l. Availablc ins!~umen~s include porw._!:de indcr:;Ors, 
signa! conditioners/amplifiers, strain gage installation tcs:er. ir:.strument calibrt~:or. anc! sop~.:sticJ:ed computer-con;~~:!:::d 

systems for ttle JCQu1sition. storage and rec!uction of test data. Ca:: or write !or all of your str2in j2QO:: in.strumentcdion ne:.6~:s. 

1 EDIC, S. A. DE_ e -~v ; 
EQUIPOS D/D' ' V •1 
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,~~;;o:!P.:-:~---'~·-··.-· ::" CA!IlO i·!o. 251 COL E. -1;_\_.,.- aetg, , ' 
F·:... .. ' '""' C. r. O:.>J?o I'•"X'C. -L 1t91gJ!3 5-3800. Telex 2.02-502. FAX (919) 365-3945 
'·f./¡~/- ... ; . ~ TEL. 5Gl-f'-.Q.C4··- ·r.~~~· ')~3- "s~r ·/,.!!... . . 02-·~¡r:f~r-

- - ' -- f - y'-..; ! ~- ~ V ?rin:e-:: .r. l..,'':: A 



·'· -..... ~ . 
·--~ 

.•.: 

.•:. 

\ '• . 

\ 
. - ._. . 1 

,. 
;-.· 

~ .·· -· 
.;· 

~ .. 

.. ; 

.:-::. 
' ~ ' ~--

::..-

¡ .... : ._,_ 

t: ·-··-
.:· •e ., ' ·: 

r ,. 
-·.' 



Thc SB- i O Switcll und Balance Unit provides 

a 1..:':':~·:~:•ierlt means lar str.Jin 111-:!asurernent 
.,;,~:·. rr.qrc th;-~n one strain g.1gc is invulved. 

•.:n·.i!<:> Gesigned for GSC prim.1riiy ·.vith :t1e 
i.'t•.nsur!~ments Grm;p P-35CU Sirain 
inr!t<:;.:.tv"r. :tw sa- 1 o c;nl ;¡:so b~ u sed ·:;ith 
uth·~r t 1~:p~s of strain indic<J!::;r:,;, 

J...n upJZited •Jer:;ion of ::o e tirne-p:'J'Jen SB-1 K 
S·::itc.;, • .Jr:d Eé:i:unce Unit. the SO-iO leatures 
gr:-i~-pi~ted pustl/c!<Jr-:lp binding posts to 
nl!ow fas:. convenient. o.nd rciiuble 
CG:~~~~~~iC·n· of inrJut circuits. <1nC indi·¡irJual 

t~r.<~rn loc:king poter1trumeters •sit;l turns
countin';_; dials for fine-baiCtnC(: ;y!ju-::;trneqt. 
.:..~S') ,TJ;:i);¡Q!r.; is tt1c SG-lOL. a b.Jsic ·¡ersion 

e: :;--.e sa ·1 o. !tal so :eat•Jr<::s !cc.~i;,g 
p0:!..'nti'Jme:crs. b~t '.'lithoul :urns-co;.mtir.g 
r_;'iJis. (SB-1 O :ror.t panel is sh0wr..) 

Tht: ct~.:.1nne! selector S>'.'itc.h of the 38-10 has 
ne-:;l:gible switct1 resisL:mce. and pro· .. ic.!es an 

P+ P-

\;) 

·~ :9 ~ 
:~, 9 ~· 
'~ . .¡~ 
~~~ 
·~ ~:~ 
·~ ~~ 

s- S+ 

o;::-:;n position to allo·n the use of addi:ionat SB-iO's with a single strain ;ndicator. The SB-10 also incorporales a common 
durr.rny position for use with other than 120- or 350-ohm strain gag es. 

Ruggedly buil: and lightweight, a-. e SS- i O is ideal lar use in harsh fie!d cnvironments. 

Circui~s: 

lnputs': 

Batane~ Range': 
Ü!.;ar:-~r ar.<;J 

'.'.'oll acc•Jpt o.;unrtcr-. ~1nH- or !u:l· 
b~ic!;J~ circ·.J,:s in ;1;r,1 cor-:"t):r.<lttr.n. 
inci,JUin(.) thr~c-·:;irc r,u,1r:er brir~scs. 

H.:;i~ u~:cg<:!: ·.:.-2GCOu• o·;it~. 350!! t1a~f bricge in 
s:rnm incicator 

Fe!!! 9ncge: ~21J,;Out fcr 350!1 bridge ?::!~<;e 

;¡rcpor:ionn! :u ~ridgc rcsis:.1ncc. 

Swi~chi:1g 

Aepeatability: B~·:t~r :~1a:1 1;.:t l':lr :;agc res:stance 
ct 1ZD!! or hign8r 

.. Si¡>: & 'Neight: 9 .· G ;..: 6 in (230 :-: 1 SO:-: 150 mm). 
5.51b (2.5 l<'g). 

A!l specilica!ions nominal or lypical al ·,-23~ C unless note d. 

·¡¡,: 
ti, 

Thc i-.¡easuremcnts Group is a :eaCing supplier of str_ain gage instrumentation. Available instruments inctude portab!e 

inc!icnt.ors. signa! conditioners/amp!i!:ers. strain gage installation tester. ir.strument ca!ibrator. and sophisticated computer
contró!'!ed's¡s:erns for tne acqcisiii::m. storage and reduction of test data. Call or write for al1 of your strain gage instrumentation 
:1eeds. -.. 
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........ Printed in USA 
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,--- OUTPUT --, 

Mww:r··""1' INSTRUMENTS OIVISION 
¡~uy¡--1)' P-3500 'V/ ~.\ltiC-11. N011.íH , ... ~,:.~:NA W$A 

STR~lN INDICATOR 

.A.MP 
ZERO 

r--- CAGE FACTOR --...., 

T:lc ,\locel P-3500 Strain lr.dicator is a portable, battery
po\·.·ered i;¡s:rument with uniqur:= features for use in stress 
c:na~~~s:s ;ssting. and for use '.'.'itf1 strain gage based trans
Cucers. The P-3500 otfers a choice of LCD or LEO readouts, 
and incorpcrates mar.y unique operating fea tu res that make 
it the :nost advanced and easy-to-use instrument of its kind. 
In use, tlle O;Jerator foiJo·::s a. !ogical sequence of setup steps 
t.y cJctiva:in; color-ceded push-button controls to prepare the 
i:lst:!Jme:-.t for rnaking accurate and reliable measurements. · 

----. Tl1e P-3500 also incorpora tes a highly stable OC amplifi
cr. ~recisely regulated bridge excitation supply, and precise
!y se!tab!e gage factor controls. 

Sto; tic measurements are displayed directly on the indica
ts;··.:; re~dout with 1 ,u E resolution: An analog output with a 
-3 dB bandwidth of 4 kHz is provided to drive an externa! 
'JSCil:oscope or recorder for dynamic measurements. The 
:nstcument.;will accept full-, hall-, or quarter-bridge strain 
r:2ge inputs: and all required bridge completion components 
for 120. 35'0 'and 1 OOOfl gages are buill in. 

Bridge ~'~<citation is 2 Vdc. resulling in low gage power 
cnd negligibie drift due to gcge sell-heating. Tl1e P-3500 
opcrates ii.rfully .ratiometric rnode. Minute changes in bridge 
excita!!on c.!ue .to 'drift or battery deterioration do not affect 
accuracy of re.3ding. · 

Gag e factor is precisely settable (lo a resolution ol 0.001) 
o¡ a f•ont-panel 10-turn potentiometer. and is displayed on 
the cigitat readout v1hen the gago factor push button is de
pressed. 

The P-3500 operates from an intermit battery pack con
sisting of six "D.'' cells, \'Jhich are reádily available worldwide 
'.'Jhen rep!aCement is required. Baaery !ife is approximate!y 

• 

r------SALANCE----~, 

250 to 300 hours of continuous use (approximately 200 
hours with LEO readout). Battery condition is monitored by a 
miniatura front-panel meter while the instrument is on. An 
externa! line-voltage adapter is also available (115 or 230 
Vac, 50 to 60 Hz). 

An optional transducer input connector facilita tes connec
tion ol four- or six-wire strain gage based transducers. The 
P-3500's unique remote-sense feature is operational when
ever the remote-sense leads are connected, and no switch
ing is required. A remole calibration resistor is also accessi-· 
ble via a contact closure al the transducer connector. 

FEA TU RES 
• Choice of 4-1/2 Oigit Leo· or LEO Readout 
• Oirect Readlng of Strain, Pressure, Torque, load, 

and Other Englneering Variables 
• Battery or Line-Voltage Operation 
• Convenient Color-Coded Push-Button Controls 
• Gage Factor Setting (to tour signlflcant dlglts) 

Displayed on Readout 
• Quarter-, Hall·, and Fu ti-Bridge Clrcults 
• Bullt-in 120, 350 and 1 000!1 Bridge Completlon 
• Separata Bridge Excitatlon On!OH Control 
• Transducer Connector with Remote·Sense 
• Balance by Voltage lnjection 
• Analog Output 
• ANSI/SE M Cotor'Coded Bridge Connectlon Termlnals 
• Portable, Lightweight, Rugged for Fleld Use 

) 



MODEL SB-10 
--G0MPANI0N-SWI=fCH----'---

/ 

.,~ 
AND BALANCl:.UNIJ 
FOR THEMODEL P--3500 

The SB-10 Switch and Balance Unil features gold-plaled 
push/clamp binding posts to allow fast, convenient. and reli· 
able connection of input circuits, and in~ividual 1 O·turn potcn
tiometers with turns-counting dial for fine-balance adlcs:
ments. 

The channel switch of !he SB-1 O has an OPEN posi!ion lo 
al!ow !he use of additional SB-1 O's wilh a single P-3500 Strain 
lndicator. The SB-10 also incorporales a common dummy 
position for use wilh other !han 120, 350 or 1000fl gages. 

The combination of a P-3500 and SB-1 O allows the opera:or 
to intermix, in a single 1 o-channel system, quarter-. half-, and 
full-bridge circuits. This feature is no! found in most portable 
strain gage instrumentalion. 

Ouarter and hall bridges of the same resistance (e.g., al! 
120 or al! 350!!) can be intermixed in any combination •.vithout aller· 
ation of either instrument. lf the installation makes use of both 120 and 
350!1 gages, ·it is necessary only lo connect to !he dummy binding 
post corresponding to the selected gage .resistance as the channel is . . 
changed. 

Fui! bridges can also be intermixed in any combination. In lhis case, 
the operator needs only to depress the P-3500 BRIDGE push button 
to FULL position when a full-bridge channel is selected. 

FEATURES 
• 1 O Channels plus OPEN Position 
• Gold-Piated Push/Ciamp Binding Posts 
• Rugged, Lightweight 
• lntermix Cuarter1 Half and Full Bridges 

• Negligible Switching Resistance. 
• Switching Repeatability Better than 1,u< 



l 
r-- OUTPUT ~-.., 

INSTRUMENTS DIVISIDN P-3500 
~AtEIGH, NO~TH CAROLINA USA 

AMP 
ZERO 

,---GAGE FACTOR---,. 

The Model P-3500 Strain lndicator is a portable, battery
powered instrument with unique features for use in stress 
analysis testing, and for use with strain gaga basad trans
ducers. The P-3500 offers a choice of LCO or LEO readouts, 
and incorporales many unique operating features that make 
it the most advanced and easy-to-use instrument of its kind. 
In use. the operator follows a logical sequence of setup steps 
by activating color-coded push-button controls to prepare the 
instrument for making accurate and reliable measurements. 

The P-3500 also incorporales a highly stable OC amplifi
er, precisely regulated bridge excitation supply, and precise
ly settable gage factor controls. 

Static measurements are displayed directly on the indica
tor's readout with 1 ¡u resolution. An analog output with a 
-3 dB bandwidth of 4 kHz is provided to drive an externa! 
oscilloscope .or recordar for dynamic measurements. The 
instrurnent Yiill accept full-, hall-, or quarter-bridge strain 
gage inputs::ánd all required bridge completion components 
tor 120. 350.7and 1 ooon gagas are built in. · · 

Bridge exéitation is 2 Vdc, resulting in low gage power 
and negligible• drift due to gage self-heating. The P-3500 
opera tes in fully ratiometric mode. Minute changas in bridge 
excitation due to drift' or battery deterioration do not affect 
accuracy of reading. 

Gage factor is precisely settable (lo a resolution of 0.001) 
by·a front-panel ·10-turn potentiometer, and is displayed on 
the digital readout when the gage factor push button is de
pressed. 

The P-3500 operates from an interna! battery pack con
sisting of six "O" cells, which are readily available worldwide 
when replacement is required. Battery lile is approximately 

STRAIN INDICATOif 

,----BALANCE~~-, 

250 to 300 hours of continuous use (approximately 200 
hours with LEO readout). Battery condition is monitored by a 
miniatura front.panel meter while the instrument is on. An 
externa! line-voltage adaptar is al so available ( 115 or 230 
Vac, 50 to 60 Hz). 

An optional transducer input connector facilitates connec
tion of tour- or six-wire strain gaga basad transducers. The 
P-3500's unique remote-sense feature is operational when
ever the remote-sense leads are connected, and no switch
ing is required. A remete calibration resistor is also accessi
ble via a contact ctosure at the transducer connector. 

1F lEA 'lf'l!JJ !FiliES 
o Choice ol4-1/2 Dlglt LCD or LEO Readout 
o Dlrect Readlng al Straln, Pressure, Torque, Load, 

and Other Englneering Variables 
o Battery or Llne-Voltage Operallon 
o Convenlent Color-Ceded Push-Button Controls 
o Gaga Factor Setting (lo lour significan! diglts) 

Dl_splayed on Readout 
o Quarter-, Hall-, and Fuii-Brldge Clrcuits 
o Bultt-ln 120, 350 and 10000 Bridge Comptetlon 
o Separata Bridge Excltatlon On/Ofl Control 
•· Transducer Connector wlth Remote-Sense 
o Bálance by Voltage lnjecllon 
o Analog Output 
o ANSUSEM ·Color-Ceded Bridge Connecllon Terminals . 
o Portable, Llghtwelght, Rugged lar Fleld Use · 

) 
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MODEL SB·1 O~~ 
COMPANION SWITCH 
ANDtBALANCE:UNIT 
FOR THE MODEL P-3500 

·.:::::f,~zy~J~;;:.r~r · .... 
' .. ~ 

The SB: 1 O Switch and Balance Unit fea tu res gold-plated" 
push/clamp binding posts to allow fast, convenienl, and reli
able connection of input circuits, and individual 1 O·turn poten· 
tiometers wilh turns-counting dial for fine-balance adjust
ments. 

The channel switch of the SB-1 O has an OPEN position lo 
allow the use of addilional SB-1 O's wilh a single P-3500 Strain 
lndicalor. The SB-10 also incorporales a common dummy 
position for use with other than 120, 350 or 10oon gag es. 

The combination of a P-3500 and SB-1 O allows the operator 
to intermix, in a single 10-channel system, quarter-, hall-, and 
full-bridge circuits. This feature is not found in most portable 
strain gage instrumentation. 

Ouarter and hall bridges of the same resislance (e.g., all 
120 or all 350n) can be intermixed in any combinalion without alter
ation of either instrument. 11 the installation makes use ofboth 120 and 
350fl gages, it is necessary only to connect to the du,mmy binding 
post corresponding to the selected gage resistance as the channel is 
changed. · 

Full bridges can also be intermixed in any combination. In this case, 
the operator needs only to depress the P-3500 BRIDGE push button 
to FULL position when a full-bridge channel is selected. 

---'-~---~·-·--- ---

,.,. ~ ''f: .. ~· 
'•!'•·{'-' 

FEATURES 
o 10 Channels plus OPEN Posltion 
o Gold-Piated Push!Ciamp Bindlng Posts 
o Rugged, Lightweight 
o lntermlx Ouarter, Hall and Fui! Brldges · 
o Negllglble Swltchlng Reslstance 
o Switchlng Repeatability Better !han 1 J.L< 



SPECRFICATDONS 
MODEL P-3500 
Range: 
±19 999p.E at Gage Factor <6.000. 

±!>GO~Q x 19 999¡u at Gage Factor >6.000. 

Abo,;e ranges increased by factor al 10 when using X10 multipli· 
er switch,j.E_xample: :t199 990 al Gag e Factor <6.000. 

Accuracy: 
±0.05% ~~ reading ±3¡u lar Gage Factor settings of 1.000 to 
9.900. 
±0.05% of reading ::1 ÜJ.LE" for Gage Factor settings of 1.000 to 
9.900 when using X lO mu!tiplier. 

Sensitivity (Resolution): 
.::1 ¡.u at all Gag e Factor settings. 
::10.uewhen using X10 muJtiplier. 

Gage Factor: 
Range 0.500 to 9.900. Precisety settable toa resolution of 0.001 
by 1 O·turn potentiometer and four-positicn switch. Gag e Factor 
accuracy .::0.02~'o at all settings. Displayed on digital readout. 

Balance: 
Coarse: 5 switch positions: Off, ±2000,u.E, and ::4000J.LE 

(GF=2.000). Tolerance ±1% nominal. · 
Fine: 1 O·turn pOtentiometer with turns-counting dial, ±1 OSOJ.LE 

min. range (GF=2.000). Zero position al potentiometer 
calibrated for zero ±2¡.a. 
All balance voltages are electronically injected at input 
al amplifier. No bridge loading by balance controls, and 
no compromise of measurement range. 

Bridge Excitation: 
2.0 V de .::0.1 %. Temperatura stability be !ter than ±0.02% per oc. 
Readin"gs are lully ratiometric, and not degraded by variation in 
excitation vottage. 

~ 

Bridge Configurations: 
Ouarter-, half·, and lull-bridge circuits. Interna! bridge completion 
provided lor 120, 350, and 1 000!! quarter bridges. 60 to 2000!1 · 
half or full bridge. 

Amplifier: 
Warm-up dritt: Less than ±3 counts at GF=2.000, cold start to 

ten min. 
Random drift at constan! ambient temperatura: Less than ±1 

count at GFo2.000. 
Common-mode rejection: Greater than 90 dB, 50 to 60 Hz. 
Temperai!Jre eHect on zerO: Less than 1 J.LVI°C referred to input. 
Temperatura effect on. span: Less than 0.005%/"C. 
Input impedance: Greater than 30 M!l. 

All specifications nomina.! or typical at +23°C unless noted •. 
.... ~ 

Calibration: 
Shunt calibration across 120 and 350!! dummy gag es to si m u· 
late 5000¡« (~0.05%). 

Analog Output: 
Linear ::2.50V max. Adjustable lrom 40 J..LV/J.LE to 440 J.LVI¡.u. 
nominal. Output load 2 K! l m in. Bandwidth. OC to 4 k Hz. -3 dB 
nominal. Noi_se: Less !han 400 ¡.N rms at 40 jJ.V/ ¡.;.E output leve l. 

Remole Sense: 
· Provided al the transducer connector. Remote-sense error less 
!han 0.001%1{2 ollead resistance. 

Power: 
Interna! battery pack using six WO" cells. Battery life 300 hours 
nominal (200 hours with LEO readout). 

.case: 
Aluminum. 

Size and Weight: 
9 x 6 x 6 in (228 x 152 x 152 mm). 6.3 lb (2.9 kg) including bat· 
teries. 

Accessories: 
· Line voltage adapter for 115V or 230V, 50 or 60 Hz operatlon. 
Transducer input connector. 

MODEL SB-10 
(when u sed with Model P-3500) 

Circuits: 
1·. 

.10 channels plus OPEN position. 

lnputs: 
Will accept quarter-. half- or full-bridge circuits in any combina
tion, including three-wire quarter bridges. 

Balance Range: 
±5800¡LE lor quarter-, hall-, and 350lllull·bridge inputs. 
±2000¡LE lar 120lllull-bridge inputs. · 

Switching Repeatability: 
Better than 1 p.E. 

Size and Weight: 
9 X 6 X 6 in {228 X 152 X 152 mm). 5.51b {2.5 kg). 

The Mea:~~-reme'nts Group is. a leading supplie·~ of strain gaga instrumentation. Available instruments include portable indicators, 
signa! COQditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated computer-controlled systems 
for the acqu:sition, storage and reduction of test data. Call or write for all of your strain gaga instrumentation needs . ... 

·• 
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f\JEW HORIZONS· IN RANGE e RESOL:, 
NEVER BEFORE ACH/EVED IN A LABORATORY INSTRUME'!T 

The Model 3800 Wide Range Strain lndicator is a 
versatile. high-precision laboratory-type instrument 
designed for use with strain gages and strain-gage
based transducers. 

(' 

Principal features of the Model 3800 are wide-range 
controi of gag e factor; excitation precisely settable 
over 1 ¡:-15 volt range; and wide balance range with 
no bridge loading effect. 

With these extended operating capabilities, the 
Model 3800 can be used for the most demanding 
measurement tasks which are not possible with 
conventional strain measuring instruments and 
general-purpose transducer indicators. Resolutions 
achievable with the Model 3800 are 0.10JJE when 
u sed as a strain indicator, and 0.10 JJV/V when u sed 
as a transducer indicator (0.025 JJV/V with sup
pressed zero). 

In addition to the wide-range features. the Model 
3800 incorporales simplified operating controls 
that minimize set-up time, and promete measure
ment accuracy. The operator follows a logical 
sequence of steps tó configure the instrument for 
the desired measurement. Color-ceded interlocked 
push-button controls minimize operator errors, 
and make the operating mode instantly recognizable. 

Gage factor on the Model 3800 is settable by 'rcnt 
panel controls o ver a range of 0.0500 to 50.00, and 
is displayed by the LEO readout when in the SET 
position. The instrunient allows full range display 
(±19 999 counts) over the complete gage factor 
range. 

Excitation voltage is precisely settable over a range 
of 1-15 volts in 1-volt increments by a front-panel 
thumbwheel switch. The output display automat
ically tracks the excitation setting so that gage 
factor does not vary with bridge voltage. 

The balance system in the Model 3800 has four 
ranges which are selected by the BALANCE RANGE 
push buttons. Each range is further divided into 
four sub-ranges by the COARSE balance switch. 
The FINE balance control provides an additional 
adjustment range that overlaps the COARSE bal
ance switch positions. This unique system provides 
a total of 32 overlapping ranges for achieving 
precise balance settings and resolution. All balance 
voltages are electronically injected into the input 
amplifier to eliminate bridge loading errors and 
preserve full measurement range. 

FRONTPANEL 



TION· • VERSATILITY 

;;,~ ,': lnpCt. éif~u it:Y'¡r,'¿iuJe~-~~'úlir~~s-iábi~'i;:,ié~n~i ha~;-·'" ·' ,.--~.:-:-.,~._,_7,~. ~-~-.:-:,~.--'-''""'-------.-:::1,, .·,~::: ;;;.~ · 
bridge, as well as interna! 120-' and 350-ohni · FEA TU RES 
dummy gages for bridge completion. Shunt
calibration resistors across the interna! dummy 

·--gag es are provided on the rear panei..Two remate ..... 
calibration resistors, also mounted on the rear 
panel,' are automatically actuated by the front
panel calibration button. 

Virtually al! strain-gage-based transducers can be 
used with the Model 3800 via the rear-panel trans
ducer connector. This connector provides precision 
remote-sense capability, as well as access to the 
remate calibration resistors. Full-scale resolutions 
of 0.10 JJVIV are routinely possible. By using the 
wide-range balance controls to suppress zero, 
resolutions to 0.025 JJVIV can be achieved. 

In addition to the digital LEO display, the Model 
3800 provides an analog output available at the rear 
panel. A sepa tate analog leve! control totally irlde
pendent of the digital display is also provided. 

The Model 3800 Wide Range Strain lndicator is an 
exceptional,· high-resolution instrument that will 
make a valuable contribution to any experimental 

~ stress analysis or transducer development laboratory. 

' ' ... , 
,,,..,...,.~ . - ...... ·.·. 

• 4-1/2 Digit LEO Display 

· • ANSI/SEM Color-Ceded Bridge Connection Terminals . 

. • Analog Output 

-~ Transducer Connector with Remate Sense 

• Direct Reading of Strain, Pressure, Torque, Load, and 
other Engineering variables 

• Convenient Color-Ceded Push-Button Controls 

• Gage Factor Range from 0.0500 to 50.00 Displayed on 
LEO Readout (lo four significan\ digits) · 

• Bridge Excitation Range from 1.000 lo 15.000 Vdc 

· • Extremely Wide Balance Range. Balance by Voltage 
lnjection. 

• -Quarter-, Half-, and_ F-uri-BridQe.~ircuits 

• Separate Bridge EXcitation On/Off Control 

• Built-in 12Q- and 35Q-ohm Dummy Gages 

Complete specifications for the Model 3800 are 
given on the back of this bulletin. 

REAR PANEL 

"'''""" ,. .. ~-~:~;-;: 
\;.:,,'! 

· •. f. 
.. ':fr. 

· .. 
; 



SPECIFICATIONS 
Aange and Display: 

±19 999 counts direct-reading LEO display. 

Resolution: 

1p[ at any Gage Factor from 0.0500 to 50.00. 
O. iO JJVIV as a transducer indicatvr. 

Linearily: ~ 

:::0.01 ~o al ·rull scale. 

Balance Range: 

Coarse Balance: ::::.2.5'!1o to ::::100°,'0 of full scale per step. 
in 32 total steps. 

Fine Balance: ± 1.25% to ±50% of full sea le; overlaps ea eh 
coarse batanee step. 

Balance Method: 

Etectronica!ly injected counter-emf. 

Gage Factor: 

Range: 0.0500 to 50.00: disptayed by LEO readout when 
in the SET position. 

Aesotution: 0.0001 from GF of 0.0500 to 0.5000. 

0.001 from GF of 0.500 to 5.000. 
0.01 from GF of 5.00 to 50.00. 

Linearity: ±0.05% of futl scale. 

Accuracy: ±1 least significan! digit. 

Excitation Voltage: 

1 000 to 15.000 V de ±1m V ±0.02%. Setlable in 1V 
increments by front-panel thumbwheel switch. 

Temper~ture Stability: ±0.01%/°C. 

Amplifier: 

Tempera! u re Effect on Zero: ±1 :o ¡.N re RTit max.; · 
±0.50 ¡N!"C RTit typical. 

Temperature Effect on Span: ·±o 005%/°C max. 

Warm-up Orift: Less than ±3¡.N RTtt from turn-en to 5 
minutes. 

Random Orift al Constan! Ambient Temperatura: 
Less than ±1¡N RTJt. 

Common-Mode Rejection: Greater !han 100 dB at 50-60Hz. 

Common-Mode Voltage: ±8V max. 

t Referrcd to input 
l 

All speciticat~ons ere nominal or lyplcal al +23'C unless noted. 

Input lmpedance: 
Greater than 100 MO differential and common mode. 

Input Circuits: 

60 to 10 0000 hall or full bridge. Interna! dummy gages 
are provided for 1200 and 3500 quarter bridges. 

Ca!ibration: 
Shunt cal)bration resistors are provided across interna! 
1200 and 3500 dummy gages te simula te SOOO.t.~c ±0.05%. 
Calibration resistors are located on the rear of instrument 
and may be changed to suit specific requirements. 

Contact closures are provided for two rear-panel
mounted resistors to facilitate any calibra! ion 
configuration. Typica! use is double-shunt calibration 
of transducers. 

Analog Output: 

Linear Output: ±10.00V max: adjustable over 11:1 range by 
a ten-turn potentiometer mounted on the 
rear panel. 

Output Load: 2 kO m in. 

Bandwidth: GF > 0.500, OC lo 4.5 k Hz (-3 dB nominal). 
GF < 0.500, OC lo 2.0 k Hz (-3 dB nominal). 

Outpul Noise: Less !han 2.5¡.N peak lo peak 0.10 to 10Hz. 

Remate Sen se: 

RTlt. Less !han 2¡N rms de toS kHz, RTlt, 
plus 0.005% of full sea le. RTO (referred to 
output). 

Remate sense connections provided at transducer connector. 

Remate Sense Error: Less than 0.0005%/Cl of lead 

Power. 

resistance. Maximum tead resistance 
400 or less. 

115/230 Va c. 50-60Hz, less than 10 volt-amperes. 

Size and Welght: 

. 6.5 Hx 11.0 Wx 12.5 O in (765x 280x 378 mm). 
10.2lb (4.6 kg). 

Companlon lnstruments for use wlth the Model 3800 

Model SB·10-A hlgh-quallty 1G-channel Switch and Balance 
Unlt that allowa muiUple gag e hook-up to the Model 3800 Slraln 

lndlcator. 

Model V/E-40 Oecade Reslstor Straln Gag e Slmulator, and Model 
1550A Straln lndlcator Callbrator-wlth these apeclallzed lnstru· 

· ments;· the capabllltles and sensltlvlty of the Model 3800 can be 
further extended by maklng crltlcal measurements through 

preclse.straln almulatlon·. 

The Measurements GroupiS'"'~·-read~Qljer of strain gage instrumentatlon. Availab!e instruments include portable indicators, 
signat conditi(x)e·rsi~r:n_P!ifErf) .ftf~in ~ge '!f~taiiát¡gñit!Ster.-. ins;¡rum.ent catibrator, and .sophisti_cated comp.uter-controlled 
systems for the acqurstlt~1: s.~Qr~g-e ~nd-reduction ~J~t ~a. Cii,J1 or wnte for all of your stratn gag e tnstrumentatton needs. 

: ~~·J;,;..·us DIDACTic • \' • ,· 
: :~·;.::~iT!r-, ... ·:~; ~~s .:nnusrn:.".Lr::: ! -.·. ... .:• ;- .... 

~ ·-· MEASUREMENTS GROUP, INC. 
•.. . . ' ,' -·-·· i P.O. Box 27777 

,;;~, ··.;¡o~:,~~~-; '-_L f~ECf!::O 
1
l Raleigh, NC 27611, USA 

·.~;.;:80:•: . ·-.. \''::-~:._~,19JíJ65-3800 • Telex 802-502 • FAX (919) 365-3945 
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System · 4SSB - ·at Pays 
... with dividend~ 1!1\e '.\'8ight r¡;~·.:.:•> ·~ :!nd material savings, performance improvements and fail

ure prevention, and shortened design-to-éevelopment time. In today's dem2nding world of product and 
structural design, payoffs like these can make a big difference. 

Experimental Stress Analysis (ESA) is often called the quality control of design because it 
assures maximum reliability with mínimum material and weight. Even with recen! advances in analyti
cal methods using finite-element analysis and high-speed computers, essential data which can a Hect 
n<;>t only design results but also product lile, liability, and profitability, can be provided only by ESA tech-
nology. . . 
I~The leaders in nearly every industry depend on the Measurements Group for the equipment and 

e_~pertise to apply the quality-control benefits of ESA to their designs. And the System 4000 approach 
tq,stress analysis provides these benefits more effectively- and economica/ly- than ever befare. 

Unique Power andl Simplicity 
... to meet today's measurement challenges. System 4000 is complete/y preprogrammed to per

form all system functions. lt accepts and stores test parameters, controls the scanning operations, 
records input signals, and corrects anci reduces !he data to provide directly usable engineering infor
mation. 

The System's hardware incorporales a/1 of.those.features that stra.in gage users· have come to 
expect from the Measurements Group for more than 30 years, including precision bridge completion 
for quarter- and hall-bridge circuits, and selectable bridge excitation. And, for maximum stability and 
noise rejection, System 4000 incorporales a 14-bit (plus sign), dual-slope integrating /VD converter, 
synchronized to line frequency for data acquisition. 

-

In addition to its many special features which simplify the acquisition and reduction of strain gage ,_ 
data, System 4000 is also equipped to haildle inputs from the other types of sensors commonly used Q 
in stress analysis and structural testing, including thermocouples, RTD's, LVDT's, load cells; DCDT's, 
potentiometers and other transducers. 

The Premier Data System 
... toda y and tomorrow. System 4000 has been acknowledged by hundreds of users as !he world's 

premier data system for stress analysis, structural and materials testing since its introduction in 1981. 
In the years since, both hardware and software have been enhanced and refined, through significan! 
commitments we've made to ensure that System 4000 remains !he world's premier data system. 

J~·~ About This Brochure ., 
lt•' 

:;;i¡ The Measurements Group's commitment to System 4000 is long term. In this brochure, you will read 
:al;lOut some of our ongoing programs and development efforts which we believe will keep System 4000 the 
·,world's· premier data system for stress analysis and structurallesting. Operating software enhancements 

. :and new hardware developments are but a tew ot the programs in place to keep System 4000 expansion 
in'pace with the needs of its users. 

Because of the ongoing nature of these programs, this brochure can serve only asan introduction to the """ 
. :. concept behind System 4000. To keep System 4000 users informed of importan! developments, System ! 1 

4{)00 Update - the Users Group Newsletter, is published periodica/ly and distributed to all System 4000 
users throughoutthe world. As you are reading this, chances are that new and more powerful aspects of 
System 4000 are already available. . · 
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' ... ·---.. . . ·-·. 
·· Strain gage technology has developed'into the world's most widely used'precision stress/strain mea

surement technique. Over the years;i.through our Technical Data Mailing Program, we have treated techni
cal matters relating te stress analysis in:a•praCtical, usable fashion that we hope most benefits you, the 
user, .in your stress analysis appliciítions:'T~e':primary tactors aflecting strain gage and instrumentation 

._pe_rtormance .are co.vered in the !Tel:t¡ Not¡¡ portian of the Measurements Group's Strain Gag e Technology 
·titerátúre· tiinder; reé:og'nized anct·used as the·authoritiltiite referen'ce for strain gage níeasure·mént by·prac- · 

. : titioners the world. . • ,. . . . .... · · ... _.,._ 
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The System. 

4220 
CONTROLLER 

Serves as the interface be
tween the Executive Unit and 
the System's scanners, pro
viding primary system power, 
channel display, and analog
to-digital conversion. 

·.4270A 
STRAIN GAGE 

SCANNER 

Each scanner accommo
dates 20 channels of strain 
gage inputs (quarter, hall, or 
full bridge). Switch-selectable 
bridge excitation is provided 
for .each block of 1 O channels. 

4280. 
UNIVERSAL 
!?CANNER 

4 

SOFTWARE/HARDWARE 
CONFIGURATIONS 

The heart of System 4000 is !he extensive 
software that organizes, processes, and pre
sents test data in various modes as required by 
the user. Model 61 O Standard System 
Software operates on a wide range of cus
tomer-supplied, general-purpose personal 
computers, including laptops. 

For tests requiring more modest capabilities, 
the lower cost. Model 605 Data Logger 
Software is also available. A listing of specific 
hardware componen! requirements for both 
software packages is available, upon-request, 
from our Applications Engineering Depart
ment. 

Additionally, thé Model 4216 Executive. 
Unit (shown here), consisting of Model 51 O 
Standard System Software and Model 4202 
Computer Hardware Components, is available 
to !hose wishing to purchase a complete, dual
monitor turn-key system. 

4290 
THERMOCOUPLE 

SCANNER 

Provides dedicated capabil
ity for 20 channels of thermo-
couple inputs (Types J, K, T, E, 'J) 
R, S, 8). Type is selectable for 
each block of 1 O channels. 



iJ SYSTEM' """'"" 

------- . - --~-------

:.:~PRINCIPAL IFEAT-URES . , . ...._ .. , ... 

• Complete, preprogrammed software 

• lnputs accepted from strain gages, strain gage based transducers, LVDT's, DCDT's, potentiometers, 
thermocouples, and RTD's 

• Input capacity from 1 to 1000 channels- expandable as needed at any time 

• Scanning speed up to 30 channels per second (25 channe.l_s,p~r second for 50 Hz operation) 

• Automatic bridge balance (offset values stored in memory tind/or permanimtly recorded) 

• Switch-selectable excitation voltage (1, 2, 5, 1 O Vd e) 

• Built-in bridge completion foral! 120 and 3500 strain gage channels (quarter and hall bridges) 

• PC-compatible for user-preferred off-line data handling 

TEST INIFORMATION ENTRY 
• Channel <jssignment 

• Gage Factor ;;: 

• Thermal output coefficients 

• Gage factor temperature coefficient 
. - . .,~-~-- . 

• Transducer input!óutput specifications . · 

• Controllimits (by channel or by groups) 
(except Model 605) . co . . 

··Activé bridg'e·arrñs'" ~·"'·"'·'·"'"'~'-'"· .. "- .• -.: .. :.:: 

• Transverse sensitivity . ···• }¡:; 
• Modulus of elasticity 

• Poisson's ratio 

SOFTW~RE. CAPABILITIES 
The scope and'capabilities ofSystem 4000's standard, preprogrammed stress analysis so~are 

lar exceed those of other cominercially available packages, which are generally designed for.'iuir-_, 
rowly defined applications only. __ .f1~::;;;--;:~ . .- . -:-·· 

• Rosette data reduction (delta, ·rectangular, 
biaxial) and conile'ri;ion of strains lo stress 

• Thermal output cÓÚection · 
• Correction for gaglhactor teniperature coefficient 
• Scaling for numb'eh'of active bridge arms 
-• Wheatstone bridge nonlinearity correction. 
: • RTD liriearizatiorWV"··sc· ·e,:. · · . 

~-¡. ··.,. '. . . . -. . . . -, .. , .,,l - - ._ • '' . 

:~ . . . , , ); .. ;'r>:rransverse seii-~j!iyi!Y;J;9rtec.tión' 
~: • Theimocoúple'lirieaíizátionr >·o· . :,; .. 

: •'• Alarm or control'1í?iiiis (print or-.initiate sean) .. 
. (except Model 6Ó:5j .· •''' . , 

. · .. 

• On-line monitoring of key channels andfor: 
rosette solutions in numeric and graphic:;:: 
(except Model 605) formats .• ~·, 

• Reduced data can be printed for up to ÍOOO 
channels . , : . . $;?. · 

• Automatic or manual. data sean and 
•. Data::storage ter later,,analysis or prc>c.e•.~:Sing . 

· • · O:t,Hnb,plot·gene'ration: on color mr•niti>r.•~m~,:.;·c;;;i 
· ·optioiíill plotter (~iú:ept 'Modei sos)'. .· ~ . '-

' . ·., ~. ., 
. :f .. ~ ·""' 
•·.'¡ ;¡" ,., 

Optional software packages for specialized test requirements are also avallable. 
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What System 4889 Can 

IFlEXDBli'E, COSTaEIFIFECTIVE MINlPUT 
AND SBGINIAL .CONDBTRONRNIG CAPABDLDTY 

;"1 @·····~··,..¡ 
¡,. . 
! :~; 111 ... GoGt K•"'"'' '""" 

• 
The Model 4270A Slraln Gage 

Scanner accepts inputs from up to 20 
quarter, half, or full strain gage bridges, 
strain gage based transducers, and 
Micro-Measurements temperatura sen
sors. Every channel incorporales 14 
terminals, each identified according to 

standard_ wiring cedes. The 4270A provides switch-selectable bridge excitation voltage, bridge completion for 120- and 350-
ohm circuits, and shunt calibration for individual channels or common banks of 1 O channels. lntermixing of input types wilhin 
each scanner is accommodated by the 4270A. 

The Model 4280 Universal Scanner 
accepls up lo 10 inpuls from LVDT's, 
thermocouples (Types K. J, T, E, R. S. 
and 8), OCOT's, rotary and linear poten
tiometers, RTD's, and other deviceS com
monly used in conjunction with strain 
gages for structural tcsting. 

e e 
... .-:. 

• 
The Model 4290 Thermocouple 

Scanner accepts inputs from up to 20 
lhermocouples (Types K, J. T, E, R, S, 
and 8} and provides ice-point compen
sation and signa! conditioning. Thermo
couple type is set in banks of 1 O chan
nels. A precision Micro-Measurements 

temperatura sensor bondad directly te a specially designad iSothermal mounting strip ensures accurate, electronic ice-point 
compensation. 

The Model RTB·35 Terminal Block provides 35 gold-pla1ed push pos1s for con· 
venient connect-disconnect input capability for the Model 4270A Strain Gaga 
Scanner. Each terminal block has the capacity for 1 O three-wire quarter- and hall
bridge installations; or 8 four-wire or S six-wire full-bridge installations. A standard 
cable length ol 1 O ~ (3.05 m) is provided, wilh differenlleng1hs available on a cus· 
tom basis. · 

SPEED AND EASE OF TEST SETUP 

Sensor inp• ,, cqnnections are quickly made te System 4CílfJ.through 
easy-access terminals at the rear of each scanner module. Input ter

~~~ minals for the 4270A Strain Gage Scanner, for example, are identified 
by channel number and clearly marked for quarter-, half-, and full

~ bridge hookup - using built-in precision bridge-completion resistors 
1 +- ~s required. Alter connecting all sensors, the. desired bridge voltage is 

se t. 
. . Through lhe Execulive Unil, lhe appropriale cons1an1s- gage fac· 
iór, modulus of elasticity, Poisson·s· ratio, transducer sensítivity, etc.
are ente red, and Syslem 4000 au1omatically oulputs tes1 dala directly 
in engineering units. The system records input information entries for 
permiment retention and displays or prints them in summary form on 
command. 

Tesl selup for mulli·channel measurements has never been 
easrer. 
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Add to Your·Test Progr:ªm_ 

TRAINING 

Althaugh a complete set ol relerence 
manuals is supplied with every System, 
we believe there is no substituta for 
"hands-on'" training lar orientation to the 
System's fullest capabilities. Each pur
chase al System 4000 includes one lull 
day ol training by an experienced techni
cal staft member at our World Head
quarters in Raleigh, North Carolina. Our 
training facility has available a complete 
range of sensor inputs for the System so 
that maximum effectiveness can be built 
into each training session. 

And, your personalizad training ses
sien is designad to take into account your 
_specitic:,require_mel)t~ arld applic~_~ions. 

~-1 

' . . 

APPLICATIONS ENGINEERING SUPPORT 

' A lull-time staff al Applications Engineers.is avaitable ta 
· you for System 400D consultation. :SeVe'raLcomplete 
Systems maintained within our A"pplicá'ti"O'rls Engineering 
Department are used to simu!S.teirser~applications . . : 
Whethcr your questions or comm~n~~'JHv9fv!!:tt:~ System's · 
hardware, software, or generai·;SppliC'atiOn; .oür..staff of 
Applications Engineers is alwaYS :.pñ~éail~:'-a0d_8Vaiiable to 
assist with your problems or SLñ1PI~~!P,·~q~_icj~~:a:s}ll;'nding 
board for your specific test applicat.i~n or-prqg~a-~.· . 

. ·.·-~~,:; 'i. ":..;-:_:-:-"':_ ..:.~_"(':> · .... ·~~ ..... .,; -
.,.¡, ,;·~. . ,..~ 

-~-·~--;:::te~.-.~ .. ··~\ 
:....:.;J"-~- . . -. • 
'-.1;7•... ·:·.--.· 

. •\ 

-~1f~~~e·;~ti~~f~oftware ofS;istem 40~0 carrles the Vcili.u3-~f y'oLÍr-i~VeStmEmt in System 4000 f~r:;~Q;_th;·fut:~~ ~ ~~;_-··· .. 
nee~s:ex-pa~d~~!SO Can_ your s}'stem - through the addition;:~finpu~ ~Cán~er.,-.modules to inc~~a_s~;'~~~Jf_:¡ri]!': c:~w~~¡¡ty,_s~r by,_~· 
addmg spec1allzed off-llne software. . .-·-" , ,.1·· , •... ; ..• ~ . •. -.- 1, -~~ .... ~ .. .-~:a!''"'•\ .-,¡·- ... . 

Announced _through System 4000 Update - the Users Group Newsletter, these new software p~~eloP.rTÍents are made. 
available to System 4000 users for their evaluation through the ,8-TEST Program. 

-···- fncorporatfng System 4BBB tnto your test program not onfy brfngs.you today's state-ol-the-art data system.- ft 
represents your lnvestment In the future. 

8 

. , . 

. '· 

·' . ' 



Add to Your Test Program 

ACClUJRACY 

Accurate strain gagc measuremcnts require th.J.t r .. ~c:ntio:-~ be paid to characteristics 
unique lo the strain gage itself - characteristics such as thermal output, "transversa 
sensitiVity, nonlinearity of output from the Wheatstone bridge, temperatura coefficient 
of gag e factor, and grid power dissipation. In addition, care must be taken to apply cor
rections at the appropriate stage in the measurement process. System 4000 can take 
intó: account as many - or as few - of these potential error sources as your test 
req'uires. 

For thcrmocouple measurements, a unique, isothermal strip eliminates temperatura 
gradients between input terminats. 

The System's specially selected analog-to-digital canverter uses a dual-slope conversion technique to integrate the ana
lag signa! over a complete powerline cycle, making it possible te achieve lhe high resolution and excellent noise rejection 
essentiallor accurate strain measurements. · 

Through its unique software and hardware, System 4000 provides .the test operator with the tools to obtain the 
most accurate test data possible. ' 

ON-LINE MONBTORING 

System 4000 provides a wide range of options for monitoring test paramete~s and data, includlng: 

Test parameters reviewed through ·a screen display befare 
testing is begun. 

Up to 12 line ptot-sof data (vo. data or time) d:sp!ayed 
(exsept Model 605). 

FLE.XIBILITY IN 
DATA PRESENTATION 

Up to 44 key channels of corrected and reduced data simul
taneously displayed and updated. 

Up to 44 bar graphs that change color when user-defined 
trip levels are exceeded - allowing for fast recognition of 
critica! test conditions (except Model 605). 

Through the System's Data Translation Progr~m. data files can be trans
formad into ASCII, DI F. or WKS f9rmats, allo~ing for easy manipulation and 
presentation of data with Corf!mercial software ·packages or user-developed · 
programs. 

:-----~---· 
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Worldwide, System 4000 Users* 
-~A~e-~utting_~_o_w_er, Accuracy, and Sim2U~J~y_ __ 

lnto Their Stress/Strain Measurement Programs 
. 

In lndustry and Research ••• 
AM General 

AT&T Bell Laboratories 

Admiralty Marine Technology EsL 

Aerospatiale 

Agency for Defensa Devetopment 

Alcoa Technical Center 

Alfa Romeo S. P.A. 

Alsthom Atlantique La Rochelle 

American Stenhzer 

Amp 

ArmcoSteel 

Astech 

Avíons HureVOubois 

Baker Tubular Serviee·s 

Beoch Aircratt 

Benóer Machina SeMces 

Bendix Aerospace 

Blue Blrcl Body Company 

Boeing 

Borg-Wamer' 

Bntrsh Nuclear Fuels 

Br1tish Steel Corporation 

Brookhaven Laboratories 

L.J. Broutman & AssOclates 

CASA 

CNERIB Algar 

Cameron lron WorXs 

Caf')ocean Aesources 

Chrysler Corporation 

Clark Michigan Company 

Crown-Zelletbach 

Cummins Engine 

Oaimler-Benz AG 

Defensa Product Assurance Agency 

Dalas Weir 

Dominion Engineering 

Dow Chemrcal 

Dow Coming Wrlght 

Ounlop Avlation Qivision 

E. !· DuPont Company 

E.C.A.N. 

ETSI.Industriales 

Eaton ~te Oivislon 

Etectricite de Franc8 

Equipos Nucleares ----

Etablissement Central de 
L'Carmement Naval 00 Na~·....:....:::. 

Exllon 

Fiberglas 

Fisher Controls 

Fl:dble Corporation 

ford Aerospace 

FordMotorCompariY · ;·:r,j. ·~h;', 
~EC Aesearch Centra·., '~-... •. 1

) :.:·~: 
GM, Allison Gas Tu~~-~ .. '· 
GM. Chevrolet Olvisiofl' 

GMTechnlcaiCeot8f'•• r,l!-,, •, 

Garrett·TÜrbine Englne cixñ,;an;·• '-·. 

General Oynamics 

General Electric Company 

Gilbarco 

Gradall Company 

Graviner Limitecl 

Groupe P. S.A. 

Grove Manutacturing 

Grumman 

Hamillon Standard 

Harris Corporation 

Hindustan Motors 

Hughes Aircraft 

Hughes Ollshore 

Hunting Oilliald Servicas 

Hyundal 

IBM 

IMPA. SPA 

tnstitute tor Industrial 
Aasaarch & Standards. lretand 

Israel Aircraft Industries 

'tsringhausan Raitroad Products 

J.A. Jones A~plied Aeo¡earch . 

Jin Hae Machina Oepot 

Korea tnsutute ot Mining & Metals 

Knolls Atomli Power Labs 

Koch Flborglas!l 

Kan M•i de Schelda 

laboratoire du Baltirnent 
et Travaux,Publics a Librevil!e ........ "· 

Laboratorio Ensayo 
lnvestigacion Industrial ' 

Labofatoire des Ponts 
et Chaussées de Toulouse 

McOonnel! Oouglas 

Marshalls ot Cambridge Engr. 

Mactin Mariana: Aerospa.-:? f~· 

Martín Mariana En_eri!Y,-~~~tems 

Massachusetts General Hospital 

Menasco -'·,,:~ .:~·":.~ 
Metalastik Vibr·a:uo:n ~O!l~?!..~ys. ·:·, 

MetaUurgical ~-~g~~~~ ~;;:_}; . " '·· :".:: · ... ..: 

Michelín Tire ·_, • •• ~ , · 

· Mlnistry ot ~!enea~ ~ra~:.~ ., ., ,..._.. •.• ~. 
Motor Wheel C~riltion .:·. ·, • 

NASA . ', .. , .. ~' 
NaUonal Aaronaullcal Lab (India). 

Natlonal Crane Company ..• 

Natlonal Forge Company 

..,, 

Natlonal Aes88ich Counc!l of Cenada 

Naval Ocean Sy$hJms cfr: {U. S.) 

Naval Sdenee,& fiK:hnoÍoQÍcal Láb {lrda) 

Naval Surlace Weapons.Ctr. (U.S.) - .··•·· ~ 
Navistar tnter:natlOna.l- ' ~ ~ ·• :¡. · 

N~l F. La~~~¿:;:.:.·:~~:~!~~··:: .. ., .. 
Newport N~~~~~~ ~ .• '!. 
O'Oonnen & Assodates · 

OlkonCorpor'at~·~·· -~·- :. 
r •<;:,{~·~·},,·~r-:·~:f"" 

Qmat1l; lndus~ries 
• -.. <r ........... 

"The llsting represents a· selectlon ol organizations uslng System 4000 
at the time ltlis brochure was printed. tnclusion does not imply el'\dorsement. 

·~··-.., ----------------

Ontario Hydro 

PPG Industries 

Penibone· T1Hín 

Piasecki Aircratt 

PICker tntemat1onat 

Pran & Whctney Alrcraft Ce. 

Precision Medicallnstruments 

Pullman Technology 

Aesearch & Oevelopment 
Estabbshment (lndoa) 

Aichards Medica! 

Rockwett tntl. Aocketdyne Oiv. 

SEMAT 

SNECMA \'Uiaroche 

SPAA Aerospace 

STE Alkan AeronautiQue . 

STE Beta 

STE Etmex Paris 

STE Etemit 

STE Hermex 

STE Messier Aeronautique 

STE Thomson 

Samsung 

Shell Oeveloprnent Company 

A.O. Smith 

Southweat ADieerch lnatt!U!e 

Speciatty Measurements 

Steiger Tractor 

Stress Engineering Servtces 

Tadiran 

Tennessee Eastman 

Terex Corporallon 

Textron Lycoming 

ThrsU Car Manufacturing Co. 

Trinity Engineering 

U.S. Air Force 

U. S. Army 

U.S. Marine Co,Ps 

u.s. Navy 

VME Amanea 

VOivO Flygmotor AS 

WSM Industries 

Water Aesearctl Center 

W~ukesl\a Engine 

Weber Aircraft 

Westlnghouse Electric 

Whitehead Motofides S.P.A • 

In Educaiion •• 
American Universlty ol BeiM 

Aubum University 

Beijlng Aeronauticallnatltute 

Catlfomla Polytech~ State Univ. 

Car1eton Un;iversHY: 

TheOtadet 
. Columbia Unlverllty 

Oubtin Cotlege ol T~ 

Ecole Centrale d8 Lyon 

Ecote O'lngen•eures 
• de Yarnoussoukro 

Eco!e Superieure 
D'tngemeurs des TechniQuEis ctu Bois 

Electronics & Telecommunication 
Reseatch lilslitute 

Emt Tun1sia Univers1ty 

General Motors tnst1tute 

Howard Uni,.ers•ty 

lndian 1nst1tute el Ttichno!ogy 

lnslltut Francats de Petrole 

tnstitut National de Genia 
Mecamque Algiers 

lnslltut Nauonale de Toulouse 

lnslllut Universdaire de Bordeaux 

tnst1tut Universitalfe de Bourges 

lnst1tut Universitaire de Reims 

Kuwait University 

Metropolitan Medica\ Cantar 

Michigan Stata University 

Nan Yang TechniCal IOstitute 

Oldahoma State University 

Aochester lnstitute ol Technology 

Southem tllinois Unívers1ty 

Swanhmore College 

U.S. Naval Poat·gradueto School 
Universidad de Ovieda 

Unívers1te de Li!le 

University ol Bari 

Univers~ty el Bridgeport 

University ol Catilomia 

Umversity ol Oayton 

University ol Delawara _ 

University ol Grenoble 

University ot lllinois 

University ol Louls\'ille 

University of Maryland 

· Uníversity ot Miami 

University el Miehigan 

un'iversity ot Nova Scotia 

University ol Petroleum & Minerals 

~U~iversily ol Pinsburgh 

~niversrty ot South florida 

University ol Toledo 

· University o! Triaste 

University Ol Wl5consin 

VillanoYa Untverslty 

Vlrgtnia Pctytechnic lnsti!Ute and 
State University 

Washington University. 

Voungstown State Unlversity 

.?)(¡ ¿;-,. 1 ...... '{• 
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A predominan! factor contributing to the structural fail
ure of machine parts, pressure vessels, framed struc
tures, etc., may be the residual "locked-in" stresses that 
exist in the object prior to its being put into service. These 
residual stresses are usually introduced during manu· 
facturing, and are caused by proéesses such as casting, 
welding, machining, heat treating, molding, etc. 

BULLETIN 304-F 

S'itr~ilrl {;ages 
and 

P. ,., " ,.., .. 
~lñl$'[i"Mgl11en·tí:aí:oorn 

for 

Residual Siress 
L'neasurer111ents 

of the hole are measured, and the relaxed residual 
stresses are computed from these measurements. Mea
surements Group Tech Note TN-503, Measurement of 
Residual Stresses By The Hole-Orilling Strain Gage 
Method, presents a detailed discussion of the theory and 
application of this technique. 

The hole-drilling method is generally considerad semi-
Residual stress can -;:;¡¡¡;;;-be detected nor evaluated ' destructiva, since the drilled hole may not noticeably 

by conventional surface tttedsurement techniques, sin ce ·. impair the structural integrity of the part being tested. 
the strai~sensor (strain gage, photoelastic coating, etc.) Depending on the type of rosette gage used, the drilled 
can anly·.respond ta strain changes that accur alter the hale is typically 0.062 or 0.125 in (about 1.5 or 3.0 mm), 
sensor is1installed. both in diameter and depth. tn many instances, the hale 

l· can also be plugged, if necessary, to return the part to 
The móst widely u sed practica! technique far measur- service alter the residual stresses ha ve been measured. 

ing residual stresses. is ihe hole-drilling strain gage 
method .described in ASTM Standard E837. With this. • ~ ,,,l;~¡,i(~rae!k:aii(y . .i'nd accuracy of this method is directly 
methód, a specially.configured electrical resistance st(ain~ 1:] ::.el~)ed ito· flhe PIJ!Ii.i~ion with which the hale is drilled 
gag e rosette is bonded to the. surface af the test a~lect, •• , .• ,:>.J~,r9ug~n\l!':t;r!)!:"r ot the strain ga_ge rosette. The Mea
anda small shallow hale •s drtlled through the centE<(,Qf ''1 · su~.értíents.Group RS-200 aplica! mtlltng gu¡de descnbed 
the rosette. The local changes in strain due ta intraducticin :::· ·lierein provid~.s á'practical means to accamplish this task 

. . . . . . 'J '.).r.: )i.:.: ._, • :-:..-· .. · J¡• ._:_ .. 
,·. 

.. . : · .... ~ 

. . . . · ~ ccapyright Measur'ements Group, lnc., 1988 
~li·Rights Reservad . 
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OPTIMIZA TION OF PLUGS FOR THE D!VERSION 
TUNNELS OF DAMS 

LUIS FF.RilC.R. ALFREUQ OLIVARES and OSCAR IIERNANDEZ 

School of En8inecring National Autonomou~. Uni•ersity of Mni<:<J, Mexico Cily, Mui~o 

Abstrul-The ronllruction (lf d:lms on n~now rive" VI"Íth gr.-u >"O!ume of !luw hu forco:d the 
con!lnruion of úi•·cr<íon tunnds of great diamcter (!S meters or lar~n). Aflú t.~e dam ha~ bo:cn 
buih. the tunncl~ h:we lO l>e plu¡;sed lo bo:Min the filling pro<. en ofthe stora~e ~nCrvoir. Thc lar¡e 
1i1e of the plug~ has kd 10 the idu 1hat their •h~pe_ shoui<J be o¡11imizo:d in onicr 10 ohtnin a 
structur~ ""'lh the ú~sir~ble ch"r~ctcri11in of l>o::i~g h~htcr and mon~r. The Of'limiultion r.rcccn 
for such phr¡:: w~~ n>nduct~ vsinr, twcnty one photo.-l.ulic modc!s and the validation of th: ll'<UIU 

frorn thc 20 modch was ~chic•·cd using four )D modell. The rcsults of the VI"Ork rcp<.>rto:d here 
lll' •hown in dimcnsionless f1.nrn so lhey can be uscd in !he design proccss of plu¡s with similar l, 
¡eomclry. 

diamet~r <'f the ~avity 
diamettr or the plu¡ 
modulu1 of elastil:ity 
strcss frin¡;e vatue 
str~ss frins:e value for the modcl 
total lenJ!h or ¡he plu¡ 
frinRC arder 
hydrostati<: prcssure 
elf....:tivc width 

1 

NO!\fENCLATURE 

1 mOOd thiün~:ts 
9 an~:Je formcd by the principal ucs 1nd the (oordinate ues (t,y) 
O"c•"l princil'31 struses 
11, duti<:limit .. 
'-· 

ultimate strength 
m:~~imum shcar strcu · 
shear stress along the x, y axes 1 

1 • 

· 1. ·tNi-RoouCrroN · . · 1 

THE CONSTRUCTlON of dams on narrow rivers with great vol u me of flow has forced the construction 
of diversion tunnels of great diameter (IS meters or larger). After the dam has been built, the 
tunnels have lo be plugged so that the filling process of the storage rcservoir can begin. 1 

The largc sizc of the plugs has led to the idea that their shapc should be optimizcd in order 
to obtain a lighter and stronger structure. This, in tum, would save considerable amount Or time 
and money in their constructi~n. 1 

l. GENERAL ASPECTS OF THE PROBLEM 1 

1 
The problem to be sol ved was. that of a tunnel pcrforated in a rack mcdium. which had a 

reinforced concrete plug somewhere along its lcngth (Fig. 1). The -tunnel as well As the: 
upstream-side of the plug were subjt(;ttd to the hydrostatic pressure from thc darri; thc 
downstream-sidc of thc plug and the rest of lhe tunncl wcre free from externa! fon:n. ' 

The prototype tunnel runs inside a mountain and thc plug is located ata considerable distancc 
from its ends (Fig. 1). Based.on this, the following assumptions were made: [ · 

(i) Taking the plug and its viciriity as the region of intcrest, it can be considcred to be 
surrounded by an infinitc media. · ! 

(ii) 1( the boundaries for the model are taken as thosc given by thc contour linc' on Fig. 1, 
1t 11 obscl'\'ed that, both thc radial as wcll u thc longitudinal displacemcnts are reslricted by an 

911 1 
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Fi¡. l. Loc:r.tion of !he pl111 in1idt th.e tunnd, 

infinite amount of material which surrounds thc arca undcr study. This justi!ics the assumption 
made to clamp the plaslic modd to :ln infinitcly rigid media bcyond !he bordl!r ~-

(iii) As far as the load is concerncd, both, thr."loaded sidc of thc 1111111d as w..:ll as sidc e of 
thc plug are going ¡0 with~t;wd the prc~~ure duc to thc maximum dcpth tlf water in thc d:11:1 for 
the most critica! ro~siblc loading comlition~. . 

(iv) Thc analogy bctwecn planc ~tres~ and plane str:~in (rcfs(l, :.']1 ha~ beco u~ed with great 
frcquency and advuntagc in the solution of many cnginttring probkms such as danu, tunncls, 

. inspection galcrie~. rockcts, pressure ves~cls, etc. (rcfs[J, 4/). This analngy allows thc use of two 
dimensional plane stress modds for the ~olution of problems whcrc it is rcasonablc to as~ume that 
the corresponding rcgion in the prototypc is subjected lo a statc of planc strain. For thc prohlcm 
at hand, meridional planes of the plug, subjected to a planc stress ficld with thc houndary 
conditions shown in Fig. 2, were studied. 

3. OBJLCTIVE 

The objectivc of this study was that of linding a simple and practica! geomctry for a 
two·dimensional mndcl, which reduced substantially the tension strcsscs on thc plug surfaccs. With 
this goal in mind, 21 moJels with differcnt geometric conligunHions werc analyscd. 

4. ANALYSIS OF GEOMETRIC CONFIGURATIONS 

In order to obtain an optimal sha'pe for the plug, thc following ~ometrical conligurations were 
analysed: 

(i} Cylindrical plug (Fig. 3, geomctric figures A}. The ratio of cffectivc plug width (S} lo tunnel 
diameter (D). (ratio (SJD)J, was varied from 0.27 lo 2. 

· (ii) Long plug with cylindrical cavity and hemispheriClll end (Fig. 3, geomctric figures 8). ~or 
this group of models, the spedfic width ofthe plugs (S) was hcld constan! W S= 4j15D. The cav1ty 
diametú J was varied from d = 0.25D to d =D. The total length of the plug (L) was L = 2D._ 

,. PU/G 

. TUNNEL-;'~[I:::IIT~t_-h· TUNNEL /, ''i:i 

1/ ,_ 
¡, 

Opti!lli'-'IIÍDn of plugs fur tlle divcnion tunnel~ of dam' 

8 

A 

1 

t 
+ 

Fi¡!. ). o~omelries analysc-d. 

BIHEW!SPHE~JCAL 

91) 

(iii) Short plug with hcmispheric Ca\'Íiy (Fig. 3, geometric figures C). For this group of modds, 
thc only variatiun wns thc total length (L), which was made L ""23/JOD. The cavity diameter 
variations and thc dfcctive width wcre thc samc as those for group (ii). 

(iv) Oihcmisphcrical plug. Thc bihcmisphcrical plug has the gcomctry shown in Fig. 3. The 
SpcL·ific width (S) was varicd from S =0.28D toS= J.07D. 

5. MODEL MA;'I/UFACTURING AND LOAn SYSTEMS 

5.1. Mode/ mamifacturing 

The material used for the model fabrication was (CR.J?) Columbia Resin, which is 
manufacturcd by thc Homalite Corporation. This transparent plastic material has thc following 
mcchanical and optical properties (ref.(5)). 

a~ ultim:.te strcngth 
a, elastic limit 
E modulus of clasticity 

420 kg/cm1 

210 kg/cm2 

21,000kg/cm1 

F. stress fringe valuc 6.1 kg/cm2.cm/fringc. 

The ratio fringe-strcss is linear up to the dastic limil for a gi\·cn time and thc material is 
homogeneous and isotrOpic. 

The models wcre machined from 90 x 90 x 0.63 cm platcs. The· machlning was made with thc 
use of a high specd router. 

5.2. Load systems 

The houndary conditions for the two·dimensional modcls were given in the following way: 

(i) Thc perimetral restriction was achieved binding the CR-39 to a rigid frame made of steel 
(Fig. 4). 

(ii) The pressure on the surface A·C·B (Fig. 2) was app!ied with nitrogen inside a rubber 
membrane, which acted upon the surface as shown in Fig. 5. This mechanism allowed the 
application to the surface of thc modd the same pressurc p as tbat of the nitrogen held inside the 
mcmbrane (sec: ref.(6]). 

6. MEniOD OF ANALYSIS 

The e:..perimental method used was photoelasticity._ T;~is method yields two photoelastic 
pattcrns: 

(i) The isochromatics (Fig. 6) are the lod of poinu with tbe same value r.,., 

. ( ··-··) . ' ----. .. -· .... 2 · ...• 
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Fig. 4. Lmoding ""l·llf' for ¡,.-,,_..limcn<ional moc.Jds. 

(ii) The isoclinics {Fig. 7) are the \oci of points with the samc indination for their principal 

axes. 

The maximum she:u strcsses in a pl<~ne are those as~oci11ted to thc isochromatics in that planc. 
Calling our pbne (x,y), the shear stress~s a~süci:ltcd to the coonJinatc dircctions (r,;) can he 

obtaincd by means of the following fonnula: 

( ) 
t., ,( 1 

t,.._. x,y :a sin 2{1 = ll¡,-¡-

Where: t.,.., is the ma:o:.imum shear stress; r., !he shear stress a long thc x. J' :n:cs; O the angle formed 
by the principal axes and the coordinatc axes (x,y); n the frin¡;c ordcr;J. the strc~s fringe value; 
and 1 the model thickness. · 

On free boundarics of two dimcnsioMI thin modtls (plane stress), (for our problem on 
A'-C'-8'), two of the principal stresses are zcro (thc onc perpendicular to the plane of the plate 

PtiOTOELASt!C MATEP.IAL 

·;, 

. ¡: 
!1! 

IITROCiEH .=::; -~ ----,¡· p 
'' '' :' 

Fil. ~. Loadinl dcviee ror (tlo'o-dimcn$ional modcl,, 

Optimii.aiÍ<'Il uf plu¡;• fur thc diHrsion tunnds of tbnu '11S·.· 

Fi1 .. 6. hoc:hromatic frin¡c pallernl f11r diffcr<:nl ¡comctrin. 

l 
1 

1 
1 

! 

1 

1 

' ' : 
1 

i 
1 

' 



"' LUIS FI;RRER ,., "'· 
~.-

Fig.. 7, [\t..;linic p:.Ucrns for gcometry A,. 

Oplimiza1ion of plup for the di,~nion tunnd' of <.bm• 917 

and the normal one to the free ed¡;e); thercfore the i$ochromatics yic:ld thc valuc· of the third 
principal ~uess directly on !hose borders. 

a 1 .,-a1 
r,.., = --

2
- ""._nF •. 

If: a, =O 

Or: a1 =0 

lf the only applicd str~ss lo thc bound;ny is perpendicular lo the border and di!fcrcnt frum 
zcro, thc applicd strc'~ i~ a principal onc and its value is known to be -p for our probkm. 

ln sud1 a l':l~e. thc i~ochromatic fringcs yield the va!uc of the third principal stress directly 
on tlm~e bonkr~. . . 

Again: 

lf:a 1 =-p 

Or: a1 = -p 

a,-(-p) 
--

2
---nF •. 

Fc>r the proble:m al h:tnd. the study was conducted a long thc houndarics A-C-B and A'-C'·-B' · 
of tlw rlu;;s :md the neighboring rcgion of thc \unnd. One of.thcm (A'··C'··Il') is free, ami thc tltha 
(A-C-13) is subjcctcd to thc known h)·drostatic pressure {-p ). For both cases, photoclasticity 
directly yields lhc stress value ofthe componen\ tangent 10 lhe border. This cómponent is containeJ 
on the planc of thc modd. 

7. RF.SULTS 

7.1. _Geomnric conjiguration A 

For the first series of gcometric figures, which consisled of cylindric plugs, the elfective width 
S was gradual\ y reduced unlil a va\ue for S was reachtd which corresponded lO thal of a circular 
thick plate. · 

The ana\ysis ofthe resul!s from the models corresponding to this geometric figure showed thlit 
the maJtimum tensile stresses on the loaded side (which always appeared in the region of the joint 
between the tunnel and the plug), and the maximum \enSile ones on the unloaded border (which 
alwa)'1 appeared on the central part ofthe plug), augmented with the reduction of the specific width 
S of the plug. Figure 8 shows the stress distribution and the corrnponding isochromatic pattem 
~or the smaller SJ>C.7ific width. · 

7 .2. G~o~tric configura/ion B 

For this case, a cylindrical p\ug with L ::: 2D, fixed S anda cavity with a hemispherical end, 
whose diameter was gradually augmented until it reached the value oftunnel diameter, was studied. 

The stress distribution on both the up and downstream faces ofthc plug for the larger diameter 
are shown on Fig. 9. Figure 10 shows the maximum tangential stress (a,)..,.. on each of the plug 
faces as a function of the cavity radius. In all cases, the maJtimum tangential stress is shown on 
the loaded side in a region immediate to the joint between the plug and the_tunnel. ~ 

........ 
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FiJ. 8. Strrtt distribution in the cylindrlcll pl11s. S • 0.27D. 
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Fig. 1 t. St~ dimibution in r;cc>m~uy CS. d,. 0.70. 
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GEOMETR!C CONFIGURATION A , 
MOOEL MANUFACTURED US!~iG CONCRETE 

GEOMETR!C CONF!GURAT!ON B , 
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---------------· 

GEOMETR!C CONFIGURAT!ON B 
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O¡ni•~izati"n ,,f p!u~s fllf !he di\cniun tunn,.¡, nf dams 

7.3. Gl'fmwtric cmifigurrlfilm C 

For thc moJds in this !;!TOUp. the plug stuJicJ had L = 13/JOD. and !i:\e,[ S. \sin the prc~·io.us 
case, a t:avity \vhosc Ji:! meter varit:d fro.Jm el= U.2D lo el= D was introdm:cd. 

The ~trcss distrihtHion on both ends of thc plug are shown on Fig. JI for thc gcometric 
conligur;ttinn CS. 

Figure JO shows thc variation of the maximum tangcntial ~\re~~ (e,,)'""" on bnth facc; of the 
plug as a function of thc cavity radius. As with thc rrevious geomctrit: figun:s. it l';lll be nbscrwJ 
tltat th: ma.\Ímum valuc f,,r thc tcn~ilc stress arpcars on the lo;.~Jc:J si,Jc in !he n.:gion or junction 
or !h..: tunnd with thc plu¡!. 

R. TI! F. lllllG·IISI'IIERIC\L PLCf; (CEO.\tHRIC CO~FIGL!IUTJO.-..; D) 

Thc C\'idcncc f<.H thc !!CllfllCtric lit:ure~ rn.:\·iqu~iy studicd. which ~lwws tkl! thc r.Ja\Í•mun 
tn;~i!c >lrcss cnn~i,;,·ntly appc;nl·d on thc loadcd side in thc rc¡!ion .,fthc junction ofthc plug with 
thc tunTwl. lcd u~ \(> con\idcr the n~cJ for ¡!CI>mctry \'<tricHions ron tlw l,1:1lkd \Í1k of tbe p!ug. 

Duc t;1 tite simplicity in its geomctry, th~ hilll'mi~phcrk-..11 une wa~ cho,cn for thi~ stng~ of the 
~tudy. 

In thi, c•~c. l•oth cnJs uf !he p!ug l1avl!' a hcmi.;rhcrica! c;.~l·ity with.!"' D, varyir.g unly !he 
drec1i1·c wi,Jth S. 

Thc ~In:% di<!rihutions fnr hoth ent.!~ of tl':e ph!J; are s!J,.wn in Fi)!. 12. 
Figutc 13 ~h.•w~ ti-w m~L)..irnum tangc:ilial ~lrc,;; lln ti:e: p!ug faces ;¡<; a fanrtÍNl:tl ~·ari:ttÍ<•n 

nf !he cll(~ctile 11idtl1 S. · 
An int•:r.:stim; fc:¡turc to h<.: nuti.:c.! is th:1t for S/0 = 1, !he maxi:nu:n tcn~ilc strcH cm th..: 

free surf:h·e of thc plug is cqu:.tl in magnitUilc lo the hydrcst:.~tit: pr,;.•~urc :trplkJ (p). 

"' -,-

o o---- --o-__ _ 

-~ 

0o 0.1 o.l o.l o • o.~ O.$ 1;!.1 o.a ~-• 1.0 

(>,.-----------o 
0
0 n 1 n.• o.J o.• o.~ o.l o.> o. o o.• 1.0 ' o 

Fi¡. 1). Variations or the muimum tln~ntial weu (o,) u 1 r11nttion or th~ S iD rllio. 
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Micro-Measurements M-LINE Strain Gage Accessories 

INTRODUCTION 

Thi~ catalog describes a wide range of acressoriM u sed for insutl¡¡tion of electrica! resistance str~n gages. These accenories ha ve bet>n 
de .. doped and ;clected sPediica!l¡· for thcir effectivcneu llnd ease of uSe in making strain ~;a¡;c irm.:~llations. They hlve ,¡,!1.0 been 
careiully tcsted for thcir relialoility and consistency of propcnics. Thc r.:~nge of producu offcred in this Qtalogcovers thefu!l spectrum 
of typical gage installation requirements. 

Maling accurate and reliable strain gage measurements does not depend on the qua!i:y of dw strain gage alone. The gage un 
pcrform to iu ful!est potential only if the inst¡¡JI;uion ls of comparable quality. T o accomplish this requires strict Jdherence to the 
recommended instaliJtion procedure, including uoe of the proper accesmry toolo Jr.d supplies. 

A> shown in the accomp.1nying di~gram. there are three princip.:~l componen!~ in evcry strain g~ge install~tion: 1) the wain g~ge. 2) 
the tools. ma:erials, ~nd supplics (.:~cc~sories) used in innalling the g.:~ge, and Ji the techniques employed in perlorming the 
installation. The ""cl!-documented formula lar mak.ing consistently suc:cessfu/ urain ¡;age instaUations is rul!y very si.mple-

• selcct high quality, precision main gage_s. 
• select profession~l-c~liber acccHories, l~bor¡¡tory- .11nd 
field-pro~n for e!fec:tiveness and compatibility·wíth the 
strain gage-;. 

• p.1.~: c;¡reful anention to thc install~tion prorcdures re<:om-
mended by the m,.n•Jfactwcr of the g;¡ges ~nd acce-;sories. 

There are, ¡¡s indicated by the double-endcd arrows in the 
dia¡;ram. thrce !iets of interface rcactions-b<;:tween the g¡¡e 
.mci acces;ories, betwccn thc gagc and applic:ation techniques, 
a~d b.:twcen the ac:c:cssories and imta!lation procedures.. 

Because technique is such an importan! ingrcdient in strain 
g;,ge imi.:~lla:ion, M-UNE acccssories are alway> accompanied 
bv Cetailed imtrunicns for thdr proper ..isc. The importanc;eof 
a~tentio~ to det;~il. ¡¡nd of precise adherence 10 the appliGtion 
in~;ructions supplied, cannot be o·;etempha;ized when in!ital· 
li~.g ~:rain gJges. 

Adciition;ally, to help cnsute your success in in~tallins ~train 
s~ses, Micro-Mea~urement.s maintains an etpcrienced ;and 
highly tr;ained Applic¡tior:; Enginecring staff. Our AppliotiOns 
Engineers are as dose a; your telcphone. and we urge you to 
ull them for recommend;ations in the strolin g;¡ge/accessory 
s.elec:tion procesi;, inst¡llation t"echnique. or 10 discuss olny prob
lems you rru~y enc:ounter whcn using our produc:t~. 

COMPOI'o:ENTS OF A 
STRAIN GAGE INSTALLATION 

o 

A 
~ """" V 

HOW TO USE THIS CAT AlOG 
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PLANNING FOR REUABlE STRAIN GAG!: iNSTALlATIONS 

SEQUEN CE RELEVANT QUESTIONS AND CONSIDERATIONS '')· 
'· 
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vi 
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Surface CleaningSupplies 

!l 
Adhesives 

" 1' 
•1 

lnstallation Tools 
' 

Hondable Terminals 

Soldering :Supplies 

1 . 
1 

Wire and Cable 
1 

1 

Protective c?atings 
. 1 

ApplicatiL Kits 
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1 
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Precision R~sistors 
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Speciai-Purpose Equipment 
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Training and Technical Slipport 
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1 

... 

1 ,, 

1. RemovJI of oii·: <:on:aminant; wi:h :¡ so:v.:::>t .-:lean.::;. ~Jn:e: 
JMrr.er~ion oi ¡!";,;: -... or\pi.,ce in J Je¡;rNs.::r Í\, ~y ;,,~:;, 

~~~;,~~~,t~e: c~:;;,::g e'::¡;•~! J~ u~~~:~.~~-~~~:~;."~:~~i,-~~;~¡~~: 
,..,n;~n ¡~ nc> -~r re:urr11.>d :o the cont.Jin~r cr mh...:r·.~i>c ocoJ;>· 

pii<.>d aí:cr contact ,...j:h IÍ1C wod:pic<-C]. 

P.:~ge 4 __ 

li•·i1t ~!::-.1•ion· in ¡b~ '"'"'~""ce: cf a ~r.i!d!-,o lciC:c "'~11,, to 
ri~lod;;•~ ~;¡,j r-:mo.-c ~~¡¿~~ an-.1 mr:ch",,;,-.1i!y bo·Jnd 

ccnta:-ninan:s. 

). Thuro~:sh ""!ace ~n:.;::b:n:; "'i:h Jn al:..a!i::t.' >dt.:ior., to 
iir~i~i-1 t::c ..:!-:.¡ni:"l;,: pr:::ce>> and lea>·' tl-:e ~urface JI th<! 
.1ppwp:i~:e ;¡H lo.:~el Í<;r o¡;:~rnum bo,,i:ng. 

\'."!:en the c:le~ning j'rt;cedure is ~eri"rme•i strin!y JccorCing 
!o :he ir.>tructiom in 3u!ktin e-1:S. JnoJ ,...¡,.,:"1 th•: proper 
hi>;~H:¡uaiit:.- c!r~Jning dge:1:~ dOC usr::rJ. the lt:r!oce ....-;:¡be IC:: in 
J condition be!! ~uit~d fur londin;;. 

CC'!cri!::-tC o" thc :ollcr.-i:-::; pase is a comFi~te .:~sor:.mer.t C>! 
M-Pr'-'P c!elnin;; :;";.o~li-:i. compo:;r.¿cd am! ~e.iected s¡:co-:ifi
oliy fm sudJc" p'cpMatiorl :n :i-1.; :nst~;i~:ion oi s:rain gJgcs 
anrl t~rT:íJ•!ra::;"~ !t>mors. 

o 
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1 

1 
1 

1 
1 
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DESCR!PTION PACKACINC INfOR.~IATION 

SOlVENT CLEA.~EHS 

CezrcJser; A ;¡cv.erfu! c!-:lorinatcd hyCrccJr~on. P.<!ld
il:r Jt:ads ger.er~l·¡:;u;po:e lu~rica:ir.g J:-:d hydr au!ic oi::. 
No:-;[;J:m_nable. 

1.!-cz. {fUS~~g,l press~;izeC spray cJn. Di->¡..•e.'!sir::: ~cl
'-'t:r.ts orom one-·.-.·Jy ccr.;.:¡u:crs pre~.:-r.:.s co.:::::t;n,:;
!ion !JuiJdt.·p. 

/J opropyl Alcohc:J: frcc¡t:-:!r.:l·: ·.c>¿¿ J! ~ so>:e:-n Cegre~ser · 
\',hcre ch!crinated so!utio;u J:-e :emk:-:C, ~t.:ch ~~ w:;h 4-o~ {12G-ml) l::ot:le. 
mo~t ;:!astlcs. Fb:-:lmJt:te. · . . 

CR~: 

ce· 

GC 

Fir:al surf.JCe prcpar.-:tion ior r::<;s: ;;:a:eriJI; is accomp/i;/;ed wirh ,\f-P.-ep Conditioner A immedi .. t,;:y fcl.'o" eJ !;-¡ 
~ M-Prep Neu:ra!i..:cr 5A 

· ·~-c.: (5iJ-r:;IJ p!a~:ic squecz.e bo:t!e wi!h orJc!f ¿¡s-
Id h h 

. . .V,C.'. 
Co.~ditioner A: A mi , p o!;¡ c.ric acid ccmpound. Ac:s ¡..::'c'c"c'c'c'c'c"c;"c'c"o'c· ____ -:--:--:---:-----j---
a~ a mi!J etchant and ~c.cel~r.>lc~ the c:~~nir.s procc~>- 16--{)z (0.5-l) plastic ~q:;ceze boule with onlofi Jl;pmscr 

Ncurralizer 5.--1: An am;nonia-based m~¡.~riJI. ~·:utra1i;:c~ 
any chernic~l reaaion !ntrcdt:ccd by t!oc Conditioner A, 
:~~:~~¿~~~~-~ .... ~~¡!~u~ St: rf !H' co:oditions ~c..r ~o;¡¡¡r~in 

nozzle cop, 

•2-oz. (60-ml) plds:ic sc¡~eeze bonle with en/off Ci>
penser nozz~c cap. 

1 ~~-~~~-o~:-g ;;:b::c sct:ee:~ Co:t:r; wi:!l o~~off t:i>,-::·~:-;;.:; 

1 

SURF,\CE ASiV-.SlO~ MATERIAlS 

. . . . 

M:'-<5'. 

Ahrading. io; of:en nec~s!~ry 10 dis/cr!ge cr;nt.:min.lm~ ~nd tÓ rcmov~ rust, scJir-. c:c. W!,c;¡ gr:t-b!~Hfng is 
nec':5SJI)', use fine alu:ni:::J po"ée: ;;n•J hi¡;h-r:;u2!i1y filt<::rs, and ne•2rrcq.-de uicd gr::. In gi'!.:;·~t.!!, v:~::-or...¿ry 
silicor~_-9rbíde p;:;pc~ is.'!:oll co:;-.€f!!!!nt. 

-~ 

· Wer-or-Dr¡ Si!icon-C.u!:id.: PJpcr: 
Z2J- and 320-grOt: Sui:cd to ;nos! s:eds. 

:.· 320- anC 400-¡;rii: Sui:ed to .:!uminum al lo;; •nd 
. ;, orher ~o!t me:~!~. · · 

P~mice Po-.-.-der: Produces a Cull, m::lle finish. Recom
. mt:nCed for minim-ll removal of surfa.c':' ma:er(31. 

110 ~rit, i-irl-X·100-it (257mn:-;.:-30-m) ro!! 

320 ¡¡-:i:, 1-in-x-lro-í: (25-mm-x-JC-m) rcr!. 

-\00 grit, 1-in-x-J::JJ-ft (25-mm-x-3·)-r;>j roil 

SPECIAl-PURPOSE MATERIAl$ 

M-UNE Rosin S01v.:!nl: Uted íor removalo~ res in so\der- · · · · · · 
- • · · · Kit-. i21-6i (J.Q-m/) brush';cap bott!es 

ing fl_ux- ~es_id~_e: ,f~_t;t ~ot ~ontJin ha!o¡-;em.)· :·'::.': ::~,,_-. _ 

Tetra-Crch'Compmmd: Used for etching Te!lonl!l, lo~ 2-oz(60-ml)c-2n _. 
:~ender tf:!e"Surface boridab!C:·.:~>' -~;·_ ·::-· .; ·_:::-:./:.-·· .:: -. . . . _,.. -:: '.~.;: 

100 single-ended applica.tors per package [6-in(150-mmJ 
~~ng, woode~ stickj . -. · · -- · · ~J 

.. ·';~-. ~-·· :qG _3·x-3·in (75-x-i5-mm) sponges per p;~cbge. 

1 SCY-: 

1 SCi'·~ 

1 ser·--

1 
ce-~ 

. RSK-~ 

TEC-o 

.. ~SP-1 

..!_.GSP-·. 



M-BOND 
i1:1 STftAlN GAG[: ADH~S!VtS 
~;j 
§ 

lk<:lL~>e ~ m~in g~gc t~n pe~form nu bct:n :hJn rhe JtH ... ,:,·e witlrwhich it i\ bon..!t:•lto.th<' ~~~~ rnemb•!r, thc adhe~i·:c is J ,;t .. lly 
impnrto:U cou<pú<H:nt in •!'"!' ~ ;:rJin ¡;J~c i~o•tall~ti<:n. Alihough thcre i1 tul ¡in¡;!~ MH<l!~h·•: which i; id•:.11l¡ ;uitcd tn Jll ~¡Jpli~Jti<Hls, 
Micro-,\k~>Uicmen!l olicr> J "ido..: >Cknion of ~dlw>k<" lo CrJ'((:f th•: >PC~Irurn vf ~:rc·>s an.11y~is l•:>lint;. orl<l fur ~~~e in Ir .lmduc,•r 
mJn;Ji~cturin¡;. ·'-lkro-.'.lcJI!Ifc'm•!niS Jdht:>i• '..!> Jrt: ll•"ciJIIj fwmul.ti«<! ku hi¡;hc>t [lt'rf•Ht~: .. n< e llll.!o•r thc rcLO<n(l)c,"!co.! o.:on ,¡,. 
onm~n¡¡) cor.:fitir.m, anJ Jre pM~J¡;ed tu ~ro•idc thc "'"' v.ith rnJ~i:l;u.ll funtwl in nü~iu¡: ;.rul.r¡¡plicotinn, 

f 4ch ;¡Jh'.!>ivr: i1 J!Tomp.u-.icd br ~pe< ¡¡¡¿ in;tr<H :i"ns f, ·• its ¡uop•~r lwd:in¡;-->:<;r.w,r, n~i .in~;, Jpplir~tirJJl, (<u in¡;, lnd, ii ;.prro

pd~tl:, ¡;ú;h;LJrin¡;. n1c ... ih~>Í'•C <'<Jil!J;no;r~ .rrr.• ~ls<l i:!Jil'd ID a~IU!~ !ro.:~tmc~.; '>f tia: <'VIlh•nts. 

~Ole: 11 h t.l!u~JI)·mi,¡:uith"J r.rnnom)"\0 J:ternpt Ífl>l J!lin¡; ,¡,~in C~l:l•:S with out,iat.•J ,¡rllwsiw, Uf ,uJht•,iof' that h.o~ !U"ll t,.·r•n \IOft!ri 

a\ rc~on:m~nc:!cd. h 5hc-~!d ~¡,.-, b.., il<·t<:d t~:o.t . cnv..,r\1 iunal inJmtriJI,md < unsun;,:r a•lhcli '''" ;.rr: <Hll ):ot<h:<ally .uital:)c ILH l.>vndin¡; 

$Traifl ¡¡o~·;$.· 

~¡¡;,., ¿;¡¡,,.,.,.¡ adh,.,¡.,,.~ ~"' ¡,¡,;nd•·d fnt ,~;¡¡..,,_ 

cnt l)f-<'> uf'~ppla'Jii<ln\ arui·d,ifcr<:nl <:miro .. \

m<~ntJI (Of,Ji::nm, it is olwiou1ly impurt.u11 t<> 
$f•l,•.;t thc n'rr,st Jflprupri.l!o! .1<~¡.,,,¡.,,, ior ••Jcir 

\Ír.oin nw,¡.;,,, . .,,,!lll ¡;¡,~- llu~ 1,1b:o.: ~1 rh:lot li1ts Jll 
of thc ,_~i~m-,\h•.-wcnwn\1 .\1-li•>=l•l Jdh·~~;,,.~ ;,, 

tlw:r Old,•r uf p"pui.HÍI)- Jlld <'JI<".,¡ u~·~- wl.ilo•llu: 
t~l!lr.: en thc fJt.irr¡; p-l~-c i~ ¡mr.id.·d J' ,, ¡_:<tid~ f,H 
r.cl.::ctin¡; tlu~LO>t app1upri,¡tc adh,.,¡.,.., I<Lr C<J<n· 

p~tibi~ty with ~ Jlani~oiJr s_tr~in g.1¡;t: lcri<=\ and 

1e11 o:nvi10nm~nt. 

for the nldjority nf Jpplic·atiom, ¡¡J¡;~i will hc 
i!Utltled "ith o no: of th<' iÍ~ bJ\ÍC dúhc1Í\t'i ,hown 
in tht c~bl"' J.l ri¡;ht--with thc thoin: dt:pcndin¡: 
priln¿rily nn lht: rciJti~e w~:i¡;ht~ ¡:ht:ll tu tlu: <'JI'~ 

of .ud ipeerl of ~pplicJtion vcr\<Ji po:dorn:antc 
i.ntl rt:iist~n<e to ,.,,·ironmcntal c~u..-mcs. \\'hcn 
the ~p¡.;!icJtion rt•f¡uir.,s it, st:k'<'tion <:Jn be m¡¡<Jc 
from ¡mong the iix sp.-lill-po.upme ;a!hc~i~cl 

tlewibcd. 

· .. , 

.. 

BASIC STRAIN GAGE ADí-!ESIVES 
TYPf PltiNCIPAI. fEATUíH:S 

.------.------~--------

11)(1 • 1\\.;;¡ ,.¡,.¡,;lyu'"'J ¡;~:rH,IJI·p>llj>OW ~.litnh<•. f "'k·;o lo h>n•J;,., 1 "" 
I<>U<II•h'«tprrJtme curi"~ 

A(-\Q (;~ocrJI-purpaw "!lh~:i· .. c tl.~t i1 hi~ldy ••~<i>tonl h> moi>lur~ ,,,_¡ 
mn¡r chcmi~"l'- Ruom-Wm¡x.ro~ru~e· ruriH~. 

Af·l~. Sitnii•L hl M·11l. ~,·moom,.~;•h:.l l<>r rroo<<' .,.,¡,.,¡ ~pplir<IIÍ<>OI', 
iuduol!~¡; u.r:,duHr ¡:J;;i11;:. ll~v•lc•l-tcrn¡"''~u .. c curint;. 

G 10 Uwd pri"w il)· in ~Pplic.<l iom '"''' widt• '"" '!"'' "'"'" r J "!:"· \\"i,Jdy 
uwd ¡., tr•n~r!ucu CJr.ln¡;. flc·o"l~d-tcm;>c•Jilrrc •·uriHb-

(,0(1 Simibr 11> ¡,¡r), l.>ul fJIICf r~o.tin~:. c.n t;,_, (l!lCd ,, lowcr l~m-

p<!r.01llrl!llh>n61Cl. • , . / , 

43-D r h>rm.llly u:cd in twnd~~··r E•~i"t:• 1 li¡;hfy rt·•imot ta mohrurc Jnd 
·.' •• • ch~n<k.ll ~llack. flcvated·t<'mpcr.llm<: <•ain¡;. ';_ · 

SPECJAI.-PURt'OSE ADHESIVES 

C.\·1 G~nN~I-¡}ur;><>I<!Jdh~•iocprimd!il¡• u.,·.J ún•·cr; rou~h or im·¡;ul;;r 
<url4cc<. Root11-tcmp.:r.11urc Ultin¡;. 

CA-61 Similar lo CA-2, i>ut IIH)rt• "ÍICilm, Ah<> mLJ 11> lilllu~g11kr 1U:farc1 
and w ~r.chor l~arJ.·,iu•<- f kvJt~tl·tcmp•:r~lurc ruoin~.: 

. GA·tGO . 

,. · A· U 

_,-,;-,-, 

Cer .omkccmcnlfor use "'hh 'f''" 1~1 dcsi~n l1f Jin &~F' op<!ralinglt 
1-.i¡;h l<!lnpt:r~IU'<"I, tl~•·otcJ-km¡>(:ld(UfC nlfÍII[l., 

• . ." Vr.ry t.r~h clongJtlo;, ~dlu~•iw. Ui<·tl only ,.h;,~\th~r ~~h~•fvci 
-' · cannot nwct dún~a<ion ¡,•quircmcnto. El~v~tcrl·n·mix:rJturc curlug. 

::. 301.1. ). 
-~ . 

' . .-~-.. 
rot¡·e!lc; ¡dhc,ha ~•~d ptimJrily "hcn low·tcm¡>e<~ture t.iitn~ is 
rcquircó. Sens.iti•·e to ~olv~na._ Not rc<:ommcnded ~· _<1 GC':'ctal: 
purpo!c~dhcli\·c,' .. , ,-_ · ... • .. ''(i:·.::··.· 
lli¡;h·p~rf¡¡rmJncc o•pu•y l"r hi¡;h·l~!nP<'<JIUt<! lllmduccr •ppli-
~•tiom. • .-,_ · ~ ~ 

1 
r·'-. ¡ 

'1 
i 
\ 

....... 
:,__;: 

( 
i 

---- .. --.· .. 

.. 
!In: t·..,·u mmt irnport.n\1 <'u¡r;;,~..,,~tic,rl> [,, prup ~r ,Jdhcli,·<~ 

l<'lct'I;On Jrc r.omp.ttilJilit¡· with thc L<.n k in~ r.lJleri,¡l of t!>c 
11<Jill S·'':'-' Jnd th~ "!"'r~tint: h'"'l":r .• tur~ ran~~ ,_,,,_.¡ whid1 
tlu: h<~nd i~ "'l''"t~·d lo P•~ll-•>1111. 

Tn oliiÍ>I ¡-nu in )OUI !l'I<!CIÍUfl, th~ •·h~rt IJ,_,J,,w <lcfinc\ thc 
<c<:onru;cndcd Jdfw~i·•c(~) for US<l with J p~rtkui~r ll!JÍil ,;J&'-' 
~c•i•:$ 0\CI \Jriaus opcra!irr¡¡t•·n:¡.>e•rJILII<' r Jn¡;••,, Wh~n mu•c 
thJII or:c :;d!.c1:1" ·~ li;tcd for ,¡ p.~rtinrl.1r ~J(;c/¡,•;t r on.i::;'un, 
P""1•crc·nr:<.: \'.'<HoiJ Lo: t;i>L'll lu ,¡,,,t.nlh,,i·.-,: whitir i: ~.o\;c¡: to 

.tp¡lly ,_.¡,¡¡, ~til! fll~~ti•r:; Jll nt thc utlwr P•'fiormJIIlC OÍ !el •a. 

• • l. • 1 • 11 . 1 . ll. 
In Jo.r tlt<:!< lO 1 lC Jlllr11J!'l Jt 1•·~11 '' '" t'rlltlfl u ltcriJ prc\t•rr:,•d 
herc, othcr f~cror• IIU< h ~' l<'>l tinu• dura::nn. ~ :. rpc ,,;dw ""''' 
r<'l¡Uir<·d, ~nd ~LCUf~Ly ll''-1llif,.J) <11~) h~"'lG la: (On~i,!o•:o·d ¡,, 

:~;c:::~:1n1:~':~~.~:~; ~~:~:,1~~~; c~1;1t'~'~1~· ~~~~V~:~~~.::;:·:~~-,~~, :15~:,:, -~:: ;;: ; 
-CntcrrJ, Procc<iwc>. Rccumm<JIId~rio"'· Th.,,.: ;nc ab .. rr.Jny 
times whcn th~ imcr~niun of ll'>l dt~<Jctcri>tk> ;j :r.r, cum¡:lcx 

lut •clctting tht: propcr Jd!wsi1c !rnm -1 rh.ut, "ith J hi;,!h 
dcg:r·c uf Lt<nlidcnu•.ln tln•w r.h<!l. IH' \.:¡.:~c·>l th.<t ¡·uu ··un
t~n UIH Applir:~tionl Engino:crin¡; OepMtll~<:rH f-..r rt:~orn

mtm!~tian\, 

RECQ,\-HvithJDED AUi·iE~P/1.:5 r-OR D!FFERENT STRAIN CACE 'sr:ntES 

lYPE OF HST 
01< 

1 ----------·-----,,..--------,----+-----, 
• 1 

OPERAliNG 
1 E.\.-ii'E:tATU!l.i; RANGE 

M-M 
GAGE S[!UES 

M·BOND 
AOHlSI'iE APPUCATION 

----··- --·-----------·--.,--1------,-t-.---~1 ---
. 

G,n..-rul Stati<- or 

Staric-Dyn.unic 
5tr,·s~ An~ly>i~ 

Hi¡;h Uon¡;..1tion 
{l'ost-Yictd) 

· Oy~Jn;ic (r:ydÚ) 
Str<~IS Atni)'•Í~ · 

.¡ Trani;hiccr' 

:l(tt~:·;',,·•· 

·-~. ~· ;· ., -. ·: 

' -'-320~ ¡., ·~OO'"f í-19'>" ro +2QO"CJ 

CFA, FA 

WA, ·sA: \\'K, SK 

WA, ~A~ WK, SK 

\\'K, SK 

1\"K 

CEA, EA 

lP 

·.ro:-
WD 

·- wn 

CfA, fA 

N2A,J2A 

'WA, SA, ~A, TK, JSK 

~-: WK,sK, lK:iS<; 

200 nr ,'.[-1!l or: .... í-15 

AE·1Sor6~iJ 

' 6f.>Oor(il0
1 

610 

'" 
' 2-JO fJf ,O.J-lp 

' AE·15 oi '.-',·12 

. 200orAf-1? 

:J;.;'' Ar-1Óo;·,..,_[.\{:; 
". 1 ·' 

600or610I 

' 'Af-1/l or AE·15 .-
' . 

·' 600 or (ill) or 4~-B 

610,450.+. . 
GlO, 4SO ¡. . ' <. ; 

1 

1 

On thc folluwing pa~"s is J complct" guide to ,\-1·Bond ¡dh~sives, dctailing spccilic ch~ract<•ristin and lurtla~r ~ppliJation con-
~idcr~tiom for ~~eh rypc. 1 

.·- "'".··~·" .... · 

1 "'', 

.. ,,.,.,..,_ ·.-·•;,-'-,.. • ._,, r•:•r ~o~"' ·~--·-··· ~-: ·.,·•;.-~>:''""'--"''""-'"'~'~:r__,;·t•·"'·~~:~<:: . ..-.'>'"'·~·._~ ,.,-~·(~ -~·~ • 



M-BOND 20\J 
for routine e~perimen!.ll )tress ~naly~i~ a;:¡;:¡lic:t:ions tmder 
temper~te environme:::at ccndi:i.-.ons, M-Bond~()() adhe>i~c is 
crdin~rilr the b~: choice. This aéh.,~i•·e is very ~~s¡to h~ndlc, 
and ctm•sa':mvst ir;StMJtly :n pro<.!•JCC an em.•ntially < rctp-lree, 
1.-::i¡;'..!c·•~!i~:Jnl bond, wi!h cl.:~n;ation capability of five ¡;cr
cent or more. 

M-llo:-.d :w is a sp·~c\¡;l cyann~cr¡h~e w!'.ich \t;:s be en pretcw~d 
;:md certi~ie¿ fcr use in bondi:¡¡; ~::~in ¡¡~,;cs. 1: i1 an t'~n:!l<>nt 
p·ncral-p:!rFOS'! ~~r.e;iv~ for laU~:atory a::d .. ~orHer:n fie!C 
opp!ic::i!ticn>. Thc ¡¡roccétac for instJI!inc: a s:rain ga~e "ith 

ORDERING INFORMATION 
lr:IT< {.o U.O..n ~bo..,¡ 1 botrle (1 ozr.B g} Adhesive 

1 brush-c¡., bonle (JO rr.l} C..ml~r 
polyerh)iene di•Pf'n<er c~p 

IULK: Ad.'l~ive-15 bottle3 (1 o.;;!8 g ~•(h) 
C..uiy1t-1l br.,.h-c~p bor:l ... (JO m/ <:~eh} 

M-Cond :'00 i~ ~umm;¡ri~ed in thc i!!tmr~:ions be!ow, ~nt:! de· 
scribed in de:ail in M¡no-M~am~emena lns:n.Jc::ion 8u!:~:in 
B-127, ~ c:opy of ...,!Jith ac.:ompani~~ cac:h ~it of aChc~iH~. 

The u~er s:.ou!d note th~t the pe,formance of the adhe~¡,.,! can 
he degraded by the effecu olume, l;umidity conditi<ln~. ele· 
vated \empecature, ~nd moim:re absorpti<ln. SecJuse uf the 
!atter cl:ect, strJin ¡;ase in~tJ!IJti<ln~ ~houid ~lw~y~ be cu·.cred 
with a sui:~ble r·all..ctive co~:ir.o;. \\'hen r.cces.obted by more 
rigc~o~.;; tes: reGu;remcnts otnd.'or enviro,.mcr.t~l cor.Ci:ian~. 
comidcrat0on shou!d be givcr. to ()fle cf :he ep()~y ¡¡di1esivcs 
d e~eriheci on th: loliowing p~g~.usins !lo~ chJrl en p~ge 7 ~• a 
guide in múin¡; thc selec:ion. 

CHAP..ACTERISTICS 

Q~c-min .. ~e ,;,,-.,b p:es<~te. f:>l'o,."t!C by ¡ mini::tul"!'l l':o-mir.ute <~eloy 
!:.o•for~ '-;:e <e,.,ov•:. U·1"d ..,.,.-.~:1> :~.<r~J<CS r:;;;<:;; durin~ '''" fi;c 
minUl<• '· (u re ~/"!'le "'"'·'be ex•sude<:! CJ7<'•'' r w,,¿,.,;,,.,, oi lo" l<'mp•.'l o
lurc [<<.:>'; (<!!'C)I or ¡,,,,. hum<di:y i<~o;;.RH). 

OPtRA n~G T!.'>1~UtATUI1.[ RA:OOG[ 

SHORT TfR.'-1: -lOO' 10 T~OO'f/-18~ to T~-~·q 
lQr-.'G HR.'-1: -ll" 1<> •l:.O'F (-31" 10 -<f.S'C) 

. HQ.',¡CATION CAPA&IllllES 

>6% ~~ +75'F (•U"C}. [!% ~1 +7S"F {+24°C) wllo:n u$<:d with CEA- or 
EA·IOption E su~ir. &•ges]. 

SHUf UF(" 

6 mo •t •75'f (•l.f"C}. (Alter opening ~nd prOP'!'rly <e•lins ol:~r uch 
opplication.) 

9 mo ~~ +75'F (•2•"C); 12 mo •t <-40"f (•S'C) 
(unopened •dhC'<;..., onlyJ 

() 
'._ ..... 

M-BOND AE-10/15 
Two-curnp.1ncn1, 100':'~-wliJ; <'ptny ~)'<t.:m !o: ~l·ner~l
piJrpo~e !1/e~'i analysi~. Tr~"Sj>.ilt'fll, u,..,Jiu:n vi<("OSi:y. Wi:h 
AE-10, ~ cure timc J< lo"· a1 ·,¡~ hours Jt •75°F (+2~°C} mJ)' be 
med; wid'l .\E-15. ~~lo" "'si~ h'.ILOr>:tt •12S"r (•5D°C). AE-15 i1 
rccomrnended for mme cri:ic;,i ~í'plk~dons. indudin¡; 1/Jn>

ducers.ll h011 ~ lollbC' pot llfe t!>;)n A[-10 .... hich JJiow; more 
time for multipie S>b<' insl~ll~~;,..,s. ror bo\:, A(-l:Jr.~ re~in 

.:it: 6 rr~•ing ¡~ro (10 gc.;;) l':e;i~ •1 i..:l (15 mi) Cwin¡: A!!"~nt1C 
1 bll ¡15m!) Curir.¡: A~ent ~S • ~ c.l,bm.,d pip.,ttc¡; 
611ir.:,.-,:: rod< 

sy~!em>, elcn:erl-tl·mpNJ:Uff! po~tcurc is r.-<:ommcnd.,d fnr 
m.1xim""' \l~bility, ..cnd/or rc;rs abo, e r<.oom a·mpera:uro:-. 8oth 
adh~·~ivo:> are hit:hi¡· f<"'>iSl~nt lo moi<tU!C ¡¡nd n>mt <:hcmi;::;d,, 
pJrti< 1:IJdy ,,.¡"'" po;rc•,.ed. f0r ma~imum elur.¡;..t:i•m, lH>nJ. 
ins suri..ccu nHHI be ''-':.:sil. Cry<Jscnic ~pplicJtions rcquirc·.cry 
thin ¡;lueiin~s. 

llull: ]J.lO g Rc,;n • ~O~ Curin¡: Ag~nt 10 
2:0 G Curins Asen: :5 • J ~~libu1ed pip.:u"" 

CHARACTERISTICS 
AE·lO AE-15 

OPUI.ATII>óG 
TEMPTRATURE 

RANGI 

1».16·· 
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M-BOND GA-100 
Singlc·componcnt. CN~mío;; ccmcm. Principal in,.;redicms 
~luminum pho~h~Te ~nd ~ilic~. Prim~rily uscd with Ir~,.. 

fil~mcnt str~in G<lSe'l ~bove •600°F (•)15a(). Difiicult to use 
"ithout prioT t'líperienct•. ledb¡;c 10 ¡;round rc~istancc "ith ;r 
>0.0012in(O.OJ mmJ b.lse co~t is >lO" ohrns at •1:!00°f (•6SC"C). 
.:md ;..()_] • lO' ohm• .JI •14DO"f t·h0°C). Mmt be cured in ~ir. 
Very h)·grmcopic. 

Kit: 2 ja" (25 1 ea¡ pr~mi•.-d 
ar•móc ~.......,..,¡ 

M-BOND GA-2 

T"·o-c'lmporu~nt, partrJily fill,·é. 100"1;.-solids epo•y syucm fm 
gener~:-¡lurpme stress anJly.is. Higher •·is<·osity th~n AE IY'· 
tcnv>. ElcvJtcd-lf!mpcraTure ~u re recomme11ded for be>! p••r· 
formanc<! and t~'listJnc-e to ch.,ntical ~~:~tk. Often uwd 10 fi!l 
irregular sur!Jce\. Uncven gluelines ~·~\il)· dc!Cctilolc by non
uniformity oi bond <.olor_ 

Kit: 6 mi•in~ j~r~ (lS ~ea) R""'in • 6 ulibr•r~d pip,.t10>S 
1 bll (1S ml) Currng A gen! 10-A • 6 •lirring rod• 

CHARACTERISTICS 
GA~100 GA-2 

.. _;;, ',,· 
...... ;.;;..,_'·." 

O~EllATING 

UMP'lRATURl 
I.A....,.G( 

flONGAllON 
CAPABIUTUS 

SHOitl TlRM: --4Sz-" to •1SOO"F (-26,.1o +41~C) 
LONC TIJtM: --452"' lO +llOO"F (-2ti,. 10 •7!15"C) 

Apptooic=tel)' 0.5"4 depending on linuo- e....,..oon 
mclfU..l ol oped~n tnlllt-r~l 

LONC UR.M: ·llO"F lo •lOO"f (·1W lo -+9S•CJ 

• 10"Jó to 1~ at •TS'"f c•~CJ al~ -40 ht RT cure 
or 6 hr RT ~ with ~cwe 

M-M 11151ruction Bullctin B-132, Srr.ain C..ge lruulbtions with M-Bond G.--\-100 Cnnent. 
M-M lnwuction Bul~tin 8-lll', Srrain Case l\ppJOations wieh M-Bond Af-1Q/1S VId M-Botwl Gl\-2 
~System~. · 

i 

1 

1 

M' BOND A-12. 

Two-component, 100'.1'.-~lid~epoxy~)'i
tem. :-.:ot intended ,u a ¡;eneral-¡¡urpme 
strain go~ge adh~i~e. Should be u<,ed 
only wh.,n maximum elongation r{)quire
ment!i of a test exceed the cap•bilities 
of othcr M-Bond .:~dh~i-..e s~~term. Mixec! 
adhc~i;·e griuy with brge sol id panid~~ 
pr~"nt; IM¡:e panick~mu,; bt.' •"moved 
prior to gage installation_ 

M-BOND 300 
Spt:ciJI-purpose, !Wfl·Component pol~
ester .1Che'iivc. Not rccommended •s a 
general-purpose strain g~ge adhcsi>e, 
but useíul when a low-temper;Hure
curing ildhc!iive is required. Whlle poli· 
!CS!iing the high ~e~r Slrength requir!'d 
of d str01in ~;,~~ ;¡{ihesivc, pee! strcngth 
and ~;ol•cnt ~<.:nsitivity MC rclatively 

pom. Should not be u sed for imp;tct 
strain mf.'asurcments. or with sol~ent
thinncd protcctive coatings. 

Kit: 1 tube ead-r Pm A •nd Pat1 B 
5 di•~ble mi•ing rups 
S wood l!irring•ticks 

IC"rt¡ 6 mhing ja" (10 ~-~a) R""'in 
6 n~bnled pipen~ 

OPlRATINC 
TlMPERA T1JKl 

RANCE 

LONG UR.M: -50"' 10 +1110"f 
(--45'" lO -.oo-q 

1 bd[6g) C..!<llyst 
6 •tirrins rD<k 

CHARACTERISTICS 
300 

lONC TERM; --40" lo +)OO"f 
(-40" to •15U"CJ 

Nole: Applialion instructiOfll for M·Bond A-12 are induded In uch kiL 

M-BOND 450 

High -perlo, rn~ t1 e e. t"" o-co n1; "' r.cnt, 

sol~en1-1hinned cro•: ~~stem specidll~ 
lorrnulatcd for high iCCU<Jcy. ("levatcd, 
tempeiJ\Ure trJn•dcc-er applic~t!o;\1,. 
M-Bond-450i>comp•tible "·ithall,'\-1iuo-, 
Measurements su.;¡in t;Jge seri•" 

K ti: - bll• (ll.S g ea) Curing Agent ~ -
4 btl• {12.5 1 ,.., ltes.in 
"btu•h caPJ fOt applyins adt.e.lve 
<( di•P<Ho~bi<:- mizin1 funneh 

450 

SHORT TIRM: --4S2" to +750-f 
{-26J61o ~C) 

lONC TERM: --4~ U> ->SOO"f 
(-Xrto •160"'CJ 

-. 

Referenca: M-M ln1truction Bullebn B-133, Sr rain Cage lnJto~lbliom with M-Bond JOO Adhelive. 
M--M lmtrurction Bufletin 8-152,/rutrucriolu lcw lhe ApplinliOfl ol M.icTO-M'easurements M-Bond -60 Adha;.e_ 

h¡:e 1l 

- u:c;::;:;:; e:.,...; :c;c ==--· 
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·! INSTALLATION 
.( 

TOOLS & ACCESSORIES 
.. 
' 

There is ~~trong elemen1 01 crah~~Jnshíp 
invol~ed in m.~in¡; coMi~tcn!ly ~ucctMful 
main K~ge instJUo~rion~. As lar Jny othcr lield, 
chis crah hJs its own specialtools and wo<king 
m.ueri,¡fs-lound by wasoncd prolenion.~ls ca 
be mou effective for achic~ing the de~red 
resuhs. The inscaUJtion o~cceswrie,; de1cribet.l 
on this o~nd the following po~ge rep•e1ent th., 
distill.:uion_of many yeJrs' e•perience in detcr· 
mining the" most •ppropriate wol or mJteriJ.l 
for e.1ch to~~k in the gage in~call,¡tion p1oCe$S. 

Every ucessory ítem liued here hn been thor
oughly tesÍed o~nd evalu.!ted in the.Meo~sure
men11 Croup Applications [ ngineering Lo~bor a
tory for qua lit y and reliabolity,lor ene uf use, 
'•nd for comp.uibility with ~~~ other Micro· 
Meuuremenu producn. h ~hould 1M- noted 
thon-thc instruction bulletins supplied lor 
g~ges, .adhesives, protecrive co.atings, ele. 
.auume the av.;r;il .. bility of these aceflsories 10 

the user, sin ce su eh is gener.ally the nse for "" 
e•perienced prutitioner in a weU·equippcd 
l.abor.atory. 
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!iTW•l JIW·l Dr'••t SK-I 

r 

;.¡ 
:J ~ ~) 
~· DP·I OW(•l NM'·l 

SSH·f SUICIC.U SHV.RS.- Chromium stee!, 4·112 ~n (TIS mm¡ Ion¡, with one slurp pointo:d b!odo: ¡nd one bh.lnt·o:nd bi~M. 
· SlW·1 TWEU!IS - St~inleu steel, 4·112 in (115 mmJ lona. lug<:d, ptKision ¡round. Prim¡rily u~ for h.J.ndlinc le.ulwir~. 

11W·1 TWEfZfiS- Suinlen sto:el, 4-1/2 in (115 mm) lons. AntitN¡nctic: uid ..,d corr®on resistan\. Thin, fl•t blunt ends idul for wfe l'l¡ndlins of 
str•in I•B~-

OPI-1 "DENTAl PIOII - Stain(<:$1 IIHI "pick". fluible n• po;nted tlp. 

5SC·1 . SUIGICAl SCALnl ANO llAOI - St¡inleu su-el, """ SSC·l s~in repluo:mo:nl bl..:lt!. 

SSC·2 IEI't.AClMINT SCAL~U ILADU - flve/p¡chse. 

lSS-1 STUl KAU - 6 in (150 mmJ lon~o utin-<eluomed flnish. Cradu11ed in inch~ - 1132, 1/6-1, 1110, 1/100. 

OP·1 t-tt DaAfllNC PENCil - fOf piJe \ayour. 

OWC-1 · DIACONAL CUTTEIS- Nic\el-chromo: plate-d, 4-1121n (115 mm) hHtl. precilion cutterlor wire up to AWC No. 11(1 mmJdi•meter. 

NNI'·1 NlEOI.f-NOSID PUERS - Nicbl-cluorn<: pbted, 4-1/l in (1JS mmJ lons, with wrrated needle-nl>'led ¡......._ 
AfS.l GAGl ArPUCAnON TOOL SlT- lnd..dn one ol e•ch it~ plu1 one •ddition¡l DPR-1 Dental Pro~. ~nd one plg ~SC-2. Ouubl~. 

..... 

pol)opropylene box. 

CAMIL'S HAll aiUSH -311 in (U,.,..,_ Shed-prool. 

STAINUSS STUl MIJ:&NG SPATULU 

Doubl- bi¡¡J.. O.e!illlena•h 1111 (200~~~m), 

In'·~ Sln¡M biJde. O...r¡¡U len1th 7·11~ In (1t5 mm). Wooden Nn61e. 
Pap14 

KJC-1 TtMPI!IATUII CONTIOlUD HOTPlATf 
Tempe-ra1ure ranse •1DO- 10 o600"f (•<W" ro •J1S"CJ. 
Calibuted bimet.lllllc therm~nlat, l-112 111 (to--mm) 
dl¡¡~u alumlnU-111 alloy top pl.llta. frnbadded he.lllina 

. elamenh lor hi1h thatrn.tl condutdvity, 110 Vu 6-h 
(J.f.m)llnKOrd, 3-wlre plua. 

1 

')) 1 

J 1 

0) 

~ 'k;· •. ~ 
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CENHIAL·I'UUOSE TAPlS & MAHIIALS 

PCT·2A C.-lloph¡¡ne T•pe. for g¡¡ge in>~•ll•rion. )/4 ¡,. • 108 h 
(19 mm x JJ m). 

POT·I P"P'"t Or¡¡ftinll T¡¡pe. for lDidering m••k, •nd 1.-Jd po•lrion· . 
i"l· l/~ in • 400 in (19 mm • JO m). • , 

PU-001 K¡pton film. for ~lectric¡l imul•tiun, 4 • 10 • 0.001 in thk 
(lOD • 150 • 0.0.:> mm thl.), 

HICH-TEMI'lllATURE TAPES & MA TERIAlS 

MJC-1 Mrlar JG hpe. for s•ge in•t•ll.lllion wittt he•H~urinll rnin 
1yucm~ 112 in • 216 h (ll mm • " m). 

Tn-t Thcrmo•erting IJ40°f (170"C)J fibo:rglm T.llpe. fur o:l.,ctric.l 
in ... t..rion •t hi~t. lemp~r•ture•. 112 in • lió h (JJ mm •10m). 

fCC·l w""'" r;¡,.,,_Ei~•• c.toth. _8ound edg~. for le•d •rn:horin11 
whcn o•ed '" con¡uncuon wllh M·llond •dhe•i•~• ¡nd 
M-Coa! protecti11o: co•tings. 

TfE-2 Hi¡h modulu11fE tdion with Ulicone ~tic. 112 in • 108 h 
(IJ mm • JJ m). 

MHG-1 MASTll Mlll HlAT CUN 

Lishtweight, camp•ct, perfealy bal¡nced. 2 lb (0.9 lrJ with nozzle 
attuhed. 11-7/lo 7 in (22S • 110 mm). Quiet, bru1hten-1ype •h.tdecl pole 
molor rated lor continuou1 duty. Three into:rch.nsublc noulehe•tinl 
elemenu con~rol .llverase oullet temper•lure 112 in (IJ min) 
from nozzle at SOO"f (26a'"C), 65(1-f (J.I5•CJ, or ll(lO•f (f2S•C}. Ait-cooled 
bJrrel, Thre.-.c:onduclor 1rounded linecord. Slip-on dellector 
comple!ely -•ounds shrink•ble tubins !HST-1) ..W. hc~t. Pinpoinl 
adapter dire(ll heat without ¡¡ffectinl idjuenl areA. 120 Vac 60 Ht. 
Mnimum ~ dr•w S.~ amp~. ' 

MHG-2 S.m.-11 ibove, e.cept 220 \Iic. 

~+~t~\····•- ·•···-•·-·-:-~·~·~--·----~~""~- .,.,, .. ,. .. ~·~·~.--0'"-~-.• 
t 
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CLAMPINC SUPPUU 

MII •• K. 
M.o•, Openins o,..;., 

HSC·I Sprinl 
ct.mp 

1 ini2S mm) ll2in {U mm) 18lbf ION} 

HSC·] Sprins 2in (51 mm) 

e""' 1 in(2S mm) 18lb{ ION) 

HSC·l "'"" co..,. 
J in (76 mm) 1-1nin(Jamm) nt~tnooN¡ 

CT·ll NEC'ATOI Conll•nl fa<ce 
0.006 • Ja in (25 mm • tl4 
bM>d, drum t.D. 1.1& in (JO mm), ,,:,¡¡;,¡.;;,¡,¡;;;;¡~-

TfE·I 

CT-14 

SGP·t 

SCI'-2 

l'reuure Plods 1ncl !Jckup l't.li!<:L kit ol t2 S~ócone lll!Ober 
,~ J/l2 1112 1 1·114 in (l.S 11l • l2 mm),1 •nclll Alumi
num plile>, 1/8 • 1/l11-V~ In (J 111J • JJ m~ J. 

Silicone lllbber. ThrH pie<n, uch 3132 • t'• 6 in (l.Jt 25 
liiSOmmj. : 

Silicone Rubbe,. One pie<:e, llll• 6• 6in (2.5 •(IS(J,JSO-J.. 

.... u 



SONDABLE TERMINALS 

For m"ny rypes of ~~r~in SJge\ (such as Micro-Me~IUremems 
[..&,.SeriM). it is not generally intemkd tlut instrument lead
-ire• be anached directly w :he wlder t.:~h-1 of the gJge. The 
•lütffi.!l ptactire, instead, ÍITO in>tall bondable terminJis adja
enl to the gage. and solder the inwumencleadwirel lO t~le. 

· ,-r~ll. ilekibfe jum¡>er., ir!"\, cur-ed ro form m.1in-relief loo pi, 

TERMINAL CONSTRUCTION 

Micro-Measurements hondable terminals o~rc especially de
~~nf'd for use in wain ~age (ircuiu. The~ .are produced f<om 
<-~H--in (O.OJ&-mm) thick copper foil. elecuo-Gepo~iu~d on 

.,.: of two types of b.1cking m~!erl~l. Borh b.1cking~ ¡re 
.-Ir bondable ... ·ith ~uain g.1ge adhe~i~e~.. Termin~l1 ~re 

v<l in four diflert•nl geometril'"\, ~nd in~ range ol ~iles to 
,.~ .. • u 1 ing gage in\t.all.alion needs. 

CPF-75( 

u ...... l .. Aolf~T 
C:Cop~r ~ 

TUIML~Al GIOMrTRY 

(~ 1\;oiO" b.Low) 

UCI(fi'.G MATERIAl 

"' roh-imid~ film 
IC: (~•y-Clou hmin•l• 

T(RMII'OAL SIZE 

Widlh ol fr•min•l in mils 
(Tho..,...ndth• ol •n in<hl 
(Di.............., 'O' in hblrl 

are then connened from ¡he termino~lsto the gage soldcr tal>\. 
The accomparoying dra ... ings on the facing p.,ge dmw typic"l 
Slraingageterminal inU.IJ!Jtions (seeai'>O M-M T ech TipiT -603, 
The Prof)('r Vle o( Bond~b.'e r t>rmjnJis in 5t rain Gage Appliciltiom) 

8ACKING MA TERIALS 

Type Pf- Polyimide film: 0.00] in (0.08 mm) thick. 

This ;, the preferred gener.al-purpose backing materi.af. lt i~ 
mote fluible ,md conform,¡ble than the Type EC !below); 
.ahhough not as strong. Type PF b~cking combines high
temper.ature capability. resistance to soldering d.amage and 
good electric~l propertie~. lt is ~uit.able for long-term use at 
+450° to •SOO•f t~noc ro .. ]60°CJ. limited primarily by gradual 
o1id.ation ol the copper foil interf~ce. The relatively high ther
m.~l e•p.an~ion coefficient of unfilled polyimide can cause Jau 
of bond~~ temper.atures ~low -100°F (-75°CJ. 

Type EG- Epoly-slus l~min,¡te: 0.005 in (0.13 mm) thkk. 

This spedallaminate provides .a strong but flelible bading fm 
terminals. lt is suitable for long·term use .at ~300°F (+1500(}, 
¡nd is recommended for cryogenic applic~tions at temper~
ture~ down to -<~5}Qf (-1S9°C). The radius of curvature ol the 
mounting ltlrl.ace should gener~lly be gre,¡ter th.an 1/16 in 
(1.6 mm). 

Nole: P~tterns with the 'C', 'D', or 'l' wffi~ show actual number of termin~ls ~r strip._~nd are p~d.aged .and priced .as 
s~rips per p.1chge. "S' p.attern~ a•e pad~ged p.airs per pack~ge: p¡.ir\ ~·strip ..,.¡JI vary. 

. l!:ef!M'encn: M-M Tech Tip TT-&01, The Proper U~e of Bond.able Termin~l~ in 51t.iin G.ige App/ic,¡rionJ. 

P•ge 16 

) 

0) () 

SUFFIX C: Cener<lf purpose. Widely 
u'~ between g~ge jumper wires and 
m.ain le~dwire system.Suitable lar many 
bridge intr•connenion applicJtions. 

SUFFIX D: Designed for in~t~U.~tions 
wuh 2-wire jurnper •rrangement mgage 
•nd .a 3-wire miin leild synem, 

SUFFIX S: Primarily used where 'older
in¡ Jnd des.oldering m.ay be encoun· 
tered. Hok in center produces the•m•l 
isol.itioo .at ••eh end ol terminal. Not 
recommended for high ryclic endurilnce. 
Avail;¡ble only in epo•y-gl•ss b.acking. 

11111111:-

111811181) 

!lllllllil 
i!MKIAihl! 

lec ce e el 

""11" di~n,ions ¡¡re nomin.JI ''Strtps of" p.a•u 

a11 0.065 0.02510025 CEG-25C 

27 1.&5 a&< a&< 1 "" CPf-2K ;o-• 

1-:o.:-:+" ,o--1.09sro.o4JOo ___ ., --l' ;"' 
·~ '-<1 .,. ' ., 

O.Jl 0,250 0.070 ¡._,¡¡o 
'-~---+--~~N/11 

'-'. ~ us 1.78 1 ,_,. 
,., .. 

0.<8 ¡o,l50 r<r "~ 
'" '-'! .. ':\' ¡-¡_., N/A ce'i:;;oc ,.. 
0.10 [o.oso G 

O.Y 0.250 

!f '-!'.'1 '"- 2_11 4.21 

CEG·IJJS i 601 

0,54 0.375 0.250 
Cf.C-1255 301 

-~;: '-3. '~.~ 'J~- tll, 



M-ifNE SOLDERING SUPPLIES & ACCESSORIES 

The qu.¡¡lityol tite 1o0lder joinh ha crilic~J element in the performance of ~ny nrain g.¡¡ge in~tall~tion. Be("au~eol spedal requirements 
auociated with suain gas e circuiuy, many commercial solders and flu•es ,u e not utido~.ctory for this purpose. Mino-Me.uuremenn 
stoch and distrlbutes a seleaion of !.Oiden and flu•es which h,we been cuefully tnted and qualified for use with main gages. 

SOLDERS- M-l/NE strloin go~.ge solden are listed below, ¡long 
with their composirions, principal propenies. and recom
~nded applications. For ordering purposes, the solden are 
specified according 10 the coding syuem shown at right. AIJ 
solders are supplied on spools, e•cept /or the 12-cG-fPA p.nle 
which is supplied in,¡¡ jar. 

FlUX ES- Ahhough wme of the ~olders de5Cribed in the t~ble 
below h.ave rosin-flux cores, it is often necess.~ry to use sep~
r.ate, e~1em.a1Jy .applied /luxet. This m.ay be the cue, /or 
illSioil'ICt!, whe11 10Jdering flm: jumper 101lres lO l18t! loibS Of 

prlnted-circuit termin.ah, bec;r,use not enough flu' is rele~sed 
from the e o red Jolder. 11m ay al~o be nl!ceHary lo supplement 

l
the cored flux i11 high-temper~ture Jolders such u Type 570. 

Two ll;..xing co.mpounds ~re ¡vail~ble for s1rain g.age soldering 
.applic<~tions.M-flux AR is an ¡cf•vebu! noncorrosive ro sin flux 
whi~h is effecti,..eon consl.ant,¡n,cop~r • .and nickel. M-Flux SS 

"'""' 
'-'CU.GIHC 

n~ 
OI;Pfll NO. UN!T$1U 

351A-~R MIA-:11)1{·25 2Shf7.6m) .,.. .. 
lUS'II.l~M 

un,. ...... , "IA-2011 1 lb(4S0f) 

Di•IIIO'Irr ia milo 
(Thouund1h• ol ~n inth) 

is .a very .aclive .acid flux which is u sed prim.arily with solid-wire 
soldefi .applied to Jwel•stic and K-•Hoy 81111!1, Jnd 10 slainleu 
ueel. The two !luxes should never be mixcd. Whe1her the rosin 
or ¡cid flux is u sed, i1 must be complete/y rt~moved immcdialely 
.afler soldering 10 prevem de¡::r.ul~!ion ol proh:cti"e m,uings 
ind corrosion of the mt'lils, .and to eliminate canductive flux 
residues. Rosin residues are best removed wi¡h M-UNE Rosin 
Salven t. Remov.al of M-flux SS requirestwo steps: liberal appli
c~tions of M-Prep Conditioner A. whil.:h must be bloued dry; 
and then M-Prep Neulralizer SA, .also to be bloued dry. 

a.., ,n . .,ound oold"' lcr ,.,.,,,¡ ....,, JoJ.a up.oble of 
Yl~ O!U)'OJOnit IO"'P<'IIIIlfO. 

,., .... .,.. .. 
17'11.l .... 

•1--·U Uh/fhtJ 

"'-40C . ' llbf45Gf) ' - -- f------l X'"'""IZ~"" r---; (faJ"ITtrO . 
. _-,. Cood 

All-oround tofdcr lO< ¡eu"l "'"· Con ... nient for 
Óftolfument tootk ond ..eh he•"Y ~•dowirn. 

.,..,.. .... a,... 

.... ,.. 
'"""' .. _ 
.,..,., 

~--
_ ..... 

,;" s.n.n. • 
:;_'!.1-ni.U.. 

\)U4NPA 
. ., •""-
;¡ Jnllnt: ......... ...... 

,~ .. ,. 

........ 
·~"" 

........ .. ,., 
~-·lO 

,__ 

IMI).fM 

25h(7.6m) 

llb(fSOI) 

25" (1 ..... , 

llb(61t&j 

llllljUm) 

llb(fSOJI 

lo.z (111} 

le<...-nded l<>r crilial-k, p.onlnllorlr "'""'" II!Hh 
oltcukol CtmduclhiiJ io requioed. Good mechoni<OI 
bri1u< p•opeuiu. Oo nol uoe 01 CIYOionic tem· 
por•lutn. 

W,hotr tempo<lltlu oold.or •ilh "'l 1ood hondlin1 
prope.Un. Sup~l..:l ¡, iOlod form; an k UMd with 
oithor M·flu• Al or M-flu• ~ ,,_IIC<! ol anlimonr 
pnenl> "!in do•uw•; e~ be u-l in cryopnlc mvi
ronrn~•.•h'-ch q..ile b<i«lo ocio-~.,.,,.._ 

tqh-leod <:onlent. for hi1h-lem-1ture cot>Re<110fll 
....,lon¡-lerm(J)'Ot:lf'lli< ,..,.._,,,wolaU. 

. 
for "'Y t.l1h lemperotwe oolcl~r JoU>n, _ •• a, wl1h 
WIC·Srria lltt¡, ...... Thoo Wl!S.l ResislonA Solde<in1 
UriOI h .,.lde.IIOal lcw ""' OriCh oklo oold.r • 

,, .... ~ ... ,,._. 

), 

~-., 
V 

) 
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MARK V SOLDERING STA TI ON 

A tlme•proven pretision soldering in!lrument for mini.ature 
.and/or deljc;r,¡e soldering ~pplica1ions. full ~5-w~n ratin¡:: in 17 
seleclor ro•iliom tn hantlle all M·LINE wlder .. llo'ff e~cept 
12•0-fPA. Magno:tir: solder pencil holder ~nd flexible~ burn
rcsi~¡an¡ cord. Lightweiglll soldt>1 ing penci! /1.1 o~ (JJ g)J. SpCc
ify 115 or 230 Vac, 50 or 60Hz o~ration. 

MSS-1 M•• k V Solderin~ Smion. Complete 
MSS-2 M•rk V Control Unit Only 
M5S-l M•rk V Sold~1ing Penca Only 

SOLOfRINC TIPS fOR MARK V 

M SS-A lyp.- A, gen~ul·purp<»e 1116 in (l ~mm), ~crewdriver 
MSS-8 Type 6. mini•ttue 1116 in ¡u mm), (hi•el 
MSS-C Type C, heavy rluly 1/B in (J mm). ¡.crewdriver 
M5S-0 Type D. hi~h-1emp.-ratur~ llll in ¡J. S mm}, thi,el 

Types A, 8, and C lips ~re pretinned, lrondod copper, over
pl~ted wi1h uidel/chromium 10 retard oxid.ation. Type O is 
nidel-pl.l!ed copJlt'r, pdrticul,.rly suited to high-lemperature 
soldering. 

MOOEL STC-1 SOLDERINC IRON 
TIP CLEANER 

A de.an wldering iron 1ip is impott~nl 10 ensure reliable solder 
connections ilnd ma~imum electrical in¡egrity ol ur¡¡in gage 
lnstall•tions. The Model STC-1 provides import•nt featu'res not 
previously ~v;¡ibble lar this often overluol<ed u~ge of 1he sol· 
dering operation. fi¡::ht spue sponlle rollersare induded with 
the STC·1. 100 to 130 Yac . 

5TC·1 Sold<rrlni Jron Tip Cle•ner 
5TC-1RS Pa<k•ge ol 8 repf•~t'~nl ~pon!fft 

; 
lncludes one e.ach M75-A and 
tips. Color-coded temper.acure 

temper;r,tures lar ¡fl Mf"o-M<ti""'m''""'wf.,ofd''"' 
M7S-1-UX M•••VI!Solde .... Unii,.Complelor,.UX 

or 2JO ¡v .. c¡ 

SOLDfRJNC TIPS FOR MAJUC: VIl 
M75-A 
M7S.B 
M7S.RS 

N•now 1ip 0.01$ in (ll.JI mm) 1creoodri~r 
Wode lip 0.111 in (47é mm) Krewdlivt'r 
Puhge of l repLou~nl opon¡e 1 

1 

RESISTANCE SOLDERING UNIT j 

1 
1 
1 

1 
1 

. 1 
When used in combin~cion,.j¡h 12•0-fPA \iiVf:r-tolder poislt', 
lhis unil mo~kes .an excelll"nl lead .m~chment sy'stem for ~train 
go~ge oper.ation above •soo-J (+260~C}. The infinitely v•r,i;r,ble 
power control .allows adjuUmenl from uro to 100 waus' .and 
zero lo J Y;r,c. The power control is fused, .~nd .1 pilot li¡jh1 is 
incorporoi!ed. The loo! switch ~nd twl"ezer soldering h::.nd· 
piece give e~cellent opero~tOf control o~er e;r,ch 1older joÚu. 

wa:s-1 (110 vur - indudn po- unil ;,nd loo! swi!ch. bochlwi!h 
J-wire NlMA plu1., ''""'~' ,otd<rrinl h.ondpiece,'•od 
repl•cemenl elecur.>dn. · 

WR5-2 {220 Vn) - ¡.,¡mt' il \lo'RS-1. but 220 V ..c. 

RE¡.LACEMENT UECTROOfS 

was-A P¡ck•¡e ol 6 elemodn 

Reft:rence1: M-M Tech Tip TT-606, So/rlering Techniques for Lud llu.acllment 10 Su.ain C.ageJ wifh Solder Oou. 
M-M Tech Tip TI-602, Si/,er Soldering Tecllnlque for lluo~chmenl ol Leildl/0 Suain G.lres. . 
M·M Tech Tip TI -609,Sir.a/n C.age Solderlng Techniques. 



M-L/NEWIR'f., CABLE & ACCESSORIES 

Oiff.:rcnr ~rr,ri n ¡.:.r~e iMtJII.1t"ton condition~ Jnd t">t sp<'< ifir.rtion• ulto•n nn·e<sit~tr. rh'-' rrsc of difier.•nrrypes or sill'~ of le.r<.lwircs. r 01 
accurJW. rcllJble IHJÍr. mt•Jiurf"nlt'nts, it is impon.mr tn u<<.: thl" ri¡:ht type of lc.rdwirc lor eJch inlt.ri!Jtion. Mioo-.\.1t'JIUrf"mt'ntl 

storks ~ wicle ,·Jriety of" ir es and ,-.~hl<'s.rJt~log<'d in rJhlll.ll 1 <lrm un thr. 1 nl!owin,: p.rges. A!l wircs Jnd CJblcsli11t'd in rh" t.LI.>h•s ha ve 
bren rhflrou¡;hly field-tr·•~t•d Jnd lound to ~ive ''" r:ll•mt "'fl\Of l"'doron.Hin' wiH:n prorcrly uwd in tht' lfl('t·ifir!d r•nvironrnenl<. 
Spf'riJI ¡o;Jgc wi1in~ prnhlr•rnl ""'Y r<:quirctloe usr• nf wir<'l 11trllisted hcl{' .In IU< h (JH'I,OUI Applic Jtiom [ ns,inccring DcpJrtmcnt CJ!l 

ro.:commend Jpp:opri~r~ .,.,;re ryp•·~. Jn<l rJn sll~!::'"r supplicr\. 

WIRE AND CABLE CODINC SYSTEM 

326 OFV 

Nurnb~• of Conductor~ ________ _j J -~ --~-~ 

AWG ¡Arn,'_''_"_"_'_'_''~-G_'"_'_'_' w_''_'_"_''_:-:::::_-_-:-_-__ _J ! '----------, 

TYI'fSOF WliH 
A: 'iolid <<>PI"'< 
B: sr,.nd~<f '"PP"'' 
C: Tinned mi;.! <<>PI'<'• 
0: Tinnr<f •t••t><l.,d <uw•• 
~: Sil•rr-pl•t..d ,.,¡¡,¡ <Opprr 

.... - .._ ... 
-AWC 

""' 
,_, 

n 0025.1 OMI 

~ 0.0159 ·~ 
V ll.l!HJ o.xr .,. 

·~., "'' 

--· ---·-···---

1: ~il-~r-piJh•rl >I<•<Hf~d '"I'I'N 
C: Ni<~•l-rf~,¡,,.¡¡rl < opprr 
11: S<oli<f M.on~Anin 
1: So>li<l 8•1<-o' 

Ol.am•t••t 
•wc 

""' 
¡,m¡ 

~ '·'"" "" 
~ (1.0050 0.117 

V c.rou O IH 

" '"'" ·~ 

CO.o..;,TRUCTTO~ 

F: fl•l <'hlr 
1: r .. i,trd ubl• wirh j~<~r! 
S: Shirld~d/l"in~rl .. i!h j.r~r! 
T~ r .. l•!~d c•hlr .,.¡¡homju~ol 
W: Ruund •in~¡l" ,.¡,., 

I~SUlAT!ON 

r: llrf,..r Tf( lo•Jinn'' 
1: Fibo·r~l.,, hr.i<f 
K: lüpton'' (pnlyimidr) .. ,.p 
:>l: i'o')l•>n/pol~urrth•n" rn•md 
P: l'uf)u<elh•"• o•n•md 
Q: l'nlvimid" rn•mrl 
T: lf{.lrllun 
V: Yinyl ¡n·c¡ 

'W.R. O<i>rr Cnmp•n~ lr•drn•mr 
"Durunr tr•rl•n•m~ 

) 

i} ... : ,· () 

~ -~ 

Tht' \Vire and C•hl.- Co<ling Systen11hown in the box ¡¡ ldr gi;es the unir¡u" dt•\ignJtion ni ~-~l·h wirc ty¡w for otd~•ins purpn""'· This 
~ym•rn Jpplie\ tu .:~11M-M wire ryp•'l cxcep11he uninsu!Jted llar rihbon I!!Jds whith ue ind•~¡u~nd<illlly idenrifi.-d in lh~ dlJrl\ thJI 

follow. lhe l·~~dwire and obling ldccrion ch~•ll prc\enrcd on rh~ ne•l rhr<·•~ J>d!¡<:\ Jfl~ "'~"ni1ed aHordin¡: w number of 
condutlon. All M-UNE wircs and cabll.'s are supplied on spools for U\<:r convcnicn~e- Sonw rypcs may nor be continuousl.-ngrh. 

AWI' AWN 

r 1 

' 1 

A\\'4 CWF 

11\-IIN JWN 

DWV FWK fWT 

M-M 

nn 

1J~-AWP 
ll6-AWP 

r:7-AWN 
110-AW:-.' 
114-AWN 

121-AWQ 
lln-AwQ 
lJ~·AWQ 

Hs-cwr 
126-GWF 

137-HWN 

1U·JWN 

. 

M-M 

m• 

1~-01-W 

126-FWK 

13G-FWT 

WIRE SHECTION CHARTS 

SINGLE-CONDUCTOR fYp[S; SOLIO WIRE 

rACICACINC 
OESCRrrnos 

foot/Meue 

500h/150m Snlirl <<>PP<'J ..,;,.,, pulyurorh•n" .,n•mrl: GenMJI-pur.,me in!rJ1:3K" hno~up 

SOOIVISQm 
,.-;,.,, Usch<l from -roo• to •Joo•r ¡.;~·lo •ISO"C). fn•m•·l (O•ting .. ,.;Jy 
,.,.,no,..,ú by •p¡>lying hNl from suldering irnn. 

Solid <<>I>P~J wlr~, nylon/pofyu<~th•f<~ rn•mo1: ld••nii<~l in 11\f: !f) T~pr AWI> 
500 IV'15ll m 
50011/lSOm 

•bov~.t..ur -..ith su¡>t'rior dl><•sion re•iliJn(r ~nd s!o~l->1!~ , .. ,•on:.J ;us~l .. riun ·~•is1•n..:~ 

50011/150 m 
•t elev•trd t~mp•'"'"'"'· 1}~ .. -'>WN is ~·•ii•LI~ in f""' col-•><: spn<Í¡·: .)( (f<·d), -W 
("·hite¡, -B (LIJá), -G W.•·•:n). 

SOOI1/J50nt 
Solid ropp<'r •1•<', polylmld<' rn•mrh lntr•~•~r hnn1up ..;,,., T<'<T<f'"'"!"'" ''"1:'" · 

!>OOh,/ISOm ----1~1" ro •b00°1 {-Nt?" ¡u •JI S"() >hu<t wrno. En • ..,..l ;, '"''"'''~ly mu1:h ,¡r,d "'""'"'" · 

500 fV'JJO m 
r.-.istJnl. "'ilh t•t(<:lfenr el~(!fic•l prnp•·•tie•; ~enerolly '""'"...._-d !Jy nw<h•nir JI •v•p· 
i11g or 1-J<>ding 

100 IV' JO m 
So!id ni<hkbd <DPP<"' .. ;,.,,/ibr<gb" b .. id in•ul~rion: U•<"ful from ----152" ro ·~f 
(-269" 10 •480"C}. Rl"commcnd~d loe use.,¡,¡, \VJ..:.St:ri••• g·~~~ -..h<•n sifv"' solo.!er is 

1000 IV'JOO m ""'d for leod •n•chmenl. 

Sn6d m•n~•nin '"''"'· nylon/pnlyur~rh•n., •n•mrl: U•ed lo• !>cid~" b•l~ncc •nd <p~n 
2001V~m set in u•nldtK<'f ("ircui/1. NonlinJJ ,,.,i.e•n~,.: 15 ohm•/ft (50 ohmVm}. Tempt:r•ture 

r~nge: •10" to •123"f (-10"1<> •SO"CJ . 

Solid B.o leo..-¡,.,., nylonjpolyu.~th•n• rn•m~l' U1.-d lor Le id¡ e 1,.mp<-r•tur.- cnmprn-

SOOft/ISOm ..,tion ol aro 1hih or IP~n. Nomhulresistonce: ;?{! ohmVft ('i~ ohmVm). Tcmp•·•~-
tu<e coeffid•nr of ,.,,;,unce; t(t.JS'X.rf (•0-~5%/0 C). T~m;><:r•ture ,.nge: +10° '" 
•JOO•r (-10" w +f5o•c¡. 

SINGLE·CONDUOOR TYP[S: STRANO(O WIRE 

rACKACISC 
DBCIUrtfON 

foot/M"I"" 

.Siund~ linn•d cnpp<~:• ..-;,.,, ~lnrf lntul.rio": c .... e .. l-pu•po-1" ••• d ... ;, ... u .. ·lul lo 
100 ftl JO m •li!O"F (•8C"C). Vinyl imul~tion b~r-ome1 briule al low rernp..r•lur.-; not norm . .tly 

o sed btlow --60°1 (-.SO"C). Specify ~~. whi!o, Lluk, or green. 

Strandrd sll•er-pbl<"d COf"ll>f'' •lre, K•plon polyimide ln,ub....,: ltigh.perlormancf'. 

25 Ir/ 7.5m 
Ret:ommended for unusuolly \ev .. re 1ervlce from -~52° ro ov~r •600°F (-~69° 10 
+JI5"CJ shorrterm. hcell,.nt re•lstance ID •b•uio.,, ••di•tion, md outgusing ¡¡, high 
vKUUm. l•e•rrd for bond•bi!ity, 

St,.ndr-d dlv,.r-pl•trd COPP"• wl•e, hfln11 lnoul•tlon: Wide temprr:¡tur(' r•n¡;e. U1e-

10011/ Jo m 
fui l:om-<~52" to •soo•r (-269" lo •160"(). Whe" bonding to r .. tlon-i.,,ul•red ..-;,.,., 
in•ubrion musr k truted ..-!th Terr•·hch compound {1"" ''SP"o•I·Pu>r>O$e Mile-
rl•ls,'' page 5). Speclfy rrd, .,.hite, black, or 11een. 

" . 

. .. 
Refcrtncc•: M-M Tech Tip TT-601, Techniques for Bonding L('¡dwircs 10 Surf~ccs [Kpericncing !ligh Cenl6fugJIIorces. 

M·M Tech Tip TT-61}4, lc•dwire ,..,ll~chmem T*!chniqu~s for Obtaining .'.l•úmum f¡ligue Uf e of 5u¡in C•ges. 

M-M Téch Tip TT·608, Techniques for ,4,1/aching [udwircslo Unbonded 5rrain C.:~ gel 
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"'' 
126-0FV 
J26-DfV 
JJO-DfV 
330-0fV 

326-DTV 
l~DTV 

H6-DSV 
J26-0SV 

330-fH 
130-FH 

CABLE SHECTION CHARTS · 

-. 

tACU.GINC 

fooi/Mc~rc 

100/t/ JO m 
1000 /tfJOO m 
100 h/ JO m 

1000 11/JOO m 

100/V JO m 
1000 ftiJOO m 

10011/ lO m 
1000 IVJOOm 

1001!/ JO m 
1000 IV'JOO m 

THRH·CONDUCTOR CABU: 

DISCRIPTION 

-
Str1ndNI linnNI-<opl'" wlre, l-conducto• lbl uble, ~lnyl inoul~llon: Convenient 
senenl-purp<»e c¡bfe. for u~ hom -'0° to +180°f (-SO" 10 •IJOOC}. Fllt conwuc-
tion requircl m.inirnum •P~te. Color-coded red/whiu~/b/¡ck, 

Stranded linn..d-<opper ,..¡,,., 3-<ondudor twistrd uble, vinyl lnoul~tion: Con•eni~nt 
sen~r•l-purpase coble forlaw electrí<•l noi•e piclup. fot UIC hom ·6G" ro •180°1 
(-Str' 10 •WCJ. Color-codt<lredlwhitubi.Kk. 

Slrano:kd llnned-copprr wlre, )-conduelo• lwi<IIPd uble, vlnyl in.ut.t;.,n, braidHI 
U,ield, •in)i jachu S~cial-puri)O<e nblu lo minlmln el<!cnk•l noi1e inu:rl~ren~e. 
U1dul Jrom -60" lo •180'f (·50° 10 •&O'C). Cotor·<o<ied red/whil.,/bluk. 

Siunded UJ .. er-pl•lnl eopp"r wire, 3-conducto< fl•l c.ble, etched Teltun ln•ul•lion: 
For use from --452" 10 •500°f (-269" ¡o +160°C). Color-coded <ed/whi!e/bl•d. /nsuiJ
Iion 1re11ed lor bondin¡. 

St,.nded llher·p~led (opper wlre, l-condudor twl•led uble, Terlon lnuol•lfon, 
)JO-fJT 100 IV' JO m Te-flon ¡..ch11 Sm~ll, llesible. for UloOI' from --451" 10 +SOOOF (·169" ro +16a'C). Color· 
).ll).fiJ 1000 IV'JOO m ceded redlwhiie/b~rk. When botoclins Tellon-in•ul•ted witt. insu!¡¡tion mu•t be 

1re.1ttd with Tetr~·(tch compound (~ "5peci•I-PwposeMO!rri•l•," p•se 5). 

. . . 
' · · ' SU*" ühoet.f,4ted ¡opper .d.t_ )-conductor hrlatnl e¿bfe, etchnl Trflon b.sul.-

ll6-FH 50 IV' JS·;, tlon; Smill, fle~ible nbfe. For uj.e from --452° lo +SOO'F (·269" lo +1WC). Color· 

llO-fTE 
llO-FTE 

..... .: . ....-;;_ 
'.". .. ·,;·:.:t.~. 

lOO IV JO m 
500 fV1SOm 

100fV lO m 
1000 f!/JOO m 

·.::· .... ,.: 

codcd redlwh,¡etbl•d. lnwl,won trcill!'d for bond1n1 

........... 

' 

~ 
' 

FOUR·CONDUCTOR CABLE ' 1 

M-M rACICAGINC 
DUCllmoN 

1 "'' fooVMeue 

.~ \ -416-0fV 100ft/30m 
Stnndnl tln,.,..kopper ,..;,.,, ~udor O..t c¿ble, .. rnyl-._.tlo.,: Fo.luse from 

~~ -426--0fV 1000 fVJOOm 
-60" lo •180"F (-50" lo ~BO"C). Conductor¡ euily •epililted for >lrippin¡ .k¡.,.¡¡ina. ,, 4JO-OfV 100 IV' 30m 
Color-ceded red/wlú¡efbf•cklsreen. l 4JO...OfV 1000 f!/300 m 

OfV osv Sln.nded IIMeckopper wlr~, 4-conductor polypropylenr i.....bkd: Twio!td 1hiefded 422-0W 100 f!/JO m 
422·0SV 1000 fi/JOOm p•lrs ftedlbliá ind whitcl1•een) with a d<iin wi1e, I'VC i•cket. f....- use holn -60" lo 

+11!0°f (-SO" lO •IIO"CJ. , . ' 1 

!t 
426--0TV 1001!/ JO m Str*" linned-<Oppei' wlre, 4-conductor twioicd e~, ...., in:.ul•tlon: for use 

100011/JOOm f•om -6()
0 10 +l~"F (-50" to •IO"C). Color-coded rcd/whirelbl.odt¡•een. 1 ¡ 41&--0TV 

~ 51randtd oilnr'f'lllcd eopper wirc, 4-condut1or twioltd e~, Tenon 1.-..ulatlon, 

430-fST 10011/ JO m 
br•ided .Weld, Tenon juk~ll sm•ll, f!uible ubfe. for .... lnlm -4S2" tO ~100•t 

430-fST 1000 f!/lOO m 
(-269° lo •l6D"C). Color-cochd rcd/whi¡eJbfackla•ecn. Wlen bondinl Teflon-
imul¡¡ecj .,;,~, in~ul¡tion must be treared wilh htr~·bch COftlpound (see '.'Spec;.l-
Purpose M•leri•h," p.oge 5), _ · 1 

DTV fST 

fLAT RIBBON lEADS (UNINSULATEO) 1 
M-M rACKAGINC 

DESCalmON 

1 n" fooVMetre 

1 
Gl-92R·SO SOl!/ 15m Uninoulatcd lb¡ ribbon ni-elad copper: for us.e from --4Sr to •900"f (~2H0 to 
0.7 ohrnlft •4811'C). C.n be e•Uiy ¡oldetcd ot ""'' ~ldtd. 0.001 " 11&4 in (II.IIZS o; 0.4 mm ,l. 
l.Johf>\"m) 

Cl-92R-~ 

HEAT -SHRINKABLE WIRE SPLICE SEALANT 
Fut, e••Y·ID-UI" mt1hod for prulo·nins wi•e •plice ronnenions. Comuucted of irudl¡ted polyo~fln 
~l .. tk tubinl with • hul-llow•blc irlnN line• IUlinl. Form• •n imrnedi•te •nd ti¡hl s.eal 10 oploce 
connection ~ • shrirok lrmpe.,lufr ol •27S 0 f (•IJ~•q. lnslde di•mrtN befo~e he•ting ;, 0.125 ¡, 
(l.2 mm}; af~ hulin¡, 0.023 in (0.6 mm). l•r&e r •n¡e of •h•ink•ge •llo..,_ u•e w11h ludwite insul•lion 
di~m~tefl ltorn O.OJ 10 0.11 in (0 JS lo 1.1 mm). Tt.~ oper~1in¡1emprmure ••nge ;, -65° to •51:0"f 
(-55· /0 •160"'C.t . 
Orde1 No. H!ol·1.- pkc. ol ei8111 6-in (TSO-mmJ lenglh•. 

THERMAL WIRE STRIPPER 
Thc case ¡nd simplicily of oprmion of thc Theo=l Wlre S11ipper rnde il idell for m011 

llriln SiSe fe.odwi~eiUipping. The -.riible heit cOnlrol ¡llo...\ ruippinl of ¡¡ff ¡hcrmop!utic 
ln•uf•lion•,includin¡ Tclfon,ir1 s<u• No. I810No . .l6AWG (1100.1 mmdilmeter). Thefoo¡ 
1wltch •nd t~zer lwndpiece cive ucellcnt oper •tof cont•ol o•rr !he wlppir11 oper•tior~. 

Ordcr No. WTS-1- n10V~c) indvd"' power unil 1nd foot ¡wil<h, boih wi1h J.-wir• N(MA 
plu11, 1r1d lwn!nr twndph;u. 

Order No. WU-2- !210VKI umc nWTS·1, but 220V•c. 

kEI'I.ACEMIHf EUMENTS 

Orde'r No. WTS...A- o.et of fWD. 

' 
1 

1 

¡ 
P~e2l 

.... .._ ___ "V",._ ................ . 

. ' . •·-~·"'' -oc-.•><;-.• r•~----• •·,••.-.;....,.,..-• .---,.,.-.. ,.--,-...1<~:-"n-,..,•-.•.-pr" e•: •"'-' •""''• •v~ "'•"" o;<r :.-,: ;><:.~•· O :.,.·.-~ _-:-.~~~"-.'1'1?'•~•,• "";;o·: '' ;• ·- t.-"'."'•·•":'-".~ q, :-v'.;.\ '" ...... o '•'.'".''"·_.-- • ., .,...,.,..._,. ·;•:-·~:-;.#-ro~~·.• o:- "-''1•;• "" •, '"''<'~" !~''':""'~~--".;";,•~~?·t- .. ,.,.,, 

-.,,,.<.:-.;·:. ,;,. ,¡ 



M-COAT PROHCTlVE COATlNGS 

Strain gJ!(<~ p~rfurrTlJrllt~ ¡, ••,J<ilr· do•grJd•·•l by th•~ dlo:o~ uf 

mui,ture, 1 !"'mir,ll ,111.1< ~. or "''" h.wir.1l d.un.ogo!. !n .1 lf'IIJh, 

gag~s tt'quirc var¡ing dt•gr•"'!l o! prot•:ttinn .l(rorrHng 10 tht• 
s,.verity nlthe crwironrTH:nl in.,.. hi< h they mus! Oflf'<JI<:. Whil<! 

it is ohen prartirJI, in l.lhor,ltmy .1pplir;.1tinm, to Of"''·lh.' lully 
enl"apsuiJt{'d p¡;•.'l withnut aoldnionJI prnl<:ctinn, u¡wn-IJn•<l 
g,¡¡.:esshoulrl.llwJ~'I b<: nw<:r•:d "ith .lsuitablf' coatin¡; as 10011 
a> flO\Iible Jfi~r inltJII.IIiorl. 

The ."'.l-Co.11 c~;,lp<ltmds d<•1rrih•••l on th<' lollowing pagel h.1w• 

lwt•n iorrnulat"d 1peo ili< all,· fnr ""'in pH>I•,.·ti<lg l!rJ>n ¡;.1¡:•: 
instJil,Jiinns frnrn dc<t.lhilitin" .liHI d.!m·•!~ing t•mit•Jr>I"''"IJI 
(OniJIIÍüll\. lhf' 1 ,llll:t' of lll,lt<'IÍ.I/1 <Jff,•ro•.f Íl ,JdN]UJI<: fnr h~ll· 

dlinr, !lw. ma)w'11Y ol y,.ll~•· f'"""n;,,., II''III'<ICIOI'rlK In dw 
!wnign ,JIInO\Ilho•r~ ut ~~~ ,,¡,_, ,,,¡;¡;,,.,,,,¡ l.lhm.l!nry, ¡,,, 
in•tJnn•, ,, 1in¡:l•· l.lY"' "¡ ,'1.1-CnJI r\ wnuld ordinMily pruvidr· 

M-Coat A- Genr-r Jl-purpo«! "trJII\flMCnt" pro-

M-Coat W·l - Microcry~t~lline wal proleHive 
couing. 

lllffirit•nt prolf',linn Jt;JÍII'I mnÍ\IIJrc, fin¡;<''I"Í""· Jnd nth•:r 

d•'!tr Jrlin¡: ·, nnt.lmin,ln\1, Wlu•n tlw ll·l!(': inlt.diJtion Pll\111 
npr•rat<• in J rnorc wvc-a: •'n><runnl<;r~t, Jlt~•rrJ.ltt' fUJiin¡;\ or 

(ornhin,•IÍ<>II\ ni< n.IIÍnt;' <.m h•: o•mplny<'<l JI illu111,11"'1 in tht: 

plmto~r.>phl !wl.,w. 

lo 1crvr .Ha prelil!linJr;· ¡.;vide fnr r n.11ing lelection,th<• ~hMI 

"" 1he f.1LÍ111: P•l)(t' ¡;iv<'l «:comrno•r~rlrd COJiin¡: •ysH:IIIS lur .1 
VJriely o/ typi<',ll erwirnnrt,..ms. lh" '!fl•:<_tiw:n•'SI ni th!'H' 

m,Jtl'ri.¡l, .md p<Ol<'dur••< h,11 be en <!'P••rimcntJI!y,·,¡li<l,ll•·d on 

1\\rlll('f<HI\ <lcc.t<innl.l fowo:vo::r, .1pplic,J1L<><I tcdmi<]\11' Íl .ll>u .HI 

im¡wrt.l<lt l.¡nm in 1he ¡u:rfowu,mrc- ol ·•"Y ):.IJ.;•: prnt•·Uiun 

\}~t.-m. lt i<; tlll'll'l"r" >:""d pr.H ti<'•'. ¡r.mkul.ulr in eh o• C.lW ni 
l<n>¡:·lr:rm in<t.\1/.,tirml, to vo•r'<fy loy h'll th.ll tho• l)'llt'lr1 1"''' 
lorn11 JI n•qu;,.,l, 

CRO<;SSECfiONA! VifWOf rYPICAt (().'/(; I[!UI"I$7A!!ATION 

i which mv1t opcrate ~ubmcrged in 
water for long pcriod1 of time. 

APPUCATION NOTES FOR PROTECTIYE COATINGS 

1. lor lnn~-t~<m te11<. nr in porticu1Jrl~ ho•tilc ~nviranmNm, c.or~
full~ d~•n 1h~ <vrl~cr bdor~ •pplyin~ •nY prat~<ti>~ <<J<~liog_ Co.at
ing t">lendong in!O und.-.ned •ren will r-•~ntuallyloo~en. 

2. Whrn •e•~r•l l•yc" of '"•ting ••~ rrqutred, c<lcnd ~ACit ovcrcoat 
~yond ~~ prcoiau1 IJycr. 

J. ln~ompfet~ protrrtion •rnunrl lr~d"i'"' ;, • mmfnon c•u•~ al 
maiuurc P<"nctrotion inlo g•~~ in11¡1l.o1ion•. fM•nr commcrd•l 
lc..-1-..-irc Ín\ul•ti<lnl cnntoin ¡únhniM.) 

5. Befare JpplyinR any pro:rrti•c co•ting tn •n unprolrctcd in•ulb
tion whid> h., b('ePl ~'l''""rll<l high humidity, dty rhc lmU!IJtion 
th.:o<OU!(hly. 

P~ge 24 

6. lf !he cnotin~ i1 ~ rnnm·t<'m¡>rr.1lure-curin~ type, th~ moi\lu<c 
~blorption rate un be d~'"-'~•ed !.y pn\lcuring •t •n el~v•leJ 
remper•lure. 

7, G~nNolly, • thirk cn•tin~ offr11 a rnor~ rNi.r•n! p•th to moi.rurc 
•bso<ption 1h•n • thin one, 

B. Tor • lurthrr vaput h.Hri<r, •pply an in1Nrnedi.1l~ l•yN n! m•• !JI foil 
(•lurninum, sud> H M-Co•t IA-2, O< ll•inf~" •krl), or lf[ Ieflnn 
film (fi"l trNted -..-·•th HC-1 T~t••·!tth con•poun•l lo< oplimum 
bond). Sinn~ rnnimue nn only pen~trJl~ a<n~rnt! the ~rlgr• uf the 
foil ot hlm, the p•th to the ~·~e;, mo.Kh longer. 

9. lo cv•h¡.ot~ prot~tli•r cna1ing• lar long-tcrm t<'\ling, monitor th.
·, lNo·•hih of tlw ~·~e. i!.<'liltJncc 10 ground mN\1Jt~mcn11 <~n iho 

indiute Úo•lr<iot>lion. 

()) 

. ,. '•" ·-· ·~··'-' - --~-- " ~- ... ··:•'l'""''<'t'•··-, .. ··->•"' 

) 

COA TING SHECTION CHART 

ENVIRONMENT RECOMMENDATION 

lk:R~:~~~?!.~~¿-.-·TYPkAúAiJORkrciRY"~_:t;~::-.'~·;-.,~·:\ ·-· -·· · /~,- ~~ .,. ___ -.,-:.-

50%, o< low«, "'";" hum;d;,; -··~~k~~~;;l,;~,.JLc~'' D; o< M-Co" r 
.,;: 

J.i·§~f;:{/HiGH uuM1miY, ·wATER Srí.AStl i-r:- .-;.í: '····~J.~-/:.~·.:~,"-··~~ . .-":~~::: ·:: ._, -. ·:,: , 
lal.toratory a.nd ficld applic~tions undc1 d.1mp 6~J~ RTV.or 31_45 RTV for sh011 tcrm; .· -. 

or wct conditions ~~?,:._()!.~:U~~-~ -~~-~:C~~~-F _f!?!.I().OC term., ~ ··; 

h'~t;;~.!,V,:it!;:;;WAnR· aMMERSiON·-'--Y~1:t:r~::·:~;:!i5:n::-iU::~r:~;;·-~~~:i~!(//~~~-~~~:~.i¿;~~::; : }··-_ ·. _' _ ·. _ ·-: ._· . 
: Short-tcrm, frc5h water or salt water ;LTeflon ~ ~~Coat B (Oñ vinyl-insulated lcadwircs) + J; 

{~i~~~~~~:~!Y¡~j.~,ij:-}4~;~~):-:/. :.·;; ·) ·.(_~~- .. 
long-tcrm, hesh water :t;.Per diaf:raril añd photo (pagc 24); , 

~z--~~~\r:.~~-t~r!~i~~~-~:-F "'<: ~:~t:--:· :.:' 
long-tcrm, salt water ~i:·Per di~gram and photo (p.agc 24); . -. :·· 

;·;,:>.-Plus niCtal_ iáp and conduit for lcJdwi!cs 

H;gh-P'"'"" w"" ~m;d~~iE1;,~o~~~~~!i1o~;~:m.:<e,m .. 
L~;:-x~·~ ·t·!-:.#;~t·?-~,;::~.>~tshAM <·:vt'/;~;;:)}~-.:--? ,:Ft;:- ';.,. ~::T~\·;:.:· /: /_.~· .. :·:· ·:'·~·:·~:-~::.,; ·-_ · .- '~ .. . · · .-- _ ··~:.·;--:- .:' 

212"F (100°C), long-tcrm instaiiJtion Heif!lelically' sea le~ metal cap, and cónduit · 
-~·-:: f-~~ -'~-~~~-iiC;_s_·~-' ,_:;~ ... : · . _- ·.-· _ 

l;z~\t:;¡·_:;·:_~·?téONcREits·úRFAéfs·! _ _-_:_:~~;i:t·:.y.;:_·_ :_'{;:~: :: -'~.·;: .. ;.-~::~:;~ ~--.-;~;;;.- ··'- : !; ... -_ .... 

tons-tcrm ?;~~:~;;·k;~:i;·~-~~tp-~~~: iP~Sc 24);_'·_r·.< .. :::.·.-:·: · 
;}':.:-~·Prececjed bY·AE-10 or GA-61 to scal conúete · 
~~\i_slir!a_·~.~-:-?;\ .::'... ·-:.: : '< < · .... __ 

·~.---.,_.,...,., ........ _. ...... --~ ..... _.. ·:~-----·- ---· .. ,,., ...... ,..,.-..., .. , .. 



M·COAT A 

Air·drying wl~enHhinn,.d fxy!en .. l polyurt"th~n<'. Tr~nsro~r.,nt. 

Modo:r~te h~rdne\5: g<.><>d !luibiliry. Cm b<' rt"ffi(h<'d ..,ith M-L/Nf 
Ro~in Sol~enl or !oluene. film thidne.s 0005·0.01 in (0 1·0.25 mm) 

C...ner~l-purp<ne co¡ting lO< l¡b uu•, ¡nd ~~ b¡¡e co~ting for lidtl 
ipplintions. Mult be lully cu11~d belor" ~tldition of other co~ting~. 
Cood moisture resi¡t¡nu. No! re~dily ¡n.ded by m~ny wl~enll. 
Convenien! 10 ul<.'. 

Kil fl.1: 4 bru1h-op btllJl oz(JOm/)e~J 

M·COAT 8 

Air·<lrying sol~o>nHhinncd fMfK) nirrile rubLcr. form1 !lc>iLlt.• 
rubbery tOlling. Do nol u~e directly on e•¡.ou1ed foil or b.ue ¡.,.d •. 
11 u sed a. primer on le¡ds, rhin 50:50 with MfK. 

C...ner1Uy u!-ed 10 prim<! vinyl-in•ul11ed wire ro improve bond¡bil• 
ity lO other to1ting1. fle•ible ~~ cryngenic temp.,ratorel. hcellenl 
re•ist¡nce lo g110line, kerosene, commerci•l oils. U...:uic¡l pro~r· 
líes poorer 1h1n olher M-Co.~ll, p..~rticul.uly il high tempe<~tures. 

Kit Pkg' 4 bru¡h·tlp bds (1 O! (JO m/) e~] 

M-COATC 

SolvenHhinned (t11phth1) RTV silicone rubber. Cures to tough 
rubbery (r¡nsp•rentlitm. Cood ~ll·••ound mech¡nical •nd electri· 
ul propertiH. Completely noocorr<»ive. film 1hidnes1 0.01S·(l.01 
in fO. f..O.S mm} per co.~t. 
R~omm.,nded lor bb ¡nd /icld inltllllliont whkh require 1 hi¡h 
de¡:ree of prott>etion In 1hin Coltinll• Cood Wll\'f•lpl~lh protec· 
tlo11. Cood d101miUI !fllll•nr•. 

&il "'•' 4 brulh-teJP btb 11 O! {JO mi} t!l] 

--,, ·- .... 

Oric1 t~á-lrre~t room 
!<"IT'P<'<~turc in 20 min. 
Completely d ,, ;, 
2 hr. 

Norm~l cut• 24 hr ¡¡ 
room zcrnper~ture. 

ChemicJI reV.tancelnd 
COiting h•rdness in-
cre••e lo• l>to 7 days. 

Air·tlrics in Hu •t +75°f 
(+U°C}. Do nol ~pply 
wbs<.'quent protce~i•e 
_coaling¡ for at leal! 
l hr Ir o m time of 1ppli· 
CIIÍOII. 

furtherimpt<nechem· 
iul resiuancr wi¡h 1 h• 

•1 +200"F (•9S 0 C). 

1 ¡4 hr 11 •75"1 
¡nd SO't; RH. 
cure at lower 

-.-.- .~ .... 

) 

.. _) 
, ,, SHOI!:TTERM 

at •75°F -too• 10. 300°F 
(•l.P(J (-75° w +150°() 

lONG TfRM 
-10\J"' to •.!SO"f 
(-75" lo +J20"CJ 

',, SHORT TrRM 
¡t+7S"f -)10° 10 +100°f 
(•l4°C} (-!9S"to •JSO"C) 

lONG H.II.M 
-JlO"to •JOO"f 

(·195° 10 +9S"C) 

9mn¡ SHORT TERM 
11 +75°F -7S" 10 •5'iO"F 
(•U"C} (-~lo •l90"C} 

k<.'pl 

Q tiHhtly lONG HRM 
ll'•lrd ·71" 111 •Joo•r 

r-w 1o •260"CJ 

) 
M-COAT D 

Ait·dryin¡¡ so!~rnt-thinnetl (tdlut·n~) acrylic. De111e ... hile color for 
e••Y visu•l Ínlpection ul covcr•ll"· fmm> h¡rd 1hin tuJtinK <·~pa!J)., 
of hi¡¡h ..Jonu~tion. CJn h<' n•n>u-.·d with ,\f-1/-'/!ll.n¡in Soh ... ~nt ur 
tolut:nc. Apply in 1¡,¡, COJI¡to IHc~ent >nlvcnt t"l>lrJjnncnt. film 
thitkncss O 1)()5·001 in (0.1·0.1S mm) P"' lO~!. 

Good gen<'<aii•Loratory moistur<' barrkr. Eleuriul !eaka¡w neg
ligibl<' ev~n when u m un·d. Goo<l bJie coating for ¡ub><!<]U<'n! 
applications ol M-Coa! 11. Co,.wnic!lt lor •nchorin~ Jlld in>oiJtin¡; 
¡,tr~brid¡;l! wirrn¡;aml jurnp.~r lc~d!. ClwmicJ) resistance only lair 
bul c~n b<' im¡.orovcd by f>O~ICU<<' JI +17)"f (•B0°C) for 30 min. 

ki1 Pkg: 4 b:u>h·<~p htll (1 Ol (.JI) m!) pJ( 

M-COAT F 

Kit of ,e),.ctt•d m~tcriJis cuily ~pp/i,.d irí varinus comLination¡. 
Pro~id.,s cn~ironm<'lll~l and n•echJnie~l prou.ction. 

P¡rticularl~ well·suiwd ro fi~ld JprolicJtiuns wh~re ~ontiition¡ Me 
not idc~l. Typical appli.-ation> indudc roi¡¡,:r;,c,, tonnd<, brid~t"S, 
reinfo<cern<•nt ba" in cunn"w !lfuuur<~s. he•vy mJt"hin~ly, ship>, 
aiocr~lt. motor vehidcl, and prt'I!Ure ve11ds. 

kll Pkg: 12 pCIIJ·l/4 in (9S mm) ~q. 1/B in (J.1 mm) TJ "" 
M·Coat fB Uutyl Rublo.,, Se.olant •nd M·Co.ot fN 
Neopreoe Rubber Sb<.'cts 

1 roll [0.001 in (00Bmm} T x 2 in (SO mmjW z 20 1t (6 m) LJ 
M·Co~¡ fA Aluminum foil hpe 

2 bru1h-cap btls [1/Z ol (!S mi) eaJ M·Co.ol B 
Air-DryinK Nitrilc Rubber Co.oting 

1 M·Coa\ fT 4·•-4·x·O.(NlJ-in (101·•·101-x·O.OII-mm) 
Tdlon Filrn 

aullr. Pk¡:: M·Co .. t f8·2 Butyf Rubber S..•lant- 25 pe¡ 
M·Co11 fN·2 Ncopren~: lh1bber Sh.,ct•- 25 pe> 
M-Coat FA·2 Aluminum Foil ldpe-20 lt {6 m) rol! 
M·CoatB Air·D•ying Nitrile Ruhber Coating-
~ bru•h-cap btls(1 01 (JO mi) <!.i] 

M·Co11 FT 4·x·4·x·O.CXJJ·in (101-.c-101-x-O.OB·mmJ 
lt:flon fihn- 10 p-o..! 

M·COAT FBT 

Solvent·lhinncd butyf rubber designed lO pro~ide extellent moil· 
Jure plotection with low reinfou \'menl elle~ u. Princip•lly used in 
tlln!ducers. hhibitl ¡ p.ille·lik<' con•illency and Íl norm.illy .ip• 
plio:tl with i !pi tul~. Thidn<.'IIO~t"r 0.1 in (2.Smm) no\ r~ommendcd. 

11:11 r•l' 7S gm collapsible tubel, 4 ea 

M·COATJ 
Two·part pofy¡ulfide liquid polymer compound. C~nbe applied in 
colling thickne11 ro 118 in (J mm) without flowing on vcrtic¡lst/1• 
be es. Tough f!uible coating. No weighing required. Uncured CO.il· 
ing un be removed with CSM·1 Oegreaser, Rosin Sol~ni,Of MEK. 
Cener¡f.purpose co•ting. Good p<oteaion against oil, greile, mosl 
¡cids 1nd alhlies, and mol\ sol~<'nl!. Strong solvems may e• use 
swelling ¡nd sohening with timl!. Contentratetl add1 evenlu;olly 
break down toating. <?ood uh-water immer\Íon"toltin¡:. 

11:11 r•a:= M·Coal 1·1: 1 mixing dispenser {70 1 ea) 
1 P< M·CD•t rT 4••·4•X•0.00Jin 

(JOJ·•·IOf·•·lUS mm) T eflon Hm 

M-Coal J•l' J miJing dispense" (70 1 u) 
l pa M-Co•l fT 4·•~·•..0.001 in 

(101-a-JOJ·•-D IS mm) Teflon Fa m 

··,• .... , .... , ....... ·~ .. ·.·~ ....... 

Su!•cnl! ev.por~te in 
JOmin ~~ •7S"f (•U"C). 
fuUy tufl•d in 2~ hr. 

Ov~n o~!\ c~n Le ~p· 
pfied lO min /ron¡ time 
of 1pplication. 

Coating bindt:r bt'~Ínl 
10 sublim~tc lt •280"F 
(•HO"C}, Lut<\'sidu<' i• 
inorg1nic ~ntl .,.¡11 not 
belome mndlllliv~. 

No mi•ing or curing re· 
quirt-d. 

Airdry 8 hr ,fo!lo ... ed by 
;¡nelnated temper¡ture 
cure ol•150° lo +17S"f 
(+6S" to •BO"C). 

Mi•ed potlile lOmin 11 
•75°f (+24"C). 
Norm¡l cure in 24 hr ~\ 
+7S"f {•2~"C). 
lo ¡cceler¡tl' CUI<.' ¡nd 
impr0>1e propenies, cure 
2 hrll •1SO"f (+65"C). 

, ,, 
at •7S"F 
c·.z~·c¡ 

le ¡.o! 
tiHhtly 
\Nied 

"' 11 +7S"f 
(•.Z4"Cj 

12mos 
it•75"f 
(•l~·q 

·~ .. , +75°f 
(+24"C) 

1 1 

SHOJI:i TERM 
. ·1ÓO• ID •J2S 0 f {-lr lo ''<>o·c¡ 

l<;ING TER~ 
-100" to +250"F 

(-75"1o •110"C) 

1 
SHOJI:T T!RM 
-70¡' to •250"f 
(~s5¡ ro •l~a·c¡ 

LONG HII.M 
-20", ro •l7S"f 
(·JO¡ lo •BO"C¡ 

1 

11 

1 

1 

1 
SHOJI:T HRM 
-so• tO •zso•r 

(-45°/o¡•TlO"C} 

tONC HRM 
-so• to'+lOO"f ,_ ... ·r··c¡ 

1 

•• .• , , ••.•... '·• ~r :.-:~ .. -.-.:-:-.·:; ..... •-.oc.·'e"··. • .,. ' ' ,. ~ ... 



MicrocrHUilin,. "'·"· ll.ll "'IV low "·''''I·V~I"" UMmni"i<on r.lto•. 
Attaáo~oi l.>~ mor\1 .,,l,,•nt>. Co~tin~ :hi<' ,,.,,n.o: S-O tlfi in ¡O 4-I.Suom}. · 

[•cell<"nl warcr•illHn••r<inn t rr.r:ins. l'ol<>r nr•·• h.U>icJI pwtr•< ti< m. 
Often U\<"J J' intNrnedr.tro• t .,,,:in~. 

Bu!k rkg: 1 pkg [S lb (US 1.¡;)) 

)HO RTV 

Singlr-compon~nt98'l,·<ofioh RTV ,¡¡;.-,.,., .. ruhber. Room ''""'P"tJ· 
turr> curf' ¡humidity-r<".l< tivr•). Cnntplo•tr·ly noncorrmivr>. f nrrm 
lo<J¡:Io ruhlwry ur.ttirn;. f•<.f'll<"n1JH<>f"''lir•<. lr.nlll<t<o•nt: ¡wrlltitl 
fufl iolpf'Oiun of ill\IJIIJtiun. Seff-lc·,din¡;; furn" fairly thi< ~ • "~1< 
0.03·0 06 in (1175-1.5 mm}. 

~d!y-tn•.opply ~,.n,.r.tl·purr<"<' o·oati"~- 1 .1h .tnd !it·ld ulr. luw rr·in· 
forcin~ <"!teca. lli~h-rlun~.ttion capabilrtit•<. Cood lor •hort·lt;rm 
"'·~ter imrnt;~lion. Re1isn m•n• cht•mink ll•m•h tu con1~m!n,urd 
~wfJr~l tor shnrt·t~rm l<'lt•: fnr ¡,..,, 1, .. ,~·-tr•nn, dwonirally dt·.m 
<udJ< ,, .tnol pdn>r ..,.ith /.t.//.~1 RIV r,;.,,., Nn.1. 

AH .. .._or-y: 4 hru1h-cap bt!sp oz (.Ul m/) ~a] RTV 
Prim~r No. 1 

31-H RTV 

ld~ntir~l to JUI), except 0PJ'1U<' gray co•ting ol high<"t \IIP!lglh 
and toughnl.'u. Not lelf-l(',·eling. 

Uses s•m<" a• 3HO except v!'ry thiá cuatings can b,. app!ied with
out !Jg or runoff. Teu l!rength much higher tha11 JHO. Goud 
cable anchor. 

AccPnory: 4 hru,h·<:Op 1111< (1 o' (JO mi} N) RTV 
Prim~r No. 1 

Page 28 

·· CLIRE 
RlQUI!lU,¡[NIS 

llo•,[! 10 ,\[ Ir·~\[ •1:(1"1 
c·;~·c;,,,,,.¡l_,,, h··,t 
""!lin~,,,,.¡,,.,,¡;,¡:.lw.lt 

ljwt'inoo'll\l!rf.ln•rn.rt 
lr•,"[•ll)!l"f(>4J'()!¡r•. 
¡.,,. ~pp!)'in¡:. 
Nu ''"" ro•quiro•d. 

Tu~-fl<•r in ~PI"'"¡. 
mJtrly Z hr. 

(lHf' 24 hr fur f'J< h 
0.11~ in(O.'Hnm¡rbi,fr""' 
.u •:s•r ¡•J4'CJ. so·x. 
RH. lnll~t!< ÚH<' .ot 
lm"~' humidity le•r.ll. 

Nute: Wol!nmrurep<up
etly if co.ttim¡ i1 nm ,.,. 
l'""'d tn ~tna>,p!wrr·. 

: SIIHF 
. llfE 

No 
lionit 

6mn1 
•t •7S"f 
(•14"C) 

6mos 
il •75'f 
(•N"C) 

'' OPLRA T!NG 
TEMP. RANGE 

o• tu •1>U"f 
(-?O' (O) •lo5"C} 

5HORI HR.\1 
-100" lO <bOII"f 

(-75" '" •315"() 

LO~G ílf':O.l 
-b~· [(l +500'1 

(-55" w •260"() 

SHORT HRM 
·100° lO •600'f 
(-75'w•JI5'C) 

LOI"G HRM 
-65' lo +500'f 

(-55' w •160'CJ 

-(-"' -···· ·- .... ~- .. ---~ ·-·-- ·.·:-

) 

') 

M-flOND Af-10/fS 

Twn-compnnr·nl 100'Y,-snlidl ''I""Y syltt"n". Prim.trily userJ ~~ 
~dh,•liv<:". Oltr·n u1rd ~~ pro!t•Ui>~• ru~tint: t ... c.tu'<' nf low v~pot· 
tr.tmmi>\i<>ll r~to•. Af·l~ ¡, "'I"'IÍtH hui ""fuire> ),.•.ti "'"'· ~in~lt• 
(o.uin¡: tflit ~'"'" ll.fXI~-U.1HS in fO 1-0.~ mm). 

Prim.uily us<·d wh~re thin h~rd to~:ing i1 rt'<JUirt·rl to re,ist wdt<'l 

intn"•"i"n for 1hort time. Good ..Jt•<trit'.\1/rne~hdnio~l pro!O'llion 
-...lu·re J,i¡;h ~·~lucity Huid• ~'" prr·s•mt ~nd minimun1 dillurL•nre tu 
llow i1 nen:~1ury. GoorJ ledd,.,. ir e •nchor. Ofwn u,,..d JI preCodt for 
st•Jiin¡; connch•. 

Kit Pkp;: 6 mi•in¡.: j.m A[ Rcsin (10 g N) 
1 btlllorrlent•r 10 j1/l "' (15 mi!] 
1 btl t l•rrlen<:t 1S [1/1 ol (15 mi)) 

Bul~ l'l<p;: 1 btl AE Rc1in (lOO g) 
1 btl Curing Agent 10 (40 g) 
1 htl Curing Ag<'nt 15 (25 g) 

M-/JOND·H·IJ 

Solv1•nHhinnt'.-l (MEK and •ylt•nf') single·compono•nl <:'po•y '"'in 
compountl. l'timdrily ttlt•d •1 adlu•si~e. Vcry comp.ltible wit!r MA
St•rirs ¡:J~<'I •s buth .tdke<ive and protr:cliv<:' coatin¡;. CurerJ 
co~ting 0.002·0.01 in (O 05-0.15 mm) thick. 

Provide< e•c<'ll<mt chemk~l. cl<'clriGI, •nd mprhanic•lpropcrties 
-...hrn ful!y Cur('d. Film;, bdfd, with high heJl-di1turtiuo l<'m¡wra
ture. hcellent in ltansrlurcr ser~itt', 

Kit Pk)!;: 4 bruth-cap htll p Ol (JO mf) <"a J. 

M-ROND CA-G1 

Two-componenl 100'\',•!olids, d<'~~~~d-lem¡>er~turr:·ruring !'pn•y 
lyltl'tn. Very 11iRh viscosity, gcnetJI!y ~ppl;,.,¡ with !pdtu!a, Con
t~ifls a filler •nd can be contoured !o thl' surla(e. Co~ting thiánt•'s 
0.005-I).OJ in (0.1-0.75 mm}. 

Communly Ult'd lor mechanicJ1 prote<liun at eleutcd tt•mp .. ra· 
tu<<"l and in hiKhly tN<tive hot 1ynthc1ic oils suth as in airnah 
t'ngines. V<'ty ~uorl l .. ad-...-;, .. anchor lo high g-firkil (l('t' M·M 
Tech Tip TT-601). c~n be uscd 10 fill slots 01 groov('l. (Jn be 
marhinl.'d alter curP, 

Kit r~f!: l mixing ¡.,11'~ Rnin anrl Hardo•nt•t (~5 g) 

·---·--···--·-- .. -. ·-.· 

AE-10 ntirtirnunl (U!<' 
~ hr JI •ll"f (·.·~~r:¡; 

Al ·15 (, hr .11 • 1,","1 
(•50h(} lo d«o•lo•>,rre 

curr •t ¡,¡~¡,.,, temp••tJ
turM,w~·tt¡rc<elw<!ul•·< 

in thP Adh'clivt•l ~·~r

tion. 

A[-10 noi•ed p<>l lile 
1S-21lmirt; Af·lS 1-1/2 
hr al •7S~f (•14°C). 

Air-dri•·• in about " min ~~ •i'S'F (•N"C). 

Minimuon OHe 2 hr •t 

•315°f (<160"CJ. Pre· 
fo•rretlrure2ht~1•)7S°F 

(•19D'C). 

Miu·d ¡mt lile 10 hr al 

•75"í j•14"C}. 

Cure fm 6 hr at •250°F 
(•121J'C}, or for l hr 11 
•300"1 (•150"CJ, or lot 
2 hr .t •.lSO"f (+17S'C). 
or lo• 1 ¡,, ar •400"F 

# (+105'(). 

. SHELF 
LIFf 

>Hin"" 
JI •20°1 
(-soc¡ 

9 "''" 
JI +7~ 0 f 

(•.'~"C) 

18 "'"' 
~~ •41}"f 
(•5"C} 

>1 y¡ 
at •l5°F 
(•N"C) 

OPrRATI:-.:G 
TEMP. RANGE 

-ltlll" !<> •:'llO'f 

¡-;"\' '" ·~S'C! 

~HORl TIR,..,1 
-4~~, !<> •400'F 

(-~~,~o 10 •.'OS"() 

lOSG JfR.\1 
-45~~ to ·275°F 
(-26~"w •IJI''C) 

51t0RT HR.\1 
-100' tn •50U0 f 

(-75° ro • 260"C) 

t.O~c; T[R . .._I 
-100° 10 +400"f 

(-l.S 0 tu +]05"C} 

L 



---------------

STRAIN GAGE APPUCA TI ON KITS 

11 is oh en of KreJtc~t rnnvenicn(C !or rhc 1!/Jin ¡;J¡;e u1t·• tu purchJIC .1!1 uf thc nt'ed('d .¡a.,s~ory suppli<'s .1nd m.¡h:riJis in .1 sin¡:le 
p~l'k~¡;<'. for this purpm<.•. Ma·ro·Mt•J>ur"""'"'' <rllt:r> twn lt•vel> uf •lrJin ~J¡:e .~¡rpli< Jtiun kit>. Thc lir1t k~wl 'omi111 ollll": thrL'<: 
GA..:·2 ~rieslih dt'l<ribcd on thh ¡>J!;I.'. Wuh cithcr uf thc>t' lit>, thc uwr ¡·.¡n imnwdiJtcly 11~11 m.tking simplo: SI<JÍII ¡;•¡;•• 

in¡t~ll•timu for routinc Jflplicatiun>. 
; 

The uhimJIC in gJ¡;c in>lJIIJtiun <'JpJbilil)' i1 pru•idt•d by rhc MAJ.;"-1, MJ>lt•r StrJill GJ¡;e Ap¡Jiko~tinn 1\it, 1hnwn un tht• IJ<.in¡; p.¡ge. 
Thil indudt•l Jll ni t!lt' ltrp¡rlit•> ~mi lf"'tÍJitnuh fur n1.1kin¡; J witlt• rJn¡;c ol ¡;.¡¡;., in>1.111Jtior" fnr hmh l.:~horJl<ory o~ml j¡,.IJ 
~ppla:dlium. t.:il 1 untt•nt> '"" 'l •l•~m.olir.!lly IIOI!'d in J ¡unopoi!U!u,ntt·d luol b<h lor rnn><•olit•llLt' Jnd pnllo~hiln)'. 

M-lloOO 200 Kit 

CSM·1 D.¡reuer, 1 can 

MCA·1 Condition<!r A, 1 bd 

MNSA-1 Neutr¡lizer SA, 1 bd 

SCP·1 220 ¡ri¡, 1 roll, 100 h {JO m} 

SCP·2ll0 ¡rll, 1 roll, 100 h (JO m} 

SCP·l400 ¡rlt, 1 roll. 100ft (lO mJ 

CSP·l Couon Swibt, 1 pk¡ 

CSP·1 C.uze Spon¡lt$, 1 pk¡ 

PCT ·2-' C<!Uophifl<! hpe, 1 roll 

POT-1 P¡,per Or~ftin¡ hpe, 1roll 

l61A-liiii.-2S Sokler, 1 roU, 25ft (7.6 m) 

~01in ~ven\, 1 oz (JO miJ 

CPF ·AST 8oo1bble T ermituh, 1 bo.o: 

. llfi·Ofv, l-Condu<10t h.tdwire, 10011 (lO m) 

M-C~I A, 1 01 (lO mi) 

1)4-~WP Solid Copl)l!f w;..,, 500 h (ISO m) 

Ploo•llc Toolllox 

• ... · 

KIT CONTENTS 

M-Bond At-10/15 Kit 

CSM-1 Oe¡ru~r. 1un 
MCA.-1 Condi!!oner A, 1 bd 

MNS.>.-1 Neuttilizer 5.-\, 1 b1l 

SCP-1 220 l'il, 1 roJI. 100ft (JO m) 

SCP-1 320 ¡tit, 1 roll, 100 h (JO m} 

SCP-3400 gd1, 1 ro U, 100 lt (lO m) 

CSP-1 Canon Sw.abt, 1 pk1 
GSP-1 G~ute Spongl!\, 1 pk¡ 

PCT·V. Cellophine Tope, 1roJI 

POT-t l'lplll Or~hin¡ hpe, 1 rol! 

l61A-2011.-2S Solder, 1 roll, 251t (7.6 m} 

ll.oUn Sol..,.nt, 1 oz (JO mi) 

CPf·AST lloncbble Termlnoh, 1 boJ 

326-0fV, ).Conductor Le1dwlre, 100 h (lO m) 

M-Col! /\,1 ot(JOml} 

134-AWP Salid Copper Wire, 500 h (ISO m) 

SGI'-2 Silicone Rub~r, 1 pe 

HSC-1 No.l Sprln¡Clamp, 1 u 
HSC-2 No. 2 Sptin¡ Clomp, 1 u 

Plo•tk Tool llox 

M-Bond 610 Kit 

CSM-1 Oqru-, 1 an 

MO.·l Conditlonrr A.1 bd 

MNSA·1 Neutr•ll.zer SA, 1 bU 
SCI'·1220 grit, lroll, 100ft (JO~} 
SCP.2 320 ¡rit, 1 rol~ 100ft {lO m} 

SCP-l <100 ¡rit, 1 rofl, too lt (JO m) 

CSP-1 Canon Sw•bt,l pk¡ 

GSP-1 Glute Spon¡l!\, 1 pk¡ 

MJG-2 My .. r T¡,pe, 1 roll 

POT-1 P1per Or¡,hinl T¡pe, 1 roll 
l61A·2()R-25 Solckr, 1 roll, 2S 11 (7.6 mJ 

Rooin Solveni, 1 01: (JO mi) 

Cl'f·AST Bond.ible- Terminoh, 1 box 

126-DfV, )-Conductor Leodwlre, 100 lt (lO m 

· M·Coot C, 1 01 (lO mlj · 

1l4·AWP So~d Coppet Wll"e, SOO 11 (ISOrnJ 

SGI'-2 Sillcone -Rubber, 1 pleée 

· HSC-1 No. 1 Sprln¡CWnp, 1eil 

HSC-1 No, 1 Sprin& Clunp, 1 u . 

TfE-1Teflonfilm.1roll · •. :: 
Pl••llcTooiBox ·.).. ;: ''• ,; 

Note: A.U kit content~ ••e ¡v¡jl¡ble ~pu•tely. Reler to the ~ppropriiiL'Iections in this c~t~1og lor ~pecilic componen! deuils. 

) ) 

·) () 

MAK-1 MASTER STRAIN GAGE APPUCATION KIT 

Thc MAK-1 M~~'"' StrJio G~ge Appli<-Jtinn Kit .-onuins ~!1 th~ m~t.,riJI~ nt"rcu~ry lo suc.-csslully compl~te ¡ny ~~g~nic str~in s•!:c 
inst~IIJtion lur uper~tion lrom -4S~a to •SOO"f (-2ti9" tu ~~till~C). In dclditínn w M-Bond 200 ~nd M-Bond A.E-10/Ü, the MAii:-1 • 
indudt'l M·lh111d 610, ,, hi¡:h·pt·rlm tllJ!lt <~.t.-u·<nmpunt'nt. 101'-'~"t·thinne.J epnx)'·Phcnolic adhesiVo: system. A.ll'malcri~ls, indmJ
in~ 1 uon¡•l,•tc in•!• u• tiun•, JI<'' '"wenit'ntly flJt'kJ¡.:t·d in~ nooJ.J,.,¡,<rush-pronl, copolymcr toolbot. Adhesi~e oper'~tiA~ ch~ro~cteris· 
tic S ~lt' cuwrt~tl in th•: "M-Ilurul Str.ain C.aGC Adlu:~ivcs" scction, P•!>•~l 6-IJ. 

SUIFACE PRfrARATION MATERIAlS 

KIT CO~TENTS 

ADHLSIVEli 

• C!.M·1. Degru'"'· 1 con 
• MCA·1,M·P,.-p Con.Jilioner 11,1 btl 
• MN5A·1,M·Pr"p Nculf•lilt-1 SA, 1 btl 
• Silimn·COJbi.Je Pi¡>t<t; 220, l2D, 400 grit, 110-h (J-mJ roll ,,. 
• CSP·l, Canon S...•ln. 4pkg¡ 
• CSP·l, G~UIC! S¡>ange•. 1 pkgs 
• RSK•1, R<nin Solv<'nl, two 1·o! (l!J.rn/) btl, 

APrUCATION TOOlS 

• SSfl-1, s, .. gic•l ~heuo 
•SIW·1.T,..euer• . 
• BTW-1, Twc~"'" 
• DPR-1, Denllll'robe (2) 
• SSC-1, Surgi<oJ Scilpel & Blod.! 
• SI'T ·1, Sp.otul~ (~m~ll) 

HARDWARE 

• ~SC-2, St::•lpo:l Blod~• (5J 
• OP-1.4-Il Dt~hing Pencol 
• DWC-1, Di~gun•l Cut!.-<~ · 
• NNP·1, Nt•edle-Nowd Plie" 
• SSS-1, Steel St::•le 

. • SPJ-2, Sp.otul• tbrgt•J 

• PCT-V., Celloph~ne hpt', 2 di•penser <oll> 
•PDT·1, Dnhing hpe, 2 di>pen>et rull• 
• MJC·2,Myl•• JG T•pe. 1 roll 
• HK·1, No. 1 Spling Cl•mp, (4) 
• ll$(-2, No. 1 Spting Cl•rnP' (1) 
• tiSC·l, No.) Spring (j¡nop (1J 
• TH-1, T~llon filrn, 1 rolt 
• Gl·H,I'r~"ure P¡d¡ & Plilln Kit 

. rood '" ,,, 
• M7S-1·UX, M11k Vtl Solde<Ínl Unitjopecily 115 or U0 V¡cJ 
•l61A-2()R, 11b (0.451~) 

• M•Bond 200 J(it • M-Bond A[-10/lS Kit 

SOlDUtNG SUPI'l\(S 

• l61A-.IOW.·l5, 1 roll 
• 4SG-l05-25, 1 roll 
• 57D-28R·.IO, 1 rull 
• fAR-1,M·IIu• AR Kit 
• CPf-AH, T"rmin¡l St<ip A>-.orlment 

llADWIR( 

• 1J.(.AWP, 10011/JOm} 
• 126-0WV: Red, White, Bl.ck, Green, 1100-ft (lrJ..mJ<o!J u 
• )26-DIV, 100 lt !JO m} · 1 

t lJO·fWT: Red, White, Bl•d, Gr.-en, 1 50·11 (TS.m} roll:n 

rROTfCliV[ COATINCS 

• M·Coill A, two 1-oz (JO-mi) btlo 
• M·Coill 8, ~>•o 1-oz (JO-ml)btls 
• M-CDilt C, 1-oz(JD.m/Jbtl 
• M·Co.ot O, 1-oz (JO-miJ btl 
• M·Cool f, 1 kit 
• )145 1t. rv Sili<one Rubber, l-o•/85-¡J tube 

Note: 
1 

All krt contents ilre ¡v¡rl•ble ~ep¡¡r¡¡te1y Refer to the ipproprl~le sectrons 10 tho~ c•t•lo¡ lor ipeCdoc componen! deU•h 

·1 .... , 
.-.-~ ...... ,...,,-.. .,,....~.•---•., ....... ...,. .. ,.... ...... ··~"·:·,..~-....... --.-rr.,·---· .. .....,..,... ... ,.,. .... ~- ~·.-,-!~----~--~....,..--,_ .. ~~ ... ,., -----........ --- . --·- ---·--·---·,-·--. ---r-·---
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PRtCIS!ON Rl:SlSTORS 

Fi•••d "~''''"'' hJ\'t' so••••r.tl difl•~r<'nl "''''in 1:r .1in ~~~:;•• cirr uit<. On,.uf ¡),, • .,, ¡, f<>r 1hun! c,¡JihrJiiom u/ ,¡,,¡in-n,:.•surÍtl!; in\IIUnll'nl,l· 

1ion. In rhi, prtH "d""'• .1 fi>t·d ro•<ill<lr il T••m¡H>r Hil·~ <!umio•d J\ ro"~ hrid¡:~ JI m to prodnn~ J ~ nu" n ro•<i>tJnr" 1 h.n1¡:•: in rile bridge 
circuir. 1 ~e rt:>ultin¡; i"'lrunoetll indocJrinn i1 rho:n um•p.rr<:d to th~ l'Ji<-ul,¡tpd \tr Jin 'orr.,l¡l!uHJ;ng tn tho: r<:<ilt,orH o: d•Jn¡;e. 

Anothrr rummon 111(' of fiwd rr<i;torl is in Luid~··-r omplctinn-Jpplic.ltÍrHll, W!wn J 1ingh: .1<:tiw• ltr;¡in r,.1¡.:<: is rorHlCr!<:d in J 

quJrto:r-hrid¡;e Jrr.m¡;r•rm•rll, J fi.,·d rL•Iill7,"r mJ~ be Ulcd in 11w Al!jJtl'lll .mn ol tln: bridgr: lO Lnm¡¡lcu: tlu: <:•lo•rn.rl h"lf-hrid~·~ 
circuit. Simil.!rly, whcn it i~ neccl~~ry th~ttho~ full-brit!gcdrcuit U e formcd outside tlH: Ín\trunwnt, ~ m~ttht•d ¡JJÍf olli~cd fCii•tof> cJn 
s<'f\C J> a hJIJn<f:d hJif-briJ¡:t~. ' 

In eJch uf th•:se Jpplir.ltions. th!' ar o·ur~~yof the str ~in r>reJiurcment is Jffcrl!'d, dirrlllynr intlif•,.;tly, by :he J<"CUfJLY .rn<i st.lhility uf 

the fiu:d rP\i~tur(s) us••d in :h.• tir(uir. lt i~ rrnpnr..¡nt, thcrefmt:, thJI only fH<'<"ilion, hi~h-st.lbifity lt'lilturl l!c \Cit:Ct!'J fur tlwse 
purpnsr•\ 

f\.IÍCfO·o ... l,...l'll"''"'"'rlll nff•·rl rhrf"'<' typt•l ni P"'' ilin'l f!'IÍII\1<1 whir h ,,,.. ~p•·•·ifit .rlfy dr•,i~rwd fm "''! in llr.rin ¡;;.lf.:<' <"ir' IIÍII: 

STA~'Il.\IU) S·TYI'[ (rrdi' "S"): rpn•Y·•'n<".rtl\lrl.t~t•d \'i,h.ty ,..,;,,,,,, """·d fur l"n¡:-t•·rm 11.rhility .md l•>w 

l!'r11pt•r.Hure-t.:n"ffici•·nt·,f-rclill~t\< •'. U"•d rm 1hunt •·.rlihr~riun {l><·luw 100 0()0 ohrm) .md luit!¡;" tnmplt•li<m. 

\VIIU-\\'OUND (Prdil "W"): Cond qualit¡·"i"•·\\OUrul r••sistnrs. Ul<'d for hi¡.:h-~ .• luo.: shunr ro:1i1!.11H t' r<'quir<:rnent• 

!Jbm•: 100 000 ohm11. 

tff~.>..11'fl( (l'to•fit "1 1"): llo;r nwti< J!ly 1f'JI"d Vi11\.1y rt•\Íil<lr~, for l•nl lon¡.:-tr·r rn ,,,,t.ilily wukr .Hfv,•rl<' l'twir <HlllWil· 
tdl rouditinm. 1 !u:'c ¡rf<'fllÍum rMhtnfl .ur uwd fm hrid!;<' com¡rlcti<>!l wlw.ro: hi¡;h••,t J< o WJ< y .Jnd 'l.!hility Jff' rco¡uíwd, 

PRECISION RESISTOR SPECIFICA TI ONS 

5t~nol.ud S-T¡pe (l'rl'li• "S':I 

" 
Wiri'•Wounol {l'ro>fh "W"I llt'1111t'lk{l'"·li• "11") 'fKI'.I 

~111: SITf: Slll: ,9'" 
O :'l>' 1). \::U o 0.10in o.:j in o.li.o. T 0.75 ¡,Ion~ 0.4 ¡., •quJro: • 0.15 in ohick 
¡l.St8.1 •.'.Sn,,¡ (Ó f' ~~ 1 "'"') (10•4111111) 

TI.~<.'. 1 ·. !'"!0:""'1: 

1 t 
: ....... · ... •:,- .r: TI,\.\P, CO(TfiClf."Jl: 

.:.<F ;· .... ··•: ~:- ,., ;,q:;. :.IJ ~·¡,.r .• ~•; 1:· tu1.al"F ;:0.6ppmt•F; Jl' '" t"()"F 
1:!..1 iJi'"'t'C: u• '" &o•e¡ ¡:!..'<! rpm/'C: o• '" 61l'C) (:.1 flpmi"C: o• '" 60"C) 

STA.IIILIIY: ~TA.Itlln: ' STA.BIIIH: 
15 f'P"' '•r~r rn»imurn bi!t 1 JO r;>mi)"Jr rr.Jtirnum drih S ¡!Jlflli)<'Jr n>~•imum drih 

1\o'.o.,n.o..GF: 

1 
WA.TTAGf: WIITTACE: 

O.J@ 7j'l (N'(} O.J ~ iS'F (.'4"C) 0.25 @ i5'f (U"C) 

liADWtR!S: UAOWIR!S: l!AOWIIUS: 
No,!! ,.o,WG llnn~.J roppt•r 

1 ! 
N<> . .:'0 AWG tinn"ri WPP"' Nu. 21 AWG li"n"ri coppcr 

CO~STRUCTIO~: CO"'SlRUc:TION: CO"'STRUCT10N: 
fn(>oml~rl'<l ;., <'PO•~ ~~'" lnr ! ,-.;O<'Ii<>duoi•., ,.,.; .. ,¡,.,~\.. H~•meu~>lly ~.t .. d i11 meul 
V<" in nn•m>ll•bu•Jtory 
"n•nnnn>.•no. ' [ nu)"uf>t..:J for m<' in norm•l r~•e. Etccllem long-trrrn 

l•l>ouro>ry c"'"'"""~nr. st•flilay. 

BRIDGE COMPLETION MODULES 

In .1ddition 10 prccision resi~tors, Micro-M~,1surem~nts ofkrs a sel<:ction of bridge completioo 
modules. Bridg1: completion modules combine snl.l!l size, !ightwei¡:hl and convenience willt the 
1i¡::ht resistJnce toler¡I"'Ce, low tcmper4tt.irc coeffidenl of rcsistancc .:~od thc SIJbílity occcss.:~ry for 
mJin gag<' bridge completion. 

for .1ddi1ion;¡l iofornution, picase contact our Applic,uioos [ngincering Df'rlartment. 
. :~·· ·,.,.,.. ~>:'l,~· . 

) ) 

) o 

SHUNT-CALIARATION 
RESISTORS 

Hi.'''''.>- '<' i' '--;- : 

FOR 1~0-0!IM 

C.ACE CIRCUIT 

fOR 350-011,\1 

CACE CIRCUI f 

roR 1000 Otl!\.1 

GACE CIRCIJIT 

SELECTION CHARTS 

. ·: :~· <.' ~- . : • 
' ·o,"d~rNo, 

W·l'l''!IP0-0~ 

w.1t-;¡¡~o-o! 

S-S'i<UI<l·01 

S·1'mll0·01 
s.1<J.~•t-or 

S-1~1~10-<Jl 

S-11d!I0-01 
S-WI0-01 

W-J~c~;:;o.J12 

w.¡;~~··ll·Ol 

S-ft11~:J.01 

s.s;-1~1-ol 

S-H4<~l-U1 

s.J..,;'n-ot 

' Rrli•I">Cf' 
'lnOiun•. 

··~¡ 1\11() 
11~ ~PQ 

59 ~~.1) 

29 MO 
1')fl<',() 
H~llú 

110011 ,.., 
17~ 6',0 
B7 1'>0 

:.O.fll 

:!:001 
;l0.01 
.!'QOl 
;:.fl.f)l 

::.0.01 

'~~ !1 2u ·• 
.\,.!:..' .,,.,; ,, ... 

S-171',{).()1 17 )'~1 !Ot11 1ll!<'J 1 

W'l'l'M~ll\l ~'J!IWl '1111' -- -·~ 
Y.~'UIWllll 4'YI{J(I() !tlU 11>< 

~ :~~:~ ~~ ~~~ ~~~ ; ~ ~~ !1~ 
~~·•nJ01 91101'l0 :001 S!••l 
~4'}NV)U1 ~¡¡l()() '0'1' 1n1•<¡ 

w ''"'"" '""" "" ''"j 
fl1< 'ft001 \o lo 111 /1.1" """•'" tOft01flll \j f>W\ th• lrll1 n 11>fHP"'til! "!l<n i ¡1U f,ltt of) y \lnm ti~ 

t ~th ulohr~loon tt<t<!<n >c•m< >n ~tll'< '" "" ~J~~ ••m uf <h• ··•~tt md«Jl"d ''""'dn!< T' "" 
I>••~'<Í nn. • rucutr g·~~ f•nnr \<'U m~ ul ~ 000 S• • Rt Ir ro nc<'< t~ low 

~~~~~·!:'.d arkl~. ~~~~~~') . .' .~ ; ~~_,;~M•tch.~1-P~Ir !tffillorJ foo- H..lf-8rid11~ U•~ .... 

BRIDGE-COMPLETION 
RESISTORS 

t;::;:·:;:!:<~~\ 
'0rdeiNo.• • <..:: ••.•.• -

S·5G 01 
S·1lHl1 

S-101)-01 
S-IJ[}-01 
S-17S-il1 
S-l40-1ll 
S-1511-01 
S·500·01 

S·lllQ0-01 
5-}()00.01 
S-S000-01 

11·100·01 
H-IXI-01 
H-JSO-Ol 

lt-1001l-<l1 

. R~d.!lnc~: · Tolf'nnc~ 
lnOhmt' .•.. In%'! 

~· ~~~ ll1 

"'" ~ 11111 
ll"(l.O !.t•QI 

1 1~0 ~(H'}1 

17S.O :!:0.01 

""" ..:0.01 

'~" :!.0.01 
5000 tú.Ol 

'""' tO 01 

"""" :tO 01 
5((1()() ~0.01 

""" ±o m 
120.0 ±001 

""" :!.001 

""'" ±001 

!:.'··::·· R~d•l•nce Tol.,unce ~.-:_.,,..¡,. '': 
O!t1~; ~"· :'!nOhmo '. '"' '-hlcltcd. Jo 

~~.]-~J-111 !101 1.~) :<IQI ',()¡,, .... 
~C·!~rr 01 :40/ .'4() ·:otrrl sn ;.:"" 
~~- 1'•11·01 J',(l/ J~·l ;.0.01 '•O p¡•on 
~1-'jOO ~1 W'JI ,. ;:.'J~1 so"'·"' 

5~·1\•JI'l-01 l(o(}f]/l('li'oO ::0~1 5-tr;J;"" 
Sl·IOOC).QI :llll()f.'I)QO : 001 :;o Pr·~' 
S1·';lllo0·01 """"""' ~0.01 so p;l~l 
~~~·12\J.Qt 'M' 'M ~0.01 :OOppm 
1!1-l~O·OT J~O/ J\Q : :t01 20 ppm 

lt1·\r)('\().Q) 1(\()('1/1(1(1() ~ 001 lll PP'" 
lt!-5-0fwJ-01 SIIVJ/sqoD : Oú! .'fJ ppm 

so PP'" ~ o.oon. 
R<'sosours .,.. m~t<fl.,d •t •7S'f (·~~"C/ 

20 ppm • o.oon .. 
Rcsaro·,l .u~ m•tch<'d ~· .;-~•f (•N'C) 

NOTES 

1. Th .. w~tUge r11ing of 1h~se resistan is 'dequ~·~~ lo< mas! m~in 
8'8" f'•CÍWion levf'l•; i.~ .• • diutpuion of 0.) wlfb Pf'! um cor· 
ft'Sponds to 12 Vdc l>tidge f'•cltltior> in 1n eqoul-um 1:.'0-ohm 
drwil. When vntsm¡¡lly high ucit~tion lf'vels ue irwolv~d. the 
re•istort c1n ~ connt'Cled in series, p¡r¡l!d, 01 series-p>r•Uel 
oonfigv<'llom to Jncre;ue pawer-h1ndling c~p¡bir.~y. 

2. M1ny rcsistor v>lu~s listed h.,,., u~ ~pproprillf' f~r use In •esis· 
''"'" tt'flll""r•turt' •enoo1 drcuits. Se~ Rf'lf'rt'ncn bt"low. 

). Th" •flunr-nlibr2tion r~•ill<>fl •re cfla<en 10 ¡ccur~t~ly simuiJre 
rt"sist~no:e ch1n~t' in¡ nnin g¡gr subjl"ctN lo <;>t'<:iff<'d Jevel< of 
compr..,•h·e 1111in. l lowev~r ,\Ira in indicators ¡t!rn~r •lly produce 1 
linear ourput from lht' input of' lvlly ¡ctive h•ll-brid~,, or full. 
bridgf' <ÍfCUit.lnd will be •ligfltl~ in t'fiOr ,.. h"n ¡ •ingle •niv<' •• m 
f¡ u<l'd. The !Jmt' nonlinurity oo;curt ,..f,.,thf'• the gag~;, IClll.>lly 
mained In comprenion or simul•red by shuntin¡t lflt' g•sr ,...¡tfltfl~ 
corr.,lponding tillibntion '~•istor; ¡¡nd, in rirt-;.,, case, tfl~ error 
inctU>nwitflllrlin lt"vt'l. Xe Rdf'tf'nces bdow. 

-·-: -=- ... 
Refcrenc~s: M-M Catalo¡; SOO, l'art A- Str¡in G1gc listing1, pgs 8()...82, Trmp('r¡ture Srmors amllST MJ!chin¡; N('tworh. 

M('~!uremcnt~ Group, lnc. T ech Notrs TN-S06, flomiJ/¡/e Re1i1fJn(e Tempcr•ture Sensors Jnd A~IQ(Í.Ife<l Circuitry; 
TN-507, Crrofl Dueto Whc~I!Wne Brid¡{c Nonlinr¡rify; and TN-5H, Slrurr¡ C~/ihr.11iun of Str~in G~~e 
/ns/rumCIIfMion. P.1¡.:C J3 
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INSTRUMENTATION AND 

SPECIAL-PURPOSE EQUIPMENT 

Thc Jmtrum~r.m Divi~ion of th~ McJiurementi Group (sis1cr di vis ion tu Micro-Measurcment~) is thc only organi/Jtion 
oi its ldnd dcvotcd e~clusivdy ¡o thc dc~ign ~nd m;¡nufacture of high-quality ~lrJm gag e instrumcntJtion. The rc~ult of 
su eh ~pecialization is Jn instrument line cngineered spccifically for use with m a in ga¡;es, in contras! to gt)ncr«l-purposc 
in~trumerm which h,¡vc bct!!1 ad;¡pted (usually ...,¡¡h sorne undc~iralolc compro mises) to )(rain g.1gc use. 

The ih~trumcnts brit•fly dcsnihcd on pJges J4throu~:h 37 art• H'flrC~cntative ol tlu~ lnwunH~nts Division's complete lirw 
whichcncompJsscs thc lull rJngcof strain !1lt.'.!SUrcmt:nt nccJ~. Ut:causc thcH' instrurirt!nt~ 
wcre Jcsi¡;ncd by 11rCH ;;¡naly1ts, for }/feH ~na/¡i111. thcy cho~r<.~(/cristically ha~c th<~ h!vd of 
performance and the operating fcature~ valucd by profcssionJI pr Jctitioners. T ypico~Jly, thc 
in~uurncrm offer high rcsolution, couplcd with cxcdlcnt Mcur acy and ;to~bilit)". Wlu~thcr it 
h conm~unrs for externa! circuits, displ o~ys, COI1trol~. pJnd mark ing1, or othcr el<•mcnts of 
th1! opcrJIOr interface, thcy o~re de~ignt!d for CJ>y, error-free me, convcnicnt ~t.'lup .¡mi 
o~djustment. 

lnstrun1cntation produccd by the lnstrunH.!nts Division of the Mcasuremcnts Group is in 
daily use in thous,;¡nds of te~t and"wcss analysi~ J,¡boraloriL'"li throughout the woriJ. for an 
ov<'rvicw of the complete linc of strJin gage in>1rumcnt.Jtion, requcst our short-form 
catJiog, Bulletin SfC-600. Toobto~in a dctailcd dcst ription and specifications lor ,¡ny uf thc 
instrumcnts shown herc, rcquest thc bulll!tin numbcr givcn for that ítem. 

• ••• "·-·.··· •••••• ,...,,~·-·····. t 

) 
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• P-3500 

The P-3500 is a ruggcd, portJblc, batt(!ry-powerc~J 
instrument fcJturing o1 -1-112 digit LCD rcadout. Color
codl!d push-button controls pHwide an casy-to-follow 
and logical scqucnce uf setup and opcration ncps. A 
tro1nsducer iuput conn•~Ctor faci!itah:s connt!Uion oí 
srr~in g;rge bJscd tramducl:!rS. (llullctin 245) . 

• 3800 

The 3800 ls a high-prt•cision, lo~borJtory-type digit~l 
display str;¡in indicJtor. Ir fo•arwes ·~~~n~mdy wido:
rangc gag e fJnor, bJIJnt<!, .mrl hrhlge e~.:it,ttiun con
truk lhl! wide-rang1~ leatun! cn.rbl~s ml:!.:m•rcnll'nt 
resolution of 0.1¡-tt. Thc 3800 ran also be useJ .11 a 
high-p,~rfornunce tr .1nsduet~r indicator: (Bulletin 24'.1). 

2100 SYSHM 
Multi-channd utiliry si¡;nal-conJitioning Jrnplifier. 
Convcrts low-le·Jel signJ!s !mm >train g.tK•:> ;md other 
scmors to high-lcvel outputs for rc(ordin~Jorcompu!· 
er an,¡Jysis. Acr.<'pts 1/-l, 112, and fulf bridgcs, with. 
120-ohm, 350-ohm, and 1000-ohm brid!j<:·complction 
rcsistors built in. (!lullctin 250). 

• 2200 SYSHM 
lncorptHo~tcs all the featurcs m'CI!SSJrY f,A pnxisc 
conditi•,ning of strain g.u~c and tramJuccr input\ in. 
th":! <nos! SI:!V<!r<:' uperJtinf; t·rwirnnmcnts. Standard 
fe,¡tures includo:: switch-scleUJblo: con~!Jnt voltage/ 
cor1>tant curren! e~ciution; ±350V cornmon mude 
capability; automJtic bridge baloJnce; wide frl:!quency 
rcspon>e; switrh S!:!lcctable 4-polc Bcssd low-pass fil
ler. (8ullletin 252). 

• 2300 S\"STEM 
Sophistirated multi-channel signo~l-conditioning am
plificr for more exo~ctin1; inslrumentation tJsks. Among 
adv.1nced feai\Jrcs are: individual regulated powcr 
supply for cach channel, active filtering sclcctable by 
push-bunon control, thrt!e simuhaneous outputs per 
channd, playbJck opcrating mode, wide frcqucncy 
response, and JUtom;¡tic c!et:tronic bridge baiJncc. 
(Bullctin 251). 

• 2-100 SYSTEM 
A hlgh·perform~nce computcr-controlled dynamlc 
instrumentation systern. Incorporales; ás standard, all 
the features ncccssary for precise conditioning of 
strain gage and transducer inputs combined with the 
speed and convenicncc of coinputer-controllcd 
setup. The 2400 Sy~tem allows the user to confi~~:ure 
individual signa! condirioners from any ilou comput
cr with an IEEE-488 or RS-232 communicatiom link. 
(Bulletin 253). 
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COMI'UHil-BASED DATA ACQUISmON SYSlE.\1 

• SYSH.\1 -llf!lll 

Uniqw~ romhin.1tinn of pü\\Tf ami >inr¡¡/i<·iry in .J 

comput<:r-bast!d ~tn·~s ana!:osi~ dJlJ systo:rn. ~u pn:
vious romp1rll'l t•_v¡wri•!IHt! or prograrmning lnowl
cdg<! is IH'•:ded tn u'<o: dw <y~h'T11. !ndude~ pn:pro
gramrncJ soitwMc lo pHlvil!e [;"\, accurJtc .K
qui<;irio:l of datJ, and auwmati<: redut:tion 1<1 cngi
nccrillg units. Simple, four-stcp 'ljl'~r~tion: 

1. Cor.ncct ~·:mnrs- strJin gagr:s, tran~duccr~. thf:r
rnoruuplcs, !!le. -lo easy-acccss tocrmin.ils JI r•:ar 
of t'.ath <rJrmin¡; unit. 

2. Fnter rircuit p.II.Hlii!Tf'r<; .111d d,¡qj,- nmSt.ll\1<; by 
,-,Jrllplltt:r lt:ybn.ud. f ri••ruJiy, intv1 .lrtiv<: ¡u ogr .11n 
th,¡t ,\\\..< for .tll input>. ;wd te\1~ Cllt•:r••d <¡u.mtitit:S 
for ~·.rlidiry. 

3. J're<s dt•Jrly m.n!..!·d leys fur whatt:vN np·~~Jtiun is 
d-~sir<:d -- ":Jrr, n·(ord. <!i~pl.,:.-. n•duu:! d.11.1. e: c. 
Syst<~:n ;¡u to:1\,!IÍ(.:.J!I;• hJI.tncc~ .trr•! ,1\unt-r.rlihr.ltt.•s 
all briJge cirruits bl'fme SI"JJHlin¡:. 

4. rrint out tt:~t rPsults, lully rt•!ha:ed tu ~pccific•f 
engin••crÍilf: tmits - and prccorH~U·~d for error 
élfcc:rs su eh as .1pparcnt str.:~in and tr ,¡nwcrsc S('llSÍ
tivity. Automatically cakulatc~ ami tabulat·~~ prin
cipal str.1ins Jnd ~trc~H'S fr<lm stro~in gagc ru~cttc 
dat.J. (Bull••tin 2J5). 

SPECIAL-PUI!POSE INSTIWMI'NTATION 

• 1550-A 

Precision calihrator for dercnnining thc JccurJCy of 
Sir a in g.r ~e and tr ansdur er inst rurn(' nt a; ion. F rnllodit·s 
a truc \VheJtstonc bridg•~ sin1ulo~tor whidr pH~sents 
1-.nown. rq-wJIJ[,Ie rcsistancc chang•:s to inrut of 
str~in gJ¡.;(' instrunwnt. [asy pudr-button opcr.rtion; 
accuro~tc lo 0.0:2:;'.~. of <.r.Hing, ±l!J.f. (Bull'!lin 313). 

• J&:iO 

lhc 3650 reak-Rcad lnJicator is a portablc. b.l!toc>ry
powered instrumelll for capturing peak values of 
dynamic signals. Thc instrumcnt is dcsign('t.f to he 
med in conjtmction with ar:y st.ltic strain gage indica
tor, transducer indicator, or signa! condirioning ~ys
tcm. Thc Jr,:;o f('Jlur('s du.riLCD rcadouts for s"tmul
l>~ncously displarin¡; thr. most positivc and moM 
nt~g<JIÍ\'C Je.lding'. and CJ!Y·IO·U!C colc>r·codcd push
buuon controls. (Bu!lctin 2~6). 

• V/E--10 

StrJin gag e simulator. Multi-rurposc dccade rc~istor 
for use with str a in gagt• circuits. ApplicJtions in dude: 
resistance stanJaHI, decJde bo~. inmument calihra
tor, strain sinllii.Hor, and invcsti¡.:.llive tool for id('ntify
ing drcuit prohlcm'. :! 0.02% accuracy, with 0.01-ohm 
resistance stcps. (Dulletin 316). 
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MODEL '1300 GAGE JNSl,\llATION TESTEH -_j 

Th(' 1\lt'Jsurcments Grour ,\.1odcl 1300 Gage lnstalbtion 
Test<~r i~ .rn instrumt•nt dc1igncd SJH~(ifically lo 1<!\lthc 
quality ni str.¡in g.r¡;t: Ín\tJIIJtinn~. \\'ith this special· 
purp<l~t: imtrurncnt thc ust:r cm f]UicUy m.tl.<: scverJI 
f'lr~<.tri<:.tl JTI(!,I\Urt!111Cng on an imt;dl•:ol \lfJÍn ¡;.1gc ,md 
ll<:terntincwlrcthcr th<: in>t.rll.ltÍI!!l prnccss h.n dcgrJd,~J 
thc potcnti.ll g.1¡;c performance (or even rcndercd tlH: 
g:•¡;c nonl\mLiion¡¡l). On m~w gJt_:<' in~t,JI!Jtiom, i1 is 
ohviou;ly ¡;ood prJctict~ 10 p<•rform such tc~Ts bdort• 
cumpletin~ thc wiring and attcmptin¡.; to measurc ~tr,\Ín. 
Ami, of cnurst~. th<: Glpo~hilities of th•: G.1gc ln~tall.rtiort 
Tt~~t<:r Jr(' cquJIIy v.1lu.rhk in rinpuintin¡; tlu: cause for 
m.llftmt:tion in Jll <•xisting ~·'!:'' in~t.li!Jtion. 

lwo of tire mn\1 import:mt me.t~\lff'fll\:1•1~ fnr as~r.ssin¡; 
thr. <ruality of a strJin ~a gr. install.ttion arl' thc insu!.1tíon 
rt!\Í~I~lll('e bt'lW(!Crl tht: ¡;rid ,rnd grounJ (the test ~1!f· 
fa(c), and th•: shift in ga¡:;t: rcsi>t:mce dut! \o inst.lll&tion 
pr,K•:dures. Thc Modd l]OO h ~pecially dcsi~ncd to 
nr<:.t,ur(! bolh ol thcsc pM:IrnCII!r~ .tccuratd:r and c.rsily. 
While thc S,l[isfactory OU\COIII<! vf thi'H! IWO nu.::IWI!!• 
ments dues not guar.:~ntec a!l .upccts .,¡ rrop<!l str~in 
gagc pedormance, any inst.lll,llion cltarJr:teri:.cd by 
otlu~r-than·satisfactory vJlucs should not Le rclicd u pon 
for accur.:~te strain data. 

1 

1 

lhc 1300 is J ((>mr.tl.l, lightwt:i¡;ht h.t::.:r'(o"l:wra:t•<! 
instrum<~J\1- cc¡u.1l!y at honre in lht: I.IIJnrJiúrym in t!\1! 
fidd. (Bullt·tin 301). 

M O DEl 700 PORTABLE STI!AIN GAGE WELDI~G-ANIJ SOLDéiW-JG U;¡¡T:] 

A b~ttery-operat~d c.:~pac:itive dischargc: spot wc:ldr:r for 
attJchins and wiring we]d.¡b]c Sir a in g.1gcs and \l!mpera
ture sensors. 

In Sir .1Í11 gag e 11.'\\Íng, thert~ ar~ inst.urn:o; whcn tlw g,tgcs 
cannut be bonJed lo thc test srt:cim!'!n or structun: by 
convcntional adhcsivc bondin¡;. Thc solution to this 
problcm is to install Miuo-Mcasur('mcnts wcldable 
strJin gages. These gagt~s are attachcd by spot wclding, 
and the Modcl 700 Portablc Welder has been dcsigned 
lo efficicntly and conveniently pcrlorm thi~ function. 
The unit also fc,lfures a battl"!ry-opcratcd soldcring pen
cil for an~ching Jc~dwires to the strJin gage. 

The Modcl 700 Welder is compact and lightweight. 
Scparate visual and Judiblc indic.llors nmnitor thc weld
ing status. A low-bJttery light alcrts the u ser whr:l\ thc 
interna!, sealcd lead-Jcid bancry rcquires chart;ing. 
Othcr lcawres in elude a weld cnergy control, soldering 
pcncil heat control, and storagc Jrea for thc wclding 
CJbles. (Bullctin 302). 
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! TECHNICAl SUPPORT ANO TllAINING 

FOR PIWFESSIONAl CALIBER STRAIN GAGE l~JSTAllATIONS 

: 
In the previou~ sec:ions of this catJIO!l wc ha ve described 
the nen!ssar¡· too!>, m,¡teri~ls, and supplics rcquircJ for 
~uccessful ~trJin ~J¡;t: in,t.lliJtiun. Once thc prop•!r 
selcctiorl of .~pplicJtion JCn·~sorit•s b madc, thc ne~t ,md 
most imponant stcp in installing thc gage is the applica
tion tedinique itself. To this cnd fv1ioo-Mca~urcmcnt> 
offers a (ull ran¡:;:e oí h.:chnical support which induJcs an 
extem.ive set of instructiondlliter~turc, rt!¡;ularly schd-

' 
; ' 

1 

TECHNICAl PUIJliCATIONS 
¡ 

Micro-Mc~\un:nH:na h.os pul>lish,..J arr 
C>lt!niÍ~ se\ oC \t•lhnical no;tel lnd de· 
uiled i~muuion~l lirer•TUrc un p<~t1ic,¡l 
straio Sa~:;c .lpplication tcchniques. Mo1t 
of this technicJI li!erJture is uni<¡u~ in that 
the conlcnt c~nnol b·~ found in enginccr
ing ll!dboob o(other published SOUHCS. 

The Micro-Mcuurernenl~ libr4ry ol ~lr4in 
g¡¡ge refercnce m~terial is continuou~ly 
upd4ted 10 reflecttla:l4h•!ltechnolo~y in 
applic~tion tf'chniques, JmJ is Jvdi14blc ~~ 
no ch¡¡rge. 

TRAINING PROGRAMS 
l 

Micro-Meilurl•ments training program~ 
cover ¡¡ll levc!s ol WiÍn ¡;age tclhnoln¡;y. 
Our spécially de~igncd Tcchnícal Training 
Centcr ]n R.ileigh, Narth C~ralina is cam· 
plele with the l¡¡resl in ~isu,¡.l-aid equip· 
ment including closcd-cirruit televi~ian, 

,¡.nd features cusrom-!Juih, futly e1¡uipped 
wark stations lar hands-an lcarning. Our 
two·d•y str•in gage "'orhhop (Coursc 
W6S) is ,¡. hands-on pragrJm wh~re CdLh 
pirticip~nl completes ga¡;e insull¡¡tiom. 
using m.uerials sdected lar suita!Ji!ity in a 
majmity of gJ¡;e oper¡¡ting erwironments. 
For • de1ailed destription al Cours.e W65 
ind other M~nuremcms Croup courscs, 
¡¡~k lur our Sl!e\s An.II)\ÍS Tr~lning Uro· 
chure ind sch.,t/ull' ol d4tes offcwd. 

ule1l trainin¡; prograrns on the prnccdures and tech
nit¡ues lor m,tkinH hi¡;h l¡tJ.Jiity strain ¡;a¡;e in~t~ll~tiorls, 
ami sdf-IC.!<:hin¡; ¡¡jJ~ to hdp tr,linee~ t]uiddy ¡;a in s\.:ilt 
and ¡.¡rofidcncy in Jpp!ic.:;tiontechniqut!S. Additionaily, 
we mJintain J lu!l-tirne Applit:Jtions (ngirwering stJfi lo 
assist the customer with .r.ny particular wain ga¡;e instal
lation problcm ht! m ay cncountcr. 

·;·;. 

... 
1 APPUCATIONS ENGINEEIONG STAFF 

In kr~t:pin¡; v.ith Mino·Mt!dWICillcllh Cu\t<unt!r·~·:nicc 

polici<'\, help i1 ne~cr IJnhcr awJy th.111 your telcphcme 
when yuu cncounter a problcm in l!rain t;JCC Jppliralion. A 
stalf oltrained App!ication~ Engincers is a!ways oo duty JI 

Mca1utemena Group ht:adquMtcrs_in Ralcigh, North CJra· 
lina during n•gular olfke hour1, lo answer your questions 
and providc whatever ~~~ii!Jil<.:C ¡ou m,¡y nced. Tclcphonc 
(919) 365-31100. 

SELF-TEACHING VIDEOTAI'E SYSTEM 

The Vidcolcch'• UbrJry is a serie\ of ins1ructional VHS vit!eotJpes for s1rain gage ;~'~;•; ::~~~~.~~ .. p~~7,,:¡;::;•h:•:,:':·~c 
volurn•!S cover inst<!II.Jtions tnr [;t!Jtcral-purpose ~lrain nre~surena.•rm. Othcr tapes involvin¡; 
measurcment tcchnique~ are plJnned. 

The proc\~dures oulfincd in lhe Vldeolcch library 10oill help both novice and e•perienced slr~in lo 
makl! u·lio~bll!, profcnional·(' ,¡liber ~!rain 8 . .1se inst,¡lfJtions eu•ry lime. · 

Thc videotape prcsentation form.Jt of thesc dependable, proven, sute-of-thc-art methods can be with 
equal success to individual, sclf-tau¡;ht program>,or to group!rainin¡; ses}ions. Each i for 
¡;cncral-purpose sudace ptcparation, ga¡;e bonding,leadwire anathment, and typic.JI environmeri.t.~l protec
lions. OrganiLed in dctJilcd, futly illustr¡¡ted steps, ca eh ta'pe (Ondudes with in e;~;ample of a successful str'ilin gagl! 
installation. . , ¡ 

With the VidcoTech library at hand, the traince lcarns by doing each of the prescribed slcps to reproduce rhc 
actual imtai!Jtiun. For Jdditional det;¡ils conccrning t hese instructional videotapcs, rcquest Bulletin 318 or cont.JCI 
our Applications En¡;inecrin¡; Department, ~ 

1 

1 
1 
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ORDER!f\1G !NFORMAT!Of'J 

Pric!!~: Scc ,,ticro-Mea~uremcnts Catalot: A-110 
· Prit.:c lis! 

P~n:h.r<;c oulcrs an.l rctluests for quotJtion shouiJ br• 
rn.1dc Otrt ro 1\,\r',r~ur•:rn-.~nts Cruup, lrrc., !\ \icro-,\ kasure
mcn:~ Division, P.O. Bo.~ 27777, Raleigh, North Cuolin.:t 
27611, USA 

urnxrrs 
f..!icr•o•,\lo•.J""'''"''"'''''minooolly«••h ,.,i,to"t:·"''''""¡'ih•I!IIJ<"•';¡ 
•~ "''" pr"d"'" lno !'"'"hh· ;," lmi"n in"'" .\ti'''""''''¡;,,.._ 

\\'!oo•n \Í~<Hioo'Jrll ,¡,_.,,~•'\, .¡..¡ .. ¡¡,.,,, nr .Jddiri""' 1<1 ,•,¡.¡ 1.','1 A•, ''""' ¡_.., 
~re noJo!t•, )Oll .. ;¡¡ [¡,. ,,.¡,;,,.,¡ ohr<ou¡;!o ""' ¡,.,¡,.,;,.¡ IJ,HJ .\l.tili~~ 

Pro~'·"" ••irh '"PI'Irmo·nl ,¡,..,.¡,In o!,¡, C.ol.ol•>!\ Clur .~, ,,.,,,.¡,., P<r< ~ 
5!1<'"1 i< ~~"' p•'IOnJi,-.~fly Up<'.llnl ~nJ ,,,.J.• J>JiiJ!!Io• <ht<l<o~h l!o<. 

pro~rJn>. 

11 yuu hJ>c J/1)' 'i"'''li<>n' JI h> lh<~ < ""''111 <l.liLJ\ nf lh<• hl••r.(!ur<' y~J 
¡,~,,. on hJnd, <l! lo l~t· J<J<IJ!<ilirl ul .1 •pr< ilor l"'"luo 1, plo·,w· «>UI,lf: 

our Cn<lon><·r 5cr<i< e lk¡o.lftll"''"· 

WARRANTY POI.ICY 

fh<" ,\t:crn·M<'.t\lH""rl'<cntl [!,.i,ion ni f..h-~•u•~mo•nt• Gro>up. IN , wa•· 
""" olt,•: th<·pl<ldiHT< ,.,¡,j unof,.r ia <l>l<<r .• ,,. fot lor ''"'1'"'1'""' ''"" 
whi, h lh<')' w<•r•' inT<"u!•·d hv lh•• ln¡•pli"l ,md ~"·"·'""'':,,,id il••rrr. 

·~.~;,,.: tldo·n• ;., "'"'"'""'hip "' m.t!l'fiJIIm • p~rinol <>1 ni.,!'l)' ('i'(<; 

<!•y•. or nth<''" i<r <p•"< ¡¡,..J 1'"'"'· f rum ol.lt<' ol ,r .. ¡,. "'Y· h ••ry rq>mtrd 
C.l<r o•f th>rHI.n1<!.ud m,¡t<·nol i< tl'<•ruu~hly in<·t ll<j',,l!•·d hy ''"' QnJ!<I< 

· Asw<Jn<c O<!p.utn>•.•nt. 11 ,¡,.,,.¡,.J h•! r~< o1;,izrd thJ: !h••rt· i< "'' rn•:lhl'><l 
10 ~oo~;. tP<t our t; pe nt pr'><luct< >inc,. m~n~ :c\1' "ouJJ b•· dew !lUi•~. 
Rolh ,..,\iuo·,..,!•··"'"""'""'' and 11>~ Purdllwt~ tnul! de¡enrl "P"" "!· 
tiltiol••mplin¡: '"'h"iq<J<'< 1tw hl'" in lht• pJ\1 prm·o•d 1<) be reliab:t 
and "cot,onoit-J! in •<'>r•·ctlo tht• V><< of tite prudu<!. 

This w•tt•nty ;, In li<'u of aoy <>lh•·• ,.,,.,,.,,;,.,, ~•p•M•~rl or lnwlird, 
indurlio~ •ny lmplir.l ,.,,.,,¡¡,., uf mN< h•nt•hi!ily or fitn~" hlf • 
p .. ti< uiH purpn<~. u, ... ~ .,p no , .. .,,,,;~, .. hit h ulrnd b .. ¡ .,.,,¡ 1~ 
tlr•oiption 'or lftr fA<~ ¡,..,...,r. rurch·'"'' "~nu .. J.•<IgP< 11ut ,n ~<>odo 
pur<hA<rd hom Mt•Jwrt·n•~nl< Croup .,e P"'<'h•<ed •• i•, •mi Duy" 
ll.,rt 1h•t no <1lr<mJn, 1~rnt, rmrloyH nr oth<'r prlVln h1< m,dr Jn~ 

>u eh r<'pt~<rnUiiom m"'"'"''''''" olhrrwi,~ 1><Utrw~ for Me.,ut,._. 
m~nl< Croup 1ny fi•bilit¡ in ronnr<lion ,.¡¡h th~ ulr of •ny ~r><>d\ tul~ 

Tcrms: F.O.O. Wo.md('!l, North Carnfin.l, USA 

A!l itcms do.•scrib•••! iu thi~ cH.tl<lg .u e rmr m.11fy c. u r icú in 
stock f<•r f.r-;t dl'livery. 

r,,, ¡,..,,.,, n,,,., hn··loy ,..¡.,., .. 11 ti~hl< ""1''' '"·'Y h ...... ,¡,¡,~ ""1 ni 
'"Y br<•><h uf <<>nlrl<l .,,¡,.,.,, h ,¡,.,rr•uly "" lhe ¡wt ,¡ Mo·H<tt,.._ 
nornh f;"'"l'· ¡., ~!>Y ;,, i•l••n!J! nr '""'r'l'"'<lti>1 <l•m•~··•, ¡.,,¡,,¡¡,.~ 

f><tl ""' limil•••l 1<1 .1Jnl1~''' tu fH<ljt<'rly, •LH<'·'~~< ¡,,. inimy lo th~ 
pr"""· ~.,,,~··• lnr ¡.,., ,,¡ uw,ln<> ni lin>r,l.,,..,( prnfit<"' innom~,.,. 
¡,.,, rr,ullin~ fr<lnl po•r<On~l iníury. 

~''""~"·'"''do nnl .lllnw 11"~ P<du•i.,., tlf lit~ttl.llinn ni imid<>nt,ol or 
< ""'"'!"''11\IJI t!~u<>r.<·• 1m cun<unwr 1'"" hu 1<, "' 1hr ,¡,,.etimit Jlior.. 
"' , . .,¡,,.;,,, m.oy "''1 .tpp:y lnJ''"'· 

lh·· r;,, ¡,_,,,., •r:••·•:• lh.llt!Í·· run h,,,., i< "''i'""''¡,¡,, r,. m<1ifyin~ •~Y 
\Ub"''l'"'"l !nJ}•'f uf !;O'l<h, lnlnuiJUUt••<ll•y ,\lo·,I\Urt'n"'"" Gt<•up<>l 
tho· .. -Jrr•nty ¡>ruYi<inn<.litniiJiinm, ''" h"i"'" .,,¡ di<ddim~" ll•lttl 
hrr.•in, prior 1<> ll1<•1imr Jn~ ll<t-!> ¡:nn<fl lt<• j<lJHhH••d by"" lt lm¡~•. 
an<lthe rurth~wr h•·oeby .•¡:rr.,, lu in.!l'mnily Jn<f hold_..,,,,.,urrmer.:\ 
Grnup h.un,lr« lrotn .m y r1.1im J«<'<IPd .1~,1in11 m li.lbi!,ty inopn1rd o~ 
/l.k><ur<'<Jwfl" C«mp nrnli<>r>t•d by lh•: l.uiut<~ nllhr rurcloa"'' tu 10 
n<,::!) "" h bU)<•t, lhi< ¡uuv¡,¡.,., i1 n•n inl•·ndo'<! In Jlf••rd <u!J<~<¡ur•l. 
1"'" h,,.<'<l •ny" ·11•-tnli•" ,;, ri~ha IH>I•••p<ell:yp~nl<'<~lu •u eh \ub•~· 
r¡\>o•n: ¡>ll«hd""" ut1d••r ll,.•l,lw 

TI"H: Me.l<tttNilt'll11 Cr<ll!jl ¡, ..,¡,..fy • mJn.tJf~, "'"'' Jl'<l .-«m>rl r.<l 
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rcoull<. dJt•, or m<t<hJ\idlll .,¡,¡,r, n>~y ·~•uh lrorn ,¡,,~ u•e ol i" 
t'1¡ui¡mwn!. 

n,., m.1nnrr in which ti,, ••quirm<'nt i< <'mpllly<·d ,1nd rft~ ""' 10" hi(~ 
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Surface Preparation for Strain Gage Bonding 

1.0 INTRODUCTION 

Strain gages can be satisfactorily bonded to alrnost any so lid 
material ifthe material surface is.preparedproper/y. While a 
properly prepared 'surface can be achieved in more th~n one 
way, the specific procedures and techniques described here 
·affer a number of actVantages. To begin With, they constitute 
a carefully developed and thoroughly preven system; and, 
when the instructions are followcd precisely (along with 
those for gage and adhesive handling), the consistent result 
will be strong stable bonds. The procedures are simple to 
learn, easy to perforrn, and.readily reproducible. 

Furthermore, the surface preparation materials u sed in these 
procedures. are, unless otherwise noted, generally low in 
toxicity, and do not require special ventilation systems or 
other stringent safety measu.res. Of course, as with any mate
rials containing solvents or producing vapors, adequate ven
tilation is necessary. 

The importance of attention to detail, and precise adherence 
to instructions, cannot be overstressed in surface prepara
tion for strain gage bonding. Less thorough, or even casual, 
approaches to surfacc preparation may sometimes yie!d 
satisfactory gage iilstallations; but for consistelll success in 
achieving high-quality bonds, the methods given here can be 
recommended without qualification. Fundamental to the 
Micro-Measurements system of surface preparation is an 
understanding of cleanliness and contaminar ion. All open 
surfaces not thorc:mghly and freshly cleaned must be consid
ered contaminated, and require cleaning immediately prioi 
to gage bonding. Similarly, it is imperative that the materials 
used in the surface preparation be fresh, clean, and uncon
iaminated. It is worth noting that strain gages as received 
from Micro-Measuremcnts are chemically clean, and spe
cially treated on the underside to pro mote adhesion. Simply 
touching the gages With the fingers (which are always con
taminated) can be detrimental to bond quality. 

The Micro-Measurements system of surface preparation 
includes five basic operations. • These are, in the usual arder 
of execution: 

- solvent degreasing 

- abrading 

:- application of gage layout lines 

:--- condilioning 

- neutralizing 

These five operations·are varied and modified for compati
bility with different test material properties, and exceptions 
are introduced as appropriate for certain special materials 
and situations. 

The surface preparation operations are desCribed individu
ally in .Section 2.0, following a summary of the general 
principies appticable to the en tire process. Section 3.0 dis
cusses special precautions andconsiderations \\.·hich should 
be borne in mind \Vhen working with u~usual materials 
an~/ or surface conditions. 

As aconv~nience to the gage installer in quickly determining 
the specific surface preparation steps applicable to any par
ticular test material, Section 4.0 includes a chart listing 
approximately 75 common (and uncommon) materials and 
the corresponding surface preparation treatments. 

· On the back covc"r of this lnstruction Bulletin, a blank form 
is provided so that the.laboratory supervisor, or the instruc
tor in an educational i~stitution, can prepare individual 
procedure sheets fo"r, partic~lar materiais of interest. The 
forrn can be copied, and the re!evant information from this 
Instruction Bulletin transferred to the blank spaces to pro
duce a completcly spc!lcd-out surf a ce preparation procedurc 
for any materiallisted in Section 4.0. 

2.0 BASIC SURFACE PREPARATION 
OPERATIONS AND TECHNIQUES 

2.1 General Principies of Surface Preparation 
for Strain Gage Bonding · 

. The purpose of surface preparation is to develop a chemi
cally clean surface having a roughness appropriate to the 
gage installation requirements, a surface alkalinity corre
sponding toa pH of7 or so, and visible gage layout lines for 
locating and orienting the strain gage. It is toward this 
purpose that the operations described here are directed. 

• Nott: Basic surface pn•pararion piocedures nnd techniqueJ are pre
senred and described in derail j¡¡ Micro-Jfea.surements' VideoTech'• 
Library. These videotape seque!lces provide thorough, ste~by-step 
¡jrocedures for making S!JCCessful strain gage installations. For more 
information, request Bulletin 318. 
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As n~1ted earlicr, d~an:incs~ i~ vitalthr.n1~hout thc .i•uf:o.:~ 
prepar~ti"n p1 O(C~s. lt i~ :tho impunar.t 1<' ~ua:tl ;og.tillll 
~··ontaminatiun u! a oncc-ckanc<l surf:1~t'. FoilowÍnf a1c 
~evcral e~a:npk> <lf smf.1~e r~c:•nta:nitt:lt i<~n lo he :1\ oidc·d: 

a. Touching !he r:~:l~<:J su~bcc ;,ith thc finio!''rs. 

b. Wipin~: h~ck anJ fo:th w:tl: n ¡:an1c •¡mn¡;e, m a·minr. a 
once-u~eJ surfac~ of th~ ~pon¡::~ (or (\f :1 rotlnn ~wab). 

c. Drag¡:oi:t¡: cnnt.1rnia.1:11~ in:n th<: ck;Jncd :nc:t from thc 
unclean~d h<nlm!:ny ni that :u ca. 

d. r\lln" i:t~ a ~k:m¡n¡: ~u:ulion :o cvap.,rate on thc surf:tcc. 

e. ¡\\!owing H ck~:1~d surLtcc to sit fDr nwrr than a fcw 
minu:c~ befntc ga,gc i:; .• :.~JI;¡;i,n. o; aiiowin¡; a p:trtially 
¡;rep:trc•d st::f:tre tn ~it b::wc~n stq·~ in thc c!c:Jning 
proccdur~. 

llcyon<l •,!•.e ~hon-, il is ¡:nnd pP.l ',i~c In~ p flr<l<tCh ti; e ~llt f:~ce 
prcp:natiun :;"k ni!h trcdlly "''"hl·J [l:l:uls, :tnd tu wa'h 
h:wds .:1~ ncnlc.l <lt:ring thc ¡:rt••cJtu~. 

2.! Sol> cnt llc:;n•;t~in¡: 

Dq;rrasin~ is prt:'or::Jnl t<• rcn:o<·r oi!<, !_:rra~c~. nrr~nic 

cnnt;~min:tnt~. :tnJ '·t!t~h~c ,-hnnir:~t rni,lot<''· lkpra,in¡; 
~huuld ;JI\\ ay; [w t!:c fir'it nj'C!i\tion. Thi< i_<; In ~void ha·•ing 
suhsc<JUcnt <!br:!•l:n,: <'['ct ati<l:H d ti\..: ~::rf:rrc ~n!ll.tmÍ11anh 
in tu the \111 fJce nw:cri:tl. !'nrtHl\ 1:1atet ~~ls ~u eh ;t~ titaniutn, 
c:t~t it(ltl, ~m\ CJSI abtitimr:n n:.ty t<'<¡tlÍI\' h·:lling to dt iw u!!' 
ahsorhc<l hyt!ro..::~rhtJM ur otl:cr li<;uids. 

Dcg1 c:uiu¡; can t•c ;¡cc·u:npk~ed u,ilt[! a hnt 1·:t)'<ll' dq:reasct, 
nn ul!rJ<nnk:t:ly :.;:ilatc·d li·~uid b.t:h. aern~,·l IYflC ~pr:ty 
eans nf ('SO,\-! [ le!:rta-..r, m "ipill¡! 1.\ ;:h (iC-f• !S<l!'f"l':.-1 
,\knbn\. Un~-w.oy il('plic.¡lt'r'. ~::c·h J~ tiH: .ICI<I'<<ll typc, of 
c!c:1ning ~"!l<'!tl> il:c a!wa~< prcln~!:>!c 1-c<:J\!Sc ,li<~<'l\'nl 
co~l:t::li nattls ¡·auno! ['1~ ca1 ri~J i>;~d, into the patcnt ~olrcnt. 
\Vhcnc·, cr possibk, :he r:ltirc test ric~~ ~h<>u!d l•c dq;rca~~d. 
In the c~~c ,,¡ brge bu!ky vbjeds which can:l<lt be eornpktdy 
dcg:ca~eú. an arca covcrin:-: 4 to () in (!00 lo 1 5fl mm) nn :.1! 
sidcs uf thc ¡;n¡!e aren ~lwult! be ckaned. Tlti~ will rniniwi1e 
the ~h.1nre of rcnmt:tmin:ttinn in m!-<c¡prcnt opcr:.tiun~. 

aru! will pnwidc an ~re:t :tokq•:ottdy l:trr,c f<1r :t¡'plyin¡; J11<'
tcctive coatin¡:~ in thc r:n~l stn¡;~ ol ¡;a¡;c ino;tallati"n. 

2.3 Surfacc Al!radin:: 

Gmaul 

In prcparation for p['e in~t:tllatiun the ~tufacc i~ al!radcd tol 
rc:no,·e any !oo~cly h¡>m!cd .:1dhcr~n:~ (~c.~lc. rus!, p:dnt. 
¡;ah:nlÍ!<:d c~>ntin~<. o~id~s. c:c.), antltu dc~do>p a ~11rfacc 
te~ t•1 re :n\t.tbk f,,r hon,lin~- ·¡ h~ abr~din)'. ''!'l'l a\ :un can he 
pcrf¡•¡m~d in a vati:ty t•fwap. tkpcmling upn¡¡t!;~ initial 
eonJitiun of thc Stllf:tl·e ~nd thc dcsi:cd fini~h fnr r,~gc 
inst:lll:ttion. Fnr rough, nr coarsc ~urfaccs, it rn:ty be nrccs
saryto st:ut with a ¡;rimkr, di~c s:tmln, orfik. (Sol<·: fl,fun' 
pcrforming any ahradi•:¡: <'fn,:rfnm, 1re Sathm J.l for 
~afct~· rrcc·autiom_) l"inish ahradin¡:: il done \\Íih IÍIÍcon
eaJ hid~ papcr uf thc ::~rpropria:,: grit. ar.d rccummendcd ¡;rit 
si tes for ~pecific nt3\erinls a:~ giHn in Srction./.0, 

If grit bl<t-tin¡:: is uscd in~!c3d c>f ahrading, cithcr dcan 
al~ lllÍM nr si!:..:a ( !00 tn -lOO pit) ¡, ~ati,f:rctNy. 1 n :~ny ea~ e. 
thc airsupply ~hnuld ~~~\\di filtncd lo re m ove oil nnJ 1Hhn 
contamin:mt ~·:tpnr~ C\'rni:•g fwm thr air cnmpn·•~nr. Tlic 
~rit \:(Ct! in bb<lin¡: ~lwuld nol ht: rc·.:ydctl m mct! a¡;:lin in 
sud:1ce prepara1inn f<'r h>ndiu¡: •tr:tin Pl:~s. 

2 

Tltt: optimunl ~t:rf;Kc fini,h for ga¡:c hont!in;; <kp•:nd~ 
~om~wh;ll u¡~<>n ¡¡¡,. n:olllre and ]'LITpll~C <>r th·: in~tallatinn. 
FM ).':<'IIC! al •.:tre'~ ;maly~i~ :lpplic·:ttiurts, :t rrbtin:1y ~:uouth 
~111 f;¡c·e (in !he nrdn <lf roo pi!1, or 1.5 ¡:m, rrn~) is $\:Ít:thlc, 
and l1a~ thc adv:~nlat,t u;~r ro•l;'.h~r ~urlnn tl1:•.t it can h·~ 
deauctl ::wrc :.·;•,ih· :1.1d tlwrou~:h!v. Sr:wU1I1cr ~\:tfa~t>. 

compatihk: v;ith th~ thi11 "¡;hrdin;1~ -rc<¡uirc¡l fur minirmrnl 
cr•~l'f'. :ti<: uscd fur tran~<I\IL'cl in~tallati[lns. In ~<lnlr:t\1, 

wh•;n vcry hi¡.:h dnn¡::rtiol" must be rnea5urctl, :l tllU¡!hcr 
(:<n<l pldcr:thly nu,s-h:•t~hc·d) surf:!Cc ~lrtHtld be prcp:n~d. 
'llw rcconunwdcd surL,.·c fini>hcs fnr ~cv<·ral dn~~cs of ¡;:~t;e 
inqallatiuns ;tr..: SIHlllil:niLcd in Ta~:e 1, hcluw. 

'1'·\lll.E 1 

CLIISS OF lNSTALLIITIQtj 

Hi;th ~l<ln<J.I\ion 

SUHfllCE f trHStl, 
rm~ 

"'" pm 

1 G-:1:< 

:"250 >tH 
CIO%·h,l\chnd 

Trnn~r!•¡cC!5 1G -G3 0.4- l.G 

-----------~-r-----r-----
ccr~r;:ic cem.,nt 

Wl~t·nn·cr ~1-l'tcp Cotlditiuncr ,\ i~ rump:nihk with th<'ll'\1 
matcr ial (<ce S,·ctiorr 4.11), t he. abr n<l:n¡: ~h,Hild he oln11C whilc 
\..ccpin)! tite~~~~ facc wrt with thi~ snlution. if physic:lily pr::<·· 
tic·abk. Coltlditi<•nrr ,\ is a milolly nc·idie ~·>llltÍ<lll whid1 
J!l'IICf:JII)' ilt'l'<'i~I:IIC' 11\c d~a11in¡; !'l"<>rn'i :nHI, 1\11 "l\llC 
nw.let ial,, :tl'\S :t~ ;¡ ¡;~ntlc ctdl.1rtt. ft ¡, nut rc·cnrnrtwn<lnl!<lf 
me on rna¡;noium, Sjntlu;tir. rtlhhcr, or IH!Od. 

2.4 Ga¡:c-l.ucatinn La)·our Une~ 

Thc l~<~tmal mcth<~d of accur~1cly IO\':Jting antl n1icntin~; a 
~!rain f',:I',~C on tlw tc~t~urfacc i~ In fir\t m;\f\.: tite ~u1fac~ with 
:< pair o\ no~scd rckrcncc linc~ :lt thc• point whcrc tbc ~~ 1 a in 
mrasuremcnt ¡,lo be mndc. The lil":s are maJe perpendicu
lar to one :motl1cr, with nnc !in e orientcd in the dirccti<m of 
strain n:c:Jsur~mcnt. The gagc is thcn installcd so th::t the 
uiangutnr i:Jdc_~ m.:lr\.:s dctlning the longitudinnl and trans
\'CI'SC ;~xc~ nf \~le gritl .:1rc ali¡;ncd \OÍth !be rcfcrcncc Iincs on 
\hC l~\1 SUtfal'C, 

Thc IC~c·rctll'c t•r lay(lut li:1e~ ~lwuld he 1ñatlc with a l<>o[ 
whi~h lmrni.llr<'.'· rathc1 th~rÍ ~wres or ~<:rihcs, thc ~~~~ f;tcc. A 
so ihcd linc m ay rai5C a burr nr cre~te a ~trc5\'concentr.:ltion. 
In cithn c;¡sc, ~urh a line can he Cctrimental lo strain gafe 
pctf<lllll:rncc and lo the fati¡:ttc lifc nf thc test par\, On 
:~huninum ano! mo~t other nonfcnou~ alloy.~. ~ 411 ¡!Jafting 
pt·ncil ~~ n ~atisf:~c·t•lry :~nd C•lnl-~nicnt hurnisl1ing t<>oL 
Huwe.,-n. g1:rphitc pcnd!s ~hnuld ne\'cr be ¡]¡c<J on high
tcmpcr;tturc :tlloys whcre thc nperating tcrnper:llmc rnight 
c:tu'c a c;11hon cmhrittlcmcnt prtl!-[cm. On thc~c nml oth~r 
hanl :dlny\,lturnishcú alignrncnt r:1a1b can \1c rn.1de with a 
halipo•int pcn ur a rou:u.l-pointcd bt:t\S rod.l.aynm iín~s are 
nrdinatily :')')'linl fnllo1win)! thc abr:t<lin¡~ ''rcrati(•n and 
hcfor ~ litw 1 rkanin;• .. All tc~ithtr. fwm 1 hr. burni~hi ng ()¡H'r a
tion ~lr<lnl<ll•c 1 rnWil'tl hy i.c:r uhhinr. with Cnudit imtcr ,\ ;1s 
tlc~rrihed in tllc· f<•llowin¡! ~crlio.n. 

) 
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! 
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2.5 Surf>1r~ (<;uJitionillh 

After tllc l;tynutlincs are mai\.:ctl, Contli1iouc1·,\ ~houltl he 
app!icd tcpcntcdly, :tn•lthc smb<·c setubbcd with couo:¡
tipp~.-1 aJ'rlicators until :te lean t¡p is no lnnt:er di~~Oll•rtal b)' 
the scruhbing. l)11ring thi~ proct~s the sut f¡¡cc should be l.cpt 
eon5tant:y wct withComlitio.ncr A until thedcanin¡¡ i~e,lm
pleterl. Ch·mún¡.: .1ul:itiom Jhor,Jd l!f'l't'r be n.lluH'l'd to dr)' orr 
rhr jl/rfoce. Whcn c:kan, the surfare should be t!ricd by 
wiping thro::rgh the ek;mcd ar~il with :1 si11¡:/c slow 5trO\..e of a 
gmnc spun¡;c. Thc slruke ~hould hq:in inside thc .::kaucd 
arca tu avoiJ draggiug contaminants in from tite hnun<J.iry 
of thc arta. Thcn, witlt :t fresh spun:;e, a sitt.~it· slow ~trukc is 
n:;ul~ i111he opp<';it~ ditrctio:l, The spongc shm.rld n~vcr he 
wipcd bad: :tnJ forth, sincc thi~ m ay ~~dcrn;ÍI tlw eont;tmi· 
nnru~ on thc ctrane<l \tHfacc. 

Thc fin:~! stcp in surf~cc ¡trq>:tr:~tion is :o brin¡; the sut facc 
c<.,nditi•Hl ha<:k to ~~~ nptimum al\.:alinity ,,f 7.0 lo 7.5 pll, 
v.hich is st.:itahlc for all :>.licro-:..!c~mrcments ,train ¡;age 
odhc5ivc ~ysttlll~. This shou!d he done by !iberally applying 
M-l'rcp N~ulr:ili1cr SAto the ckanc•l ~urfacc, ar.d ~~mb
hing th~ surfal'C with a clc;¡n cutton-tippcd :1ppliettor. The 
ckancd snrfal'c should bc kcpt cnmpl~tcly wcl with ;-./cut¡ a!
izcr 5A throu¡<lwut this opcr:1tion. Wh~n n~utrali~ed, thc 
surfacc ~hnultl he dricd by wiping throu;;h the c'k:mcd .:lr~a 
\lith .1 .1i11¡<lt· ~luw strnke nf :t ck:tn r:uue spt>n;;c Wi:lt ~ 
hc!ih ~ron¡:;c, a sing/,• stro\.:c slwuld thcn t.e maJe in the 
orrosit~ dircetion, bcginniag with tite ck:mcd arca tn :tvoid 
rcC<•nt.tminnlion front the unc:.:anc<l hnu¡ubry. 

[f thc forq:oing instrn~tions are follmH·J prcl'iscly, tite sur
face is now propcr\y preparcd for gage l:Jonding, anJ the ¡;agc 
or g:~¡;cs should be in~talkd ~' soon as possihle. 

3.0 SPF.CIAL PHECAUTIONS 
A:"! O CONSIDEHATIONS 

3.l Safcty Prccautions 

As in any techni<::tl ~ctivity, safety should always be a prime 
con~idel~tinn in surf:tce prcparation for strnin g;~gc h•né
ing. For c>¡amplc, when grinJing, di~c sanding, or lilin¡;, th~ 
opcrator shou\d wcar safcty glasscs and ta\.:c such \>thcr 
safcty prccantions a~ spcdlcd hy his organilation nr by the 
O~cupation:tl Safcty .:lml llealth Admini~tration (OSIIA). 

Whcn dcalinf: with toxic mutrrials .mch as brryllium, lcad, 
urn.nium. plutonium, C/c. allpr<lcedurn awl_<afcty mra_H/ICJ 
J!wuld he upprowd by tht Jafi'ly offirrr of th,• nra!J/i.~ftmct:l 
/uforc eommcncirrg surjan: prt>paration. 

3.2 Surfaces U~quiring Special Trutmrnt 

Concr~(t 

Conn~tc surf:1ccs nrc u~u~lly u neven, rough, ~mi pnwus. 1 n 
arder ¡o dcvclo¡1 a prllpcr suh~tratc for ga¡;e bmulin¡~. it i~ 
nccc~~:try t<J apply :t lc<:ding and sealing prccn~t or cpoxy 

adh~á'e ¡,t thc cu:1u~t~. !kf<1 1': a;r~ !n!: ~!le prc·•·t•;:•. :::.· 
cuntttlc _,ur~:u:c nH!It he fi<'O'li<'L ,'J "- pru_.:.!onc ._.;;¡,.; 
:lCCU\II!lS rur 1[:~ p•>rosity <lf lhi, :J;,:,· :11. 

Cu:l\:unin~tion from cil,, ;,:te·:~.,~·,, r~.:.n: Fnw:l:, a:u: «:~t. 
~,;¡:¡ shuu!,! he tcnto,·d by .,.¡J!<ltt"~~ ,~n·t·~,¡;:;: ·sit~: ;, 'L~!
bri\t!cd bnl~h an<.! :t :11i!d ,!•:t~r:;cr.: ·.~>:'.!ti<=:t. 1 !t~ ~1:r!:1t·c ¡, 
thcn rin~cd \':ith c!c-~\1 wa:·:~. S!lr:."-c~ irr:;,::li:tritk; ~:1:: t~ 
r~mol'cd hy wirc b:l.!,hin;;. di~~ ~2c!ing. ,.¡ .t;:it !•i::· :i:;o:. 
~ftt'r ,. hich al! lun~c ..!ust s:..u;thl l•! t~,,,·." "' ht :"~1~•! 1 rll::, 
tbc Slllft<CC. 

lite ntxt ~:rp i~ lo app!y \l-l'rq; (,,,_,~ition~r .-\ ;;c:tc·rcu~l:. 
to thc surface ia ~~.J uouml th! ?:,:;in:,; ar·;~. ~:.d .•<.:r;;" 

thc arca with a ~tiff-bri~tkrl h1u~:--. Cnu\:t:llin:l::·.! t.'·•~><!:
tioncr ,\ s!Juultl he b:,,::ct! with r;~.:..·c ~jhl'';·~·;, .:rd :!:<::: :~::· 

~~~~:t:~ .. ~ ~~~:~ '~.~ .. ~11 ~bre ~~::~:.~~ !:!l~;r~; :~~.;;::~~·). ~ ::. \;:~·:~·; ~:~ ::·~ :\ ,¡ .. ~·:: :. 
by ~ct11\>bin¡: wi:h \1-l'l..:p :-~cut:~:'.>cr 5.\. h!.-11::::: "i:': 
gau1c spou¡;cs, t!nd rin>~n¡; 1\ith ·•::1:-.::r. ,\ fi::al Üt<•rou;:l: 
rinse u.itlt di,tilleú water i~ \l\d1:i !·' tc1::o\:; t~¡c· :e~i·iu:li 

traer.~ of "ater-50iu!::k ckani:tg sc::::'o:t>_ J\c: .. rc ¡tt~..:o.•t

ing, ti\~ Cieancd ~\\!fJt'C I<HI>t he t!l:'rG •;ghiy ,1: [~d. \\';:t :; ol:l!; 
th~ ~ltt [3¡·,: ¡:cn:ly 11 ith ;¡ prnp:me ::;r .·h c.r ,.:~<'!::e !"· .t: ¡:t::• 
\Oil\ h:.o.~tcn c·•:tpo;J:::m. 

Mi,·rn-:..lc.l'>\11 cme:t\s :-.t-Jl¡•nd ,\~ -1 '! 1 <'Oill-trr~:;•~ 1 at U!~
cmin¡; e¡w~y :ulhcsi1t han i<h-.tl ;::~:·.·¡ i:t! fur prc·~<J::: ia:: l !:e: 
l'ono:r~t~. For tites<: c:tsc~ in whi~h :::·~'.e,: l~l:tpcr:ti\Pc :11:1y 
cx<:c~J the ~pccificJ rna.'.i:nurn o:~·:.c:in¡; l~1n¡t~1:::urc ot 
AE-10 (•~00°F, nr "'J~C\ it wii: b~- tr~cc":try ¡,, fill lk 
smLJ.cC \lith a highn trmrcratu:c t~·;in sy,tcm ~udt "~ 

!11-l!,l:tú OA-61. 

1 n ltpp[) in¡; t!;c ~~·-•IÍng lo tltc i"'ll':.!) !1<!11~1 i . .l, t!t.: '": :1•;,;, ,. 
~hnul<l be ll•!tkcd i:llu any void~. :-:.nd leve!· • .! tu l'oll!:t" 
srnuuth mrf~cc. \\'!ten lhc ad~~sÍ\~ ;.~ ccmplctc::: l'UH'<L it 
shuuld be ahradcd un:il tlte h:!'~ r~a:cri.d hq:ir.~ 1<' h~ 

expo~cd apin. Following this, the q·.ny surfac~ is ckar;.·d 
and p1e¡::t:ed convcnt:onally, acco::!!ng w thc pru.::c¡\mc 
5pccificd in ,•le·,·¡ ion J. Olor huth.!l:t¡; p.¡;cs to cp<ni.:,, 

1'/al<'.-1 Surfr:rrJ 

In general, plat<:d surfar:cs llre d~:~tmcntal to '11aia <:Jt": 
stabitity, antl it is prderab!c tn rem<;>·;e thc p\atb¡; a: t~e g~~<: 
\oeation, if this is re:missible. c~d::;i,:m nnd nid.:d pbtim; 
are particu!arly sut-;cc: to crccp. 1:'1·.: cn·n hank1 pbtin;:' 
mny Cfl'Cjl bcCa\bC uf th~ imp':! f~n ::•: ;¡J \.Jt•¡ ',\C·.'\11):~ jil:!\: :i)! 
and th~ b:t'>c rnc:al. When it :, not r~::n:,~;:.:e tolrm:'-' e :!:•.· 
p!atin[t, thc ~urf.!C: sho:1\tl he pr:;·:•_:cd :>~ntrt!i::t: In :h~ 
procrdurc ¡;iven in S\'ct!"n 4.0 fnr tlt~· ~~,·~ciflc' pl:tlia!' 
in\'o\ved. No: e lhat it m ay be nc~~' 5ary 1<' ~djL:\[ t¡·s::1:;: 
prnccdur~s. lo rninimilc thc cfft•cts of, >:E~tJ. 

Pla~tics v~ry widcly in their re;¡c:i,i:" t•J ~<lil-~uh ::uch ;¡:; 

tlw~e el::ploycd in the ~nrface Pl~;:'::.!-~::nn rr"c~·<I:ITC~ Jc
scribcd hac. lkfclrC ~pplyin¡,: :1 ~c\·~at tn :1ny pb,tk, Sn·· 
tion .f.O, which indt.:dcs mo~: eOr::t.7.on pl:,<tics, ~houlJ he 

-•~ rcfnrcd 10 for rhe rc~IJffiltlCI\\lctl r .. ~m¡>:!li!Jk soiH·nt. F"r 
pl.t~tics 1wt li~tt·•l in s • ..-ti<m .f.O, ;i:-c mantlf;¡~·:mc·¡ of 1'1•· 
matrJÍa[ ~huu!d be cnmn!tnl. ur t:<'.~ sh••cltl b..: pctfnrmr•l 
tu wr ify nc'nrt'activity betwtcn tite ~¡·h-~nt ::<1~ tia· pl:1~t ic·. 
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Ordinarily, the surface prCparation procetlures d~~crib~d in 
this lnstru~t~n !lulletin will not cau~c mca~ufahlc tlitnen
IÍOn.d than¡¡~s or othcrwise alter the mechanical conJition 
or state of stre~. in tite t<·st part. E ven in the case of finitc 
material rcr:\oval, thc dfc•ct •lll thc static m~dl:lllÍ~¡¡] pt oper
tics nf t!le tist p<trt is usually nq;!igible ~:omparcd to tllher 
error sourccs in the e.\perimcnt. 1! sh.:.uld be borne in miml, 
howcver, tb:lt removal of u pla:ed or hankncd surfacc la; cr, 
or of a surfáce !ayer with significan! residllal strcsscs, may 
notke.lh!)' :.Jfect the fati¡;uc Efe lit th~ \1-Car ch;tr;:cteristics uf 
thc palt whcn opcratcJ undcr Jynamic sen· ice cn.nditinn~. 

1 

1 
1 

Silkvne Conluminatlrm 

' Th~ propcrties of sili,uncs ll'hkh m:~.kc thern ~'l.cclkntlubri-
cants Jnt! mOI..t-n:lca~~ agcnh ;¡h<l ma~c thcm thc cncmks <lf 
adhc~iun, :~.nd thcrdHrc pu:.:nti;~lly thc rnu~t ~criuus nf c,~n
taminaut~ tu be cn~oumcrcd tn the practice ol hooding~tr~in 
gagc:;. The problcm is t<lmpour:ded hy thc high natur;~l 
aflinity of thc ~iHcono:s fur most m;~tcri:~l~. ond !Jy thcir 
tendcncy to rnigr<~IC. Funh~HllOJ<:, ~incc úlicnncs ;u e rcla
tively incrt chemic:~.lly, and unaffcctcd by most soh·cn:s, they 
are anwng:rhe mO>l diflkult surface cont:unin:.nrs to 
rcmovc. 

Thc bcst practicc h to kccp thc gagc-bonding arca free of 
silicones. This may not be as casy as it ~nunds, since the 
widcly uscd'siliconcs c¡¡n be introduccd from a varicty of 
~ourccs. For instancc, many hand crcams anJ cosmetics 
contain silieoncs, and thc'c should 1101 be uscd by pcr~on.<; 
invO]\'cd in ga¡¡e install:.tion. So me of the machinin¡¡ lubri
canu :tl1o contain siliconu, and such 1ubricant5 ~hould Ue 
avoid~d whcn rn;~chining parts that ;¡teto h;wc strain g~t¡;es 
installcd. Simil;nly, ~ilicone-~aturated clc<~nin¡¡ tis~ucs for 
eyc¡;la~S<"S shou!J nO\ be u sed in thc ¡;a¡;c-bondin¡¡ are a or by 
gagc-install~tion pcrsonnel. 

Regardless of cfforts to a1·oiJ silicones, contamination m ay 
still occur. Li~ht contamina! ion can somctimes be removed 
by clcaning ..;,,ith Conditoncr A, prclúahly heatcd ro • 20tl" F 
(+95°C}. More scvcre cases may rcquirc s¡~ecial clc<~ning 
solutions and procedurcs, rccommcnd~lliuns for whidl 
should be obtaincd from the manufactl!rer of thc ~ilicone 
compound ili~·olvcd in the cnntamination. 

! . ~-
,·.- A dditional Rl:"jertnccs 

For additional information, refcr to Micro-Measurcments 
., lnstruction Bul!ctinsli~tcd bclow; · 

~e' 

8·111. Strain Goge ltr:rlullti/Úli/S wirh Af·Bond 200 
AJheSil't. 

B-IJO. Stroin Gage f,utu/larioru Yoi/11 J,f-&md .0-R, óOO, 
am/610 AJhnll•ts. 

B-IJJ, Srrain Gage ApplfcatloiU wlrh M-DonJ AE·I0/15 
and M-Bond GA-2 Adlrcsii'C Sysltms. 

·., ' 

4.0 1:--.'DEX OF TEST ;\IATEIHAI.S AND 
SUHFACE.l'H:EPARATION I'HOCEDUitES 

In rhi> scctivn, the specific stcp-by-step surfac~ prcpar:llion 
proc~..turc~ ¡¡re ¡;i>'cn for ;~ppro.~imatdy 75 Jiffcrcnt rmu~
riah. Fur compactntn, and conv~nicnt, quid; accn~ tu thc 
proceJurc for any particubr m:l1c!Íal, the informatiun Í> 
prcscmel] in ch~ITI Í<lrm in l~blc 11. Thc test mat~rials :nc 

- li~rcd alpbabcticall;•, from A liS I'lastit:s tu Zirc,mium; ;~n,j 
the complete proccllure for cach material is dcfiutd by nnc or 
mure ..ti¡¡its in cac:1 of thc applic~lblc op~rations co!umns uf 
the tabk. Each Cigit idcnrifics thc w.¡uircd operation and 
~pccifics thc ,;tcp numbcr for th~t opcratiun in thc cumpkte 
proccdmc. 

For cxamplc, a~~ume that thc neccssity arisn fur b<lnding 
onc ur more ~\rain u~.:es tu a bra~s le~\ ~P~'·imcu. Rcadin¡: 
down !he Spaimm .lfctaial column of fablc 11 Hl Jlr;¡ss, 
and followins th;~t row across th: rabie to thc ri¡;ht. thc fir~\ 
~tcp in su¡ fa ce prq1aration cnn,ists of degrca~ing the ,;pcci
m<.:a with CS!-.1-llk¡:¡r:t~U. Thc s::·mhul (!J in !he bup¡up~_l 
¡\lcuhul cülu:un inoliraw., th:u this is a suitahk suh~titmc 
dc¡;t ca,in<: LlJll"r:ltilJn. Cuntinuing ac1 "'S thc ¡ nw, tlw ~tTunJ 
opnation ¡•;¡Jis for :~.hr~hlia¡; thc spccimcn mrf:tcc with ]~1)
¡;rit silicnn-c:,rhiJc p:tpér. In rhc third O('l:rariun thc spcci
mca is rcabr:ukJ v.i1h 400-;,:rit ~iliCQll·<:arbidc p:1pn, wet 
lappin¡; with ConJitk•ncr A ilft;lsih!e. Thc fourth and filth 
operations consb of appl:ring lllyou\ line.< for J,,carinc t!.c 
ga¡:cs, and scrubbinr, thc surf:1ce ~lc:ul with Cmu.litioncr A. 
ClcJning with i~oprOp)·l3!coho] is thc final opcr;~tion in thc 
pro~cdure. 

In thc R''nwrbcolutnn, it ¡, rccommciHkd that thc gugn be 
Íll$\allcd within 20 minutes al!tr cumplcling the ~urfac: 
prcparation, becau•c the fre~lrly harcd bra~s ~urf:..cc rcnd5to 
uxidi1e rapidlr. In :tddition, in the Gril iilmt column, the 
ga¡;c in>t~ll~r is ~po:cifically atii'Í5td not tu sub~titut~ grit 
bl;~>tir:g for uther surfac·c :.bradin,-: n<cthmh, in un!cr to 
11void ~ignitlcantly altcring the surfacc C<.llldition nf thi, rdJ
tivcly suft materi;~l. Surf~ce prepar~tion pw~erlutcs f.,r 
other fll¡¡tcrials are Jetincrl ~imilarly in thc tah!c, and, in 
many ca~n. accompanicd hy spccial warning' Clr rrwm
mcndations in thc R••marbco!umn. Whcnnn opcration nnt 
included in thc fir~t ten column headin¡;.> is rc<¡uirl·d, it is 
irl!h-xcd in the Orha cnlumn. 1-ith :.n ~urow puintin!: Lo thc 
lk11W1kS column whcrc thc opcratinn i~ ~pn:ili1·d. 

IMPOJtTANT N011CE 

Tire proe<•Jurcs. oprratiuns, anJ chemica/ agr1rts 
ro:commtndrd in tMs ltutruction Bu/letin are, to tire 
bcst knvw/edge of J,(icro-AI.:asuremwts, reliablt mrd 
fir for the purpous for which rrwmmemfeJ. 77ri.t 
informal ion on sr1rjaeo: prrparation for strain ga¡:c 
bomling is presented in got~d faitlr as 1111 ¡¡j¡/ tt! !he 
strain gogt itutullo:r; but no warruwy, t.rjJrrsst·d '" 
implird, iJ givm, nnr sha/1 .Hicro-.tlrasun•mcll/s llt 
/iah/efvr un y i1r}r1r)', loss, r:or Jam<~¡;r, tfirccl "' e<>lur
qlltllliof, conncct••d ot·itlr t/w use oftlre irrfomruli""· 
R.'fvrc applyitrg ,¡,,. pu>co·durc:r tv ur1y muurial, tht 
user is urge.! lo •·ar.fully rt:l'ÍCII' lile Dppfi<·atiurl witlr 
re:rptcl lo lmmatr lrccllih and sofi'/)', unJ lo e11~irorr· 
mtntal quality. 
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SPECIAL NOTES 

'He3~ng ti>(>Comen wlll netp drlv<> out oltt, molslure. •nd aolvent. 
"'Ronn ..,¡¡~ do$lll!wd wa:er. •nd wi;><t dry. 
jl'"" ct~•~ (t:uered). dry a ir. Do not rtlCycl~ al~ mi~• or ailic• gro:s. 

ltVIet IKp IOO:h Con01\1oner A .,hen compolibiloty 11 indiCII~d by 
·corn:Mooner A (Scrub}' column. 

( )P~rentht$<ll in<!II;I!O al:ernato ,:ep(•). 
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Noise Control 
m Measurements 

Noise Control in Strain Gage Measurements 

INTRODUCfiON 

Str~in rncJSurcmcnts mn1t oftcn he made in thc p1cscn~c nf 
clcct!ic ~nd/or mal!ndic !1chls 11.·hich can ~uperitnposr clc¡;tri
CJI nni~c on thc mcasurcmcnt SÍ;!nals. lf not wntrollcd, the 
noisc C:l!l lc~d In inacc1nate rcSJJ!ts ami ittcorr~c\ interprcta
IÍl'll uf thc strain si\:n:~ls; and. in ~cvcrc c:1scs, c;u¡ ohscurc the 
strain si¡:¡wls ahu¡:Cthcr. In urll~r tu control the noisc leve!, 
and ma~itni1.e thc signal·l<Hloise ratio, it is nccc~~~ry fits\ lo 
undcrSt:Jlld thc typcs aml char3cteriHics nf electrkal no be. as 
wdl as thc sour..:es nfsuch noise. With this understanding. it is 
thcn pus~iblc lo apply thc mnst cffcctivc nnise.rcduction 
mcasurcs tu any particular imtrumcntatiun proble111. 

This tcchnical note idcntifies some of thc more commun 
noi~e ~uurccs, atrd describes the routcs hv whkh the noise 
is induccd in lo slrain ¡;a¡;c cin:uits. lt should be noted th;~t thc 
treatment he re i~ limited tu noi!o( from externa! dcctricaland 
magnctic sourccs. This nMe does no\ cuvcr dfects frum nu
clear "ur thennal sources, nor !loes it comiclcr the eff~~ts nf 

') variable wiring or contael resistan~c causcd by slip rinp. con
~ necturs, switchcs, cte. Fo!!owing the discussiun nf noi<e 

~uurce~. spccilk merhmls are ¡;ivcn, varyirr!): with the noi~e
couplin¡: mccharJism, fur noisc ~vnidance. The inl"onnation in 
this technical nute is equally applicable tu both analng and 
digital sy~tenu cmployin¡; OC amplificis. Ir alsu applics tu sy,. 
tcms using carrier eJCcilati<lO and carrier amplificrs, althuugh 
no.ise prohlcms are usual! y kss s.c:wrc in such systems. 

•. 

NOISE SOURCES AND PICKUP MEDlA 

Virtual! y every electrical Uevice which generatcs,consumcs, 
or transmits power is a potential source for causing noisc in 
strain pgc drcuits. And, in general, the higher the voltage or 
curren! leve!, and the clo~r the strain gage drcuit lo the elec
tric~l device, thc greater wil! be the induced noise. Following is 
a list of common electrical nois.c: sources: 

AC power lincs 
motors anr.l motor starters 
transfonners 
rebys 
generatnrs 
rotating anr.l reciprocating machinery 
are welders 
vibrators 
nuorcscentlamps 
radio transmttten 
electrical storms 
soldering irons 

Elcctri~:¡] noisc frum 1 hc~e sourcn C311 he .:a\C>!UI j¿cd into 
two ba~ic typcs: clcctrmtatk :rnd rn~¡:ttctic. Thc ~_;1·u types of 
noise are fundamentally dill"crcnt, and thu1 rt.'ljUH~ diff~Il'lll 
nuisc-rcducr ion mc:I\Urcs. lirrfurtunatc!y, 11\<ls: o( rhc cnrnmon 
nuisc sourc~s liskd ahovc produ..:c ~omirtn~:ion.<> of thc twu 
noisc typcs, which ~an cump!icatc rhc noi-c·rc.!w.:tiun problcm. 

Electrostatic ficltls are ~cncr:•tcd by rhc prc~cn.:c• <lf vu!tagc
with. ur without curren! lluw. ,\ltcrnating cl~ctri(al !lclds in· 
jcct nuisc intn strain ~a~c syucms thmu!!.h !he ph~rwmcnnn of 
copacith·,· rort{lfillr;. hy whkh char¡:c~ of (llfrcspdnJing!y ~lrer· 
nating s1gn are dcv<•lopcJ un any clcctnc:rl cnndu~turs sub· 
je(ted tu thc ficld {l'lt:. \). l'hul/cs.:cnl !i¡:hting is nne uf the 
mure cummon sources uf de(\rus\Jtic nui~e. 

. ., .. , .... ,· 
Fig. 1-/;"kctmtlatic twisc coupli11g. 

Magnetic ficlds Jre nrdinarily created either by !he tluw nf 
clectric curren! or by thc pn.•scn(e uf pcrmlncnt magncti~m. 
Motors ~nd transfurmcrs are CXJ11iplcs of tire fmmcr. and thc 
earth's magnetic ficld is an instancc of thc IJ!I~r. ln arder fur 
noisc vültage lo be dcvclopcd in a conductor. mag.netic lines of 
nu.<t mmt be "cut" by thc conductor. Elc¡;tric gcncrators fuÍ1C· 
tion on this basic principie. In thc prc~rfcc uf an alternating 
fidd, such as that surrounding a 50{60-117. power ]ine, voltag~ 
will be induced into any stationary conductor as the magr1etic 
licld expands and colla¡ncs {Fi¡t. 2). Símilarly. a conductor 
moving through thc earth's magnetic field has a nuise vollage 



¡;enentcd in it 1s il cuts the.liu~s ,¡filo\. Sin~c nHlit irons aod 
steds ~re f.:Hui•M¡:u~ti~. 1\hlving m~.:hinc m~mh~rs rcdir~ct 
ni1ting lin.:i nf tlux, and may CJus.: them to be cut by "l.!jJ· 
c.:nt ~emiti~c cJnductun. As a rc>ult, $ignal mnductun m !he 
vidnity <1f mu1·ing ur ruutin~ nudün.:ry ~re g~ner~Uy subjcd 
tu uui:..! vuhJ¡;cs' frum thi> smtf.;c. 

-~+- .. a~-· 
............ ~---- --' ·-t.:=====::: 

' ..... -··---·········" 
Fí11. 2 1-f/.:,·rmii/<J.~"etic m1U.: courlin~. 

l>I:.IEc-i-ING ANl> TROUBLESIIOOTING 

In unlcr tu (ffectively ~'o$e:.S the prcS<:uce a11d ma~nitudc 
uf nuise, the str~in ga~ inmument 5electcd fur ur.c: shuu!d 
incurpur~te a simple, but vety signific~nt future-a control 
fnr removin11 the ucitatiun frnm thc WhcJtstone bridge. 
With such a control, the inurument output C3n be easily 
chc-cked for nui~. independent!y of 11ny strain signa!. This 
reptcS<:nts a very puwerfultuul fur ev~Juating the effectivencu 
o( lhields and gruund, aml fur ex¡>trimcnrally rnudifyin¡: thcr.e 
methods lo minimi1e the effect~ llf nuise. AU Mc:t.suremcnts 
Group str~in ga¡:c iignal conditionen ~re equipped with this 
importan! tontro!. 

Thc following procedure can be used 10 trouble¡hwt 01 
¡yncm for n<Jii-C: 

J. !( not alrcady l.nuwn . .JctemJine the tulerahle le•·els of 
110ise in outputunits (millivults, inchcs of detle~tion, cte.) 
as ob~rvtd un :1. rCJduut su~h ~S an u~illo'l<:upt '" rcc·order. 

2. With no urai~ g~¡:c input, tenuinatc the 5+/S- amplifier in
put with abuutthe S:l.me input impcdancc that the 3mplifier 
1Wnn011ly senses {typically 120 ot 350 uhmsJ. lf u;,;c1liive 
noi~ exi¡ts: 

a) Check for gruund loops (more than onc c·unncction of 
thc systcm to ground). 

b) Check fur line ("mains")- r~diatcd noise. 

.:) lf fcuiblc, reduce amplifier gain and cumpcnS:t.tc by in
crcuing bridge vulu¡e. 

3. With ucitat\on switch tet to off, conncct thc gagc (or 
lransduccr) lo thc irutrument, and observe noi~. Any 
noisc picked up in th_is stcp'is attributed, of c:oursc, lo lead· 
wirc and{or gagc pickup. lf the ourput changcs whcn the in
llrumenl ch~uis istouched with a fingcr ,this is an indlcation 
oh poor vound and/orradlo·ftequency lntcrfcrcnce. 

4. Apply a load 10 thc part under test (excita! ion uill off). lf 
additional noise is obsernd, thc noisc ls due lo somcthing 
associatcd W\_th !he loadin¡ mcchanism such u 01 motor 
erulillf 1 mtgnctic f~eld, or thc mot!OII of thc p¡c or 
wirin¡ (gcncraling emf). 

S. Rcmovc the load from the test par!, if possiblc, and apply 
ucilation voluge lo thc brid¡c circuit. Anu balancing thc 
brid¡e, an)l¡ subsequent gradual uro drift may be due lo 
PI' &eif-hutln& .rrecu (MI Micro·Musurcmenu Tcch Note 
TN-121,Stmln ~ Excrt111ion U~IJ). 

TM foUowin¡ settioru of this Tech Note Pe recommended 
nolv-redocUun proc:edurn ror clectrolitatk nuisc, 1nd fur 
maptlc nolse. 

2 

HELTROSTATIC NOJSE REDUCTION 

Th~ ~itupl~~~ ~ud mu~t ctfcctivc b~nicr ~gaimt c!c-~1 t<lst:tli~ 
nui~ pid;up is a •·oudu~tivc ~hidd, S<lmetinlcs 1d~n~d to ~s a 
fdfiJdoJX •ww. lt fun.:ti•llls hy c~pluriug the d1~r¡:cs th~t wuuh.l 
olherwi~e r••a.:h the si¡!11;,1 wirill)\. On.:c culle.:tc•d. 1hcsc d1Jrg.:1 
nli1st be .Jraincd ulf tu J sathfa.:tury ¡;ruuml (u¡ ~efcrcn.:c 
potcntiJI). JI 111,11 pwvid~d with a luw-rc~istau.:c d¡aiu~~e path, 
thc dta¡gn c"n he cuuplc..l inlu the signal cuuductm~ 1111o111;h 
lht shidd·IO"::thlc ~ap:t.:itJI\c"c (Fig. J ). 

Fi¡. 3-f."lccctro:suuk :sl!id .. liug. 

The two mosl pupul~r types uf cable ~hiclds are braide.J 
wlrc ~nd conductive fui!. 1 he hraitled ~lli<:ld cunstructiun pro
vides abuut 95 pcrcwt covcrage ui the c~ble. and is dlar~c
l~ristically low in re!.istancc. Fuil ~hid.Js, ~llllnug.h commonly 
highcr in rcsistanc~. give 100 perc·ent cable cuvcrage, and are ) 
alsu eJ!i~r tu tem1inate. Following are cuun11crcially anibblc 
rxamples of th~ two type!i or sh1cld~>d cable: · 

b111ided: MicH>·Mcasurcm~nts Type 430- FST 
(four cunducturs, twislcd) 

fuil: Ucldcn No. 84).¡ 

V.11en lu111l reache¡ uf multiple .:nnductuts O: re run "djace111 
tu each uthcr, pwhlcms with crus~tall.: bctwecn cnnducturs 
an be rncountcrc.J. With runs of SO feet (15m) 01 more, 
$i¡:nific~nl levcls of nuise ,;an be induce..! iuhl $Cnsilive con
dudo!l thruugh both magnctic and electrostatic coup!ing.· 
Even thuugh brid¡;e-cxcitatiun condu~·toll may carry only a 
millivul! of noisc, thcte c~n be ~i¡:nific3nl coup!ing tu signa\ 
ton.Judo!l tu prnduce potcntially twuhlc!><HIIc micruv<llt· 
lncl noise in thnse '"nduc"lor~. The noi~e tran)l"cr c~n be 
minimiud by emplnying au in~trumcntatiun cable compur.c:d 
o{ individu~Uy shielded paiu-one pair fur excitatiun, ~nd onc 
~ir for thc sigual. Thi¡ type uf conslructiun !s embo.Jicd in 
Belden No. 8434 c~ble. Whcn usin¡: such cable, having sepu:t.te 
shidds, botb shields should be gruundcd atthe in~>trumcnt cnd 
of the cable. Electromagncti.: coupling bctwccn ucitation iiJ\d 
li¡nal pairs can be reduced wmewh31 by using M cable that has 
111 conductor pairs twlsted on uparate ues. Belden No. 8730 
able hu the conductor p.Ur~ both s.eparately twisted and 
dliclded with foil. 

The $hicld-to-conductor capacitancc c~n alw bccomc signif-
iocant for Ion¡ runs,slnce the capacitancc b proportional tu the 
cable len,th. Thcrdore, a significan\ portion uf thc tesidual 
nolse ean be coupled from even a well-groundcd shicld to the 
sensitivc conducton. To minimizc this effect, sume strain gage ) 
instruments {for cumple, Measurcmcnts Group lnstrumcn\J 
Divlsjon'l 2300 Syuem) lncurporate 1 fciture ealled 1 drlun '· 
JU11nl. A drl~n ¡uard {abo known as 1 dti~t•l shirld) functlon1 
by maintalnln¡ the .tlidd 11 a vultrgc equal· lo the 1veragc 
li&Jlll, OJ c:ommon-mode vnlta¡¡:e. Sincc, with this1rr:t.ugemcnt, 
!he volta¡e dirTerence bctwcen the conduclo!l and shlcld is 
cu.cnllally uro, thc cffcctivc capacitance is decrea&ed, 1nd 

. .l 

) 

In s_e•·c!c magucti_~ 11dds: c>p,•cially thusc with ~~~ep ¡;rJ
U.iculii .'P hcld Jlll~•hll}", :aldlti<>ll.d me~su1c~ 111~y b~ rcqUÍ1••J. 
for tlus purpu~. ~h.:m-Mcasu1cmcnn hu dewlop~d a ~~.:bl 
¡;a¡;c configur~th>n cun~isting nf 11n1 identkal ~ri•li. with une 
Sl:tcl;c.J diJc<"lly ahu•·e, and in~uiJt~d fwn1 thc 1uila. By ,·un
ll~~~lflg lile upp~r amlluwcr ¡;a¡:~ clcm,·nts in serie~ <o 1ilat 1h~ 
cuueut lluw< iu up¡1u~t~ dit~~linm thruu¡:.h the tw<l gJÍdi.lil~ 
nube irhluccd in thc a~~cmbly tcm!s tu be sdf<.:a11~dlut~. Thi~ 
~HJU~~I\1~111 Í~ p:ntkubtJy cffcc¡ive "~:IÍII~( IIIJ!:(IICIÍ~ lieJJ 
)!raJtcnt~ Jnd thdr ,·ompnncnt~ pJrJ!Iel tu thc t~•t surfJc~. 
TI1e dual-demcnt &JJ:C is intcrnled to fuuctiun Js une a1111 o fa 
Whcamonc brid¡¡c dr~uit: ami tite blill¡;c i> u~u:~lly cumpktcd 
with "nulhcr ¡w~e uf thc samc trpe, ur 11ilh a fi.,cd pt~d•ion 
rcsistor. Staudanl practiccs"arc t'u!luw~.l v.ilen installing thc 
¡;agcs_: but l>hcro-Meast!rcnwnts_ M-llunJ 600{610 a.lhc>iH S}'~
ICnl 15 !CCUillTIICII.JCd hlf bond111~, ~ÍIICC tJiis WIIJ fC1UII in \he 
thinucst "gluc !in(", and placcmcnt uf thc ¡;ti..ls ~s clu~.~: as 
pu1liible tu the spccimen smf.1ce. 

In "ddition !u thc strain ll");C .>ilc anll pJUcru. thc >deninn 
uf !he cage ¡:ti•! alluy shou!J he gi1·cn ca¡cful cu,;;;iJc¡atiun. lf 
!he ¡!.lid all.1y is m~gnctic. it 111[1 be snhjcct Lo C.\ltJneuu• 
pl_tysical huccs i~ ~ 1\la~nctic fidJ; Jnd. if niJgnclurcsi~ti;·c, 
Wlll und~rgu Sj'll!luus fC>I~tan•c d1Jngcs . .Si111ilatly, if thc oiJ,,y 

. . . 1 • 1 
u; m"¡:uctmtrl.:tii'C, t1c ~~~u w11l try tu chJngc leugth in the 
IIIJ¡:n:·tk !i.-IJ._ l:.ocJ~¡ti..:_ allo_Y •. fm e:..~mpl~. ~huuiJ[nut be 
uscd 111 m~::net1~ fidds_, $111~e ti ~~ buth strun~ly m~~:¡etute~s
li\·e and ~~~~gu~tustri.:u,·e . .St~mnung (¡um thcir ~um1iarJiile 
f•c•·dom Jrutn nwgnct1~ cll_cct.>, con~lanun ~ud KJml:t·l)ljl~ 
Jlluy:. are usu~lly ~lcc1ed tur :.u~h applicati•IH>. Cunstaman, 
ho~~o~vcr, ~~ cryugcn1c h:rnpcratmcs anJ 111 lti¡;h mJ¡:uctic t1clds 
(7-70 TedJ) hc~mncs 1evcrdy 1\lJ~n~tureloi~llivc. 'fhc lKarn¡J 
alluy u urdinanly prefencd Jor ~r)·ug~nic ~crvke bec~use "uf 
its gcucra!ly ~upcrior pcrfounancc in nup¡etic ficiJs iu WtV 

!ow tcmpcraturcs. Av-JiiJ!tle fJOIII Micru-Measurcmc1its ~~~ 
ho,·u ty¡1cs uf tlu"!-clemenl •ta~kcd ¡:age>- WA·XX-1 :,5w J-:!40 
and W~-XX-1 15WJ-700 -in ~umtantan J1ul Kauna-type' ~Uoys, 
tespccttvcly. . . ! 

Whcn ncce¡sJry, ~lram ¡:a¡:es c~n ~!so be shieldcd, to sume 
deg¡e~, frum elcctromJgnctic fidd' with a m3gnetic U!iddin¡; 
mal<:IIJI such ~~ mu'ln~t31. Tw'! u¡ more byers uf the slJ~cldiJLg 
ma1e11al 1113)' be rc¡¡uucd •.o etfcct ~ nutice:.ble impro~cmcut; 
Jnd, uf cuur~c •. e ver¡ thit wlll he iuciTcctive if the su urce "uf the 
magnct1c, ficld 1~ bcnc:ath thc str3in ¡wgc. '""h.-n h:gh ftcq"ucncy 
hu<ltu) hclds 3te cn.uuntercd. be tute th;¿¡ the maltriJI is 
sutt~bic {hi¡;h pcrm~Jbi!ity) at thc ~nticipatcJ fte<.¡ucucy! 
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· . .' :i ,. ., driftn lhield is connected al only one end to the driven-guard lndueed m thc stgna\ WlfCJ wW thercfore depend greatly u pon~' r ·'¡ '' 

1 r¡ , pin on the in~troment input eonnector. Thc driven shicld ·is theu d~Stanees from the offendtns curren! TwUtlnJ the Slgrul~;.·.·j ":"; 
• (_ _.. '. cwd.Wrily surrounded by 1 second sh!cld, wtúch should be condutton togethcr tcnds lo make thc dt$lanccs cqual, on thc ,;r..;: \ ~· ';- ·~, .· .. ·.~_ .. L :¡ '"".: • ¡rou:nded al onc end. _,.,- · .-;::: , _-.:. . , · average, thereby Jnducmg cqual no! se voltages whk:h will can.':''-')~ '~ •: ·, . 

·,; ._.,·:· ·· ~ A h r 1 k d r · · 1 1 k 1 cd each other. Corrnpondtngly effecuve, the magncuc field'f.1:'1 ~. ·" •. · ·. 
. not er o tcn-over oo e source 0 notsc 1 ea age 0 strengths ra<.!bted by power \mes can be rcduced by twutin& ·'" J ~- • J pound through the strlin gage 1-nd/or lhe cabling. Thls \u k- the power conductors. '¡ j 

-' 

.. qe, if exeessive, can cause nolse transfcr from the s~cimcn ""l ---···'· •' 
·-........ -. ... -............ .. · to the &age circuit, since e ven sup¡ioscdly well-grounded sp~- In theory, al Jusi, the more twtsls ~~ unil conductor::-'-:-_; 

rne-ns m ay carry so me noisc. lt ls nol uncommon lo ha ve strain lcngth, the better. Standard twisted.(;ooductor cables, such '~'<! :¡ 
pr;es installcd on no'minally grounded test objects which,ln u Belden No. 8771, have sufficient twisllng for most app\1· -~: __ ·¡ .< 

. 
!"1&. 7 -Handling t;xca;:I ('fJb/e, 

fan, have nohe leveb exprcsslblc In vol U. And, of coune, lO)' catl~ns. 1\owever, In cnvironmcnts with hlgh m•gnctlc rlc!d .-·_: :---1 ·. 
stnin gage instalbtion on a conductlve spedmcn forros a gradtenu, such as th~ found clase to moton, generators, and ,---.,~ 
cbsdc capacitor whlch can couple nolsc from the specimcn lo transformers, tightcr twbting may be rcquircd. For particu- · ._::

1 lb<: pge. In thc Ught uf thesc cunslderationJ, lt ls no more larly scvere apjll!catlonJ, convcntlonal twhtlng may be !nade- '· .. 
!han gnod practice lo make certain tlut the specimen is qua te, and il may be neceuary lo use 1 spedal wovcn cable '· 
prt•pt'r!y gmunded and that \eak.age betwcen thc gage circuit as Ues.:rille(]\ltcr., 
md thc spccimen is well within llounds. 

Prior to C<lnnecting lc:~dwires to the slnin pge, thc insu
btion resi~Unce from the gJ¡:e to the specirnen shou\U be 
rneasured with 1 megolun meter such as thc lnstruments 
Dirision Mode\ 1300 Gage lnst3113tion Tuler. A reaUing of 
\0000 mego\uns is norrna!ly consiUerctl a minirnum for s~tis
fa::tmy system nperation. Readin¡;s bdow this leve! ~re indic
ltive of a po,sibly trnoblesome bond.Jioc condilion which 
can dele¡iorJie with time ami Jtr~in. \1 should also be kcpt in 
mind, fur p:age in~la\!Jtions which will opcratc al devated 
lempnalurcs, thal \cab¡:c resislance tends tu dec1case as lhe 
temperalure incJCJ!-CS, 

After cahlc placcmcnl, anJ conncclion al tire p¡;e-cnd of 
tlx- nhlc. the folluwin¡; re~istance mc:~suremcnts $lruuld be 
tn:~de, preferahly fwm lhe instrumenl~nd of the cable: 
conductor-to-¡;ruund, shicld-tn-ground, and cunductor·IO· 
slridd. Bccame of distributcd lcakage, thcsc resistances rnay be 
sornewhal \o-...·er than the gage-to-specimerl resis!Jnce; bu\ 
t::thles with si¡:nilicantly lower reslnances should be invest!
g;rted, and thc e:o;ce'-liive \eakage e\iminated lo avoid potenlial 
noisc prublcms. 

ELECTRm.IAGNET!C NOISE REDUCTJON 
. Thc most effective apprnach to minimi7.in¡: magn~tically
influccd onise is nnt tu allcmpt magnetic shie\ding of the 
scositivc conductors: but, ir1stead, lo emure that nui~e volt
a)!CS a¡e induccd equally in both sides of thc amplilier input 
(F1g. 4). \\"hcn ana!yud, al\ wnvcntiunal S11ain gage bridge 

Fi¡t. 4-Soisc cancclla:imr hy rmr¡r/ificr <otllmmHn;xlt' 
"'ic-ctimr. 

anan~~lllclm-t¡u~rler hrid~e (twll- m thrrr-kadwire), hJlf 
bridrc, aml fnll hriJ~c-rcdn~c tu !he samc h~sic circnil sho"·n 
in Fig. 4. ·lhi~ is also 1n1e fur syslcrns SlJCh ~s lnstruments 
Dwi~i<>n Modcls V/E-20A. !J,\~1-1, etc., which Cl!lpluy the 
yrOIItcd" or non·<)'l11mctrkal bJiJge circuit. Achic•·cu\cnt of 
"''i<c c~ncdhlinn by the mcthlld shnwn in Fi~. 4 rcquircs that 
the Jr11pliticr o:.hibit guod cummnrHnodc rcjrctinn ,charac
\{'rislic~. Attcntiun nmst al~u he r.i\'cn, hPw~··~r. lo thc ~~r~in 
p¡:c "irin!!. ~nd In tire cff,·ct~ of rrcarhy ¡•nwcr \ines. For e:o;
arnplc, it i< rvideut frnr11 Fir,. ~ thal ~ p~olirnt in m;u:netic 
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Whcn attachin¡t lcadwircs lo 1 straln gagc for opcratlnn In • 
niJ¡tnetic neld, cunncctions shuuld be made dir«tly tu the 
svlde¡ tahs 1111 !he gage, rJther than thrnugh 3\lli:,[\iary tenninals. 
Micro-Mcasurcmenls type CEA pgcs, wilh coppcr.(;oaled 
50\der ttbs, are partkularly suiled to this I)'J'C of ipplication. 
As shov.-n in Fi~. S, !he gage selcction Jnd the wirin& anange
mcnts ca11 greatly aft'ect !he !cnsitivity to rnagnctic pickup. lt 
wi\1 be noticed that the prcfcrred anlngernent minimizcs the 
su~eptible loop arca bclween lhe wlres. Fur \he .ume reawn, 
nat ribbun ~ablc is very p10ne lo nu\o;c pkkup, and ils use In 
magnetic nclds shi:mld be avoided. When nccessary lo ure this 
typc of Úble, uptiru3l conductor a-~~ignmcnl, u shown in 
Fig. 6, can hclp reduce the pickup. In addition. excess \englhs 
of input cahlc shuuld be climinated: and under fl(l circurn· 
stanccs should lhe e.~t•alcn¡;th he di~po~ed .,r by windiug in! o 
a 'oil as i!lustrated in Fig. 7a. lf e:o;cess cable length cJnnut 
be avnkled, it shuuld be folded in half and cuilcd u irHlicated 
in Fig. 7b su that each cluckwise currcnt loop is intirnately 
accumpanied by 'a countercluckwise loop. Tite s:.;rme cabling 
cunsiderations a¡iply to buth lhe udtatiun \eads and the 
signalleads. · 

Fig. S-Gag(' srlrctiun onJ wiril1g ttchniqm:. 

-'· 

. UnUke the ase for electroslltlc nolse, 1 dmplé, youndcd . 
conductiwoe shicld does nol fuoction as a ban\er lo magnetlc 
nolso. MB¡Octlc shldds opcratc on 1 dlfferent principie, 1nd 
serve lo bend or !.hunt the maytctlc rield around thc con
ductor rather than elimiRate 11. Effective magnetic shiclds 
are n11dc frum high-]!'Crmeab!llty nulerials such u \ron and 
other ferron~~netic rl\Ctals. S¡>eeia.l hlgh-permeability allnys 
("mu-metal"llll, for instance) have been develuped specincaUy 
for magnetic shidding purposes. Al the relativcly low S0/60-IIt 
power line frequcndes often encountered in magnetic noi~e 
problenu, shield thick.nesses in the arder of 0.1 in (2.5mm) 
must be uscd befare any signincant nuise reduc:tion is acbieved. 
Heavy-wtl!ed iron conduit can also be ured lo provide some 
reduction in nugnetlc noise pickup. When faced w\th the 
app~rent necessity for nugnetic ~ielding, attcntion shou\d 
always be given lo reducing the noise 11 ils source. As an 
c:o;arnple, lransformers can rcadily be designed lo minimizc lhe 
leaka¡;e flWI. 

SEVERE NOISE ENVIRONMENTS 

The preceding two sections h:Jve treatcd tite standard 
methods of noise reduction applicable to the majority of 
instrumcntath>n problems. This ~-Cctiun descrillcs techniques 
which mJy become neccuary when vcry \Ugh noise Jeveb nc 
anticipaled or e).perienced. 

Generally, when shielding agalnst audio·frequency dectro
static noisc, it U not good practice to ground the shie\d al 
more th:r.n one point. ll1e rea~un fnr this is !\tal thc ground 
points rnay be at o.li!Tercnt vu\tage levcts, cau~ing curren! to 

• flow through the shielo.l. Curren! fiow in such ground /(J(Jp!. 
can indun noi!-C in thc signa\-<::~nyin¡: condu.:tors through lhc 
s.:trlte phenurnenon th~t occurs in a transfunncr. 

llowe•~r. fur long cables in sc~erc noi~e euvironments, the 
shlcld impcd~ncc from une cnd to the othcr can become si!'Jiif
icant, particularly wilh high-frcqu~ncy nuisc SDurces. Whcn 
th!s occurs, the nnise charges captured by lhe shiclo.l no \onger 
nnd a low-resisunce drain lo ground, and the resu\t is 1 noi~y 
shicld. lmproved shicld performance undcr su,h circum· 
slanccs can often be ohtaiued by grnunding thc shicld al both 
ends, and/or at intenncdialc puinls-prcferably al points near 
any \ocalizco.l suurces of clectrosl:ltic noisc. Multiple-point 
gruund connections rnay alsn be neccssary whcn radio
frequency interfe¡ence (RFl) problems are cncountered. At 
these frequencies the shicld, nr segmeuts of the shie\d hctween 
grnunded poinu, can display antenna behavior. lly experi
mentally grnundirll! the shicld al mnncrnus poinls ~h,ng its 
Jength, the uptimum gruundin¡; schcrnc can be detcrmined. 

Althour.h \he lcadwir~s a1c (11dinarily hy f:tr thc dornin~nt 
mcdiurn for noisc indUL'Liuu in a ~traiu J!3J;C circuil, unisc pid.up 
caa ~\so o.:cur in lhe r.a[:e ilrelf. \\'hcn nccded, ~simple cleclru
st~tic shield c~n l1e fahricatcd by fmrni11g an alumiuum fui\ 
hoK ove¡ the p;e and the um;hie!ded lcadwirc lerminatinns. 
lf thc ¡;~geo.l s¡x-cirnen is small antl c\ectrically conducth-e, 
alurninum 1apc wilh cnndu.:tivc aJhcsivc slmuld be U!-Cd tn 
cnnncrt thc cai>lr ~hicld, thc ~a~e $hich!. ami lhc spcclmcn 
tu~etheL ('nuductive cpnxy cnrnpr>uruJs can a!so be us~d for 
this purpm.e. 

® Allegheuy Ludlum Stce\ Co. 
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· On the othcr hand, when pges are installed on machinery 
or other br¡e, conductlve tnt obj«ts, cuc must be uercised 
lo prC'I'entthe occurrence of gruund curren! loops in the shicld. 
In suc:b c:ascs, the foil Ü\ould In deetrlcally iruulated from the 
machine. Bul thc mJchine should be grounded with l heavy
pup: wilc conneeted to lhe Jinde-point ground near the in
llrumml. Care must 1lso be tJ.ken lo make certain that the 
dUdd doc:s not fonn a short drcuit to the pge wiring. 1f the 
able hu two shidds, thcn ideally,at ]cut, l dnubJe.foil shie!d 
should be u sed over the straln pJe. The two shields shuuld be 
connected togelhcr on1y al the insuument end of the cable. 

A word 1bout ground conn«llons is in order. lt is importan'i 
lo remember tlut all conductol1 are charlcterized by re$\:Jo 
tance, inductance, Jnd shunt apKitance. As 1 resolt, attention 
should aiways be p.iven to the qu:!lity of the &rouml con
nectktns. A connectlon to 1\TOund, to be cffective, should be 
made with heJV)'-J:llll~ coppcr ..-ire, and should be as shurt u 
practicable. lf the nearest carth ground is too remole, a 6.f¡ 
(2-mJ copper rod can be driven into the earth lo estab\ish 1 

local p-ound. 
AJ with electros!~ tic noise pickup, the \eadwiru Ctlf\Unonly 

represen! the principal ~mrce of magnctic nuisc: induction in 
strain pge drcuiu. In intensc clectrornagnetic fic!ds with s1eep 
gndients (ncar muton, generator1, and simibr equipment), 
ordi~ry wire-twi,linr techniques may prove inadcquate. An 
end vicw of a cnnv~ntiunally twisteo.l pair can rc~al thc reason 
for pickup. Even if the induccd noisc werc preciscly cqual in 
both "'ires, as indicated in Fig. 4, the amphner noisc output 
would be zc¡o only if the amplilicr had mfinite common
mode rejection clt3rJcterisrics-an irnpossibility. lu ordcr lo 
minimi1e comrnon-rnode ntliSe voltlgcs, a spccia\, wown. fr>ur
v.irc c3hlc has bccn dcsigncd which, as ~en fmm lhc wire end, 
elirnin•tcs the spir~l induclive lnt~ps (Fig. 8). For ma:o;irnum 
field cJn~ellalion, pairs of v.ifcs (cornpo~cd uf ouc wirc frum 
e3ch pbne) ue cunnc~·1cd in parallel. lkfcrring to thc frgurc, 
wircs 1 and 2 are parJllcled to fonn one c<mJuctor: nnd "'ircs 
3 Jlld 4, to fonn the olher, ThU type uf cahle, so conne<:ted, 
is brgeiy in~ensitive lo magnctic ficlú ~rao.licnts, both par~lle\ 
and perpendicular tu thc cable tcn~t[l_ Thc ~able i; knnwn as 
lrrtcr..Sh'rol'l', Jnd is availablc from: ~b::nelic Shield Di•1sion, 
f>crfection Mica, 740 TI10mas Drive, llcns'tn•ille, 1\linois 60106. 

................ - ... ·"''"'~'"''"""'"'" 

Fig. 8-li'or-rn ca bit' lo m/r,cc u~·nr drctmmaplrlic radiation 
<Jmlpi.-kup. 

f.1-en thuup:h the str~in ¡:ase i~ rnud1 \css frer¡ucntly 1he 
dgnifican 1 mL·dium for_ma~n,·trc noi.<;<.· indw:tioll than lhc• lcad
'A"ires, d1ffcr~nt f.J~e pa11rrns have diffcring !'Cnsitivili~s In 
liUÍ>e pi;:l-:up. !f thc p~~ has bt>lh s"ldcr tabs at une end, for 
in;tance, the ncl mnsc pkkup is k~~ lhan fm a f,J¡.:c ,,¡¡J¡ onc 
t~b zt each end. As shown in f'ig. 5, rhc di~ferc11cr in noise 
~nS.:ti~11y rcsu\ts frunr th,• rcbth·c si1.c .,f rhe i111.lu.:ti1'e !t>up 
arca"in eadt n11~. 11 i< :tl<n wnnh noting th:_11 mt:•lkr p~~s. 
•nth mure dt•~elr ~pac'c<l grill \mes, are inln,~ically r¡turtcr 
than brft pgcs. 



:" 

...... e Ir, 
!. . 
1' 
1 

.¡ 

( 

. \. 

......... 

re• • 
. . ~ ·. ·. •. ' ' . . ' .. ,. . 

.·· TECH .,NOTE ·: 
', TN-502 · 

Stnln Gaga 
• .. · ••.• - •••.· ,·. '?-~: •.• ·,. ·' .... ;:,'<' ·: •• -. • 

. , ,. -~-- . ' .. :- .. ,,, 
1xclhtlon Lavats 

.1 
' 1 

Optlmlzlng Straln Gage Excltatlon Levels 1 

lntroductloD 

A eommoo rcquest in urain aaac worlr. is lo obtain the 
nx:ommended value of bridge exc:itatioo. volta,e for a pu
ticulu sil.c and type of ¡a¡e. A simple, dcfinitive answcr to 
this question is not possiblc, unfortunatcly, beeliusc faaon 
otber Iban ~~ type are involved. Thc problcm is particu
larlydifficult whtn thc maximum u.citat.ion lcYd d_desircd. 

. Tbis Tecb Note b in tended to outlinc tbc mou ai¡nific.ant 
eonsidcrations which apply, &nd lo au¡gcst specif~e ap
¡noac:he. to optimiling cxcitation lcvcll for Ylriow. su&in 
P&C appUcations. 

lt d. importan\ to rea\izc tbat 11r&in pp are acldom 
dama¡cd by cxcitation voltagca eonsidcrably in cxec:u o( 

· pfopcr vaiiiCI. Tbc llSual rcsult U pcrfonnanec: dcaradation.. 
rathcr tban &&&t= failure; and tbc problem tbcrcfore bccomes 
onc o( meeting tbc total requircments of eac:h particular 
installation. 

Thermal Considuations 

. Tbe volta~'applicd toastrain ¡a¡c bridge crules a powcr 
lou in cac:h arm. 111 of which must be dissipatcd in thc fonn 
of beat. Only a ne¡ligiblc fraction Of tbc power input iJ 
availablc in thc output circuit. Thiscauses thcamsinggrid of 
cvcry strain gag e to opcratc at a higher tcmpcratun:: thantbe 
111bstratc to whicb it is bondcd. With cxceptions, whicb ate 
diKlus.cd latcr, it can be considcn::d lbat thc beat ¡cncratcd 
witbin asuainga¡e mu51 be transfcrrcd bycollduction to tbc 
mountin¡ 1urfac:e. Tbc bcat Oow tbrough thc spccimcn 
c.aw.c' a tempcraturc risc in thcsubstratc, whicb is afunaioo 
of its heat..aink c.apacit)" and the a• power level 

Consequcntly, both sc~in¡ grid and substratc opcratc at 
tcmpcraturc:s hi¡bcr than ambicnt. Wbc:n tbc lempcraturc: 
riac is uceuive, ¡agc pcrforiiWlce will be affccted u 
foUows: 

t. A lou of self-tcmpnaturc c:ompensation (S-T-C) oocun 
whcn tbc ¡rid tcmpcrllure isconsidcrably abo-ve thcspec
imcn tempcraturc. All manufac:turc:n' data oo S-T -Cate 
aeoaurily obtaincd at low ncitation lcvels. 

2. Hysterc:sis UK1 crcepcffcctl are ma¡nificd,sinec: thesc ate 
dcpc:ndcnt on backin¡ and ¡lucUnc temperalurc:s. A ¡qc 

backio¡norm.Uy ri1Cd at + 2SOO f (+ 1 N C)ia ttaDJdl 
&efVitc mi¡ht bave lo be ckrated by 20" to 50"f (U!",'to 
JO"C) undcr hi¡h-ucitatioo conditio111. . :j 

. l. ZcJo (no-load) slability b sttoo¡ly aiTcea.ed by uca.1i.YC 
· c:xci~&tioo.' Thú is particularly true ia Arain pp witb 

higb·thcnnal output chuKterUtic:s, aDd wheo inbell'iot 
twf...brid¡c or fuU-brid¡e ~mpcnsation is n:licd upoo to 
meet alow uro-sbift va. rcmperaturc spcci[le&lioll. Tbe 
u:ro-shift occun bea.use of variatioo in beatofiDlr. coDd¡.. 
tioiiS bctweco pp:s. io \be bridp: cin:Wt. 

Anothcr point sbould be cmphuiud. A.ny tmdency for, 
localitccf ateU of tbc ¡riel 10 operate al hi¡bc.r ~ 1 
tbaa tbc rcst oftM ¡rid will rqui(;\ tbe aUowabk es.citatloD 
levc:b. Crcc:p and iDStability ate partieuiariY susceptible to¡ 
tbese •t.oc-lpot" effccts, wbicb are usually duc lO voida or 
bubblel in thc ¡luelioc or d&Kontinuities in tbc aubllratc. 
hnpcrfections in tbc ¡a¡e iuelf cu caw.c bol spou to 
dcvclop, UK1 only p¡c:s of tbc hi¡bclt quality abould be 
considcrc:d for hi¡b-excitatioa applitations. 

Wbcn othcr faaon are constant, tbe powcMiiuipation 
capability of a atrain p¡e varic:s approJ.imatdy witb lhe area 1 

· of thc: grid (active ¡a¡e lcnttb x active pid widtb). Tbc 
amount or typc: of •at.ei"Jiroofm¡ compouad orCPCI.p5uiant 
is rctatively unimponant. Opcn·facc JIICI mouated on 
metal show only 10 to ¡y¡, tcss powcr~ capacity]· 
tban fully cncapsulatal¡s¡cs with tbc umc ¡rid area. Note, 
bowevcr, that propcr waterproofin¡ matcrials must alw&JI¡' 
be applicd to opcn-fac:e ¡a¡a to prtvcnt lou or perfollllllltC] 
throu¡h grid corroAon. 

lt is sometimcs stated thll p¡c adbcsives of hi¡h tbcrmall. 
tonductivity can considcrably improve thc pown·handUn¡l 
upabiUty of nr&in pac irutallations. Gcncrally, this is not 
correct. Tht~ adbesivu incorporatc bi¡b<oaduttivityl 
fallen aucb as aluminum oLidc &nd metal powdcn. This' 
P.rod~ an ad~tsive of bi¡b vi.5cos.ity, raultin¡: in exc::a-

1 
11vtly thicl ¡luebues and a loo¡cr tbcnnal patb from IIJC to, 
subluatc. Any net pin in tbc:rmal conductivityiJ more tban 
offset by the performance dqtadation due lO lhickcr ¡lue-: 
lincs. lt it much bett.er, for bi¡b ¡ap u.dtation 11 weU 11 
normal ¡a¡c applitationJ., to use hi¡b-functionality adbc-, 
siYCJ that pennít tbin, void..f~ ¡ludine:a. On smootb mount•' 
ingaurfaecs, ideal ¡lueline tlUckDC$1C5 nDJC fromO.OOOI to' 
0.0003 in (T).OOJJ to 0.001J mm). l 

1 
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Facton Arftcting Optimum t:xcl111lun 

F ollo"inl! an: far:ton. (1f primary imJI<>r1ancc in dct r r mininr 
1he optimum txcitation kvl'l for any11rain g;o¡tr IIJII'Iit•lion: 

l. SlrainKqgt>KriJarra. IAcliV( gagc knt~h •nctil..: JTitJ,..íJth 1 
2. Gat:<' "simmu. lligh ~si•tancc~ permit hiJher \"uh•¡:n 

for • ~·en powcr lnel 

). 1/nlt-sinl.:prop<'Tiit'sofllr<' mm m linK .wrfu•·r. lira• > •re• 
\Íons "r high-thermal<onducti•·ity metal•. 1ud¡ n• '"rf>rl 
or alum.inum, are t:r.to::Jlcnt heal sinh. ·¡hin •rctn•n• uf 
low-thCTillal-conductivity metals, wch 111 ~taink" •tn:l "' 
titanio m, a~ poor htat ~in h. Abo, thc 1ha~ of thc ~aJ!r<.l 
rart m.y crnu: thermal Jire~~.-~ in pnrtinm ulthe •unc
ture duelo Jage se!f-he~tin¡t. l.onr: w;orm-ur timr• anJ 
nppan:nl gafe in,tahility cnn TCIUit. ']he •ituntinn •dtrn 
ari~t) in Jo,..-force uan•.Juccn, ,..he1e !hin •<'<"IU'n• •nd 
intrica1c machining an: laifl}' enmmun. 

Suain meuuremc:nt on rl~•tic rn¡uiln •rccinl ,.,.n,l!l
cration. ~1mt pla•tin act a1 thrrm;d in•ul;,tun uthe1 
than hcat sinh. r:~t~melv Jnw •·aluC\ uf ncÍI!tll"n 11e 
required to a•·oid ~erious s~U-hea!Ín¡t dfert•. ·¡he nn..Ju
lus of dastirity of thc: commnn plil'ltic• Úl"l'' 1nrto.lly •• 
ttmp<"r:uurc rise>. incrr:t~in¡t •·il.{o-cla,tk cHcrt•. 1 hi• 
can si~nifiCllntly alletl thc matcri~l prnpcrtit-~ in tllc atea 
under !!'oc strain !!ar.c.l'la•tin v.·hich 111e hn•ih luadcd 
"'ilh inorganic Filler~ in powú~r or !ihrou' fnrm Prr•rntll 
le~.~:·: rn.,b:!m, h-r:~-~~t!e <t:ch lilka rc:!uce np~n,¡,, 
codfKie:r~l>, inCTtllt the cl;,qic moúuht~, ~mi mopw•·c 
therma! conductivity. 

4. l.in·ir~>t:numal O{'Uatin.~ r~m¡•Nutll'<" ""'1:'' .,¡ rlw I(UI:r 

in.w~lla~im1. Creep in the ~a¡~c h;odin¡: Jrul u•lhni1c ,.,!J 
occur al lo11-er ambienr terape!atul<;l whcn JIÍ<I :mú ,uh
snatc tcmpcratufcs aR rai~cd by ,eH-hc;uin¡: r!lc(t•. 
Therma.l output duelo tcm¡"H:ralurc v.ill ul'" he nhrrco.l 
v.hcn p-1d and sub!.tnotc temf>Ciillulcl are •i¡:ruf11·uut!y 
diffen:m:. 

S. R<"quirNf o~rDiiotu~l.tpt>d(icaticmt. (i~¡:n fnr /lutmll 
suen a.n.alysis can be ncited al 3 hi~he1 ln·cltln"l un<let 

tr<\n~duccr condition•. v.·hcrc thc utm"'' in ''''"'"'~
aecura~·- and repeaubi!ity i' nectkd. 

A signifit3n\ distinction ni''' hth•ccn ~·:o¡·n u•r.! '" 

dvnami-:: strain mca•urerncnt ''"'' ''""e "'ni "' ''"'"" 
~easurrntent application1. AU tht •armo' pctturm.uuc 
\osse\ duelo ¡;a fe se\!-hcatin~ a!Jn:t 11ati~· l'h;u.n'trt"t"' 
of the ~agr mu~h mnrc •niuu,Jy thau thc d.l'"'""'" 
respon.\1!. Therdnrr, it h platticaltn "drilchthe ,¡, u:tmic 
instal!ation~ m u eh hatdcr, ;md thu• t:o~e ;u!<olllt:t¡:·,. ultht 
hi~hct si_;!nal-to-m'i~ ratin y,hich rr•uh-. 

6. /nslallatirm and •árin¡: trrltniqw·. IIth e j!a¡tt ¡, d:una¡:nl 
during in.<tallation. il ~oldtr tnh• 3rt pMtiall) unhuuo.lnl 
due 10 soldering heat. or if any <li•cnnunuitn 111c luune.J 
in the glueline, hi!!h lncl' ni c~Ctlatiun "ill ~róte •nu•u• 
problcrru.. f>roper tt'thni4ue i• t\\tntial in Hht:•inito¡.: 1 un
~ist~nl ~rfe>rmanCC Ínall 'llail\ ~··re "llll, l>ut 1';11\I<"U· 
!3tly undt:r hig.h-c~citation wmlttinn,, 

1 n additií'n 10 the precrdinr. Wl'<>ndlt) l<o<t••r. t'i't "'hil"h 
affect mnimum pcrmi~loib!e t\citJtinn lc<tl<. ¡•,,,., ¡:riel 
design. ~u eh a~ impropcr line-t<o-~p~l"t r:otin, "ill rcdm·r thr 
hcattr3nskr e{feeti• cneu.l he t~ pe u! ~a¡:e uoatri,, iutnm• 
of res in and filler. dctermiM:' thr thcrmnltunduttll·it~ ulthc 
baüin~. Thc haclin¡: i.l U~lmlly mnre irnp<utant th¡•n thf 
adhesi\'C ~kntd bentn-e tht h~dinr '' thi,·lcr th:m thr 
adhc~i,·e \a.~·er in prurcr inlt:ol!:otiun•. 

Slachd Rosdte Gagts 

The1c representa ~pecial case, bccause the thcrmal palh 
len¡tth ¡, much greatcr from the uppcr grid to the substratc, 
an<l becau~c !he l~mperature rise of thc lower grids add1 
llircctly to thosc above. For a lhrce-clcment stacked rosctte 
in which thc threc grids are comp!etely $Uperimpo~ed, thc 
tnp grid will h~ve si~ timcs'the tcmpcrature rise of a similar 
•in¡¡!c gage, if all grid~ receive the u me input power, lo tecp 
thc temperature rise of thc _lop grid cqual to thal of a similar 
,¡nl(le ¡;:age, the lhrre rosetti: section~ should ca eh reccivc 1 {6 
nlthc pnwcr applicd to the single ¡:~ge. This corrcsponds to• 
rcdu<·tinn factor of 2.5 for bridge e~citation voltage, since 
ruwcr varie~ a~ the s4uarc of the applied volta(!.e. For two
ekment llilchd 1oscttcs. thc comr~r~bkderatin¡;: factor isJ 
lnr ruwer, 11nll 1.7 fnr hrid¡:c vnhage. 

·¡ hi, di•eu,~ion Í\ ha\ed nn rmettc~ of squ:r.rc grid geomc
try, v. he re c"~h ¡:rid co•·er~ e~~entially all of the grid(s) in thc 
~1\crnhly. When sub~tantia! arca~ uf the grids are not supcr
impu\ell, the derating facCOIS mcntioncd abo<·e wiU be 
\<omcwhat cnn~crv;Ltive. 

Cryo2cnic Ga2c Applicalions 

P..bny ~train g3¡:e mca~urcment~ are now made undcr 
di1rct \uhmcnion in liqudin! ~~•es su eh a~ nitrn¡:en, hydro
J.!rn.a:Ld helium. Sincc thc~e Jiquid> are clenrically nonc:on
<lunivc, npcn-face g~gc\ h:r.l"c bccn u-.ed O(casionally 11"Íth
out :o pr,tcctivc 01 watcrrroofin!! coating. An intercsting 
cl!ect ha• hecn rrpi>rH"d undcr thcsc conditions. lf cxdtation 
\'l>h<~(!.t\ a¡e not ~cpt sufficiemly luw, grid sclf-heating wiU 
(a U\( ¡;a\ bubh\e~ lO f llftn nn lhC pidlÍJICS,and thUS panialJy 
in\Ulate thc grid frum the eold tiquid. larger bubbln are 
then created hy incrcased gtid temperaturcs, and bubb!cs 
pcri()l/icall)" break loosc 'and ri~c toward !he surface. Thc 
rcbth·e moti un of these insulating bubbtes with rcspcct to 
the grld!int\ produces loca! temperature chan¡!ts, whkh 
3J'I'C3f in thc output sii;nal as noisc. Grid alloys which 
di•play \"tr}' hígh •·alue• of thermal outrut at cryogenie 
tcmpcraturtl (most cnn•tantan a\lny5, for cxample) are par
to<·ulafly ~Uiccptible 10 tbi~ cffcct. Thc remedy is to utili1c 
vc1y lnw c~citati<m !evcls. and{or to us~ protcctivc coatings 
twtr thc ~1id to ptc,·cnt dircct 1L4uid conrut. Such coatings 
mu~t nccc\\:ori!y rctain "sufficitnt flc~ibility at cr}·or:enic 
tcmr~taturt\ to prc•·rnt cracking of the protccti,·e l3ycr. 

Expuimrnlal Oeltrmin•lion 
uf Maximum Ga~e Excitalion 

"1 n he ccrc:oin thatthc ncitation leve! fho•en for a giv~n 
\lruiu ¡:a¡:c aprlication is' nnt excc~sive. it is neccssary to ron 
pcr!fl!mancc ttsl1 atthe maximum cu•·ironmentaltempera
hHc. In mnny ca,e•. howtl'er. thi• rather complieatcd proce
dutc tan he pcat!y ~imrlifkd by ~radually increasin~ the 
hridrc e~cit:otion under nro-\nad conditions unti! a definite 
1tro in•tahilitv ¡, nh•cn·rd. 1 he excitatit>n should then be 
rcdutcd untillhc 1cro reading hecomes stable a¡:ain. without 
a •i¡:uificnnt nfhct fwm thc low-c,eitationtero 1cadinr;. For 
l!l<>\1 ü!'l'lit;tlinn~ in C~J'eTÍI!lCnta\ 'tres> ~na]YSÍS,IhÍs \"B)UC 
u! hridge l'l'!ta¡:e b thc highestthat can be U1~d safcly ll'ith
nut ~ignific~nt rufnrrnancc dq~1adation. Conducting this 
te'\ utthc m a ~irnurn op~rating tcmpcraturc imtead of room 
tcmpet~torc "'ill incrc~•c thc !ikelihood th.atthe ma..imum 
~ale hlid¡:c •·tih~¡te h:ts hccn t\tahlishcd. 
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Thc ri¡id operalina requiremcnu for precilioa transd~ 

en makc tht abovc proccdurc w.dul primarily as a fm1 
appro..:imation; and funbcr ~rifieation is usually rcquired. 
Thc performance ttlts most&ensitivc to noeuiw excitatioa 
vohap: are: (1) zc:rtl-lhift Yl. tcmperaturc and (2) nability 
undcr load at the mnimum opcutin¡ tcmpcuturc. 

Euitadon Levtls for 
R"istancc Ttmprralurc Scnson 

11 has bceomc incrcningly common to meas \&fe spccimcn 
tcmpcriturtl in stuin ;a¡c work by thc use of bondablc 
nicl.:tl-grid tcmpcraturc scnsors •uch u thc ETG·SO and 
WTG·SO. Thuc scnson are Íilbric.Ctd in thesamemanncr u 
llrain pgn, and conscqucntly n;periua: cnvironmcnt.J 
tcmpcratuR changcs in tht •ame w<r~y. By tlimiutin¡ many 
of tht mcasuremcnt ctrors oftcn cncountcrcd •ith thcrmo
couplcl. tcmpcraturc sc:nsors are ilkal for torreain¡ suain 
¡agc d&la undcr rapidly chan¡in¡ tempc:rature conditioru. 

Like ur1in sa¡es, temperature ~oensnrs lll"e advenely 
lrfe,ted by Cllcessive exeitation kveb. Y ari.ation in heat-sint 
conditions •nd · a'curiiCy re¡¡uirenxnll. make univen•lly 
applicabk ucitation rc:commendations impouible, but a 
ain¡le tes-t prn<:ed u re is•vailabk. Thc:e•citation kvd should 
be inerc:~Sed until thc rc:adout dcvice inditlles q u.ceuive 
¡rid temperature rUe; ihhould then be redueed u necessary, 
Sinet: the rc•dout in thi!. ca~e ¡ho~ tempcraturc: measure· 
ment cn-or directly, thc determination i~ straight!orv.·ard. 

Sin'e tem'pc:rature senM!r> are mn~t u !Len usc:d with linear· 
ization ne1works uf thc LST typc. it is not norm;,lly neces· 
iary to 'heck !or.erruf) dueto ucitation kvd. Thcsc: net~ 
worb ¡rutly auenuate the input brid¡e volta&e, and the 
sensor~ are therefore npctated al vcry Jow power kveb. 

Typiul Strain Cage Euitation Values 

The foUowin¡ data curvo represen! ¡eneraJ rccommenda· 
tiont or J~anin¡ poinu for detcrmininc nptimumueitation 
levcls. Thne eurvcs are plot) o! bridge e•citation •oltagc n. 
¡rid area {active gagc kngth ll grid width) for con~lant 
pov.cr-dcruit)·levd~ in V.llll>/inl '"' tif.,.,·om/m-'). • A large 

"Thr po•rr d<IIIÍI)' ¡, ""P'"'"'d hrr< ift '"'"'' ,r lrlm••ll• prr •quarc 
mrtrc.ift KCOld•ncr -..uh ra:<>mfn<lld<d .\1 pr•roiu.lt i••unKri<~lly 
<<¡llallo <llilb" &11> por "f""" rnolhnoc\1<. 

number of llaDdud Micro-Measuremcnts gD¡le-elcmeot 
JIJC pattcrns 1re listcd at thc vario_us grid arus thCy repre
sen¡. Separate plots are provided fnr gagc resistanccs of120, 
350, and 1000 ohms. For otbcr grid arcas andfor otbcr ¡age 
rnhtances, ealculatioru can be made accordin¡ to the fol
lowing formulas for rccommcnded powcr-demity Jevcls: 

Powcr Diuipatcd in Grid (watts) = E,J = Pe; 4Ro 
Power Dcnsily in Grid (wat.ts/inJ or k.W/ml) = Po = P'a 

A o 
whcrc: Ro = Gage rc1istaDCe in ohms 

A a = Grid arca (active pge lcngth ·x gnd width) 

Ea : Bridge excitation in volu 

Note that brid¡c vnlta¡c (Eo) is bascd on an equaJ. 
arm bridge arrangcment, whcn: thc voltagc IICfOU 

thc ac:ti~ arm is orx·half the brid.¡c \'Oitagc:. 

When ¡:rid area(Ao), gage resiiilancc (Ra), a'ndgrid. power 
d.ensity (1'(;) are known; . 

Eo=2-J&.xPbXAo 

Grid Powcr-Dcnsity Curves 

Selecting the most appropriate power-density lincs. on the 
following charu depends, primarily, on two con-¡:iderations: 
degrc-e nf n1easurcmcm liCC\Iracy ~qui~d. and ~ubsnatc 
he:u·sinl capadty. A series of general rccommcndation~ 
follow5, bút sh!•uld be vcrified by tbe pro.:cdurn pn:viously 
describcd for critica! applications.- ' 

Typicll Power·Dmsity Leveb in Wans¡inJ (kWjml) 

h is of interesl that 10mc eommtl'('ial strain indicaton 
utilizecorutant ellcitation voltage o! J to' volll.. The power 
densities created in sa¡u of va.rious 5Íles and resistances by 
thesc btidge voltages can be taken directly frnm thc charts 
and comparc:d v•itb Tabk l. For very smaU ¡agcs, it is 
evidcnt that commercial inurumenu may rcquirc \'Oitage 
n:duction for prOpc"f re~ults. A simple circuit modification, 
v.hich can be utilil.ed whcn tbc initrument voltagc: is not 
adjustablc, imohes the insenion of·dcad- rcsi~tance in the 
form of high·prccision re~.iston of thc Vi~hay !}'pe" in ~cz ics 
v.ith the actÍ\'C and dunimy gages in the externa! balf brido,~. 
Pov.c1 dcn~ity i~ tMn reduccd by (muhiplied by)thc: factor 
(R,..¡( Ru + Rt.)jl, v.herc Rois thc inactivc ~crics n:si>tancc in 

T•bk 1 - Hut Slnk Conditions 

waus/inl l;,ii1J><·amfm1 
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oll ms, and .& is the active &•ce resist.ance in oluru. N oie that 
the adjaccnt bridge arm mu$1 be increascd by theumc Rr> to 
maintain bridsc balance under thc¡e conditions. The IICDIÍ• 

tivity olthe bridge wiJI be d«rcascd by thU proc:edurc:, and 
thc rcadinp mus! be multiplicd by the ratioof(RD + RG)I R.. 
to corrcct for Ibis dc:Knsitiution. · 

[umples ol Clw1 Use 

C.u 1: Whot t.rrilotiott kwl ron Jafrly ~ opplkd 10 im 
EA·OP·11JAD-110mainltztt, mounttdol'l o /j1.r 1116 .r6 
in( 12,, ll 1,, • 1'0 mm),laillku·strr/ bdr.forastati~ flrttJ 

tMolysiJ ttJt r.-ith moduatt ouurocy (J% ro J'ill? 

From Tablc 1, determine the 1ypical power dcnsity Jcvcl 
(1 to 2 W{in' (1.6 10 J.J kW/m1)] corrtiponding lo a fair 
hc:aHink eolldition in suinlcu stecl. Rder lo Chart l; 

• Enter on thc: horizontal axis at the arrowhcad for tbe 
12,AD case [0.01'6 in' (10.06 mmiJ}. 

• Mark the intcntttionofthc venical IÍ~ttwith thc lalld 2 
W/inl (1.61U1d J.J k WfmJJ slopcd lines. 

• Read horizontally to the ldt ordinate for lhidgr E.rtha· 
tion of 2.7and J.& volts, rapectivcly. A strain indicator 
with a maximum brid¡e udtation of l.8 volts can be 
used. 

CIUt :1: Om on imtTumrnt ><1th ofi.rrd 4,j V <'-t.riiGtion ¡,,. 
UJ<'rf? lf no/, .,/¡¡¡, ff>tf<'clirm of data poims muJI br mmit.' 

To determine thc power dentity in a 125AD gagc at agi~·cn 
ucitation In-el, rdcr to Cha11l; 

1( 

. • ! . 
• Enter tbc left ordmJtc at ... S volu until ULtCI"'Ieaii1J thc 

abeiu1 valuc equivakntto the 125AD ¡a¡e, Tht power 
density i1 2. 7 W 1 in1 {1.1 k Wf ml), whieh is io el efts o! thc 
maximum power dctermined in Case l. 1! loW Keuraq 
(i.c.; .5 lO J(l% data) j¡ at«ptabJe, !he hi¡btt /'o' CID be 
used. lf patcr accura(;y mu11 be maintal!led, 'severa! 
altematives l.l'C IYailablc: (J) Klcct 1 hi&hcl'' rc:sistanee 
¡agc, (2) ulect a p¡c wilh a lu¡cr arca, or(J) mlucc tbc 
brid¡e volta¡e with an inactivc Krit1 re1istor, R~ 

The in~tivc reiistor (Ro) rc:quiRd to n:ducc!
1
thel powcr 

dcnsity ¡o thc de1ircd 2 Wfinl (J./Ir W/m'J. with a ¡iveo 
E •• can be determincd from the followio¡ n:l~tiÓMhip: 

( E•')( Ro\> 
&Ar;; ~ = P'r;; (desired) 

For a desited P'v of 2 W Jinl (1.1 .1: Wfm1). 

Ea ¡-¡¡;-
Ro= T V~- Ro= 19.5ohmJ 

. 1 
Sc:kct thc ncarc5t prccision ruistor ,·aJue ueater thall 

19.S ohnu for RD- : \ 

For actual suain va!ues, accounting for the iosc:ned 
in.active tcsiuor, a!J indicatrd nraio rc:adinp muit be 
muhiplic~ by: . , j 

Rn • Re;_ 19.S • 120 _ 
6 
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TABLE 11 

R"i~t•ntr n. Trmprnturr In Orcrrn Crlslus ' 
Bllco Srnson mountrd on 2014·T4 A.lumlnum- l.ot No. ÉlOJ 

•e R •e R •e R •e R •e R •e R •e 
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_,, 

2~.n 
_, OOM -00 •lll " 

,.,. 
'" 6~ ;' '" -lll M. M -m lHl _., HilO _, 

"" " ss.ro 000 702.1 '" _,,. l!l .• , _,, 2!>.41 ·" ~.37 o 4}.1) " .... '" 71.$2 "' -m 21.11 
_.., 11.06 

_, )5..\6 ' .&6.12 .. ,_ .. no 12.11 '" _,, 
21.10 -110 l7M 
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_., 

~ .. _, , ... ll.t .... .. 6!.71 , .. 71.1) . "' _,,. 
"" ... "" 

_, )9 ,, 

" "-" " 6)" ... , ... M! _,., 21.16 
_., 

"" 
_, 

"" " "-~ .. 6S 11 "" JIU S no _,., 2US 
_., 

11.59 -M 41.H " n.n " M" '" nu 'lU 

TABLE 13 

R~idlntr n. Trmprr1turr in Drcrrn Crlsius 

ED Copprr Srnson mountrd on 1011 Strrl 

•e R •e R •e R •e R •e R •e R •e _,., II..SS _,,. 1961 "' 21.63 _,. JS.S8 _, .,. " "" " _,., 
IU6 -141 "" 
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TABLE 14 

R~bt1nte "· Trmprrature In DtlfHS Crlslus ' 
ED Copper Srmon mounttd on %024-T.t Alumlnum 

•e R •e R •e R •e R •e R •e R •e 
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Bondable 
Temperature Sensors 

Sondable Resistance Temperature Sensors 
and Associated Circuitry 

1.0 lntrodudion 

Rc:sistance thcrmomc:try is a widely c:mployed method of 
musuring tempc:rature, and is based on using a material 
whose n:sistivity thangc:s as a function of lempc-raturt. 
Resi11ance Temperature Dttc:ctors (RTD"s) have fui 
response time. providc: absolutc: ttmperatun: measurt"ment 
(since no refert"nte junttions are: involvtd), 1nd are very 
accurate. Thcir mc:l.luremc:nt circuits art" rc:latively simple, 
1nd tht sen son, when propcrly instJIIed, are vrry stablt ovtr 
yc:ars of use. 

This Tech Note di!Cussc:s the operational charat1c:ristitS 
and various mc:thods of data rc:adout for special bondable
~istanc:e-ttmperaturt"-detectors (TG-Series) manuf acturtd 
by Micro-Mc:asun:mc:nu. Thc:sc: bondablc: RTD' have cer
tlin distinct sdvantages over wirewound sc:nsors: thc:y art" 
len c:xpc:nsivc:, not as fragile in use. and their timc:
trmperaturc: n:sponsc is similar lo a strain gage. Standard 
su a in ¡agc: instrumentation is ideal for uu: with these RTD's. 

Micro-Mc:uurc:mc:nts TG resistanc:e temperature stnsors 
are construeted much like wide-lcmpcraturc-rangc strain 
gagcs. Thc standard 1cnsors, dcscribed in Producl Bulletin 
PB-10.5. utilite high-purity nicktl scnsin¡ grids, though 
1ptdal-purpo5C ¡•¡es an: also availablc: in Bako• 1\loy or 
copper foil grids. TG ltmperaturr srnsors an: bondcd to 
structures usin¡standard strain gage install•tion tti:hniquc:s.. 
1nd c1n mcasurc surfac:e lemprratures hom -3200 to 
lpprollimately +.500"F (-19J" to +26Q'"C); or +2SO"F 
(+ 1 ]()'" C) with the coppcr sc:nsors. Btcausc of thtir extrcmcly 
low tbermal mus and tht large bondcd area, TG scnson 
follow temprrature cban¡rs in the structural mounting sur
f~et witb ne¡li¡ible time la¡. 

The standard lines of Micro-Measurements temprraturt" 
scnson. LST matching networl:s, •nd calibra1ion resiston 
ate listed in Product Bulletin PB-JOS. 

*TI"lld<1!wt - W.B. Driocr Co. 

2.0 Sensor Malerials 

The resistance or Baleo and of high-purity nic:kd. cop"per, 
and platinum incrcasc:s rapidly .,.,[th temptraturt. fullowing 
repeatab\e and stab\e curves to m·er • SOO" F (•160" C). As 
shown in Fig. 1, thc: rc:shtanc:e changes are quite largc:. result· 
in¡ in high signa] lc:vels. Platinum is not normally used in 
bondablc: temperaturc: sc:nsors benuu: it is .-rry tasily and 
severdy damagcd by strcsses. Nickel is a commonly u~ed 
RTD material because of its large rc:sistanc:e change with 
temprrature; and, in its purc form. it is vc:ry Sllblc and 
repc:a!Jble. 

T....,...bm io "C -·· -- • • •• . .. .. 
"' --H-
~ 

• .. 
..~ ' 

" ! A .. 
J 

• 
• .. .. 
• •• .., • .. ~-
• 

--::aot -llll -111 • •111 •m •••4011•!111 
T .......... io"f 

Flt. 1-Dtttofor 560 JttUOff mounttd 01116/8 Stttl. 

•Copyrighl Me•sur-ntsGroup.lnc., 1984 
All Aighll RalefYed 



Baleo, an illltlY of nidel anll iron, ahhuush morr nonlin· 
ur thi!.n nicld, ha' llrmon~traltd rqual 'tabilit)· aad rtptil.l· 
abililyovtr tht ttinpcraturr ran¡;e in IO"hich bondablt R TD'' 
art U)td. In addition, Baleo .en,on; are casier to fabricate, 
and havr 2.4 tirnts ti\C' rnisth·ity of purr nicltl senson;. The 
rrsuh is lo...,er cou sensors and the ability to mUe higher 
rrsistancrS in smalkr siw;. ('upper di,pJ;¡ys \·cry ¡ood lin· 
earity but has low rcsistÍ\'ity. Ho...,·c\·er, in applications .,.htrr 
linnrity is imporunt andv.hcrc sir e or hi¡¡h rc~istanct is n~ 
critica]. coppt<r is often the be~t choice. 0:\idation of copptr 
pro«ells vcry rapidly at elt\'illed tcmptraturc, and 1~ 
sensor• are u5ually limittd 10 maximum lempcraturt5 on tiH: 
order of +250G to + 300' F (•1 !11' ro t /J(f' C). Table 1 ¡ivn 
chord-slopt tempcraturr cocfficients or rrsist ivily from • )2" 
10 •212"F ((f' ro •J()(f'C) for these material$ mounted on 
1018 Steel. 

Table 1 

Chord Slopc T.C.R. (T}pkal) 
Material 

nrn"F n:n"C 

Nickel T()4 O.OOJti 0.0064 

Baleo BOJ 0.0027 0.0049 

ED Copptr 0.0019 0.0034 

Selection of the appropriatc typc for tach application is 
JOvcrned b} performance rcquirements and CO$l. But, in 
c.ua.,.hcrr the tempcrature ¡a ¡e isto be w.ed inconjunaion 
with strain¡a¡es, niclr.cl TG's, combined with LST networks 
(t.tc Snlion 6.0} are U$Ually ¡e\ectcd. Whcn usin¡the Mea· 
surcmcnts Group Systcm 4000 data acquisition syuem with 
univerul ¡canners, any RTD can bt read "'ithout additional 
circuitry, and the indit¡¡ted 1empcrature tan be automali
cally corrected for linurity, and pre•ented in thc tempc:r;~
ture uniu duired. Data reduction i~ discussed in detail in 
Srctiml 11.0. Commun error sourco for bonllable RTD's 
are re•ie.,.ed in the follo .. ins sct:tions: self-heatin¡, Sntioll 
4.0; lcadwirr problem.s, Srclion 5.0; nonlinearity, Scctioft 
6.0; strain cffccu, Srttion 1.0; in~tability, Snrioa l. O. 

3.0 Mnsor lnscallation 

Type TG tempcnuurc scnson and temptrature-semitivc 
resistors arr ins1alled with tht •ame technique~ and matcrials 
ustd f or instalholion of widc-temperat urc-ran¡e stnin IIJC'
M·Bond 600 or 610 adhtsi~s are usuallyemploycd bccamc 
thcy are w.cful over thc entire temperatUre ran¡e of ti\C' 
sensor itsdf. Surface prrparation techniques are gi~e11 in 
Micro-Meuurements hutruction Bulletin 8-129, and spc· 
eific installation proudurcs are included in tbc sclmcd 
adhcai~e .kit. 

Lcadwim. of RTD\ are normally handlcd in 1bcsamcway 
u suain gage leadwircs with one significan! differrncc. Thc 
thr«·wire sy$\em uscd with u rain ga¡c:sto dimin.ate erron 
dueto temperaturc-induccd rnistance changcs in the lead· 
wirrs is not tffectivc i11 many cases with bondabk lemptra· 
turc t.enson. This subjcct is Ueated at greater Jcn¡th in 
Smlolu 5~1 and 6.1. Normally, temperaturr p¡cs IX'Cd 
protc-ctivc eoatin¡s of thc same typcs u urain pgn. For 
rccommendatiom, rdcr to Micro-MeuurementJ Acccuory 
Catalo¡ A-110. 

4.0 Srlr·llralin¡ 

In ordcr to obtain a usdul output from pa~si•·c tran:iotluc· 
tn Juch as TG ttmptrilture s.cn~on, it is peccs:l.ilry to apply · 
111 ucitation \'Oilage; which resulu in sclf-hcating of thc 
sensor. This will cause a ccrtain tempcraturr ri~ in thc 
surface to which the sensor is bondtd, thus creating an error 
signa!. Since TG scnson; ha ve a vcry hi¡h tcmperature coef· 
r~ticnt uf resistaoce, it is not nece.ury to use bigh C'l.citation 
le\'eb tu de\·clop largc outputs, and :.tlf·heating errors c~n 
easily be .keptto insignilicant ~·aJucs. Whcn it is nc~essary to 
use high e li.CÍtat ioaln el$ to obtai n milli.Ímum output signab, 
it should be notcd that the largcu practica! sen~or grid sizc 
shoulll be chosen. The thcrmal conductivi1y and thermal 
capacity of the ~irmn will then determine thc highest 
ucitation levd tbat can be u!i.Cd for a &h·en sclf-htating 
crror.lt is usually~ery 1imple 111 mCuurr self-heatin¡errors 
direclly with TG t.eiUOfl btcause the ucitation can be \'aricd 
undcr constant ambicnt temperature conditions whilt 
observin¡ the change in output indication in dcgrces. A 
bridge Cli.CÍtalion of O.llV or less ~~oill U$Ually produce self· 
hcating erron of only a fraction of one dcgree for standard 
senson muunted 011 mttallic spccimens. Spccial attcntion 
should be given to~.tlf-1\C'ating .. ben att:urate me;uuremcnts 
must be made on low lhermalconductivity ffiilterials such ¡u 

plastic or ¡lus. 

Thc atten~atio11 factor incorP"'rated inlST nctworks(sce 
Scr:lion 6.0) greatly reduces the strain inditator ucitation 
volta¡c, and t.tlf-hcatin¡ erron au:: scldom encountered 
when Ibis radout mcthod is uit'd with TG :.cnwn. 

!5.0 Readoul Method5 ) 

One method of reading temperaiUrr with TG sen son is lo 
connect the setuOr to 3 Wheatstone rni~tance brid¡e. and 
r:onvert the raistancc readings to equivalen! tempcrature 
with the tables given in this Tecb Note. This method i~ 
cumbcnome and therdorc ~.tldom ut.td. Also, thc leadwircs 
cau:.c two differe11llypts of erron witb Whcatstone bridgc1. 
The rnistancc of thc leads, whicb can be appreciable .,.ith 
rrmotc ¡agcs, produces an initial offt.tt error, and descnsi· 
1i.zcs thc arm oltbc bridge contalning thc tempcrature t.tn· 
JOr. Thc s.ccond erro~ is a rcsult of rcsistancc chan¡e in tht 
lcads caused by temptrature variations. Ex.ctpt under un
usual conditions. erron of this typt are very small. In casn 
whc:re long leadwirn are neccs.sary, spccial calibration tech· 
Diques or compcoution systems ~be uscd.t,l• 

A variation ofthc abo ve method U ofintercll beeaut.t it is 
<:apable of providing att:urate compcruation for lcadwirc 
erron with atbm:-win: system. Thecircuit is shown in Fi¡. 2 
(oD the followin¡ pa¡c), in which tbc prccision dccade boA U 
· w.ed instead of 1 convcntionll Whc::autonc ruistancc brid&e. · 
The decade box illthis circuit is ~aricd to k«p thc output at 
null, and tbc iDdicatcd dct:ade rcsistiDCC is tbcrdorc ti\C' 
u me as thc sensor rnistancc. Provided Jead1 1 and ) are of 
tbc n.me cffectivc len¡th and size, and are routed to¡ether 
throu¡¡:h the same environmcnt, resistancc variations in !he 
kadwire circuit auscd by tcmperaturc changcs common to 
aU wircs will not creatc erron; in thc rcadin¡. Threc-wire 
compcnsation is cffct:tivc in this cuc bctause this is a truc · ) 
null-balancc sy5tem, with thc decadc bo~ in thc brid¡c 11m 
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adjacent to lhe sensor alway1 .el to the 1cnsor rrsistancc al 
the time of rcadout. Excitation powercan be either dcor ac, 
depcnding upon tht null indicator chosen. 

A more sophisticatrd readout systtm ltohich tliminates the 
need for manualrebalance iS shoiO"n in Fig. l. This auif.n~-
ment climinatcs leadwireerrors by use of a four-wire system. 
U tbc digital voltmcttr has a hi¡h cnou¡h input impcdllnce, 
the rcadings will be a .known function of sCnsor rn.istance 
regardlen of resistance change in any of the Jcadwircs. A. 
curren! leve! uf one milliampcre Willallow the voltmcler 10 
read sensor resistancc in term.s of mi!livolts(.SO.O ohrrurcads 
as 50.0 millivolt5). The Measuremenl1 Group Systcm 4000 
with universal ¡canners uses csscntially the circuit of Fi¡.) 
for leadwire-crror-free temperature rcadinp. 

6.0 Linurily 

The readout methods shown in Fi¡s. 2 and ) can be 
utremcly ac::curate, but are somewbat aw.kward in that they 
read t.ensor rcsistancc dircctly. The nonlinea'r chlracte.Utic 
of scn1or rCii5tancc versus tempcrature requires tHt w.c of 
tabulated data to con~ert rnilt&ncc Vllues to the cquivaknt 
tempcraturc, A very 1imple nu:thod uists for convcnin¡the 
nonlincar rrsponsc of pure nic.kcl scnson to a linear rnis
tancc changc with tempcrature, with good practica! aau
racy. Thit is accompli$hcd by shuntin¡ tbc ~ensor with.a 
fixed rrsinor. 

Tbc value of the resi&tor is sclected lo provide tbc bcst 
lincariution ovcr a ¡iven tempcrature rangc. For examplc, 
the cfrcet of a 117.5-ohát ruistor shuntin¡¡:a SO-ohm nic.kcl 
TG temperature Knsor (SO ohm al •75°F (•1J.9"C)) is 
tbown in Fi¡. 4. 
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The retuhant chan¡e has a lo.cr slopc ~enus tempera· 
turc, of coursc, but isquite lincarwith temperaturc. Fi¡ufe ~ 
is 1 plot of deviation from U.Carity for this circuit 'l.nd 
piovides IIlUCh hi¡htr error readability than Fi¡. 4. i 

Commercial sin¡Je- or multipk-c:hanncl "rain indicaton 
are cxccllent rcadout devicn ror TG lcmpe;raturc wnsOn. 
aad arr particularly eoavcaie111 wben i:ombin&tions o( ltr'ain 
and tempe;rature are to be meuwcd or !'«'Orded simulta'ne
ously. This rcadout mc:thOd rcqaimt tbc use of an interface 
ai¡nal-conditionin¡nctwork, rcfcr'rrd toasan LST netwcirlr., 
to "match" the tempcrature scmor to thc strain indicaior. 
Tht arran¡ement U shown in FJ&, 6 (on the followin¡ paic). 

Thc LST networ.k U a small.c:omplet.ely encapsulated u
1
nit 

con1i1tin¡ o{four special precisioorc~iston, When 1111cd with 
llandard 50-ohm nit.kd TG tcmpcnturc ~~ensors, it pcñorm. • · .• 
tbc followin¡ threc functions: 1 
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1. Pro vides a linear resistance chan~ at the output tcrm1· mvolved, and IOOJ.!f/deg networks for h1gh rcso1utl0n of 
nals. To usure optimum eorttction for non\incarity of sma\1 u:mpcT.ature spans. 

the nickel, the user may sclect from four temperature 3. Presenu a ba\anced 350-ohm half-bridg.: cirt"Uil 10 the 
ran¡n: -200" lo •500"F (LST-10{100F-350D); -320o 10 strain indic.ator at the JCnsor rcference lemperature of 
•lOO" F (lST· IO{IOOF-350C): -150" to • 260"C (LST • 
10/IOOC-JSOD);or-200" to•25"C(L'\T-IO{JOOC-3SOC). O"F (fahrenheit networks) or O"C (Ccbius networh). 
Devialion$ from lincarity fort~ nctworks are shown in Difrcrential tcmperature measurcmcnts tan be made by 
Figs. 7through 10. Theupansion toefficient ofthe struc- combining two TG sensor and two LST networh as shown 
tu re towhich tht tempcrature sensor is OOnded will affcct in Fig. 12. This pro~ides a half-bridge circuit to the strain 
line.arity. Figure 11 shows the deviation of TG stMon indicator in which tlle active' arm rcsponds to sensor /, and 
with lST·IOF-JSODconditioning nctworh on 101 & Sted thc dummy arm to sensor 2. An altcrnate method is lo 
and 2024 Aluminum. For optimum accurncy it is neces- arnnge the networb lo forma full·bridgc circuit as shown 
sary to calibrate gage/LST systcms on the material to be in Fig. IJ, and this arrangcnlenl m ay be preferred for so me 
u~ed. In most worl, ho•-evcr, !he average curves of Fip. 1 typcs of readout equipmenl. 

through 10 are ntidactory. Calibration and balancín¡ of circuits containing L'\T 
2. Altenuates tbc resista"" ehange $\ope lo the cquh·alcnt DC"tworks can be halldled in\·arious wa'fl. lnitial balance is 

of lOor \OOJ.If/dcg for agage factor sctting of 2.00 on the utually obtainnl by scnin¡ the BALANCE dial ofthc SI rain 
tlrain indicator. h is usually mo" practica\ lo use indicntor ehannd so that the in5trument rcading corrc-
IOI.U~/dc¡ netwnrks whcn a lar~ tcmperatun; ranr is • ,. sponds to the initialtemperature of the JCns.or. 
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When it is not possible to control or measure the initial 
tcmpcrature ofthe Rlt$Or, it can be tcmporarily replaced by 
a precision SO.O-ohm rcsistor. The BALANCE dial is thcn 
s.et to erute an cquiva.lcnt readout of • 75.0° F ( Fahrcnheit 
nctworlts) or •l3.9'"C (Celsius nclworks). Thc sensor can 
then be reconncclcd lo lhe network. The first protedure has 
the obvious advant.,e of corrccting for the error due to 
toleranec limits on initial TG-scnsor rcsiuancc. 

Rcsist.anec shunt ealibration can be applied to the out pUl 
terminab ofthe lSTDCtwork in order to vcrify linearity and 
span aceuracy of the associated instrumcntation. lt is also 
uscful in scttin¡ the GAGE FACTOR dial or in corrccting 
for \eadwire dcscnsitization whcn the LST network is re mote 
from thc readout instrument. In this latter case. note that 
shunt rnUton must be placcd across the leadwire terminals 
at the networt. end, 1101 atthe instrument end. 

BecaUst of signiflc:1:nt rcsistance thanges in the active arm 
with temperature, sbunt calibr.ation aeross nelwork termi
nals 2 alld 3 will be emnct only when the sensor 1empcrature 
is near +75"F (•l~C). So, it is prefcrable that calibration 
rcsinon be shun!cd across the dummy arm (network termi
nals 1 and 2). When Íl is dcsircd toca!ibrale across both arms 
to simula.tc botb plusand minus tempcraturc changes, and it 
is not convenienttostabilize sensor temperature near •7S°F 
(•1~ C),lhe scnsoran be rcplaced by a precision SO.O.ohm 
resislor durina calibration. 

When applyinr: shunt calibration to the differentia1 
lemperaturc measumnent circuit shown in Fig. 12, it will be 
necesuryto calibrate across the acti~ arms(network termi
nals 2 and J). Shuntin¡ network 1 will simulate atempera· 
tu re demasc for IC"ftSOr 1 oran incrcasc for 1entor 2. Under 

1he!.e conditions. the nominal or common-mode lempera
ture fnr both ~cnsors must be near • 756 f (•Jr C) if dnirc-d 
to ealibrate across both n«works. lf this cannot be con\C· 
nicntly arranged. the sensonshould be tcmporarily replaccd 
by SO.O-ohm ruistors during calibration. lf the altcrnate 
fu\1-bridr;e conncction of Fig. IJ is used for a diffcrl!"ntia.l 
opcration. shunt calibratiM stcrs can be applied to eithcr 
dummy arm, lcrminals 1 aDd 2, regardlen of temperature. 

For beu accuracy, it is always advisablc to JCI«I shunt 
ealibration vatucs which aredose lo the temperalure span o( 
greatcst interesl. Whcn thc instrument readings are not in 
a¡recmenl with the simulatcd calibration tcmper.ature, thoe: 
GAGE FACTOR dial can be aJjustcd toeliminate 1he error. 

With modcrn computer tcchnology, il is a re\ati\-cly e.asr 
job lo dcsign and build special LST nctworks, tailorcd 10 

spccial tcmpenture rangti. output slopes and impcdance 
malching. Consult the Mc;asurcmcnts Group Applications 
Enginecring Depanment for details . 

leadwiru are a sourcc of error in a\1 circuits using TG 
JCnsors, ucert thosc: ofthclypes sho.,_,·n in Figs. 2 and J. To 
minimize thcsc errors. lcadwires bctwccn the sensor and thc 
readout dcvicc (or LST nc1work) should be of Jo,.· resistance 
and no longer than necessary. A total two-wire rt!'istance uf 
O.~ ohm will introdu~e a shih or offset o( about •4° ¡: (• :r C) 
at room lemperaturc. This Jead,.·ire resistance corresponds 
to 2~ ft (7.5 m) of A WG No. 20 (0.8 mm diam~lt~) copper 
double Jeads, or 100ft (JO m) of AWG No. 14 ({.6 mm 
dianwn)doublc lcads. ' 

Changcs in leadwirc lemperature are normally a minor 
source of error. A changc of • 50" F (•lB" C) o\O"Cr thc enlirc 
length o{ a O.~·ohm copper lcadwire circuit ~~rill creat( an 
offset. error of apprmc.imarcly •0.4Gf (•O.l".C) ~>.·hen tite 
sensor tcmperalure is na.r •75"F (•.',PC). This error 
dccrcasn al higher sensor lemperaturcs and increascs at 
lowcr JCmor temperaturu .. Aecurate measuremcn!s in the 
cryogenic temperaturc region may requirc thc approach or 
Figs. 2 and 3 when long lengths of sma\lleadwirc must be 
employcd. For other \e;ad compensating circuits. sec: Refs. 1 
IRd 2. 

~lnitial-zero ~ erron. or offseu due lo lhe t o!crances appli
cable to LST nc!works and the TG senson lhermc:lves. ca.n 
be diminated by ~tabilizing 1hc sensor installation at anv 
known temperature el ose: ro +7!1° F (•J,P C). and 1hcn sen in!: 
thc: insuument BALANCE dial so that the reading corre
spondsto this known temperature. This procedurc also eliro
inates offset error causcd by initia11eadwire rcsistance. 

In ccru.in circumstanccs it m.ay be nc~ssary to loca te the 
instrumentation at ·an extreme distancc from thc scmor 
imrallations.. Whcn LST nc1works are cmploycd un-der thcsc 
eonditions, it is prcferab1e to position the network closc to ils 
auociated wnsor and to use a lhree-wire 1ead eircuit betwcen 
the network and thc re mote indicator. However, 1his shoukl 
not be done if thc ambicnt tempcrarure 11 the nctwork 
loeation ..,;¡¡ uceed aboul •200°F (•9J°C). This type Of 
hookup will eliminate fint-order ofhc1 crron dueto lead
wire resistance and lcadwire tcmperature chiln¡res. f)e,emi
tintion or slope-chan¡re errnr is grcatly reduced and can be 
diminated by ICIIing the main indicator GAGE FACTOR 
dial propcrly . .._The corree! Ktting can be calculatcd on thc 
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basis orknown lc:adwirt rrsist<~ntr in a )SO-ohm brid¡r 11rm 
or, prd'rrably, can br directly drtrrmincd by applyina shunt 
ca!ibration to the remate nct,.ork terminal!.. 

7 .O Sira in Effeds 

Tbc slrain sCnsitivily of RTO •lloys can errale error si&
nals wben lhe Knsors are inslalled in arcas o! high strain. 
Ma¡nitude of lhis tffect is fairly small, howevcr, as shown 
(or nickel in Fi¡. 14, Baleo in Fi¡. 1 S, and co.ppcr in Fi¡. 16. 

Thcsbapcofthe curve in Fig. 14 is cau5ed by1he nonlinear 
rcspo11K of pure nickel. The strain-w:n~itivity eocfficient has 
1 hi¡b ni¡ative value in the cenital ponion o! the clutic 
re¡ion and lends loward a much smaller, pnlitive value on 
either side ofthis rt¡ion. h will be observed thll comprtuivc 
strains resu.ll in smaller error si¡nab, and tbis strain ficld 
orientation should thercfore br Klected for w:nsor place
ment w'hcn pouible. Tbe center ofMsymmctry• of this curve 
U.locattd al approxim<~tely + 7SO,ut beca use 1hc manufactur
in¡ proccu !uves the sensor ,.ith a residual comprcssion of 
this value. This point of symmetry, as well as ¡age tempéra
lurc rcspons.c:, can br shiftcd somcwhat by innalling thc ¡age 
on maseriab of diffcrent thcrmal expansion codficients, 
and{or w~bdifrcrent adbcsivccure tcmpcratw-cs. As .1 rtsult 
of this sbin, ¡age responK, ,.hcn mounted on a ¡iven mate· 
rial, will differ sli¡htly from that obtained when 
mouoted on another. Thereforc, to tale fulladv:anta¡c ofthc 
repcmbility (typically ±0.05% of applitd tcmpcraturc span) 
and othcr inlrinsie fcaturu ofTG tempcraturc Knsors, it is 
advisable to conduct a cali hration run of the sensor mounttd 
on thc spccific test material. 

Tbc tabks of Sutlon ll.tJ demonstrate how the resistance
vttSI.I$-temperature characteristic of T G scnsors mounted oo 
alumillum differs from that with thc: scnsors mounled on 
sted. 

l.o Stabilit)' 

In common with most othc:r or¡anic resin aystems, the 
matrix ofTG Knsors will slowly sublimalt and lose stren¡tb 
"'hcn .,ed as elevattd ttmpcratures. When propcrly irutalltd, 
life will be cuentially infinite below +250" F (+ J]q> C), and 
will beapproximately JO 000 hours at +40QOF (+105°C). At 
+500" F (+260" C), life can be euimated al 1000 hour1 in !he 
presente o! air, aod will be coruiderably txteoded if an inen 
atmosphtre is ustd. 

The sc:nsin& ¡rids are vcry slable under the aging condi· 
tiolll dexribed above [+2SO"F (+J}(JOC) for coppcr). ll 
cxposcd lo temptratures abovc +SOO" F (+26f?C). howtvtr, 
a sli¡bt ahift in resistivity will occur, to¡elher with a smaU 
cbanp in tempcrat'ure coefficient. For examplc, if tbe WTG
Scria tc:tUOr is uposcd to a temperalure of +600'"F 
(+JJJ-C)foron.c hour, tbe +75.0" F (+2J.9"C)resi5t•nce will 
sbi!t from SO obms lo approximatrly 50.6 obms. On a nor· 
malized basiJ,thc resistancc: increue Crom +75.0" to +4SO"F 
(+]J,,. lo +2JZOC)wi11 becornc 140% instead o!the previous 
14)%. Oprralion at tempera turca below +550" F (+29U'C) 
will tbcteaftcr be stablc: and repcat.1ble. 

9.0 Sp«ial Stnson 

la .id ilion to tbe .¡andard liMo.fTO acmondescribcd Ua 
Prod~.~et Bulktin PB-105, Miao-Measuremc:nu can fumisb 
alm011 any type of aensor pattern desired, ill a wide raoae 
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of telistancn. Selup cbar¡n will be minimized when thc 
1pccial dcsiga corresponds eithc:r lo an A·Pattem resistor or 
to one of thr patterns in the line of EA-Series strain ga¡es; 
although rcsiuances av.lilable are sometimes limiled. 

Nid;d, Bak:o, and coppcr are frcqucntly uscd for tcmper
ature compemation oftramduc:u ga¡c cin:uiu. Onr or two 
bondable re1islors are commonly in5Cn~ in the ueitation 
ums of tbc brid¡c 10 proricle automatiC compensation for 
the co10bincd dfecu of daatic modulu1 variation (in lhe 
transduccr) and we f.lctor varia! ion (in the str.1in ¡a¡c) with 
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temperature. Altbou¡h fixed rt5i5tors can be uscd (()r such 
eompcnsation, a series uf adjustable hondable re'istor pat· 
leras U. al50available, and thew pcrmittrimmin¡tothe uac:t 
valuc of resislance required. 8oth resistor typc1 are a~ailable 
in all three alloys and are also ustd to compcnsate othc:r 
lempcrature d'fecu ia transducers. 

While Baleo has • sli¡htly Jower temperature codficient of 
rcsistivity tban pure niclr.el, iu Jower'cou and high rrsistivity 
often pcrmit smaller Wr and brttcr economy. Figure 1 
show1 the rniJtance-versus-tempcrature characteristics of 
Baleo and copper compared to lbat of purc nidcl. 

10.0 C.Ubratlon 

Niekcl, Baleo, a.nd coppcr tempcraturt sensors are cali
bratrd witb spccially desi¡ncd test cquipment consiuing of a 
carefully cootrolled, uniform lempcrature bath, and .1 p!ati
num resist.IDCC standard baving calibration rrsult1 naceable 
lo !he National Instituir of Slandards and Technology. 
Accurac:y o! ealibration durina tbese tem U 0.5° F (O.J"C). 
Tbe ltmpera!ure rangr uscd during calihrllion is -320° to 
+SOO"F (-195" ro +26(JOC). Readout of both the platinum 
standard and lhe tnl¡a¡cs is by mcans of a Mcasuremenu 
Group Systcm 4800 which providcs for lcadwire--crror-frte 
data by usiu¡ the circuit in Fi¡. ), Tht test data from TG 
sc:nson sbows that their bchavior C.ln be described wcU by a 
polynomial equation of thc form~ 

R=A+BT+CT1 +DT'•ET"+FT1 +GT' (1) 

wbc:re: R = Resistauce oC tbe ¡a¡e 
T= Temperature 

A throu¡h G = ConstanU determincd usin¡ re¡ression 
analysis CllfVC fitting. 

When the RTI>\'arc brin¡ used with theSptcm 4000.the 
eq¡gtion mu•t be cnlered in thr ttaftlposed f«m: 1 

T: A'+ B'R + C'R1 + UR1+1.'1t + FR' + G'R* {2) 

' (Notr: Thcconstanll A 'tbrou¡h V in Eq. lare notthe ume 
as A throu¡h Ci in Eq. I.J ,1 1 

' Val u es of 1hc cocfficicnts for Eqs. 1 and 2 for soihm [at 
+75• F (+}).9" C)J nicle! TG SC11$0ts, aod Bako and co'ppcr 
resistan. are IUted in T ablcs 2a and lb on .,.,: 8. · 1 

Final! y, u dUcus,ed in S«tiolt 7,1, resulu will be sli¡htly 
affectcd by thr substratc to which thc KIUOI is boodtd. 

11.0 Rnlota~<Ns·Temp"alurtTabl.; 1 

The followin¡ Kttion ¡ives thc rnistaDCC of sllndard 
Micro- Mea¡,urcments SO-ohm typc TG temptralure scn'son 
al alltempcraturn from the boilin¡ point oftiquid nitrOgcn 
[ -320.4° F (-/!IJ.N" ("J)to •SOO"F (+260" C). Tables are Pro
vidcd for both Fahrenhcitlin 10-de¡incremeau) and Cebius 
(in 5--ilt¡ incrcment') sea les. Bccawe o( the sli¡ht differCnce 
in Knsor re~pon~c causcd by thc tbtrmal upansion of thc 
mounting surfacc, diilil ;ue prcscnted scp~ly !or scnJon. 
mounted on st«l and aluminum. Tabular Qlues are 8Js.o 
¡iven for coppcr and Baleo Knsors. .1 

The tablcs are bas.c:d upon an initial S.C:DSOI' resistancl: of 
preciscly 50.0 ohms at +7S°F (•2J.9"C). ] 

lf tbc: tabulated rnislance readinp are mulriplird by 2.0,· 
the tables can bt uKd lo uprcss lhc resistaac:c of Kniors 
with other rnist¡¡nce values as a pcrcent.l¡t of their rfsir 
tancc V.lluc al t75°F {+]J!I'C). ·¡ 

! 
1 
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T ABI.E 2a TABLE J 

CMfficltnl' for Equa!lon 11) RHislanct: u. Tt:mptnl~rr In Dctrrn Fahrrnh.-it 
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e 

lUS!S ~ 10__,. 2.9S290 ~ 10 .. 2.989-tl 1 ro·• J.I8N61 lO" -2.66107 1 lO'' -l2.S7l9 • lO'' 
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D 

).D0807 • 10'' l.WSl • 10·' -1.91916 • 1o·• -1.~191o lO'' ' ' 
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! 

' 
TABLE• 
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G 
1.07661 • lO'" 1.65912 • lO'" ' ' ' ' 

TG Nlcltd Stnson mounttd on l024-T4 Alumlnum- I.ot No. T04AH 

•• R •• R •• R •• R •• R •• R •• R •• R _,, '" -110 14M .• oo 26.76 " 40.74 "' suo "' 7H1 '" ~· 
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) ) ... U! 
_,., 
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TABI.E 2b ·"' 9.17 
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Corffidrnll for Equalion (2) 
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" )000 "' M.61 "' un ~ 109,9'1 _,., 
11.72 

_,, 
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B' TABLE5 
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C' 

Rf'!ll5tancc n. Ttmperaturt In Drr:rrn Fahrtnhrit 

Baleo Stnson mountrd on 1011 Slctl- Lot No. BOJ 
-0.114693 --4.109006 --4.-442ll --4 . .00111 5.210121 10'1 4.JIS3S • to·• 

•• R ., R •• R •• R •• R •• R •• R •• R 
3.470191 lO'' J.I4J70 • ro·• 7.ti082S o !O'' 6.93316 • lO'' ' ' D' 

_,, 
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) ,) 
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"" 
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TABLE 6 
TABLE9 
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Rablantt n.. Temperature ID DqrHS Fabrmhdt 
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Straln Gage 
Selection 

Strain Gage Selection 
Criteria, Procedures, Recommendations 

1.0 Introduction 

The initia\ step in preparing for any strain gage instal\a
tion is the selection 'or the appropriate gage for the t;uk. lt 
might at lírst appeu that gage selection is a simple uercisc, 
of no grcal conscqueoce lo the stress analy~t; but quite the 
opposite is true. Carcful, rational sclection of gagc character
istics and parameters Can be very importan! in: optimizint 
thc sagc performance for 1pecilíed environmental and oper
atia¡ conditions. obtainin¡ accurate and reliable strain mea
surcments, contributins lo the case of installation, and m in· 
imizin¡ thc tot•fl eost of the gagc installation. 

The installation and operating eharacteristiu of a strain 
P.SC are affecttd by thc following parameters, which are 
sclectable in vuying degren: 

• strain-tensitive alloy 

• bzeking material 
(earrier) 

• ¡age lcngtb 

• ¡age pattem 

• self-temperature
compensation number 

• grid resistanee 

• options 

Basieally, the ¡ase sclection process ci:nuists of detennin
in¡ the particular availablc combination of parameten 
..-bich is most compatible with the environmentaland other 
opera tina rondiliotU, and atthe same time beu satisries the 
installation and operatinsrorutr<Jinu. Thcsceonstraints are 
aaxrally exprcssed in thc fonn of rcquircments such as: 

• attUracy • test duration 

• stability • cyelie endurance 

• temperatun: • case of installation 

• elonption • mvironment 

-MEASUREMENTS 

~ 
-¡-

The cost of the stu.in gage iuelf is not ordinarily a prime 
consideration in gase loCI«tion, since the signiíac.ant eo::o
nomie me asure U !he total e os\ of the complete installation. 
of..-hich the gagcconis Ullually bula small fraction.ln many 
cases, thc selection of a gagc series or optional fcatun: whirh 
increases the sase eost serves to decrease thc total installa
tion eost. 

lt must be appreeiated that the proeess of gagc scle-ction 
generally involves eompromises. This is because paramcter 
choices which tend 10 satUfy one of the eonsuaints or 
rcquirements m ay woñ: against satisfying othen. For cum
ple, in the case of a small-radius rillet, where the spaC't 
availablc for gagc insu.llation is very limited, and th.e strain 
gradient el(trcmely high, one of the shortest available gages 
might be the obviou:s choice. Al the same time, howevcr, 
gages shorter than about 0.125 in (J mm) are generally 
characterized by lower maximum elongation, redueed 
fatigue life, lcss stable behavior, and greatcr insta!la· 
tion difficulty. An()(her situa.tion whirh often influences 
gageselection,and lc.is to compromise, is thc stock of gages 
at hand for day-to-day strain measuremcnts. While com
promises are almost always necessary, thc streu anatyst 
should be fully aware oí the effccts of such eompromises on 
m«ting the requimnc-nts of the gage installation. This 
understandins is llece!$.:t.ry to make the best overall com
promise for any particular set of circumstances, and to judgc 
the effecu of that compromise on the accuracy arwt validity 
of thc: test data. 

Tbe strain gage sdection eriteria considert:d here relate 
primarily to stress analy1is applications. The sclection crite· 
ria for u rain gages uscd on transducer spring elemt11ts, ..-hile 
similar in many mpe'CU to tbe eonsiderations prcsented 
hen', m ay vary si¡nif1t1ntly from application to a"pplication 
and should be tre~ accordingly. The Mcasuremenls 
Group's Transducer Applications Department can auist in 
this selection. 

-copyright Mauuremenb Oroup,lrc., tiiHI 
Al Rlghta Rnerved. 



1.0 Gace Selmion Paramelen 

l.l Stnln·Scasin¡ AUoys 

~principal componen! which delcrmine~lhc opcra1ing 
charactcrislics of a s1rain ~ is !he suain-scnsilive alloy 
us.ed in lhc foil ¡rid. Howcvcr,lhc alloy isnol in cvcrycasc an 
indcpcndcntly ~odcclablc paramclcr. This is bccause cuh of 
MicU)·~uuremtnts_smain ¡a¡c urin (idcnlificd by lhc 
fui11W1), or 1bree,lcucn in lbc alphanumc:ric ¡a~ dc:si¡na· 
1ioa- ~te dia¡ram on pa¡c 11) is dcsigncd u a complete 
S)"51Cm. Tha! sys¡em is compri$ed of a particular foil and 
bulr.iq combination, and usually incorporales addilional 

· PIC. eoa.uructio~:~ fcature~ (such u cncapsulation. integral 
lcadwircs, or solckr dots) apccific 10 !he series in qUCJiion. 

Mic:ro.-Mcuuttmcnts supplics a varic1y of uraia ¡a¡e 
alloys as followa (with lhcir mpcctive lcuer dcsipalion~): 

A: CO!Illllntan in sclf-lcmpcraturc-compensatcd form. 

P: Anncalcd conslanta.n. 

D: lso-Elastic. 

K: Nickcl-chrornium alloy, 1 modificd Karma in 
sclf-ICmperaturc-compeosatcd form. 

Ll.l Constantaa Alloy 

Of all modcm llrain ¡a¡c alloys, constaotaa is thc oldeu, 
and 1tillthc mo$1 widcly uscd. This situation rcflecls 1he fati 
tbat W~Utanlan has thc best overall combination of proper· 
tics IICCdcd for many main¡agc applications. This alloy has, 
for uamplc, an adcquatcly hi¡h strain sensitivity, or gag~ 
faclot", which is ~latively iosensitive 10 snain lcvcl and 
t.c:mpcrllurc. 1!1 rnistivi1y is hi¡h cnougb to achicvc suitablc 
nliist&DCI: valun in nen vcry small¡rids, and its tempera· 
ture cocfficicnt of resistance is nol uccnive. In addition, 
constantan is chancterized by good fati¡uc lifc and rcla· 
livcly bi¡belon¡ationc1pability. lt must be noted, bowcvcr, 
1b.u co=;tan1an 1ends 10 exhibi1 a continuous drüt at 
t.c:mpcraturCII abovc +ISO" F (+6$° C); and 1his charattcristic 
sbould betalr.cn iruo aa:ount whcn uro subililyoftbc main 
p¡c is aitical O'YU a period of boun or days. 

Vcry import1ntly, conllantan can be proceucd for Klf• 
kmpcrllurc-c:ompensation (sce bolt at right) 10 mlltb a 
wide ran¡c of tcsl material upan.5ion codfu:icnll. Micro-
Mcasuremcnts A alloy is a sclf-lcmpcraturc-compensatcd 
form of constantan. A al! o y is supplicd in self·lemperaturc
compcualion(S·T·C) numbcn OO,Ol, OS.06,09,1l, 15, 18, 
lO, 40 IDd SO, for use on letl maiCrials wi1h corrnpondin¡ 
lhcrmal upansion cocfliclcnts (upRised in ppm¡•F). 

For tbc mcuumncnl of very lar,emains, 5%(50 0001Jt) 
cu abow, anncllcd comt•ntan (P alloy) is the pid mat.c:rial 
DOnnaiJJ' selcclcd. Constan1a.a in this form is very ductile: 
IDCI, in p~ lc~:~¡thl of O. 12.5 in (J mm) and lon¡er, Can be 
suaiacd to >20%-Itsbould be borne in mind, bowcver, that 
under bi¡b cyd~ suains lhc P alloy will uhibit somc pcr· 

. manez~t raistancc chan~ witb cach cyclc, and cause a cor· 
rapolld.izl.¡ zcro ahift in tbc ruain p¡c. Bccausc or this 
c:barK&c:risúc, and tbc 1endcacy for premature ¡rid failurc 
witb repcatcd ltnin.in¡, P alloy is not ordinarily recom
IIDCDdcd for eyclic 1train applications. P alloy is availablc 
witb S.T-C n1unbcn of 08 and 40 for ux on mctals and 
plastia. rapcctivdy. 
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Wbcn pun:ly d~namic strain mcasun:mcnts are 10 be madc 
- llw is. whcn il is not nca:uary 10 maintain a stablc 
rcfcrcace tero- lso-Eiastic (O aJioy) offcrs certain advan.." 
taces. Principal imon¡ th~c are superior fatigue life, com· 
pared lo A alloy, 1Gd a hi¡h liiJC fattor (approJ.imately 3.2) 
which improvcs thc signal-1o-noi~ nuio in dynamic testina. 

Sdf-Tempuahat~ompcnsation 

AA imporlant propcrty sharcd by constantan and 
modifiCd K arma suain ¡aac alio~ is thcir rcsponsivc
DCU In spccial procnsin¡ for self-tempcraturc-com
pc1W1tion. Sdf-tcmpcraturc-compcnsated strain gages 
are designed lo produce mínimum thcrmal outpul 
(tcmpcnturc-induccd apparcnlstrain) ovcr thc tcmpc:t· . 
ature rangc hom about -50" .lo +400"F (-4J• "' 
•1()(J>C). When selcctin& cither constantan (A·alloy) 
or K arma (K·aBoy) strain &ascs,lhc sclf-temperaturc
compensation (S.T -C) number nnut be spccified. The 
s-T.C number is !he approllimat.c: thcrmal upansion 
codficicnt in ppm/°F of the structural material on 
wbicb tbc strain ¡age wi\1 display mínimum thcrmal 
outpot. 

Tbc aa:ompanying graph illuslnltcs typicaJ thcrmal 
· outputcbaractcrislics for A and K a\loys. Thc !herma! 
ou1put of uncompcnsatcd bo-:Ebslic alloy is includcd 
in tbe samc grapb forcomparison purposcs. In normal 
practia:, thc S-T-C number for an A- or K.-alloy gagc is 
selcct.c:d lo most closely match tbe thcrmal cxpansion 
codfu:icnt of tbc lest material. Howcver, thc thermal 
output curva ror lhcsc alloys cu be rotatcd aboutthc 
room-tempcr1ture rcference po.iJU 10 favor 1 particu· 
lar umpcr1turc rangc. This is done by int.c:ntionally 
mismatcbing tbe S-T·C numbc.r and thc upansion 
cocfficient in tbc 1ppropriatc dircction. Whcn the 
sclectcd S-T ..C number is lowcr than !he cxpansion 
codflticnt, tbe CUO'C is rotatcd c:ountercloclr.wisc. An 
opposite mismau:h produces cloctwisc rotation oflbe 
thcrmal output curve. Undcr conditions of S-T-C 
mismatcb, !he tbcrmal output CI:UVCS for A and K 
alloys (supplicd wi1h ea'h packqe of main ¡a¡cs) do 
notapply, of cnurse, 1nd it WillFJ~erally be ncccn11ty 
to calibra1e 1bc ioscallation !or tbcrmal output as a 
function of lempcraturc. 

Fcu additional information oa strain ga¡t tempera· 
tun: dfeeu, KC Meuurement1 Group Tech Note 
TN-504. 
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·o alloy is no1 subjcclto sclr-tcmpcraturc-compcnsation. 
Morco~er, as shown in thc ¡raph (Re box), iu thcrmal 
output is so high {about SO~o~E/"F (UJ~o~tf"C)] that this 
a\loy is not normal! y usable for static strain mcuurcmcnu. 
Thcrc are times, howcvcr, when D alloy finds application in 
spccial-purposc uansduccn whcre 1 high output is necdcd, 
and whcrc a full-bridgc arran¡cmcnt can be uscd to achievc 
rcasonablc tempcrature oompcnsation within thc' circuit. 

Otber propcrtin of D alloy should abo be notcd wbcn 
considering the selection of this grid material. lt is, ror 
inllancc, ma¡nctorcsislivc; and iu strain-scnsilive response 
ls somewhat nonlincar, bccoming si¡nificantly so at suains 
bcyond ±5000pt. 

1.1.3 Karma AUoJ 

Modificd Karma, or K lllo'y, with its wide arcas of appli· 
catinn, rcprcun!S an imponant member in thc family of 
str1in ¡a¡c ulloya. Thisalloy ís characttrited by ¡ood fati¡ue 
lifc 1nd ncellcnl stability; and is 1hc prcfcrrcd choice for 
accuratc $1atic suain mcasurcmcnts ovcr lona pcriods of 
time (months or ycan) at room tcmpcrature, or lc~ur pcri
ods al clcvated tcmperature. lt i1 recommendcd forutended 
static str1in measurcmenu o ver the temperature ran¡e from 
--4S2° to~500"F (-169" ro+16(f' C). For short pcriods, encap
sulatcd K·alloy strain ¡a~s can be cxposed to tempcraturcs 
~ high as +750" F (+40(J"C). An ineriatmosphcrc will improvc 
stability and cueod thc w.cful gagc lifc al high tcmpcraturcs. 

Amon¡ its other advantages,K alloy offcn • much flaucr 
thcrmaJ output curve than A alloy, and thus permiu more 
accuratc correctioo for lbcrmal output crrors al lempcraturc 
el!. tremes. Like coftiUlnlan, K alloy can be self-tcmpcraturc· 
compensated for use on matcrials with diffcrcnt thermaJ 
upansion cocfficients. Thc available S·T-C numben in K 
11/oy uc limitcd, howcvcr, 10 the folJowing: 00, OJ, OS, 06, 
09, 13, 1nd JS. K alloy is thc normal sclcctíon whcn 1 
tempcraturc-compcnsatcd ¡a¡e is rcquircd that lías cnvi· 
ronmcntal capabilities and performance characteristics nol 
attainable _in A-alloy ¡agcs. · 

Duc lO the difficulty nf s'oldcring directly to K alloy,the 
duplu coppcr featurc, wbich was formeri:Y oiTcrcd asan· 
option, is now standard on all Micro-Mcasurcmcnts open· 
faccd stain g"agc¡ produccd with K alloy, The duj:llell coppcr 
fc11urc is a precisdy formcd coppcr soldering pad (DP) or 
dot (DO), depcndi_n¡ on tbi availablc tab arca. All K-alloy 
¡agcs which do nnt bavc lcads or sotdcr dou a_rc spccificd 
with O Por DD as part ofthc dcsignation (in place of, or in 
addition to, thc option spcc:ificr). The spccific style of coppcr 
trcatmcnt will be adviscd when thc Ordcr Scrvicc Depart· 
ment ia cOntaCied. Opcn-faced K·alloy JIIU may abo be 
ordercd with solder dots. 

2.1 Bad.ln¡ Matcrlals 

Convcntional foil str ain pac COftltruction in vol ves • pbo
_toctchcd metal foil pattcrn mountcd on a plastic baclr.ing or 
. carricr. Thc backin¡ serves severa! importan! functions: 

• providc:s a means for handling the foil pattcrn during 
installation 

• prcsenu 1 rcadily hondable surfacc for ldhering thc 
p¡c to the tcstspccimen 

• providcs elcctrical insulation betwcc:n tbc mela! foil 
and the test objcct 

1 

Backin¡ materials supplied on Micro-Neuure~cnll 
strain ga¡csarc of two bas.ic lypcs: polyimidc ud ¡lass-fibCr· 
rcinforccd epo:w.y-pbcnolic. As in 1hc case of Lbt straio M:oii
tivc 1lloy, thc baclr.in¡ is not complclcly an indcpc'm· 
dcntly spccifiablc paramcter. Ccnain baclr..ia¡ and "aUOy 
combinalioos, aloq witb spccial constructiOill featureS, Ve 
dcsi¡ncd assystcms.and ¡i~~n ¡agc s~ri~s dcsipa1ions: Ata 
rcsult._ when auivin¡at the optimumga¡c 1ypefor a partida
lar application, thc proces.s docs not ·pcrmit !be arbitrafy · 
combination of an alloy I.Dd a baclr.in¡malcrialbul rcquitn 
the 5pecirication of an available ga¡e Hrics. MicrO
Mcasurcments ¡qescrics and thcir propcrtinaredcsciibCd 
in thc followin¡ S«tJonlJ. Each series hu its own charaé
tcriuics alid preferred areu of applicatioa; 1nd seiÚ· 
tion rccommendalions are ¡iven in thc tablc oa pa¡c S. Ttie 
individual baclr.in¡ mltcrials are discussc:d be~ as 1hc allo}'s 
were in thc prcvious scction, to aid in undcntandin¡ 1hc 
propcnies of the series la which thc alloyt iUid backinJ 
matcrials occ:ur. j 

Thc Micro-Mcasurcmcnu polyimide E bacOn& is 11ough 
and extreme\ y nniblc carricr, and can be coPiourcd readily 
lo fit small radii. lnaddition, the high pccl strcqtb of1he foil 
on thc polyimidc bukin¡ malr.cs polyimidc-backcd ¡a¡Cs 
le51 SCftlitive to mcchanical dama¡e duriDJ installatiori. 
With iu case of handlin& and ih suitability foc use o ver the 
tcmperalurc rangdrom -120° to •JSO" F (-19? to •175° CJ, 
polyimide is an idQJ backing mllcrial for ¡neral-puf'PO$C 
static and dynamicsucs.s analysis. This backi~~&iscaplble of 
larac clon¡ations, and can be used lo me asure plutic strainJ 
in uccu of 20%. Polyimidc baclr.ing is a felt1UC nf Míen;_ 
Measuremcnu EA-, CEA-, EP-, EK-, S2K-, NlA-,J2A-and 
ED-Scrics wain pec1. ! 

Fnr ou!Siandin¡ performance ovcr !he widlesl r1n¡e or 
tempcraturcs, thc glan-fibcr-rcinforccd cpo:t.y·phcnoliC 
backing material is the mo:;t suitable choice. This backio¡ 
can be uscd for static and dynamic stra.in me~remcnt from 
-4S2'" ~o +S SO" F (-l61J" ro •190" C). In shon-ltrm applica~ 
tions, thc uppcr temperature limit can be extended toas hi¡b 
as +7SO"F {•4000C). The muimum clongatioa of this CII~ 
ricr material is limitcd. bowcver, 10 1bout 1 lO 29(¡, Rcio-1 
Corred epoJOy·phcnolic back.in¡ is cmploycd o~:~lhe foUowinl 
¡a~ series: WA, WK, SA, S K., WD, and SD. 1 

2.3 C•&e Series 1 

Al ootcd in Stctiolu 1.1 and 1.1, thc slrairHCnsina alloy 
1nd bad.in_¡ material a~e DO! subje~tto_ c~mplct.ely indepen-~ 
dent Kl«t•on and aJbl!riiJ combmallon. llalead, a s.clce-" 
tion must be madc from among the availablc pee lyttcrm,l 
or ltrirl, wherc each Krin ¡cncraUy inCOI'JIGI'IIU spccial' 
Oesign or constructin11 fcaturn, u wcll as 1 specif'JC combina-' 
tion of alloy and backin¡ material, For convcaimcc in ideo-¡' 

· tifyin& thc appropriate pp s.crict to mcct spteif!CCI test ro
quircmcnts, the informal ion on &•&e scrict pcñnrmancc and 
s.clcction is prcsentcd hcre, incondcn.scd form, Uttwo tablcs.' 

The table on tbc followin¡ pa¡e ¡ivcs bricf 6acriptions ofl 
all ¡cncral-porpose Micro.-Mcasurcmenu pee ICrics -
including in cach use lhc alloy and backina combination 1' 

and thc principal constt\ldion fc1turn. Tbis lable deliDCS 
thc performance ofcach series in 1erau of operatin¡ ICmpcr-¡ 
aturc ranae. 1trai11 ran¡c, and cyclicenduranc:cq a func1ion 1 
of atraía kwl. h rmnt be llOtcd, howcvcr, lbalthe pcñot·l 
manee data are nomino~, and apply primaril)' to ¡a¡cs or 
0.125 in (J mm) ot lon¡cr p¡c lcn¡th. 1 
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DESCAIPTION AND PRIMARY AJ>P\.ICAnON 

eon.t•n'-" foil In c:omblnatlon wl!h 1 lough, nutbla, 
pt~lylrnW. b.:kl~ WlOe rang• of CS~II01'11 nallabte. 
Ptimarily lnttwldotd for ~rt>OM ttrltle and dyo
flllmlc lllraU lnllyllt. No! lliCOfllmended lor hlghes! 
kCUiliCY transdlii*'S. 

Unl_,..t ...,...,~ 1111111t1 gtgn. Cortstantlfl grld 
compleolotty encapsutaled In polylmida, wlth Llrge, r1,1gged 
oopper<GOied la bol. Prlmarltv Ulotd lor general·p ... rpolot 
Sblt~ aod~mlc strnt -lysll- 'C'-hatura gagn are 
spaclally hlghllghted througl'lovt tila IIIQot llatlng 
..ctlooa ol C.talogSOO, PartA- Stra/11 Gaga tlst/11111 

()peft-laced eons!8ntlln foil gagn wlth a tllln,lamlnated, 
~film bllckit"oQ. Prlmarily reeomrnended lor UM 
11\ pNC+tlon lflnldvee~ tt. N2A S..les ls cllar.ctar1zed 

N2A 1 by low and repeatatlle cr!Mtp ptrlonnanca. Atso rtco,... 
lf'IIJrtdotd for 111111'11 -lyslatppllcatlonaamploylf'IQ llfgot 
pge ~nems. •"-IN eapecilllly' nat matrlxiUH gaga 
lnslalllllon. 
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Constantan foil 111915 wlth athln, tamlnated, polylmld" 
beo:kltl9-..d encapsulltong film. E•poaed solde<tlbator 
dii'K'I re.dwtttllttlleh,....,.,t Pnmanly r...::ommomded lor 
pqcblon traMduc:ers; tllfl omca'"ulatlng film poovldes 
a mor. ~ oaoe tllan t11e N:zA Series. but may ln
creae ralnlorceoner>t ol tllln transducer llto~urea. 

b<:>-Eiullc foil In comblnatlon witll tough, lle~lble potyl
mlde ntm. t1igll ~ factor and ntended fatigue tlle 
acellenl lor dynamic mMSUfWI'Ieftll. Not OOrTI'IIIIy' ,.sed 
In swlc measu.......u dul to 'll!lfY hlllllthennat-outpul 
ctwK1erl$1ic$. 

fully IOCIPIUiatt<J ~OOIIIflllfl QllgU wlth lll11h• 
ll'ldu,.,_ IMdwlrft. UMiul owt~r whHr temptoralure 
111>"19"Sind In moti atra,... ....tronnwn11 thoor> EA Series. 
Optlon W ll'tllllabta on some ~ttem3. b1,1! rMifk:l111tlll"'l 
lit.tosomePtent. 

~""'foil in cornblnatlon wlth 1 tough, nuible polylmlde 
bai;Un11. PriiTIIrlly UMd..,..,..,. a comblnallon ot hlgher 
grld tMII:lances, Slabltity 11 ~ted lotmp!lfiiUfl, and 
glll'ltMI t.clclng lleKiblllty ... raqulred. 

fufly ~ted K-e.noy ~ wltll hlg~ranea 
leedwlr"- Wldest temperwt""' r~no- and most utrtlme 
emlron~T~entll capebillty ol .roy gotn~~ral-pufPOM gage 
wt.... 11111-tempeo'Jitu..-campensallon la r~~qulred. Optlon 
W .... labio! 01'111-0,.. patl..,., ~ reslficll bo!lllatigue 
11101 and nwctmum open.tlng lempotfllture. 

S(>eclll annNII<I eonatar>tan toil wlth tovgll, hlllh
.tonglbon polylm"'- ~Ung. IJsed prtmanty lor mn
--..ts of t.rga posl-yillld Slralnt In metab or on 
low-modulul matarlals (POiymefl), Ava!labla wHh 
Optlona E. L ..elLE (may rMMct elorlgatlonca~blllly). 

fulty lflCaCIIUialed conatantan gages wlth a.oldar dota. 
S.ma rnalrlx 11 WA S..les. S&me USH u WA Sirles bu! 
dlnt.d ~llln m~~•lmurn tamparaturaand operat
lng ll'l\'lrtWUnlnl bleeuM ol IOider dota. 

~ 1o11 t.miNtlld to 0.00111'1 (0.025 mm} tl'llc-. hlgh
pertonn.nc. polylrnida btclo:lng. wlth al•rnlnated polyl-
mldl "'""'Y fvlly enca.,.ulltlng thagOd and .aiOar taba. 
f'rootlcllod wllh lafVI IOid« pedllor - ot leotdwl .. _, . 

Fully~K-e.troy gages wlth~dob. sama 
- .. Wl( Sanes. bul ~ In mllllmvm t.rnparalure 
....t operating ... v~runrnen. becluM oltolder dota. 

Funy~llo-Elastk:gage~wlthhlgi'Hndu~ 
~ lhld In ~dynamlc 1train n>llhu.,.. 
ll'lll'lt~tlon· In- emlronmlntl. 

~ 10 wo ,.,..... bu'! wllh tolólr dOIIIrtttMci.Ot. - . 

TEIIPIRATUAI!AANQI! 

Normal: ·lOO" to +350"F 
(-75" !O +J7~c¡ 

Speclat or Sl'loti-Term: 
-320" to •400"F 

(·1115" to•205"CJ 

N~rm~~t: -tOO" to •350"f 
f-75" lo •t75"CJ 

Stack«< rowttes llmltotd lo 
•t511"f(•M"CI 

Nonn&l Stallc 
Tr&Mdvcer S.rvtc.: 

-tOO" to •200"F 
(·15" fo •OS"CI 

Normal Statlc 
Transdu~ Se,..lce: 

·100" to•:wo"F 
f-75" ro •llti"C} 

Dynamlc: 
-.320" lo •400"F 

(-1115" f0•10:5"CJ 

Ncmnet: ·tOO" 10 •400"F 
(·1~ lo •205"CI 

Specllll or Shor1-Terrn: 
-320" to •5(X)"f 

(-IW ro •2G!rCJ 

Nonnal: -.320" to •350"F 
(-195" ro • !TS"CJ 

Speclal or Short·Titfl'll: 
~lo •400"f(-289" ID •20S"CI 

Nonnal: ~ to •SSO"f 
(-MV' 10 •290"CJ 

Speclal or Short·T"""; 
-452" lo ·t~f 

(-2W to<-WO"CJ 

-100" lO +400"F 
(·15"' fo•10!S"CI 

Normal: -100'" to oo4QO"F 
(-75" lo •206"CJ 

Speelal or Shorl-T-: 
-320" to •4511"F f-IW 1v •:nt1"C) 

Norma~ ~tOO" to •250"F , · 
(-75"' lo •t20"C1 .. .-

. SpecllltorShort-Tenn: : ·~ 

-.300" b •:IOO"f ..... ~ 
(-!liS" foHWCJ .: ·~. 

Homull: -452" 10 •450" f 
(-21!9" to •nc"CJ . · • :· 

S¡:leclal or Short-T"""' 
-&52" lo •SOO"F (-2t#' la •Mfi"C) 

Oyn.lmlc: -320" to •500"F .• 
(·!W tp •2(10"CJ 

DyÑmlc: -320" to >«ll" F 
Hfl6" to•205"C) -·-

' PAT10UI! Llfl ..... .• 
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• Thil ateogoty lndudn m0111ntlng silu•tlonl wh•re.ome degrte olstllbllitJ' vnder static tnt cnnó•tlons ls reqo.¡ired. For 
absoluta ltablllty fth constantan Qll!lfl' over long perloda of usage anó temperttures abova •150"F (•M"CJ. it may bl 
nec:-ry to amplor hlll· or lull·brldge conngurat•ons. Protectlve ccn~tlngs m-y also lnnuenea ttability In cases 01/lef than 
tranedueer IP91iclllons where the elarnant la hermetlcally sealed. 

•• ti Lt lnapproprlate laqulnllty ·eceuracy"., ,.sed in thll libia wlthout con1ideratlon ol v.rious npeoclll ollha acNalllsl program 
ll'>d !he lnstrufiMINatlon und. In genflt'lll, •modefJ.t.,·lorstreuanatysla pvrpoteS ia in !he 21o 5'111 rang•. ·11¡g11·1n lhl 1 to 3"Jo 
..... 1nd-v.ry hlgh•t'llo or better. 

Thc abo~ tablc ¡iVQ th~ recommended gsge series for 
1pecific: test "profiles," Of seiS of lesl requirem~OIS, c:atcgo
rized by th~ following c:rileris: 

• typc: of strain ~m~nt (static. dynsmi~. etc.) 
• operalinglcmpcnl'ID'C: of 1•11= installation 
• test duration 
• accurscy nquitt:d 
• cyclic ~ndursnce rcquirc:d 

This table provido thc: basic means for preliminary selec-
tion ofthe ¡age series fOI' most conventional applications. 11 
also includct rttommmchttions for sdhesivcs., since lh~ 
adhesiYC in 1 strsin pat installation betomes psn of tht 
¡agc syst~m. and corrnpondin¡ly affcds thc perforcnance of 

thc gage. Thisselection tabl~. supplcmcnted by the informa
tion in lht tablc on pagc 4, is used in coujunttion with 
Catalog .SOO, Part A - Suoí11 Gagt' U.1tingJ lo arrive at 1he 
complete gagc Klettion. Thc protedure for .a;omplishing 
this is dcxribcd in S«timr J.l of this Tc:ch Not~. 

When a test profil~ is cncount~rcd 1hat is ~yond tht 
rangcs specifiCd in th~ abovc tablc, it can usullly be assumed 
that th~ test requircmmts approach or u.ccN the perfor
mance Jimitalions of availabl~ gages. Und~r lhesc condi· 
tions, thc interactions betwecn gage performana: charactctU
tics becomc too comple1 for presentllion in 1 simpl~ table. 
lnsuch cast1, thc uJCr should consult thc Applic:ations Engi-

:.;~~~~~~paitmcnt of Micro-~easurcmcnts lor assinsnce 
ID arnVIRI atlhe bc:st compromlst, 

_,_ 



As indicated in the previous table, !he CEA Series is 
usually tbc prtfcntd choice for routine 'uain-mca.surement 
1itualions, not rcquirins e:urcmn in performance or cnvi
ronmcntal caPabilitin(and not rcquirin¡ the vcry smallest in 
Jatc kn¡ths, or lptcialilai ¡rid confi¡uratiotu), CEA
Suies strain ¡a¡n are polyimide-cncapsulated A·alloy 
¡a¡n, fcaturing large, rugged. wppcr<oatcd tabs for case in 
soldcrin¡lcadwire~ directly to the 11ase (photograph below). 
Thcsc thin, nuiblc ¡a¡es can be contourcd to almo\1 any 
radios. In overall handlin¡charactcristiC1o, for cumple, con
venience, resistance to damage in handlin¡¡:, etc., CEA-Series 
aagcs are ouutandin¡. 

BACKING 

: 
2.-4 .Gaac Len&tb 

Thc ¡a¡c len¡th of 1 nrain ¡agc is the active or strain· 
Knsitive lcn¡th of thc ¡rid, a.s shown below. The cndluops 
and s.oldcr tabs are considercd irue!Uitive lo strain becau~ 
of their rclative!y Jar¡e cross-!iC'Ctiunal arca and low elcctrical 
rcsistancc. To satisfy the widely varyin¡ necds of experimen
tal streu analysis and tranWuccr applications, thc M_icro
Mcasurcments Division offcrs ga~ lcn¡ths ranging from 
0.008 in (0.1 mm) to 4 in (100 mm). 

r-GAGE lENGTH 

Oa¡e lcn¡th i1 oftcn a vcry imponant factor in dctcrmin• 
in¡ lhc sa¡e performance under 1 ¡iven !.el of circumstances. 
For c:umple, snaio measuremenu are usually madc at the 
most critica! poinu on a machine pan or suotturc- that is, 
.11 tbe most hi¡:hly stres!iC'd points. And, very commonly, thc 
hi¡hly llrcssed poinU are associatcd witb strcu conccntra
tioN, wherc: tl\c Jtrain ¡:radient U quite 1tecp and the arca of 
muimum 1train is restricted lo a vcry small rcgion. Thc 
1train aaac tcnds to intesratc, or avcra¡c, the suain ovcr the 
uea coverrd by the arid. Since thc averaac of any nonuni· 
form ltrain distribution is alway•lessthan !he ma~;imum, a 
ltrain PJC which is noticeably lar¡cr than lhe muimum 
auain re&ion will indicatc a 1tr1in maanitodc whith ia too 

low. Thc sketch below illustrates a rcprncntative strain dis· 
tribution in the vicinity of a stress eonccntration, and tkm· 
omuates the error in ~uain indicaaed by a ¡a¡e which is too 
Ion¡ with retpectto the lOnt of peak ttrain. 

·-
As a rule of thumb, ... ·~n pr«licablt, the sage length 

should be no ¡reater than O.ltimes t.bc radios of a hale, fiUet, 
or notch, or thc corrcspondi113 di~Um~ion of any Other litre$S 
ra.iser at which the strain mcasurcmcnt is to be made. With 
ltress-raiser configuratiom havin¡ the significan! dimension 
!tu than, say,0.5 in (IJ mm). this 111\e ofthumb can lcad to 
vcry 1mall ¡a¡c lengths. Bccausc thc use of a small strain 
¡a¡c m ay introduce a number oí other problcms, it is often 
ncces.sary to compromise. 

Strain gages afien than about0.125 in (J mm) ¡a¡e length. 
tcnd to uhibit dc¡raded performance - particularly ·in 
temu of the muimum allowable clongation, the stability • 
under static nrain, and endlllancc whcn suhjected to altcr
nating cyclic strain. When any of thcse considcrations out
aci¡h the inaccuracy due to suaio avcragin¡, a lar¡er gage 
rna.y be requircd. 

When they can be·employcd, lar¡er ¡"a¡es ofrer ~vera! 
advanta¡n worth notin¡. Tbcy ~ usually casicr to handle 
(in ¡agc Jcngths up to, say, 0.5 in or /J mm) in nearly cvery 
aspa:t of the installation and wirio¡ procedure than minia· 
turc ¡ages. Furthnmore, larp: ¡qn providc improvcd hcat 
dissipation b«ause they introdute, for thc samc nominal· 
¡1¡e rcsistancc, lower watta¡c pcr unit of grid aru. This 
considcration can be very importan! whcn thc gage is 
installcd on a plastic or otbcr JUbr.tratc with poor hcat 
transfcr properties. lnadequatc heat diuipation causes hi¡h 
temperaturcs in the srid, bad:in¡, adhesive, and test speci
mcn 1urface, and may notiaably affei:t gagc pcrforinance 
and acc"uracy(ue MeasurcmenbGroup Tech Note TN-502, 
Op1imízíng Stroin Gagt ExciJtuion Ltve/J): 

Still another appli¿,_lion of 1at¡c suain ¡a¡es ·_ in this 
case, often vcry lar¡c sagcs - is iD suain mc_asuremcnt on 
nonhomo¡cncous materia!J. Co!Uidcr concrete, for uam-. 
pie, which is a mixture of q¡repte (ÜJually stone) and 
crment. Whcn musurin¡: strains in a concrete ltructure it is. 
ordinarily dcsirable to osc·a Jtraio ¡a¡c of sufficii:nt ¡a¡c 
1cn¡th to 1pan ~vera! piecc:J of a¡¡rc¡ate in arder lo meas ore -·-

) ) 

) ) 

the reprt~oentativc strain in the $IIU(!Urt. In othcr wor<h, it is 
~ually thc "''<'T<IJf<' dr4in that i~ ~ought in such innan<.:n, 
not the severc loc:d Ouo:::toations in·~train occurriill at the 
interfaces betwecn the ag¡rcgate particlc~ and thc cerne m. In 
¡cneral, when mta~uriri¡ straim un uructurcs madc o[ com
posite material• of any kintl, the ¡agc len¡th 11hould normally 
be largc with rnpcctto the dirilcn~ions of thc inhomogcnc· 
ities in the material. 

Al a seneral!y appliCablc guide, when the forcgoin¡ con
Sidcrations do not dicta te othcrwi~c. ga¡e lcngths in. the 

'ranse from 0.125t00.25 in (J to 6 mm)arc prdenblc. The 
largest iCicctionof ga&e p·atterm and stock gage~ is available 
in this range of lengtlu. Furthermore,larger or ~mallcr sizes 
gencrally cost more. antl. largcr gagc$ do not noticeably 
improvc fatigue lifc, dability, or clongation, while shoner 
gagcs are usoally inferior in thtM" characteristics. 

2.5 Gase Panern 

The gage pauern rdcrs cumulati•·ely to thc shape of the 
gritl, thc number and oricntation of thc grids in a multiplc
¡rid ·gage, the solder tab configoration. antl variou~ con· 
struction fcatures wbi.:h are stóin<l,ud. for a panicular pat- · 
tero. All dctails ofthcg1id and wh.ler tab conligurations are 
il\ustratcd in the ~Ga¡c Pattcrn~ columns of Catalog 500, 
PartA- Suain Gag<' UJtirrgs. Thc widc ~arkty of paucrns 
in thc list isdcsi¡ncd to satidy the full ran¡c of normal gage 
installation and ur.lin measurcment rcquircmcnts. 

_ With singlc·arid g.tJCS, paucrn suitability for 1 panicular 
application depend~> primarily on thc followi_ng: 

Su/Jcr 1abJ- Thnc should, of cour~c. be compatible in 
size and orientation with the sp'acc available at the gagc 
installation si le. lt is alsu .importan! thatthc tab arrange
ment be such as 10 no\ cit:e~sivcly la.:t. the proficicncy of. 
the insta.ller in ma.king proper ludwire conricctio~. 

GriJ..,·idrh- Wbcn ~verc strain gradienu perpendicular 
to the ¡agc uis exi11t in thc test s¡}ccimcn surface, a 
narrow grid will minimize the averagins error. Witler 
Brids, when availab\e and ~uitab\c to the instailation ~ite, 
will improvc the bcat diuipation and cnhance ¡a ¡e stabil
ity - particularly whcn the gagc is to be irutalicd on a 
material or 1pecimen with poor heat transfer propertics. 

Gaxt rtJí:rtan<'<'- In certain in~tancn, thc only tlirrer· 
.ente bctween two JiiiC panero~ available in the ume 
¡cries is the ¡rid m.i.stance- typically 120 ohm, vs. )S() 

ohms. Whc"n thc cboicc c&ists, the higher·re~Ístance iase 
is prdcrablc in tbat it reducnthe hcat gC:ner;uion rute by a 
factor of thrcc {for thc same a-pplied voltagc: acrou the 

·¡a¡e). Hi¡her sage resistance.afso hn the advantagc of 
dccreuin¡ leadwirc cffccu soch as cireuit dc.t.eiuitiution· 
due to lcadwirc mistance~ and unwantcd si¡nal varia· 
tiaris caused bY l~wirc rC$ÍSiance changcs with tempcr
atinc nuctoations. Similarly. whcn thc "¡age CÍICUit 
inclode1 switchcs, slip rings, or other so orces _of rando"m 
rcsistancc change, thc signal-to-noiu ratio is impruvcd 
with hi¡hc_r resistaoc:c sagcs opcuting atthc umc power · 
levd. · 

In cx~fimentallitrns analy"sis, a singlc-¡rid ¡agc would 
normally be used ooly whcn the stress statc at the point of 
measurcmcnl is knoWD to be uniallial iand the dircctions of 
the principai&J.n are known with rcasonable accuracy (±5°). · 

The~ ret¡uiremcnllscverdy ;\~j~;~j:~~~~~j~¡f:~:~ ity of sin¡le-grid strain ¡;r.¡c' i 
considcr biui;slit~ of the stress state 
in !he urc~s· magnitude inferrcd from 
with a ~ingle-grid ¡a¡c. 

For a biaxial ~trcss $li!.IC- a com- r---:--i--, 
mon Clloe neccuitatins strain mca
surcmcnt - a two- or thrcc-clement 
roscne is rcquircd in order to detcr
"mine the principal stre~s. When the 
directions of thc principal a,¡cs are 
known in advancc, a two-c:lement90-

degrce (or "tce; rosettc can be '::-====:::-:-e-' 
cmploycd with the 
principal ucs. i i 
times be dctcrmincd with accuracy from ., 
severa! considi:rations. For examplc, !he shapc of the test 
objcct 1nd the mGde of load in¡ may be sucb tbat the 'dirtt
tions ofthe principal axcs are obvious from tbcS)'mmCtry of 
thc >ituation. a.s in a cylindrical prcssure •·eM.CL The principal 
axcs can also be dcfincd by testing with photoda.sticco'atin¡. 

1 
In the most ¡cncral caM" of sur- ,------;--, 

face streucs, ~hen the dircctions .- /!'-.. 1" 
ofthcprincipaluesarcnotknown i.l~ 

~~E~:~~h~~~;~~;~~:~i~:~~ :~~~:~ :11 ~-~-11: 
tudes. The rosc:ttc cari be installcd L ' 1 '1 ~ 
with any oricntation, bu\ is usually 45-dcarec roM"tte 
mouillcd 'o lhóil onc of tbc grids is i 
aligncd with sorne 'ignific;ant axis ~-~.·-), 
of the tell object. Thrcc:-c:kmeñt . _ 
ro~cl\es are available in both 45-

~;~~cec:~c~~:~~:~~nas~dT~~~~:~ ~ i 
choice is the rectangular roscne 60-depee roseÚe 
iince the data-rcdut:tion taü is · 1 

some-..hat simplcr for this configurat10n. 

When a rosctte is lo be employed, r----.,---T--, 
carcful eonsideration should always ; .... ~ i, 
be given lo thedlrfcrenc:e incharacter-
htiCs betwccn sin¡lc-plane and stackcd ~/ '.; - , 
ro~ettes. Fur any givcn ¡agc lcn¡th, __..~· .. ¡-' ¡ ·Í ·-., 
the singlc•p\a.nc ra~.ette is superior 10 the 
stackcd rm.cncin ttrms ofhcattransfcr L'-'-"'-'-'c'c0c~"!'_'-J 
tO thc te't specimen. gcncrally pro~id111¡ bctttr stabtllty and 
accura9 for ita tic ~train rncuurcments. Funbnmorc. when 

· there is a ,¡gnif~tant strain ¡radien! perpendicular to th'e test 
10rface {as in bendins), the sin¡lc-planc roKUC will piOducc 
more accurate stnain data because all¡rids are 11 clc:ise as 
pouiblc lo the test sur{acc. Still another considcration iS that 
stacked rosencs aK gene rally len conform1ble tocontOured 
1urf~ccs than sinsle·planc ros_eucs.. , . j 

On thc other hand, whcn there are lar se sua.in ¡radicáu in 
the plane of the test surface, u is often the case, thc sin¡le
plane rosenecan produ~eerron in strain indication bciiause 
the grid1 sample the str.iin 11 differcnt poi1111. For !bese 
applications thcsta<:kcd roscttc is ordinarily pteferable.1 The 
stacked roscttc .i1 allo advant1¡eous wheo lhc spacC for 
_moun~in¡ the roJCI!e is limltcd. 1 

-1-
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1.6 Optlonal Fnturn 

Micro-~asurcmcnts oiTcrs a selcction of optionai fea· 
turcs for its sira in ga¡es and spccial scnson. The addition of 
options to ttlc buic gagc t:onstruction usually increascs thc 
co$1, but this is gencrally offset by thc bencfiu. Eumplcs 
are: 

Availabi!ity of eath option varies with gagc series and pat· 
tcrn. Standard optionl are notcd for cach sensor in Catalos 
500, Pan A ~ Strai11 Gatt' lbtiii~J. 

Shown bclow is a summary of the optional fcaturcs 
Orrcred. 

• Si¡nific.mt redoction ofinstallation time and t:OSIS Standard Catalo¡ Optlmn 

• Rcduction of the skilllevcl neccssary to malo:.e depcnd· 
ab[c inu.!lations OPTION BRIEF DESCRIPTION 

• Jncreascd rcliability of applications w Integral Termrnals and Encapsulatlon 

• Simptirll!d installation of ~cn~ors in difficult locatioru on 
t:ompoamts or in thc ficld 

E Encapsulatlon"wlth Exposed Tabs 

SE Solder Dots and Encapsulatlon 
• lncrcucd prottttion, both in handlingduring insta11ation 

and shidding from thc test cnvironmcnt L Preal1ached Leads 

• A_chicYCmcnt of spccial performance t:haractcristi("S 
LE Preallachod L&ads and Encapsulal!on 

Option W 1 Scri" Avallability: EA, EP, WA, ED, EK, WK 

Central Dncriptlon: ThiJ option provide!J encapsulation, and thin, printed circuit tenninls at the tab cnd 
of the gqc. Bcryllium copper jumpcn conn((:\ thc tcrminals to thc ga~ ta~. The tenninal1 are 1.<4 mil 
[0.1)()14 i• (TJ.016 mm)] thick coppcr on polyimide backing about I.S mils [0.0015 in (0.018 min)] thick. 
Option W gages an: rugged and -u prottttcd, and pcrmitthe direc1 altachmcnt of lar¡er lcadwircs than 
would bt: possiblc with opcn-faced ¡a~s. This option is primarily uscd on EA-Series sages for ~neral· 
purposc applications. Soldrr: q)0° F (+Z]f!' C) tin-silvcr a!loy soldcr joinu on E-baclo:.ed sarP. -~oS7Q" F 
(+1000 C} lcad-tin-silvcr alloy solder joints on W-b.ackcd gages. Tnnpualu~ Umlt: +400" F (+]()(}" C) for 
E-baclo:.cd gagcs, •SOOO F (+16(]" C) for W-backed gages. Grid Protmion: Entire grid and pan of terminals 
an: cneapsulatcd with polyimidc. Faticue l.lfe: Sorne lou in fatisue lifc unless strain lcvels al dÍe terminal 
loeation u-e bclow ± IOOOJ.I.E. S be: Option W extcnds from thc soldcrinstab end of tbe gagcs and tbcn:by 
i.Derea.ses pge sizc. With sorne pattcms width is slightly geater. Straln Rancr. Wilh somc pge series, 
notably E-bacted gages, strain range will be n:duced. This clfect is greatcst with EP p.gcs, and Option W 
sbould be avoided with thcm if possible. Flu.lbility: Option W adds encap!:ulJ.tion, makins saBes slightly 
thicker ud stiffer. Conformance to curved surfaces will be sornewbat ~uttd. In tbc terminal area iuclf, 
stiffncu is ma:rlo:.edly increascd. Rt:tktance Tolerancc: On E-bac:ked gagn, resistanec tolcTanec is normally 
doublcd. i 

OptionE Scrits Availability: EA, ED, EK, EP 

Cmcral Dnaiptlon: Option E consist• o! a prottttivc encaprulation of polyimide mm approxiniatcly 
1 mil{O.OOI in (TJ.OZJ mm)Jthick. This providcs ruggedneu andcuc:llentgrid protcction, "trith littlcsacrifiec 
in nn.ibiity. Soldcring is ¡reatly 1implif1Cd 1inct the 1olderis p~nted from tinnins any mon: o! the ¡age 
tab tha.n D dclibaately cxpoted for ltad attachment, Option Econlributes ti¡nificantly to loni-term ¡a~ 
Jtability, becaus:e the grid eannot be contaminatcd by lillfCll'rinu or othcr agcnu durins installation. 
Heavicr lead1 rnay be attached dim:tly to the gage tabl !or aimplt t~atie load tests. SupplementAJ}' prottttive 
eoatinp sbould JtiU be applicd after lead attachment in most cases. Ttmpcnture Umlt: No degradation, 

- ,.:., 
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Crid ~loa: Entin: pid .and pan o!tabl arecntapsulated. Fadpe Ule: Wbcn IIJCI are properlywired ¡·~ib_!l~U~H 
witb Jm.aiJjumpen, mu.imum enduraoce is casi! y obtained. SUr. Gage siu is not affectcd. Stnl.ln Ran¡e: 
Strain. '11111= of pges w\11 be n:duced be«. use the additiona! Rinforcement of the polyimidc meapsulatiQ¡~ 
can eaute bond failure befon: the ¡agc reachet iu fullstraiD c.apability. FlulbUIIy: Optioa E ¡agcs ate 
almos! a conformable on. curved surfaces u open~(aeed p¡n, since no intcrnalleads or solder are prescnt 
al the ti.-ofinnallation. Rnlstann Tolftancc: RtsiitanCctoleranee is normally doubltd whei.Option Eis 
telectcd. • • . .. · ~ . ·~ -·-

,. 
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Optiun SE Serits Anllabilit)': EA, EO, EK, EP 

Cmenl Deerlption: Option SEis thc combination o!solderdou on the gage tabl witb a 1-mil [0.001-in 
(0.01J·mm)] polyimide cncapsulation !ayer th.at eoven the entire pJC. Thc cna.psulation is n:moved ovcr 
tbesolderdots, providingactt~s for lead attachmcnt. Thcsc gaacs arcvcryOuiblc, and well protectcd from 
handling damage during installation. Option SE is primarily intcnded for small g.ages that must be installed 
in rntrictcd areu, sinee le.adwircs can be routcd to thc cxposcd soldcr dou ÍI"OIIIany direction. Thc option 
does not inrn:.ase overall ¡age dimcnsions, 10 t~ rnatrix may be fiCid-trimmed vcry dosc to the actual 
pattcrn sizc. Option SE is Jo me times ~Htful on miniatun: transducen o( mcdium or low accuraey class, or in. 
lli"CSI analysis work on m.iniatun: p.arts. Soldcr. •S700F (+JWC) lead-tin-sihoer alloy, To prcvent Jou of 
lon,.urm Jtability, gages wilh Optioo SE must be wlde~ witb noncorros.M: (ro1in) flu~ and aU nux 
rc:siduc should be earduUy removed with M-UNE Rosin Sol~nt alter wirina. Protcctivc eoatinp should 
then be u5Cd. TempentunlJmlt: Nodegradation. Crld Prot«dOG: Entire pae is cncapsulated. Fatlp 
Uft: Whcn IIIF' are propcrly wircd with small jumpcn, maximum endurancc: is easily obcaincd. SI u: Gage 
sizt: is notaffccted. Stnln Rance: Strain ran&e of gages will bercduced bccausc: \he additional rcinforcemcnt 
o( thi: polyimide cncaptulation can cause: bond faiJure beforc thc gage reachcs its full atrain capability. 
F1u:lblllty: Option SE gagCI an: almost u coniormable oo curvcd 1urfacc1 1..1 opcn-faced gages. Reslstancr 
Tolnuc:e: Rcsist.ancc tolcranec is nonnally doubled whcn Option SE is sc:lcclcd. 

Option L Scri~ A vsilability: EA, ED, EK, EP 

~1 Descrlpdon: Option Lis the addition of soft copper lcad ribboru ID opcn-faced polyimidc-baclo:.ed 
gago. The use ofthis typc ofribbon resulu in a tbinncr and moreconformablcpgc than would be thc case 
with round wiresof cquivalcntcross sc:ction. Atthe 1ame timc,the ribbon is 10 cksigned that it forms almost 
as rc.dily in any dcsired direction. Lndt: Nominal ribbon lile is 0.012 widc l 0.004 thick in (0.10 x O. JO 
mm). Leads ue approximately 0.8 in (10 mm) long. Soldcr: +OO"f (•ZZ,C) tia-silvcr alto y. Thc soldcr is 
confincd lo smaJI, wcll-dcfined .areu al the end of ea.ch rlbbon. Tempnatun U mil: +400" F (+]()(}" C). 
Fatlpc ure: fatigue lifc wiU normaUy be dcgraded by Option L. This occun primarily beca use the copper 
ribbon has limitcd cyelic endurancc. Wben it is poniblc to carefully drcss tbc lead1 so that thcy are not 
bondcd in a hi¡h 1train ficld, tbc performance timitation will not apply. Option Lis not oftcn reeommended 
for vcey high endurance g.aces such u thc ED Series. Slzr: Matrix sile is unchu~d. Serain Ranrr: Stra.in 
ranse will usually be rcduced by the .addilion of Option L Flulblllty: Gages with Option L ue not as 
coniormable u 1\an.d.ard gases. Rrdstanu Toltraoce: Not úfccted. 

Option LE Srrits Availability: EA, ED, EK, EP 

c-al Drscripdon: Tbis option providet thc ltlme conformable so!t eopper 1ead ribbom u uscd in Option 
l., but witb tbc addition oC a !·mil [O.OOI·in (O.OZJ·mm)J thiclc encapsulation bycr of polyimide film. The 
eneapsulation !ayer providcs exeeUent protcction for tbc p¡e dnrin1 bandlin¡ and last.Uation. 1t abo 
c:ontributct ¡n:atly to cuvironmental protection.. thou¡h Jupplcmenlary eoatiap are stiU rttommcnded for 
fiCid use:. Gages witb Option LE will normally show better lon¡·term 1tability than opcn--faeed gagcs which 
are "waterproofed'" only after illltallation.. A good part of thc reason. for Ibis is that the tucapsulation layer 
prtftl1ts eonta.min.ation ofthe grid twface from fin¡crprinu or otber a¡cnU darin¡ ba.ndlin¡ and installa
tion.. Tbe prcsencc or 1uch eontam.inants wiU cause 1ome lou in pse nabilily, evcn tbou¡h thc ¡age U 
rubsequcntly eoatcd with protectivc compound1, Ln.ds: 0.011 wide J. 0.004 thid: in (TJ.JO J. O. JO mm)coppcr 
ribboDS._ l..cad1 an: approximately 0.8 in (10mm)lOnJ. Soldm .... .JO'"F (+1](JbC)tin-tilYet" alloy. Tbc 1older 
¡, eoofined lo sm.all, wcll-ddincd artu al tbe md of each ribbon. Ttmperatwe Umll: +<400"'F (•200" C). 
Crid Frottcdon: Entire pge is cneapsulatcd. A 1bon extension oC the bactio¡ i1 lcl"t uncovercd al the 
ndwire eDd to pmrcn.t con.tact betwcen tbc leadwira a.nd the 1pecirnen turlace. Fatlp Ufe: Fati¡uc tifc 
wiii normally bedc¡raded byOptlon LE. Tbis oocun primarilybec.aUJC tbeeopper ribbon hu limitcd cyclic 
mdunnce. Option LE it notoftcn recommended !orvcry high en.duranec ¡age~such as thc ED Se riel. Slu: 
Matrix 1ize is unchangal. Straln Ra.np: Stn.i.n range will usually be rcduecd bJ tbc addition of Option. LE. 
flnDIIJity: Gap with Option LE are not u eonformable u llandard ·PICL Rcabtancc Tolmmce: 
Reaistanee tolcrance it normally doubltd by tbe addition. of OptioG ·LE.-- · · · 

_,_ 



lndwirt Orltnlatloa fOI' OptiOIII L lUid LE 

Tbesc illumatioiU show !he n"andant oritnlalion of leadwircs relativc lo !he p¡e pattem ¡eomc:1ry for Options L and LE. 
Thc ~neral rule is 1hat1be leads art parallelto 1he Jon¡est dimeruion of tbe patlern. The illustrations also apply to leadwirc 
oricntation for WA·, WK~. and WO-Scria ¡a¡es, _whcn the paneru showo. is availahle in _onc of tbese series. · 

w 
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1.7 .Cbanettrisalcs or Standard Catalo& Oplions 
oa EA·Serin Ga&n 

As in other aspects of stn.in ¡age selection, ihe ~holee of 
oplions oidiurily inYolves a varicty of compromiscs. For 
inslancc, an option which muimiles a particular gagc pcr· 
formanee paramcter such as fatigue lifc may at Lhc samc time 
rcquire greatcr ll.ill in installing thc gage. fkcause of the 
many intcractions betwn:n iMtailation attributcs and pcr
Connanct paramaen uwciated with lht options, the rcla
tivc merits of allnandard options are summarizcd qualita
tivcly in !he ehart bclow as an aid to option seleetion. for 
comparison purposcs, !he conupondin1 eharacteristics of 
tht CEA Seria an: ¡iven in tht right-most eolumn of the 
tablc. 

Since, in suaio r:ncuuremc:nt for str"ns analysis, thc !.lan
dard options are mos1 frcqucotly applied lo EA-Serie1 su a in 
¡a¡es, thc ioformation supplied in this seclion is dircCted 
primarily toward such option applicatioM. 

INSTAUAOON ATllliiBUn 
OA PERfORIIANCI!. PAAAlllntA 

-~·:$;~~··o,'o;;g;,.~la11on. 
w 

• 

Whcoeonlcmplaling theapplieation of anEA-Series gage 
witb an optioa, thc first con_sideration should usually be 
whcthcr lhtrc is an equivalen! CEA-Series ga~ that will 
1atis.fy the test requircmcnts. Comparing, for cumple, an 
EA-Series gage equippcd with Option W anda similar CEA· 
Series pattcrn,it will be found tbalthc taller is eharactcril.cd 
by loWcr eDSt..¡rcater nexibility and eonformability, and 
1upcrior fatigue lifc. Thc only possible ad~anta¡cs for the 
selcciÍOD. of Option W are the widcr varicty of availab\c 
pattcrns and !he occuional nccd for largc solderin¡ lcrminab, 

Jt should abo be noted that many standard llrain ¡age 
!)'pe$, witho-Ul options, are normally available from stOck; 
while p¡cs with.options are cor:nmonly manufactured to 
arder, ud may1hus invo!Vc 1 roinimum order requiremcnt. 

lntbe table bc\ow, thc respective performance parameters 
for ID. opcn-faeed EA-Series JIIC wi1hout options are arbi
trarily aui¡ncd a value of_-5. Numbers ¡i-catcr !han .5 indicatc · 
1 particular parameter is improve-d by addition of thc option, 
wbile s~UIIer aumbers indicatt a redllction in performance. 

STANDARD OPTIONS 

' SE " 
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3.0 Ga¡e Selection Prottdure 

The performance of a strain ga.ge in any given applicátion 
is affcctcd by cvcry clcment in the dCJign and manufacture of 
!he ¡agt. Micro-MeasurcmcntS offcna¡rcat varicty of gagc 
typcs for meeting !he widest ran¡e of strain mcasuremcnt 
necds. Dcspite the \argc numbci- of variables involvcd, the 
proccss of gage sclecti_on can be reduccd to only a fcw basic 
lilcps. From !he diagram be!ow that cxplains thc ¡age dcsig
nation codc, it isevident that thcre are but live paramcters to 
select, not counting options. Thcse are: thc gagc series, the 
S-T-C number, the gagc len¡th and pauern, and the 
resis.tancc. 

Of tbe prcccding paramctcrs, the gáge lcngth and pattcrn 
are normally !he fint and second s.elcctions to be madc, 
bastd on thc space available for gagc mountin¡ and the 
na1urc of the slfcn ficld in tcrms of biaxiality and expccted 
llrain gradient. A goOO starting poini for inilial eonsidcra
tion of gage lcngth is 0.12S in (J mm). This size offcrs 1hc 

· widul varictyof ehoicn froln which to ~lcct remaining gage 
paramctcrs such as pattcrn, series and 'rc~ist;¡ncc. The gage 
and its solder tabs are large enougb foi- rclativcly ea~ y han
dlin¡ and installatiun. Al the samc time, ¡agcs of this length 
pro~ide performance capabilitics comparable 10 thosc of 
larger gages. 

Thc principal reason for sekcting a longcr gagc ~·ould 
eommonly be onc of !he following: (a) greatcr grid arca for 
better hcat dissipation; (b) improved strain avcraging on 
inhumogcneous materials such as fiber-rcinforccd eompo
sites: or (e) tlightly casier handling and installation (for gagc 
lengths up to 0.50 in (IJ mm)]. Un the other hand, a ~horter 
gage lcngth may be neccssary whcn the objcct isto measurc 
localizcd peak strains in thc vicini1y of a stress conccntra
tion, such as a holc or 'houlder. Thc samc is truc, of courst, 
when the space available for gagc muunting is vcry Jimitcd. 

In ~lccting lht-gagc pancrn, thc firsl considcration i.s 
whclhcr a sin¡lc-grid ¡age or r01oet1c is rcquired (sce S~(fion 
2.5).·Single-grid gagu are avaih1ble with diUcrent aspcct 
(lcn¡th-to-widlh) ratiosand various soldcr tab arran¡cmenls 
for ad,.ptability lo diffcrin¡ installation rcquircmcnts. Two
elemcnt 90--degree roscttu; .whcn applicable, can also be 
selcctcd from a numbcr of differcnt grid and soldcr tab 
eonfi¡urations. With thr«:-ekment ro~ttes (rectan¡ulu or 
delta), the primary choice in 
pattern selcction; once thc gage 
length has becn dclcrmincd, is 
betwcen pló!.n&J and stackcd con·· 
struction, as dcKribcd in Stc· 
lion2.5. 

The formal of Catalog 500, 
Part A - Suain Gag~ l..i:11ing1 
is dciigncd to simplífy selection 
of the gage length and ¡iauern. 
Similar pattei1U availablc in cach 
¡agc lcngth ;m groupCd togcther, 
and listcd in ordcr of size. The 
strain ¡agcs in tht Super Stock 
ICC!ion of !he catalo¡ are tha 
most widely uied for meu l.na
lyaiJ applications. This seetion 
should alw;¡ys be revicwcd fint 
to localc an appropriate gage. 

1 
With an initial selcction of thc ¡agc size and pan cm cum

pletcd.thc neJU uep is lo selcct thc g.._ge )trin.tbw. dctC-miin
in¡ the foil and b<~tkin¡ combination, and any01.hcr fea1Urcs 
eommon to thc series. This is accomplished 111!' referrinl toJ 
!he chut on pa¡c S, whieh gi~n thc recomsundcd ga¡c 
series for spceif.c tcsi ~profi!cs~. or seiS of ttstm;¡uircmc:n". 
lf the g;~ge series is lo ha~e a standard optioa ;~pplicd,lhc 
option should be tent;~ti\·cJy spccified atthis time, since lhe 
availability oftbe dnired option on the selectcd pgc pauCrn 
in that series rcquires verilication during thc ¡xvcedurc o'ut-
lined in thc foUowing pa~agraph.· . 1 

After ltlet!itt¡ the ga¡e series (and option.1f any), rdcr
ence is made a¡ain to Catalo¡ SOO, Pan A - Straiti GOgt 
Lis1ing1 to record the gage dcsi¡nation of tlu: dcsircd glge 

· size and pattcra in the recommelldcd ~ries. lftllis. eombiDa
tion is not listed as availablc io1hc catalog_ a \imi!v ¡.i¡e 
pattern in the nme sizc ¡roup, ora sli¡htly ditkrem size'in 
an equivalen! pattern, can usually be ~lccted f• mcctin¡ thc 
installation and test requiremcnts. In ntren:te caM:s, U n\ay 
be nccessar)- to IClcct an altcrnatc ~ríes and rcpcal 1hil 
próceu. Quite frcqucntly,.and espccially for routine str.lin 
mcasurcmenl, more than onc gage: si1e and patw:rn cumbiria· 
!ion will be suitablc for lhc spccifacd test conditiDns. la these 
cases, it is. WÍ$t tosclcct a ¡age from thc Super S&uek. Linin'¡$ 
to eliminatc thc likdihood of calcndcd dcli>ay time of ,. 
mínimum ordcr requirement. 1 

As no1cd undcr thé sagc pattcrn discw.si- on pa¡c ¡7. 
thcre are often advantagcs from selcetin¡ die l5<klhm 
n:sistancc if thisrcsislance is compatible with tkinstrumeA
tation to be ustd. Thisdccision may be influcnm:d, howcvÚ, 
by eost considcrations, particularly in thc casco! vcry s.mlll 
¡ages. Sorne reduction in fatigue life can a!so bc-upcncd rOr 
thc high-rcsistanee small gagcs. Finally, in rcc:ordia¡ tht 
complete gagc dcsignation, the S-T-C nÚmbu shou!d be 
inscrted from the list of availablc numbers loe cach aUOy 
givcn on pa¡c 4 of Catalog 500, Pan A - si-rai11 Gait 
l..islinÍJ. ¡ 

1 

This eomplctn the gage sclcction procedUJC. In each stcp 
of thc procedurc, thc Strain Gqc Sclectio. Chccklist on 
pagc_l2 sbould be rcfcrred to a.s an ,_¡d in accoaatin¡ for ttie 
test eonditions and rcquircmeats which ewld afftd ttie 
selcction. ' 
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4.0 Strsln Gsge Srlection Checklist 

This ched.list is provide-d as a convcnicnt. rapid mcans for 
hclping make cc:rtain that no critica! rcquircmcnt of the test 
profilc which could afTcct gage sdection is overlookcd. lt 
should be borne in mind in using thc che<:klin that the 
·considerationsM listcd apply to rclatively routine and con
ventional streu analysis situations. and do not embrace 
exotic applications involving nuclear radiation. intense 
magnetic ficlds. Clltremc centrifuga! forccs. and the like. 

Select/on Sr~· 1 
Par•m•ter. G~o lenglll 

S•l&el>en Srap 2 
Para-lar; G• Ptflam 

Selactl(ln srap 3 
Par•mertr· G~• son.o 

Sti.CII(WI St.~: 4 
Paramaltr: Optlono 

COHSIOt:RATIONS ,OR 
P.I.R.I.METfR SElECTtON 

O atraln gr1dianl1 

O 1111 of murmum Slrlin 

O accuraey •lt<lutrt<l 

O 1111ic s1<1ln tteb<lily 

O muimum alongat>oll 

O cy<:be endu"~' 
o.~ .. !di .. ipa11on 

O ~paetlot ln1!all8tion 

O toM of intlollallon 

O 11111n gradlen!J (lr>oplana ond 
....,.,.,alto lur1aee) 

O biu•ohlyolttfHI 

O ~eat dr .. oporion 

O tpaealot onslallatlor'l 

O tue or intla118tion 

O goga ....,iatanct avolllblhty 

O ly~>t ot J!rorn .,.,...u,..mant 
applieatoon (otatic. dynomlc. 
posl·yttld. ole.) 

0 Opetlling I""'P'"'"&Iu"' 

Otes~durallo<l 
O cycllc enduranee 

O acr:uracy req"'r"O"d 

O .. ,. ol rnttallallon 

O 1yt>4 or,..,su...,...nt totatlc. 
llynamic. PQOI-yield. IJIC ) 

O mstell"ion tn..lron,...nl -
laborllor"f or beld 

0 lllb<IO!y rtQUI ......... Ü 

O ooldiSflng wrrsi!Nity ol 
aub!tralt (plalllc. bone. etc) 

O lpact , .. illb141 tor lna!alü!ion 

O ln~anatton time tonllll'illts 

St!KI""' Stop• S 0 ""'' doulptotlon 
ll•ramtlao: Gag• A.-11-. O lel<lwi,. ~l!lratlon 

Sf!KI"'n Stop t p,,,,.,., s-r:c-

O algnai·IIHl- ratio 

O In! sp«!trl"' !Nittrial 

O -"""0 tarnptf"llurl rengt 

0 KCUI"Ky fl<l!llrtd j- ' , . 

5.0 C.age Selection Eumpln 
¡ 

In this section. thrcc e11.amptu are given of the gagc
sdection proccdure in reprcscntativc su·cn analy~is situa
tions. An ancmpt has bttn madc to provide thc principal 
rcuons for thc particular choice$ whieh are made. lt should 
be noted. howcvcr. that an uperienced sucss anatyst dOC$ 
not ordinarily procccd in the same stcp-by-$!Cp fa.shion illus
trated in thesc ellamplcs.lnstead, simultancously kccping in 
mind the test conditions1nd cnvironmcnt. the gage installa
tion constrainn. and the test requiremcnts, thc analyst 
rcvicws Catalog 500. Part A- Strain Gag~ lJJringJ, and 
quickly scgregatcs thc more lik~ly candidatu from among 
thc available sage·paucm and seriu combinations in the 
appropriatc sizcs. The sclcction ctiteria are then rcfincd in 
accordancc with the particular 'strain-mcuuremcnt task to 
converge on thc gagc or gagcs lo be spccified for !he test 
prnJram. Whether formally or othcrwisc. the knowle-dge
ablc practitionu docs so in thc.light of parametcr selcction 
coruidcrations such as those itcmi1cd in thc prcccdin& 
checktist. 

A. Dui&n Study of a PrU'§ure Veswl 

Stn.in measurcmcnu are to" be madc on a sealcd-down 
ptastic model of a prcs~ure ves~cl. Thc model wiU be teste-d 
statically at. or ncar. room tempera\ u«:; and. although the 
tests may be conduetcd ovcr a period of severa! months, 
individual tests will take only a fcw houn to run. 

G11e Selcctlon: 

J. Gogt Ungrh - Very shon gage lengths should be 
avoided in ordcr to minimize heat dissipation problems 
causcd by thc low thcrmal conduetivity of thc plastic. Tbe 
modcl is quite large. and apparently free of scvere strain 
gradicnts; lhcrefore, 1 0.25-in (6.3-mm) gage length is 
spccified. beca use thc widcst sclcction of gagc patterns is 
availablc in this length. 

1. Gag~ Palltm - In sorne areas of the model, lhe direc
tions of the principal axes an: obvious from considera
tions ohymmctry.•nd sinS.Ie-grid ga¡cse~n be cmployed. 
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• Qf !he p111erns avaiJable .in tbe sc]«tcd 1age length, tbc 
2SOBF pattcrn is agood compromisc beca.usc or its hi!h 
srid rcsistance which will help minimizc hCII dissipalion 
problems. 

) ) 

) 

In olher arns ofthc model,thc dircctions oh be principal 
axes are not known. and a thrcc-c\cmcnt rosette will be 
requircd. For this purposc. a •ptanar"' roscttc shou\d be 
sclecte-d. si111:1: astacked rosen e would con tribute signifi
canlly to reinforccment and heat diuipation problcms. 
Beca use ofits high-n:sistanc"c grid,thc HORD panero is a 
good choice. 

J. Gagt Strin- Thc polyimide (E) backing is prefcrrcd 
bccausc iulow elastic modulus •ill minimizc rcinforce
ment of thc plaslic modcl. ~aw:e thc normal choice of 
grid alloy for static strain mcasurcmcntal room tempera· 
ture is the A alloy, thc EA Series should be sc\ccted for 
lhis application. 

4. Oprioru - E:otcenive heat applieation to the test modcl 
durlng leadwirc attachment could damage thc material. 
Option l (prcattached leads) is thcrtrorc sc\ccted so that 
thc instrurMnt cable can be attached dircctly to the lcads 
without the application of a soldcring iron lo thc gage 
propcr. Option lis prcfcrablc ovcr Option LE bccause 
thc encapsulation in the latter option would add rcin
forcement. 

S. RtJistanrr- In this case, thc resistancc: was determined 
in Stcp 2 •hcn the highcr ruistance ahcrnativc was 
sc\ected from among the gage paneros; i.c., in selccting 
the 250BF over thc 250BG, and thc 250RD ovcr the 
250RA. Thc scle<:tcd 1age mistan« is thus 350 ohm.s. 

6. S-T-C Numbtr- ldcally. the gagcs should be sclf
temperature-compcnsate-d lo match the model material • 
but this ¡, D.OI always feasiblc, sincc plastics - particu
larly reinforced plastics- váry widcly in thcrmal Cll.pan· 
sion cocfflcicnt. For unreinforced plastic. S-T -C 30,40or 
SO should muaily be selccted. lf a mismatch betwccn the 
modcl matcrialand thcS·T .C number is ntcessary.S-T-C 
13 should be sclccted (bccause of stock status), and thc 
test peñorme-d at constan! lemperaturc. 

Cace DeslpatloM: 

From thc abovc stcps, thc strain pgcs lo be uscd are: 

EA-30-2SOBF-3S0/0plion l(singlc-grid) 
EA-30-250RD-3SO(Option l(rosctte) 

S. Dyumtc Stress A!Wyslt Slud)' 
of a Sput Gru In a Hydn.ulic Pump 

SI rain mcawrcments are 10 be made at the root ofthc gear 
tooth while tbc pump is opcrating. The filie! radius 11 the 
tooth roo! is0.12S in (or aboutJ mm) and testtempcr~turcs 
are upcctcd to range from O" lo •IBO"F (·10" ro .. 8u>C) .. 

1. Gogt Lm~th- A gagelcngth which iumaDwith rnp«t 
to the fillct rádius should be specificd for tbis applicatioca. 
A length ofO.OIS in (0.)6 mm) is prcferabk..but rcftrencc: 
to Catalog500. Pan A- Strain GoKt Wm,1, indic:ucS 
1ha1 siKh a choice se~rcly limits the avaibble gagc pat· 
teros and grid allo)"1. Anticipating problcmtowhich ""'ould 
othcrwise be cncountercd in Step§ 2 and J. a gagc length 
ofO.OJI in (0.8 mm) is Klccted. 

1. Gof(t Ptltltm - Bccau.sc thc gcar is 1 SfOUt gear. lbc 
dircctions ofthe principalncs are known, ~ single-!rld 
ga~s can be employe-d. A gage panern wftit both «)\der 
tabs al the samc cnd should be sclccte-d so that lcadwire 
conncctions can be locatcd in thc clcarantt •ca alon1 thc 
root cirdc betwccn adjaccnttccth. In thc ight of thcse 
considcrations. the OJICF panero is eh~ for thc tnt. 

J. Gagt SerW:1 - low strain lcvels an: Cllpa:ted in this 
applicatioa; and. furthcrmorc, the strain sip.a.b mus! be 
transmittcd through slip rings or lhroup a tclcmt:tty 
1)"1\Cm 10 zet from the rotating componcnn•1he sta.tion-
ary instrum~:ntation. bo·Eiutic (0 ailoy) mprcfcmd for 
its hi!bcr P!C factor(nominally 3.2. incocraslto 2.1 for 
A and J( 1lloys). Beca use the gagc must be wcry ncllibleto 
conform to thc small fillet radius, the E tucking U thc 
most suitablc choice. Thc muimum te51 u=peraturc is 
nota considcralion in this cuc. sinec il is .ti within the 
rccommcnded tempcnture rangc for uy oftbc stand1rd 
backinp. Thc combination of lhe E bacÜI!f and tM D 
alloy defino thc ED gage series. 

4. Opti01U - For ptotcction of the ga&'C píd in thc test 
cnvironmcnt, Option E. tncap~ulation. sbl;.ld be spcci
ficd. Beca use ofthc limited clear1ncc bct'ftEft 1he ouu.ide 
diamctcr of onc gcar and thc root circlc of thc mating 
gur, 1 'p:r.rtkularly 1hin gagc iMtallation mm.! be r.-:ade; 
and vcry sma!llcadwircs will be anachcd UJihe gage ta.bs 
at 90" to tht grid direclion, and run ovcr t11c sidcs of thc 
~ar for connection to largcr wires. Thil. n::quircrntnl 
nccessilaln ana.chment of tlle smalllcadooirn af1er &.arc 
bondin!, and ptcvcnts the use of prca.ttadral lca.ds... 

S. RtJiJianre-lnthe E O-Series venionoftllc031CFgai1C 
pattem. Catalog 500. Pan A- Strflin G• LUring:~,lisiS · 
thc rcsistance as 350 ohms. The highcr rtMiancc should 
usually be sclccted whencvcrlhe choicc:clim, and wi\1 be 
advantageous in this inllanct in improviql:he signal-to
noisc talio when slip rings are uscd. 

6. S· T·C NumMr- Dalloy is not subject totd!J.ttmperlture
compcnsllion. nor iscompcnsation nttded!Or these tests 
since only dynamic str1in is to be mcasud. In the ED
Scrindesipation lhctwo-digit S·T .C aundln is rcplattd 
by thc lcttcrs DY for •dyn~mic. • 

C•l' Desfcutloa: 

Combinin¡tbc rcsults of thc abovc sclcctioM proccdun::, 
tbt JISC lO be cmploye-d is: 

ED-DY-oliCF·3SO/Option E 

-13-



C. FU¡bi·Tftl Srrns AnaiJs.ll 
of • Tltanium Alrcufl Wina Tlp Sedion -

Witb, m4 ~ilbout, a Mislile Mocl_ule AU.cbed 

Tbc opc:t.lin¡temperllure ranae ror 11 rain ~uurementa 
ia from -.6S0 to +4SOOF (-JJ0 to +1JO"CJ, and will be • 
dominan! factor in thc ¡a¡c ~elcctioiL 

l. Gag~ Ungrh- P~liminaryd~ignstudies usingthe Photo
Sucu• photodastic coating.techniquc indicatc that a 
p¡e lcngth of0.062 in ( 1.6 mm) reprcr.cnl$ thc best compro
mise in view of the strain gradicnts, are ¡u of pea Ir. strain, 
and ~pace for ¡a¡c installation. 

1. Gag~ Prmrrn- With information about thc stress stale 
and dircc1ions of principalucs ¡ained from lhe photo· 
da.uic coatin¡ uudics, thcre are sorne are u of 1hc win¡ tip 
whcre sin¡le-grid Jllcto and lwo<lemcnt ~tce" rc»cttcs 
can be employed. In othcr locations, whcrc principal 
urain dircctions vary with thc naturc of the flight 
mancuvcr, 4S 0 -degrcc rectangular roscttes are rcquircd. 

· The strain gradicnts are sufficiently stec:p that ~tad:cd 
ror.cncs should be Klectcd. From Catalog 500. Pan A 
-S1rain Gagt Lí.uin1fS, thc forc"going rcquircmcnts su¡· 
¡csttheiclection of060WT and060WRp¡c pattcrnsfor 
thc 11actcd rou1tH, and thc062AP pattcrn Cor thc sin&le· 
¡rid ¡a¡c. In m¡¡tin¡ this selcction, aucntion wu givcn to 
thc fact that all thrcc pattcrns are availablc in.lhc WK 
Scriu, which is compatible with thc spccificd opcratin¡ 
tcmpcrature range. 

J.· Gagt Srri~s ~ Thc muimUm opcrating tcmpcrature, · 
a!ong with thc ~quircment for static as wcll as dynamic 
strain mcuurcmcnt, clcar!y dictatcs uscof K alto y forthc 
grid material. Either thc SK or WK Series could be 

. ~clcctcd, but the WK ¡agc5 are prcfcrrcd bi:causc thcy 
ha~c integral k:adwircs. 

4. OptiotU ~ For case of gage installation. Option W, with 
inte¡.r .. !$o\dcring terminal$, is advantagcous. This option 
is not applicablc to stadr.cd roscttes, howcver, and is 
thcrcforc specificd for only thc singlc·grid ¡a¡cs. 

j, Rtsislanc~ ~ When availablc, u in this case, )50-ohm 
gagcto should be specified bccau~c-of thc bcncftts as.so
ciatcd with thc highcr gage rcsistance. 

6. S· T·C Number- Thc titanium alloy uscd in thc win¡tip 
section is thc 6Al-"V type, with 1 thcnnal upansion 
cocfficient of 4.9 x 10·• per ° F (8.8 xiU"• pcr ° C). K al\oy 
of S·T ..C numbcr OS ilthc appropri&tc choice. 

Gagc Dnl1natlom: 

WK~S-062AP-l50iOption W 

WK..OS-060WT·l50 

WK-OS-060WR·l50 

-14-

'¡ 

) ) 

.) ) 

-,ls-



' ~- . ~····. 

.'·· 
:-·· .¡ . ~-.·;· 

··-: . . ::j : 

.,, 

MEASUREMENTS GROUP 

Residual Stress 
Measurement 

Measurement of Residual Stresses by 
the Hole-Drilling• Strain-Gage Method 

RESIDUAL STRESSES 
ANO THEIR MEASUREMENT 

Residual (\ocked·ln) strcsses In a structural material 
or componen! are those stresses which exist in the object 
wl.thout (and usually prior lo) the appllcallon of any 
servk:e or othcr externa! loads. Manufacturlng proccsses 
are the most common causes of residual stress. Vlrtua!ly aJl 
manufacturlng and fabrlcating proces:ses-cuting, weldin¡, 
machlnlng. molding, hcat trcatment, etc, - introduce 
rnidual stre!1n inlo the manufaetured object. In sorne 
lnstances, residual (or in situ) stress may a\so be induccd 
latcr In thc llfe of the structure by installation or uscmbly 
procedure1, by occasional overloads. by ground settlcmcnt 
cffects on undct¡round structure,, m by dcad loads which 
may ultlmately become an Integral par! of thc structurc. 
Another common cause of residual str~s:s is in-service repair 
or modificatlon. 

The effects of residual stress may be elther beneficia! 
or detrlmental, dependlng upon the magnltude, slgn, and 
dbtrlbuUon of the streu with respect to the load-induced 
1tresses. Very conunonly, the residual stresses m detri-
mental, and thi!R are many documented cases In whlch 
these stresses wtR the predominan! factor contributing to 
fatigue 1nd other structur:a.l faihues when lhe servlce 
stresses were superimposed on the already present residual 
Jtrnses. The particularly lnsidious upect of residual stre'!:s 
b that ltt presence generally goes unrecognlztd; and, untO 
reeently, there wcre no simple methods for measuring the 

·' ¡._ strea wl.thout completely destroylng lhe componen! or 
. : ·;: structural membeL 

· •Drillln¡ impllea all mcthods of lntroducing the hole {l.e;, 
.·. ·_ \ dtillin¡, mlll1n¡. air abrulon, etc.). 

"'• . ' ~.;:·>· 
H ''•:· 

:~_ .. 

-¡-

Mcasurcment or residual stress 'annot be •ccomplished 
by convcntional procedures for experimental stre-ss analysis, 
slnce thc strain sensor (sira in gage, photoelutic coating. etc.) 
b totally insensiliYe to the history of the p.ut, and measures 
only chDngrs In strain 4/trr installation of the sensor. In 

.arder to me1sure residual strcu with these sUndard seruon, 
the locked·in stress must be rclievcd in sorne· fashion (with 
t!H: sensor prcsent) so that thc sensor can rcgister the dunge 
in str:dn caused by rcmoval of the stress. This wu usually 
done dcstructlvdy in the past-by cuuinl and sectloning 
the part, by remonl or successive surfacc bycrs, or by 
trcpanning and coring (Figs. h, lb). With strain sensors 
judlclously placed befare dissccling thc part, the sensors 
rneasure the relucd stnins. from which the initi~l residual 
Jtrcsses can be infcrrcd by convention21 mcthods. As 
ordinariJy pncticN, these dettructivc te~hniques frequcntly 
produce a ~emi-quanlit~the understanding of residual 
streucs, rather than accur~te local measurements or prin· 
cipalstress magnitudes. 

X·ray dirfnction stnln meauremcnt- offen a non· 
destru,tive altemalive lo the foregoing methods, bul hu 
its own scverc limltalions. Aside from the bulk and com· 
plexHy of thc equipmcnt, which frequcnlly 'precludes 
field appllcalions. the technique is limlled to strain mea· 
suremenu ln only very lhallow surf~ce l~ycrs. 

The most widely uscd modem tcchnlque for measurlng 
residual stresses is the hole·drilllng strain p.ge method 
(Ag. le). With thls method, after lnstalling straln senson 
on the put surface, • small, shaUow holc ls drilled in the 
mrface. After drilling, tbe chan¡e In stn.Ln fn thc lmmedb.tc 
"fklnlty of the hole is measured, and thc rcbxed resid111l 
stressn are computcd from thcse data. The hole-drillin& 
method can . be dcscribed u .. semlde11ructive," since 
tbe anall hole wfll not, In many cases, ooticcably lmpait 
the ltructural lnlqrity or the part being tested (the hole 

··~· 



SECTIONINCi WITH 
PHOTOELASTIC COATINGS 

OVEACOR!NG lTREPANNINGI 
WITH STRAIN GAG ES 

HOLE·DAILLINCi 
STRAIN-CiAGE MfTHOO 

- fuH 1 .. 1<1 - PoLnl maawr•menl 
- o ... ah!a .. ... -0u;Jt~U1tl"'e - Ouan!•YU .. 

(•) - o. ...... c .. .. (bl - o. ..... c ..... - S.midatruc!i .. 

is typi<.:ally 1/16 10 1/8 in (<Jbout 1.5 or 1.0 mm) in both 
diameter :and depthJ. lf desired. thc hole 'an be removed 
afler teslin& b compleled by li&hlly blcnding or smoolhing 
!he surfacc wilh a sma.ll hand-hcld grinder. Using conuner
cialiy available equipment and supplin, lhe hole-drilling 
method can be apphed rou1incly by any praclldng stress 
a113lysislechnici~n. s.ince no special expcrlise is KIJUired. 

PRINCIPLE AND THEORY OF THE 
HOLE-ORILLING STRAIN -GAGE )IETHOO 

The iniroduclion of 1 hole (even of very snull di
arnrter) ililo a res.idually streu.ed body rebxcs !he Sir~ 
al 1iut location by Yinuc of the fact thal the str~ on 
any free wrface (the boJe lUI"Íacc in 1hls ene) must of 
neeessily" be uro. Thc elimlnaüon of the rad13l streues 
oo lile boJe sw"facc chan¡es the stress in !he immcdialcly 
surroundins resion, causlns thc loca.! surfacc stralns to 
clu.nge connp:>ndingly. 

This principie is the foumhtion for tl~e blind-hole
drillin¡ m~hod· and its applications lo residual Slless 
musurcmenl wa~ flm propo$Cd by Mathar. 1 Subsequently, 
Rcndler and Vi¡ncss' invutiptcd the method vtry thor· 
oughly and ntablishcd the buic parame1ers for rcducing 
itto a practicaltcchnique. 

' When a hole uf small diamcter (D0 =2Ro, Fig. 2) is 
drilled in a re¡ion inltially containing residual strcsses._lhe 
masnitudes of strain relieved al any polnt P are funct10ns 
of thc local principal strcsses a .. and ay. and · of thc ¡co
me trie rel~tiooships belwcen thc point and lhc holc, and 
the point and the principiLl axcs. Consider, for e:umple, 
thc suains rcUeved al the point when only onc of the 
priaclpal lln!PCI, a._, h pntent: 

f! =..;.o -- --- cos2a+ ---'"[' J ( 4) 1 1 " 2E 1, ,• 1 + 11 ,s cos 2a] (h) 

2 

e .. -o !...!.![-1..+1. 1 "2Er1 r• 
cos ;!a-{~) .!.. "cos2a] (lb) 

1 +v r 

(Equations la and lb are derived from the Kinch solutlon 
flrst rcportcd in 1898.) 

where: 

E,v .,¡ 

radial and tangential nÓrmalstrains 
(respectively) relieved at point P 

principal stresscs; however, ndthtr is 
yet defincd as maximum or mínimum 

RfR0 - dimcnlionlcss radius lo point P 
frum ccnter or hole 

elu1ic modulus. and Poisson's ratio 
_o{ test material, respcctivcly 

F/1. 1- SrrQin rtltuGrlon •t poltJI /' dra ro rlw ltlf~ 
durdotr of• hok. 

\ 

. 

The relleved Slralns upreued by Eqs. (1} are phmed In 
Fi¡. J for a = o• and a "" 90° lo iHustrate thcir v-~riatiom 
along the principal axcs with. distance from thc ccnter of 
1he holc. As distance frnm the hule i~t~:reascs, the relieved 
slrains dccrcase vcry 11pidly. &cause of this, il is dcsir:~blc 
to mcasure thc lluins ;u dose as prxti.:able to the hnlc in 
order lo max.ímize the Ou1put signa! uf the slfain sensor. 
On the other hand, parasitic effeets alro incrta$C in thc 
imfficdiate vitinity of thc hule. These ronsidtralions 
neccuilate a compromise in the $Cico::tion of the optimum. 
mcawrement radius. 

Equations ( 1) derilon5trate that the· relieved radi~l and 
hngcntial. nonrial strains vary slnÚsoidally alnns a drde 
of radius R, and can be cxpre~d ¡encrally as:. · 

e, • Ox {A. +Bcos2a) (h) 

e,= Ox (-A.+ Ccns 2a) (2b). 

f li2 
! ,D 

.i..u.J. ' r ,";-¡-, ..:::::_ • • 

. 'l 

• - .!.:..':. (!..) 
"!E r 1 

lf thc scress statc is bia:dal, with both ox and 0y p~ntnt 
llmuluncoudy, thc uprcu.iun for !he rdic1·cd strain in 
thc udia.l dir~ction {the only direction rele1·ant to the 
folluwing discuuion) bccomes: 

Cocff~~;icuts A 0111d B c~n be ,·akolJtcd oJir~clly (.., ¡¡ny 
radius, R, un any maten~!. fmm the r~laliun$híps «o.:ont· 
panying Eqs. (.:!). 11 is impurtant to fhli!C that lheK" 
c.alcubted values ¡re appli~3ble for Kirs.:h's the~tio:al 
solulloo for !he llrns dislribuli<Jn arnund ~ drcular hule 
throu&fl a thin widt pbtc subjected 10 plane str~s.s.. Furlher, 
Kirsch·s solution does no1 cunsid~r thc strain -a~erapn, (or 
integrating) tfftct nf strain ga¡~ whk_!! ha~e finite ditnen· 
sions. More apprupriat~ v¡¡Jucs A and B can be est~biUheoJ 
by additiunal analytit:al ~nd/or eJ.perimcntal cahb.-~tiun 
proccdurts n 'discusscd in the st~lion, lktrmtillÜfl a ... 
r[flcients A a11J B. 

Silu-e both .-1 a11J B arr IWKOti•·r, a trnrift' (+) rniJua/ 
strrn wifl pn..Jti« t1 mmprt•uillt' (-) rr/f,·vni srraiu. 
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In order tu dctumine thc principal reddual stresscs 
and thelr directiollt with rupect to any referel\ce a:~üs, 
threi! indepc11dent str1in measurcmentt must be. made. 
These three measurcmellh will permit thc $Oiuuon of 
threi! equatlons from which the Ufesse~ Ox .md Oy and 
the dir«:tion ¡1 can be readily calculated. The most common 
procedurc for measuling the rclicvtd suains is to moun_t 
thrcc ruUtance strain gaget in the form of aro~Cite around 
the site ofthe hale bdore drilling. 

ANAl YSIS OF THE RESIDUAl 
STRESS ROSEITE 

As shown in Fig. 4, three radially oriented suain gages 
are installed with thcir ccnters Jt thc radius R from thc 
~ntcr of thc holc site, and [ocated at thc angles: 

a 1 "'¡:i(arbitrary) 

a, .. ¡:¡+45° 

a 1 = ¡}+90° 

o. 

f'it . .f- Stro/n latr ,o~ttt a'ronttmtnl {of dttn
mlnifll rnJdutJI stftJftl 

Substituting thesc three ar~gles succcnively into Eq. (3) 
produces thrce simuhllleous cquatlo~s i11 ax, Oy, .tl and 
the meuurcd strains ( 1 , E1 , t 1 • SolV111g for thc pnnctpal 
strcues and dircctioll yields: 

• t 1 +t, V2 V >' < a·~---=- Ú.-es t 1!'¡ 
y 4A 48 

t~'W•t'~ Ít, t l!'s. 

f, -t, 
(<k) 

4 

where A a11d B (buth uf whkh u~ neptlve) are detennintd 
by experimental calibration or f11i~ Fig. 7. Eq~atinns(4a) 
and (4b) define the minimum (ax) and mu:mmm (ay) 
principal stressu. Note that thc dir«:lion angle 11 is refer· 
enced to gage 1 where clockv.isc is the positi~ (t) directlon 
and: 

tJ"' f3x if (E 1 + e1 )/2<e, 

tJ = fJy ir'(e1 t e1 ){2>e1 

tJ = 45° iff¡ "'fl 

E_FFECT OF IIOlE DEPTII 

Fi~ure 5 illustratcs the resuhs of sc~cral in~stigators, 
and show~ thc incrca~c in mearurcd stratn as tht dcpth _nf 
the hole increases. The strains in the immcdiate vicimty 
of the hole ·are re!icvcd (that b, the curves tend to an 
asymptotic v;¡]ue) whcn the dcpth reaches 1.0 lo 1.2 hule 
diameters. These graphs apply to the carefully cuntrolled 
case where lhe stress was uniaxi:tl and did not vary with 
depth. WJ¡j]e the shapcs of thC$e ~raphs ~or_ stra.in_ versus 
1he ratio of hole depth to diamcter are Slmtlar, ti 11 clcar 
that thc strain uutput is also d~ndent on the gage circle 
diameter (0). lndecd, the constants A and ii in Eqs. (4a) 
and (4b) are functiuns of the_P~c circl~ dia~T~Cter D,the 
hole diamcter Do. holc dcpth Z. :md stratn p¡;e geometry, 
as wcll u the test material. 

Thc ASTM Standard Method' F.837' states tlut the hule 
depth shuu!d be increased in una!l incren¡ents _(61:) and 
that strain measurements should be made al cach mcrement 
of depth. Graphs of the rncasured strains 'lersus depth 
(Z/00 ) shoultl be reasonahly !imi13r lo lho~ of_ Fi~. S. 
Graphs differing sub~tantially f!Um thost of ¡.;13- S mdtcate 

¡:(~~ 
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1 measurablc stress gradient through the dcpth ofthe hole. 
For these Cl$eS. it may be desirable to oonsider approd· 
mate methods of data reductlon as dbcusscd by Kelsey,1 

B:tthgate,• Birley 1nd Owens,' Scar~mangas, Goff, and 
lcggatt,' or Schajer.• 

DETERMINING COEFFICIENTS A ANO 8 
The ·Kinch solution defines A and 8 by the relations 

accompanying Eq. (2). h U imponant lo recognize that 
this thcoretical solutlon is n:stricted to: 

a small circular through ·hole in a thin, wtde plate 

stress (or strain) ata point and docs not account 
for the strain·l~raging cffcct undcr the finite lita 

of a strain gage grid 

constan\ stress through the plate thicknen 

In most instanccs, the hole drilling method is uscd 
on thickcr sections and !he hole is "blind" uther than 
"through". Fortunately, it hu bten dernonstratcd1 1hat 
Eqs. (4) also de5eribc the stress field aroutld 1 b[ind hale; 
and further, cocfficicnts A and B can tJt, readily detcr· 
mincd by experimental calibration 1 ,t. úperimental call· 
bration is particularly Ulractl~ since it ~utomatically 
accounts for. the mcchanicil properties of the test material, 
strain gage rosctte ~ometry, hole depth and diameter, and 
!he strain-averaging eff«:t of the U rain gage grid. 

'.} Experimental Calibulion 

Callbration for A and B fs accomplishcd by installing a 
residual stress rosette on a uni:txially loadcd !ensile specimen 
whlch ls made from the samc material u the test parL The 
rosette should be oriented to 1lign grid 3 paralle! to the 
direclion of loading. Care must be tüen to insure tlut 
bending stresses are mlnimal. F.nd effects mus! abo be 
minlmit.ed, and lt \s SUf8CS\cd thal specimen wldth (w) 

be equal to, or greJtcr than, ten times 1hc hok diametcr 
(1000 ). Abu. the iength, between grips.. shou]¡j CJ~;<:eed 
five times the width {Sw). When dctemtining A and 8 
for "blind·hole" applications, a spccimcn thickness (t) of 
at leas\ five times the holc diametcr (SD0 ) is suggested. 
"Through-hole~ app\ications should, of course, be call· 
bratcd using through ·hale calibration SJ)C(:imens. CalibrJtion 
!ensile stresses (aJ should not cxceed onc·hilf of_the pro
ponionallimit stress ofthe test material (ac'" Force/(wt)J. 
Load ls applied both befare and aftcr drilling the hole and 
suain meuurcments are made before (Eb) and aftcr (f

1
) as 

well. Calibration strain (ei;J is defined as (f,a- Eb): 

Calibration procedures are normally improvcd by loadin~ 
incrementally and graphin~ ac versus fc

1 
and c

0 
as illus

trated in Fig. 6. Ben·fit straight linc-s are gencrally more 
represcntati~ of behavior than sing]e.point or one·\oad 
data points. Calibration values of A and ii can be cal
culated from: 1•1 

Al shown in Fig. 6, E,. 1 anden are +39 and -90/JE, respcc· 
ti~ly, when Oc is 10 OIXI psi (69 MPaJ. 

Then, 

A • -0.25 x ¡o·• psi-1 
(-O.J6:x to-ll Pa-1 J 

B .. -o.6s )( 10-• ~-· 
(-0.94 :x w·•i Pa·• 1 
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Nwnerical An:alysis 

C•libration is, uf 0011r51!, a reli3ble method of determinln¡ 
cCM:fncients A and 8; however, h does rcquire add.iuonal 
timt, npen51!, anJ effort. &;h.;jtr1 redtflll(d c.oeff~~:ienu 
A md Das: 

¡; IH • (Sa} 

" 
¡¡ • _..!.... •• (Sb) 

" 
Coeff«:ienu i and b (for thruugh·holes} have betQ eslab
li~ed by computer lnalysis using a numerical intqutins 
prosram. The prog;¡m considcrcd !he actu.l.! geomctry uf 
thc 111:Un gage fibments withln the &rid, lncludin¡ the. 
rtduced 51!mltivlty uf th"e wider (and Jower reli$tance) 

~· 
. ~Lffi~ 

•. 
~~ 

' 
' 
' 

" 

j ---- _: ......... ' 
' 
' 
' 

' 

0.1 

' 

o ... 3.0 ••• 
~ID, 

outermost nlaments.. Coefficient i is in.dependcnt of the 
mcchanical propertits (E and J.') of.the test material, and b 
huonly 1 very slight depende rice on Puiuon'l ratio(¡¡), 

The strain respon5C of throu¡h-hole and blind·hole 
appliatlons diff~; consequently ,lhe compúter·detemúned 
values of iand b, for thruugh·holcs. are not directly appli· 
cable lo the more common blind·hule applications. Fínite 
elcment analyses and cxpcrimcnt:LI calibrations1 ' 9 have 
been used to define the dau rcductiun coc:Cflcienu iand 
b for blind·bolc appllcltions.. Fi¡urc 7 showstypical data 
m1uctlon eoefflclcl'l.ts i and b pluttcd venus D(D. for 
two !y pes of p¡c uran¡ements. 

.~.-~le,-r> 
·~ ~~~~ 
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EXPERIMENTAL TECfiNIQUES 

As in a!l txperimcntalnlcthuds, proper ntat.:rials, instru· 
mentation, and :~pplk~timt pro..-eduret are encntbl if 
ac.;uratc resulrs are tu be nbtainetl. The a.;cura.:y uf thc 
hulc·dn!ling cncthnd is tlcpendcnt chidly upon: 

- w~in ga¡~c sele.::tiun and instailatiun 

- s_train ·indicating insÍrumentation 

- hule alignment 3nd buring . 

- undcrst~nding the múhani..:•l pri,pcrtle• of 
th~ tc11 m~terial 

Strain Gage Selection amllmlallation 

lnstallingthree individual·sn~in ga¡¡es a"untdy spaced 
and oriented on a scnaU cirdc is not rasy or advis~ble. 
Special-purpose roscttc cunfigurations (Fig. 8) havc bccn 
designcd and dc~eloped by the Minu-Mcasurcmcnu 
Division· fur residual stress measurement. Amung other 

EA·XX-062RE·I 20 ~·~ .. 

This gcometry confonns to thc catly . 6.(/0~ 
Rendlcr and Vigneu dcsign1 md h;n ~ !'lfJ 
bccn uscd in most rcp01tcd tcchnical ~-
artides (see referenccs). lt is availahlc in diffcrcnt siln, 
and thereforc faci!itatu increascd or dccreneJ hole 
dcpth during mcaSuremcnt. 

. IJiiBi TEA·XX-062RK·I20 ; mi This ¡,a rusged, enc-.;psuiated Jeslgn 
incorp¡nating huvy copper soldcr 

_ tcrn .. linals w. hich grutly reduce instal
btion time and u.pcnsc. lt it com· 

· pauble wuh all methtxh of inuo- l.-
- · . llucm¡; the holc, aml the .strain. 

gagc grid ¡¡cumctry ¡, idcntical to the 062RE p~tt.c!"· 

CEA-XX-062U!11-120 11m11 .N._ 

All pr~ctical ad~antagcs of thc CEA '"áiV:.In 
strain g~gc Series are maintainc·d·.in - .• o .. , 
thisdcs.ign(intcgralcoppcrsoldcring : , : 
tabs, encapsubtion, conformabihty, · · 
etc.). lñc ¡rid widths havc been ' ' · 

·reduced lo f~cilit~lc puSitioning ¡¡JJ threc grids on onc 
side of thc measurcmcnt point u 11rown. With this 
geornetry, and ipproprl~tc lrimmitlfl, it \s pm.sible lo 
position the hole dosir to welds ¡¡id other irrcgularitiu. 
Thc uscr stíould be remlnded, bowever, that thc data 
reduction cquations are thcoretically valid ·only whcn 
thc boles are well remo~cd from free boundarie1, dis
continuities, abrupt gcOmetric dtan¡es, cte. The UM 
delign b compatible with all mctbodl of lntrodudn¡ 
!he hola, · ' 

F/t. 8 - RtJiduitl """ rattiUa 
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1 

'~'""' •h•~ "'~"' '"''"' '""""'~" .... t,l ~··· fur alilflin¡ thc buring toul prcdstly al tbc ,;einer of the 
gagc drdc. AIJ cunfigur~tions are availabk with different 
temptruurc cou1pens:uíons: huwever, ooly thei "RE" 
dttign is 3~ail~ble in diffircnt sius (031 RE, 062RE, 
125RE). The "RI:::'' design is nailablc O~·fa.:cd,ot with 
Option SE (suldcr don and cncapsulation~ 1 

The RK and UM configuntiuns are supp&d in 1/16 in 
ga¡e len¡th, and both are fully enclpwlatcd. Euilf acce1- · 
Jible eoppcr wllkr tcrmin.lls 3re incorpOQled In thc RK 
dul¡n, whilc the UM confi¡uratlon hu lntcgrallcoppcr 
terminah and offcrs all fe:.ctures of the popubr C-Fc•turc · 
straln ¡a¡e sedes. 1 

Residual stress musuremcntsarc not nofDUlly conduetcd 
11 elcvated tcmpentures and Micro-Meuutements M·Bund 
200 adhciive is ¡cncrnlly u~d to install thc straln sa¡e 
rusel\es. ii<Íwc~cr, it is lmpurhnt lo reCOCJli¡:e that the 
mcasured rclic~cd urains. produced by 1 known icsidu3l 
stress, will be appruximately ten times b thasi !hose 
pwJuccd hy the same m~gnitude of medunical stress 
during con~entiunal testing (scc t'xprri~fltlll Culibrr~tltm 
se~tiun). Fur this reasun, it is mandatory thal all 'surfacc 
prepawion ~nd g:~ge in,t.lllatinn pnx:cdwe5 be 'of lhe 
highest quality. Drift, usuciatcd with infeóor installations. 
hat a more scrious influence on rcsidualsttcs:ll mcasurernents 
bcCause of the ¡cnerally low valuc of the mcasured u:ra.ins.. 

¡ 
Str>tin-lndic.aling lnstrumenlation, 

A porublc, batttry·operatcd precis.ion JZr:ain ind
1

icator, 
augmcntcd by 1 hish·quality switch·and·babncc Unit, ls 
ordin;rily thc moti cffective and convenlent irulrumeritation 
for Jl\tasurin¡¡ the reUevcd stralns. Thc Measwnncntt Group 
Mudcl P-JSOO Str1in lndlcator and SB·IO Switch·utd· 
Babnce Unit are idcally suitcd for Ibis application. ' 

Hole Alignmenl and Borins 

lnunducing rhc holc requircs carcful conlidtnt~ri of: 

hok ali¡nmcnt - it is clur from analytk:al · 1 
considcrations that the hule mus! be JO:U:ntely 
posilioncd althe centcr of the threc ¡;qe11. 

• bok sh1pt - ldeally, thc holc should be \ 
C)'lindrlcal, unlform in dlameter, hne 1 Rat 1 
boltom, wlth squarc corncrs at the oulSide top 1 

and lnslde boltom of the holc. ' 1 

mac.blnln& tecbnlquc- machininslhould be 
.,reu.frce; that i5. the mcthod ofmautW 
remo~al shouJd not induce residual strna/dndn 
oflts own. 

1 
Wlth thnc eoml.der1tions ntlstlcd, thc meuurcd relauc(-' ·~ 

ttralnt can be subttituted lnto Eqs..' (<4) Md the rcddu1l 
ttreues, •t thc hule luc1tion prior to lntrodudn¡ thc 1hok, 
can be dctcrmlncd.. . . . 1 



All¡nmenl 

Rendler and Vign~ss 1 not~d that "the accuracy of the 
(hole-drilling) methoJ for fitiJ applications 111ill he dirWly 
related to the opeutot's •hilhy to pmition the milling 
cutter precisely·in the <:Cntu of the pgc roseue:· Mu~ 
recen! efforts have quantifieJ the error in the <:alculated 
strm 10 ' 11• For cumple. whh a hole tQ.OOI in( 10.025mm) 
off-c:rnter of the 06:!RE, 061RK. or 06~U~l TOittte, thc 
enor in calculated stress• will no! exceed J%. In practice, 
the required alignment of !0.001 in (!0.025 mm). is 
1ccomplhhed U!ing the RS-200 Mtlling Cuide as thown in 
Fig. 9a. The Milling Cuide is normally secured lo the test 
item by bonding its three pads (Fig. 9a) with a quick
setting adhesive. A micro~ope is then insta!led, and vhual 
a!ignment is accomplished using the fout X- Y adjustments 
on the exterior of the guide. 

Borina; 

~umerous studies on the cffe<:ts nf ho!e si1e, shape and 
machining procedmes have been publisheJ. Rendler and 
Vigneu1 were the nm tu specify a specially-dre~ed end 
mili which is compatible with the residual Uress rosettes 

· of Fig. 8. The end mili is grounli lo remove the side cut!ing 
edgM, and then rdieved immediltely bdUnd the cutting 
hce 11) avoid tubhing on the hole smfJce. 11 is imper:llive 
that the milling cutter be rigldly guided duting the drilling 
open.tion so tlut the cuttet progre~.Ses in a stf3ight Une, 
without side ptesmre on the hule, or.friction at thc non
cutting edge. Tbese end mi11s gener~te the desired nat 
bouomed and sr¡uare cornered hole s.tupe al initUI surface 
contact and m.1intain the desired shape until the ho!e is 
completcd. In doing ~o. they fulfill the increm~nul dtilling 
nee<ls as stipubteU in ASTM StanJarU ER37 1

. Specially
dre~ed end milis uffer a direct and simple ~pproa~h when 
meuuring residual streues on readily machinable materia!s 
(a!uminum, mild steel~. etc.). 

Figure 9b thows the RS- 200 Milling Cuide with the 
microscope removed and the cnd mili assembly in place. 
The end mi11 is driven by either a lund dri11 ot variable· 
speed c!ectric d!\11 which is auached to the univt~al joint 
al the top of the nsembly. 

In 1980. Fbtrian° first reported exccllcnt rcsults of 
residual stress measurem<'nt using a high speed (up lo 
400 000 rpm) 3iT turbine and carbide cuttet~. Thisapproach 
malntained all of the advantages (good hole shape, adapl· 
1bility to incremental drilling, etc.) of !he spedally-dressed 
cnd mili, "'hile dcmonstrating so me vety dcsitable additional 
fcature1. f.bterials difficult to machine, such as304 Stainlen 
Stee\, can be usted in an acceptablc st1Cs~-frce manner 
using the high speed air turblne{c.arbidc cutter combinatiun. 
Further, the high speed approach i5 essentially free of 
opetator dependency and is geneully more coovenient 
lo use !han the earlicr end mili procedure. Figure 9c shows 
the 1ir turblne{C11rbide cutter assembly In the same buic 
RS-200 Milling Cuide. Cubide cullers ue not effective 
in penetrating pass, most cctamic<J, very lurd metals, etc.; 
howe\'er: diamond cutters h.¡ ve shown promise, and addi· 
tloiUilnvestigative effons continue. 

• Unl:uJal stress test C11tc. 

(c:IHi-Spnd 
Dritling Setup 

Fjz. 9- RS-200 Mil/lnt. Guidr uwtl for mDdrlnlnt t1 

· fH"Udy I«Dtrd P•t·bottomÚ/ hok 

,1]1 

) 

) 

' 

Ü) •_)) 

Bush and Kromer,n In 1972. reponed tNt strest-fm: 
hotes ate ach\eved u.sing abrasive jet machining (AJM). 
Modificuions and adjustments lo AJM were madc by 
other \nvestlgator1,11

'
11 and Wnuku experienced good 

resulu by physio11y ldlpting AJM apparatus to his RS-100 
Milling Guide. 1ñe chid 1dvantage of AJM is its ~potted 
abUity lo genera te streu-free hnle1 in virtually all materiab. 
hs chlef lirnitations cerner about the considerable: changC1 
In hole shape u a function of hole depth. Tbe inltial slupe 
ls uucer-likc •nd !he fifQ.\ is cylindricaJ with slightly 
rounded c:omers. During drilling there is also uncertainty of 
the actual hole depth. These factors make AJM a less 
practica! teo:hnique to establbh strain vei$US ho!e depth. 
data (Fig. 5) u required in ASTM Standard Method E8l7.5 

Medunic:al Propertics 

lt is clear from Equations (4) and (S) that the accutacy 
of residual stress determinatiun is limhcd by the 1ccuracies 
of the elutic modulus (f.") and the Puiw~n's ratio (Y). 
Unccrtainties in mechanical pwpertics uf !.2% ate nut at 
all uncommon in corm:ntional stress analy'lis; and thne 
uncertainties are common to residual stress 1n:alysis as well. 

lt is reasnna!Jie that the stress concentration 11 the hole 
can produce localized yielding around the hole. When th.is 
occurs, it influcnc~s the mca~ured relieved stralns and 
Introduces unccrtainty in the calculated residual stres~ 
This cff~ct ha1 been consit.lercd both e.,perimentally"·15

·• 

and analytically,1
·"·• and there is substantial ag~emcnt 

among thc diffcrent invc:stigaturs. That is, errors are neg
ligible when the re~idual struses are len thm 70% of the 
yield stress (proportion11 limit) of the te~t material. When 
lntcrnal"residual stressn equal the yield strt-u, Proctor and 
Deancy" and Bynum's" experimcutal studies inditate 
pu!itivc: e11ors of 10'l. lo )(Y,{. in !he c~¡>erimentally dctcr
mined tcsi.Jual ~trcss calcu!Jtion~ The~ rewlts ar~ appli
cable to thicker ted scctions whcte blind holes are the 
case. Nickola's• experimcnul studics, for through-hoiM, 
also show negliglble error when resi..tual slresses ate lcu 
than 711l of !he proportlonal limit. llowe.er, these da u 

.suggest measurably t;realer crront when residual stresses 
equal the yield stress. The data also show a definite relation
ship betwccn error magnitude and the shape of thc pnst
yicld (or plntic) portion of thc mcss-strain diJgram. That 
ls, materials approac:hing the petfect "tlastic·plu1ic" 
concept have the greater enor. 

NUMERICAL EXAMPLE OF 
DATA REDUCflON PROCEDURES• 

A Micro-Mcasuremenu Strain gage roittte, type TEA· 
06-062RK-120 was applied to a cold-roDed stecl bar. 
Ebstic propenies of the material are: F. .. 29.5 x 106 ¡l5i, 
and 11"' 0.29. With 1 pgt> circ!e di3meter of0.202 in, and 1 
hole diamcter of0.070 in, D/00 = 2.89. 

Using a RS-200 Milling Golde and the High-Speed Acces
sory, a 0.070 in diameter hole was drilled incrementally lo 
1 depth of 0.080 in. The depth 1nd recotded 51 rain dua 

•For greatcr clarity in the presentatlon of this examplc, 
numeriCII va\ues are pen in U. S. customary unlu only. 
The procedure ls, of course. unaiTccted by 1he uniu uscd. 

---····---·--··-·· 

1re shown in !he fir" tluee columns of Table 1 on page !3. 
In :lcoordancc with thc ASTM Standard Method,5 the 
meuured stralns at full dcpth (Z/00 '" 1.14) are used to 
determine thc percent Slflin relieved. For eumple, at 
Z/00 •1.14: 

e1 • -15!/.llf l Colom• ,""1,J'7'( 
Table 1 : : 

'·-· ... ¡-o.-¡ El" -85J,If 

and the percent strains relieved at Z/00 "0.86 are: 

146 
x100"96% 

} 
E, = 152 

~ 
' 100 95% 

Column 4 ,, . 
" Tab!c 1 

fl = 
_11. 

X J()Q "' 9)% 
75 
(5 

these 1nd all other peteent relieveli snains are· tabubted 
in Co!umn 4 of. Table 1 on page 13. The ASTM Standard 
Method' suggests that percent suain be ploned versus hole 
depth (Z{D0 ) and compared with the $1tain ~sponsc curve 
for uniform stress (no slress gradient with depth below the 
surfac:.c)_ Roscue element number 1 experieoced the largest 
released strain an<.l its response i5 thown in Fig. 10 where it 
can be compared with the tesponses for uniform stress 
casel. Fo1 thls cumple, D/00 = 2.89 and 1he tnt values 
may be compared with thc D/00 .., 3.0 cu..-...::. The experi
mental values ue seen !O !ie well abo~ the 0{00 "' 3.0 
curve and indic3le the pre!otnce of 1 stress gradient with 
hole depth. 

F~ JO- Prrt:tnl Smu'11 relirrtd Wfii¡Mrtd to 
rtJpotur from uniform 1tress firld 

... ,. 



In the following, for demonstutioil purpose1, the . 
IYCR~ residual stress will first be calculated, usin¡ only thc 
mulmum measurcd strains at full holc depth (0.080 in, 
orlO mm). This corTCsponds to complete streu rclief, if 
thc usumption is madc that thc·stress is uniform whh 
dcpth. "Thcn, u a comparison, the residual stress will be 
calculatcd from incremental str.tln rncasurements. This 
bncr excrcise will tmden.core the fact that when the 
p!oncd curve for cumul~tive suain rclieved diffen notice
ably from the standard curve in Fig. 10, the stress state ls 
abo marktdly diffcrcnt from that calculated" using only 
the muimum strain 11 full holc dcpth. 

ASSUMED UNIFORM RESIDUAL STRESS· 

The experimental paRmctcn al fuli"depth Z/00 • 1.14 
~' .. 

t 1 •.-152~; E""29.S(IO)'.psi 

f 1 • -42Pf; v•0.29 

1!1 • -851'1!; D/00 a 2.89 

From the strain &agc packa¡c Engincerins Data Sheet: 

i • 0.15Sandb • 0.370 

U ... Eq< (S)' 

- 1 +" - - 1 ·_ 
•A•-4x U x a; 48•-4x 2E x b 

d:• -1.36(10)"1 psi' 1 ; 4ii•-2.SO(IOf1 p¡~·l 

Substltutlng 4Á, 48, and the threc mcasured sualns into 
Eq¡s. (4) yield: 

6 • -33~ 
y . 

0x • +11 K.SI · 

0y• +24KSI 

10 

Residu:ll Stress Approxim:uion Via 
lncremenl:d Drilling 

ScllajÚ's finllc elcment studies1 of the uniform strea 
rldd (no ¡radien! in" thc z dire~tion) offer uscfu1 uilder· 
standing of coeflkients a and bu functions of hole depth. 

· Figure 11 dlows these rcbtions,.udetermined from Schajer't 
work, whcre codfidents a and b ue plottcd vcrtUs Z/00 
for diffcrent v:llues of DfD0 • lbese graphs can be used to 
pin a much lmprovcd Wlderstanding of stress gradients u 
a function of hole depth. 

For this example, values of Z/00 have been tabulated 
(Column 2 of Tablc 1, on F3gt 13) for each lncrement of 
depth (Z), and 11 is already esublished thi.t D/011 "" 2.89. 
This value of· D/011 {2.89) don not appcar on Fi¡. 11, 
however, reuonable estimates can be made by iilterpolation. 
Consider the first dcpth incrcment whcre Z[D0 = 0.07: 

a. Entcr the Z/Do axis of Fi¡. 11 at 0.07 and project 
vertlc:al past thc 2.9 cu~. 

b. D/Dn • 2.89 would be only tllghtly abovc tht 2.9 
curve. · 

c. Estima te values of i and b as: 

i • 0.016 

¡; • 0.031 

and record thcse values in the spaces provided in 
Columns S and 6 ofTablc l. 

d. Use Eqs. (S) to determine 4A and 48: 

4A • -0.140 (JOf' psi'1 ; 48 .. -0.210 (!Of' psi-• 

and record these values in the spaccs provided in Columns S 
and 6 ofTable l. 

Continue the above procedure untll 4A and 48 are 
establlshed for other Z/011 Uw.rcments. Thc direction (,6) 
and principal stress magnitudn ue detennincd, for eacb 
increment, using Eqs. (4): · 

tan lO • '"• -2t"z +E¡ 
f,- ~. 

0.25 

0.20 

'= E o.15 
~ :e. 
:¡ 
o 0.10 
o 

!!...:...!.J n,.. :. 
• •.•• di '.a"'·-'•1' .,.,-.,¡. 
i.·-Y·• 
i·--fr·b 

o o 
M .. ·o o 

ZID. 

1-o-¡ 

~ 

o o 

ci ~ 
Z/0. 

o 
~ 

o 

o 
~ 

o 

o .. 
o 

o 
~ 

o 
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Sdutjcr, C.S., ~Applialtlon of Ffnft~ El~~~~rnt C:.lcdlltuu to R~t.lduU Stt-ra MttaiU"rtMIIII, .. JQfMI/tll o{ E,P. • •. ,. 
Mt:rlfll M.terlliiJ and Trchno/uv. J'oL IOJ (19&/}, PI'- IJ1·16J. 1 
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and are l:tbubted in Columns 1, 8, :tnd 9 uf T:tble 1•. h b 
import3nt lo rccognile thlll thesc cakulat~ values represen! 
the tiWtq~ streu v.alues between thc top surf3ce otnd the 
depth (Z). For examplc: 

Average Str~ 
Bet~n ,, "y 

(1) . OandO.OOSin(O./Jmm/. +16 KSI +J6KSI 

(:!) O and 0.010 in (0.25 mm} . . +IS KSI +34 KSI 

(3) Oand O.G20 in{O.~J mm} .. +12 KSI +JI KSI 

etc •.. 

.: 
Ñ 

' ~ 
-5 
o. • o 
~ 
::;; 

Figure 12 sh<>Wl the :ll'et~ge streues plotted versus 
depth. Note that thc lll'~trllt Jtrttsn are pknted 11 the 
mid por"rus of their respective incremcnts. lt on be s«n 
from thc forcgoing tlu.t the ave'nge surf~cc residual struscs 
are about SO percent greater than those calcu!Jtcd from the 
maximum measured strains at: thc full hole dcpth. This 
cxample illustratcs thc ncceuity fm incremental drilling 
(with p10pcr ho!e gcometry) when residual urcncs ncar 
the surfa~e are lnlportant-as they usuaUy are. 

Average Str?ss - KSI 

10 20 30 40 o 

( 0.02 

0.04 

Uy 0.06 u • 

0.08 

Flf. 12..:.. APmrtt" St/TU vs llo~ Drpth (nott tluu Ol'trat~ st"ssrJ arr plotttd at Jlid-DrpthJ). 

•For the convenlencc of the RS·200 uscr, a blank copy of the fo11n for Table 1 is rcproduced "on page 14. The form can 
be c:opJed for use in recording mcasured and calcu\atcd data during residual stress testing. · 
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DEPTH MEASUREO 
STRAIN 

z zro. "' 
'• o 

o o ., o 
,, o 

'• 23 

~005 0.07 ,, -9 
,, 14 

,, -49 

0,010 0.14 ,, -21 
,, -31 

,, -90 

0.020 0.29 '• JO 
,, 55 

'• -118 

0.030 0,43 '• -33 

,, ... 8 

'• -136 

0.040 0.57 ,, 36 

'• 73 

'• -143 

0.050 0.71 ,, -38 

'• -76 

'• -146 

0.060 0.86 ,, -40 
,, -79 

'• -152 

.080 1.14 ,, -42 

'• 85 

·'' ,, 
,, 

1 2 3 

• 

TABLE 1 

PERCENT 
STRAIN 

RELIEVEO 

o "i 

o A 

o 4A 

15 • 
21 A 
16 4A 

32 • 
50 A 

36 •• 
59 • 
71 ¡; 

65 4A 

7B • 
79 ¡; 

80 4A 

69 • 
86 A 

B6 4A 

94 • 
90 ¡; 

89 •• 
96 • 
95 ¡; 

93 •• 
100 • 
100 ¡; 

100 •• 
.¡ 

··;;; 

•• 
' 

Do •0.070; E • 29.5; 

Of00 • 2.89; ll• 0.29; 

COEFFICIENTS 
Expone~! of 11_91'1 

with A and B 

- ¡; -
- 8 -

48 

0.016 ¡; 0.031 

-0.035 ¡¡ 0.052 

-0.140 •• -0.210 

0.037 ¡; 0.067 

-0.081 ¡¡ -0.113 

-0.324 •• -0.453 

0.077 ¡; 0.147 

-0.169 B -0.248 

-Ó.675 48 0.994 

0.109 b 0.215 

-0.228 ¡¡ -0.383 

-0.911 48 1.453 

0.131 b 0.271 

-0.287 ¡¡ -0.458 

-1.148 "4ii -1.832 

0.142 b 0.315 

-0.311 ¡¡ -0.532 

-1.244 •• -2.129 

¡; 
¡¡ 

48 

0.155 ¡; 0.370 

-0.339 ¡¡ -0.625 

-1.358 48 -2.501 

b 

¡¡ 

48 

S 6 

..!. • 1 69 (tor• 
2E . 

.• ~~::·;~~··1 

P, '· o, 
KSI KSI 

- -- --

-32° .,. •36 

-32° •15 •34 

-34~ ., •31 

-34° ., .,. 

-33. •10 •26 

-32. •10 .,. 

Seyond Range of Fig. 11 

-33. 
1 

., l .,. 
Coellidenu a and b ll full 

depth ¡Fig. n 

7 8 • 

.!.:!:...!. .. 2 1a uor• 2E . Motteri1l: Cold Rolled Stetl 
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OEPTH 

Z 1 Zt00 

. 

~ 

MEASUREMENTS GROUP RS-200 DATA FORM 

MEASUREO PERCENT COEFFICIENTS •• a, 
STRAIN 

"' ,, 
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Fatigue ol 

SlrainGages 

Fatigue Characteristics of 
Micro-Measurements Strain Gages 

All met:ll!l are §uhject to fJtigue d;unagc whcn saaincd 
cyclic:•!ly al ~ufllcieruly high :amplitude~; and the fuils tlltd 
in ~!rain gages :are no uce¡llion. Fati.ttuc dam:age in a ~train 
g¡¡ge it first n·idenccd as a pcrmancnt changr: in un\trained 
resistantt of thc gagc, oulinarily c'rrcs!oed in 1crms uf equi· 
valen! indicaw.J snain. and refcrrcd to :u ~7ero-,hift M. ,\s 
damagc im:reascs in snain g:1gcs, cracks cvcntua\ly begin tu 
dcvelop and these can rcsult in data th_at is serinu~ly in erro~. 

Mit.:ro-Mea~uremcli.ts moniwrs three pllramcccr' uf sen in 
gages during fatigue life testing: ~super·stnsiti~ityM, gage 
factor change, and 1uo-shift. Super-~ensiti•ity re,ult\ from 
cracks that are jusi forming, and that aff open on!y during 
the tension portion of the loading cycle. lf out pUl of a strain 
gage is monitorcd continuously on an oscilloscope during a 
fatigue test, the wa~cform obscrved for an undamagcd gage 
will be a sine wa~e. As cracking starts, thc sine wave will 
distort during the tcmion pnrtion of thc cyde. Munitoring 
for onsct of cracking ¡, necc~sary becausc, at nro load. 
craeks oftcn clo~e amtcheir prcsence can be hidden. E.:peri
mcntal stress analysts who unupectedly encounter large 
nrain signals from strain gagcs in cyclic applicatiurn shou!d 
ehc:cksignalwavcform for any indicatiom of wpcr·scnsiti•·ity. 

Fatigue damage in strain gagcs can also cau'e gagc factor 
changes, a!Íhough substantial diffcrcnces are rarc. H crack
ing h:u started, ho.,.·cver. it will cause an apparcnt incrcasc in 
tcnsion gag e factor, easily detccted bccau-;c the cumprcs~ion 
value will be much !ower. 

Proccdures for fatigue tcsting of )1.1icro-Mcasuremcnu 
gagcs statt with the ~ery best insta!laliomlhat 'an bt made 
(se e Appcndi.: A). Nn sira in gag e application rtquirement is 
more dcmanding than cyclic endu rance. Micro-Mea~urement1 
uses NAS-942test rigs with modificd btarm tu achic~c ~\rain 
lc~els of diffcrcnt magnitudes •. Zcro of c~b g.~gc is r«orded 

"TM NA.<;-942 bu mi> dui¡ncd forron•Unt Jtrn•. P"'ducinc a •in11t 
±DOOJit suain k~l 

a!un¡: "'ith uutput for huth tcn,ion and ~·ompre•siun ,¡atic 
11rain• <!f thc ,~me m~¡tnituJc a, ... ;u be coc¡>untered during 
qc!in~. ·¡ hrnu¡:huut Jynamlc luaJing, ~:l¡te uutput' ·;He 

muniturcd lur IU[lCT·\Cil\Íii•ity. 

Sira in ll"!',n ~an be ~un,idnc•ltu ~ra;t~u,er a "idc range 
uf d;un.o~c l~•d1, de[lcudin¡!. on thc application and thc 
rcquircd ;u:curacy. Fur cumple. in 'tatic-t!)namic ~train 
mca,urcmcnt, ~ar}·intt "'ith 1hc panicul.tr 1itualion. thcre i1 
~omc lnel ul damage at "hi.;h tero-•hilt• may impair thc 
utility t¡f '\rain g;~gc• f<H that application. Such Tcrn·,hift• 
thu\ rcprc1ent ""failurc" undcr tho,c cnnditions, e1en 
though thc 1\r~in gagc' c·uuld \ll!l emlure many th.ous.tnd~ nr 
milliun~ uf additiunal cyclc~ before fatigue cracls bccamc 
e•·idcnt. On thc uthcr h.10d. for purcly dynamic strain mca
surcment, TCTU·Ihilt i• relati1cly incidental. and suain j!~gcs 
can h<: cnn,id~rcd fun~·tional!y ade'luate until fatigue d.Jm
¡oge ha1 prn¡:tc11Cd almmt tu thc 'lagc uf 'upcr-~emiti,·ity. 

Nmmat heha1iur uf \\rain ga¡:n is iltu~ira1e-d hy the 
graph1 in Fig. 1 tun pag~ 2¡, data frum WK-05-2SOBG-J50 
gag~'- Note tho11 a, th~ 'train IC\C] is reduced, and ]ife 
cMcn<kd. 1prcad in data incrca'n markcdly. Prediction of 
gagc lifc in hi¡:h~y<:lc fatigue tovcr 5.: 101 cyclcs) is difficult 
becaU\C \el\ dat~ di,pla}' lar¡;e variatiun~. li\ÍO¡!: thc U ata in 
Fig. 1. a numinal fatigue lile cune can be dra .. n for WK-05-
HOII(¡.HQ g<t¡;c' a• 1hn"'n in Fig. 2 ton pa¡:e 2), hased on a 
]()()¡.tt /CTU·1hih failurc criterion. Other typical t!ata are 
shuwn in i\prcndiJ. 11. 

T able 1 (on ragc 3) ¡,a \Ummary of•hcfati¡:ue charactcris
tics uf Mkru-~tea,urcmcnh 'train gage\. '"Fatigue l.ifc"'in 
thc tahle gcncrally rdcr\ to 1hc appw,irn;nc numher of 
9dc~ at "'hi<·h a Jern-,hift of IOO¡.H c.tn he u¡x-ctrd. \\']) 
gagn. nurmally u•cd unly for dynamic tc~ting, h~~e valuc~ 
for a )OIJpt ICI<Hhift (appruJ.imatcly). 

The d~ta in T~blc 1 and graphs uf i\ppcntli1. H wcre 
nht~ined U\injl l/4-in (ó.#·mm) gage lcngth ~tniu g~~c• . 
Gage sclectilln i1 an importan\ criterion in ~chicving maxi
mum cyclic lifc and many diffucnt paramctcrs alfcct thc 

.,. 
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Ftt- 1 - Strain G~ FatiJ~U Tal Rtsults. 

endurana: of strain gagea. A study of Table 1 will pro vide 
illfonnation on how tbc diffcrcntseries(bxlr.in¡/ alloy com
binations) relate to cacb otbcr in fatigue lile. In ~dition, a 
aumber of othcr criteria ha ve marlr.ed cffa;tS aDd cach com· 
promise madc dctcrioratcs lifc 10 wmc dcpu. Whilc there 
are ~Pny upcctlto ulcction of appropriatc pae1 for any 
application, thcrc are 50!111= acneral ~ruleJ•coneernin¡ what 
will improve or deteriorue fati¡uc lifc. (Rder to Mcasure
mcota Group Tcch Note TN-SOS, Strllin Gr~gt Sd~clion 
Criurhl, Proudurts, R«ommtndtllions.) Thc largcr thc 
pid aru of a foil strain p¡c, thc hi¡hcr iu fatigue lifc, but 
thc bi¡her tbe ¡a¡e's raistancc, tbe Jown it.s fatigue lifc. 
Encapsulation (such u 'E" or 'SE' on E-backed p¡es) is 
hdpfr.~.l whilc solder &Dd coppc:r b.avc a qalivc alJcct; so 
CEA p¡ea or ¡a¡es witb Optiolll L. LE. or W oo EA ¡a¡n 
lhould be used wi.th caution. Sorne la)' 1rnall Micro
Mcuuremeats ¡a¡«, ud 10me very hi¡h railtaD« ¡a¡cs. 
are made usi111 ultrHhin foiL Tbac p¡a d»ould be avOidcd 
ll'hcrc cyclic cndurucc d imponu.t. While JU~;:h ¡a¡a. canl 
be tdcotiriiCd from eatalop. ntiiiWcd tati¡uc lifc for any of 
our p¡cs caa be obtaiDcd from tbc Measurements Group 
Appüeations En¡inccriq Dcpanmcnt. 

_,_ 
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Table 1 

Nominal Fatigue Llfe - 100p.t Zero·Shlll 1 

11-M Slraln Number ..... Slratn NumtMr 1 
Gage Serlet Leve!, • of C)'cles Gaga Sarl" Laval, fJt ol Cycles 

CEA ±lSOO 10' SA ±IKUO lo- i 
±1.300 111' ±1500 10' 

·EA ±lSOO 111' SK ±2200 lil' 
±1200 10' ±2000 JOf .1 

ED ±2500 10' SlK ±11100 lil'· 
±2200 10' ±lSOO lO' 

EK ±1800 10' SD ±2100 lil' 
±1100 lll' ±2200 10' 

EP ±1500 10' TA ±1700 10' 
±1000 111' ±1500 lO' 

J2A ±1700 10' TK ±2200 10'· 
±1500 10' ±2000 10' 

JSK ±2000 10' TO ±2400 lO' 
±1800 10' 

1 
N2A ±1700 111' WA ±IKOO lil' 

1 

±1500 10' ±1100 10' 

±1800 lO• ±2400 lil' NlK 
±ISOO lll' 

WK 
±2200 101 ' 

1 NJK ±1500 lll' WD ±3000 10" 
±2500 JQI• 

1 

•lOO,.I.f lcro-~hift (approximatcly) fur WIJ ~lrain ¡agcs. 
1 

. 1 
1bc abo ve fatigue life data is based on fully rcvcn.cd strain le veis. As a ¡encrali1ed approximation. thi$lablccan be used 

for unidircctional nrains. or various mcan-urain.J, by takin¡ the ilf!.liutell pc~k·to-pc;ak ~mplitude ¡¡,nd derating by 10 
perccnt. Asan cxamplc, ±ISOOpt wou\d be approxim1Uel)' C4Uivalent in ¡a¡c fati¡uc damagc to $lrain lcvcb of 1 

+2700 o •2100 

1 

0 fJE, "' ~2700 fJE, "' ~200 fJf. 

A mcan-5lrain whieh lncUII$tJ in a tnm1' dirntlo" durin¡ C)'(:lin& willlc1d to much carlicr failurc, howcvcr. 

' 

. . REFER.EN.CE i 
"Strain GageJ, Bondcd Rcsistancc"; Clauification Spccification NAS-942 (National A.crospaec Standard 942) 1961. A~rospa~ 
Industries Associatiun.of A.merica,lnc. Published by Nouional Stand;,ardl Auodation,lnc .• 1315 Founcenth Strcet, N.W., 
Wuhio&<oo, D. C., 2001" U. S.A. . 1 
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APPENDIX A 
lnslalbtion Rewmmrndations rur J\.faximum Stnin G.agt Fatigue..' Life 

When desi~ning ~cructurn for ma~imum fatigue endur
ance. 1pc"Cia1 e are: shou!d be emplo)·ed to a'oid rapid changes 
in ~«:!ion, ,eren cnn~ntratioM, and c.\tes~ incnialloading. 
to namc a fcw considcrations. Whcn streu concentrations 
are unavnidablc, thcy should he in a minimum strain lield. 
Thc u me consit.krations apply to ~\rain gag e installations in 
a fatigue cn,·ironmcnt. 

ldcally, bonding agcnts u~cd 10 adhnc gagcs shou!d be 
unfilkd, thin-film-scning adhcsÍ\'Ct 1uch as M-Rond lOO. 
M-Bond 600or610,or M-Bond AE-10/15. Allcxcess adhc
si~ ~round che edge of gagn shoukl be: removed to ¡m:vcnt 
this unncccssarily thick film of ccment from cracking and 
iniciating failurc uf thc gage bond. 

Soldcr eonncction' pr~ent the ¡¡reates\ strt'\s conccntra
tions atthc gagc lt>cation, and \uldrr i' puor in fati¡:uc, ami 
thcrcfore m u-u he 11pplied sparin~ly. Controlling ~oldn nuw 
on gagc t11hs can be acromrli•htd hy catdully ma~ling thc 
lab "·ith drafting tape. The masktd arca ~hould cxpo•c only 
a ~tttion of the tab slightly widcrthan thc lead10.ire diamcter. 
An 11hcmativc for limiting soldct now Í3 ~clection of gage~ 
with soldcr dou and cncar•ulatinn. F.A gages with Option 
SE. and SA/ SIC-Series gages rnnide •cry controllt'd solder 
massu for lcadwire attachment. (Rcfcr to Mcasuremcnts 
Group Tech Tip TT-«J6, Soldrring Tt'rhniqunfor Lrad 
Auarhmrnl 10 Strain Gagrs wirh Soldtr Dvu.) Also, spe
cialty soft soldcrs soch as SO--SO% Tin-\ndium• a\Joy mini
mizc stress conccntration factoT~ atthe solder ftabintcrfacc, 
and will muimi1c thc fatigue lifc of any u~er-so\dcrcd gagc 
installation. Data prt"Scmcd in this Tcch Note for ¡tagcs 
without lcads was obtaincd using 6)-)6.7-0.3% lcad-Tin

. Antimony alloy soldcr (Micro-Mcasurcmcnts Typc 361 A-
20R). This soldcr is recommcnded for its case of use and 
mínimum shrinlr.agc. 

All hcavy irutrumcnt lcadwircs must be soldcrcd to intcr
mcdiatc terminal strips; terminal stri~ and gagcs shou!d be 
intcrconntcled with YJJall diamctcr wircs. Proper handling 
rrocedurc$ for using terminal suip~ :~re dcscribcd in Mc:l· 
suremenl$ Group TechTip Tl'-60), 1M Propu Uuof &md
obfe Ttrmina/s in Srrain Gagt Appfic-arioru. Any !cadwircs 
locatcd in high strainf~elds should no\ be rigidly eonstrained 
bccausc cyclic ~trcss will fail soft copper wircs wdl beforc 
gagn fail; 1 ncxiblc restraint should be providcd lo preven\ 
pceling leadwircs and gagc tabs from the gagc bad:ing. lf thc 
stuin ficld 11 gage loc:ations has bctn dcfincd, it is good 
pr11tti«: to routc lea<h onto soldtr tabs in thc mínimum 
strain dircction. Aftcr soldcringthc k:~ds, a flclliblc rcstraint 
should be positiont'd on thcm u clo'ic as possiblc to the gagc 
bad:ing.. This rc-straint may be a piccc of drahing or alumi
num 11pc (F A-2), a small drop of adhcsive such as M-Bond 
AE·IO, ora protcctivc: coatinglilr.e M-Coa! J or Jl. 

Thc WK 11nd WD Series. with preattachcd beryllium 
coppcr lcads, cxhibitthc highcst fatigue life of any Micro· 
Mceuremcntsslrling.:¡gcs. When u~ing WK-or WD-Scries 
strain Jlgts in 1 cydic strilin l'ield, rcfcr to Mceurcmcnts 
GroupTcch Tip lT-604, úaJ,..irt Allarhmrnt Ttthniqun 
for Obroining Ma:rimum Farígw Lije of Strain GagtJ, for 

0lndium 1<1\den, uail1blo: from lndium Compon~ of """'""•· In'• 
diffocult lo •pply1nd upm•i~. ·~ - • ·¡ 

th<: recomm~ndcd mcthod of leadwire attachmcnt. An EA 
g.:~.ge ~~oith Option LE should not be u'iCd in a fatigue 
tn~·ironmcnt. 

Most fatigue failure~ in the stniin ga~e occur in the solclcr 
tal! aod tr:msitiun are;~ - thc ar~a betwecn the tah an<l thc 
outcr gritlline. When thc m a in l'ich.l has hccn prcclel'ined, it is 
gooJ practicc to'po~ition the gag,; tahs in the luweu possiblc 
suain arca. 

CEA gagc' may rcquirc spccial attention, althnugh CEA 
instal\ations can havc the ~ame lifc as reponed for an opcn
faccd EA gage if each ÍMt:r.ll:llion is carcfully made. \lut 
sorne charactcristics wbith m:r.lc CEA gages so con\'cnicnt 
for stalic tc~t mu~t he carefully:m~naged whcn mallimum 
fatigue Jife i~ required. lhc lar¡:e, snft~nr~•cr·~nated tah~. 
l>ondcd in the str;Ün fietd. ate 'Úhject to crad.in¡t :lt l<mcr 
cycl~s tl>an the high cndurance ',\.foil bencath. The :r.ct of 
tinning thc tahs can affect tbe ultimatc lifc uf the inwllla
tions, bo:cau~c :~dding soldcr lo tin thc eoppcr coating intro
duces ldditionalloading on thc tabs. 

The natural tcndenq, whcn presented with thc largc 
copper tabs of thc CEA, is lo ap(.ly solder to the whole tab. 
This marlcdly deterioratcs thC fatigue lifc. When cyclic 
\oads are applicd to the struc\urc, cop¡icr, having lowcr 
strcngth than the A-foil, btgins lo crack. Thcsc cracks cffee
th·cly crcatc notch stress concentrations at the coppcr and 
foil interface. Such a conccntratcd str:!.Ín at the interface 
causes thc foil tu fail ptematurcly. Soldcr has grcatcr stiff· 
nen 11nd c,·en poortr btiguc cndurancc than cnppcr: hcnce, 
the notch concentration cffect Wil\ propagate to carlicr fail· 
urc ofthe wbolc install:r.tion. The CEA has a soft cncap•ulat
ing !ayer :r.nd wherc this cncapsi.dant cnds, a natural soldcr 
stop cxists. Allding sotder fully :10 this encap~ulant conccn
tratcs the structure's ~train dircctly onto thc softer coppcr 
coating assu-ring failurc atthc'encap~ulant/soldcrfcopper 
interface. By placing a mínimum amount uf soldcr in only 
thc honom onc-third of the CEA tab arca, cyclic lifc may be 
markcdly improvcd. 

Such soldcr control may bé achievcd by masking the 
solder location with a piccc_ of drafting tape in thc lowcr 
onc-third tab arca. Thcn applj a second piccc of drafting 
tape bclowthe first piece making a gap abo u\ thc diamctcr of 
the solder wire. This C\poscs a sufficient arca of thc tab 
coppcr for tinning and ultimatcly lcad attachmcnt. 

Availablc solden ha\t a varicty of charllctcristics. Whilc 
mclt tcmpcrature~ are most familiar, soldcrs alm vary in 
tMir stiffnes~. shrinkage and thcir resistancc to cydic \oads. 
Thc higher thc melt tempcrat~re, thc grcatcr thc soldcr's 
stiffncss and shrink:lgc. Eutectic solders, regardlen of com
position, provide for !he be:st cYclic cndurancc for that com
poSition. Thc soldenlistcd in Micro·MeasuremcntsCatalog 
A·llO are al\ eutcctic or ncarly cutectic, and m ay be sclected 
bucd on a givcn fatigue ten's thcrmal conditions. When the 
test is to be ron below + 350" F r+ 177" C), 361 A-20R offcrs thc 
leas! stiffncn and shrinkagc. With lo"'-cr stiffncu, Jcss stress 
conC"Cntration o«uf'5 lit he solder/coppor intcr{aC'C; 11nd, the 
\C'SS shrinkage 11 soldcr has, thc \owcr the pccl stress that is 
imposcd on thc tab during soldcr solidification. When the 
muimum fatigue life of a CEA instal\ation is requircd, 

_,_ 

) ) 

JNOAI.I.OY11 50/~0 Tin-lmlium ~ohler 'hould he u~U. 
Thi' is 11 \·ery sufl ~uhler 10. hkh mclt• at • 24~" F /•11 T' C)~nd 
has ,-cry \ow "ilfneu and shrinlr.age. The §o\Jcr requircs 
sorne practice to apply as its wctting and flow chancteristics 
are poor. 

Rcgardlen o[ the solder choscn. apply only a minimum 
amount of 'ioldcr to tin the uposed tab arca betwccn thc 
picccs of drafting tape. 

Whcn the sotdcring iron is too hot, tabs may bccomc 
separatcd from the baeking. Snldcring iron tempcraturc 
should be controllcd, and only as high a_~ necessary to mclt 
the solder. lf an aulliliary flull is nccenary, such as whcn 
solid soldcr wire is ust'd, use thc nu~t sparingly. Aulliliary 
nulr.cscontain volatile solvenu which alsocontributc to tabs 
lifting. Dip thc soldcr wire into the rlu~t, allow the cxccn to 
drain 11 fcw scconds. thcn wipc the wirc on the e~tpo~ed 

copper tn puta thin film ot nu, acrns~ the tabarn. l. ay thc 
sulder wirc on thc n¡H"cd t•npper. thcn íumly pre'~ a 
temperaturc-adju,tcd sulde~ing iron untu thc ~ultlcr "ire. 
Lih hoth the iron and ~ulder wirc as soon :u tbe s.oldu "'irc 
mclts. lf tht tah tinning was not complete. repat the opcra
tion untilthe e'por.cd tab is tinnetl. 

Gage tu terminal wirin& m~y use cither salid coprcr or 
stranded lcads, and ~hould nnt be l:!.rgcr than )4-A WG. 
Solid wircs are insulatcd with variuus varni..tlcs. Stranded 
lcads are availablc with Tcrlon1l insulatiom.. Support all 
lead~ as close to thc solder conncction a_~ practicahlt. This 
prcvents inertia\loads from pcc\ing the gagc tabs frum the 
gage baclr.ing. Micro·Mcasurcmcnts Catalog A·IIO lists 
both typcs o{wifes which can be choscn for thc intrabridgc 
conncctions. 

_,_ 



' 

.,.. 
. ..:-· .. ,;;. 

I11122GP 

::-: ,, 

Stnin 'Gage 
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Temperature-lnduced Apparent Strain 
and Gage Factor Variation in Strain Gages' 
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1.0 INTRODUCfiON 

ldeally, a stuin gage bonded to a test par! .would respond 
ooly to the applied strain in the pan, and be unaffected by 
other v:nbbles in thc cnvilonmenl. Unfoflunately, the 
resislanC'f strain gage, in common with all othcr unson, is 
somewhat len than p:rfect. Thc clcctJical rcsistance ofthe 
strain gage nries not only with suain, but with tcmperature 
as -u. In addition, the rebtionship bctw«n strain and 
rcsislancc changc, the lt«t fat:tor, itsclfuries with tcmp:r· 
atore. Thcsc dcviationt frorn ideal bchavior can be impor· 
tant undcr CC'rtain circumstances, and can cau~ significan! 
crrors if not prop:rly accountcd for. When the undcrlyin& 
phcnomena are thoroughly understood, however, the errors 
tan be controlled or vinually eliminated by compenution 
or correctlon. 

ln Sectlon 2.0 of thb Tech Note, apputntstrain is dtfl~. 
and the causn of thls dftctare deKribed. Typical apparent 
strain magnitudt1 as funclions of temperature are then 

.given, followed by the commonly used methods for 
oompensatlon and cotrcctlon. Sectlon 3.0 treats gagt iactor 
Ylriltions with tempeDture in 1 similar but briefer manntr 
lince this error soun:e i:s generally much len signilicant. 
Methods for the simuhancous corrtction of both apparent 
straln 1nd sage factor enors are given in Section 4.0, 
acoompanied by numtrical tx.amples. 

2.0 APPARENT STRAIN 

Once an lnstalled StTJin pge ls connected to 1 strlin 
lndicator and the instroment balanced, a subsequent chanst 
In the temperature of the pge instaliJrion will gtneully 
produce a misUnce chanse in the gage. Bccaust this purely 
temperature-induced resistance change will be registtred by 
tht U rain indlciiOr as U rain, the lndic11ion is refened lO (in 
the United States) as fiPPIZrtnt Jtrrzin lo dbtin¡uish lt from 
strain in the ttSI part due to 1pplied stress. 

The apparent strain cauaed by ttmperature chanae is 
potenlially the most scrious error source in the practice ol 
slltit strain measurement with strain pges. In f1cl, when 
musuTins strains at temperatures remole from room 

>· lrmpenturt, the err..- due lo apparenl straln, if not 
·., . conuolled, can be muc::h areater than 1M map!itude of the 

•,; ~ '" rtrain to be measured. Al 1ny ttmperature, or in iny 
~- •• . -:,•; •• 'J..·· , • lemperature unge, this error source rrquirn careful con-

.~~~"''"'.,'"}',.~\';':;. ·~·. -;:;.:~-··.· llderalion: and 11 is usually ntttlUry to tither provide com, .\ ·. ~.·:o.~f •;-/.':0~:,, :~ution for apparent strain or make 11 oorrection ror Jt. 

.... ··.·\."?;- '·•"'¡",--;~·- ~ 
· ' '1'" .,, ··:· '· MEASUREMENTS 

'•-·-· . 

Apparent strain is caused by rwo coilcuuent and. algebra!· 
cally additive effects In die llrain gage installation~ First, 
the electrical rtsistivity of the &rid conductor is telnpers· 
ture dependen!, and :tny rcsístance chanse with túnpera
ture due lo this effcct appnrs u strain to 1 Slr:tin indic1.10r. 
The second contribution to apparent strllin is cauaed by the 
difftrentia! thcrmal expamion lxtween the srkJ conductor 
and thc test part or sub$tute material to which thc 'gage is 
bonded. With tempuature chanF, !he substr:tlt expands or 
contracts: and, ~nce thc 11rain pge is nnnJy bonded;to the 
substr1.tc, thc sage grid i:s forcrd to undergo the ume 
upansion or contr:tction. To the cxtent that the tbermal 
upansion coefflcitnt or the pid differs from th1.t 'of thc 
substrate, thc grid is mtchanically strlintd in oonforffiing lo 
thc free expansion or contraction of tht sub$tnte.l Since 
the srid ls, by duign. strain sensitlve, the reSultant 
rnistana! change appean lo the strl.in indicliOJ as stílin in 
the substrate. 1 

The nel tempenture·induced apparent strain can be tll· 
pm:¡ed ., the sum of the rnistlvily and díffciential 
upansion effects: 1 

{1) 

where,ln conRstent uniu: 

f.APP{G/SJ • apparent strlin of grid material G 
011. subslrate material S 1 

~ • therm&l coefficicnt of resinanoc of 

F • PF factor 
grid conductor 1 

Ps -ac) • differen« in thennal expansion co
efficients lxtween substr1tel md 
pid, respectively 

t:J.T • temperstu~ ch1.nge rroin 1rb1trary 
initial rere~nce temperature 1 

lt should no! be usumed rrom the forrn ar Eq. { 1) tha
1
t the 

a:pp:trent straln h Untar •ith tempenturc, becaue aU of the 
.:otfncienls wilh.in the bnckeh ~ Wmstlva funelloiu of 
tmlperature. The equalion clcarly demon11n1u, h'owMr, 
lh:lt the apparent strain uhibitd with temperalure ch'1.nge 
dtpends not only upon 1~ nature of the suain ga¡¡e~ but 
abo upon the material lo wtdch thr pge is bonded. Becaute 
of thi1, 1pp1rcnt straln .Uta are meaninsfuJ only when 
~ferred lo a parliculu·pid alloy bonded lo 1 spedfled-
substnte material. · 1 

1 • ·~-

>,J;fi L'~· i.' ¡~u y¡-
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' supply used lo powcr the strain gaF bridge. In both 'ases, 

the nonlin.!arity crrors are identical if thc ampliflt'rs havc 
high input imped<40~et. aml if the puwer supp!ies are Of thc 
constant-voltagc t)·pe. Note alw that in both circuits lhc 
"bal~n«" control is used unly tu utablish inililll brid&t 
blllancc befun! the s~P'' are llr~incd, :md that the balance 
controb do Out furm p;art uf thc rndout drcuit. This 
typc of "balance" cil'cuit is normally providtd with a 
very limited un&e so u not to cause problcms in rcwlution 
and settin"'·Stability: and thcrcforc does notgreatly innu
ence the 11unlinearlty cnors u de$Cribed in this Te eh Note. 
To permit a rigorous treatmcnt of the Crron withoot 
lntrodudn¡ other romideratiuns. it is auumcd throughout 
the foUowing discussion that the "balance" circuil lt 
cither complctcly dU.Connccted, or that the tontrol is 
lefl al thi midpoint of ill range. lt is alw usumed that 
the brid¡e arms are nominally rcsistiveJy symmctrkal about 
an axis joinin¡¡ thc output cornees of the bridge; i.e. that 
(R 1 /R~)- = 1• (R 1/RJ'Jnom. 

As a result of tht circuh arrangements de!.Cribed abovc, 
obtainlng a rcading frurn thc static strain indicator (whether 
ur uut the prOCc!.S involves nulling a meter) has no cffect on 

. thc ~tate of rc~istivc balance within the Whntuone brid~ 
circuit. E ven if the Wheatstone brid¡;t" is initially balanccd 
resisti~cly w that R 1 /R. " R 1 /RJ, this will no lon¡er be 

true, in r;eneral. when one or more of the u rain gases In the 
bridge ums are stnined. Coru.cquently, the Wheautonc 
bridge is ordiilarily operated in a re!istively unbalan~ed 

· state. In this mode of opcration,' re!istance changes in the 
bridge arms.may cause changes in the tumnu lhrou¡h 
lhe arnis, depending upon the sig'ns and magnitudes of the 
resistan.:e changes in all four anns. When current changcs 
occur. the voltagc out pul of the bridge is not proporÍional 
to the rnUtan<;e ch;m¡¡es, and thus the output is nonlincar 
with strain, and the instrumcnt indication is in error. 

' 
Ul. Error M;~gniludes ~nd Correclions 

Tab\e &ivcs. for the dan uf!lnmumcnts ~escribed In 
Sectiun 1.1. the oulput voltage as a function of thc apptied 
straln for a variety of ases. repruenting diiTererit strain 
sutes and diffcrenl urangements of ¡ages on the structur~l 
member and within lhe Wheats!Óne bridge. While the mas· 
nitudes of the nonlinnrltles are dlfficult lo judgc from the 
table. lt can be secn fmm the column of b"ridge and strain 
arrangements that only whcn the rulstance changu are such 
th.1t the cuncnts in thc bridse amts remain cumtant -that 
is.whenAR 1/R 1 +M.JR. =Oa11J M 1 /R 1 + MJ/R 1 .. O 
(the thiid, sixth. and seventh cases)- i:o thc output a linear 
functlon of the suain. The table aho includcs. for each 

Table 1 

IIUIIGUSTIIAIII 
MRAIIUMUT 

{N.o/} 

-~ 

-~ 

Single anMt 'JIIII in uniu.ilt wnslDn 
~....,........ 

T- ., .... 9I'Jif1l in <>niu;.i U<n> 
lield-one alo!JWd wilh moP. ~inci 
pa1 "'-· on• "Poi11on~ ~-

T- K1ioe pgn .,;¡h _.. 11o OppO
.,,. str--typoul ol t.nd....,.t-..., ........... 
l_K1,.. 0091twith-alwP.oof 
....,. ..,.....,Md on ~-- t>dn ol 
coiumn •11\low tcmoer aur• 9'.,...,, 
(bll'ldll'll ~lloi!Ofl, IDf II'IO!Inctl. 

Fou• ~. 111911 in ....... ~. ",.... 
1•16-t.oelo..,rdwilllfTIM. p-oncop~l 
, ....... ·- '"Po•-" 11110111 lbulnl. 

Four~ !119•.,..;11\p.Wt .q.cwd 
ID ~ and OppOIÍJe ttrtin1 lbllm 
in ~ ... lh.lll in torlionl. 

Ol.llttll UUATI!IIt-.!;./€ 
111 •VIY 

{NolU 1, JJ 

Eo 10~ ID' 
-¡•l•ftxto-1 

Eo Ft!I••••Ur' 
i- l+Ftct-v,~ ••' 

!! • Ft!l HIX lf' 

' ' 

~ •Ft~ 111"1 

ACTUAl Slii.AIII t 
lllDitATUISTRAIII • T 

t-' 

·-' 
t-' 

Nonti.,..,. 
\ner-J.ol CDflto;lion un be rud 
d~r.:tly lrom Fi9- 2. 

Nonti-. . 
lncr...,.ntat CDfNCiion un t.r•lod 
d~IICtly lrom fig. 2. 

Nanlin11r. 
Apply iner......,tal a><nc~ion tro:m 
F ig. 1 . ....., indiuad rrr•in f<I<M/ 
t<1 fU· •I.INo,. 51 

..OfU: ': 5 t.ll,l.ll,t_- 1:!.11,1.11,,_- ·--·---·-··-. 2- c:on.- ........ _......,.__ . . 
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-w....s·--to~.,a_., .. f'll·lrl-·-----.ll· .... _ ... __ ...... · 
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cue. the ratiu uf the artllsJI strain {él 

to the illdit"sJtt•J slrain tll. ~nniuing 
corre~tion uf indicatcd strains with 
the!.C l\111nulas in the uunliliear .:a~s. 

The nnt cale in T able 1 is appli.:able 
whenevcr a sintde active strain )!a¡;c is 
uscd i11 a quai\Cr-hlid~ arrangctnent; 
and o.:cun very .:umnmnly in the 
practke uf strain mcawrement t"or" 
experimental stre!.S analyds purposcl. 
Beca~ uf its basic importance. this 

· C;;:!.C will la ter be U$td in scver;¡J 
numcrical exampl~s tu dcmumtrate 
lhc prll("~durc for making nunlincanty 
currectiuns. The char~cter uf thc non· 
linearity auociatcd with the quarter· 
blidge arrangcment cau be il!u~trated · 
by writing thc brid~ uutput cqua· 
tiun in the folluwing funn: 

.!a. Fe x to·l E·-,--

wherc: 

(1) 

E0 {E • dimensionlcu bridge out· 
put. mV[V 

E0 uutput voJt¡ge, m V 

E • bridge supply volt~gc. V 

F 1"81= factor ofStraln gage 

e • snain. JJt (microstraln) 

In Eq. ( 1}, the term in parentheses repreSents the nonli.tl· 
earity. lt is evident from the form of lhe Oonlinearity unn 
thal its magnitudc will be len than unity furtensilc strains 
and greatcr Iban unilY. for comprcni~c strains. And the 
errors in strain indication duc to the nonlinnrity will 
correspond. In other words, indicated tensile stralns will be 
too small and lndicated comprcuive strains too larse. For 
subsequent con~cniencc. the incrrmrmal nonlincarity errw, 
or corrcction, (11), is dclined u thc amount which mus\ be 
addcd rt/gcbTaiwlly tu the indicated strain lo obtain the 
actual strain. Thlt is, 

wherc: 

t • f+n lll 

• actwd strain causin¡ 1 resistance ch10~ in one 
arm of thc Whcatstunc bridge, pt 

Jndit'tltrd strain (correspondins to f) as read 
from 1 strain indicator with the specilications 
given in Fig. 1, pe 

11 • intrementa.l error in indlwtN strain, pt 

For the úngle active l"&e In 1 quarter·bridge ananscment, 
lt un be &hown that lhc Incremental error (in Jl.t) is reprc· 
acnted by the followinsexpreuion: 

FC?l' x to·• 
"• 2 Ftx.Jo·• (3) 

_,_ 

Figure 2 

Equatloa (3) has been plutted illl Fi¡ure 2 (for F "'l.O) lo 
illusti~tc the magnitUdc uf the mor and to permit makin¡ 
correcliom simply and u:curatdy. To use the graph. enter 
the absci:s.sa al the val oc of the indkatftl strain, project 
vertlcally to the pruper curYe r~ tensile or comprcss.ive 
strain. then rcad the value o( lile correctioa from the scale 
provided at.lj:Kent tu the cuna. The tOnttlion (which, 
ffom Eq. (3), always hn a.p0$i1M ligo. incspcctive of the 
sign of th.r indlcated strilin) is to be added 11/¡ebroiwfly to 
the indiC3ted st1ain. Th'l is, tht au¡nitude aran indiclled 
lensilc Slrain il always incrnd..,. addinalhe correctlon. 
while that of a compreuive str.U.II always reduced. 

IV. Numerical Examples 

Al a finl cumple. nsumc thlllbc Whcatstonc bridge wu 
initlally bal1nted resislively. aftn whlch the ¡aged tes1 
mcmber wu loaded untü !he Jtr~ indiator rc¡istercd 
1 S ooo,. in tension. Entcrin¡ lbc snph Ilion¡ thc absciua 
11 15 OIXIJ.ct. ant.l projccting upwud to thc MTeruion" Jine, 
ylelds the corrcction u 2J0Jaf, Tbc aciiW strain is thus 
1 S 2J0J.III'. By followln& direcúom¡iven in lhe -comments
column l4d in the foolnotnofT!IIble t. Flpnt 2can be used 
to correct any o( the nonlinear cms listed ln thc tablc' '.,. 
(whcn F•2.0). For othcr &IF Factors in the vicmlty of 
l.O. the conection obtalncd írc:m Fi¡ure '2 can be multiplicd 
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Figure 4 ittum"es the appuent stuin chnacteri,tict of 
typical A· and K-alloy self-temptrature-comptnuted main 
gage~ As demonstrated by the figure, the gages are \lesi~ned 
lo minimize the apparenlnrain over the tem~erature range 
from about O"F to <~"400"F (-20"C tr1 ,.205 C). Whcn the 
self·temperamre-compensatetl nrain gage i5 bonded toa 
material having the ther111.1l e:.;pansion coefficient for which 
the pge is intended. and when optrated within the 
temperature unge of effectivc compenution. u rain meas· 
urell'll"n!S un usually be ma.Je without the ncces~ity of 
correcting for apparent strain. lf correction for apparent 
strain is needed, it can be made 3S s.ho"''" in the following 
sections. 

1 

FIG.4 

Self·ttmperature-rompensated sttain SJf.CS can also be used 
in thc manner described in Section ::.1.1. That is, when 
circumstanccs ate such that a pai1 of matched pgtscm be 
uscd in adjaccnt auns of the btid~e circuit. with both gagn 
nuintained at the u'mc tcmpetature, and with one of thc 
gagc' un~trained (or strained al a determínate ratio to the 
other ¡r:agc), nccUent temperatute compenulion can be 
achievcd ovet a wide temperature range. 

The des!gnations of Mieto-Measuremcnts $<:](. temperature· 
compenu.ted stn.in gagu in dude a two-dif:it S- T -C number 
idcntifying thc nominal !herma] npansion coefnc~nl (in 
PPMrF} of thc material on which the gage will exhibil 
optimum apparcnt strain chuactetistics as shown In Fig. 4. 
Micro-Measurtmcnts A-alloy is naibblc in the fo\lowing 
S-T -C numbcn: 00, 03, 05, 06, 09, IJ, 15, 18, 30 and 35. 
The Ycry large S·T·C numbe~. 30 and 35, are lntendcd 
primarily for plutics.. In K-a!Joy, the range of S-T-C 
numben b more limitcd, and consisu of 00, 03, OS, 06, 
09, 13, and 15. For refercncc convenicncc, Tab\e llbts a 
numbcr of common matcrials,and giYct the Fahrcnheitand 
Cdsius cxparuion coefficicnts for cach, a.long with the 
recommended S·T·C numbcr. 

lf a suain p¡c with a ~rlicubr S· T·C numbct b installcd 
on 1 material with a nonmatchlng cocfficient of npansion, 
Che apparent stntin clt:ln.clcrislics will be altcred from those 
lhown in Fl'- 4 by 1 general rotatlon of thc curve about 
the room-tcmpenture rcfcrcnce point ($Ce Sectlon 2.2.5). 
When the S-T·C number is lower than the materbl 
up~nslon cocffic~nt, the rotation is counterc\ockwise: and ·-

4 

when higher. dockwise. Rotation of the apparent strain 
curve by intcntional!y mismatdling thc S-T-C number and 
elr.pansion cocfficlent can be Used to bias the appartnl 
strain chanctcriuics $0 u lo ~avor a particular working 
tcmperature rance. ¡ 

TABu¡ 1 

lllcnnal El-pmsioa Coeffident• 
of Common Matttiab 

Mnortol 

ALUUINA, FIA(O 

ALUa<II"'UM, 
202 .. U". 7015-TI 

IIEAYLLIUU 

IIEAYlliUM 
COPPf.A 28 

IAASS. 30-70 

II'IONZIE, 
PHOSI'HOA !10"1101 

CoPf'IEA 

GLASS, 
SOOA LIME 

INCONEL. 
WAOUCiHT 

INCONIEL )( 

I"'VAA 

IAON, 
Cii'IAY CAST 

UAO .. ESIUM, 
AZ-318' 

""OLYIOENUa<!" 

MO .. EL 

"'ICI(IEL A 

OUAATZ, FUSEO 

STIEf.L. 1001, 1011" 

STEEL, "3ol0 

STf.fl... 17~ Pt'l 

STf.EL..11·7 

STEEI... Hi·7 MO. Pt'l 

STEEL.. 
30>1 57AINLIESS' 

STUL.. 
310STAINLESS 

$TE EL. 
311 ITAINLIESS 

STUL. 
"IOSTAINLI!SS 

TIN, P\JI'If 

TITANIUM, PUAIE' 

TITANIUM", 
IAL-<IV 

TITA .. IUU' 
SILIC-"TE 

TUNOSTI!N 

ZIIOICONIUU 

3.0• 10"': 11.•. ur' 

n.• 23.2 .. 
11.1 

10.2 

.. 
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'' .. 

14.$ 

u 

'·' .. 
~· ., 
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•• 

0.017 
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'·' 
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20.0 
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12.1 
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,,. 
21.1 

., 
13.1 

11.1 •.. 
12.1 
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17.3 

...... 
18.0 . .• 
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'" 
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,. 

" 
" 
" 
" 

~ 

00 
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00 
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" 
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2.2 CorTI!'ction ror Appa~nt Strnin 

Depending upoo the test ICffi¡>f!Jiurc and !he deg~e of 
accural"}' rtquired in the strain mcasurcmcnt, il will 
50metirncs bf nccusary 10 make ror~ctions for apparcnt 
str~in, evcn though sclf-temperaturc-o;om¡>fnsatcd gagrs are 
used. 

1.1.1 Slmplt l+ocrdurt 

Cor~ction for apparcnt strain can bl!' acromplished most 
directly and CH!Iy using the tcchnical data sheet found in 
CKh packagl!' of sclf-tempcrature-o;om~nsated Micro
Mcawrcmcnu straln gages. Figure 5 is a typical graph of 
apparcnt maia data (for A-;¡]Joy) n supplied with the 
pgcs. 
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FIG.!I 

Thc fim stcp in the rorrce~ion proccdure is to refcr to the 
¡r:raph and rud the appatent strain corrc~ponding to the test 
temper~turc. Thcn, usuming that thc strain indicator was 
b~lanccd for zcro ~!rain al room temperature (the refcrcnee 
tcmperature with respcct lo which the apparcnt strain data 
were mcnurcd), subtract the apparent strain given on the 
graph from the suain measurement al the ten tempcrature, 
ron-yirr, 11ll SÍtJU. This proa-dure can be expreucd analyti· 
o;;¡lly a follows: 

(l) 

whcrc; 't • uncorrccted strain mcasurtment as rcgis
tertd by the strain indicator 

t' '" partially corrected strain indication-that 
is, correctcd for apparcnt strain, but no\ 
for gage factor variation with tcmpcntture 
(see Scctions 3.0 and 4.0) . 

f.An• "' appartnt strain, from thc package techni
cal data sheet 

As an cumple, auumc that, with thc test part undcr no 
load and at room temperature, thc straln indicator was bal· 
1nccd for zcro straln. At thc test tempcrature of +200•F 
(+91°C}, the indicated straln is +2300 pE . Rcferrlng lo 
Fig. S, assumin¡ that this graph was thc one in thc ¡r:age 
pack.a~. the app;~rent strain al test tempcrature is -IOO~tE. 
From Eq. (2). lhe corrccted strain b thus 2300 -(-100) 
• 2400 !JE. Had the indicatcd straln been negative, the 
eorro~cted strain would be: -2300 -(-tOO) ,. -2200 J.lE . 

11.1 AdP,sdnr Ap¡HJrtnt Stroin for Gtztt Ft~ctor 

11 should· be noted that thl!' gagl!' factor employed In 
obtalning thc IPJiarent maln data is standardized at 2.0 for 
al! Micro-Measurements A· and K-al]oy strain gages. ~ 

- ·-·-- --· ----···-··-·-··- ·-··-·--~ 
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imprQ\ICment in the accuracy of the correctiaa ~be made 
by adjusting thc apparcnt S\ rain tbta to !he PP' factor of 
the gage as givcn on thc teo.:hni,al 1.lata sheet. TIUs is done u 
follows: 

(J) 

whcrt: E'..tn • apparcnt u rain data adjuued for room· 
lemperatu~ gage factor 

EAif' .. apparcnt strain from dau ~t (gage . 
factor '" 2.0) " 

F • room-tem~rature gage f.acta. ohtrain 
¡r:agc in use 

Continuing the example, and auuming thll rbc data sheet 
giYCS a room-tcmpctaturc gage factor of 2.10 fOil" thc p¡e, 
the adjustcd apparent strain is calculated from Eq. (3); 

EA,. -100 2.0 = -95 
2.1 

And thc corrtctl:d suain meuurements beCOJnC: 

2300-(-95) • 2395JJE 

md. 

-2J00-(-9S) • -2~0SJJE 

A funhcr improvcmc'nt in thc accuracy or thc apparcnt 
strain correclion c~n be obt~ined by a"ountifts fcx the fact 
that the tnHcmperature gage factor is sligbdy differcnt 
from thc room-umperature valuc, as describcd m Section 
3.0 (scc al 50 Fig." 5). This effect can easily be ir!lroduced by 
li~t correctingthc room·temperature pgc factor ro the. test 
tl:mper~ture in thc manncr shown in Section 3.1. The 
test·temperature pge factor is thcn subslituted fOf Fin Eq .. 
(3) to obtain the pgc-factot-adjusted apparcat suain, 
which is subtractcd algcbraically from the indica~d strain, 
u in Eq. (2), lo obtain the cont'cted u rain mwasurcment. 

1.21 Cxtmsi~ Datll AtqulsltiM 

lf dulred, for utensive straln measurement prop-ams, !he 
apparcnt strain curve in Fig. 5 can be rcplourd with thc 
pgc: factor adjustmcnt- cither room-tcmperanrre or tesl· 
ttmpcraturc -alrcady incorpouted. Upon completion, ttle 
apparcnt strain rcad from the reploUed cut'flt C2lll be USI!'d 

dirtctly to corr«t thc indicatcd strain. This procedure may 
be found wOfth thc effort if many strain rcacinp an: to be 
talr.en with one pge or a group of gagcs ftol!l thc umt lot. 

For convcniencc in compulerizcd corrcctioll for apparent 
Jtrain, Micro-Mcasurl!'lllents surplies. for cach lot of A-alloy 
and K-alloy pgn, 1 rcgrcssion·fitted (leas! S~J~Ucto) poly· 
nomial equation representing the apparent-st:Wn curve ror 
that lot. The pol.ynumial is of the following fonn: 

f.A" • Ae+A 1 TtA 1 f2 t..t 1 T 1 +.A..T" (4) 

where: T "' Tcmpcrature 

lf not lncluded ditcctly "on the graph, as shown bt Fig. S, 
the coefficients A¡ for Eq. (4) can be obtaincd from Micro; 
Mcuurcmenu oa requen by specifylng the 1ot numbcr. 

lt should be borne In mlnd that the regressic--fin~d rqua· 
tions,likc the d1la from which thcy are de~. are bas.ed 
upon a gage factor of 2.0: and apparcnt-straál nhll!"s ulcu· 
bted from the equations must be adjusted (Of PJC' bctor if 
lhc eddtd accuriC)" \s needcd. And, of course, thc apparcnt·· 
ltaln data and equations are applbble orrly to the sp«ifte"d 
Jot of J.lgl!'l, bondcd lo the same material as Ultd by Micr~ 
Musurements in pcrfonnin& the apparent-striÍIItCU. 

... ,.-
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2.2.4 Amv«)' M4 hrxtkéit7 -

Fln,.n.d Musu~••t of Apptnnr Suvin 

lbcre is a Limit u to just how far it is practicll to ¡o in 
adjuatiJII tht manufactun:r'a appareot strain data In an 
attcmpt to obtain peatcr accuracy. In the fant place. ttle 
appueat stnin ctuVC proYidrd on the kchnical data sheet 
(or bJ the polynomial equation) n:pn:sents an averasc. 
aince mere U sorne variation in appuent strain <:haracteris· 
tica from ga¡e to gqe within a lot. And thc width of thc 
xauer band increases u the test tcmperature depariS 
fwtbn and fUither from !he room-temperature rcfcn:nU. 
n. sprcadin¡ of thc scattu band is approximatcly linear 
wilh clovlatlon from room tempcrature, at lcast over the 

-tempcrature ranp from +32•F to•c) to •3SO"F (+17J•C) 
for which scatter data are av&ilablc. At the 2 u (9SI_l,) 
coafidence lewcl, the va.riabillty for A-&Uoy un 1M: u.preu
ed u t- O.lSJlC rF (t0.271J.l fCJ, &lXI. that ofK-alloy u 
t0.2SP,l rF ft/J.45 JllfC). Thus, ata testtcmpmture of 
27S•F (+JJs-C), the 2 u width of the scatter band is 
tJOp.E for A-álloy,and .t50j.l€ for K-.Uoy. 

Purlbtnnore, the apJWent ltrain data given in the pge 
packJct wen: necessarily meuured on 1 puticular lot of 1 

p!lrticlllu m.1terial (sre Table 1). Different materials with 
the same or dosely dmilar nominal expansion coefficients, 
and diffcrent lou and forms of the same material. IUivt 
diffcrcnt thermal e:qwWm du.~cterisücs. 

From lhc abOOtC.considuations, it should be evidcnt thal in 
ordu to acltiew the most acan21t concction for appan:nl 
straitls it U genera.Uy neccssary to obtain lhe apparenl strilin 
data wilh the actual tt'St gap insta.Ucd on thc actual te¡t 
part. For thl.s purpo:se, 1 tm=ocouplc ot rtsisllnce. 
tempcratun: ~ensor is installed immedialely .:ljacentlo thc 
11Iain p¡e. The pp ls lhen conncctcd to thc ilrain 
indlcator and, with no loads appUcd to thc test part, thc 
insuumcnt is balanced for uro strain. SU.bscquently. the 
tal p;ut b'subjccled to the tt'sl tempcraturc(s), again with 
no loads applicd, and the lempcrature 2nd indicatcd strain 
are ruordcd undcr cqullibrium conditions. lf. throughout 
lhil proccss, thc par! is complctcly fr~ of mcchanical tmd 
tJw,.¡ stn:sses, the resu1tin¡ strain indiution at any 
tempcn:tw:e is lhe apparent stJain al that tcmpcrature. Thc 
Clbtllned appartnt slllin should be subtractcd algcbraically 
from any sublcqucnt strain mcasurcmcnu at thc same 
tempaature lo urivc al thc oorrccted strain. 

In ordcr to corRct for apparent Jtrilin in the manncr 
detcribed hcre,lt b neceUIJ)', of cour~e, lo measure thc 
tempeTature at lhe 1lrain gap installation uch time a strain 
meaunment is made. The principal disadvantage of this 
proocdure is lhat lwo channcls of instrumcntation are 
precmpted for cach strain PF - onc for the strain PF 
proper, and one for tbc thcrmocouplc 01 resistance tempcr· 
aturt wnsor. 

2.ZJ S. T .C Ml:rnuúd 

. - Vr!a 1 strain pp b empiQftd on a material other !han 
·that -d in obtainin¡ the manufaclurer~l appan:nt strain 
data fot that lot of p¡es, an S.T-C mismatch occurs. In 
aad1 ~•. ~ appartnt strain output of the pge wUI diffcr 
l'tom tht curw JUppUed In tht a•ac packlp. Conllder, for 
•xample, sttiÍD measun:ments made al an clcvated tempcn· 
tur. m Mmcl with a 1train pge of 06 S. T·C numbcr, 
c&ibn11:d for appartnt 1trdrt oo 1018 stccl (Tablc 1). Thc 
1bermal e¡.pans.ion characteristics of Manci art wmcwhat 
dUJerenl from 1018 steel," and the strain pge will produce a 
cormpondin¡ly düfenru apparent sbaln indication. Thus, 
11 .:curatl atrain m .. sun:menl ls requlred, the apparent 

.IJlllln dwact1ristk:1 o( dw pp bondcd to Monel must be 
rriCIIURd (MU !he ltll tempera!Uf. ranp U dncnbed in 
Scctlcm 2.2.4. For_small tempcrature excuMns from room 
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tempcn.ture, !he effcct of thc difTcn:nce in expanDan 
¡xopertics betwccn Manci and 1018 stccl is not \'el)' 
¡j¡nlfu.nt. and wou.ld .:ommonly be ignored. 

On lbe olher hand, when lhc difference in !herma! 
expamion propcrliu betwcen the apparent strain cal.ibra· 
tion material and the material to which lhc pgc is_bonded 
fot Ibas analylis b vcat, lhc publishcd apparcnt strain 
curve cannot be uscd dire<:tly for mak.in¡ comctlons. 
Ex.amplcs ofthis occur in 30 and 3S S·T·C A·alloy strain 
p¡cs. The principal appücalion of thcse ¡agcs would 
normally be strain mcuurcmcnt oo hi&h·expansi.on· 
cocflicjent p1util;s. But lhe t.htlltlal (111d other) properlies 
or plulica vary d¡nlficantly frorn lotlo lotltld, be<:ause or 
formulalion diffcrcnccs, oven more seriowJy from manufac· 
turer lo manufacturer of nominally the same plastic. This 
fact, alon¡ with the gcner;aJ inst~bility o( phmics propcrtics 
with lime, temperature, humidity, etc., crcatcs a liwation 
in which thcrc are no soitable plastic materiab on whidl lo 
tal JO or 35 S· T .C SI rain gagcs fOf thelr apparent strain 

·chaacteristiCJ. Al an admittcdly less· than·s.atisfactory alter· 
native, thc appucnt strain data provided with these gagcs · 
are mc:asured on 1018 steel spedmcru becau~ of lhc 
st.ability and repeatability of this material. 

As a result of the fore¡oing. it is always prefcrable whcn 
meuurin¡ strains on plasti~s wilh 30 or 3S S· T .e ¡a ¡es at 
othtf !han room tcmpcraturc to first cxpcrimcntally 
determine the appsrenl strain output of thc gagcs on the 
test material as describcd in Section 2.2.4. Uling thcsc data, 
conectioru are thcn made u usual'by subtracting algcbrai· 
c:ally the apparcnt ltrain from thc mcasu.n:d strain. 

As a quick first approximation, the apparenl strain chane· 
tcristies of 30 and 35 S· T ·e ¡agcs on a plutlc or any othcr 
material of known coefflclcnt of cxpansion can be eslimat· 
cd by rcnnin¡ the clockwisc rotation uf thc app;ucnt 
strain curve which occurrcll when mcasuring the cha¡actcr· 
bties on 1 stccl spccirnen. Assumc, for examplc, that strain . 
mc:uu~ments are to be maoJc un 1 _el:astic with a constan! 
expansion coefflcient of 35 x ~a:•rF (81 x ro·• (C) t.rYer· 
the test tcmpcuture range. and that 1018 stecl has 1 
cunst&nt coefflcicnt of 6.7 x ¡o·•rF (12.1 x w·• fCJ u'lcr 
thc same tcmperature rangc. To find thc approdmate 
apparcnt strain characteristics of thc JO s. T .e ¡Jge when . 
iruta.Ucd oñ thc plastic instead of thc stcel, Eq. (1) can be 
reex¡nessed as foUows: 

f.An'(C/SJ • (~- ac)6.r +as 6-T (S) 

(Nou: Although the n:maindcr of thiJ cxamplc ls carried 
throucb in only the Fahrenhcit system to avoid over· 
compü&:atin¡ the noutioa, thc same proc:edun: produces 
thc cquivalcnt result in the Ctbius system.) 

Rtwritin¡ Eq. (S) lo appiY specifically lo 6.7 and 45 x 
¡o-t. (f materials. 

lOS·T.C .... 
l~~tuUcd on 
1018 oted 

lOS·T·Cpp 
instalkd on 
l.S ~t!O''ft' 

pbutic 

(6o) 

(6b) 

SoMna Eq. (6a) for (~- ac) t:AT. a~ IUtniÚutin¡ into ..... , .. ), . 

f.AP'fG/JJ) • f..API'(G/6.1} + (3S- 6.7)/:AT (7) 

) 

o 

' i 

) 

In 11t0rds, Eq. (7) states that the apparcnt strain curve for 
thc 30 S· T ·C ¡a¡e mounted on 1018 stec1 can be converted 
lo that fOf the same ga¡e mountcd on 1 35 x 10"6 fF 
plastic by adding lo the original curve thc product of thC 
diffcrcncc In expansion · coefflcients and thc tcmperaturc 
dnlation from room tempcrature (lllwayr carryinz the 
propa riln for the umpaature dwiarion). Figure 6 d\ow1 
the apparent. strlln curve for a 30 S· T ·C ¡age as originally 
meuurcd on a 1018 stecl specimen, and as rotatcd 
countefC!ockwi.se lo approximatc thc response on a plastic 
with an exparuion .coefficknt ofJS J. ¡o·• tF. . 

_ .. __ _ 

The procedure jusi demonstrated is quite general, ai'ld can 
be uscd to prcdict the approximate effcct·or any mim1atch . 
bctwecn the expanslon coefficicnt used for obtainin¡ thc 
ap¡went strain curve on the pgc package data sh.cu and 
thc cxparuion cocfficlcnt of somc: olher material on which 
thc pge is lo be installcd. Altbou¡h gcncrally applicable, 
the procedurc is also Umltcd in accuracy bccause thc 
cxpans.ion coefficienta in Eq. (S) ue lhcmselvcs functions 
of tcmpcrature for most matcrials. A funher Umitation In 
accuracy can occur whcn mcasurin¡ strain1 on plastics or 
othcr matcriab with poor hcat transfer characteristics. Ir, 
due to sclf heating, the tcmpcrature of the atrain pgc ls 
li¡nincantly highcr than that of the test par!, the appJrtnt 
straia data supplicd in the p¡e packap cannot be appUcd 
mcania¡fully. 

3.0 GAGE FACTOR V ARIA TION 
Win1 TEMPERA11JRE 

The alloyt used In nslstance llraln PFI typlcally exh!bll 1 
ch&np in pge factor with tempcrature. ln somc: cues, the 
enCll" due 10 this e/Tcct is smaU and can be ignored. In 
othcrs., depcndin¡ upon the alloy lnvolvcd, thc test tem¡icr· 
aturc, and the requircd accuracy In slrain measurcmc:nl, 
conectioo for the PF. factor variation may be nc:cessary. 

flaun 7 show1 th0 · Ylriaüon of pp faC'Ior wlth tempera· 
tuN ror constantan, lsoelutlc, and an lron<hromium· 
llluminwn .Uoy (M.Icro-Mcuurementl A·, 0., and C-allo)'1, 
rcspcdivcly). 11 can be Mlcn from the ¡raph that !he e(fcct 
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in the A·alloy is cwntially linear,~ qiiiÍIC small, atlany 
tem~n.ture, typkally bcin¡ in thc Oldcr cll'l or Jcsi per 
100 •F (about 2% pu 100°C). Tba, far a temperature 
range of, say, :t.I00°F or (iS0°C), abc.J re- temperaturc. 
correction may not be ncccss.ary. At-curcme lcmpcr· 
atures, whcn justifltd by ac~uraq rCIIfllrcmcnu, ¡the 
conection Clll be madc as shown iD XcW. J. l. 01 com
bincd with thc apparent strain corroctiDG • iD Sectioa ¡.o. 
Thc variaüon uf P&C factor in thc D·IIDy, while very 
modcst and Oat bctwcen room tempnalllllc and +;!OO•F 
(-t-IJO•C), stecpcns noticcably outsidt oí dús ranp. How· 
ever, even for tcmpenturcs whcrc t111t p¡c factor dtvi.ation 
ls 5t:Vtral perccnt, correction may flOI be pnctical. ,This is 
bccausc D·alloy is u~ell prirnarUy f01 purdy liyruunic strain 
rnnwremcnt, unllcr which conditiom otll.et crron in ,thc 
mcuuremcnt l}'ltem may pcatly -rsllallow thc pge 
factoi cffcct. Thc map~itude of the pe~ f.aor variation in 
C..alloy is limlln to lhat of the A·aloy, but thc llpl of thc 
Vlriation is ncptivc, and the ¡agc factor drops as the 
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N lhown in Rg. 8, tlle ~ge f;actor VJriaUon with 
temperaturt for modified K.tnm (K.;¡IJoy) is distin~tly 
differtnt frum that of the A· and O..t!Joys. llte p~ factor 
variation is nnrly linur with temperature. as il is for 
A-alloy, but thc slope is neptive and is a fun ction of the 
S. T·C number, becoming steeper with hi¡mer numbc:rs. 

Abo shown in Fig.. 8 is lhe gage f~tor valiation with 
temperature of Micro·Measurements :-.l.aJJoy (similar to 
Nichrome V). Th~ ;dl<Jy is chara..:teritcd by severe pge 
factor ch~n¡tes. and correction is nccenary ft>r strairt 
meuuremenu made attemperatures more than about 50°F 
( J0°C) from room temperature. 

J.l Co!W{:Iing Slrain Measuremenl.s 
for Gage Factor Vari::Jiion with Tempernture 

The ,c:mdard proccdurt for measuring the gage fal·tor of a 
lot of any particubr type of strain pge is ~rl"\llmed at 
room temper:ature. lt is this v:zluc uf rM ga~ factor. along 
with in tolcuncc-, ""·hich is given on lhe technka1 data ~oheet 
in each paáa~ of Micro·Mt:nurtments strain gages. Thus. 
at :my temperaturc other th.m room temperature the gage 
factor is differtnt, and a corrtction may be needed. 
according lo the cirnunsunccs. A.lso gi\·en on tach data 
shut is the applicabk graph of pge fotetor \"Jriation with 
temperamrt, such as thost in Figs. 7 and 8. ll1is informa· 
tion is allthat is required to make the correction. 

In gen~ral. any str.tin mcnuremcnt data can h~ corr~ct~tl 
(or adju't~d) from onc pge f~Cior lo another with a very 
simple relatlonVtip. Assume, (or instante. that a strain, f. 1. 
was rtgiste~d with the gage factor !ilttting of the strain 
indlcator al F1, and it is desired to oorrect thc tlata lo a 
gage factor of F1 • The correctetl strain. f. 1 • is calcu!ated 
from: 

F, 
f.l =f.,·¡:; (8) 

\\'hen correctin& for pgc factor variation with temper:ature, 
F, can be taken as 1M pa~kage·da u room.temperature gagc 
factor al which the sllain indicator m:¡y have l:>een set, and 
F1 the pge factor atthe test tempcr3ture. Ofcourse,when 
lhe test temperature is known with reouonable a"uraL-y in 
advan~. the g;age factor control of tho: stnin indicator can 
be stl al F1 lnitially, and no correction ls necessary. Note, 
ho-ver, that if apparent strain corrtctions art to be m3tle 
from the graph on the technical data Ytcet in thc gage 
package, thc apparent strain data must be corrected from a 
sage factor of 2.0 (at wltkh tht apparent strain was 
mcasured) to tht test temperature g:¡ge factor, F,. 

The following rtlatimship is uscd to determine the gagc 
factor at the test temperature from lhe tabular and 
graphrcal dau Sllpplied in lhc pge package: 

F •F (1+~) l 1 100 (9) 

wbne: 6F('J),. percent nriation in gage factor with 
temperature as shown in Figs. 7 and 8. 
(Note: the SÍ[tll of the variation mus! 
always be lnduded.) 

As a numcrical e:umple, using F.qs. (8) and (9), auumc that 
the roonHemperature gage factor of a IJ S· T .e K·llloy 
gase b 2.05 and, wlth the instrument set al thls value, the 
urllin indlcation at +4S0°F (+ZJo•c} b IS=Oilf.. Referrlns 
lo Fi¡. 8,6F (%) for lhis case is -l,and, from E~}9), 

8 

F, .. ~.os t 1 - o.ÜJ) .. t.•)<) 

Substituting intll Eq. (R), 

f. ,· 11\~0 ~-05 -.,. IR75 "f. 1 l.'N ,.. 

Since !UP' f~ctm variation with ttmper:llnre aiTe.-_,l bolh 
!he app.!r('nt strain and the stre"~S-indu,-ed stram. 1nd 
becau!.C cnnfu,ÍUfl may arise in making rhe corrections 
indi~idual!y ami th('n ~<tmbinlng them, the followins 
scctioo gjves equ:.uions r .. , p..'lforming both tllfi('Ctions 
simulta~nusly. 

4.0 SIMUlTANEOUS CORRECTION 
OF APPARENT STRAJN ANO 

GAGE FACTOR ,ERRORS 

RdJti<lnships are giveu in this sectinn for 'mrrctins 
imlitatcd strain~o fnr apparent" strain a!ld pge fat\nr 
v:niJtinn with \CIIlptrJture. Thc f<>rms these rdatiouships 
can tal..e depend upon the me:uuring circunlstances
prinlJrily upon the strain indica.tur pge factor sc!lin¡l and 
the tempera! u re al whicflthe instrumellt was balanced for 
zero strain. 

The strain indicator ga¡.oe factor ean b<" ~el at any vah.1e 
within its control rang~. but oric of the fnllowing tluee is 
mos1 likely: : 

l. Gage factor uscd by Mkro·Measurcments {F0 = ~.0) 
in tklermining 1pparent suain dala 

2. Room·temperature )\agc factor as given on the gage 
pao;bge tc..:hnical data ~he~l 

J. Ga¡.oe faetor uf gag~ at test lempcrature or at any 
arbitrary tempcrature nther than room ortcst ltmptr-
a tu re ' 

No single gage fJclor is unique1). corre..:t fnr this sitoation; 
but, of the forcgning. it wilt be found !ha! stlecting the first 
alternative gene rally leads to the simpleS! form of correc
tion e'pression-. Becausc of this. the pro.:edurc devc!opcd 
he re rcquires that the gJgt factor of the imtrument be SCI 
al F " F'• = ~.0. thc gagc factor al which th~ apparent 
s1rain data were record~d. · 

Similarly. the strain indicator can be balanced for zero 
uraln 11 any onc of stveral strai~ gagc ternpcratu¡es: 

l. Room rcmperaturc 

2. Ten temptraturc 

l. A.rbitrary temperature other than room or test ternper· 
aturc ' 

The stcnnd and third oí the ab·ove choices can be USI!'d for 
mcaningful strain measurements ooly when the test object 
is known to be completely free of mechanical and thennal 
slrtSSI!'S al the b1lancing temperature. BecauSI!' this reqoire· 
rmnt is usually difficult or impossible to satisfy, the first 
alternative is gene rally prefuable, and is thus selected for 
the following proo:edure. · 

Asan e:umple, anume that the Urain indicator is balanced 
with the pgc at roum temperature, and with the gage 
factur cnn11ol set al F*, tht ulue used by Micro· 
Menuremen" in record!.I!.!! the apparent strain data. 
Assurne aho that a strain t', is suhstquently indicated al a 
temperature T, which is tliffertnt frum room temperature. 
The indicated urain f 1 is ge~crally In 'error dtot buth to 
tcmperaturt·induccd apparent stra1n and tu variation uf the 

.. sage factor with temperaturé- and h~n~ the doublt 
;;..circumnex over the strain symbol. 
~· ~ 

) ) 

) 

_ _) 

Considcr fin! the corrcction for app1rtnt Slllin. Sinct thc 
gagc factor settins of the strain indi..:ator coincides with 
that u~~td In musuring the 1ppuen1 llu.in, lhis corrtclion 
can be 1113de by di!M subtractim. of the gagc package data 

, tpparent str.;n from tht indicated si rain. That is, 

t', •'f'.-E,.¡,op(T1 ) 

whcre: 1'1 • indkated stnin, unoorre.::ted for either 
appartnt su.tin or pg-t factor vari
alion wlth ttrnperature 

t'1 • stmicorrtctrd strain; i.e., corrtcted 
for appartnl strain only 

f.,.tPf'{Tt) • apparent llrain 11 temperaturc T1 
(functional nota\ion is us.ed to avoid 
doublc and triple subscripts) 

Ncxt, correetlm ls made for tht pgc faclor variatlon with 
tempcraturt. Sincc-·mc strain me25Urcmcnt was made at a 
gagc factor scltin& ofF-, the correction to thc gage factor 
11 thc ten temperature ls performed with Eq. (8) as 
foUows: 

~ F' 
E, • f.¡ F{T¡} 

whcre: f. 1 .. str.tin ma¡;n.itude corrccted for both 
appartnt str.tin .md gage factor vari· 
ation with lcmpcraturc 

F(T1 ) • gagc factor al test tcmpcraturt 

Combining the two corrections, 

["' l F' f., • E.¡ - fAPf' (T.) fl.T,) (lO) 

'Mien the prtscrlbed conditlons on lhc gagc factor setting 
and thc uro babnoe tcmpcrature lu.ve been mel,tht strain 
E 1 from Eq. (10) is the 5train induced by mechani..:al 
and/or thermal strnses in the test object al !he test 
temperaturc. ~a numerical example of the ap':llic~tiun of 
Eq. (10), assume tht foUowing: 

Strain g.a&e 

Test mate1ial 

t Room·tcmpcrature gagc factor, Fo 

Test tempcrature 

"r., indicated strain 11 
test temperature 

t E,.tp]'(T1 ),apparent stra!n 11 
testtemperature 

t6F(T1 ), deviation 11 

ttsl tempcraum: 
from room·temperatwe gage fattor . 

WK.{)6.250BG·I ~O 

Stee1 

2.07 

-50°F(--•15°C) 

-18501lE 

-2001lE 

9 

U~in[!. Eq. (~1 tn uhtJin FI.T1}. the [!.Jta" f....:l"r uf t~ ¡tJ~e 
11 ICSIIC<nptriiUIC, 

( ···) flT.J • F0 1 t lOO "' ~.07 X 1.001> 

F{ T1 ) = ~.08 

Substituling into Eq. (10). with F•"' ~.O. 

< • [-!KS0-(-~001] ~.O = -15.S7"f. 
1 - ~.0.'1 ... 

For what migllt appearto be a more comple)l..:ase . .;onsid~r 
a suain·g~ge·instrumented c~ntrifu~"l compre~s..11. operat
ing fint at spced N1, with thc temp..'rature ofrhe gl~e 
installal~ at T1 • Under theo;e ~ond1Uons. the •ndh.·Jttd 
strain i.s '('",. Thc compreuor speed ilthen 111..:rea~d to IV:, 
with a resulting @ge installJtion ltnlper~ture uf T: _andan 
lndicated strain '('1 . The engi11eer W1\11es 10 dcterrrnne the 
changc in Jf1Trl·inducrú strain caused l:oy the speed increa~ 
fromN1 tof'o/1 • 

This problem is actually no more difficult !han the prtvious 
examplt. Applying Eq. (lO) lo ea~h conditron: 

The same numcrio:a! substitution pro~-edur~ is folh:. .... e<J as 
befort, and the results subtractctl to gi~e (El - f. 1 ). the 
change in strtSS·induc~d strain cau!ied by the speed increase. 
Thc subtraction can abo be done algcbraicaUy to yield a 
single equation for lhe strain chan¡;e: 

'Mten computerized data rcduction is used. analy1ical 
expreuions for the f11nctions f.,.¡pp( TJ. and F1 TI can be 
introduced inlo the program to pernut d11~ct cal.;ulatton of 
corrtcted strains from indicated strain5. 

.¡· 



EqLU.tiolis (11), (14}, and (15) will now be applied toan 
eumplt in order to -demonstnte Lhe magnitudes of the 
erron encountered. 

Conside'r fint a thin-w.IIed cylindritlll prcssure vessel. In 
this cue. 1he hoop streu 01 cilcumfercntial streu is twil::e 
the loo¡jtudinal sueu, and of the wne sign. 

Th~. 

And Eqs. (11), ( 14), and (1 S) become: 

•TJUX '"'-(1- cos2~) l 100 

nc;, ,._ 1{4 (1- co52~),.; 100 

/tq¡ •Jf2 (1 -cos2~) X)()() 

• 1 1 
.. ,.,•tD 

> 

-f-

.. 
1'--

1"-

" • 
. ..;.'\ 

1 

• • • ! 

(1 la) 

(14a) 

(ISa) 

fll. J - hr«nlqt oran in P'fndpol JlniJtl atU:l 
lniiXimum lhtar unu for 11 bluilll """ fuld K>ith 
Op/Oq •1.0. ' 

ID111&Gf' 

- .; •• :§;. -·-· ••• ---·------.-

Equations (lla), (1~). and (ISa) aAI plotted In Fig. S. 
From Lhe figure, it can be sttn Lhat !he enors introduccd 
by rosene mbali~ment in thi1 insuncc are quite unall. For 
uample, with a s• mountin¡enor, TMAX, o,.and U.¡'" 
in enor by only -1.5':1, -0.38%, and 0.75%, respective y. 

In order to correct for a known misalignment by readinl 
the value or n from Fi¡. S, or any similat ¡raph derived frOm 
thc basic cnor rquatiom (Eq$. (7), (9), (JI), ( 14), (1 S)), il 
is only neceu¡ry lo solve Eqs. (6), (8), and (10) for Up, 
a11 , and Tw.x. respectively, and substttute the value of n 
from Fi¡. S, includina the si¡.n. That is, 

J._ a, .. ~ 
I•¡oo 

where: 

a, "'maximum principal stress u ci.lculated 
· p¡e reading.s 

'Uq "minimum principal stress u calculated 
p¡c readin¡i 

T'MAX • m.~ximum shear mess as calculated from 

(16) 

(17) 

(18) 

from 

fronl. 

Whlle lhe erion in lbt above cuc= were very small, this b 
not true for stress r~tlds inn~lving extremes of Ro. In gen
eral, 110., becomes very larp for IRoK<J .0, as does nq, 
for IRof>>J .0. The error in lhear suas 1s independent ol 
the streu state • 

The above generalitkl can be dtmonstrated by extending 
the previous cae of !he prcssurized cyUnder. Considtr an 
intem;dly prcuuriud cylindtr wilh an u.ial compreuhe 
load applied extcmally to thc ends. lf, for example, 1he 
load were 0.8 flr'p, whert r is the inside radius of the 
cylinder, and pis the intemal preuure, the principal stress 
ratio would become, 

Ro,. lO 

Equations (14) and (U) become: 

n0p •-Q.4S (1-cos21S)x 100 (14b) 

n~•4.S(I-cos21S):ro100 (ISb) 

For this case, a S• error in rnounting thc rosette produces a 
-o.68%error in Up IDd a6.7S%enortn Oq-

The errors derancd and evaluated tn thc fore¡oln¡oc:cur, In 
each cue, due to ~gnment o( a sln¡lo stnl.in 81110 or of 
an entirc ro:~otue. 1bo efTeet of miWlpment amona the 
Individual pps wlthin a rwrt~ ls thc aubject of 1 separa te 
5tudy. 

Prln-.t In U.S.A. 

' 1 

) 

... l. 

.. TN-511·.:~ 
. Strain :Gaga 

Misalignment Errors 

Errors Due to Misalignment of Strain Gag~s 
. 1 

Single Ga¡¡e in a Uniform Biolxial Sira in Field. proponiunal lo the noriTUI\strain along the Silme Une. The 

When a slrJin pje i1 bonded 10 a lest surf~ce 11 a small 
~guiar cuor with respctl to !he inlendcd axis o( urain 
mcasurcnacnt, the indic:ucd "rain will ahn be in trrur due 
lo thc ga11c misJlignmcnt.·ln general, for a single g~g~ in a 
uniform binial 111aln ficld, the nugnitude uf thc misalign· 
ment error depends upou three factors (ignoring transverse 
1oCn$ÍIÍVÍI)'): 

l. The ralio of the algcbraic ma,.;imum lo the al¡cbraic 
minlmum pril\cipalstraln, Epi E.q. 

2. The angle • belwccn tite maximum princip_al Slrain axis 
and the iutendcd axis of strain measurement. 

3 .. The angular fT!Qunling error, IJ, betwecn the gage axis 
after buuding and 1he intendcd axis of urain nl(asure
mcnt. 

These quantitin. are defincd in Figs. 1 and 2 for !he 
parlicul-1r but oommon "case of thc uniaxial sueu ficld. 
Figwe 1 is a pobr diagram of strain al thc point in 
question, and Fig. 2 gives lhe conccntric Mohr'¡ cirdn for 
51rc:u and strain for rhc same point. In Fig. 1, thc distance 
lo the bouudary of lhc dU¡ram along auy radial line b 

1"11- J. - Pollu Strain dútributÚJn corns
pondit11 to writlxial tlrw, illustrati111 rM 
ctror in lndia~ud 1traln when a Jagt i1 mis
aUgned by t ~ {rom tM lnttndcd lllfllt •· 

sm~U luhes ~lung thc _V nis in the diagr~m represen! the 
ncgatlve Poiuon suatn (ut Ibis case. lt can be secn 
qualiwively frum Fi¡. 1 thal when • is o• or 90• .'a unan 
angular mit~h¡;nrncnt u( tite pge will prudu« a vcry srmU 
enor In thc 111~111 imlk~tiun, sin'e thc pol-11 lllain diagrJm 
is rel~tivcly llat ~nd p;¡»ÍIIII lhruugh zcro-slupe al lhcse 
poillll- 1 

1 

Howevcr, (or an¡lcs berween o• ~nd 90•, Fi¡. lshowsrh~t 
the error in indlcated llraln due ¡o a snull anaular 
misalignment can be sUJprisin¡ly lar¡t because the dope of 
the polar suain di<l¡ram is vcry steep in these regions. More 
specifically, il can be noticed from Fi¡. 2. when •· 45•, or 
2fb "' 90°, that the Siltne small an¡ubr misalignme:nt will 
produce the muimum error in indic:ated suain, Unce E. is 
chan¡jn¡ mosl upidly with an¡le al this poinL ThC 11mc 
rntilt could be obtaincd by wrilin¡ tht analytical éxpres
lion (ur !he polar. llfain diagram, and seuing thc loCCond 
derivative cqual tu 1.cru to wlve (or the angle al whlch the 
maximum slnpe occun. In fact, the gencralstalemenr can 
be madc that in any uniform binial suain racld thr error 
due.to gage misali¡nment is always gruteu when menurin¡ 
main al 45• lo a prindpal axis, and is al"':ay1 leul when 

1 

• • ' 'P,O.Bo•27777.~ ... ' -> · (919)365·3100 
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Fix. 1 - M11hr's cirdn of strru and stf'llin for un;. 
a.tial srrrss, 11n alttrrl4ti•·~ rt{N'tltntation of th~ mi:~
aligrrm~nt ~nvn. 

mcasuling the principal stnlns.• The error in straln 
indication due 10 angular mhalignment of the gagc can be 
upressed as folloW1: 

where: 

o •. 

n'"E.c•·~~-E.• 

n • Error, IJE. 

(1) 

Ecf¡ • Strain along axis uf in tended mea· 
su~mcnt al angle"' from principal 

·axis, ¡JE 

Et,.e, • fJl"' Strain along gagc a:w.is with angular 
mounting error of! ~.IJE 

Ep- Eq 
n •--

2
-Jcos1(c/l!tJ)-cos1c/l) (1) 

whcre; E p. Eq • Ma:<..imum and minimum principal 
· SIDim, rcspcctivcly 

Thc error can also be uprcsscd as a pcrcentagc of thc 
inlcnded_suain mtasurcmcnt, E41: 

'TM nttption to thl' ''"'""""111 lt tM olllf:Ubt uoc '*htn f Pe 
Eq. non IM wrbtt of 1 prcnurlncl •phcrc. In thi1ln11ontt, !he 
llr~in ¡. rKI~'*Iw:rt thc u me and. indcpcnd.cnt or duectlon; . ! 

n'=Etl/lrth-E.~ l lOO 

·~ 1 

11 ,,.,cos:!{l/l!~)-cos1c6 x 
100 

Rttl+co$19 
Rt -1 · 

' whcre:RE •t!-
1 
' 

(J) 

(4) 

llowevcr, from Eq. {.)) it Qn be secn that n bccomes 
unmeanln~fully luge for small v1lucs of E.e. 1nd infinite 
when E e wanish<"s. In arder to bclttr illustratc thc arder of 
m:agnitude of the error due tO g;¡ge miuligrunent, Eq. (2} 
will be evahtated fur a mort"--Ur-lcu typical ene. 

In a uninia\ slrcu field, Eq •- VE p· And, for necl, V" 
0.2!15. : 

Assume Ep"' IOOO~!E 

Then, (q .. -285~tE 

And, · n = 642.5 !cos2(~± ~)- co$2411 (5) 

Equation (5) is plottcd In Fig: J aYer 1 range of c6 from 0° 
lo 90°, and ovcra range of mountin~ crron from ¡• to 10•. 

. 
o 

1 
$ 
! 

ª 

orrrwwww..- ... .
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Flt. J·- Error in indicDtro main r¡ut to llltt m!J. 
. Q/ignment for thr r~dtJI OJK of D uniDxial urca 
{itld in stuL E p • IOOOIJE., Eq = -18JIJE. 

) 

) 

Fl¡. -1 - 8iluial1tmin {1t/J ~>.-ith ro~ U~ tutJ miwfiKntd by th~ tmtlt ~ from tht principal tu~s. 

In ordn to cor~ct for 1 known mi53lignmcnt by reading the 
nluc of n from Fig. J, it is onty necc~ry lo salve Eq. (1) 
fur E.• and substitutc the valuc of 11, including tht signas 
given by Fig. J. This ngme b givcn only u an cumple, and 

·) applits only to thc case in which Eq • -0.285 E¡ (uniaxial 
sncss in steei). Equation (1) can be u.sr:d lo devc op similar 
error curves for any biax.iat strain s111e. 

Two-G:tge Rectangular Rosctte 

While the abovc analysis of !he crron duc lo mis;rlignment 
of a single gage may help in undentandin~ the nature of 
such errors, 1he 90-d<"gree, two-g;¡ge roselle i.s of consider· 
ably sreater practica! interest. 

A two-pge rc-ctangul:ar i-oselle is ordinarily used by strcu 
analysts for the purpose of delermining the principal 
strtsses whcn the dircctions of the principal axes are Jrnown 
from othcr sources. In this case, the rosette lhould be 
bonded in place with lhe pge ax.es coinciden! with lhe 
principal axes. Whether there is an error in oritntation o! 
the rosctte with respect 10 thc principal axes, or in the 
\ocations of the principal 1xes themselves, thcre will be 1 
c:onnponding error in the principal stresses u calculated 
from the stDin rndings. 

In F'~g. 4, a general biaxialstrain neld is shown, with lhe 
axes of a lwo-~age rosclle, misaligned by the 1n~le ~. 
supcrimposed. The pcrccntage enon in the principal 
stresscs 1nd maximum shnr stress due to the misalignmcnt 
are: 

8"p- (Jp nu.. • -u;- x 100 (6) 

(1- RtHI - v)(l - cos:!p) 
"ap"' . 2(RE -t- V) x 100 (7) 

J 

n .. 6'q~ xlOO 
O"q Oq_ 

(8) 

(9) 

• 100 (10) 

(11) 

where: 

Gp. O'q. ?MA.'< are the principal stresses and maximum. 
lhear strcu infcrred fronl the indic.ued strains whcn the 
roscue is misaligned by the angle tL 
Rt s Ep/Eq. the ratio of thc algcbraic muimum lo the 
1lgebrarc minimum principal str~in. as befure, 

When the principal strain ratio is replaccd by the principal 
stress ratio, where: 

"'· 
R4! .. ~.~ 

1_- liRa Eq 

· 1 - Ru 
IJap• 2Ru (l-cos1~)xl00 

Ra-1 
.. ~ •-2- (1-cos2~)ll00 

(12) 

(\3) 

(14) 

(1 
1 ··r 



1. 

The hislorkal puclice nf qunting g11ge fa.ttnr! which, 
in dfcd, mohk 111<' prt:'!('Of::e nftra.nwersescn~itivity, and 
11ohich are correct in them~h·es for only a specific stms 
fidd in a specific material, is a.n unfonun.ale one. This 
apprDKh has gencrally complic:ueU 1hc use of strain 
P&"- while \eading lo erro" and confusion. Although 
the unU.xial streu fidd it Hr)' commnn. it is not highly 
significan! to thc general field of experimental stms 
analystl. Tl'lerc is no particular merit. thcrcfore, in 
combining tM: ui.al and transvcrsc scnsitivitics for this 
case. 

In scnenl, thc-n, a strain gagc actually hu two gagc 
facton, F. and F, which rcfcr lo thc gage facton as 
dctermincd in a uniaxial strain ficld (not unin.ia\ SUC'!S) 

lliith, re~pectively, the aage uu aligncd paralklto and 
pÚpmdicu\.u to the strain field. For any strain ficld, thc 
out pul of the strain pgc can be cxprcucd u: 

0,, 

(1) 

E •• E, = strains {la ralle! to and perpendic
ular to the pgc uis, or the 
grid linC"S in lhc pgc. 

F. = axial pge factor. 

F, = transvcnc pgc factor. 

(2) 

.. hcrc: K, = ~ = ::~~:,:~s;0 s;:~i'~?re c~~rf~i~~ 
'"transverse scnsitivity.'" 

Whcn the pgc is calibratcd for gagc factor in a 
uniaxial streu fKtd: on 1 material .... ith Poisson's ratio, V.., 

Thcrefore, 

0,, 

(3) 

Thc nra. in PCC manufacturen common\ywritc this as: 

.lR :: FE n (la) 

where: F "' manufacturen' gage factor. 

which is decrptivdy simple in appearance, sincc:, in 
rcality: 

F = F.(1- V.K,) (4) 

Furthcrmou, E is actuallyE ... thc ~u a in llongthc ¡pgc 
axis (and only one of two ~trains sc:n,cd by thc gagc 
during c:alibration) whcn the gage is aligncd with 1he 
maximurn principal st~ns alliS in a uni:uial ~uess (no\ 
uni;uial strain) lic:ld, on a material with V.,=0.285. 
Errnn and con(usion occur lhrough failure tn fully 
comprchcnd and allfl'ays a«ount for the real meanings of 
F andE as usc:d by thc: mJnubcturen. 

lt is imperativc to reali1c that Cor any strain ficld euc:pt 
that co~ponding lo a uniuia.l nrcss ficld fand r;:\·en in 
th1:: l.atter case:, with thc: gagc mounted a\ongany direction 
ucept the maximum principal stress axis. or on any 
material with Poisson's ratio othcr than 0.185}, therc is 
always an error in strain indlcltion if thc transversc 
scnsiti-lity of the 11r1in p,e ¡, olhc:r than 1ero. In sorne 
instai"IC'CS, this error i1 sma\1 cnuugh 10 be ncglcctcd. In 
others. it is not. The error duelo trantversc:<~c:miti\"ity fur 
a strain Pte oricntcd at any angle. in any strnin lidd, on 
any material, car. be e:tprc:sscd n: 

n o 
' 

K.(~. v.) 
1 - V.,K, • 

100 "' 
"• " thc e"or u a perecnllgc of thc actual 

strai11 along thc: &acc uis.. 

Vt • tbc Poisson's ratio oC thc material no 
wbic:b tbc rnanufacturc:r\ gagc factor, 
F. was mcasumi (01ual.ly 0.285). 

E •. Er" 1C$pe<:tively, thc actual strain1 par
allcl and perpendicular to the pri

. tn~ry scnsin¡ axis o( the 1•gc. •. 

From thc: above cquati.n, it is c:vidcnt th:u 1he 
percentagc error duc 10 transvc:rsc 5ensitivi1y increa5Cs 
with lhe abso\utc valucs of K, and E,/Eo, whcthcr thcse 
paracnclen are p05itive or nc:gative. Equation (5) has 
bc:en plotted in Figure 1 for convcniencc in judging 
whcthcr the ma&nitude of the error may be signilic-<lnt for 
a particular strain lie\d. Figure 1 abo yields an 
approximatc rule-of·thumb for quickly cstimating the 
error duc to transvc:nc scnsitivity - that is, 

n -K,§..•100 
t E. · (pcrccnt) 

As Equ.ation (5) shows. this appro:o:imation holds quite: 
wcll as Ion& as the abso\ute valuc Er/ E. is note\ ose lo Yo. 
For an examplc, assume the task of mc:asurin¡ Poisson 
(transversc) strain in a uni.axial JtrfH field. In this c:aK. 
the Poihon strain ~ reprcscntcd by Eo. the strain along 

•S•Wripu (a-]onol(rloiWll)'l <<frr "' '"" o ~ialond llnov~~ ~itca....., 
,.;,., rnp<"CI 101M loro" (wirhoul rrprd 10 dir.nia"" 010 lile In\ 

ou~l. wbilo ..,11-ocrip<t 1~1 ond 1<1 rrlrr •fi U o11>i1t1ry 111'1 ol 
onJw>sonola•., o~ 1M 1<01 ourb«. o..d ovhocripU(It) o..d (~) rrfcr lo 

11111" f'"-ci¡.l un. 

) 

ü 

.010 .• • 1 ' j ' J J 1 o 1 J ) ' J • 1 • ' 10 
+ ·--·-· ....... ,., ... 

Flpre 1 

the p¡c axis. and thc lonsitudinal strain in thc test 
mcmber by E,, since the laucr is transvcnc: to thc: rarr 
¡JXis (scc sketch bclow, and footnotc on prc:ecding pa¡c). 

P-
) 

1 
E,¡E.=-p 

-P 

tr thc test spccimc:n is an aluminl!m alloy, wlth V "' 0.32, tbcn 
E r/ E. • -1/V = -3.1. Assu!nioa thal tbc uansvtrsc 5Cnsitiv
ity of tbc strain aacc is -3'5 (i.c., Kr"' -(1.03"). lhc rule of 
thUI~:~b givet an approx.imate mor or +9.3%, nc: actual 
UI"Of, cakulatcd from Equalion (S), is +8.5%. 

CORRECTING FOR 
TRANSVERSE SENSITIVITY 

Tbe dfccu of transvent tcmitiYi.ty 1hould always be 
con:sidcml in the cxpcril:nn:ltalllrcu analysis of a blaxial 
streu ricld with straia aage1. Eithcr it lhou\d be 
demonsuatcd that the cffm of uansvc:n.e scnsitivfty il 

•Fcwoublticlflioa iaro •"l'eqaóool iatbioT.-:11 Nou:, K1 mon ~ 
bcup~.......,..n.....tlootnhoooiK,¡i.apemtal)(to,.llw .... 
potb~•.ulb«tmiOitbc""'*'4tryi00(01"~1110iU~ _. .... 

nc:cli&ibk and can he i~tnurcd 11r, if nol neglipblc~ th<' 
prorc:r corrc:ction ,huuiJ he maJe. ~incc: ;~t,.o- or t~rcc:
pgc rmc:ttc: will <uo..lin:..rily hc u..ro •n ~u.:h case1.. ~':nJ"IIc 
corrcction mclhtKh are givcn hc:rc fnr thc two-p~ 91)

degtee fO§CIIe, the lhree-pge rcc:lanttular r~uc.an:u th<' 
dc:lta rmc:tte. Unlc:~\ 11thcrwi\C nnlcd, th~ c:orrn.'ll<.1M 
apply 10 rn«tto in whith th~ tran~ver..c ~nsiti,itr of 
the individual p¡;c: c:kmc:nh 10 lhc: ru~llc:1 ~rt: cq'fólllto 
one a.nother, or appttuimatdy ,u. Gcocrllttcd c~rec
tion cquations fnr any comhinatiun of transvcr..c 
5C11sitivitics are givcn in 1hc: AppcnUi~t. j 

Considcr lirst the two-gagc:90-dcgrcc: rosc:uc_ wi~h the 
pgc IIIICS aligncd with two orthogona.l axcs, xand.t·.an 
tbc tiCSt surface. Whcn usin¡this type of rosctte, the'~ and 
1 axiCS would ordinarily be thc: principal a.:o:e~o, bW this 
ncc:d not nc:c:csurily be ~o. Tl\c corrcct tlraiM alor\¡ any 
two perpendicular ueo>can a.lway' becaku\a.tcdfr~ thc 
following equatioM in tcrms o( lhc: indica!cd suains 
alang thcnc a~~;~: 

E. :: 
(1 V . .K,¡¡E, -K, E,) 

1 - Ki 
(6) 

11. v . .K,¡¡{;- K,"t,t (7) 
E,= 1-Ki 

wbcrc "t~ = f.,. thc indicatcd (u~) 
strain from P&C no. l. 1 

- ~ . • -• 1 -• E, = t 01, the tnd•catcu (unconcclcu) 
~lrain frorn pgc: no. 2. 1 

E~. E,= corret:tcd stra.im alon& the
1
.r and 

)'a xes rc•rec:li\-cly. 1 

1 
Tbc(l -K:) tcrm in thc: dcnominatonofEqu.a.t~nst6) 

and (7) is ¡ene rally in cxcos of 0.995, and can be t.aken as 
unity: 1 

1 
E.:: (1 - v~Kr) (E';;- K.t;l ! (6.1) 

E, = (1 - v..K,) ¡€; - K,"t,) C1a) 

Data reductiun .:;~n tM: furth~r ~im~lili~d ~ysct~nglhc 
pgc factor control un th.: 'traln·md>catlng tnstrtl¡fficnta
tion al F. in)tead o.! F. lhr: m;~nufacturc:r's PIC factor. 
Sincc.. ' 

whc:rc: 

_,_ 

.F.= __ F_ 
1 - v.,K, 

E, = É. - K,t, 

E, : t, K,{: 

r .. 't. : stnin~ :1! indie:uc:d by 
in,trumcntation .,.¡¡h 
¡a ¡;e r ..... ""t<ll" control sct al 

tbb) 

(lb) 

1 F 
1

1

• v .. K. 
... ,. 



As an allcrnative to thc prcccdin¡ mcthods, a quiclr. 
¡raphicalcorrcction forthe transvcrse ~eMitivity can be 
madc through the use of Figure 2. To use the araph, the 
fint stcp is to calculate: 

{::), l. 
~ ,, 

(Gaac No. 1) 

(Gaac No. 2)' 

Havin¡doDC this, it is only ncceuary to enter the graph 
al thc appropriate value of 1(,, movc upward to thc linc 
(or intcrpolated linc:) repracnting thc obsc:rvcd ·(in· 
dicated). slntin ratio, E,¡ f·. for tMt panicular tQjette 
dcmcnt, and horizontally to thc vcnical scalc on thc lcft 
toread lhc coriection factor. 

Th<n. 

" . \ . ~ .. 
1\ 

" 1 \ 
.. v 

1/Y 

'/ 1\ '\ 

·H·I/'-++-1-++-H.-\'\t'\~ 
1 1 

.\ 
1 

\ ,,¡_"-~•c-:-~,:-c-~,c-c-~,,~.f-~.f-c.f-c,f--;,f-.J.J , .. 
Flrurc 2 

Similarly, 

Following is a numcrical examplc utiliz.in¡ fit§l 
Equalioru; (6a) and (7a), and thcn Figure.2. 

Auumc th.at thc indicated stnins for roscue clemcnts 
(1) aftd (2) alon¡ the x and y ucs are, rcspcctivdy: 

E; = -t1530p.e 

El = +920p.e 

Auumealso thatK, = -0.06. Substitutinginto Equations 
(6a) and (7a), with Vo = 0.285, 

e~= (1 ... 0.285 • 0.06)(1530 + o.o6 x 920)= 1612J.LE 

e,= (1 + 0.285 x o.06)(920 + o.o6. 1530)= 1029J.LE 

For use with thc corrcction ¡raph, Figurc2, 

(
,,) 920 r. 1 = 1530_ = 0.601 - 0.6 

( .. ) = 1530 = 1 663- 1 65. ·T.l 920 .. 

Following thc line for K,= -G.06 upward, intcrpolating 
tbe loc:ation of (i;{E;.¡, = 0.6, and (E";¡f;.)z = 1.65, and 
rcadin¡ thc respective valucs of thc correction factor, 

From which, 

C,: 1.06;CI: 1.12 

e~= e,~= 1.06 •1530 = 1&20p.E 

E,= c;t;. = 1.12 x 920 = 1030JLE 

CORRECTION FOR SHEAR STRAIN 

A two-p¡c, 9Q...dc¡rcc rostltc, or "r'-rosette, is 
sometimcs wed for thcdirctt iDdicalion of shtar strain.ll 
can be shown tbat thc shcar 5train along thc bisector of 
tbc PF axes it, in this case, numerically cqual to the 
differma: in normal strains on tbcse axcs. Thus, whcn !he 
two JAFelcmcnu ofth.c rosettcarcconncctcd in adjaccnt 
arms of a Wheatstonc bridge, tbcindicatcd strain is cqual 
to tbc indicatcd 1hcar strain alon¡the bisector, requirin¡ 
at CDOII correction for thc error due to transvenc 
K~itivity. Thc lattcr error can be eorrectcd for vcry 
euily if both pges havc the samc transvcrsc: ~eruitivity, 

-·-

) 

f 
1 

) 

since thc error is indcpcndcnt of thc statc of ~train. The 
. conec1ion factor for this case is: 

<;= 1- VJ(, 
1 -K, 

(8) 

Th.c actual sh.car strain is obtained by multiplyins th.c 
· indicatcd shcar ~train by thc corrcction factor. Thus. 

e ..... ..,.. ~ 1 - V~K, ·... ,.. 
'Y= ;Y = C,(t~ -E,) = T:"if,"'(E~ - c-1 ) 

For convenicncc, thc shcar strain corrcction factor is 
plotted in Figure 3 against K,, with 1-'o = 0.285. Sincc this 
corrcction factor is independent of thc Ita te of strain, it 
can again be incorpomtcd in thc gagc factor sclling on thc 
strain·indicating instrumcntation if dc:sirc:d. This can be 
done by scuing thc gagc factor control at: 

(9) 

.. 
~ L 
.. 
" 

1/ 
~ 

" 
1/ 

" 
/ 

" 1/ .. 
" 

/ 

" 
1 C> • 1; -"'K; -' 1/ !:'t • u• 

M ' 
' " 

/ 

• u/ 

" • 
- - - - - " , .. 

Flcure 3 

Witb this chan¡c, the 11rain indicator will indicatc thc 
actual shcai 1train alon¡ the bilcctor of thc ¡a¡c uill, 
alrudy corrcctcd for transveuc ~eruitivity in thc strain 
sa¡c1. 

->-

TIIREE·GAGE_ 
RH:TANGUI.AR (-15°) ROSETTE 

Whcn thc dircctiun~ of tbc priacipal axcs are 
unknown, three indc:pcndcnt strain mcasurcmc~ts are 
rel{uircd tu complctcly determine tbc na te of 11rain. For 
thit purpow:, a thr~'1:·pge rOKttcshould be USC'd,&nd thc 
rcctan,ul;u ro<roellc: is ¡cnc:rally thc mostconvcnic:nl form. 

f . . . f 1 1 thc tmnwcr~~e tcD~III\'11)' o tbc p¡eclcments1n thc 
ro~eue ia othc:r ttwn rc:ro, thc indi,idual 11rain rc'adings 
will be in error, ¡¡nd thc principal strains and s'trcsses 
nlculatc:d frum thc.K datil will abo be incurrect.l 

1 
Corrcction for thc cffc:ctJ of uansversc ~eruitivity can 

be: madccithc:ron thc imlividual main readinp; or'on thc 
principal ~lrilin~ or principal §trenes calculated. from 
the)C. Numhc:rins thc: gagc e~mcnts consccu:tivcly, 
clement, { l) and {)) currL'1>JIOnd ~utttly to thc two;-ga~c, 
90-dcgrcc ro..cttc. and corrccuon can be made wnh 
Equatioi'IJ {fl) and (7¡, or (()¡,) and (7a), or (by prOpc:rly 
sctting thc ¡agc fllt:tur control on the lltain indiCator) 
with Equatiun• lflh) and (7b). Tbe ccntcr p¡c: Or thc 
roscnc rcl{uirc:s ¡¡ ~pc:cial correction rel.atioru;hip' since 
thcrc: is nodira:t mc:a~urc-mc:nt of thc 1train pc:rpc:ndicutar 
to thc grid. Thc corrcction c:quations for allthree '¡a ¡es 
are liucd hc:rc- !or convc-nic:nce: 

1 - V.J(, ...,.. t; t, = ~(E¡-K, 1) (lO) 

1 V.,K,[-E K - ~ ~ 1 El= ---. ~- I(E.+t¡-El)} (11) 
1 . Ki 1 

1 l (12) 

whc:rc: fi. E1. E', = iñdic.atcd 11rains from t~ rc
•pcctive p¡c: clemcnts. 

i 
f,, E1. f1 = corrccted 11rains along thc 'p¡c 

a ~tes. 1 

1 
lt should be: nuted thilt Equations(IO),(Il),aod (12) 

are ba)Cd upon thc I))Umption that tbc arans'verw 
scn~itivity is thc NJ.me, or dfcctively so in aiiJ¡a¡c 
c:lcmc:nts, as it is in stackcd rotettcs. This may not be truc 
for planar foil ru)Cila. ~ince thc individual pge ekments 
do not al! ha ve- thc ~oame orientation with rC$pec:l t'o thc 
direction · in which the foil was rollcd. lt is conlmon 
prac:tice, howcvcr, to etch tbc: tQjetle in a po$iti~n of 
symmc:try 11buut thc foil rollina diftttioll, and tbc:rt-forc: 
the transvcr.c ~en•itivitiel of p¡c: c:kmcnll (1) ar.d (3) 
will be nominal!)' thC" samc, whilc t!Yt of ekmc:nt(2).may 
difrc:r. Corrc:ctlon equations for roscttn with nonuniform ~ • . . 
lramvenc .cn•itivitics a mona thc p¡cekmenu are íivea ,. 
in thc Appc:ndi11. 1 



DEI.TA ROSETTES 

A ddta stra.in gage rosette consisa of thrce gage 
elements in the form of an equilateral uiangle ora ·y
with equally sp:accd branches. The delta roseue offers a 
very slight potential advantage over the three-gage 
~!angular rosene in thatthe \owest pouible sum ofthe 
strain readings obtainable in a panicular strain field is 
somewhat higher !han for a three-gage rectangular 
roScelle. This is becauSce the three gage elements in the 
delta rosene are al thc: greatest possible angle from one 
another. However, the data reduction for obtaining the 
principal strains or correcting for transverSce sensitivity is 
also more involved and lengthy than for rectangular 
roScettn. 

As in the caSce of rectangular rosei\C\, plane foil delta 
roseun are manufaciUred symmetrically with respect lo 
the rolling direction of the foil. Thu$. two of the ¡1:age 
elements will ordinarily ha,·e the same nominaltransvtrse 
sensitivity. and the third may differ. Correc1ion equations 
for this condition are gh·en in the Appendix. In the 
uacked delta rosette, all thrcc gages have the same 
nominal trans\-crse SCn\itivity. 

The individual_ suain readings from a delta roScette can 
be corrected for transverse sensitivity with the following 
relationships wben a single value ofK, can be u sed for the 
transverse sensitivity: 

1- v.K, 
f¡=~ 

f _ 1 - VoKr 
1 - -:;-:-¡e; Í,( K, ) - 2 - - J L 1+3 f,-3 K,(f,+f¡) (15) 

As before, simplirication can be achie,·ed by treating 
(1 - K¡) as unity, and by incorporating the quantity 
(1 - v.,K,) into the gage factor setting of the strain 
inslrumentalion. When doing lhis. the gage-factor 
control is set at 

F.,= F 
1- VoK, 

CORRECTION OF 
PRINCIPAL STRAINS 

With any rosette, rectangular. delta, or otherwise, it is 
always possible (and often most convenient) lo calculate 
the indicated principal urains dir~tly from the com
pletely uncor~tc-d gage reading,, and then apply 

corrc-ctions lo the principalstrainS. This ¡, true beca use of 
the fact that the errors in principal strains due to 
lransverse sensitivity are indep'entlent of the ldnd of 
rosette employed, ·as long as all gage elements in the 
rosene ha,·e the same nominal trann·eue 5ensitivity. 
Since Equatiúns (6) and (7) apply to any two indicated 
onhogonal strains, they must al;o apply to the indicated 
principal strains. Thus. if the indicated principal strains 
have been calculated from strain rc-adings uncorrected 
{or transverse sensitivity, the act'ual princip:al strains can 
readily be calculated from the f?llowing: 

Furthc-rmore, Equations (16) and{l 7) can be rewritten 
to c-:><press the actual principal strain in terms of the 
indic:ated principal strain anda 'correction factor. Thus, 

tp = ~ [C ;~~~·) 0 -K,~~ (18> 

•• ~<; [(';~~~·1 ~-··~~ (19) 

' Sine-e Equations ( 18) ¡¡nd ( 19) are the same relatinn,hip 
used lo plot the correction gra¡Íh of Figure 2, this graph 
can be uscd directly to corree! indicated principal strains 
by the procedure dncribcd ear_lier, merely noting that: 

'"" 

f ' . 
.-:_ when correcting fp 
fp' 

f; 1 
_! when correcting "f, 
'• 

In fact. the indicated urains from lhrcc gages with any 
relative angular orientation define an Mindicated~ Mohr's 
circle of strain. When emp.loying a data-reduction 
se heme that produces the distance to the ccnter of Mohr's 
circle of strain, and the radius of the circle, slill another 
simple correction method is a'pplicable. To corree! the 
indicated Mohr's circle lo lhe' actual Mohr's circle, the 
distancc to the center of the indicated circle should be 
multiplied by {1-VoK,)/(1 +K,), and the radius of the 
circle by (1- v.K,)/(1 -K,). Thi:: maxintum and mínimum 
principal strains are the sum a!ld difference, respectively. 
of the distancc to lhe center .and the radius of Mohr's 
circle of strain. 

-·-
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APPENDIX 

The rollo~~oing rclationships can be u~ed to correct (or transven.c: KTUitivity when thc ga¡;c elcmcnts in<~ ro<>ette do not 
al\ ha ve the $ame value of K,. 

TWO-GAGE, 90-DEGREE ROSETTE 

where: 

'fi(1 - VoKr1)- K,;fi(1 - v~K,,) 
f¡:: 1 - K,

1
K,

1 

E,, f'1 = indicated slrains from gagn (1) and (2), uncorrected for transverse Scensith·ity. 

K,1, Kr:z = lransverse sensltivitl~ of gagn ( 1) and (2). 

6. E:= actual strains along gage axes (1) and (2). 

THREE-GAGE RECTANGULAR (45·DEGREE) ROSETTE 

Kr¡ [f'; (1 -V,K,1) (1-K,,)+i, (1- v~K,,) (1. K,1J) 

f;(1 - v~K,,)- K,,i;(1- V~K,,) 
1 - K,

1
K,

1 

-7-

{20} 

(21) 

(22) 

(23) 

{24) 



Whtn the two quadrmts are connected as adj.acent lep of a 
Wheatstone brid¡e citcuit (Fl¡. 7a), so lh.at theit differencc appean 
as a ll¡nal, the combined output is: 

(16) 

An altemale melhod oi canc:elin¡ lhe unwanted normal-straln 
.tum In Eq. (14) b dwn In Fis. 7b. !n thil case, two half 
p¡e-kn¡lh linc:u elemenb ara oriented alona lhe X and Y axes, 
respeclively, and connecled in&eries lo f01m one lea of a Whoatstone 
bridp. Whf:n a lin¡ll dn:ulu•are quadrant ls uscd for the adjacent 
bridge lea. tbe output lipa! becomes: 

r . _!!z 
... a: 'Jl (17) 

fipre 8 Ulustntes a variety of pge~lement configurations and 
lheir respective outpulS. lt is eYident that thc simples! approaeh to 
WaHtrljn measurement is lhe 90-deg rosette. Wben the maximum 
shear stress or lhc: princi~ stresses are required, and the principal 
axes are unlmown, thc thret-pge 4S4eg rwctte is the most 
ronvenlent dloioc. 

CORRErnON FOR TRANSVERSE SENSITIV11Y 

Up to tJili point, tbe effect oftransvene $truitivity on diear-strain 
lndication has been neglectcd. However, the corrcction for transvcrse 
aensilivity 11 pvticularly simple in lhe case of she.u maln, and con
lists of mulliplyins lhe indicated "al ltrain by the r~tor 
{(1 - V0 K1) 1 (1 - K1)), when: K1 reprevnlltl'le transverse senliti· 
Yity of lhe strliR p¡es uscd to senerate thc indicated shear-strain 
output, and v, il the Poisson's ratio of the material on whldlthe 
nwlUÍacturer meuurcd tbe pp factor. · 
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MEASUREMENTS GROUP. 

Plane-Shear 
Measurement 

Plane-Shear Measurement With Strain Gages 
lt U 111mrtimn con11rnknt loobrtlbladirtel ind/Cfltiun o{JhrtUUmln from stra/n 11'1"· ExtunplrslnC"iudr JhrtU-bucilbrtshulla 
11114 slutlr !WtUIIIf in flaunzi li'VIUdut:rn lo providr IO«<indkotlon whfch U lndr¡wndrnt o{ tht ¡wint of lotld qplktUiDti. 

INTRODUCilON 

Ailhough a nrain pge docs not respond to shear suain as wch, 
sheu znd nOJmal suains are relued throu&h the laws of elauícity; ami 
it is thus poWble, by proper orientation of gages on the strained sur· 
Cace. and proper disposition or the pgcs in a Whcatstone briJge 
drcuit, to produce an indication which is dircctly proportiona.i to 
shcarstrain in the surface. 

SHEAR STRAIN FROM NORMAL STRAINS 

CCIIIsider an vray of two strain gages oricnted at arbitrarily 
d.ifie-rent anglcs with respc-ct toan X-Y coordinate synem which, in 
tum, ls 11bitrarily oriented with respcct lo the principal axes, as in 
Fig. 1. From elementary mechanics of materiab, thc llraln alon¡ 
the pge axes can be written u: 

E.a-+E 1 Ex-Er ~ 
E¡'" 2 _ + 

2 
c0dl28• + 

2 
lin281 (1) 

E..,+Er f._.,-E, ·2l!_ 
Ez'" 

2 
+ 

2 
cos28z+ 

2 
sin281 (2) 

Sobtractin¡ (2) from (1) and solvin¡ for r.c_,. 

2 (f. 1 - E1)- (E .e- E11)(cos 28 1 - cos 28¡) 
Txy • síti21. -sitl28z (3) 

11 il now noticuble that if cos 28 1 acos 28 1 , the tenn in 
E .a- md E_, Yanishe1, and 

2(E¡ -Ez) 
r..,_, • sitl 28

1 
-sin 281 

(4) 

Since the cosine funCtlon is synunetrical about thc uro ar¡ument, 
and about aU lnte¡ral multiplCJ of 71, coa 28 1 ecos 281 when, 

• n71 1, +a • - fl/2, o, rm.u- ... 2 • 8 1 - a 
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(5) 

1 
y 

1 <:!) 

~· 
~~@ ~~ .. 

X 

J 

' 
f'íx. 1 - Arbftrarlly orltnted 1ÍrAin 1~1 

1 

' 
y 

i 
1 

. 0 
f(JP---f 

---· ~ X 

---~ J 
'-(0 

f'W. 1 - Dr/lnfnt X u/1 a bisectrN of IIIWfe be-
twtrn 111# tLJCei,.,_.,J' • (E. - t: 1 )111in2 a 
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F/S . .k- 90-dl'f routrt for dirrrt indirotion of 
sh,tl, Jtrain, r,_v 

Fig. 3b - Fufl sh~ar-hridgt 

¡-f 
e----•,----

¡-··. ~Q)~c : <D 
. : ~ 19 

·.-. "~_,,_9>;-: ! ' ---· 
'1----~~~-~--

. l 1 ¡ l f, + f, ----,--•. 
Ffg. 4- Mohr'J cirdr for 1m:ill uud rodtUmtint 

· nuuimum shrar strain 

f"~t.j-rMAX .. ..¡rA' + rs' 

' h is 1hus evident lhat, if !he pge axes are oriented symmetrically 
with respecl to, uy, !he X nis {Hg.!), 

md, 

(6) 

The preceding rcsu[/S C30 be gener:tlilCd as fol!ows; n1r difier
en« in ntJrmDI strcin umt'd hy a11_v two arbitrari(v orimted strain 
lC11f.'N in a unifom! urain {ield iJ proportional to thr shrar Jtraln 
Q/of!K tln ruit bitrrtilrg tlr<' Jtrain gagr DX<'J, irrf'J{Irctivr of thr 
inrludnl Dnglr bnwrtn thr gtJK<'f. ' 

When !he lwo ~:tgt'• are 90 deg apart, !he denominator of Eq. (6) 
becomes unity and the ~hc-ar wain :thmg the hi,e~tnr b numerically 
e1¡ual tn the difference in rmrmal stralns. 11""· 1 convenliunal 
')0-deg lwo-pge r<"Ctle consti!IUU an i<ICJI ,he:tr balf bridge he cause 
thc required suhtracrion, f: 1 - f: 1 , is performed :tUiomalic:tlly for 1wo 
gages in :tdjacenl legs of the bridge ciicuit (Fig. J:t). When tbe gage 
axes of a two--gagc ')()-deg rosette are :t_lisned with the principal axes, 
the output of the half brit!~ il nu~rically equalto the max.imum 
shear suain. A full !hur-bridge (with twite the output sign:tl) is thcn 
cotnposed of four ga~s as shown in Fig. 3b. Thc ga¡r;es may h:~ve any 
of severa! configuralions. including the crudform aru.ngemcnt and 
the compact geometry illusuated in the figure. 

PRINCIPAL stRAJNS 

lt shoold be kept in mind that with the shear bridges described 
above, the indicated shear suain exists along the bisector of any 
adjacent pair of pge axes, ;md it is ·not pt.>SS1ble to derermine the 
maximum shear strain or lhe complete state of strain from any 
combin~tion of gage outputs unless the orienta/ion of the gage axes 
with respect to the principal a:u:s is known. In ~ncnl, when the 
directions of the principal axes are ilnknown, a three-gage 45-deg 
rectangular rosetle can be uscd. ! 

Rdcning to Mohr's circle for stuin (Fig. 4), it is apparent that 
the two shaded triangles are always identical for a 45.(j.eg IO$eltc, 
and tbercforc the maximum shear strain is cqualto the ''wctor sum" 
of the shcar stuins a long any.two axCs which are 45 deg apart on the 
mained surfact>. loolting at the 45.(j.eg rosctte u shown in Fig. S, it 
can be scen that the shear strains along thc bisccton of tbe pgc pairs 
(j)--Q) :md@---Q) are in fact 45 deg _apart and, thus, thc maximum 
s.hear strain is, 1 

and, considering Eq. (6), 

)(•,-•,)' ('· '•)' r MU" "' sin 45° + sin 45° 

"'· 
(7) 

' 
· and, from Mohr's cirde again, the: principal strains are obvlous\y 

2 

) ) 

) ) 

ORCULAR·ARC GAGE ELEMENTS 

A numbr:r of differcnt grid-clement conngurations can be ~Hetl, 
with nryin¡ dc-srecs of practicability, for shcar-stnin me;nurement. 
Coosider, for e:umplc, one quadrant of a circular are (Fig. 6). TI1e 
dlan;e in len¡th of an clcment, di, upon the llpptintiofl uf an 
arbitrary unif.:.rm strain netd can be e~rcssrd as: 

~di • f.(JRd9 (9) 

wherc f.9 rcfen to the normal strain al the angle 9 which acts 
p:arallel lo the elcment, lince lhis is the ooly strain to whi'h the 
elemcnt can rcspond if trannerse senlltiYity effecu are !~':'red. 

1bc changc In length of thc complete quadrant is: 

f.
.,, 

6.1 • a f.eRd9 f/Cl) 

and lhe nctstrain over the quadn:nl becomes, 

l>l 1 f..,, 
t •• T. ( 11/l)R • f.(JRd9 2 J."" .. - t.sJB " . (1 1) 

lt ls apparent from Fig. 6 that an e]emenl of thc are 11 an angh: 9 
from the X uis actually senses the strain f(8+1r/2) in 1erms uf 
Eq. (1), from which: 

f.,.+E. Ex-f., 
E.• E.((Jtfl/l)=--2~+ 2 

cos2(9t11/2) 

r., 
•zstn2(9tTT{2) 021 

but, 

cos (29 +11) •- tos 29 

sin (29+11)"-sin 29 

Thereforc, 

f.e •· f.x +f.,- E.,.- E, cos 29 _fu sin 29 

' ' ' 
Substilutin¡ Eq. (13) lnto Eq. (11) and intcgrating, 

(IJ) 

(14) 

lf 1 similar are ll placcd In thc sccond quadrant, thc ume analysis 
will demonstrate lhatlhe output is: 

(15) 

y 

1-"/x. ti Cirmlar..ur KIIXt rlcment, 

r " ttt.,. • t.,JI~I -< r,._,.ITT> 

'?~ 

~ 

m . '--···----X 
¡:¡g. 7a - Clr.-ular'fl/'r gagr e/tmrntJ in ¡¡djtl~nt 

qurJrlrcntJ; ttn.J odjccrnt britJ&t lrp to 
C"llnt:rl nomu:l Jtrcin output. yirldfns 
E0 a 2r,.y111 

y 

1 ¡---.._ 
1 (3\ 
¡(!D __ _\ 

• X 

f1t. 7h - Altrmclr ~thÓd of rtmrrlins rrormal 
ttrcln outpul 
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MEASUREMENTS GROUP 

1 
Thermal 

Expansion 
Measuren\ent 

Measurement of Thermal Expansion 
Coefficient Using Strain Gages 

, The th~·rmJI expan~1tm t:<XITICÍ<'nt is a very ba•i.: physi.:al 
propcny y,hkh can he of cun,ilkr.sblc: imponanL..: in nle\Ch.Ul
kal :md ~lrliClur.ll dc•i;:n applk»ions uf a m:u.o:rial. Althuugh 
Lhere a.re 111.1ny publi>ht:d labula~ioln~ uf up;~n>ion cuetTicicnt• 
Jor the cumrnvn rnctals and ~~a~d allup, thc ne~'t.l oo.:.:...-iun
ally ari....:s tu mca'iute thi~ propo:r1y fur a ~pxific material u~cr 
a pollticular tc:mpcr.iii.Lrc r.mgc:. In wme ca\C~ (c:.~ .• new Of 'I'C'' 
cial lllloys, comJX»ÍICs, cte.), thl:fl: Í• a pito hc nu publi'hL-d data 
whatY.uevc:r on cxpan.~ion coc:!Ticicnt~. In uthcr., data ITIIIY Clist 
(;and cvcntually be found), I'>Utll\l.y c:ncompa.u tht: wrun¡; tcm-

) pcro~torc ran¡¡c:. apply tu -.omewhal di!Tc:rcnt nut.:tial. orbe oth· 
. erwi....: Ull\uitctlto thc: applicatioo.. 

Historically, thc dassical mtan' for mc::a,uring c:lpan•Íim 
CUC"ffiCÍCilh ha~ becn thc HrJilatnalo:ICI"-. In thi' t~pc of in~tru· 
mc-nt, thc: diJTcrc:ncc: in c:xp~n~ion bctween il rod maJe frwn thc 
!e\1 material anda m~t.:hing lcn¡;th uf quat11 ur ~·itn:uus ,¡¡¡l';t ¡, 
C\IP'Iparn!u. Thcir diff~rcnlial npansinn ¡, mc.t>urc:d 10.ith ~ 
~oC~~sitive rJial inditall>r, 111" with mc:lcctrical di,pla.:c:ntr:nllf"411>
duccr. Whcn n~>cc:,..ary. the npaa.•iun propc:nic> 11f tlll' l.lllilt1L 
ur silica can be calibr.ttcd ~gain!ol ¡he ac:curatcly loo10.'n upan
Woo of ptll1l platinum or coppr:r. Thc inswmcnl i~ oormally 
iro.cnc:d in 11 ~pc:cialtubular funucc: or liquid bath to obtain thc 
rc:quirc:d tc:mperaturc:~. Mak.in¡ mc:a•urc:mc:nt• with thc dit~
tomctcr ¡,a dclicatc:, dcmandin¡ ta•k., howcvc:r, ;ul\1 ¡, bcucr 
5UÍtc:d tu thc: nk!terials :.cic:nr:c: W:toratory than tu thc: typical 
upcrimental strc:.~\ analy>is f:w:ility. This Tcch Note pruvltJc, 
;¡¡¡ altem~tc: mc:thod fur c:a~ily ¡md I.IIIÍie accuratcly mca•uring 
thC up.~~nsion cocfficic:nt of a 101 material with n:•paa to th;t.t 
ol any rc:fc:rc:ncc: m:ILCri¡¡J ha~ins knoWn up.illlsion charoc:terh-
tics, . 

"l11c ICLhrri•¡uc tlc•t:rih....J hcre u...:s twn "'C:JI-matcherl •train 
p;:c,, with "'"" hooml.:d tu a 'f'L'l'imcn of tbe rc:fc:rcm:c: ,n;¡lcrial. 
and tho.: ...:.:•lfl<l lu a 'l"""'imen uf tilo: 1.:'1-1 m;ataial. Tllc ~pr:ci
mcn' l·an 1>o.: uf any •i1c nr •halle .:umpatiblr: with thc: a~·ailablr: 
c:<juiprtiCIII lnt h.:illin¡¡ anJ n.:fri¡¡cratiun ibut •pccimcn• uf uni
funn "'"'" "-'\:tiun will mini miL.: pokmial problo:ms y,ith tc:m
pcraturr: &r...Jir:IJhJ. Un.L:r •tn:"-r~ cuaditiuru.. thc: ditTcr"n· 
ti,ilt>tltput hr:twr:en dlt: &a&r:• un thr: tiO.u spccimo:n~. at a.ny'.:um· 
mun tcmpcratun.:, i~ ~-..ual hl thc: diffcrc:ntial unit cxpa'n,ion 
fin/in, ur m/mJ. A•iJc ff\1111 thc ba,ic ~implicity and rdati.c: 
c:a•c uf m .. ~ in& thermal c•pan•iun mca~urc:mc:nt~ bj thi\ 
n~t:thud,"it h.r. tht: Ji,tint.1.:Wvant~&C uffCQuiring no •¡x-ci:aliud 
in,trumcnL\ hcyund thu...: nurmally found in a stn:~' ¡uÚlysis 
lahur.1tnly. lhi• t~'\:hnit¡uc .:an :al•u be applictlto thc ntnc:fwi-.c 
WHkuh ta•l uf dt.1nuoinin& dill.-..·tional u~ion cocffii:icntl 
<11" mat.:ri~l\ wilh ~nhutrupi.: lh.:nnal pmpc:nic:~. 1 

II;L"au...: typil·~l r:lpan•inn eucffidc:nu are mc:a§ureu in 
t.crm• uf a tcw parh (ICf milliun, drn.e attcntiooto pru.:c:dur.al 
lk;tail i~ re1.1uired with an~ •~a~uremc:m methud 10 obtain ill:cu
r.ue re,ulh: ~nd thc •Lr~in ;:a;:c mcthod h 1101 p uccptiun 10 

lhc rule. Thi' Tc(h Nutc ha' hL'Cn prep.ued u;¡¡¡ aid tu the'gagc: 
uwr in utilil-in¡: thc fullprL..,¡,¡.,n uf thc modc:m foil unún'gagc 
lur Jctenrtinin¡: ~·,pan•Í•Oil euctfidcnts. Givr:n in thc fif'it Of thc: 
fullnwin¡: ..._..,,;.,n, ¡, an c•plan.uiun of thc tC1;hnio.:al pnnJiplc, 
underl~in¡: thc n~ethud. Thc nc\l ~tÍOD dcM:ribe\, in Wmc 
dctail. thc '1-lr.lin-¡:a¡¡c-n:J .. teJ lll.lt"iah iiJlOJ pn.:nlurc' in 'm~
in¡; thr: 11\C:I\Uf.:I/ICtU, li;~.,ico~IJ~. \he Janr:r nm,j~ of c»e:n'tialJy 
lhc wn~e 1~'\:hniquc, 1'\."tjUirr:d lur any hi¡¡h-prccil.ton strain 'mea
wn:mr:nt in a vólfiahlc !hL•rm~l c:nvirunmcnt. Surgc:\tc:d réfinc:· 
mcnh fn.r :ar.;hic~in¡~ ma\irnum a.:cur;~~:y are thm ¡ivc:n in the 
fulluwin¡t ~lino; artr:r which, thc prilll!ipallimitation5 Or thc 
mcthut.l an: Uo:-.crihcd. ¡ 
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I'RI:"\CII'I.E <W 
TIU; ;\tt:ASURt:~IENT METIIOD 

Who:n a rr,i,can<:~ ,tr.cin J,':.lf'<' ¡, ill,talkU "" ~ ,cn.:"·fl"l"t: 
~f'<·dnlt"ll nf any !t'~l mJ!••ri:.~l. ami th<.' tcm¡'l·rawrc nf thc rnalc· 
rül ¡, cha11¡;ed. ~~ uulpul ni 1h~ ~a¡;c <·han,!!<'' C\lln''l"mo.lin¡;ly. 
Thi' ~n-cct. ptl."<'lll i11 Jll r,.,¡,lalKC '1r.:1in fJ!;!C~. wa• fnrmcrly 
rdcfl\.-.J 1ll a' "1~mp..·rawn:-inJt.~<:~oJ :cpp.~.rrnt 'train"', tlut i' cur
r<:ntl~ J~nr.,.,¡ a' tbf-rmal cmtput '. h i' ,·auw.l t>y a cumhina
tinn ,,f '"'' fl<"to>"'- To t.:¡;in "ith. in <"<lfllnll•n "ith thc 1-.:h.a\'· 
iur ,,f m'"' ~ornluct<>l'>,th<· rc,i<ti• uy uf 1hc ¡:ri.l alluy .:h:m¡;~' 
10.ith ltntp~ratur~. An a~l.li1innal rc•i•tan,·c ~han¡;c uccur~ 
t ..... ,:au<e 1hc thcmlal t'\pan•iun wcHiciml of 1h.: J;ri.l allny ¡, 
u,u.•ll~· diiT~m frum th:n nf lh,· tc<t m:uo:rial ln 11hkh it ¡, 
bo.•n.l~. Thu•. "ilh l<'lllf('f"J\Urt' o:h:m¡;~. thc ¡;rid ¡, "'~<.'hanical
ly •tr.~incd ":-' an amuunt cquall\lttlc diiT<.'rcn~c in e\pJn•iun 
<T"<Ilkknt,, Sine<' thc ¡:a)!t' ~rid ¡, nconlc frum a ,¡r~ill-•cn•itl\c 
~~~n~-. it pn-.Juo.·t, ~ n:,i,mcct ch~n~ ptupttrtiunJI tu tht thcr
ma\LI' indun·•l <!rain. Thc lh.-rmJI nnlput uf thc ~aj,'C i' duc '" 
tho: :umt>in.·d rr•i•tan.·c changc• lrnm ll<>!h "lllln''· Tho: n•·t 
rr•i,un,·c dunrc can ht npr.:-.~.C.J a< thc 'u m nf r<·,i<th ity an.J 
dilkrrntial c\¡>;m,inn efk~t< ~' tnlh>" •: 

"' 
JRIR = unit rc~Í<IJII<'C changt 

fJG = tho:mt~l cu::Hidcnt of rc,i<ti•·it)' of ¡;rid 
~\erial 

"s -nG : difTcrcnce in thcrm:il t\p~n•inn cnefti • 
c~nt< bct-..non 'pet:imen and ~rid, 
n:<p«ti•'dy 

f(; = ¡:~gc factnr nf thc llrJÍn ¡:a¡;e 

.JT = temp;-r.nurt ,-hangc fn>m 01rhitrary initial 
. n:ftrcnct tempo.:racurc 

.JRfR (;=---¡.:;-- (:!) 

-..he~: tr l[)tGI$• =!herma! nutput fN ¡;rid <~lh>y G on 'r«imcn 
material S 

Or. in the u,u.al e~. with the in<trument ¡:agc factor !-1:1 equ<~l 
to that of thc ~train ¡;a~. <,0 that f"1 = F G-

(TW\GISI =[/Jr. +(as -a¡¡)]Of r, '" 
1t ~hould no.'f be a"umc.J frnm thc form of Eq. (-l) thatthc 

thc:rmal out pul ¡, lillC'M "'ith tcntpcraturc. \Íncc all uf che coef· 
fidc:nt< within thc: t>r.":lct< a~ t~m<el\'("'1 functiun• of ttmper· 
110~. A< an cumple. typical thc:nnal uutput charactni<tic~ for 
a Micro-Mca•uremenl< A-allny gagc: 1-clf-tcntperature-cnm
pt:no;au:d ron<otantan ¡:rid), hondtd tn llttl. are: repre~ntcd by 

' th,• "'liJ ~l.ll\'' in l'i¡;. 1. Th,·]nt u( fnil i•klllilic.J in eh,· uppo.:r 
ri¡;ht ,·.,mcr nt tho.· !;!r:tph "'1' <f'C\'Í~II~ pr<-.:C'>'<'J 1<1 rninirni1e 
thc thcnn.il uutput u1er tho.· t~lllf"'f~lurc rJn¡:c frum :.tl'>l>l.tl -50' 
tn +.ltXI'F t--I.F '" + 15/t"CJ. Slr:tin J!.:.l!:"<'' f~tlrk:.tt<"ll fn>m tlli' 
h>1 uf fui! are imctllk<l (,Ir u~ nnly un mat~rial ,u,·h a• 'tcd 
"'Ílh a cu.-·tliciclll uf t'\¡'l;m,inn uf ~ppn>~im:lh'ly (> \ 10 "f'F 
f 11 _, 1(1"/'CJ. lf thoe ¡:;o¡:~ are in\l;<lled t>n .. cmc uth.:r malcrial 
with a dilfcrem c-Octficicnl of elp:in,iun. thc n:<ult i~ to eiTcc
tivcly rut<~lc che <"Un e in Fig. 1 Ut>o-u1 it~ n:fcrcnce poi m at 

.. -··-···-Fi~. 1 - Rntatinrl .,¡ tlrt th~i:JI autp11t from a Jtrain gagr 
"''hrn inJia/kd an mntrrit!IJ "''ith' diffrring thrrmal rxpamion 
rotf}idrnn. ' 

+ 75°F 1+1-I"C). ln<tallatiun 11n a' material with a highc:r coc:ffi
cienl of ~xpan~ion th~n ~tttl will rorate the rurve countc:rdoclr:
wisc:. while a m:rtn-ial with a lower e\p.ln'ion coc:fficientth;on 
Mccl "·ill cau"' duckwi<e rola!Íun. For cumple. the hrolen 
cur.·e bbcl<·d ,\ in tht figurt illu<tratc~ tllt E-tncral cfftt:t uf 
in<lallin~ a i!-3~<' fmm the •uhjcct lutona bcr)·llium ~lloy h;cv
Íilg an t\pansinn eoo:ffic~nt nf about 9 \ l~rF 116 .l /o-"I"CI. 
Similarly. if a gagt frum 1his lo! ~c:n: hunded toa litanium alloy 
"·ith a \()mcwhat lowcr c'pansion coc:ffidc:nt th01n ~tccl. tht 
thc:rmal nutput would be ~llifted in the manncr of thc: brolc:n 
curve bbtlcd B. 

The principie: nf mca~urin& t'pansion coc:fficients with 
str.ün pgC'i thc:n becomn e•-idrnt from Fi!. l. since che: rolOI· 

tion frum nne thennal ou!put cUrve to tht othcr is due only to 
tlle Jifference in lhtnnal up:in,ion propcrtic:s bc:twttn thc: 
nt3tcrials rt'pre~nlcd by !he: 110.v curvts. An aiJ;ebraie dcmon· 
~tratillll nf tllt principlt c:m be' obt01intd by n:writing Eq. (4) 
twke; once for tht ga~t instalkd on 1 spccimtn of tllt ttst 
mattrial ofunkrtO\\n C:\p:LII<ion ~ffidc:nt o-5• and again for thc: 
Mmt 1ypc of ga't installtd on a standml. referenct material 
with a knnwn C:lp:ln\ion cotfftcic:nt a,;. 

1 

frmCGJSI = [fJc +{as'- ac,-) 1 'T 
Fe • f 

[
Po ' } 

(Tifi!,Gtllt"' -+(a,-ac) T 
Fo ' 

! 
Suhtr.ICiing F.q.I:ShJ frum (:la}, and rt':ur.mging, 

(Sa) 

(:lb} 

(6) 

-2-

'¡ 

) 

Thu~. cho: ,Jill'..-r~nc.• in <''J>-l.n'i"n , . .,,_.n;ci~nt•. ro:fo:m.·•llu" 
panicular lcrnpo:r:nnn.• ran~~- ;, <'<IU:tl 1<1 tho: uní! ,till~r<'ll\'0: in 
tlk'nnal nutput r,., !he ..ame ch:mg<' in tempo.:r~lon:. Allhuu~h 
thi' lecllni<¡ll<" fur mca.uring c:\p~n•Ít>n ~·uclli~·i~·nh ¡, -.id..-! y 
appli<·ahlc. antlntkn thc cnu't practi<'al al'f'l'l!~<·h, lhcn: ¡, rd~
thdy littlc infnrmalion abuut it in thc h:-..:hnicallito:r:rturc.it<'JI· 
1\'"o.t'nl:lli\C applkatinns :m: tlc-ol-riho.-.J in the bihliu~rJphy tu 1hh 
Tech Note'-'. 

1\IEASUREf\.IENT PROCEilURE.S 

Rtftl't'flr"C Mattrlal 

Scltt"tiull uf the material lo bt u~d a~ a rcf~rcncc 'tandarJ i• 
n<~tl.lrally ~~~ impnn~nt facltlf in thc at.'Cur.JCy uf thc mcthut!, "' 
it h fOf any Olhcr furm of Jiffi.'R'nti'JI dilatnn,..try. In ptino.:iple. 
tht n:ftrenl'c lll3tcrial cuuld he: :my •ubltancc 1ur wlli.:h thc 
t•p:m~ion pn•f'('ni~' an: lll.'cur~tdy ~nnwn twcr lh~ t~mpcra
ture ran~ of int<'fC<I. In pr3ctil:c:. huwt~er. i1 ¡, ul!cn :~tl~anta
~cuu' m ...:lt'l.'l a material "'ith e'pan,inn J'fl'1"-'"ie' a' <"~•,...., t•• 
zcrn a\ P'"'it>lc. Doing thi~ 10.ill pn,..i<lc an uulput ,;~nallhal 
clu<ely c~•p<>n.J, tulh" "nb<olut~" C\p:.ln,iun ~-,,..¡ncicnt .,r 
the 11:~ material. and p:rmit\ 11. mun: ~lraigllllurward tc..t [lft,..c· 
dure. 11Jt themml C\poln~iun of the fl'ftn:nce matcriul ~huulrJ 
alw be: hi¡;hly repcamblt, and •tahle with time at any ~.,n,tant 
kmptr.~ture. In ~ddition, tht tla~tic modulo' uf thc mall'rial 
should t>c grt"at tnou¡;h th~t mech<~nical n:inforccment by thc 
strain gagt is ntgligiblt. 

An ucellc:nl referc:ncc: matc:rial with thcst and thc nthct 
·) de,ir3Me propenics i~ U l. E"' Tiianium Silicatc Code 7~71. 

D\':tilablc fn>m Cnmi11g G\a'~ CompJny. Coming. NY 1-lK.ll. • 
As illu~trated in FiJ;. 2. thi< $¡'l«ÍJI ¡!la~~ Itas an Cltn:mcly low 
thtrm:al elp.:msion eoc:fficicnL p.:~nicul_llrly o<·cr thc ICnll\t"fatun: 
rJnre from about -:.00 to +JWF (--15~ ro +175"CJ. 1! -.huui.J 
be nntcd. howe\'er. th<~t tht; material alw h01< a \'CI')' luw etJCifi
dent of thcrmal conducti\·ity. A.< a re'ult, panicular caro: \huuld 
be: e1m.:i<ed to ao:hitvt fullthcrmal equilibrium whcn ma~in~ 
mca1urements followinJ a tc:mpcrature ch;onge. Annthcr pnto:n
tial dis:tdnntage of tiranium silicate as a referencc material ¡, 
its brittltnc:s,. ~inct it will froclun: rt"<~dily if druppcd 1m a hard 
M~ñ~. B«au'lt of 1hc forc:going. a low~xp.:~n•inn mct~II"AA'h 
as lnvar ora ~imitar alloy) may offc:r a prc:fcr.&tllc ;¡Jtcmati~e if 

) 

0AI<n....,¡ltJbl~f....,.Mirm-Mrao~Ut>J Parrl•to.. TSB-1. 
Sn AwnoJU./M" .,.m_, di-I'UÍt>lu. 

1' ,~,.,, 

5. • 
-· 

• " M • M 

Tnnpo••''"'' I"CJ 

lh•· ;,ll"~ h. o• ""1'•'->l.<l•l,· "'"1 .rn ur,,¡,·ly ~~~"" n '''J'-'n,inn prup· 
l'lh~l ., .. -,lb.- h"»>¡><·f,>llll<' f,UI)!~ t>l UH<'Il''l. 

Str:cin c;IIL:I' ~krtiun 

'/1,.- IH"-' ,1 ,.,,,;u !!·•!-'<' ..._.1,-.:l<'d lnr u"' in nlo._·_r.urinj,' C\pan· 
,¡.,, 1-, • .-n ...... ,h ""h" ~~~ ilnt><>t1anll~""i,Jcra1inn. ju'>l a• it ¡, 
1ur 'Ir<'" ,,n.tl~"~ :mol lr;m"h"'''' :tppli,·atinn,. (i..I!!C .... ·lc.-li••n 
u"'''" Y "~1""''' ,,..¡)!hin¡: a •·;crkcy nf f:~<'lnr• "llk:h c:m Jir<-.:t· 
ly ur ir~IU<'<'II~ .<llntlh<' •oit:thilll> uf a p..onicular ~:t);<' !~pe tu 
a '1"--,_.¡¡,,.,¡ ""'"'"'''"'•.'ni la,l. 'lio a"i'l ¡!a¡!C u...,.,. in lhi' pnr 
ce". M<',NII<'"'<'"h ( Íruup '1'<-ch Nntc TN-~11~ pnwi,J,•, <'\ten· 
•i~~ o ... ~l-''"'""1 d.< la lnr ~~~·· '<'kcliun. alun~ IO.l'lh pn>c•"llur<"'· 
n,,_.,.,,u-.:nol.tllt>ll<. at"l :~pplk:.tiun C\an!plc,". Tk -.ut->j,·ct T..-.:h 
N•~e <huttt.l wr\~ ~' tho:pri•n~ry n:kn:n<:c un p~e '<'l<'1.'1icm. 
,uppl<'llk"lll<"tl ln·rc hy '1"-"-'i:ol cun,it!o:r~liun< al'f"'k:~t->1~ 10 thc: 
IIICllliiiCnl<'lll ,,¡ e'r;m,inn ~t>o.'lfKicnl'. 

1-'ur )!<><><! •""'"'"';y, c"mhim·t! with ,.,,,e uf in•l:oll~til>n. J 
)!:1¡.'1: lfnlll ~lo,·r.,-,\1.-,r<UI<'IllCnt' ('Eo\ S<'I'ÍC' i~ t>ftlin~ril~ a 
"'n,1hh: ,¡,,.,-, .. ·¡ hi' ''"u""'' tho~lthc l~nlf'<"ralurc t'trenl<.'' h>r 
lhc ""-'ll~nll'll><'llh l;oll "11hin 1111' r~ngc· ni ~real N ,~;~t->ilir~ an.J 
pr<·c·i""" ¡,., ¡l~o,• ,, .. ,,Jant.m lnil in thi' t>'I'C uf ¡;a~c: lat><mt-~ll' 
tuí+-t.'>~t 1' 1 -1.\'t" ~'·-~·ni. 11 a witkr l~mpc'DIUI'\" ranJ;t ¡, 
invulwd. " )!.1~·· lrum lh•: WK S..:ric' b.:eumn. thc p-refem.J 
.:hnkc. 'lh,·l.<ll<'r ¡!.l)!C 1ypo.: i' "'""~10.ha1 ,¡iffer. howt•cr. anJ 
~•m•i•kr:otiun ul n·rnlun.:<'rll<'nl dk<'" may ht \IIC'CC~<a!)' if th<" 
tc•l ntal<'fÍ.II h.t• a luw mudulu• uf cla,IÍCÍI)'• ur tbt lt-.1 ,p:ci
mcn ¡, lllin .mol namow, 

In ca.:h ut eh,• ro>r··~ning <":.!"''· ~ JSUU 1!3!!<' K prefcratlle in 
nnkr tn oninimiJ<• "'11-h.:o~lin¡: hy thc C1citutioa curren!. TlJC' 
-'~1111 ~~r•· "~1,., a.!• ;urta~enu' in red oc in~ thtdln·t, of ,ma\1 
tmh,tlooto>.'<'' "h"h m.r~ <»:~ur Jue hl un"m~rio: rc<Í<tan<'~ 
dt~ll~<'' in tho." k.t.J"'i~<'' \\Íth ICntl\t"rato~. h! 3dtJitiun. it i' 
j,'t.,.l ,...,,.,,.., .. ..,¡,..,, lc:o-ttlk. In empluy a mcdivm ¡¡:agc lcn¡;th 
-- •ay. l/1'1 in t.l mmt ''' l.<r~o:r- fnr rnurr 'tablt opcr.uion an.d 
irnpru-.~1 tw,>l lr.rn'l<'l In tho: 'uh,tr~to:. 

Ant~lo.·r ~:!):<' P."'"'"'ll"r ht tl.: <fli."Cificd i~ thc: Klf-tempcra
turo:-cu•ulll.'ll'"ti"n ~~-T-C1 numhc:r. In principie:. a~ inJicatcd 
hy b¡. thl, u ,¡,.,ul•l m•l rn:oncr what S-T-C numhcr Í\ ~lccteJ. 
Only 1111: dirren-no..- in chcnnal uutpul. fur lhe ~¡;a~~ t~pe 
'"' twu tlrth·n·nl m.rl~ri.ol,, ¡, inu•ln"ll in tht: c:-ran~ion eakula
tiun•. l'r:t•:u.-.,11~. hn\\<'H·r. lh~ro: ~re !Wtll'UII~idn-atiun' 10. hkh 
ntllY inlln.-.ll.·,·!lot.• 'huin·. ( lno: uf lho:...: ¡, thoe a•'llil.>t>ility of !he 
wll-ct<'\1 ~-·~·· mtln· •lc•ir<"ll"-'rio:,, ~a~c p.;anem.. ~no..l re•i<.tJI'ICC:. 
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numerical example 

U.S. CUSTOMARY ANO METRIC (SI) UNITS 

Auume th.11 .1 diaphragm pressute UV~sdu~er is to be designcd for :1 mnimum rJtcd prc!i.Surc uf 1000 psi (6.89 MPa). under 
whkh prcnurc thc out pul (t'.,) from a ttcel di.1phr:~.gm ÜJUuld be ~ m V/V. lf thc diaphragm d4mcter b lo be 0.670 in 
li7.0~ mm), finJ the following: 

(:1) Diaphra&m thkkness 
{b) Center dellc~tion 

U.S. Customary 

P - 1000 lbs/in1 

e0 • lmV/V 
Ro • O.JJS in 
E• JOXI~psi 
l' • 0.283 lbs/in1 

1 • 386.4 ln/sec1 

(e) Rcsonant frcquency 
(d) Approximale maximwn diaphragm stlllin leve! 

CONSTANTS• 

Melric (SI) 

' .., 6.89 MP:a 
e., • 2mV/V 

Ro=- 8.51mm 
E =- 207 GPa 
P- 7.83 xto-1 k&/cm, .. l'/1 

(•) From Eq. (4), wlve for t jo.s2PR.a 1 ti V')x 101 

1 -

'·' 
-~J0.82X IOOOX (0.335)1 (1=(0.185)1

) X 1~ 
2X30XIO• 

t • 0.0375 in 

(b) From Eq. (S}, 

3 X 1000 X(0.335f 11::{0.185)1 ) 

Y.: • 16 X (0.0375)1 X JO X lO' 

Y e - 0.0014 in 

(e) From Eq. {6), 

t. 0.469 X. 0.0375 
(0.335)¡ 

'tn • 33 090 Hz 

(d) from Eq. (1), 

386.4 X 30 X 1~ 
0.283 ll-(0.285)1 1 

••• 

3 X 1000 X (0.335)1 1 H0.285)1 1 
4 X (0.0375);¡ X lO X lO' 

fR
0 

• - 1831 #-'in/in 

OD14111GP 

Y, 

-·-

t .. jo.82X6.89X(8.51l1 ('10.18WIX JO' 
lX 107 X 101 

t ""0.9529 mm 

y • 3X6.89X(8.51tJI-(0.185)1 )X 106 

e 16 X (0.9529) X 207 X 109 

Y e - 0,0348 mm 

0.469 X 0.9519 j 101 X 101 

f"' ... (8.51)1 7.83 X 10-J (1 (0.285)1 J 

fn - 33102 Hz 

JX 6.89x CBtt p-co.:zsstlx lO' 
ERo •- 4X(0.9519)ix:z07X 10 

f.R0 '"' - 1830 ¡J.m/m 

Prlf\l«<lnUSA 

' ·' 
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Diaphragm 

Pressure Transdu~ers 

Design Considerations For 

Diaphragm Pressure Transducers 

The following notes are lntended only 15 general guidance 
for the preiiminary design of diaphragm p¡euure trans
ducers, The actual design and development proceu involves 
arrivina at the best compromisc (relative 10 the perfor
mance spccification5) or. scnsitivily, lincarity, and fre
qumcy respon5e, u determined priiD:irily by the diaphn¡m 
diamc:ter and thickncs.s. 

1be formulas lncluded herc are biiSCd upon onc or more 
of tbe foUowlng :wwnptions; 

-Uniform diaphragm thidmcss 

-Snull dcflcctions 

-lnfinitcly rigid damping around lhe diaphragm 
pcriphery 

-Perfectly e!OI!Itic bchavior 

-Negligible stiffenina and mau effecu due to lhe 
prescnce of the strain gage on the diaphragm 1 

! 
To tbe deBJ'eC that tbe actual transduccr faib lo sarWy .U 
of lbe abo~e auumpUons, the formulas will be inaa:Urate, 
Becaus.e of thb, tbe formula!~ should be uscd only In the 
uutial uages of transduccr devdopment to dctemune thc 

''""'~" p<opon-•oroh< l<~ro•w 1 

SENSITIVITY 

'Í'hc strain dlmibutkln in a rlsidly. cb.mpcd diaplagm 
undC! unlform presswc distribution is W.own in Fi¡. l. 

Fig. 1 Strofn dUtrib11tlollln ct.mped lil4phrqm 
1 

MEASUREMENTS GROUP, INC. • • (919) 385-3800 
;P.O Bol27717 ~ __ - • /· • ··, . _, T.teJt8G2·502. . 

.... Raltlgh, North Carou~~ 27111, USA .... '. ~.._ _. - FAX (flt9) l~5·lt45 -. 

.. , 



The r•dial ~nd tangtntbl strains at tht <.:tnttr ofthe diaph
r~gm ue identic:ll, and upreutd by: 

where: 

p 

•• 
V 

E 

3PR.,! (1-vl) 

R1 1E 

U.S. 
CUSTm.tARY 

UNITS 
preuure psi 

di:!phugm radhJS '" 
di•phragm thickneu '" 

Eq. (1) 

MHRIC 
UNITS 

•• 
mm 

mm 

Puinon's ratio ,runeruionlen 

modulus of ebsticity psi •• 
The radial strain dt<.:~eases rapidly as th~ radios increases. 
becominj. negativt. and eqll.ll tu twice the <.:enter suain at 
the edgt. The tangenti:ll strain decreasts fwm tht ccnter 
V3loe lo tero around the periphery of !he diaphragm. Thus, 

E<¡. (1} 

Eq. (3) 

Referen<.:e to Flg. 2 will demonstratc that the Mi<.:ro
Mcuuremcnts "JB"' strain g;¡ge patcern hu been designed 
to take mallimum adV3nlage of the diaphragm strain 
dislribution dt$Cribed above. Sin<.:e lhe tan~ential slrain 
fa\ls oiT from the center V1\uc JI only one-third the 
rate of the radial strain, the central sensing e!emena of 
the g1ge are orlcnted 1angentially. Similarly, the mlial 
stnsing elements are loc:~tcd near the tdFe of the diaph· 
ragm beuuse of the high radial strain in the region. 
Taking account of the sign difference in the strains 
sensed by the radial and tangencial clements, and dividing 
the e\ements in\ o symmetrical paiu, permi!S incorporating 
1 fu\1 bridge into a single strain gage. In terms of optimlling 
the suain gage design, it un a!so be notkrd from Fig. 2 
that the solder tabs havt' been located in a rc¡tion of 
low stnin. 

Avt'raging the strain over 1he reg.ion covered by eath sensing 
element (auumin& a pge fattor of 2.0). and averagin& the 
outputs of all sensing elements, the total pge output fl-v) 
in millivohs per volt un be upreucd approximately by 1he 
followin& formula: 

Eq. (4) 

/ _.,.. 

6\ 
1 

5 1 ., 
1 

FIK- 1 Micro·Mrasurrmr~rts ;'JB" patlcm st~/11 KIJf(t 
for Jiaplrraxm preuurr tramduan 

LINEARITY 

The prert'ding C'QUJtiuns for diaphragrn strain and uutput 
lndiute that !he output is pro¡}ortionalto the applied p!es
sure. Thb prt"cist linearity applies. however, only fnr 
wnbhlngly sma[J deflections. (n the case of finite deflcc. 
tions, the diaphragm pressur:e transducer is inherently 
nonlinear, and. be<.:omn mmc so, the largcr the deflecti<1n. 
As a general rule, the deOection of the diaphragm at the 
<.:enter must lfe no greatcr th.in the diaphragm thickneu: 
and, for lintatity in the nrder' of O.J%, shuuld be limited 
lo one quarter the diaplua~m t~kkness. 

• Followlng is the formula for diaphragm deflection, base~! 
upon sm:all-deflection theory: · 

Y = JPRn • (1:-ar) 
r l6t 1E Eq. (l) 

Y~ • center deflcction, i~ (mm} 

-2-
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FREQUENCY RESPONSE 

In ordn to faithfully rnpond lo dynamic preuurn, it is 
necessary tlut tht resonant frequenty of the di2phragm be 
considerahly higher than the highest applied frequency. 
Depending strongly upon lhe degree uf damping in the 
diaphll!lm-strain g:age auembly and in the fluid in conlact 
with the diaphr.~gm. the resmunt frequency should be at 
leas! three to flve tlmn as high as the highest applled fre. 
quen<.:y. The subject of proper design for accurate dyiUmic 
response ls too camplex and utcnsive to be included here. 
Bowever, for traru.ducers subject to high frequencies or to 
sharp pressure wave fronts involving high.frequency com
ponents, carefu\ consideratinn must be glven to frequency 
response, both in terms of amplitude and phn~·shift. 

For refcrence purposes only, and subject 10 the assump· 
tions listed earlier, lhe undamped resonant frequency of a 
rigidly clamped diaphragm C30 be exprened as follows: 

where: 

1 

r 

1/g. 

0.4691 f"iE 
¡,.a~vf~ .Hz E<¡. (6) 

U.S. CUSTOMARY METRIC {SI) 
UNITS UNITS 

acceleration of 386.4 
gravity in!sec, 

spe<.:in<.: weight of Jbsfin, 
diaphragm marerlal 

P kg/<.:m1 

CONSTRUCTION 

For maxlrnum accuracy and minimum hysteresis, it b <.:om
mon practi<.:e to design pressure transducers so tlut the dia· 
phr~gm ls an Integral p;art of the transdu<.:er body (Fig. 3). 

lt ls neither necem:ry nor deslrable to try to nuchine the 
body of the transducer lo a sharp interna! comer at the 
jun<.:tion wlth the diaphngm. The presence of lht fi!let 
13dius, however, is merely one of the WJys in which prae· 
tlcal transdu<.:er construction diffen from the idealized 
conctpt correspondlng lo the nrlier assumptioiiS and the 
equatJoru given bere. Because of this and the other 
differences, the transducer bdurvior wl\1 nectssarily differ 
from the Ideal; and experimental development will obvious
ly be required to optimize the performance of 1 particular 
l13ru.ductf. 

-3-

Fil .. 3 Typir;t~l diaphragm a"ang~"' 
for prt'UUrt: tramducer 

WIRING 

lt wi\1 be notlced thal the internal circuil of the "iB" 
pattern suain gage has ¡,.,·o adjacem corntn of the full 
bridge left open (Flg. 4}. The open bridge comen are left 
for the introdu<.:tion of uro-shift vs. lemper.~ture corree· 
tion, and subscquent resroration of zero balance. 

'• 

Fig. 4 llltcmal drcuft of 
Micro-Mra1UrrmcntJ ''JB" ¡JtJttem stndn 6Jgt' 

for ditzphraK"J prcSSllrc tramducm 

NOTE: Sn Mlcro-M«.mrrmcflll C11talot $H jor "lB" 
pattcrn dimctuions IIJII/ ~ 1111d o""'ürt hl{t:Hmation. 
Note also tht "IC" pattctlf.J, whkh art su.ilu C1tttpl. Jot 
lfllt rcristanct. 

Di4plrrflgrm ltUfct thlllf 1/l in (11..$ tm) In ditufwtcr ~trcr· 
ally rcquirt tht ILJt of sp«W "lúrttU" pattrnfl- For addl· 
tlonal injormatlon, contct our Applicatlom úctinNrlnl 
f!qH111mnrt. • • " 



Figure 1 .shows the varialion of zpp;uent straill with 
temperarure for a variety of stnill gage ¡¡l!oys bondcd to 
steel. These data are illustutive only, and not for use in 
making rorrections. lt should be noted, in fact, that the 
curves for constllltan ancl Karma are for non-self-tempera· 
ture-compensated illoys. With self-temperature compensa· 
tion (Section :!.1.~). as employed in Micro-Measuremenrs 
strain gages, the apparenr str:tin characteristics of these 
a.lloys ue adjusted to minimiu rhe error over the normal 
range ofworking remperatures. 

f1C.I 

C<>OISI'~ .... "'"'_..,.e, 

~~:>;~:;•o 

A$ ind.icatcd by Fi¡. 1, thc erran duc to appÚent urain can 
become extremcty lafge as temper.~tures deviate from thc 
ubitruy reference temperature (ordinarily, room tempera
ture) with respect to wlúch the apparent strain is measured. 
The illusrration sho~ distincrly the neces.sity for campen· 
s.ation or correction if accurate static strain measurements 
~ to be made in an environmenl involving temperature 
ctwtsel. 

W'ith rt$pCCI to lhe latter statement, it should be remarlced 
that if it is feasible to bring the gaged test par! to the ten 
temperature i1l th~ NJt ~nrironm~nt, maintaining the test 
part éomplete!y free of mechanically or thermally induccd 
stresses, and balance rhe strain indicator for uro urain 
Wlder tb:se con di tioru, no appan:nl str.~in error exiHs when 
subsequent strain measurements are made at this tempu11-. 
turr. In other words, when no tempenture change occurs 
bc!ween the stren-free and stress.ed conditions, strain 
~aswements cm be made without compensating or 
correcting for apparent stn.in. In pr.~ctice, however, il is 
rare that ¡N, foregoii!J, requirements c::m be s:uisficd, and 
the stre-ss analyst ordin3Iily finds il nea:ssary to take full 
account of apparent strain effects. 

2 

Also, in the cue of purely dynamic >tr:tin me.uuremenrs, 
where there is no n~ed to maint:tin a srablc tero·strain 
reference, temperature·induced apparent suain may be of 
no consequence. This is becaus.e the frequency of the 
dynamic urain sig;u.J is usuaUy vcry high W!th respcct to 
the frequency of ternperature than~. and rhe two signals 
are readily separable. lf. however, there is combined 
static{dynamic :main. and the static componen\ must also 
be mc:ISUred, or if thc frequency of temperature change is 
of the s;¡me order as the strain frequency. appatcnt strain 
effects must again be considered. 

2.1 Compensation ror Apparent Strain 

2.1.1 Com~IIStJtint (Dumm_r} Gagr 

In theory, at leas!. the error duc to apparenr strain can be 
completely elimínated by employing. in conjunction with 
the "acti•·e" strain pge. but connected in an adjKent arm 
of the \liheatstone bridge circuit, an idcntical compcnsating 
or "dummy" gage- mounted on an un!itrained specimen 
m:~de from the identical material .u rhe test pan. and 
subjected alwan to the same tempcrature as rhe acti~e 
g;~ge. Under these hypothetital conditions. thc apparent 
sttains manifesred by the two gages should be identical. 
And. since identical resistance chmges in adja.:ent arrns uf 
the \\'hc:ustone bridge do not unbabnce the circuit. 1~ 
apparent strains in the acti~e and dummy suain gagcs 
should cancel exacrly -leaving only the suess-induced 
strain in rhe active strain gage to be registe red by the strain 
indicator. For this to be precisely rrue requires additionally 
that the lndwires to the acrh·e and dummy gages be the 
same length and be routed together so that rheir tempera· 
tu res change idcnrically. 

The principal problems encountered in this merhod of 
tempcrarure compensation are !hose of establishing and 
maint&ining the tluee sets of idcntical conditions postulated 
above. To begin wirh, it is $0ffietimes \'ery diflicult to 
zrrange for the placemcnt of an unstrained specimen of the 
test material in the test environment; and c~en more 
difficuh 10 malr.e cenain that the spccimen remains 
unstrzinc-d under all test conditions. There is a further 
difflc:uhy in enwring th<tt !he temperarure of the campen· 
s:uing pge on the unstrained spccimcn is always iden!iczl 
to the temperature of the active gage. This probkm 
betomes particularly scvere whenever there are tempcrawre 
gradients or transients in the test en~ironment. And. u 
indicated in the preceding paragraph, the same considera· 
tions apply to the leadwires. Finally. it must be recognized 
that.nu two strain g;¡ges-e~n from thc s.ame lot or 
pacbp:- ;u-e precisdy identical. For most static str:tin 
measuremcnt tasks in the general ncighborhood of room 
temper3ture, tbe difference in app:uent stuin between cwo 
gap:s from the same lot is negl.igibk; but the differencc may 
betome evident (3nd significan!) when meaSI.lring strains at 
tempcrature extremes such as thosc involved in high
tempcrarure or cryogcnic work. In the5e instances, poinl· 
by·point correttion for apparent strain will usually be 
netessary. Wirh non-self-tempcnture·compcns;¡ted. pges. 
the pp:·to-gagc differenccs in apparent strain may be so 
g:reat u to preclude dummy compensation for tempcratures 
whic:h are remott from room tempera tu re. 

In general, when the three idc:ntity criteria already mention· 
ed can be well satisfied,the ~1hod of~ompcnsating with a 
dummy gagc: is a vcry cffective technique for conuolling 
the apparent strain error. There is, moreover, a specizl clns 
of strain measurement applications which is parli.:ularly 
adaptable to compensation uf apparent strain with a -~C<m<J 

l 
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pJIC. This dass consists of thuse applicatioru in whi.:h the 
~tio of the suains JI t\\IQdiffcrent but c\osely adjacent (or 
11 JuSI thennally adjaceru) points on the tes! vbject are 
known a priori. lncluded in this dass are ban in torsiun. 
bcaJDl in bending. columns, di:lphngms, etc., al! stre~d 
.nhi.n rhelr respective proportional limíts. In rhese Jppli· 
01tions, tb: compcns;¡ring gagc cm. often be lvcated 
suucgica.lly on the test mtmber ir:.elf so asto provid~ rwo 
liCiive gagcs which undcrgo the s:~me temperaturc variarions 
while sen.sing strains rhar are preferably opposite in sign and 
of known ratio. The 1\\IQ gages in ;¡djacent arms of the 
Wheatstone bridge c:irt'uil then function as an active 
b:alf-bridg:e. 

For ex;unple, whcn strain meawremenu are to be made on 
a be:un which is thin C'nough so that under res! conditions 
thr ttmpenturcs on the rwo oppositc sur faces nonnalto 
the pbne of bcnding are 1he s.amc, the two SI rain pgcscan 

·be innallcd directly opposire each other on rhe~ surfaces 
(Fi'- 2a). The acrive half-bridgc thus formed will gi~e 
effec:tive temperature rompensarion oYera rez;;onable range 
of tcmperatures and. since the str:tins sensed by the gages 
are e-qua! in magnirudc and opposite in ..¡gn, will doublc the 
anput signa! from the Wburswnc bridge. Sirnibrly, for J 

tu;r m tooion (Fig. :!b). !he two g3Fs can be instaDed 
;¡d_jacent to nch other and aligned along the principal 3..\eS 
of the bar (al 4S d.eg to the longitudinal axis). As in the 
ase of the beam, excellenl temperuure compenution can 
be Kh.ieved, along wilh a doubkd out pul ..¡goal. 
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Miro making Jlrain measuiements along the axis of 1 
cohztnn or tension link, the compensatin& gage can be 
moun!ed on the test mcmber adjacentto rhe axial gage md 
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alisned tran''"er~cly tu thC' lung.itudinaJ nis .;., ~ru.e the 
Poisson str:Dn {f'i¡;. :.:1. The r~ult. Jpin. i:s~-umf<nsariun 
uf !he JpparC'rÍt >lnin. ao.:cumpanicd by :m, au~mented 
ootput úgn;d lb y !he fJ.:I01 ( 1 t V l in thiS ~1- lt slwuld 
be bume in mir1..J- in this .¡ppli.:J1i_un. ho...:-<~r.l1hat rhe 
a.:cur~y uf tl~e •H~m !Tl<'J>Urcmenl r~ s.omC'YoDI dep.:rniwt 
up1>n rhe ao.:~-urJo.:y .,..ith ""hi.:h 1he J\:,¡,...,m's rari~ ~·f rhc reu 
maleri.ll is k.nvwn. f'ur mu~r .:ummun srru,,-ur.JI ffia1crial~. 
thc pacen! crr"r in >lr:tin mcawrcment ~ :lb.::ut mle-fuurth 
the pe:!'CCnl crrur in Puiswn's ra1iu. A furtbn' cautiun is 
na:ess.vy when >llo~in g;.g.es are m<lUntn! tnzr:S'o'.i-ndy un 
smaii.Jiamctcr rods lur. iur that ma11er. iD -smJ.Il·raJius 
f.Jicts c.- hules). 1\ín..-s h~ shown (see Apperwku that unJcr 
these conditions the apparcnt str:tin cha131:1C:risii.'s uf a 
str.Lin pge are Oiit'cr~nt.than when the g;~geilmoUnted un 
a llar sarface uf thc s.amc matcnal. 1 

!u all strain-musurement applica!ions wtri.::-h in,·ol•·e 
moun1illg: !he cumpenu1mg g;~ge on the tesl .abje..;1 itself. 
th~ rduimullip bt't-..'t't'll tire rrrains ar rlrr r-v locatitms 
muu b't' knmm with n-rtaimy. In a bcJrn. ioc t-'\ampl~. 
tlxre.muu he no mdeterrnin~tl' a.>:.ial or I~Jlloodin~; 
md the bar intoniun muS! no! be suhj.:~t !oinde!Úminalc 
axial c.- hem.lin~ IOJ<Js.. _This requir..:mmt f.;,i :a priun 
knowledge of .'he strJm d1srnbuuon a.:rulll); p;a~-es the~oe 
and most sirnrlar ~pp!icJI!Ons in rhe cb.u ri1i uansduccrs. 
And thc same me!hod of compens..:mon is urii•·erully 

· empl~d in curnmerciJI str1in pge traa:sduc:ei-$. Such 
tnnsducers. ho..,.·evC'r. Ofdinari!y ~mpl")' fu"l'id8e cir.:uiu 
and tpecial arrangemcna of the SI rain pgcs 10 ebminate the 
efTec:uof extr.meuus iorccs or mornenrs. 1 

1 

:!.1.1 Srlj-Ttm~r§nuc-Compensatcd 5Pan G~tN 

The metallul!ical propcnics of certain m:lia pgc 
1
al!oys

in parti<;ular . .:unst~ntatJ and modified K.Mma lt~i.:ro· 
Measurement.s A· 1nd K·alloys, respcctivdyl- are su'h 
that these <~iloys c~n be proceS3Cd to minimiu !he ~pp1rent 
strain ower a wide temperature ran@e ..,.·hen bonded to test 
rm.terWs with thcm1~l expanúon c~ff~eiaus fo'r .,.·hich 
they :uc intenllcd. Strain g~,cs C'lllploying '~~:tese ~peáally 
pruces:sed ..Uoys are referrnl t<.> u sd/·U':mperaturc-
rompert112ted.. ! 
Sincc tbe ad-.mt of the ~lf-temperature-compcnuted suain 
pgc, the requiremcnt for a rm1ching un~d 'dummy 
gagc in the ;odjacent arm of the Wheatst~ ~has been 
relaxed consider~b!y. h is now nonnal p-xtic'e when 
m:~ki"Bstrain mcasurernenu al or near room temf.crature 
to use: a !i.ingk self·rempcurureo(ompensakd gage in a 
qu.arter-bridgc arrange:mcnt, compkting thr bridge circu.it 
...¡¡h a Stlbk Ílxed resistor in !he adjacenl Mm (Fig. 3). 
Such '"bridgc..completion~ reUsioiS. with tmlpcrature co
efficimt.s of resistance not nceeding 1 x JO""' per' QC. are 
supplied by Micro·Me:~S~Jrcments ;md are Íll<orpofated in 

-• mod<m '"''" '"'"''=· 1 
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As an .alternative to the preceding mcthods, a quid: 
graphical correction for thc transver~e ~ensitivity can he 
m.ade through the u~ of Figure 2. To use thc graph, the 
fint stcp is to cakulatc: 

(f), ~: = '· (Gagc No. 1) ,, '· 
(U, ,, '· (Gage No. 21· ~~ 4 ,, 

flaving done this, it is only nccessary toen ter the graph 
al the appropriate value o! K,, move upward to the line 
(or int(IJ'Oiated line) representing the observcd (in
dicatcd) slrain ratio, E,¡EQ for lhat particular ro:sc:ttc 
elcment, and horitonlally to thc \"Crtica[ ~ale on thc lc:ft 
lo rcad tbe corree! ion factor. 

Then, 

\ 
·~-+.~-+.~-+.~-+,-+.-+,-+.-+.-+.~ ...... 

Flrure l 

Similarly. 

Following ha numcrical cumple utililing first 
Equations (6a) aml (7a), and thcn Figure 2. 

i 
Assumc that thc indicatcd strains for roscttc clcmcnts 

(/) and (2) along thc x and .1" ucs are, respcctively: 
~ 1 
E, = +-1530~E 

f, = +920,UE 

Anumc also that K,= -0.06. Substitutinginto Equations 
(6a) and (7a). with V.,= 0.285, 1 

E,= (1 + 0285 • 0.06)(1530 + 0.06 • 920)= 1612,UE 

E,.= (1 + 0285. 0.06)(920 + 0.06. 1530)= 1029,1..ff 

For use with thc corrcction iraph, Figurc2, 

( ~ ) = .!3!.. J 0.601 - 0.6 
" 1 1530 i 

(J¡_) = 
1530 ~ 1.663 - 1.65 

f .. 1 920 ' 

1 
Following thc linc for K,= -0.06 upw:ml, interpolating 

the location of ¡f,¡f;,¡, = 0.6, ~nd (E""';jf;.h = 1.65, and 
reading the resp~tivc values o~ the correction factor, 

From which, 

e," 1.os; CJ = 1.12 
1 

E_.= C,~ ~ 1.06 •1530 = .1620¡..tE 
1 

Ey = c;t;. ~ ~.12 • 920 = 1030JJE 

CORRECTION FOR SHEAR STRAIN 

A two-gage, 90-degrcc rosctte, or "r -rosette, is 
sometimes usa! for thc direct indication of shear strain. Jt 
can be shown that the shcar urain a long thc bisector of 
thc gage axt"! is, in this case, 'numerically equal to thc 
differc!IC"C in normal strains on these axcs. Thus, whcn the 
two ~~:age elcmc:nts ofthe rosettc'are connected in adjaccnt · 
arms of a Wheatstonc bridge, thc indieatcd strain is equa\ 
to the indicated shear strain al~ng the bisector, requiring 
&1 .m0$1 corr~tion for the error due to transvcrse 
Rnsitivity. The \ancr error ciln be corrected for very 
casily if both gagcs ha\·c thc ~me transvcrse sensitivity, 

-4-
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sincc tl"tc error is independent of the state of strain. The 
corrcction factor for this case: is: 

e-~ ,- 1 -K, '" 
Thc: actual shear strain is obtaincd by multiplying the 

indicatcd shear strain by the corrcction factor. Thus, 

For conveniencc, the shear strain correction factor is 
plollcd in Figure 3 against K,, with Vo = 0.285. Since this 
correction factor is indcpendent of the statc: of strain, it 
can again be incorporatcd in thc gagc factor sening on the 
strain·indicating instrumentation if dt!ired. This can be 
done by setting the gagc factor control at: 
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With this change, thc strain indicator will indicate tl"tc 
actual shear strain a long the bisector of the gagc uis, 
already corrected for transverse sensitivity in the strain 
gages. 

TIIREE-GAG[ 
HH."TAN(;UI.AR I·W) ROSt:TTE 

Whcn thc tlin:ctinm of the principal u.cs are 
unknuwn. thn:c imJc:pc:ntlcnl strain measuremenu are 
rcquired tu compktely determine the stale of strain. For 
thi~ rmrpo-.e. a thrL'I:·gagc m-.ette should be u sed, and the 

· rect¡¡n¡¡:ular ru-.ettc is gcncrally the most con\·eni.:nt form. 

lf thc tr01nwcne sen,iti\·ity of the gage clemcnts in the 
ro'ltttc i~ othcr than 1cro. the indi,·idual strain readings 
will be in error, and thc principal §ltains and strcsses 
calcu]¡¡ted from thc": tl<~t"- Vrill airo be incorrect. 

Corrc:ctinn fnr thc clfcct\ uf transvcr~ sensiti\·ity can 
be malle cithc"r un thc indi\·idual strain rcadinporon the 
princirat \lraim ur princi!"""l 'ues~cs calculatc:d from 
the~c. Numhcrin¡c thc ga~e clc:mcnu consecutivcly. 
clcmcnt' ( 1) and (3) t:mrc\pund tlir~tly to the two-gagc, 
90-degr~c tu\t:ltc, and correction can be made with 
El¡uation• (6) antl (7). nr lf>a) and (7a). or (by propcrly 
~tting thc gagc factor control on thc ~train indicator) 
with E4uatinn• (f>h' <~nd (7h). The ccnter gage o! the 
rosettc rcquirc• a \recia] corrcction rc:lationship !Ínce 
thcrc i! no dircct mca,urcmcnt uf !he strain perpendicular 
to thc: grid. The corrtttinn et¡uations for alllhrcc gages 
are listcd hcrc fur cunvc:nicnce: · 

E, = 1 
· ""~' ci';- K,l;) cto) 

1 -K; 

wh~:rc: f,. E,, E, : indicatcd strains from the rc
~pcctive gage clcm(nts. 

f,, E,. t, = currcctcd strains along the gagc 
aJtes. 

lt !ihould be nutcd that Equtions(I0),(\1), and (12) 
are ba!>Cd orun thc a~)umption that the transverie 
stn!iitivity is thc ~~ame. or effcctively so in all gage 
elcmcnt1, u il is in ~tackcd rO)Ctles. This may not betrue 
for planar fnil ruscttes, ~incc the individual gage elcments 
do not aJt ha ve the J>ame orientation with respect to the 
direction in which the foil Vra1 rolled. 1t is common · 
pu.ctice, howcvcr, to ctch the roiCite in a position of 
symmclry ahuut thc foil rolling dircction, and thc:refori: 
the transveuc •en1itivities of gagc elemcnt1 (1) and (3) 
witt be nominatly thc"lame. v.-hile thal of element (2} may 
differ. Correctiun equations for rtnelln with nonunifonn 
tran1versc Kn•itivitia among the pgc clcments are given 
in the Arpc:ndiJt. 
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Whtn tht two quadrants art conntctrd u adjacent ltgs of a 
Wheat!.!one bridp:e c;ircuit (Fig. 7J), so that thcir differcnet 1ppeau 
~ J lignJI, the combined output is: 

(16J 

An J.htrnate method of anceling the unw;mtell normal·ilrain 
term in Eq. (14) ¡, shuwn in Fig. 7b. In this ene, two half 
pge·length linear elements are oriented along the X and Y ues, 
respeclivtly, and connccled in series lo fmm onc leg of a Whealstone 
bridge. When J. single tircub.r·arc quadrJ.nl is u sed for the adjacent 
bridge le¡, the outputsign&l becomes: 

(17) 

Figure 8 illustrates a VJfiely of g:.g,e~kment configurations :md 
their respective out¡mts. lt i1 evidtnt thal the simplest apprOJCh to 
5hear·Sitlin musurement is thc <)().deg r{X('fle. When the maximum 
1hear streu or the princip&lstreues are tequired. and the principal 
ues are unknown, the three-gage 45-lleg ws.ette is the mosl 
ronvénient choice. 

CORREC'nON FOR TRANSVERSE SENSITIVIlY 

Up 10 this point, thc effect of transver'loC stmitivity on sheu.strain 
indication has bn:n negkcted.llowever,the conection for transverse 
sensitivity h particularly simple in the case of shear strain, and con· 
sisu of mu\tiplying thc indicattd she.1r sHain by the factor 
·1(1- v.;K,)J (1- K1)J,11r'here K1 reprntnts the uansverse stnsili· 
vity of the strain gap:ts used to ~nerate the indicated shear·Urain 
outpul, and y0 is the Poisson's ratio of lhe material on which the 
manufacturer rneuured the gage factor. 
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Plane-Shear 
Measurement 

Plane-Shear Measurement With Strain Gages 

lt & Jlltrlttlmes conrmknt lo obtllin o direu indlcatilln o{ shl'fN Jlrrlln from Urrlln XD/ln. Cx1U11ples lndudr Jht'tU·budJint. Jtudb 
t111d sllhlr um/nt.ln flrxuru/ trunltlucen 10 pro vide toad lndlwtlotJ whfch 1~ lnd,-(Hndrnt uf thr puim of lood applic:ariotJ, 

INTRODUcnON 

Although a strain gage does not respond to sheJ.r strain as such, 
5he:n md normal strains ue related through the laws of elauicity; ~~~~~ 
11 ls thus possible, by proper oriental ion o{ ~ges on lhe strained sur· 
face. and proper disposition of the pges in a Wheatstone brill~ 
circuit, to produce an indication which is directly propordonal w 
5hurstrain In the surface. 

SHEAR STRAIN FROM NORMAL STRAINS 

Consider an array of two str.ain gages oriented al arbitrarily 
different angles with respect to 111 X. Y coordinate syuem which, in 
tum, is 11bitrarily oriented with respect to the principal axes, u in 
Fig. l. From elementary mechanícs of materials, the strain along 
lhe p¡e axts can be wlitten u: 

~ E~-E,. ..!:':2, 
Ez '" 2 +--

2
--cos29z + 

2 
Wi 29a (2) 

Subtracting (2) from (1) and solving for 1~y. 

2 (E,- E 2 )-(E~- E,)(cos29 1 -cos 281 ) (J) 
7

"Y = sin 29 1 -sin 29 2 · 

lt b now noUceabk that if cos 29 1 ecos 28 2, the term In 
Ex and. E y Tanishes, and 

2(E 1 -E 2 ) 
1"Y '" sin 28, sin 282 (4) 

Since the cosirle funCtion is symrnetrical Jbout the uro Jrgument, 
and about aU integral multiples of 11, cot 29 1 a cos 26z when, 

· nrr 
8, +a • -'fl/2,0, 'fi/2,JT .... 2 • 81- a (S) 
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Thermal 
Expansion 

Measuiement 

Measurement of Thermal Expansion 
Coefficient Using Strain Gages 

Thc th"crmal c.~part'-icn o;odfocicnt is a •-ay ba.ic phy,io:al 
propcny ~~ohich CJ.Il be of consider.ible imporuru;e in mc't:han· 
ical and structur.ll o.lesi¡::n applic.:Wuns of a material. Although 
lhere are many publi~ho:d t:~bul;a~ion~ of e'pan.~ion coefficicnt-' 
fot lhe common rnctals :md ~tanohrd a.llnvs. thc necd ocC:I.5Íon
ally ari~ lo rneMun: thi~ propo:ny for a -~pecilic m.a1erial over 
a panicular temper.llure ran~e. In sorne ca. <;e'; (e.g .. new or 'pt· 

cial alloys.com~itc-s.. etc.). then: is apt to be no publi>hed ¡Jata 
~~o-h:l!soc:~a on exp:lnsion coeffKXnts. In other\. data may exi•t 
(md cventually be foutld). but ugy mrompM-• the ~~o-rong tcm-

·_\) per:nure rangc, apply tu wmcwl= diffcn:nt rruucrial. orbe oth· 
erwise unwited to thc applica.li011. 

., 

Historically. thc classint mans for meMuring cxpan~iun 
coefficients has b«n t.he "'¡JiJJ~tcr-. In thi~ cypc of in,tru
ment. thc diffcrencc in tllpansion bctwcen a rod m:Jde frnm thc 
tcslltWtrial anda matching lengtbof quanz or \Ítreous silic;¡ ¡, 
comparedt-1. Thcir diffcrential apansion is mcoc.ura.J v.ith a 
seusitivc dial indicator, or with aoclcctrical di~placcmenttr:m,. 
ducer. Wben ~- the expmsion propenie» of tb.c quanz 
01" silica c;m be calibr.l\ed agaiog: thc accuratcly known up;m
sion of pure platinum or coppcr. The instrumenl is norm:~lly 
inscrtcd in a speciaJ tubular fumace or liquid OOth to obtain thc 
re:quirc:d tcmper.nures. Maldng meawremcnt\ with the dib
tomcter is a dclicate. demandi~ t.a~k. howeva. and i~ bcncr 
suited 10 thc matcrials sciencc: bbora10ry than to thc typic:~J 
expnimental smss all.illysis fxilily. This Tcch N01e provi<k~ 
0111 illtemate method for casily illlll quite accuntely mea.\uring 
lbe cxpansion coefficicnl of a 101 monerial with re~pccl lo that 
of any rc:fcrcocc nwcriill havinz tnown cxparuion char.Jcteris-
00. 

lñc !~duü.¡uc •k:...:rih..-.1 h~re u...:~ ¡,.n ,.tll·m3tebed ~train 
¡¡:~g.:'-. v.ith uriC hund~.J tu :1 'f"-'<:Ím<:n oftb.: rc:ferc:OC.: m<llcrial. 
;¡n¡J lile ..._-.;unJ tu .. ~r._:.,im~n uf the 1.::'1 ma1erial. 1bc ~p<:Ci· 
mcn' ~:~o he uf .. ny ,in.: ur ,J¡ .. po: ~:ornp:~lible ~~o-ith tho:".,r.~.ilablc 
~uipn~em hw hciitin¡; ..00 rdri¡;cration tbut ~pccirnc-ns of uni
furm l:fl"' .... -.:tino will minimi.te polcmial probk~m \..im tem
pcrilturc ¡;r:so..li.:nh). t.:n<kr '"'_.,,.free cono.Jition.". lhc' <tiffcren
tial output hct~~o·.:~n tilo.: ¡;a¡;c' un tlh: t,.·o spc:cin"~Cm. at'all). corn· 
mun tcmpcr .. turc. ¡., ~-..¡u¡¡\ tn thc differc:nliaJ unit cxpotnsion 
linlin. ur ,.,;,.¡. l"il.lc fmm tlh: bJsic simptK:ity ~ tdath·c 
c~'e uf m .. ~ing thcrm~l c\p~n,ion measurtm.,nts by thi~ 
mcth•-...1. it h.a' thc ,Jj,¡jn._;t ;uhantag" nf requiriog no 'pn:-ialized 
in,trunll.:nl' .-.,y,or-..J !hn">C nurmally found iD a stress .ulysis 
l.¡h<rratury. "llli' 1~-.:llni.¡uc l:iln ;¡¡,,be applied lo !he ~i...c 
ditrkult ta'~ ul J.:tcrruiuin¡; din:~·tional cxparuion cD.:fl¡cicnts 
.,( nut\Criah with ani ... tlr~>pil: thcnnal propcrtics.. j 

Bccau'c typic~l cxpan,inn coefficicnts are measan:d in 
tcrm' uf a \i.:w p;¡.rt' p.:r millinn. doo.c: aucntioa w Procerlural 

· tk-t:~il ¡, o.:quin:d with any n>ea.-.urement mcthod wot:>lam acru
rill.:: re"'ll'; ano.J thc ,,r .. in ¡;a¡;c mcthod is fl<ll an e~on 10 
thc rulo.:. Thi' TL-.:h Nri!C h~' hl.-.:n ¡=pared asan a.id tU die gagc 
"-"'-'• in utili1in¡; thc full rr~._,;,iun uf the modem foil sUDt gOIJc 
f<w d.:to:mlinin~ cxpan..iun ~~..:tlicicnt§. GivCII in lbe fina of thc 
fu!luwin¡; "-'~!Ír>n' han c~plilnillion of the tcchnica.l j,riD.:iples 
unc.Jo:rlyin¡; tbc mcth<-...1. Thc nc~l '>Cction de'ICTibc-\~ ia §ORW 
tk:tail, thc ._.r.ún·p~c-n:latL-.1 material§ and ~ ia mal.· 
in~ thc mca..un:u..:nt, lb.,k~!ly.lhe lattcr con,isrsof cUcnti.Uiy 
!he ,.;m>~; tn:hniquc~ ra¡uircd fur any high-precWon ~mea
sun:m.:nt in a vari~hlc thcrm~t cn~ironmcnt. SufJ::I'""ttd refinc
rncnt' fur ;a:hicvin~ ma~imum accurxy are thcn z.i,;ca in the 
fulluwin¡; <,t~;IÍun; aflcr whkh. the principallimitaüOm o( thc 
mcth<-...1 an: dr,:-.(;rihcd. 

' "1:o!:r/r<gt>t Measuremen~S Group. IN::-. 1986 
AU Argt>ts Re&ONed_ 



..~,, ~ n1k. 111<- ~,..,,,,.._, -..·k,·ti,n nf ~~~,_., ¡, ~•.lilahk in !h.· Oh 
Jll<l l.l S-T·C FW~'P'· ,¡ll<'<'lhc•~ :ltc 1h~ 111<"1 "'idd)· uw•ln>~ll· 
pcn•alilln' r .... ,,,." ,li\Jf),¡, :mJ lran...Ju,.,., :lflplk.ui .. n•." h 
"'ill o>llo:-n h<- t'P<-'di<-nl. lh.-rcf<lf'C. tn 'f'C'I:il~ "ll<" of 111<: at•m~ 
fur !he S-T-C numh<-r. 

\\'11<-n t\Jlaii'Í"n ntt.t,ur~.·nlt'nl' mu•l he m:klc tw<.'r an ,_.,. 
tcn.kd tcm~r.uu~ ran¡:,·. ur ~• hi~h or ¡,,.. ICinP<-'r.IIUr<' C\· 

trcm~•.thc S-T·C numl-...·r ,tJouiJ ¡,.. cardully ...-kct<'<ltn uht:1in 
lh.: l>c:•l rrn:a'llremcm arrur:tcy. 11 i• cvi<knt fwm l'i¡!. 1 "th~t. 
"'ith (\<."t:'•i•·e mi,m;nd hctw<""Cn !he S-T·(' numl>c:r nfthe ¡:agC 
anJ thc t:\p.ur..iun ro.:fli,·icnl o( the ·~imen. !he ~lure uf !he 
tll<'nnal output run·c <.':lll t>t:cume vcry ~\ecp at onc m bolh 
e\tn:me tempcratun:~. Undcr 'urh drcum'-lar~~:c•. a <rnall error 
in lcmper-.t\Un: {or \cmrocratun: Jc• ialion h::t.,..·cen !he n:ftn:nce 
and tc•t malerial•l c¡¡n pnxlu~e a !ar¡:c crmr in !he 1hcnnal out
pul ~i¡,!nal. Judiciuu' '\Ckction nf th<.' 5-T-C mi•m:1\Ch can he 
U•cJ Ul ~imult.tn,·nu•ly l.:cp th.: ,¡,~, nf th.: !herma! nul¡>lll 
cun·e• fnr hnlh the te'\ ami rcfncn<.·c m~trrial' m~<h:r r•·awn
:11>1~ ¡:nnJ n111twl in thr l<"lllf""la\luc t!Ln~r uf inll•n·•t. 

t\lmn<t :~ny <in¡:!c-clcmcnt "linc:Jr- ~rid fl.lllan <"all h<.' 
emri<~}Cd fnr m•·a•urin¡!. e'p:Jn<inn ~<''<.'ffi<.'Í<.'nK ,\~ indi~ai~J 
e:Jrlicr. ho<~e•cr. !he,...,.., ¡;:•~e~- one un thc: n·fen:ll<.'<.' ~pc,·i
mcn. and une on 1ht: 1e~t m:~lcri:~l - mu<t :~lways he ll.ell
m;Ltchnl. Th:J! is. the ¡;a~e~ mu~t he id~ntic·:~lly the ~~me type, 
:~nJ mu•t hc: fn>m !he <amc manuLt~turin¡; lot to a«un: '!us<.'ly 
rda!cd thellmf oo1pu1 char:u:tcri•tic. Jloth n:qui~rncnl~ C!ln he 
met hy •imply u'in¡; :1 pair i•f ¡!_a¡!.C\ wl.cn from !he: <:une p.1d.
u¡:e. Gagr• uf tht: i.tcnti,·al t~pc l:.k<.'n frum diiT<.'n;nl package,, 
hui ha,·ing thc ~ame !01 numher. will be equ.11ly clusc in their 
th.:nn:~l ootpuK \\'hen a <till cloo;cr n:la1iun•hip i• Jc•irnl fur 
¡;rcalcr mea<un:nh:nl OC<'Umey. a dual-¡;rid ¡!.a¡;c p:utc·m ~.....,h :t<. 
the 125MG 111}'. )) can he ~ckc!ctl. and !he ¡,:rid~ ~u! ~pan tn 
lurm tu.o in<lhiJual ¡;a~e~. 11><' re•ultin~ ¡;Jgc• Jll.", in cffe". 
i<icntieal tll.iM, ~nd .,..¡11 prm·ide thc clO<.C•tl""~it>le m:~tch in 
Íhcnn:~t uutpul charxleri•tic~ (a.' in a!l other propcrti~~). 

Ga~:e lll'italbtion 

A~ IIO(ed, one of thc :~J,·:mt:o¡;e~ nf lhi~ mcthoo.l i~ !ha! the 
•pccim.:n• of thc referell<.'C: and tc•t material• un ho: •1f Jny cun
\"enient size urconfigur:uion <uiiablc to 11>1: a'"ailahh: hc:~tin,!! or 
rcfri,!!era!Íon equipmcnt. In fxt. thc 1wu •pccimc:n• c:1n e ven be 
differc:nt in ~u or ~h:1pe if thcrc i~ a rca~n to ha•·e them ""· In 
~cner-.tl. howncr:•pcdmen~ \hnuld be uniform in Clll\\ :'>Cclion 
10 minimin tcmper:tturc ¡;r-Jdient< induccd·during l•cating ur 
coolin¡;: :~nd \he uo;e uf nat ,pt"t"itncns will male for c:~•icr anJ 
l'li¡:ht:r-qualily f!3j!C and tempcr.:tturc: ~n<Or in,!allaliun<. The 
•pecimcn• ~hould :~!w t-.:: IJr¡;c ennngh in ci"O'>• '>('C\Ínn w th:Jt 
the ~~r~in 11a~ s1innc-. is ncgligih!e compal\'d to !he ovcrall 
<ec_tion ~tiffneo;<. Bcyl'll<ltl'l.: fore~oing. ~l<:"<·tion nf !he ~reci· 
men dtmen<ioo• for ahoutthe s~mc: themAI in.:nia will be ht:lp
ful in mo~l quickly achie•·ing the •ame lemper:~lu11: -...hen OOth 
~pcdmen• ilfl: hl'atetl ur coolcd to¡;cther. 

Specimen ~rface• <houlJ he 1horou¡;l'lly deaocJ anJ pre
p:~rctl f,,r hlmding: ~~ dcsnihcd in 1\lino-Mca~~rellltl'lt<. ln-truc
tion Bulletin B-129. which indudc~ ~peocifk ~tcp-t>y·~lrp pru
Celillll'' ror a wiJc •·ariety nf matcrial<7

• !'or k•t accuracy. 
hlmding ~hnuld 1>c: done -...ith a high pcrfonnance adhc•ive wch 
u M-Bond 6011 <'IT 610. Bolh aJhcsive~ are c~r~hk of fnrming 
thin. hard "~ludine~- for malimum ftdelily in tr:~n•miuing 
Mrain~ from !he ~pet:im::n <uñace 10 the gage. Tlle<;e adhe<i'"n 

¡:¡t:· J- .Hit-ro-.Httuurements t_rpt 115.\f(; duol·grid 
Jtroin ¡:agt ptJ1rtrn. 

arc: inlendctl (or U"C un n:l;llively ~inooth. nunpuruus <uñ:t("t:s. 
and <ho11IJ no! be u~etl~~ohtl\' thc :~d~c•i•e h re•¡uircd m ftll sur
face im:¡:uiMilie' llT lo <.cal p<lll."<. Fur thc I:Jt!er <.'<llldiliun•. \he 
rc-cummcnJcJ adhe•Í\'C i< M-llnnd AE-10 ur ,\E-15. In al! 
\';,....·,, <.'umpkte in-tructiun< fnr :tpPI}in¡: anJ ,·uring the :klhe
,i,·c are indmh.•J in !hc ru•:~a¡.:e wi~h !h,• m:.lc•Í:•l. 

Ellr:l c'are i~ l<'c¡uircJ in 1]1(' ...:l~,·ti<ln uf k:1d"in:~ anJ !hdr 
all:tchnl<:nt tu !he ¡::t:;c<. in unlo:r iu uN:tin th<.' Ult><;l ,.,.-curatc 
rc<.ult<.l"h<.'rlllally prndu,·cJ rc'i•tanc·c changc• in thc kad ... ·ircs 
"'iil ¡:encr:Jtc circ:uit uutpul> which an: indi,tingui\h:!.t>lc fwm 
!he 1hcm1~l outptl\~ hcin!! mc:J~u=l. tr thc...e Jiffcr in any way 
hl:!wecn thc r<.'fcrcn,·e and ,,_.,, s~Cimcus. thc indica!~-..1 diffcr· 
cntial npan•ion data <1 ill he in crrllT ac,·on.lin¡:ly. Tu mini111i1e 
such cffccts. lr!kl.,..ire rc<i<.fance shl,ulcl h<-l<.'fl\ ;¡, low J< po~~i
hle hy emplo~in~ 3.J!Cn~rou' wire <ite: and lly lccpinj! thc lc:hl' 
shnn. The wiring ~hnuhl al'n he 1hC <.;une ror b<>~h ~pcc:imc:n~
in <ize.len¡;lh. and rout\n¡t.lfmea<.urement• are 10 be madc on· 
ho!h ~red meo• in the '-111le chamhcr vr li1¡uiJ h:~th ~~ !he: 'an'l<.' 
timc, the lcadwifl" ~hould b.· lcpt j,hy<i~ally lo¡:clh<'r thn..•ut'h
uut a~ muc·h uf ~hcir len!!lh :" pr:'lcli<.':!l. Lt•:~<.!wi~ in,ul:niuu 
mu~t h:: 'IC!ectt"tt. uf cnurv. for com¡i.otihility with !he tempcra
ture r:m¡¡e and rnvironmcnt c:ncounl<'rcJ in !he m.:asu..,mcnts. 

In attaching l~adwire• tu the gaie ~old<.'r t~b' nr lo solder lcr
minal,, thc: •ol&:r joints <JI¡lUid be •mooth. bri,!!ht, anJ free of 
~pih~ e>r e\<.'e\\ wldcr. Thl' juint~ ·~hovld alsn be :t.'i uniform "-' 
po••ihlc: anJ thc lcadwin:s ~hould hc dres~ed th<.' •:~me nn hl>!h 
specimen~. Alter ]c;l<.! al\;ll.hment. Íh<.' ¡!_a~e in•l~llalioo\ mu•t he 
thorou~hly elc.lned with 1\l'in so!vent tu rcmuve :di \r:Ke< uf 
~ldering nu~ antl rcsidua. : 

i 
Thc final s1q~ in t]lc, irr4allation is In appl~ a proteclin: .-oat

ing 'Y'tem which ¡, :~ppwpri~tc: ¡o thc upect<·J lt"l cn•imn
menl. Sincc thc<.e tc<.t~ are norm~lly condu~!<.'<l untler \hort
tcnn I:Jtl!Jr:Jtnry conJitinm, a coating i• sclcclcd for ha~ic pru
tcction again\1 tTM>Í\Iure. dcw poinl conJen•atinn in cu!d IC'I~ 
and minimum/ma~imum o~r~tin¡t temperature rang<.'. The 
coating rccomrnenJ:Jtion< in the fnllowing t<~hlc :JI'\0 t:~kc: intu 
cOn\idention Jow reinforcc:m'ent of !he specimcn. Fur· 
ther details on the\e ;~nd othe.r coatin¡!s c:~n be fountl in 
Micro-Measuremcnu M·LINÉ Si rain Gagc: Acccuories 
CatalogA-110. 1 

' . 
The proo.:e~' nf ga¡;e in\lallatinn ha< ken summarired \'Cry 

hrieny here. <iiK·.: dct:~ikd in~truC1ion~ ~re •upplicd el-.c11.·hcre 
in Mcasurcmcnt\ Gruup technic'al pul>lication<. 11 shuuld he 
apl'fl"<.'ÍJtcd. 1\uwevcr. ¡h.¡¡ pm~r ga¡:c: in~tallalion i• a ha<ic 
ret¡uircment for accurate mea~tirement of c~pan\ion co.:fft
cient<. In gener:1l. ¡!J¡!e in•t:lllation• ~hnuld he uf the highcst 
qualily - compar:~ble to thuse found in pn..'Ci<.ion •train ¡:age 
tr:~n<duce~. Carc \h<¡u!J :~lw he talen th:~tth.: two gage in~tal-

-4-
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btion~. un thc rcftn:n.:c ;mtl te<>t "(l(rimeM. :m: a• unifomi as 
pu•sible tu minimite <mal! phy~kal diffe~nces wl'licl'l could 
affectthc Jifferenlialthennal rcspon'l:. lf in.~t:JIIalion quntion~ 
or pmhlcn" ari~e. the U'ltf !lhould oonsuh !he Mcu~urcment1 
Group Application~ Engineerinl! Dcpartmcnt fm a•si~tanee. 
Figure -1 i~ a photograph of a proP'-..-IY in~t31kd str:tin gage on a 
m~tal srccimcn ror tl'lenml exp.tn~inn mc:~_o;urcn~<:nts. A btm<l
ahle rc~i\lance 1empcratun: ~nwr (.<Ce pagc 61 i~ in•lallt"tt ~Jja
<'ellt In th.: ~:t¡:<.' 111 ""''nirur !he Jpt:'.'imc-n tem~raturc. llli• ph,., 
to¡.:mph \how~ tln• iu<.lai\Jtinn ju<l pri<1r In apjllic·.¡tiun ni the 
prmn·ti\·e cooling "''" tlr ¡;:~gc :nl<lletnp<.'mlurc: ...:nsor. 

Strain and Tempo-r!llul'l' ln~lrumrn!Jttion 

Ba,ically, any dable preci<ion str:tin indicator can "'= u~ 
for the slrnin mca~uremcnts nt•etled in tlli\ procedure. S~li\
factory instromcnll for tl'lis purpt~ induJe !he Mtxlel P-3500 
and Mudd Jl!(X) S1rain ]n<liCJit>r< pnllluced hy tite lnstrurnent~ 
Pivisiun of !he Mca•uremc:nts Gm11p. Rcyood \he nt.""Ct:s•ity for 
instrument preci~ion and 5\ahilily, it is importantlh:llthe ga¡;e 
ClCii~\Íon \'Oit:J~e he ktpl ]nw enough 10 J\"Oid the effcrt$ Of 

) 
~!f-hcJiing in tl~ !'a¡;c. Buth ti..: tl-h•kl~ P·JSno anJ Jl\IXJ are 
hi¡;h·g:~in in~trun~:nt~ with luw elcit;Jti<•n w>l!~gc~. U~in~ lhc•c 
~tr:Jin inJicators, th~rc: i< nrdinarily no sctr-hcating prohlcn¡ 
with a ga¡;e MOCha< !he 125MG pancm in~tal!etl on a metal 
speein¡,:n wilh rc;o.wnably gootl hr:at..:ii\\ipating characteri<tics. 
Whcn mcasull."ment.• are made wi1h other instruments h:~ving 
higher e~cit.;uiun \"Oltages. or with gagcs inraalled on specimens 
oflow thefll13J eonducti'"ily. '!tlf-hcating may be uce~sivc, and 
the voltagc applied lo tht: gage must be rc:duced. Comprehen
sive background informaliun and guidclintli for scuing excita
lion vohages are provided in Tcch N011e TN-5021. 

Fig. 4 -Stmin fDt:' (luJJf oftlu J25MGd•td·t:Gt:t paJtern, al 

Wp) rmd ruis1Dne6 ttmpt'fl/llrt' unsrw, instDUed Jidt-bJ-IUlt 
011 o spreimen oflnJ matni#L 

Enhcr uf¡"" h.,¡,¡._. ,·in:uil arr.!II¡!Cill<.'llh <.'~11 t>c u .... -..1 in ll>o.'J· 
surin~ c~p:m'i'"' ~t"-'1\icicnl<. lino: nf !b.c-..•. ,h,. ... n 111 !"o)!.~~. 
cmpln)< ...-p.trJte, thn·c·ll.ir,•. 4U~rtcr-hth.l¡!C át<."Uih t'llr ih<.' 
ga~e' <'111 1ho:: n:(<.'rent:c: OUI<I!c•t "f't'<.'inlt'n,. \\"¡tlr; lhi~ ~rT:Jil)!:C· 

mo:nl. tl'l~ ~a¡;c uU!pul• are reJo.! in.Jivitlu .. ny. ~rol ~uh"""lu<.'mly 
s~hcr~<.'tcJ hl d~tcrmine th<.' diffcrential ~trJit flor""' 11.ith 
Eq. (6). Si~~~;e tho: "'par~!<' ~i,.-uih p.:rmit nttmil<<ring tho: ~:1~-.:-~ 
ifldefl<'nd<'ntly, it i~ n-la!ivcly ,¡mplc lo id..-ntify !k .:;w.,... of any 
imprupcr ur annm~l"u' •lr-.tin rc...Jing~ 11.hkh nuy o.:~ur 11.ht:n 
condu~tin¡; !he le,\. t\ di,Jd~·antagc of 1his :1p~·h ¡, thal it 
l't"t!uirc• J ~,,,¡,~h-:Jil<I-OO!Jn~<.' unit ¡.,..hl.'ll u....-.1 •ilh a •in¡;lc
channd ~train imlic~tor) tlf J IW<K:hanno:l in~IMII'ZI<I:nl. 

The '~unJ man~emcn1 fl'i¡:. ~hl u...-51he f""'P<'Mit:'i u(the 
half-hrio.i~( drruitto P<'rfurm th<.' "'lltr:oo:tion electri.:ally. Who:n 
\he t"'<l ¡:a¡;~• are cunne..:tc'tl ~' :ldj.x~nt ann' t>f:be hriJ~,· cir
cuit. th<.' in<trun~:nt uutput i~ cqualto the c.lilfcr<.-.:e in 1hc inc.li
~iJu.tl lht'!lmtl nutput<. The ~·irt·uit ¡, ntwi,V-1) ,impltr in 
lt'TIII\ uf hnth wiriu¡: :¡n,l in,\ruu•·ntJ!inn. :.mi¡, dlrt-..·t·r<·adin[;!. 
h' prm•Jty ,¡,,~,1\;ull¡¡¡:e ¡¡,.,in thc di11in1lty rl ¡.,.,¡,,!In¡! the 
~J¡!<' 11.hirh tnJ) hl: mJI\Undinning "hcn im¡•I\'('(T tl['<'rati"n ¡, 
W\pe<:tcd. 

In buth of thc fnrc¡;ning cir~uil arran¡;cm,·nt~o. thc k:td" in:' 
to the ga¡;e<~ 'htllliJ l>c 3' 'hurta' J'<J'sihk. anJ .,.lllltl 1>.: of the · 
5ame wire ~ite anJ lcn!!th. Sin•·e lcad.,..ir<.'\ ti antl •-' are 
al~·ay< in adj:~~:ent :Jtm-• !lf th.: hfid~e dn:uil. "'-.·y •hnuld be 
panicu!Jrly wt!l-ma!(hed :~nd maimainetl phyWally hl~Cihtor 
thmu¡:houl thcir lcn¡;th•. tu minimi/c: di!TcruriaJ rc~i,tan.:e 
chan~es whkh could appcar in !ho:: instrumc"nt l'U!Jl'UI. Wuh 3 
h:tlf-bridst ci,;u'•t •m:h a• ~hnwn in Fig. Sh. it iul'<ll ncce~;ary 
lhat k;~dwire t2 he c.mncctt"tt al thc midpoiiU of 1ht: juml'<'r 
ho::tw.:cn thc ¡::~gc:<o. Thi~ ¡, June m plac:e half oJf the juml'<'r 
re~is1.mce in :'>Críes with e:u:h ¡;age in ih n:•~li>.: hri•lge ann. 
an<lthu• avoid a f~l\C output <i¡;n~l dueto thc tho7m.ally inJu~cd 
rc\istan~e chJnge in !he juml'<'r ,..;rc:, lt is "un!! not:ing thal a 
6-in ¡-150-mrnJ di<~ymmetry in thc wiñng- ~~.t.ed>cr in lc;l<.!
win:s 111 and IIJ.or in thl::juml'<'r-in AWG JOr0.25 mrnJ wirc: 
size will cau<e a fai!.O: ootput o( :obout 17.ut pcr IOO"F /ptr 

SYC). 

Fir. s"- Stroin t:aft circuitr for mttuui'ÍIIf thtrmol 
upt~ns/on cot!J"~eitnts: (ll) ttpGFdlt quar1n-~t:t cir-
c:aia; (bJ hoif-brillrt circuiL · 
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Wlk:n 111.: kad~~oire re~i~lanc.: c;m b.: k.:pt ~<'1)" luw, a~ r«· 
umm.:nlk<J in th.: pre.:.:ding ...:ctiun, the ~i¡;nal all<"nuatiun 
("d.:~n,itiLaliun"J cau...:d by !he: in.:n raiM;m.:.: in ~ric~ ~~o·ith 
the gage !obuukl ~ ~gli¡;ibl.:. lí. on lb: Ulh<'r ll:lnt.t. th.: !.Crin 
rni!>la~~Ce i:s gg:u.:r than ólboul 1 pen:c-11! of the gag.: re.istanc.:, 
tlk: user wbo ¡, ~triving fOI".m.uimum acr;ur.~ey m:~y wi-,h lo 
per1'urm a cOJm:tion. Fur this pu.L'plht'. "tb.: indi.:at~-d th.:rmal 
ootpu.ts are multipli.:d by lile fa.::lor tR¡;• Rl)fRc;. ~~ohcr.: R(; is 
thC" !age raisuncc-. and Rl is tho: l.:ad~~oir.: r~i~tm.:c in Geric-s 
with the gage in tlu: s.ame arm of the bridge circuil. An :~lteffi.:l· 

ti ve, fucdifect r.:ading of curn:..:-tcd str.I.Íib, b to setthc gag.: fac~ 
lOC" control of !he inM11.1m.:nt ;u Fr; ~ Rc/IRc; + Rt>• whcr.: Fe is 
thc lpt'Cifled pge factor of the ¡age~ in use. 

1llC" w~lion is lllilde. in the stnUn ga¡;:e mctllud of mca
wring eJ.panUon COC"ffiÓC"fllS, lhal j{ the IWO ¡ag~ (;md gage 
circuiu) behave identically. lhcn any diffcrenr;e in thcir outputs 
can be dale only 10 1hc <l1fference in np;¡n•ion propcnio:a be· 
tw~n thc re{crcnr;e illld le$l1pe.:imcn5. 11 i~ obvious, th.:ret"ore. 
that !be hi¡hal :M:CIII'liCY will be achic~ed by minimiúng •11 

diffcrcnces in ¡a¡c bchavior. Foc thi~ re:uon. <ü. noted c!arlicr, 
the !h.:rmal outpul characlcrislics of thc: gages sh<~uld be as 
ne;uly !he $iln"ll' a~ pussiblc. How.:ver. ¡,.·o nominally id~ntica\ 
g.ages from the ~ manuf...:1uring luf oJo not C:~p!.'(:ially ha~e 
idcnticallberma\ uutpuLS. lnstcad. as loho""n in Fig. 11, lhcre ia a 
IOicratlC(' on lile thermal oulput.• Almo~ all of !he: toh:r:mcc 
can be removed by splinin11 a dual-l:lcmcnt gagc (>uch as lile 
12SMG panemlto 1113ke a pair of 1win gages.. ¡u¡d lhis proce· 
dure i_s alw:ays recommcndcd whcn hi¡h :accur.acy is thc goal. 
Thc u.me rc:asonin¡ undcrlin. !he rcpcated empha.is in this · 
Ta:h Note;on thc uniformity of gagc in)tallations. ldcotic:al 
inMallalioa procedures should be Use<J for both gagc~; and, idc
ally. thcn should be no vbible differences in 1hc completcd 
in!>tall:ltioo5. 

---·--

.• ·----·-FIJ. 1- Tolrrrulct INuulftlr tlu tlm.ci ~ti/ rJJIIÜfll9 
r~l«uf/ A..d.:o1 stnli# lfJIII frtHJt tlN I4IJI&' IIUIIJu/(J('tvrilfl ,... 

Tba ~ain1 arus of pouible refanemenl fot improved 
eccwxy are prinwily auoci&tcd with the measun:mcnts pro
ccdufa. Each of the items in thc followin¡ ch«klist can be! 
COIII!.iden:d.. and ~ takco' as ~ lo w.isfy thc dc:sired 
cond.itioas: 

a) 1tab1e • .xuratc instrumentation. for botb tempcrature and ....... 

b) higiN¡uodity. ~tahk ¡~a¡;.: in~lallo~tioo~. uhibiling nq;li¡ihl.: 
o.lrih u~cr the Uf'<T.ilin¡; t~m¡ll:r.Uure ran¡;~. 

e) ga;.: udl:ltion ;ata lo:•-elluw .:nuu¡;h tu avuio.l sc:lf·hating 
ciTa:ts. 

d) thennal ~bilillllion o{ sp«im.:ns. gag.:s, arui wirins priut 
to nlóll.ing Upólll.'iion measur.:ments. 

e) ;üWr.w:t of themu.l.:.juilibrium in the spedmens ~"beu 
m.:ouur.:ments are m.:~do:. 

O avoid:~nce uf si¡;nilicantth~nnal i.U"Cssc:~ during he<~~ing 
;md coolinJ!:. 

J) dimin:!tion of frictiunal t'ITa:~ prev.:ntin¡ frcC e.•~ion 
iLIId CUntr.ll;tion. 

EJ.Ccpt fur thc ~bo.olute ...:curacy of 1hc in~mcntation. thc 
degrcc 1u which thc fore¡,ioing ~onditions ha ve beco met can be 
jud¡¡ed quilo: well by !he repe;atability of thc duta. Highly n:pro· 
ducibk dau ¡encnlly indica1e th.ll lile ,yJtem is functioning 
properly, and thal nnOOm error~~~~.:¡; ;m well-cuntrolkd. 

Aftcr il has bec!n d.:nJOn~trutcd thatthe nJCa~urement sy~tem 
and pro¡:edutts are witahle for obtaining cl~ly r.:pro.Jucible 
data frum a single: "P"Ínu:n. r;on•idcr.uion !>hould be J~~in lo 
!.he quc:stion of v:ui;dÍUfl in tbennal prupenj.,:s frum ~pecimcn to 
~pccimcn. 11lc usual purpt»c of cxpansion·cudficient meas un:· 
m.:nts is lodctcmiÍDC the nomiflal value which is r.:presauouivc 

. of a p;articul:u m.ltcrial. Bu1 thc thc:rmal and other pb~sical 
propcnics of any rtl.1U"riallcnd 10 vary nmdomly from specimcn 
10 ~pccimcn within a lot. and ~till more widcly from lutiO lot. 
Sincc: wch vllriation is not whjcct lo thc control of the cu.cr, i1 
ba:omcs necess¡¡ry 10 U§C Sl:ll.istical 53n1plin¡; t.c<:hniqLJCS.. with 
a !k.l.mple ~ilc lar¡;c enough to pro~ide ;m ildctjuat.e eui.ln.lte of 
the ¡nc¡u¡ and standard dcvi¡¡tion. V:uiability in thennal propcr· 
tics is apt 10 be panicularly grcat in material' ~uch as pl.;¡,tics 
;md compositu. 

Tite mechanical and thermal propenies of ~omc nwcrials 
(c.g., gro~phite, tilanium 6A 14V, compo~itc~ with orienta! tibcr 
reinforccmmt. etc.) :an: highly tiin."tCtional. In MICh c:ises. uricn
lillion of !he stra..in pgc on the spa:imcn (with respea 10 thc 
ru.tural u es of !he material, as dctermincd by thc rollin¡ direc
lion. fibcr orient;ation 1M" otherwise) is critica! if thc dircn.ional 
upaniion cocffidcnl is 10 bo: mcawn:d. Wben il is Ítnp:li$Sible 
10 determine the directioos of thc natur.ll material axcs.. illniiiY 
be n«e,~ary 10 millr.c m.:a~uremcnls o~cr a wide ruge or 
angiC!i to define thc di\lributiun uf thc e~pan~ion COC"ITK'icnt, or 
10 oblain a rough. intcgratcd average valuc:. 

LIMITATIONS 

1llc ~gap method of differential dilalomcb)' bD vciy 
few ~peciallimitalioas. Of llleK. thc principal one far .ome 
lypes of stLKiics may be lhe allowable tcmpcrutun: ranp:. Con
wnu.n gages. fot iiUlanCe. lhoulo.l be uscd fot high-IIXUI"aC}' 
mcuun:mcnu only wi1hin a tcmpcrururc rangc frnm abD.It -SO" 
to •ISO"F (--•f5• tt~ +65°CJ. Higher temperatura narmally 
n:quin: !he: use of K·alloy gagcs. whir;h can provide .xurate 
strain measurcmcnts from appro•imatcly -SO" 10 -+«<Xr'FI--•15° 
to •20S'CJ. With sper;ialt«hniqucs, thc:se tcmpcraum: nngn 
ean .omctimes be ea.tcnded, depc'nding oo thc c:ÍR:Untllai!Ce$. 
U~ lhould con1uh with lhc Meuuretñ<!nll Group Appli· 
dltiofts Enginc:crin¡ Dcpattmcnt for recomnoendation1. -·-

) ) 

:) 

Mc-.:ho~nic·al r.:itJfurc·cm.:ttt uf lh.: 'fll:dn~o.•n h)" th.: ~u;~in 
~;¡¡;<' c·an ~'"'be a limit..tiun in "''me in•t~n.:.:,. Wlll'n th~ ,,.,¡ 
'po:donca i' nlol<lc frum a nliltcriool 'uc·h ;¡_, rla,ti.:, wittra ~·o:ry 
\uw mudulu., t>l da,til"ily.lhl.· ,¡jffn.·,, uf th.: ~.¡~e m.¡ y po:nurb 
lhO: lo.: al MrJÍR r~ehi arnJ Íl:llmduo:~ :¡ SÍleab\.: ,::nur, \\'ith 111<\a\ 
~pcdn~en~. tl"lc reinfur~.:ment dfc~t ¡, urdinarily ll~¡,!li¡,!ihl<: 
unl<'~s th&: 'p.:.:inl•·n is -.tJ!h.in an.J n.u;uw tha11!u: ga¡;c- 'litl"n.:'" 
repre-.:nu a ~i~nitkant fr..:tiun ot lh.c: U\cro~ll ~tiun ~tiffnc,s. 

Otllcr Hmi\.ltiun' ar<' ¡:Cflerally thn~ c·ommun lll a!t mctht.U.. 
uf diiTL'I\'IItial dilatum.:try. Fur namp!c. !he cxpan,iun etll:fti· 
d.:nl of tilo: IC\1 ma!eri;~l can nc:•·er be lktrnnin.:t.l tu g.rea1cr 
accur.acy than th.n of !he- rdcr.:OCC"_ m~tcrial. Similarly. thc mea· 
sun:nltnb .:an be nu more accurate tllan thc in~i11.1mcntatiun 
ll!>ed tu irw.lk;uc tiJc tcmper.lluro and ~trilins. 

SUM~I,\H\' 

Thi• To:.:h Nuto: ha' Uc .... ·rihc:,J a ,¡,fllc. ''r.Uth•fur"at..l 
mcau• uf mo:a,urin¡; !h.: o:\fl.lii'Í•>ll w.:ttid.:nl uc· a.._..._. tOatcrial 
"'lo~ti\c tnlh..l uf any rctcrc·n.:o: nut.:rio~l h"' in¡! Luo:iwn' O:~!"'n· 
siun prupenic~. 1 ho: mcthud ¡, raniculo~rly VrO:li·.Uito:J tu tho: 
,¡n:" anaJy,is labura1ory. ,¡~~~.-.: i1 u,u.¡ll) n:t¡uirC"'. no.•[,p:.;io~l 
Ílb\1"\Jm<nution, •~-.:hniljuo. .... ur nuto:riah !lll\ m~) a•ailabk 
in ,u.;h il f;¡,.;i\ilt Cun,Ío.Jcro~ble a\lcntion ha' ba:-n ~Í\O:O:h.:re tu 
pn_..: • ....turo~lo.lct;¡th allll<'li al ctlnu:tmgthc ullllll'\l ao.:cur.u;y fn1m 
the m<thild. Mu'-1 uf !he 1\."t'OIIlm<mk....t prnr;~ bOwc•cr. 
Mtould f.:prC:M:nl ,¡;md;m\ J'II'".X:IÍl'C• for a >ltL'S~ bbun&or}r ""hic·h 
ia ac~u•lomeo.l lo nlal.ing pm:hion Mrain ll"ll'llloureiDerils in a 
v;ui¡¡h\o: thcmlal cnvirunment. Even when c-xp:dicol:<! dil"lates 
!.OITICWhat kss rigon1us procc,Jurcs, thc m.:thud na be Us.cd 10 

quicUy lUid ea,ily mea,urc ¡h.;rm;¡J Up;lll'ion cocfl"to:icri~ ~ith 
wfficicnl ....-:cur;ao.·y fue lllólllY cngine<'ring purpu:sa.. 
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APPENHIX 

REFERENCE I~WOR~IATION 

l. Sp«ifinalion for COR:-.'I~G (:!.,\SS WORKS 111anlum Silln~lt,Codt 7971 Ul.t:',. lhtl'"mlll ~,pon_~ion t~ffident 

Control Lirnit: 

Typic:~t v~ruc': 

5" to.\.S"C 

O" 10 20U"C 
-100° to 100"C 

o_oo ±o.o3 )\ ro~rc 
O.OJ±OO.\:o;IOhi"C 

-O.U.\ ±O.OJ )\ 10 ~re 

Tol~r:uw;c "'ithin <lOC ,pccimen pun:ha..:tl from Micro-Mea~urrment~ (P:ut No. TSB-IJ: 

ooo±0.o1s )\ to~rc 

Micro-Mca,ull'nlCnl' Spc,·imrn Sizc: l.'i.'i ' JO :o; 6.5 mm (ó _t 1 _t (/.15 i11} 
Micro-Mca'u~mo:nh Spccimcn 1-lni~h: SU Grit 

11. Thrrmal Ou!pul So:ui!H uf Mlrro-\lrMut'("mt-nl~ Slnin Ga¡:r; 

All Jab an: ha'r'J on a 2<r or '15'l conlidcn,-c lr~cltwcr thc tcmpcrature rJngc <lfO" tu+ 17.'i"C (+JZ• '" +351?1-"j. 

C'a1:~1..,: 50() -<ingk-clcn~nt A·alloy gagn: .HI.27¡unfmf'C (!0./.S ,._irl/inl'f"J. 

EA-XX-12.'iMG·I20 with ooc gritl on Code 7971 anJ thr: othrr on unknown ITI.Itcrial: !005¡J.m/mf'C (±O.OJ ¡J.in!ii'II'FJ. 
' 

WK-XX-12.~MG-~.~() u,cJ as tlcscriheJ with the EA g:~gc: !O.HJ ¡J.m/m/"C (!0.()() ¡J.illlin/'F). 

.111. Cornrtlun ror TrnnsHI"'-ir' Srnsithlty 

\\íth K, in drcim:~l fe>nn. muhiply thc parenthrtic C'ptr\\ion l~ri'IJrG.lJ- ~TI'IJrC..w¡l in Eq. (6). p:~gc 2. by (1 -0.285 K,)/( 1 + K,) 
- for iw1ropic materi:~h nnly. 

IV. Cornrtion for .Guge Factor vs.. Temprrulurt 

' For any 1rmpcrature incremcnt. muhiply the parenthet;c r_tpre~siOft l~rl'llrC-'I"I- fr_,.,G/If,l in Eq. (6). pagc 2. by 11(1 + JF(;l-lllr' 
tcnn JF e· in decimal fonn. COI"Tr"ponds to thr: midpoint of thc tempcranrre incn-mrnt ova- which thennal output mrasurcmmls 
are madt::. · 

V. Corn-ction ror l..ead~ire Rr.;lstann" (RL) for a Singlf' Gage In a Thrtt-wlrt Confi¡:urution 

RL ¡, thc re~istai!CC' of a 'ingle le.K!wire in the threc-win: con~~«lion to thl- instrumrnt. To avoid the troiOU'i u.d; of con-ectiog a\1 
individual re:ldings hy thr factor !Re+ R~)!Rr; it is much simpler to adju-t the gagc fKior ~oetting of the instrument to F1"' Fe x 
Rr;IIRc+ RL). 

To ev.aluate thc nc-ed for thh c-orrection. thc appro:o;imatc h:ad resim.nces for typk:~l Micro-Mr:a.sUrernents rabies are: 
326-0I'V. 326-0lV: 0.141 ohm<Jm (O.tJ.IJ nlrmP/tl 
330-0FV, JJ0-1-H~. 330-FIT. JJO·f-TE: O .. l~ ohm<J.n (O.JOIJ ohflf.llftJ 
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Shunl 
Callbrallon 

Shunt Callbratlon of Straln Gage lnstrumentation 

l. lnlroducllnn 1 

lhe netd for ulit11atinn arln1 fre<¡uently In the u.e of 
~~· ,.;n , .. ,.~ in,humt:nlal inn. rer ioclic u lihr•l ion i• rcquirtd. 
ol ro•une, lo •~surc thc ltfnllllt)' 110d{ot lhttiHity of !he 
ln•trun1eot it~elr. More Piten, utihution h necuuty to 
•n ... tht i~n:rmc:nt~en•itivity (by adju•tln1111•~ ltctnr or 
,.;,.¡in orckr that tho: tr~tered nutrrut cnrre•rrnntl convc
.,;...,ny and accuutclr tn tome rrcricterntined Input. An 
n•mrtc of tbc lattn 1itullinn ncctrn whcn 1 tluin ll~ac 
in~tatlatinn ls rcntnte frnm !he lnstrumi-nt, With rnu•ur11hlc 
•i~~;.,•l allenuatlnn due In ludwlrc rc•i•t•nce. ht lhll u•e, 
ntihtatinn 1• UIOtd In adjnstthe tcn•itivity ni !he ln•tnuntrrl 
'" th~l it rrnroerly fC"IIÍ\Itttlhc lltllln li¡tnlll rllnduced by !he 
,.~t'"· C'•lihr•tion 1~ ahn -.1 In te! the nrrtrut nf 1ny audl
i~ry intliutins or tccrlldinlldevice (mdlln~~:nrh, tumputcr 
rli•rh•y. ctt:.) to a t:nn~nitnt ICIIIe factor in tctllll olthe 
•rrtif-d 1train. 

Al¡ rulr, str.in 1•1e timulalion by lncreuin!E the rni•· 
t1ntt ot a bridge nm ls no! 'lcry ¡nactinl becan~ ni !he 
tmall rnidlnccchanp;es lnvnlvt:rl. 1\tnltate ulitHalinn •nuld . 
rcquhe huerlin,: R ~m•ll, ullrl·rrecitt re~i1tor In lttiu with 
!he '-'8t- furthnmore,lhe tlertr\Cal cc•nlltll fm insellinJ 
\he rtsi•tnr un lntrodu~ Íl ti¡nUinnl uncenalnty in !he 
re,bllncc change. On the othtt hand, decreulu(llhe tt,is
lance nf a \11itl~~:e •rm by thuntin'- with alarge rui~torulfer' 
• Jimrle, rotentially lccuute tneanJ h•t simulatin, lhe 
ac:tion ofastrain gag e. 1 his method, knnwn asJhrmr.-.rlihTd· 
"'"'· rtacn no putkutarly sevcre t<'ltranc:e requitemtul• "" 
lhe dtunlin11ruiltor, 1nd b relativcl' in'lensilive lo mndnt 
vatialinntln contad tulstance. ltls alsn nu>rc vcrutile In 
•rrrlica\lon and gcncrally •imrlet to implement. 

Rcnuse of il\ numerout advant~gn, shurtl calihration is 
lhe normal rroccdure for verifying or sclling tite outrut of a 
IIUin JIIJe [nshUrncnl ttlatjve (O 11 rtNfetCJnl[ned ll\Cdtlni
C"I!Inrut al tire lento f. The 111bj~troatter o( thls 1 ech Note 

., hcrt u e bf.lit~lly two tMihods ni ullht~tlon naliable encompauu 1 v11rietyof eommonly OttUt tio1 brldltt:hcuit 
rtirer:-t and iDdirtd. Wllh dlrccl talib11tlon, l rrcd•cly a~ran¡ementtand shunt-calib11tion rroceduru. In allcu.tt, 

• .. ,.,..,. mechanical inrut is •rrlied lo tire oto•in¡tclement ol" lt¡hould be noted, the lnumrtinn•••c madc thatthe udta-
thfo ~••uremenllystcm, and !he ln,trumenlnutrutil com- tlot1 (orthe hrid1e drcuitls rrovided hy l t:onslant-voltage 
r•rrrl tro thi.t for Htinntion ot adju~tmenl purrront. Pot rower turply,' aud thatthc input lrnptdance of anyinstru-
n•mt•lc, in thc r•'C of tunsduccrlnshumcnlltlon, an ICCil· • mcntapplied lcrnss th.t output lerminabofthc blid¡e circuit 
utely lnown IGad trrruurc, lorque, di~rlatcmenl, ele.) 11 ·. ·

1
: b dlr:ctively lnfittite. lhe latter condition 1~ •rrroxhoRic/y 

•rt.!itd to the tr•n~duccr, aod !he ln~trumenlaensitlvl!Y lt .tcrresentatiVe o( inosl modero •uain-me~~turcmentlnsttu-
•••iu•trd 11\ ntct:Snry to re~;btcr !he corresrnndiog outpul. menU In which the brldre oulput h "balanctd" by injctlin1 
llirfrt nlihration of iilstrument tyltcm, In thil fuhlon 11 an equaland orrrosite voltagc dndoPfd In a 1tparate nci- · · 
hi,hly rfctirahlc. hut is no\ ordinllrlly leuible fn1 !he tyrical • ¡. ""Uik. lt i1also assumcd lhRt thcrc 11e no audlinry tesi~tnn · 
•••••~ an•lysiJ labn¡atoty lwuu'~ of the speci•l equipmenl (such u thou com•uonly u1cd ltt lllntduceu for thnpcra-
•ml fndlltiet rcqulred for lit ulld lmplcmcntatlon. · ture tompensatiuJI, 1pan at.ljustntrnl, ele.) In either the 

brid¡c circdil ptopct or in lhe citcuitry supplylnt brld¡c 
1M more r11r:-tinl and ... id el y utcd arrroach In tlthd , . powet.• • 

in~ttun~enl ~rirk•tion l:lf ~eallnj ls ht lnrfirecl calibratlon: :••· 
•lr~t i•. hy •rrlyinl 1 1imulated tl!•tn I:RAC outrut lo the Altlloush 1lmrle In concept,lhunl r:-alibntlon isaclually 
int'"' trrminall of thr ln~trurncnt. 11 1) auumcd throu~:houl much more tonrpl_cl Iban b gencrally arptcciated. 1lte full 
tloi• l""h Note lh•tthe inrultc the huuument ilalwa)'l Jtoli:ntial of tlris t~hnlque for accurate instrumcnl ~;~lihn· 
rlun11Jh 1 Wheatstnnc brid~t chcult 11 1 hiJhly acnsltlve tloh can he reali1cd only h)' Cllftful rnn~ldelltlun ol the 
mrant o( detectin11 the 1m1d tealstance eh u Jet 'Whlrh ehat· ;, trrortwhichcan OC'Cur whrnthe methodismlsuscd. or primary · 

11rtrri1t 11111in 11•~•."1 he lwbavlor ni 1 tluln JIIIIC can lhcn !:( t¡11 t~nuú, tlrt r•lncclrlel rmrlarrd lotrt lrt equ•llr •rrtif•h~ lo 
he ~imulatrd by incuasina 01 dccrcatlnathe rc.istance of 1 ; ·, · c1111st•nl-curr~nt 11t1em1, but 1ht •hu .. t.u~l ... rion rtletlonlhipl •UI 
hrid'-c arm. :¡·· riUfer •htrt rK+IIIInr.,l11 colllldn•tioru ••~ lnwohed. · 

...--. : .. ':·:!"" .. - -:. .. ' . ! . 
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1d- Bmrlln1 or totdn": N= 4. 

.. 
llrr unte of !he nnol1nC111 bch11vlnr (when 11 ottutl) t"ltl 

t>r rfrntnnslrated hy tCUaminln1 Eq. ( 111), with rdetenrc to' 
l'i.1. l. 1 he lnid¡e outpul voltaac undcr 1oy lnitlal coadition 
nn he e•rrcued 11: · 

(lO) 

, . .,. .. ir!nlnJ. f<•r tire 10t+rtrt"111, lflillllrtc-r cl11nJ.n In IJ, and 
u, trnrnr•••inJ the liJhl·h•nd l>r•rtch nf the hrid~~:e circult), 
llr- <MIIf>UI W>lt~¡r:r RhC"t IUch thlnltl it: 

· ·¡he ehlllf" in the output •i«oal hnta tht brld¡r (ni the 
· nullíoa volla¡c) lt then: 

fnr the quarlrt-bridledrr:-uil wlth onlyalin¡lt acti~ &•&e 
(Rr), ó.R1 =O and: 

••• 
-('·)- •; . F. - 4+2l1Rr 

Ro 

(1<1) 

(U) 

lt b evidcot ftnm fq1. (1<1) and (15) that in 1 qu~rtcr· 
hrid¡t dt ntit tht outrutlt • nonlinrar function of tbc rui•
t•nc:e ch•nae and tht tira in - dur lo thc prne~Kie nf !he 
tn:ond tcrm In !he dcnontlnatnr. lhe onnlincarity' ren~t• 
thc lad that 11 th.t 1111e resistanre r:han¡tl, thelcurrcnt 
tlnough ll, and R,allo chan~t:t, In thtoppositt di,ictlon of 
the resitllllt"C d,•n~t. For lypical workinltlraln lel-els,thc 
quantity 2Fue in Eq.(l5) i1 ver y smallcomrared to(and tire 
nnnlinearity can U!ually be ignorctl. Whtn mcuurlft& lar~~:e 

. shairu, or when thc: arutcsl rrccision b Tequirtd, the indi· 
cntc-d J!llin 111trtl bccorrecled lorthc nonlinearity.l he only 
• nown tlr.uptioa In the lattcf Jlatrment ls thc Measur'emrnll 
(ltoup'l .Systttn <IMtl,ln which tite nmr:clion can be toade 
automntically, and 11 111 atnin ltvcb. 1 

Rdurnln110 thc mnrr seneral urrruion for the outrut of 
'1 hllf-brid¡t.(Eq. (IJ)J. 11 can be Sttn that tht non· 
. linurity lermsin thcdcnominalol can be: climinatcd Ónly hy 

tettinJ 6 R, ~ ·· bR,. Then, with the 1rsistance chan¡H in R, 
111d n, ttunrcric•lly cqual, but nppoaltc In ai¡n, Eq. (IJJ 
tednm lo lht line11 npre11lon: · 1 

. 2 A&_ 6Rt 

•(")=·__..&,._..&!., 1 
• • - ' ' (16) 

' llru1, wheo thc M'Jlllllt •~•ltlarwe ch•"'" In R, and ;,, are 
111ch th~lthe tot•l•ctics tesi~l•nce 1• unc-b•n~ted, thr cu'•rrnt 
thtnush Rcalld 11., rrmnhtl t:oottarrl, and the hrid,r oirtrut 
¡, rropnrtion•llo thc ruilt•nc:c ch•n,.r. A rr•n1111r>n •rPtic•
tlnn ollhl1 cnndition occuu 'Wirco a bnm In hc-ndin1 11 
ln•trumcuttd •ith a llt•in p~ nu !he cnn~u tirtr' and 
•''"'"'"'· mn11111cd ditrt"tlv ottrmdtr. un ,..., rn.,r•..,. '.:.e~ 

1 

1 
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rn....,.rn aor: fiJ lht rhnkr ni lhr htlriJr llm 10M ahunlrd, 
"'""!! .. ith thr rl•~•,rnt nr 1lor •lmnl tnnnrctlnnt In lhr 
.......... doruit: PI {Rku!Rih>n "' thr rt<'l'fl lhttnl teJIII~It~ 
,,. .im111RIC. r•r~nihrol dtllln lrvrl "'In rrndm;~: 'r•c· •.. 
,,., iN:-d ln•trnrnrnt nutrut: 11nol (.1) Whtllltlnnc htidAe nnn· 
¡¡,,.,.,;,,. (wh .. n rlllilllllllnJ 111 hiJh •lnln lrvei•J. hrnlll~ nr 
1hr h""ll"inJ, clillrrrnl ohunl·t•lih••llhll trl•llnn•hlrltre 
,.,.,..,,;,...,. IC<J"itcd fno diHNrnl orlo ni thc111n•hncrt. lt h 
r•••irnl~rl~ lmrnttllnl tnrlO.tinJ•d•h hrlwecn lwn ~de1 nf 
''"'"' c•lihulinn <o~hkh ••r •drurclln In thl• Ttth Note, f 
.,,,.,,..hllt 11biturlly, u 111.1/tttl"t!rlll.!rnllnw 1nd IIIJfrUnftnl , ¡ 
,.,.,iftrntlon. ' · !¡ 

In <o~·hat lo drocrihrd •• /lrlftturr<'nl unlfn~e, thr rdrttlltt lt \ 
In tllt' uor ni 1lmnl rAiih,nlion lot lllll!tftiiii!J tfll IIMit!(IIJt 
, ¡,, ult ,..,,.., ... -hich wnulrl nrrnr clurinJ ~~~ ~(luftllul rrn
,,,..., .. h .. ," r<l11iwlnr /IC'IJ(r ftr lhf' rltntll h whjrrtnltoJ (1• 

,., .. ,/oronrl,.rtl .ottn/lr. "1 ht •r•linJ l• nnrnr~Uy llttnrn· 
rti•h.-11 hy •lljmtinJrlhr l!nin nr ,.,_e.fllclnr control trf thr: 
;,,,,,ncnt in mr until thc imlir1trd llr11ln cnun¡mmh lo 
!he •ionul•lrcl •tr11in. ·1 ¡,;, rrocrrl•uc 1• .,¡,lcly ,,.,,J tri rro· 

. •i.lr .;rtnrn~lk cot!rctirtn lnt ""Y IIJttrll ~llrnulltlnn duelo 
lnd.,.irr •r•!.tRnrc. -In the rn•e ni hRII· 1111rl fuiJ.t.tldge cfr· 
cuiT•, it eftn •hn he emrt"yrd tn ~<l]mlthe lnltrument ~c•lt 
l~r!OI In indirAte the our!ft~ .ruin lln<ltt 11 lln¡tlr JIII!C, 
n!hr11h11n .,me mulrirle therrnf. When lhunt tllihtllion 11 
u•r<l fnr ln•lrrrmenl •nlinJt, ~· rlrlinrrl herr. the rroccdurc 1· 
""' "irrrtly rdAtrol In vcrifylnJ !he AtCUIIICY nr llnurlly nf 
thr inohumcnt ittelf. 

ny ''""""'""' r•nf(irnrfmr, In lht• cont~\t, 1• melll\ lhc 
r.,.,...,, ni uolo11 ~hunt e~~lihrAtinn In .IJ"IIIIJolr<' all l11rul 
,,-,,..,¡ 1 n the intllrrment h•/olriJ .rlrmdd, fnt ~ rrr lertly lltcu
r nrc 11nd lineno iu•trumenl,f•rndurr "prrdnf1m/,rd '"''1'"' 
im(irntln'l. 11 thc '"""' rn1ihr11tlnn lt rerfmnrrtl rr11rcrly, 
nnrf lhr nutrut indk11tlnn devilllu frnm the cnttccl Vllne, 
thrn !he rnn1 i.t dur In the /tHflunrr'lf. In ~ndt cue~. the 
inotrumenl 1111)' tr1¡uire rrpftlr nt tuljuttnt~nt ni ln!etllll 
trinuncr•. fulln•·rd hy tCtlllihrAtinn IIJIIInot 1 •IAndAill luch 
"' rhe Mr•.,rrrmcnr.Hrnnr Modeii.5.50A C•lihntnr. lhuo, 
""'"' clltihr~ttlnn fnr hrttrumrnt vrtllir~tlnn lt toncernrd 
""'" •ith thr lnohunornt lt.•clf; no! •·lth temrnr•ry •lljust· 
norn!1 in ~11in nr P:•Je f•ctm, m11<lr In ton\·enlrntly 1ixounl 
lnr • r~rticul~r ~el"' e~tcrn~J tircuil ~nnditlonl. 

lt i~ 11lw•y~ neceo• MV In rn•int•in th~ diulnctinn hctwern 
imlrumcnt lrff/illf Rnci t·rrf(irnflon, holh In Jdectin,ll R Uli· t 
hr•tinn rni,t<~r enrl In int~trretln,11lhe tuult or ihun!in,11. · 
1 hrre lite liso Jcvrr•l nthrr lu·lon tn t>c cnnridered In 1hunl 
t~lih1111inn, ~nme {t( toloith 1rr r•r«l•lly lmporlltrl In ltll· . 

, in' •rrlir•Hnno. 1 hr rclatlnn,hir• nerdrclin r11lrul11e nll· 
hrntion •r•i•tnr• r,., n>mrnnnly ncrutrln,11 u•r• ••t aivr:n In · · · 
thr ttm1inin~ ~ecllnn1 ol thlt 1ech Nnle u lnllow1; 

!'HIInn tnnhnl 

11. Rtnlt','i:lrrmf Cllfil>rtltfnn 

"'· 
0\' 

IJrríutinn nf funtl~ntentll lhllnl-cllibntinn 
CIJIIIIIinnJ. 

'"''"'"'""' .'i:rtJfint fnr ,tm.n .H••I"' 
:O:tm¡•l• tllt~ll~t -hthlp~ ~ltrult • .. t/lltll~trnl~. 
ur1•ntlr r·"llhr nllnn. 1 lnlf• tu1d lull•hl ltl~t rltrUhl. 

""'"'''''"~ n,M,, "''""""''"h~ : u~ .... • ,.,,.,,¡,.,~rr.•r" llt••·h mi lltftl!l f, ":.' 
III•'II0\11t•ll1!"'11! ~111\lhtttt!i••tlhtlllttl\, 

V, lrutntmmt Sr•nnt frw l.••t" .'fitr•lnJ 
Qullrler·bTid~c drcult -· dnwnr<tlle, Ufl"cAit nti
brAtlnn. 11•11- 1nd Jutl-brld~t;e drcuit~. 

VI. lnotrumtrtf J'n(/lntlr>N · 
Sm•ll•tr•lnl. l1111e 11r11ino. 

VIl. Árc-rtr~rJ' Co"Jid,.,.,t/nn' 
Muimum enor. rrnl>•hle ~""'· 

t:nr 1 .,.id e tlnJe nf rtlcticAI •rrtitatitlnS, 5~clinn~ 11,111, 
1nd Vl1hnuld ('tnvlde thr nrcc~~•ry inlntmllinn and trll· 
tlonships lm rnuline thunt ralibr•tiOn at modttlttnin In· 
ell. When l••Je 1\uint are lnvnl~~td. hnwever, tercrrnct 
thnuld be 1111dr lo Srclion1 IV •ntl V. l.lmll•tin"' nn the 
itcnJncy -.,, shnnt c•lihr•tlnn n•e in•·rsti,11ntrd ltr Seclinn VI l. 
1 he Arr~ndi~ In lhi~ Trch Nntr cnnt11in~ • luJic .tinJ:• ""' 
UhrdutinJ. lhr ctlte•i• lfl ht cnnoiolr~rrl in trlrctintt thr 
•rrrnrrilte shtlni·Citihratlnn tdntinn!hir fnr • r•rtirulu 
•rrlicalinn. 

JI. Pule Slmnl Calll•ullun 

!Utut!lltrd In !'ll. 11~ !he Whc~t•tnne hrldp:r drruit i11 ilt 
limrlut fmm. With lhe hritlp:r euitntion ('rnvlolr•l hy the 
con•lllnl volt~11e F., the olllrut vnhA~r l! 1lwRy1 eqttll In thr 
t.oniiR[te differcnre hclwnn rointo A nnd R: 

EP F.(l · n.~· n) 

··~•(•- .··.) ,. ' 
And, 

( R, Ro ) 
'• :: E.., • F.,:: J; R-R - .---. 

' •• 1 •' ' 

Or,ln tnorr cnnvcnienl, nondirnro!irtn•l ln1m: 

,,, 

(hl 

Ir 1~ ev-iolrnt hnm thr fnnn of 1''1· {l11) th11t thr outrnt 
rlrrw"nds nnly nn !he rr~i!lnnre rntin• R,/ R1 11ncl n,f/1•. 
tlthct th11n on thr lmlivith1RI rni!IAnrrs. l'urth<'llnnoe, 

' 

,- 2 ••. 

---·-------tll'lo-..,,-,..,,,,..-,r••-f+ ... .:. .... -·---- 1'1" 

•·1 
'4D 

• 

.,.htn RrJR1 :: llo/R,, iht nutrullo trrn and thr btldKt \1 

.tc"rlhed 111tulstivorly h•l•ncrd. Wt..:lher the hrid&C l1 b•l· 
11 nccd nr unh•l,.nccd. P.q. ( 1 •> rcrmlh c~lcul•tlnc thr: rh•nce 
In nutrnt \lnll11p;t d11c In decteulnl!l 11ny nne ni the ••m 
1.-.l•tnncrl hy llnii!II"Jt· '1 he rqttnlinn Rl•ndronnn!lollte• lht~l 
the ,;11" ol thc chnnr;rderenrlt nn •hith Ir mil ~huntrd. Fnr 
u•mrle, decrrAIÍIII Ro/ n, hy ~huntlnl!l R •• nr lncrrnlnl 
n,J R, by 1hu11tin11 R1 wi11 tAu~e • nr~•tivc chllnJ.t in outrut. 
t'nnr,rondingly, 1 positiv~ ch11n¡tc in nutrut it rtoductd hy 
•huntlnJ Rr ot Ro (lr:tereuina Rr/ Rt.•nd deertuinl Ro/ Rr, 
rc•rtttlwJy). 

tcp111tlnn (11) l1 f'Cifcctly ¡tcncral In ~rrlicAtitln lo 
rnn•tllni•Volt~ge Wheahlnnr: hricl~eR, lti!Rtdlrn nf thc 
,.,.,,.,. •. nr Ro, Ro. R,. 1nd R,. In cnnvcntlnn•l •h•in •••e 
ln•lr!lmfnlldon, h.owcvrr. 1\ ,., • ., t•o or thc bdd,c ., .... 
nn!lnolly hr~vt the ume (nnmln~l) rni!llll!<:t; 1nd •lllnur 
n•m• •re nllen !he ume. For 1imrlidty in rre~entalinn, 
.... ilholll 11 1ignlfiunt tltrilicr In gern:ulity. thc l•llu case, 
•nn<o~·n uthe "rqttll·•rm brldJt",llnsumrd in the lnllo•· 
in f. 11nd rittured in Flg. 2.1 he diK¡tlltn 1hn ... 1 1 ~fnp:ft ltli~ 
r~~~:r. rcrre~rntcd hy Ro:and 1n uooclatcd c•lihrAiinnre~it
"''· R,·, fn1 ohuntinJICrn•• the ¡t1ge In ru>dtrce 11n Otllf!UI 
•iJ!'n•l•imul•ting ,tnin. 1 he hridge i~ •~•"mffl In be in 1111 
inilinl 11~1e ni rrd~tive hnlnnce: and 111 ludwlre rr~is· 
tnnr<'t ••e unrrncd nr~tlip;ibly ont•ll.fot thitlnttnduttnr)' 
.r • .-.t.,rment nf ~hunt-cnlihutlnn thrnry. Methndt ni 
~nntinJ fnrlead•irr te!i•••nce {nr tlimin•linJ ils tlrttts} 
"'"' Jivcn in Sctlirm 111. 

' 

R1 : P.• h,> p,. 

1'1t. 1 - Slrunr nlfhra~tnn tt/ tlntlt artlvt ,.,,. 

Wh~n thc cr~lihutlinn residot 1~ ,l¡llnted llctos' R,, !he 
•r•i•t~nt-e or tht bTidrt 111111 bttomu /t, Rc/(k,. llc). .lid :' 
lhr ch1tn~ In lfm tetbllnce b: 

(2) 

0•. 

(l) 

R"~'r•r,•inJ thr unilrul<tAnre chllnJt In tcrmt nf !UIIill 
r·irl<l• • td11tinnohip lotlw~rn lht ,;mubrcd dt11i11 r~nd lht 
tltt!tlllt•i~llln('c lf!J!IÍ!1'11tn rn•drrctit. 1 flt IC"rft b llltrK!i)' 

"ril!rn hrre in thr lonn n, "/lfl), ""' the limnlllttd ltnin 
¡,,. R r••licnl•r oh\lnlreoioton~ un •l••y• M ulcullttd by 
lnrTIIInJ tM relntlnnthip. 

11re unlt.rtol!t•ncc ch11n~ i" thc IIIJC l• rd1trd In otnin 
through thc derinitinn_<;rflhe 1"~ l~cln1, Fn(ter r'onlnnlr 2). 

,,, 
"'hetr: Ro • tl•r """'¡""' rt'i'llnnn: ni tl.e 1111in 1"~ 

(c.J., 120 ohrm, )!;O nhms, e_tc.). · 

Cnmbinlng l~q·. (.IJ Rnd 14), .. nd rerladnJ. Rr by R( .. alnce 
thete ls 110 <;rther resist~nc:c In !he \11idKt •rm, •· 

-n, 
r,h"' -¡¡;;-...--¡¡;: 

Oo, 

"' 
... hcre; ts : stuin (comr•"•iYC) simul•ted by shun1in1 Rn 

with Re. Solvin1 fl'lt Rr • 

Since the ~imrrbtrd si rain in thio mn<lrnf ~hu ni nlibtntinn io 
•lw•yt nti!RiiYC,lt 1• cnmmnn r•~ctke in th~ Jltnin JRg~ 11(1.1 
lo nmit the h!inuo ~i~~:n in honl ni thc fint le! mln Eq. !fol. 1111d 
.. rile it u: 

Re"-~.!!.....- Rn: Rn • lO" -Ro f1) 
1 nfl ru("l'l 

.,.loert: f~¡tt:: •imul~rttd Jlnin. in microsuain_ units. 

Whcn suh~titutin1 lnto l:q. (7), thr u\rt must 1lw•n 
l~mrmhrr In suhslit utc thc mmrnirnf \-a/¡tt ol the cotnr~'
live 1\tnin, ... irhnul lhe sir.n. 

' T Abl F: 1 - ~hanl t'•lfbratlon Rtds!on .. 
' tAI;f: ll:l-'ll!'itANtt t.Qitlt.oAU:.Nt 
tlktU\t · : INbllr.ts Mlt:Rd!:tltAINI 

!MN 
·~ 1 1t PO ... .. ... '"" l;ro.llltl.l ""' .... .... -'"" ... 

""' ""' '"' , .. 
,., ~ .. 

"" 11-~'4 , .. 
" .• .... 

l.IO--OIIM "'1111 ... ..... 0000 
)Hit "" trt• """ 
~ .. ... .... . ... ,.,0011 

""' II'IIIIHJII~t ~~~~ ....,. 
IHirn:l 0000 . .. -.... .. ... 

' In cilio 1 r-rh Not~.rhtt¡ "'""' r.,•rrr~"'' tltr J•~ ¡..,,, nftht otr••• 
JOJ~ •. ..-hi~ ro de""'" !ht Otlli"f: of !ht ,.,. br! .. l ~ .. nl!r>lr>R. tltiiiR 
lmlin!l>l. · 
1
1ttt •tqu\volrnl Mirr .. ohoi.,~ rnh'"'" Jh·r• thr hur ~""'N""''"' 

•l•oln.l" 1 qnlflrr-kidJ• rltroi!. rl.,.,l•r•tl ~y '~""''"• ~..-t. rolih••-
11"" ll'oltt.,t "''"" In o("ti'"f lh•in ,,,. "'"' .., "'' curl lowh.-atf4 
·······""· , ..... ••lntl ................ ,;,,,,¡, , .................. ,,., 
'""· 

-::;-
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.J.,. ; L 
111. lmhument Rnllna tor Sntall Slralne · . 

V~ty cn.-Manly, ..,hen tn11kln11 ~rec-llnlll~•ln meuu1e-: 
no~111• 11ndft tyrle•ltnt ~l'ln1llllonl, •lltut rone u\i~e brid¡a , 
'"'" ;, ~ullicienlly lt'll1nlr- hnm th~ lnltrumrnt lh1l thc lnd· 

1--tN~tR-1-I":ICII'~NAI.C"IIIl"Uil--;l 

' [ ... ,. '"';··-·-r--~-:·,. ____ ._._"_ .. ~_;;;j-v •. .. ;,.. rui•t~ \1 nn ln;,ll'' nrllll&lhlc. Undrr thue drcum· 
•••""~''· the atuln 11:111t inÍittulnC'nl b ~dntnJitbcdR; ami the 
rr,:i~ltntl auain will be lnwer th1n !he JIJC ahaln lo 111 
ulrnl dcprndin1 nn tht amnunl of lndwlrt rtllltll.nct.ln a •: 1 
lhr«·wlrtqn•ller-hrldlt drcult, for lnllance,lht •lanal!ttUI ·.•· 
he 1111cnuMed by.the fltlot Rni(R., • Rd, •hcre RL lt lhe · 1 -~ 
,,,¡,l•IK'f or one lndwht !11 ltlitl wlth the lllj¡:t. The Usual, . '!• 
••Y nf tonrdinJ for ltadwire denn1itiration l1 by 1hunt · i-. 
rnlit>r•lin• -th111i1, hy •lmulatlnsa f!redcttrmln.ed JIU In In 
th" fl:llfl:!', and lhcn adjmtinJ the 1•1e bctor or &aln o! !he 

1; to l 

1 ' 
1 
1 

in•u~•ment ulllil il re&U•ei•che 11n\e atraln. . 1 . · ·; 1 

1 hi• ~ion lndudet 1 \l~dtly nr llflf!licailon eumrlet 
ln .. nh•inJ'q•ancr-,lt~~lr-, and full-htkiJt 1train Jllt drcuU1. 
!01 1111 o:11•n trcated herc,\1 b •••umcd thalllrain lnds are 
•m~ll en~ rel.t\Vii In the UKt"l rc•miuible trror limlll 
thor'l Wtw.t•tone hridJ;t nnnlinurity can he nctlectcd. 
f lenc-r•lirf"d l!'latlnn~hlr' lncorrnratlna nonline~rity efrecll 
•re ~:i~en ia IUhsequenl Kctions. 

~ Quarlt•·Drldlt .CIIcull 

1 itmrc <fiHutUIIIn 1 rertntntatl~ lhU11th'" In •hkh 111 

Mli•· .. fi:IIJC", In 1 lhu·t-llo'ht dtcuit, lt remnte from thc 
in•tmment aftd rnnn«"ttd lo 11 by ludwlrn or rnl•lance R

1 
.• 

lf 1111 lr11dwite rt•istanccl ate nominally tc.¡u11/, thcn Rt = 
Ro • R.,and Rr= Ro • Rn:l.e.,lh-etam~•mountofludwlre 
'"•i•t•nre h in ltrirt 111'hh lw>lh thr kli~ &•tt 1nd the 
dumm)'. 11wn b 1i1n lead,.·ire teti11ana In the bridJt nut
rul rnnnectinn 11"1 !he S-lnsttumrnl tÚmlnal. 1he lallct 
,.,,¡,IIIIICl' h:a "" dfcrt, however, tina the lnrutlmpcdance 
nfth" inuurmcnt •rrlied uro1•the outrul tcrmlnals of the 
hrid~~:c cileui:t b taken to he infinite. Thut, no curren! no,., 
thu•up:h tht imtrumentl~ads, · 

1n calibTate in comrrt~<ion, lhe ltli~~ 1~1e lt ahunted by 
11 rnlihtatio11 rnl,tor Cllkulattd Ir o m fq. (7) or •declt-d lrorn 
l•hl" 1 for the •recif!ed straln m~Jnitude. Alter adjustln¡ 
the ~en,itiviiJ cd lhe instrumcnl In resisttt the ~•libution 
llraio.lb~ elfeet o( lhe Judwire teliiiii\U 11 climlnaltd h0111 
all suh~cqu.eal IIUln tneuurcmcnll. 

llnk·u ldditil"tnallcadWires are "uud 
f"iJ. ti), ~imalatin1 cr~mrret~lvc tllain 
lht" r!"tnl"t!C lrdhre I!II([C il UJURII)' j 

rr,.rtice. Since tht ru"''~;'::•:;•, ~;'~."':!:;:,:'',~:'!'~: •imrlv 111 klk- !he Ir 
n•mrc-nutio¡ lor ludY.-Ire 

.t .. wnq-•le r•llt••tion 1.• :~~::::•;.:~::;::~~'~:::;,:~~ 

E 

f"l,. 4- Qmuftr•btiJtt citc11if M"Íi/r tl"rt/t•t ltllt 
rnntJit Jrom lnflrurntllt. 

llltr-Brld,e Urrulll 

In tttuy tlreu 1nalysi• •rrticalions U is nccnsary (or 11 
. kut 1dvant~gcous) lo COtf!lt)}' two tt:>-IICiin¡ IR~cs,.c(ln· 
· heded u adjacenl arms in lhc bridge circuil, lo rrodun the 

requircd llrain ai&uRI. A commott uamrle ni thit nrc1111 
whett • secom.l¡t~ge lt lll!tallrd oñ "" unstrcncd ~recimcn uf 
lhe test m11tcrial (and maintaincd In the umt thcrm11l rñ\1-
ronnrtnllt the test ohjecl) lo rrnvide tcntpenture compcn
lltion for tite active &n&e. 111 thc ~f!tdnJ CUt or 1 l'llltly 

. , , unlulal lhcu stale, with lhc rrindral lhcu "direclinnl 
· ¡ known, both &•gel tan be mnunted 11djao:cnt lo uch other, 
: . . dlr«"tly on tht test rart. One @.~!le i~ aligncd with thc aprtkd 

ttreu, lnd !he other lslnslallrd in the rt"rpendiculu ditco:
.: ti !"In lo lente lhe l'oiunn strain. ·1 hit arrllnJ:cmcnl prnvid~• 
'· an lll¡mcntcd bridge (IUtrut,lllong with uccllent temreu
. lurt comreus11tinn. Slmil11r (lrpnrhmilir. 11rc (lfltlrtl hy ~ 

bcam In btndin¡. onc flnJ:C is mnnnlt"d •lnn~: lht lnn~iludi-
nal tttlltrllnc t>l !he c1mvu turlllt'C'. 11itlla m11~ ,. • 

· the corrnrondin11 on tbr ronc-I•T nrllft.. aTan - { 

:, : 
lll.lhttrumcnt &aUne rot Small Slr•lns. 

Yery ~monly, wben mil. In& fllldicllllrlln tncllute; \;::· 
rnrn" unokr tyrk•ll~l enndltlnnl, alltlltl onc active brid... •' · 
arm 11 aaff~eircntly tcmote frr~m !he lntlrument thatlhe lc~d
'wtrc rto~hl:•ntt ts np '""'" nt&IIJihle. Undcrthe~e clrcum
•tJIMn,IMÍtraln ''" lndrumrnll• "dncnolllrrd~ 10<.1 the 

. of~~:i•tttt-4 •tJ•i•...-m t~ lvwet than !he &•lit 11raln lo an 
r•trnt dcrendin(l on the iln1uunl tJf ludwln tnlllance. In 1 

thrn-,..lrt"qo•rtCT·hrldr:eclro:u!l, fnr ln•tlllct,lhe ll¡nal wlll · 
he attcnntcd try the l•dm Rn/(lln • Rl), 111'htre Rr.ls the 
rctl,tantt of on~ lcfdtll'ilt in lt"riu wilh the ¡a¡c. 1 he usual 
Way ol c:oKtttlln@. tnr lud-.·irr dcsensltlratlon h .. y 1h1.1nl 
c•lihratloa -that l1, by dmulatln~ 1 rrcddtrmincd 1train In 
the ••ae. 1nd thtn •djnstin[l: thc aase helor ot &ttin of the 
iMirumc:.t until ilteJisterllhe utne llr~ln. .·,':· 

1 hll tcnlon ltlchodu 1 urlety or t~rrik.lloln ~umrlu 
lll~nlvinr:quarter-, h11f-, 1nd full·bridp:r ltraln l!lll!t circnll1. 
In •11 c-a~ lrntrd hert",ll\1 auumed lhlt •tr•ih lerel~ •re 
•n1111\ cnnv¡h rclatlvc In !he I.IJU't rcrminiblr error lin1it1 
lhflt Whnlllnnc lnidf:t nnntlnnrity un he tlc(lltcttd. 
¡;,.~>~'lllin-d rrlatlnn•hir•l~~eorroralina nonliourity tflecu 
"'" ~~:ive11 In suhscqut"ntstttiont. 
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Qn•riPf-Brld,e Ureull 1 

1·;11mr <llllu•halrt a •errurnt~rl~e tlhtltlnn In ... t.tch U. ~~ 
1rtivc ~·Jt", in·. tht!"~·wirr chcuit, 1• temnte lrnm lile 
¡,.,,,.,ntem 1nd cnnrw-elrd lo 11 by lnd*hrtofrui5lllnl;"f R,. 
U 1111 lndwirr rcli5lancrt •re nominally equal, then Rr = F,. 4- Q-ttr-IHIJxt duull wllll «llov I.,C 
11, ' Ru lloocf R,: Rt. • Rn:l.r., lheume amuunl of !eRd.-lrc 'ttntJit/rnm lnrlnl-1. 1 
rr•i•tanre b in nrin wilh bnth the •clln IIRJe and !he 1 
ti""'"''· l"Mrc h al51> lud..-ire rnl~lllnrr in the bridge nul- · lhtr-Rrld~t:r Clrculll ] 
¡•nt ennnn-tion In the S- inJITntncnt terminal. "1 he lnller 
rrJiolllnl;"f h111 no rlft"Ct, hnwever ,linee !he inrut imr_rdllt\Ce · In m•ny sltcq 1n1lytil •rrtirallnn• ic i1 nec-cnary (or 111 
al thr instnzmrntaprlicd ao:ro~t !be nulruttenniual~ ni the Ir liS! 1tlvanta,eous) lo emrlny two co-•ctlnl p¡es, et>tl-
ttri<l~~:cdra~il i! takcn lo he inflllite. 1hul, nocurrrnlllowt ncctcd u adj•cenlarm~ In !he hritlget-ho:ul!,lo produo:r !he 
thonugh the lndrunttnllnds. rcquired 1111in liJnal. A comnJ(In uample or lhll ""1111 

T11 o:•libute in cumrrenion, tite ao:th·c IJIIIIt ¡1 lhuntcd by whcn 1 lccnnd II:•J"C ls ln•tallcd on 111 unsllct•td t¡x-clmcn of 
11 ralihrlllitJn rnislor calculatcd frnm F:q. (7) nr lrlected frum !he In! material (and maintaincd In tbc- 11m~ lherm•l envi-
lt~hle 1 fnr the spcdlitd stnin lniiJI:nitudc. Alter lldjullinJ ronmcnt 11 lhe tnl objcct) lo ruwide lcmpcratirre «>m reo· 

the ~cMilil'lly of the lnstrumcnt to rcr:lsler the cntitrratlon lllion for lhe acth-e &a&c. In the spccial case' of 1 rutel)·· 
d•nin.lhed[rct of thc le~d•ire ruhtance 11 ellmlnllled fron'i tmiul•l •tren ata te, with the rrindr•l tlreu directlon~ 
•11 ~uhseqlll:"nl•tr•in_mu~uremrnll. " kntJwn, hoth r:llrtl can be mounlcd adja¡;-cntto' each r~lhrr, 

llnl"s additionalludll·iln •re UJCd (111 dem11n~triitcd In ·,. ~.':::,1,1 ~~;~~: ':~:,•í:·¡~11~:~~:J~!',~';e",~~'!:.;'J;::~ 
l'iJ. fol. sinM~lating crtmrrcssive thain by dlrcctly shuntina · lion 10 sen~e the Puiuon str•in. 1 his 111111,_ernf:nt ptovidn 
thr rfmotc acti~e 1111r:c it UJUIItly di¡ricult lo ln•rlcmcnl In an IU&tuentcd brld¡e outrut, lll"ln& with ucellc'ntltmpcr

1
• 

r•11cti~. SiJKt tbe rurro•e of 1hunt calibration In thb cue l1 tu re compen.ution. Similar orr
01

tunitlel lrt Orlered by 
1 •imrly to 1t1le the lnslrument lensilivlty •i a meanJ Or · . bum In bcndina. on~ ••se b mountcd alona ttitkta¡itudi-

fffmpcns•tins for lcadwire ruiltanrt, eithcr urst,le oi ·. nal ttnlerlint of lhe tonvca surf 11o:e, with 1 maiinr: J•Je al 
cfownscttfealibration 11 cqu1lly IUitable. Thut,lt b &entr-. Uit~otrurondin& rolnl on the c11 no:avt IUtfacl. Whrn the 
11lly more eunvcnienl lo 1hunt the adjacent dumtny lttlt 11 lwo IIIJel ate tontltcled 11 •dj•cent Ir mi In' tbc brid,e 
•hn•·n In r-.,. -4, brt-ausc thb can be don!" tir:ht 11 lhi! instrú- · drcult, and 11sumlna unifornt tcn1perature lhlttUJI:h the 
ntrnltnmiult. Jt lhould be •rrarenl from thc figure lhal :1 · lhlc•neu of tbt bum, lht bridr.c nutrut ¡

1 
doirbrd •·trile 

the calibutloo tetlslor m1111. be eonncctt"d dlttclly hllinta.lnina temper•ture compcnution. 1 
ac-rnnlbtdammy lo rmdure !he dnirrd rnult. 0111t stnln · 
nrnnrrt bt- ac-curatfly timulalt"d by thuntlnt lrnm S- lo 1'- A/1 ofthe ((lrrJ:oln¡ itc rumrlr' (11 half-hrkfr:t dtcultt, 
(nr lrom S-to r•). Alter thuntinr:tht"dummywlthlcalihra- Jittee one-hidf of ttre Whulttonf bridp- 11 nternalto the 
ti••n rn<lstot ltln-tcd In •lmullte thc lrflti'Jf!rl•te 1111i11,1he lndrumclll. 1\~idr from ditrrrt"nen In !he qualily nf !he 
ln•ln1!ncnt~erO'Itl~lty IJ adJustcd lo rtr:tncr lht ~lime 1traln. lthleVIble lt"m¡oruture cnmpcnntinn, they dlfftt rrlnrl-
fltlow Jtraln levrlt,lhe l!"tUit ls errcctlvtly the umr u 1t !he f!lllly In thelt dc¡rrn niiiJnal h'"""~- 1 hr l~rtO, ..t •iJual 
nlit•!alh•n had he-e-n f!trlormfd by shunlln¡tllf artlvr '"''' IUJnlofnlatlon l1 utually urteued In lrrms of 1~ "autuht"r 

_, 



J •• 

,.r ~rrh·t ll"''"n· N. Whrn tht '-"•~ In thr -•IJ•rrnl hrlol11r11rm 
••n••~ "" •rrlird ~,,,¡,,,hui •••vr• ,,.¡,ty '"' trml'f'Uimt 
r"ml"'"""_.¡....,, N-= I.With twu rr•r•ndkul•r ll"ll''· 1li11ntd 

. "'""11 ,...,. rdntir•l ••••In 11 mol~•l•lttru• llrlol, N r 1 1 1', 
"""'' r• t.rlwl'<>i<~nn'l rnll!> nf thrlr•l nrllttrlll. In tht ~n•t 
"' rh• hr .. m, with 11"11'' '"' 1>1"1'"''"' ouohcro, N~ 2. 1inrr !he 
.. ~,·· ......... n:¡nnl ...... nrrn•ilc .,,., •••• """ the hrl•lat r•urrul' 
¡, clnuhl...t. ~ 

. Wh•n Ni•llrtlllrrthlln molly,ltlo nhvlnuoly nrcr""'Y '" 
,.,¡¡not Oro:- in•trum~nl ~t'n<itivity hv tht hrt<'!l 1/ N 11 the 
irl<!Tnn>tltt is lo dirrcrly rr,riotrr tht 11chrnl uul•cr •tuin 
,,..,,,.rf hy lht primar y •rth·"ll"ll'· l'urthrtmnrt, ilthtllllllt 
;,,rnllllti•nro "' 111 11 di<lni1CI! lr111n tht lnouumrnl, llddJ. 
ti .. nlll ~djtt\lm~nt ni thc ~~millvily (i!l ll1t nrrm~ite diltC• 

, .. 
1 

1 

•• 

S• S 1 n, 

tlr>n) l• 'nqullf•d lo t!lft!J'"''~Ie In¡ 1~ ~iJ.nRI In~~ cine In 
k~dwhe rni~t•nee. Shunt ulih .. tinn un enm:ctlrH both 
dlreh •imnlt~Mntnly,llnd ~·mil n<lj¡ntinJ.In~trmnenl ltn· 
1ith·ity In re¡~:l~tu tl1e cmrtt1 wdnt't 11111in •' !he rllno1ry 
~tctiwe JRJ.e. 

l'i¡~:me ~•lilmi!IIIU ••rr"enl hn11-hlkfJc dreuil, wllh the 
J~Jtn-lontfd ""'"Y from !he ln•lulmt'fll, 1nd •·ith •hnnl 
r<"lllton lnt dnwn1C11Ie (l'l ""''"~""le {l/1 ulihtlllion. 
ri¡I:UOCt }b Ql>d ,Se ~hnw thr rhy•k•l•nd du~uit I!IIIII~C
ftiCIII! fnr N"' 1• 1' nnd N= ],•e•rntiiY:Iy. 1 he rrnrtdUTc lnt 
calib1111inn ¡, the urne 1n loo the qnn¡t"·hridBc chcui1. 1 hnl 
1•. 1 e•lihr•tinn 1e•i•tnr of the IIJ'J'H>pri•tc !ile it 1hun!cd 
1ernn the JII~C,IIud the ioutrurncntscwtitivily b 1djusted to 
rcgistet thc sirnulntcd stttira. 
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Cnnlu•l"n •nmfll~• ••''"'· hn•·ne1.ln rnnel•tinp:lht. 
rr~illrred ~h•in •·h_h !loe oiulllilll!'d RU•ill f~nd wlth !he 
r 11 /iht•tlnn t!'1i<ln1) "'""" N lo ¡~:rrnlr1 th11n uuUy. llw OIMl· 
rl"'' ••Y of h•ndliiiJ thlo h lo J.tn~•nli,r l:q. (7) ~o th•lil 
indmln the nnmlwr ni 11<"\lvc p:•JCR. ·¡ hut, 

Ro~ lO" n .. ~ ----- - R,, 
ro k N~ f<lJII "' 

·rn enlihrnte, thr ttnin p:n¡!e lo llmnt<"d ,..¡¡h R rr-~iotut 
.-~knbtrd frr>m .Eq. (R) 11nd 1hr inotnln•rnt Rf"n,ilivity 
••liu•t.-d tn '"Lli''"' (.,1,. ·¡he te•ult iR the ,.,, .. , c~errt fnr 
1hr oi¡tn nf !he in•t•ument nlll rut, 011 m•tltl .,.hkh ni the lwn 
,.,ljnrenl-nrm p:nJn in rip:. 5 ilohnnted. Arter tRiihoRII11n, 
lhr inotrnnoenl nlltrnl will cnrrurnnJ In !he tllrf~n: ~u•in 111 
lhr r•im•ry IICiivf" [llll!f". llli< pr~dmt fl«nllnU fnr hnth" 
lhr oip:n•l inou•c (when N> 1) nnd thc ludwilc dutn· 
•iti,ntinn. 

\\'hf"n !he '-•l!f' in•lllillltinnl IIIC mnl<" th11n 1 few. ~ltflJ 
~" ~t hnm the in•trumrnl, ·,, io u•unllr inrnnvenirnl In cnn
,,. .. ,,. •hupl·c~lihralinn trlitlnr dirrctly llera•~ the ~~:~r:e M 

•lmwn in l'iJ.. ~. l'nr ~urh cn~e, ,remnlr 1hunl cnlihrRtinn \~ • 
~""'"'"" f'lllciÍrf, ri¡I:IIIC fi i!lu\lrAit! R hAII•hiÍliJ!t cirruil 
·•·irh , .... r~lihntinn le~i~tnt rn!ltionr-d "' thr intlwment.ln 
thi• e~llnlrlc, t!Hre r~hA lr•d.,..ire~ 11nd 1 ~•·ikh 
¡•~ttnit r<'llnttlin(l !he •lmnt lltln .. eithn 111111 ni the hRII 
¡.,¡,¡P.r. Sinrr ~hunt Te~i<lr•n nrc chArnrl~ri•tirn11y in the 
'"""'·1nrl~ ni nhm1. lhr re•i•lnn«l ni thc ~Riihurlinn lnd
" irr<, nlthnur:h dor~•·n in thr li¡tollr. c•n fl<loll!l!· he ntl!lretcd 
¡., llor <l11oin 'imulntinn tRkuiAtinn•. r:c¡untinn 1~) it lllt'n 
oliorr!lv ~rrlitlll<lt In rtrnntr •hunt tnlihr11tinn. H rhe lend· 
"itr or•i•l lince i•llltf!t en"''l!h ~" lhnl 1110 Jt 111/fl,. it ¡l:trnlct 
!hnn 11hc•nl 1/ID ni lh~ trquiu·d enlihtii!Ínn prrd•inn 
tr•rr .. ••rd In f'C'Ic-cnl). l"q. (11) cAn 1:><: mntlilirtltu fo!lo..-slo 
r~lnt!~tlc !he conec:-1 calihrntirlfl le!itlllncc: 

Re=~~ -Rn-1Rl 
r.rll N11 f.,1,1 

(9) 

In r:q. (1J), Rl rrpttltnl' thc rc•hhnrc o! n11r lc11dwirc 
'"''"'rrn !he calihu!inn rcti~tnr 11nd (IA@t. 
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Fuii-Rrhlr;e {'hrllll• 

In •tr~in-mrll<urrmrnl {<hr<.• An~11·•i•J nrrlir~tiono< fnr 
whirh the h•tr hri.l¡¡:c l• ~ui!Ahlr. !he nulrut <iJunl rn11 h~ 

1tnuhk11 hv intt~llinltl lullluidJf, "irh lnru "ctivr •trn\11 
t!"l!tl nn ti 1e tnt nhject. A orrn<rnt•ti~e riu-uit: im·l~ulin_l! 
t•n mrr>lernenlnry !tAdwirr• for ftln<l!~ llmnl c>~hh111hlln, 11 
,ltnwn In r:;ll· 711. In Jlllltlice, lhec~lih, ~tion 1entl"ilr< (~n he 
runneclrd 11ctn" ""Y"'"' uf rhr htirl¡~:r. Rnd .. m nlw~y1 
rrrod u ce !loe 111mt !if!nAI mn¡¡:nitml~ ,!.,,¡ thr •ign nlthr •it~nal 
dtpend~ on whieh ••m ¡_, <huntrd. lt "ill ~ noticcd, in th~ 
clltt ni thc lutl·hrid~~:e cirtllil. th:ol th~ lr:o•l..-i•c rubtll•tcc it 
''""'in !he bridp_r l'""'ttllllll nmrut lrn<h rnthcr tlo~n in !he 
htidp_t 111111~. With the Rl\\ltn¡•tinn ni iulinilc imrrd~n< e ni 
the hri<llle mtlrut, tltt 1ni•t•nrr in thr l111!rr k1ul1 h:t\ n<> 
rllrcl. tln..-n·~r, the •e,i•IAnrc in thr rn•·c1 lradt reduce~ thc 
vnltn¡¡:e •rrlird tn thr t>,id¡;:e 1''"~'· 1111d IIICIIUIIIU thr 
out pul ~it~nnl •ccol!liu~ly. 

linee 1\irlely "'td full·htidge ri1cnit ~nnn~t.tmrnt• 111r 
'hnwn in Fir:•- 7h. 7c. ""'' J.l. In thr fil'llwn ol thr<r,lr•r 
hend'mg tutd dirrcl 1het~, lr<rrrri~rly. thr nunthcr ni Ar·ti,·c 
rr:~lttl i~ r~rltHed h)' N= 2(1 • 1'). 1 hi• ~•lue i~ "'l•<titulr•l 
intn Eq. {~) nr Fq. (Q) •hen cnlrulnlin,lt thc c~!iloutinn 
lfiÍ<tor In ~inml11tt 1 ~ur!Rc~ ''"'in uf f•. '1 he phy•it·~l 

IIIIRII¡I:Ctn~ut nf !he r:•trt i• th~ ••mr in hnth r11•r•: hut,111 
in<lirMc<l hy lht e<¡ni~~lrul·cin·••it dinll'""''• thc'llnJr• n•~ 
rn<itinncd dilfrHnlly in the h<i<ll!r rirruit to I'T<><Iurr thr 
tlr•ilrrl•illnnl ¡., r11ch intUnrr. ¡.,., •t•rli•·ntinn< in~nhirtl! 
rme hrndin~ "' tor<inn. th~ hti<ll!r c•utrur ~ip:nnl c~n toe 
innen~ed fmlhrr o.~ith th~ J~~e "'"' ri•rnit cr~ttlij!U<Riiurt< 
lllu~h~led in l'i~. 70. Sin< e ~11 '""' ,~~e• Rlt fullv ~rli>t 
In thuc unrurle~. N= 4 fu• •ulf.sritutiufl intn l:q•. (~) nrtQ). 

In genernl. !he ~hnnt-c:~lih•atinu rrl•linn~hir>! 11prrnting 
in lhi, '~~linn Rle limitcd iu nprlitalil!n lnthc •imuiMion ni 
l<~w st•Rin ¡nnr:uitudeJ, ~iurc nnnliu~~rity rfrects in the 
Whuulnnc luid~cdtruit hn\r he~n i~nnred. 1 he rquRtinn• 
r:ivrn hr1e RtC iutwdrd 111imn1 ily lor ,c,.linJ !he nutrut nf 1111 
ln~hmllcnt !u regi~ttr !he .lAme st1niu mngnitude lhlll it 

¡.-;K· tl-llrrnotr tlw11f 

ralilrnul,." nf t:rt"""' 
holf·lrTidtf'. 

1-tN~IIIII~II'Nt-1 I'XIl·IINAI.t'lllt'ÍIIi' 
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•. .,,,,, if the Kkdcd '"'e -u aubj«trd lo In aetualalraln 
fiJ""' tn ¡hfo ai.,.....ed ttr1in. 1 hil rnndt ni thunl ullbutloo 
uller• • d111rk. Cftlllvtnic-nt mrlftl for ellmlnlllna tM efreelt · 

J,, ,nf "'•rlwlre d~hinlllnn tutd ICTounllnJ for more lhln 
"'"' •eliv_e a•f.t (N> !)In the brklae dreull. 

r ... <"lllibr•lia. •• •tr•ln k~l· h!Jbe-1 thln aboul2000pt,. 
"' fnr rr_n-r..: enluatinn nf lntlturnenl accuraey,lt lt ordl
n•rily ne«UIIIJ to lrttnrroratc tht tfrH"II of Whtalllone 
ht;djlt nunrutntity In lltt: rhnnl-clllbtllllnn rcl•tlonahlpa. 
Nnnlirturity eoaidcntlnna are lreated In StcUon IY,and 
"f'f'licaticn u~ 11ivcn In Sn:tlon V, 
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.IV. Whui!IDM Drldae Nonllncarll1 

. At dncrlbcd In TN-S07, tht «ommon rr•ttltt w\th nmd
ttn tltlln J•&t lnatrumenlt \1 In nrcule llrt Whutuone 
hrldau:lrcuit In alni.tlvtly unhalnncM modtdurln' 'tuln 
mc11utemcnt. In 1ome lnstnnnents. the .ruultint brid¡e 
outpul •olt•¡e is rud dircetly •• 1 mu,ure or the Jhairt
lnduted redstam:e c:han~{~) In nne M more or !he hrid~ 
arms. In othe·n, the bríd¡e oL!IJ>UI signa\ l1 "b•lan<TdR 
(nulled) by \njcelinJ an equaland nrro~ite 'lo\ta¡c' hnm 1 
tcparate~irc:uit whic:h is powered by an equ•IIUpply voll•&e· 

Fit. 7- R~mofr ¡lrunf tatll••· 
llrm of ttfnrralfuU·brldtt 
clrtult . 

~~¡--------~----~ 
i 1-IN!>IR--:.~,t:=====:;: .. ;,;;,~.~N~A¡¡lC<~I~O~(~U;;,;:=====~ 

Flfrtrt 1•- Gntnll tlrtult 
•••nttmtllf. Callloratlon 
ttJI:flor tal! hr •lru"t~d uroJr 
1rry 1rm. NtJf~ lhflt lnlrrn•l h•fl· 
6ridt~ /1 d/tronrrrtlnl/tom 
autp111 clrcultforfuU·brldtr 
Dfl~llflon. 
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The chanae In the out pul sl¡n.t from the bri.l¡t (etr ttK 
nul\ln¡ voltaJe) l1thtn: 

: 
•(':)· ('~) •. ('¡), 

(12) 

In 1~ usualc:uc, howcVi:r, R, = R,::: Ro. tht a.ominalstrlift 
a•~ reaistanc:e. Ahcr makinathissubltituliaa, and rcducin¡, 

{IJ) 

Fot rht qll~rltr·brid¡c chcuit with nnly 1 sin¡k acli\·c lllt 
(R,),AR,=O •nd: 

••• •(!!), .. _ 
E _.,

2
ARt 

•• 

lt b cvidrnt flom r:q~. (14) and (15) th•l In ~ qn•rtcr-
bridJ;ecilntit tht out,.ut is 1 nunlinrar function nlthr rni1· 
t•~ c:han¡c and the 1lr1in - dur lo thc pfnerln olthe 
sec:ood tena in thc dcnomin1tor. lhe nonliQtlfiiy nnms 
the faet thll u lbc ¡a¡c ruistllk't: chanft'i, lht cunen\ 
Ououah R, and R,also c:han¡n,ln tkc: oprosite diicctiot~ nf 
thc rnis\IM'C rhanae. For lypinl wnrkin¡ drlin lcvrb, the 
quanlhy 2f'uf in Eq. (/S) iJ vrrysmallc:omparrd lo -4, 1nd thc 

. nonline•lity can utually M l¡norcd. Wbcn meuufin¡llllf' 
strliftl, or whcn !he arc1tnl prtcldon il rcqulrrd, thr lndi· 
cated 1tr1ia lllUII becorrcclcd lor thc- nonllocarity.,l he oaly 
knowauoeption tothe latter statcmcnt lsthe Mcuurrmeats 
Orour't Systrm 40H, In which the corrcctioa t•n be mide 
IUIOmatitiJiy, and 11 1i11111in lcvels. ~ 

1 
l~'="--~B~""'='~"f::__::«:__::'":':'""'='~/ol_:_'~':· __________ _j : ·~ · k.rturnt..,tothe more aeneralcarreulon fot the C,utput ol 

• halr-brkf¡c [Eq. (ll)J, lt can be leefl lb1t the noa· 
llnuritytcnnt In Iba dtnomlnllOI can b .. dmJ.naltd only bJ ... • . ,, .~·.: : 

1 he uu~e or tlu: nnntinur l>ehulot {whcn lt tlctutt) e in'·· 
t>c lio:-mnnstratcd by rttumihin& Eq. (la), with rdcrence lo 
I'IR. l. 1 ht brldJt nutpul volta¡e under anylnltlal c:ondlllon ; · 
r•n be uprcaxd u: · · 

C'r>n•iclrrlna. for lhc mornent, ttslslllftl't rhanan In R1 and · ; 
n, (cnmrnslnt the riRhl·h•nd hr•no:-h nf thr brld¡c clrcult), ' .. 
tht oulf'UI voiiiJf aftcr ruch ehat~ttl ls: ' 

( .t.!) • ___ R_o •_A}l..!_ ~· ~ .J!!._ 
f: t R, t Rr • AR, t AR, Ro t R1 

(11) 

tellina A Rr =- 4Rr. Thrn, with the tnistancecbanltsln R, 
lnd R, ftU!Ilelkllly rqual, bu! orro•ite IR ti¡n, Eq. (ll) 
t«<~~ce~~to tht linelf u.prnlion: 

(16) 

1 hua., whta thc lt('aule lttlstantt c:han¡tt la ,, índ n,m· 
tuch that thr lotaltrrft• retllllnct ls uno:h•nJCd, thc C.r11rcnt 
throu¡h R,•nd Rr rtm•lna conttant, 1nd the brld¡e outrut 
1• rrororllon•l tolhe retistanct ch1n11P. A common rll'rllra. 
\Ion ollhil conditlon nccun whtn 1 bum In hcndln¡ h 
lnshllrnenlnl •·\lh 1 shaln a•ac nn thc conYU tltlc tnd 
anolhtr, mounted dlrC'Ctly orpmlte, on thc conn~c tldc. 

. ' 
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llrr •lrRin• ocno~<l hy lh<:' tw<> ~~~~f~ Rl~ th~n rqnRIIU mR~ul
hl<l<:' Rn<i <>rrmitc In ·i~n (f, ~ ·tri. 11 the '"'",_,u ~re 
r .. nnfr!rd In R I¡Rif-hrirlr~ drruU, u In l'la. 5r,lhr rnnrll· 
ti~>n• rrqnh~ll Jm fq. (16) Rrr JRtldkd •. •nd !he btldJe 
nnlrnt, urr~~'cd In stnin tmlh, 1~·. 

p,;, d~mnn•trAiinn hA• rlr~ll .,..¡th 0111)' l,.hl¡r.r A/ mi Rr 
~,.,¡ fi,Ín J'i,:. 1, hut 11 A¡rrli~H'111AIIy tn -ronl Rr Rllll U o. 'lht 

1., ;.,rirlr rnn h~ l!~nrrRii•ed 11 lnl1nw1: •ny r.unhlnntlnn ni 
</rRino Rml tc<LIIIIInl rt<i~IAnC"C' o:-h~tn~tn In'""" lrtle• h1ldpt 
:umo lflo Rflrl f11, OT R, Am! Ro) .hlch CRlltU the ("lllltnlin 

lluth Set!lnn! 111 Rrr<l V ftlf limitrrl in •rn¡•r In 1 he ~uhj~fl 
ullrt<lrtJmrrrl un/i,~ hy 'nrr 1innrlntiun. Shunl rnlilu~tmn 
f<>r lnottumelll \'('T/ftrt:llrlfl [, trrRirrl ~r1•nntely In Sedinn 
VI. l'm •r~li"lt"l'l'lic~lioM. thc ~;,e nf thr ~hunt-calihrllli<>n 
rr•i•lnr i1 sclcctcd In lhat lh~ lrrid~c nntrnt vnllllp:e ls the 
•nme fnr hnlh ~imnl"trrl ami Rctunl •tr~in• nf lhe !B!l1e 
tllftRnlturle. ·¡ hrrdnre, 1l·hrn thr Wh~t~hhn¡c h1 id~r lrUnltf· 
ntrrol h lntrlrooically nonlinrllt (111 in l'i¡r. . .Sh. fm inolnnct), 

1 nrl lhe altRin lcvtl 1• hi1h. thr in•tn11urnt imlic~ti"n is 
lccU!Rif nnly 1\lhr !ÍnmiR!rtl olr•in Ir• d. Sul,.rr¡urnl cor
recllrrn m11y he urerlrd il thr inoltnrrrenl h Ir• accuuttly 
regi!IH 1mnllcr ot l~r,cr 111 niru. 

'""' hr1•n~h ni the bridge tirntil lo thRn~~ wltllntrnrhtrt 
"""1inulily 111tntht nut¡rut.llclntlnn•hlr• •l~lnll thr nnrtlfn· V, lmhumcttl Sulln~ tnr 1 ·"'~r Slrnln~ 
~"•ltv rrrr"• lnr • ~Aokty "' er•mnurnly U••d cllcult .,_ 11 \Ut tlrmnntltllltd luthr rtl"('rrl\ult lt(llt'" th~l \V hui• 
r•ntrmrn~l "'' llh·tn In 1 N·~01. •t'unr hriol,:~ nnrrlinrllirlt 1· ntud ,-nrrAII_I' hr r<>uoi<lrrrrl "'hen 

\\'irh thr l"'rr.11in,: prlueirle In mlou( 'll"r ur tonw In 11 1hunt rdihr~tliorri• rlte<Í l .. rlnttrouurnl<nlinr,nt hirh <trRiu 
r<>•iti 1•n In enn•irler thr elfeel ni WhrRI•Inne hrldJ~ nnn- lrvrlo. 1/nrlrr •nrh conJitir>U1. er '"'' iu r:~~e 1inmlntinn ~r\,r 
tinrnoit y"" •hu ni tnlihrnti.,n. 11 ,¡,.,,.t.t ruot hr nntrd thnt,ln whenrver thr nnnlinr"rity whkh i< ínher rntln .durnt rnlilu n. 
.,, 11 m~1 rrnrt irr, "only rrtrr "' 111 ul !hr h,;,t-e 1• d!llnlfd Al 11 llo11 dill e rol'''"' 111nl <hll inr: Mlu:\1 ~trnin ~~~~"•iutrnenl. 1 ¡;~ 
1 ;"'~; ~nd ir;, ne•·er rn••ihlt, hy ohuu!Jn,, lo ¡>lmlnre e•¡uRI nlntii'Mhir~ 1iven In thi• •ro:-tiun lor_ qn~rln-, h~ll-, ntnl 
• .,,.¡ orrn~ile rt~i•'.AIIC~ diftii~C' In 1/, Rnrl 1/,, nr iu n. ud fuU-hrhl![t drct•ir~ rrrwidr '"' rrtri<d~· ~inwhr!ÍII![ th~ sunin 
n .. ·¡ hn<, Hrr ~hunl·rltlihrnti"n proc~rlurr Jl•ny' 1unlh In p:'R¡r:t onlr<ll Rl Rny levtl r•l ~l1nin, lrl\t or hir,h.' "1 hm, lhe 
,,. 11 Jin~nr, o¡n•rlr•·"• i1t,:t 11 prr~tlnn .~. rr~n1111roo uf"""' lhe , in•tr uurrul ~rnlin, will ni•" he ,,, .. ,.¡,e \•·hrrr !he ~tniu nr l!",tt:e 
'" ¡,,,._~ ,..¡, cnit tunrtinno •l•rrl111t ~~hrnl 11 rnln ~lrA~IIIemenl.~ ~j,:¡' bclnr cnnt•••l i• A<ljn.•trd lt• re~i•lrr the ~imnl.ltrr/ lllnin. lt 
'" ''''· ~c. lut ¡,.,tnnr.-, lh~ hrul~e 1rutrnt dunnl[ 11tnltt,.:;'~ nruot be h¡•l In 1ninrl, """'"<'l'n, tl•nt ilthe •trnin·mrnonri!l¡r. 
'"~~<·ll~nrrrot ¡, rrorortinunl 1<> thr IUJIArt Jlllin, 11! lllrll-; .. :) 1 . dtcultarrnn~rmtnt lo nunlintRr {n• in l'ir.•. -4 • .Sh, anrl7r), 
r~!ql h~· J;r¡. ( !7). Whrn tit h~r ,., .. io •huntrol hy R flllih11- •·' ( Jlled•e lcRiin~ ¡, Mhitv~rl urrly M lf<t •irmrl~trtl ~trnln In el. 
'"'" •~•i•tor, hn\lo~v.-r, lhr <>ulpnl ¡, nonlinrn!ly rrl•teJ to 1\1 lln)' otll~r tr.-el ni ~~~~in, !OOlt dtJ:,Tre ol crrnf will he 
th~ ,;,,,¡~r~d <hllin ron·11nli•i~ '" h¡.l 1 .~). A• R tuuh. ohrrrrl- r•~~~nl rl u e tu !he n11n!inr~r ity. 
;.,r: ·~r. rr,, in Fi11. 5cdnr~ n<rt n~clly ~irntr!Me,ln termo ur 
'" ¡,, .. ~ nut rut H•ltRr,e ,thc tr.:-h~•·im .,¡ the 'AJe d urinJ:: u u in 
,.,.,.~•·"~lnenl. 

lt• nrrted r~rli~r. !he cflrr! ••1 lhr nnrrtin~ntity 1~ ~m~U 
,.r,~., TI~ olrnhr< (~r!rtR1 or •irnnl~tr•l) ~•r rnrnll. l'r•t IUch 
.. ~•r•. thr r~btinn•hir• l'!iven in Srcti<~n 111 Atr Rtl~qnnle In 

1 .. ,,.,;, rnknl.\tinp: !he olmultr•i•t<'r ~¡,~In •imu1ntr R ¡ti1·rn 
.,,~;,. mRJ'!<>ÍI!•d!. llrc~tmr ni thi<,ltlt rrrfruhlr In J•ell~>rnl 
¡,,,,.,.,tnl 'e~tlin!l ~• mnrle•l 1lrRin luel1 •h~re lhr nun-
1i"'""'ity error i~ n~glip:ihle. 

Whtn iri'!Jirmefll ~c111Ju~ h dnnr Rl hi~hrt 11nin fr.,~h.ll 
i• ,r,~•~lly n.-cr<<al)' ltr u•r •redd rriRtinn•h'rr<. ,:h·rn 111 
~erti11n \o', tn rrrd<rly ~irnu1nl~ ~~J::~ hrh1viot hy •lnrnt 
r·~lih,~tion. "Jhcrt ·,~ our n•rtRhle rurrti<•n In lht lftHet 
oln!~mrnl, hnwr•tt. ·¡ ht htitlg~ nur¡url dur In thnrr!ln,_ 11 
•'nr!r r:~~:e ;, indi•tinr••i•hftl•lr lrnrn th~! ni• t¡turtr~.hrirlrr 
.. ;,, ult n ith t!•r .:~r.r •lr~l nrd lrr ronrr•roohm. l'ur thl••f'l'dR1 
fh<~t n•mmn.,lC:\Ie. thr <im11btinn l•e•fttl ~ll!lcr•nr¡••nolve 
•••~in Inri• kcnu•r thr nl'lnlln•A•I!y dur In thllllllnR h the 
•. ~•,.r n• th1t nu<rrl 1-oy ru111ptr<<l~~t llr~lrrln llrr ~~~~r. 1\1 
'"""" ¡., thr Arren•li~. 1'1¡<.(3) tn (7) ••r 1!1111 ft/'l••urri•tt 
l•rr ,.,,,,F'"Hir·r •rftlinlt rr! r¡unrlrr-hrirlr~ dtroth• M An)' leve! 
ni"' "in.'1 h~ IMTlf ;, !!Ir~. nf CIIII!<C, fT•I e ~lti!IRI ~~~~~ • lnd 
1••11 l•1i•l¡rr CÍ1rnh• "h~re thN~ 1~ nnly ~ 1ln~le utlvt ¡t;A¡te, 
,.;¡¡, th~ trm•inin~ hrirl,r ·"""' trlr•l lrrr cnm¡trn••tio~n 
AM/ "' t.rid~e·rnmrlrtiTIII rllrrn~rl. 

·~¡ft .. l~• nMii"•OIIt~d"~ '" ~ '"''""""l"'""""h dllftrrnll~on In<' 
............ r .. d.~ .;..,,¡.,¡.,n ~·. ~~.~ ltnrll• "'"'" l<<¡uhn. '1'"1•1 
.. 1.,¡,.ft,¡.,;r. •• d'"'"'"'ttl<rlln ~orrlnn \'. 

• • .! 

)·; 

l)u'fl"r·nrlrl~t (:lreull 

lt,e qu:nlrr·hridl'!e cirnril, wilh ~ ~in¡r.lr 11rtive II:~J::C. 1~ 
ll!iddy u•erf irr r-rerimeutnl ~lrr~~ ~nnly•i~. When iro<lru. 
mrnt ~c~!in~ i• done hy rnnnrrt in¡r.11 ~hunt-cnlihr n!lnn rr.•i•
'"' directly 1cro1.1 the ~~¡r:e, !he Jirnul~tinn ni m"'rrr.«ir·r 
strRin i~ e~IICI Rl ~~~ ~•rairr le1·ds. ·¡ hi• b trne hecnme lht 
nonlinenrll)' In drunt cnlihutinn i~ the s~n1e ~~~ th•l dvrin¡t 
11tnin n'e"~mrrurnt. r'ot surh rn•r~. the r•nrct dwnt
e~lih,ntion rni<lnt lo Jirmrlnle n ¡:!i1~n ~~~~in ~~~~gniturlr t/llt 
bt ol-o!Ainetl tlhrclly frorn "1 nble 1, nt raku1atr.! frnm h¡.j1) 
of Scdiun 11. 1\ftcr in•llnment •ewlin¡¡:. th~ intlicntcd •t<Rin 
witl h~ currrrt Al the nrngnitude nf tite calihrntin11 
~trnin, hut ~li¡!ht!y in ertnr 111 uther ~lr:till levrl• herwu~e rol 
1hr nunlinrnrity. l'ut nw•t ¡nnclic~l arl'!h-ntioru,lhr nrr
rrrlrrf ,tt,in Rl lln)' dilferrnl ~l11rin lnd un he cnlculnlrtl. 
frunt: 

•·l•rrt: f ~ cnrrrclrtf '""in 

fJ = rftlihutiou ~hnin 

( = irrdkntrcl ~tuin 

fir "f"R!' larlnl nr tl111in 
¡tn¡:e 

(IR) 

} ,;,, ,;,,, 

! 1 ho '"~jnl irtoll~n·lrlt·• "" "rrr<ior" '" "•••d"" llh ~<•rr<lln ilrt 
.,..dhi'.J r"'""rtrr••••rh •• n ... n,. onrl1~ lhr ,u.,¡, .. r '"'"""'"'' ~~~ 
'"'"'' qu~ntitito "'' dl•r>n<t<lin~CIÍ••n \'11. ·~"'"'""'' ¡·,.noitl<toliroou" . 

-IU-

1 
' 

( 

!'>i<lff ¡11r tlf~cl nllrRcl•lre rr•i•lanrr nn hriol~e clrellltnon· 
1inr1uily 1~ nnrm•lly vrry •niRII, lrm" lnvrrlvln¡r. Rt. h•ve 
hc-rn omltrr<i fr<>m f.q. {IR). lit he lcwd..-lre •eoiotA"rc l1 1 

1¡11 niric•nl l"e!lnn r>l!ho: ~n¡te rui,IRTICt, hn..,evtr, F.o:¡. { 1 R) 
trn<i• tr> n~ncotrttl lor lhe nou!ine~rity. In ,,rch rn~~.lhe 
fnllowlnJ eornr1Hr trl11lon~hip un he nted lo nbtain more 
Rr<:unle eonC"t"tion: · 

{IR11) 

· Shuntln1 thc rlnmrny ftrnt nf !he hrirl~te (ttt Fi~. 4) rnn• 
1hu:u ~~~ ur~calf Ri¡tnRI, 11nrl cnn trr uted 111 Rlntuln!e • lcn•lle 
orrAtn In !he ~rtiw ll"Je. Fot the ~itnitlnlirrn In llt Ulcl, 
hn"·tW'I, ~ ,~[•illmnt-c-•lihrlltlun rrlntl<>ndrip 1~ mwirrd, 
"""rftl"e thr nonlinuritvln lention i~ dilfertnl lrontlhll in 
r,,..;,.,e~'lon. 11 thr •rtfvc ,:n~te wnr suhjecled lo •n ltlunl 
lrnoile UrAin,thr re<i<IRnee rrf the ti¡thl-hRntl brnnch or the 
hrioffe In rl¡t. ol •oulrl rl~c, nrr.t the"runenl wonld decltA~t 
corrr•rondin81y. tlnwrvn, whrn the dummy 11m of the. 
hrJ<ip:e ~~ lhnn!td, !he ttlhtRnC'I' ol !hC hrRnrh dtCIO:AIU, Rnrf 
the curren! ri•r•. 1hi~ rlillete!l<"e tRn he 11ccnuoted fnr hy 
r•kulatin,: the ulihr11tion re•lt!nr ~t:' lh11l the hrirl~e ntrlpul 
•·ohn~c due tn dmntln~~; thr dummy lt thc ~nnre 1n tlt•llnr 11 
plr<el~cle•llen~ilr ulihutlnu •lniu in the RcHve ,tt:•l.e."l he 
ru>eedmt fnr dnin¡t •n lt rle!n<>n•UR!rd hy !he frrllowina 
Mri>·wtinn ,..¡,.-rr. lnr lhe In• e nf tinipllclty, lht dfect of 
kn•lwire reol•t•n<:e h tempnrftlll)' lsnor~d { RL: 0). 

f'qn•lion (1<1) in Section 1 V ~~;h·e~ thc ""'"''' vnll~,t.e Ir o m 
11 lf<Í<IRnN: Ch~nRe in !he RCiivr IJ:~J'!~ ( R1). 1 he nr¡¡:ntive or 
th~ ·"'"'~ reln•innohir nrrlie• lo R chnn¡tc In thr dumrny "'"'• 
n,. ·¡ hut, 

(19) 

( '¡¡ ), ' {20) 

1 hr u ni! tt~i~tnncrc.ltt~nge In tire 11cti~e ¡tnge du~ lo 1 •lmtt
lwtrd ten~íte ttuin hrr 11: 

(21} 

()nthe nthrr hRnd, thr reoJ,t~oC't thftiiJf' in lfr~ dummy. fth 
i• rrodu·crrl h)' J!mnlln~t with • cnlihution rc~i.•tol, Re. 

"'""' f:q. {J), 

AR, Ro 
'R;"- no~~ 

f:qullliiiBihe l•o e~rre••inn•lnr null"ll •nltR,tt:t. 

ruftrr n, 
¡flrotm" 2~-<!Ur 

And, tolvin¡ fm Rr, 

llu n.,·~~, 10" 
Ur .. ¡;¡;;; • ~ U.l) 

f:ur the mnjority nf ruulirlf •rr•licntinn<, ""Y de•ired lrn· 
•ilc otrnin intl•e Rtlive ~n¡te e" n be ~in>trl~trd qtlilr ncrlllftlely 
hy ~hnnti11¡r: thr rlt•mmy ~A~~ wilh rhe rnlihr11tinu r~<i1t"' 
•recifirrl hy l!q. (2.1). ·¡t.¡, •rlntinml•ir c11n ht conrr~r~d 1<1 
fq. (7) lo ne !he diHrrence hr1ween ,;mu1Aiin¡r.te<>•ilr ""'' 
cnmrreHive oti~tin• in the Rrti~r r.~r:e. 1\ltrr ~rnlinp: 1"1 R 

~iven tinw!11trd tert•ilt si u in, !he in•lrumrnl irrclir~linn .,.;n 
he rotte•rnrntin~ly ocrur ~lit fr'l! nnl)' thnllrn•ll• otr11irr n•n.l!· 
niturle. Mea~mcmenl• ni nthrr ~ltllinlrvell (!en1i"n m rnm
rrr~<il•tr) un he cnllcr:lcd.lf nrre<':try, "'·ith l'.q. (1~1 or 
(IR•). 

In c-~trrrne en•r•, ... r.~n thr •irnnh•tr.t" •1r11ln lo ~rr y¡,., ¡:r, 
and thc lendwite 1 r~i" ~nrr h '"'' n n~¡¡:liJ:ih!t lrnrli••;, .. trhe 
J"P:~ rr•i<tnnre. dir.hll}' ~rrnl~l nrt111nry in trn•ilr.slo~in 
~in111lnt\rm cnfl he llrhin·r,l h1· inrollrnrfttinr the lrndnirr 
•roi.otllncc in thr detiv~tlion r•l r:r¡.(1 JI.·¡ he cumrtctt ~·r•e•
•ioll for !he rRiihutic>n re.<illnr lr<-comts: 

( 

Ro. ) Ru R,; 
n.=-~-~nu ----,. r,,,.,, 1• .!!!: . 

n, 
(}.IR) 

·t he ~reo u ti tertn in l:q. (2.111) e~~n ucvtt he ¡tTCR!tr in m:\!' ni· 
tutle thnn n .. : •nd, '"' lyrir•l ~lrnin kvds, ¡, ne,li~ihlr 
rompnred lo the ri~Jt terrn - irrr•rtrril·e nf the leftd.,·irr 
,e,htArrce. 1hns l:q. (2.1) i~ norrn~tlly tht arrtopri~tle reln
lion~hi¡1 fnt the 5)111n11r~i~tut tt•rd in ur•cnle rlllihratin11, . 
1 he Ulllltl flfol UUlfÍRitd "'Íih l:t¡. {2.1) ~~ ¡,Jnl\td 111 f'i1-. R 11 
~ Juille hr tl1e 1·ery ra¡e fi¡curmtRnre1 \ll"lrrn f:q. (2J•) mirht 
bt netUIIr)'. 

lt h \liutlh rwling, lnrr¡unrlft·hriolr.e drruih,lhnt •ntinJ:: 
Jhr lu!llutnent hy 1hnntin~ ti•~ iniNnRI dununy p:n¡te ¡ .. ¡,¡,.~¡ 
¡, UUinlty 1 S!Ahlf f>ttci~ion lt~i~lnr)tRn nlfrt dislint:lllth 111· 
tn~~;e1 In r•lihrllli<ln IC"CIIIftC)'. 1! ~~ rnmmon r·~l·lice, '"' 
ln11111c~. Ir> cnlcul•tf or trlrrt !he 1~lue n( th~ ~hunl· 
enlih<ftlinn 1r~i1tor nn !he hn•i' o! rhr rr<1mln<1l ~n¡te rr-,.;.. 
l•tr<'t. llul lhr re.•i•tanl·~· of lh~ luotnllrd f:A~e ~~nrratl~· 
differ• frr•m lhe nonrin1l, ,!ue hnth 111 ¡¡, lniti•l tni~llncr 
t••ltr~nre nnd '" • lurtltrr rl••n~f in rr'i'IAttct durinF in<IRI· 
lotinn. Whrn thio O('('Ut~. •mi thr •rti1·r lt~~~ 1~ thunlf'tllr•r 
fllrnrlcrdun tcRiing. the ~imularrd ~linio ma~nitudr ;. in 
errnr Rrrotdiu¡r:ty. "lhe ntent of lhf r¡rnr rRn bf •rrtnlÍ· 
m•tecl hy th~ mrlhnd 1iven in :>rction VIl. "1\c-ruury 

~. _(, 'nnoitlc1 RlirrniM. 
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1 ~~- 1- l"nr,..,.-rrM Jon~t~ tnh!• '-*1· (1.1) b!llrtiOifl/ 
1-q. 11.1•}. F.,: 1..1. 

' 
l)nr'ttch..t,._l<>f •~oidi"lt Mn\l ni thr fllnl dn~ tndr"ill

,;.,,. in lhr ltllf:"lll:"i•l•~ 1• lnlt'lllf'<>lllllly ll'l'lllft' lhr llcli\Ot 
,,.,... in thr l»id,edu·uil wlth •IHt:d\itllllt'll•lotr ro¡llnltn the 
*'••min~l rrl.i,¡•lllr'C' nlthe •nltl'. 1 hr inii!Urnrnf l1thrn ankd 
fin rnn•rrrui..,.lhy olmntinlt 1~ fiud ltli•tnr ,..¡,h 11 c111i
lout~iun '"'''"' nlnrl•trol lo.,... l'o¡. f7J_ Allfr U11lirop:, !he 
, .. ,;,r J!"lt~' is '""""""'nrd tnlht tuUIJ!r cirt'"nil. 11 ¡, munlly 
"'"~h nlf>lt' fUII<Tnit-nl, hOwt"W"I, 1111<1 1lmnt f<jlllllf)' IICCII• 

~ -•'~- '" •o:11lr in llw lrn•lon itiuTiinn hv •imply •lmntin¡tllte 
'"-'~•n~l """""1 otith 11 n·•i•l<>f c.lnolnlrd f•mn Pq. (2.\), 
\\"'""lite er..t.ñr ll'•i•t•no:r ; ......... ihlr,lhi• f1110("1'thnr is 
"'"'"'· llnd indf'J"fttooknt ••lll•r iMIIIIt-d 11•11r rt-'lillnntt, tvrn 
•·irh nondt'll k-lld.-irr lt'li~l~ntt 1'~11)', lr'l~ lhtn R,,fiOJ, !he 
"''"' <lur In • fe• c>hm• nf 11"~ rc-Í\IIIntt dni~tinn i• ron~U 
""':"rh In toe i~rnl. In r•w of dnuhl, 11M: ln•l•llrd IIII&C 
,.,. .. ,,Mf' d!mold he n1r11111rrl. U llw rni•l•llre 11 •i&nifi· 
•·u•tl\· _hc-ynnd lbl' tnllml•rlllln-.lnlrrtnrc, nnc nf !he I'WO 
'"'~•""'11 rrii>C'!'durn Jhnuld II'WIY• be uscd f111 •hunl 
r;~~hhtlltinn. 

II•I~·Arldlt' Urr•ll• 

WtH-n n•u•urirt¡t lht muinnun rriudr11l llr•in In 1 

• """'." nniní.fllr"' 11111r, • úmrk """'" lur ••surin¡ 
,.,f,.rtn·r ltmr"'tllorc rnmrrn .. tion ¡, tn nrnuut 11 ~rnnd 
r.~,,. •di•ttnl alld r-'tJit'ndicul•rln tbc r•iln••Y ll•l!:t, 11nd 
'"~•nnl't1 !he hwn PJa in 1 h•lf·btidl'l rirrult 11 •hnwn in 
hr. ~h. Surh lln llflln,rmrnl is u id In ha ve N: fr p 1clivc 
r.~r,.•.•inre !he htidp- oulput i1 inrrultd hy !ha! faetnr. 1 he 
,.;, .. .,¡, hc-hniM i1 ~mnlinur, ~"''• hc:cau•e 111e rnil· 
'"""'" .rh•nsn in lile l•n acliw &•1" 11r not rqr11l 1nd .. ,., ...... ('. 

11 i•."•urnrd in liltf(lllnwinl. tt.l Rouln riJ. jb rrriCN"nll 
lhf' rmmlt)' fllf:'C',"" lh•lthr ol!jl-d illn lrllt 1/oe ln•lru
... ~nr In ttllilltr lile IHI·Itllflltt lhain lnulrr tluol IIIIRC. 
\\'l,,.thf'r lhnntin¡t ~·leo •imul.wc cnrnr•~ .. inn in !he rrl
"'"' l •"IIP, nr •hu111n11 R,., lo.th"ulltr trn•i'"'·"'" nnnlin
~,,;~,· dminJ _, .. Ir tfiflrrenl lrnrn th•t d111ln' ltlual 
"""" .,... .. ,.,,rnt"llll.lhu•,l11'n olillrrtnlahunl·ulitn•linll 
td~•i••ndoirn lllr n:-q•hnl '"' r•rciow ····'" •inl!lllllm• ••• 111 
•h~ • ~·P nf lht-qftiiU'I·hriolllrchruif, 'll~r td11th•mhir~ IIIC 

drvtlnpe,J inthe umr m1nnt-t111 khur; 1h11 11, hyrnfUJdn¡ 
lhc tnnditiun 1h11t the b1ill~ nulrut \lt'lltfti.C he idrntiral, 
whethcr 1talin'-l" 1 sluonl11led shain levrl or hltll""i''l! 1hc 
lime lurlan ttrain wlth !he rcimtry liJe. 

1'oJhunl1llr • enm¡ne.,lvr •u•l•re 11111in, f.,. 1,l•y shuntin11 
Roo In l'la. 3b,lhc calibra! ion rni11nr Íl nlcullltd fru111: . [ . ] Re •- Fu ho:r (1 • P) • Rn l - ( )( R ) 

'" l•·l; 

J\fld, lor 1 1irnulaiC"f.l ten~ile 1111in, fo11, ~neuled by shunl· 
lnJ Rm, 

Ro~ r.; .,,~';¡-;-¡;-) - n., r, - ( )l ( ¡¡~)] l 1 • ,. 1 • ·n.; 
{1~1 

Whrn snh•lilntin' intn E<r. (24} anol (1~1.the 1ign1 nf th~ 
IÍmUIJolt-d 1111in< IIIUIIIIIW:l)'lf>C"CIIIIÍtd, of ChiiiSt". J\l~n, j¡ 
l1 •rrn•rnl thnllndwi1e rl'llillann. il (>lrlent, nlfrfl• the 
uunlinPnl l•ehn~iur, nnd nou~t !le •uttwn In pruuit nnt·l 
,¡,.,.,lnl i nn. Sinre 1 he t ~ro e~.1inn1 IIIC tt-llllh·e ly lmrusil il·r 1" 
llor •¡nRnlity R1 1 R,., j1trd1i,.n nl('ll•utronrttl nlthr Le~dvoirr 
lr•i~llnrt i• nnl outlituuily rrqniottl. Alter 1nlinl! ¡r,,. 
inlltnutrnl 111 n ,¡,nulnlrol •llnin, f., !he •r,i•lerrd 111aiu ¡, 
r•rri~rly cmt n·tlnr unly 1 hnl ~~•ue mn~nilmle. Whell nrl'r•· 
Uly, !he w•rectcd atr1i11 ni any le,·rl rRII he: ralrulaled f11u 11 : 

1(1 ~ .!!•.:.)¡ 
f : ----,-'--"R'""----

2(1 f !!,}_.·) * Fu{I·I'J(f1 • il . R, 

(2fol 

'lhr nn1111iun in f.q. (26) i1 lhe 111111" M in f:q. (IIIJ htr the 
quarter-tuld,ge eircuil. . 

Annthrt half-blldre IJ>J>Iiralion nfintt-resl i1 ilhrdrRied In 
l~iR. k, where dirttlly o¡ornstd ~1r11i11 ,_agel are in•tallrtlr•n 
!he conve• Rnd ·conrnve 1idu nf 1 rectnn11uli.r. 
eruu·ttrtlnn berm In krnlinl!. In lhi~ ln<lllnC"c.lhc drnin• in 
R,, and Roull•enlw•Y' rqunl1nd nrrnsilr, il only hrmlillll 
occu11. As 1 tnull,lhr hlid8!' heh•viut do1in¡t straln rnr•· 
SUTtrntnl h linr••: 1nd, lfltr snlint~ar·• J'HIIicular Jhnin 
levd, Jcrn•ius rqually r•crise ni nfl nll~tr str11i11 ma¡tnitudu. 
ln•lrumenl sr1Jin,: hy dount t1lib111inu ¡, 11 nnnlinear f11t•rt· 
dure, ho~~o·evu, hfeaust Uttlt is 1 !Uistnu(rchallltC lu nulr 1 

1in11lt b1id¡:C 111/11, 'J he Jimpbt IIJ'IJ'II'IIrh is ID f>ttfntn¡ ihe 
tc;~~lin¡alrrmtw.lul¡ltainlntl whc1r thr en m dur tornlillll· 
~ion nonlinn~ity is.nt¡!ligihlr. Alitllrlllin¡tll·ith Eq. (ll).lhr 
rmtiUntent wr/1 reg•ster In y olhet slnin with thr u111e ldii· 
Uve rrrdsion. 

lf •nliuR nt11 llit:h Jluinlrvrl b ntfrunty,l/le c•lihution 
red~Jntellll be rakulnJtd 111 fullnw~ In ¡•wvidt- eur11iuru111. 
tlnn nr. 1111 farr Jhain, f~ In R .. , (whrn IICCum¡•nnicd hy lhr 
11111in -f,ln Hm): · · 

. ... [ 1 ] Rr : 1f.Ji;f - 1/., 1 - -(--¡¡;--) 
2 1 fn.~ 
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• 

•••-·w-···-~---·.;.--~~--.-···--...----••• ~ .,,,_,~,· • 
•·hrrc: ltd : •hsnlulr Yllur of calibtlli•m 1111ln 

f"•¡nallnn U71 11 ,;¡¡¡,1>\c lnf el! he•. llflltl~ nr d.n~ntealc 
""""' nlihl•liun. U thr lendwlrc 1e111111ntc 11 nc¡h¡oblc,the 
'"lalinn1hir rrductl In: 

Ro 'Ro 
n •-----e 2Fnlft1 2 

(28) 

flf'rnnRt !he hridf,t nu1rut voi!Rf!t variulin~"ly wllh Slt1ln 
~~oh .. n •chtllllriiÍn•••t hein¡ mrRIUied, no lurthrr conce
tion iR 1rqubrd. 

,.-,u.nrlda:c Clrrult• 

\\'ht-11 ft-R5ihlr, 11~ nf tite full-bridv cireuilnlfnl JtVttll 
'""'~"'"!!r•. indudinR • httltr li!!n•l-tn-nni'r 111io. Tyrical 
"l'l'lirRiinnl a1r: he11m< in hcnding, 1h11hs in lhllino, 1111d 
,,¡~uy ln11drd tohunn• 1nd lensiun linh. Althou~:h \he si m· 
rl .. ~umrln dr.cdhr.t hrrr do not lncn•rort\t the rircuit 
,,.fi.,.,onenu ch•rulcoi<lic of commerd•ltr•n•ducru, lt ls 
''""'"lnn rrar•in- tn lnlrf lhc mRi,nitmln of mcrhanit~l 
,.,.,¡:oh! ro 111dt •• hrndlutt rnnmtnl, tnr_que, •nd fn1rr from 
!lor lnll-tuid~t'slrtin mtii\IICntcniJ, 

1 hrcc l~fllr'!f'nlnllve tull·hlitlp:e •nnngernt-nl•, ilh1<1r111rd 
iu H.t•. 7h, 7r,llrul1d.l!oc Unlrol httf'. 'lhc drntil• in Fif,l. 
lh :uul7d (!m hrndinJ, nttd lm~inn} h•vr cs<~utinlly lhe u me 
,.,.,,.nrlf'oi~lirs, •nd cnot !>e g•nure.t logf'thn ftu shunt
,,¡;h,,lltln prnrn~n. In cnrh nf thr•c ón:-ui,.,the hrld,¡:e' 
,.,l'\11 '"''•lllr v:uiu lhor:uly ... itb ~1t11in, JirK"r cqu~l 1nd 
"rl''"itt lt-•it~Atttt chnu,:c• ncrur in 11m• 1 •nrl 2, 11nd in 
111 '"' J nnd <1. '1 he nonlinc111 ity uf dmnl colibralinn llmd be 
nrrnnnted fot, hovor\'tt, In ndoieve rucl 11111in uinmlRiion 
al l:u~tr Rl11in1. 1 hr r•nt•rr e~~libralinn tesistnrlo 1itomlate 1 
,;.,,.n omfl('t tlllin (e.,: .. lhr lonJitudinalllrllin, in thr elle 
t~llhc hc11n1j un he_rnlrul•lcd hmn thr folln•in¡: 

{29) 

Onrt cnlihnlfd nrcnuliul! In fq. (1Q), 1111 •rcrn•lt ln~l!ll· 
tnf11111illlrl.i11rr thr rm¡criii!IÍII 11111ny olhrrJ!tlill 11111· 

11i111<ie. A• In thr cue of the h•lf-hridJe rircuit, 1he lndwhr 
IHi<laucc ¡, rreunt in lite r~tlih11llnn !datlonshír, bol doc:1 
not n«d lo tw •nown with hish rredsion. 

''"' 1!11111p;c"111Chl ~hnwn In n,. 7r Jnr 1 «nlt•lly lnndrd 
C"nhunn ni trminn m~llll>rr,ls lollltwhallnlliC ~nmple.1..ll 
r.,n he ~rrn frnm !he ri¡!lllt thnt thr h•ltl~tt clllltnls drallJ¡t 
"i1h nrrtied thaln, and thu' thr outrnt ~nll~l.~" ¡, • nnnlin
ra• lnnctinn of s111in rvrn hel(lle e~~lilintin¡ •·ith ·, 1hunt 
•rci'IIN. Rcct~u•r the nonlinnrhy iJ diflrrrntln lr111ion nnd 
t-n•urre,,ion, JCJ'IUte.rnlibrrrtion rqu•tinn1 11e 1rquhcd ll 

'"""11''; 

And, fui tenUnn In Roo, 

... [··<···)('"~;) '] 
R,.: 2(1 f l')f.~-;,~ R:, - ... 0--:)(l ,1;~~-

. . ' 1 (JI) 

f;quatinn~ (JO) •nd (JI) rrnvide lnr Cl\rt~l~ •i~IU!RtinJ,IIte 
lnn¡r:itmlinal IUifact 1t111in In rnmr•es••n~ 1~ lt.n'llnn, 
IC\f!CCih·cly, 11 1ny tiiiÍh llllll.hÍiUde. In CU':"III,OII 11'1lh _the 
cnnnronding h•ll btid,:e (fiS- '.bJ, ti~ intl,tll~nt i~ol1rt· 
tino 11 the cnlihiiiÍon 111ain lrvrl••r•n:tM", bul OJit'llllnll •1 
11 diffelenl Slr11in levd wiJI inh!MIIIrC 11 lhllll trn11 dne ¡, 

l>ridAt·rirC"uit nnnline11ily. Whrn OC"Ct"!llll)', ''!e c~nccltd 

"~'~"no b< ":(::·: i)¡t~ Cq. ( 18) loo ~~ """":m 
2( 1 f 2 ::.J f Fo (1 - 1•) (h- i) 

VI. lu•lrunrcnl Vrrlnutlun \ 

1 ht dounl-c-•lihnlion l"nrf•h"r' dnctikd In Stt'lit>ltt 
111 •nd V 1ut- ittltotkd srrrilic•lly fno in'lllllrnC,nl or•lina 
ruo¡•n~r~: 11111 i•. for •djutlitoA lhc inslrumcnl outrul lt> 
m11IC"h n rinll5imnlaled Aullnrt- Kit nin. ·r he y llr nol dior.-tly 
rcl~leol 10 thr o¡ucttinn ni vr1ifyin._ !he linnrily ""'""' 
11hsolntr ~,·cus11ry ni 11 Klain-niC"I~ItiÍII¡! inslrulnrnl. 11 i• 
imrlidlly "~'""'rd in lhr ¡>rettdinR ~linnt of thi1 'ltC"h 
Nnlr lhal lhr in<l!un~nt inn•h·rd i1 prlltrll)' linur in iu 
re~Pnu~c dr~~rlclrristin and, if dic«l·io~tlklltin,:, P rcrferlly 
lcrnulr.l n rucrkr. hnwrvtr, il is llrfnnry to f"tludirnll)" 

,vrrify lht llcruiRry nllhe inslrinurnl !>y cllihr~tion; 11nd 
nttlhndt fot -cromrJishintt thb aor ¡tivrn hne.l , 

hy f~r !hit 1111111 ¡eliahly IICCUUit llltllhl fol (~'llrUnJrlll 
vetifira!lun is throu11h !he use nl•labnr•lory·CI•Pd•rd cau: 
hutor 1urh as !he Mras•nrn~enlt li•our MOOel USOA. 1 hit 
ioslrumenl, w;bich inroornulu hur lcn,inrt •nc(romrott· 
Rinn' thlin limul•lion, ¡n<niolri preri•ion nlitr:1nlion o•f 
•lrlin iudicaH•u In •n 1rnn•rv 111 n.OlS Jlt'rC"ent. 11 •l•n 
climinntn rrr••u duc In !he lnlt-•~nn• nn the 1111irl !!•1~ 11111 
.¡,unl rc•i•••n.rc•. liiC cnlil•rtt(lr i• rc¡uirrrd wilh tlnre 
drndu nl•~~o·ilrhes, ~~o·hirh re• mil u¡rid cRiih•atloQ In •m•ll 
ttcpt o~c• 1 vr•)' ~~o·ide 11uin ••nar (lo -IOOOOOIJ.~). 

Whcthcr \·ctilication of the 1111in lmliutor ls tO be do•nr 
wilh 1 J>ltri~ion ralih1a1nr or by thnnl calibntinn, it ¡, 
lrnport•ut th1l lhe prnrcdurr ht unallertcd hylluoll\ilt 

. lt~islnnre. Wl~n Vtlifying insi!UIIICIII IICCU/lf)' ,with lht 
Mntlcl B~OA. fnr in,honft, lht rlllihultll 1hnukl he rcul· 
nerrrd tn lloe 1-1111in indic•h•r wilh dttlll lr•ds of P:ci\C'fll\11 
wirt 1i1t. Sinlil•liy, 11ilh thunl raliltrlllion, lhe lt1d>1itr 
tui,llnrt In ti>C" shuntcd brid11r 11111 thnnld be n'rttligihly 
.n••li. 1 hi~ c•n 1>r •('('omrli~bed. fur nlihr~li~>n r'urpt>tr~. 
by rnnntrlinR lh lnllllkd sluin II!IJt Ot 1 tllhlt rrtrition 
rr•",.lnr dher\ly 1rrn111hr •ctlv.- ¡nrr lflmlnllllt>llhc lltlin 
hulinl(ll. EiiiH'r lht 11c1ivc or dumnl)' •ron of 1hi- h1id~e 
rhrnit cln then he thunltd lt• pu'llnct, rt>ltfl('nndin~tl)', • 
dt>wn•ralc n1 ur~C"nlr nlih•all"n si~nnl. lflhr 1rtivr:aom IJ 1 
ltlllin~t•Jr, au..t is tn ht shllnlrd.the in,l•lled •nistnni"C 111 
!he l:llltt lhUSI he- Lnn'l'Qirruolltly~----·--~--

'Ao ......, In lkio •Mit•n ""''· '"" ,.,,., ~, •••~'"'""'."'',. ••l~•• u ~'tu· 
~-~-rr:~~ ..... r'""'' ,.¡¡~~lt~.":'.~:·.·~~~~¡,, l~t lio>rllil' "'jrni!IIC¡., 



/In nlt~rn~li~ nr•rrn~r·h. "h\t-h r!inrfnM!"~ th~ d!rt·t nf 
¡ .. ,.,tnirt rr<itlanrr. ¡,In dmnt r•nr arnr ni lhrlrrtrrnnl lrnlf. 
'"'''P.• r.,m 1n...,fy ¡,111 rul in rnn~rrr!lnniOIIItnin ~tn~rlor<lttl· 
1,.~nt•. lt>iÓ ronorrdrrrr tr•¡nirr•, <>1 cnnrot, th~l the tnl~
t:on~r• ••llhtlntrt trnl !11 irl~r 111 "" lr.- • """""· In nr!olithrn, h 

'' • •, .. ,1,.;rr• th•tl~ lrrtrtnnllr•ll·lothl,.. htl•nlntrrl lt••n> any 
h11l~nrr riocui"lly ,..hkh 11110\" h~ t•rr••nl. "' thnt 1 he elfrel~ .,r 
urrh rirrrritry ~ lne"r rnr•trtllrr thr olorrnl.calil•r•lion ~~lc11· 
blitrn•.ln ~n' r••r. 1lre ln•trrortlnn nrlnn•l "'"' rhtutl ollll
''""'''" thr i.....rrunrrnl•hnnhlhr tonoulted l•d<11e llltemrt· 
inl '" uli!,. 11te by 1h11ntirr,: thr interna! h•ll-htlrl,_e. 

l. 

1 l•r r 11!ih1 111i"n rd~tinno!ri¡• lnr lnouunrrnt ~rr ilirntinn h 
...... d nn úillnrnt tr~•unirr~ thnn lt i• lnt in<lllltnflll •r11liu1;. 
In •r•1iu,: •rrlle•tinrto (Srrlinr" 111 an<l V), the r~lihr~tion 
•••i••nr ;, cllln>l~lrtl en <lnrlnr thr ·~~~~~ hri<l~e ""''"'' 
, . .,"~•r th11t .... utrl nrrur "''•rn "'''~in ~~~,e"' ~rrcil"rrtl R~~e 
•~••••r ¡, •nhi~r~ol ¡,. n ~lorn otr10in. lht luolrunrrnl p.n.re 
'"'"'"' rrr ,:nln tnul!<>ll• tlr .. n n•IJuolr.t 111 lrJP.l•trr thr IÍrml· 
¡,., .. ,,,,,.;n. llw rlfrrl• ,,¡ ,;~nnlln•• due In Ir~,¡,..;, e re•\•· 
¡~.,, .... n< •i.rnll iun •~•• Ir nnr llllrlli¡rlt ,.,.,¡, ... p:~~··· ~• r 1 In" 
, ""'''""'~trrlln•. Wit h rhio ¡ .. drni•¡•rf",ll•• lit111l orrtirtp: n/lhe 
r~r• ·f~cr:.r ,,,·.rain ,·nntr ,.¡ ¡, ol•tnruinr<l nnlv hy lhr olet
n~l ~i 1 ruil r"••n•rlero: ~tm1. in thr rn•r ni 11 otrnin ittolirntm, 
fnr r11rnrrle, ''"' n•lllliuR ~~¡zr fnrtut ltllinR nf !he inrlrn· 
nrrnr '""'"' n ... mntly 1•• quhe tlillerrnl lrr1111 thftt ni the 
<llnin ~tnre. 

In !'nnlf:od. •hrtt l'nlilrrntinl ¡.,, inrhunrrnt \'ttilirntinn 
r"•r'"~''· thr On•llltrn .. nl ~"llf lnrt"' nr ~t•ln h ntolinnrHy 
1'' .. ,~, In '"'"• rnn~enirnl v•lrte. ·¡ hr ~ro ilirnliun rrlntlun
•!•'!' ¡, rhrn wrillrn In rorrr•r thr •rJ:i•lrrtú •hnirt (in • 
r"'l .. r!lv III"<"UIIIIe inot,.uurnq "' 11 lnnrtimr ni thr ohunl 
,,.,;.,,.,·,.,.,¡tn <yntheoi1~ tire ,hnin oi.rrrnl. lt ..-ill hr 'een 
11.~1 thr Rnr.e l10rlnr nlrhr <tr~iu ~·~~ itvll io trol in•·.,l~rol in 
•hio rrnre«. N<'r ••• nthr• r'lrrn~l ri!nrit ¡•u~rnrtet~. 
.. u~rtthe inili~l <c<i<tnurr ni !loe ohunt~rllrrirl ¡r:c ftlnr. 11hich 

·;, "'"~lly th~ no:omirr~l r••i•lnntc ni • <lrftin [f.n·¡t~. 

· !11 nn i•lr~l itKtrttn~rnt, !he re¡¡i<lf<r•l <lr11i11 i<ldnleú lo 
ll~t lrri<l¡r:e nutrvt r·nlt~gr hy: .. 

ft "Ca·-
F. 

(lJ) 

\,tr ... re: f; ~· ~l!ain ur~¡r:11iturle lnolk,.le.l nr le¡¡i<lrred hy !he 
ldr•l in•tturnent. 

C "imrrumeul ertn<lllnt -· 11t 11 rfled 1etting ni t!te 
¡!ain 01 ¡r:~¡;r·fnt"lnt tnnHnf. 

""' thr hr ld~t oulrrrr rnuoeú hy ft uni11r•l•t•nrc chnu~e In 
.,,,r nrm tan~ nrrr•~crl n': 

•• ±· -ñ,-; __ 
. "" 4•2--

"" 
In f'q .1.'4},1 hr drrrier tri •iJ:II <lr¡•en•h "" ,..Jrirh 111111 i~ hrhr¡t 
•h,nlrrl. RrftrrinJt tn ri¡r:. l,rhr ,¡,_" i'l""ilir·~ fnt Ro nt Rr, 
nrr<1 , .. ~llli\"f fot R1 01 /{,. "lhr uniltnl<lll!lrC rltMlRC in 
''"'"' rnlihr~rion i1 ~1""0}"' nr¡¡:nthe.lt<r"'n<"l, ~rnl 1< l"llkll
htrd f•nm Eq. (.IJ· 

Suhotitutht¡t irrl« fq. (.1~). •nd ~implilyiiiR. 

f"o - :¡: - -~~~~-· ·F.- ··~11 .. •2n.., 

1 ""'· llrthriol¡r:e nulrrrt 11 f\t¡tlllivr ... ,,.,,.holnlin,: n. nr Rr, • 
• .,,¡ ruoiti•·e lot u, nr flo. 

Suh"itulln,: t:q. (H)Inlu l:q. (JJ). 

fln 

" 

fr " n: • 4R;"'f2ñ., 

(lt, in [f.ChCrlll, 11·hrn ohuutin¡t 1111'! 111111 nfinili~lr~illllnre 

Ru. 

"""· 

lfol = r· • · --~!.. -. 4R1· o 2/l., 

p7J 

111 the rue ni" <trnln in•lirftlnt •·ith 11 ¡r:~.rr-lat·lt>t rorrrltol. 
lhr in<lt111nenl 1< •lt•i~:nrol •n !Ion! r·"' -t¡r, . ... hroe r, h 11rr 
ln~trnmen!,:nr.e lacrur Jclliu,:. ·r htn, 

(.111.) 

Whcn nne nt"nr ni ilrr l>rioiJt~ it •lruntrd by 11 r~HhrMinll 
tr•iotur tnlnrl;rlr<l frunr !:1¡. (.IR), !he Íl1<t!UIIIrn1 ""'""' 8\ 
¡,,lknte rhr <)'llthrsin<l ~~~~in, t 1• l'niturt In úo ~~~by mure 9 
tfrnn !he tnkrnnccs 011 flu Rtod flo. it iruJiuti~t llf irt~IIUIIIC!II 
error. 

lmteod of 11 •t•ain inolicalot, lht in<trurnentatlon mnv 
ton~;,¡ of R ,;,:nnl-rorrtlilio•niuf( ~n•¡•lilirr. Thi~ IH'<" ni 
in<tntmrnt i• normnlly ec¡uirred willr R gain ronltolrathrr 
u.~ .. n f!~f!l'·f~rlor ({11111111. lt$ ""'""' Í$ •imply 11 ~olt;rpe 
"hich cnn thr11 he surplittl toan •••ril!rr¡:• ~l'h or olher dnire 
for ttrot•liu¡r. lrr rhe iolenl iuw urJlenl. thr •·nltn~ Alan~· p:.~iu 
'rltinp: •houi.J he Jtrirlly l'ltli'OIIinnRI lo !he brid~e ourput 
,¡,_,.ni. 1 hu$, cortr~ronding In l:q. (.IJ), 

I!:C~ 
F. 

lhr ol>jecl of nlibtnlinn In thi• in~lnnr; ¡_,In \"ttify lhr 
ind!UIIIflll linentily; !I!H( is, ht le<\ llftelhn ( h, in (RCI, 

rntr.<lnnl. Cnlihtlllio•tl i~ lll"tompli<hecl hy ronrpntinl! lhr 
meuured in<lnmrenl outpul \"rtlin¡:r lo lhe bri.J¡te n11trut 
•ign~l1l11 Hrir• uf dilfrtcnt sigrtnllneb. Sub,litulin[t. 1!•1-
(J.S) ill\0 tq. (.19), 

Or, in ~ttnernl, 

.1 

'. 

,\llf"t •hnnti..,_ n~ ~rm ,.,r the hri<l,:e wilh • fiOiihratinrt 
, ... ;,

1
,,

1
• /(,·,¡he ¡11 ,¡ 1 11 mrnl <>111J1111 vnltll¡tt h me~\nted. IOnol 

Hr .. rnnotnnl, (", rnlrnl~trd fwm l't¡. 0"1· ·¡hit n~ntlnn 1~ 
or¡~t~lrl"l 11¡ ¡...,ni n1 nrt.-lilf~renl ~i.rnlllle~el' l>yturct<<lnly 
,f.,rnlinp. wlrh 111, 1.,,.r1 111 t~ ulihtallnn •rddm•. lf thc 
ino!,.,ntrlll l•li~~·. vaoi•tlnrnln the c•lrul•trd Y11!11e nf tlr~ 
ln•lto>rnenl rnt~<lant ohnulrl nnt h~ ll'e~ler !loan the lnler
llfii'("S nn the ra••metrr• in Eq. (~0). 

Vli. Acctn•tJ C:ou•dtltntllrn, 

A• de•rrihed in th~ rrrrrdinJt aerlir~n•, !hrtnl e~lihr11tion 
r:on he110ed f'" rithet ~nl<"nl Kalin~nr ln,hllmtnl Hrirtc10· 
rit•n r"'l'"~r:-<.ln hntlr .. ·,..,.the ~rntetl ~ttnirtabl~ 11("("111 :te)' 

... ;¡h !he f'ln("rchllel~ limited hy en oro (devl111iont hom lht 
unminal '" a'lmrnttd ~11lnd irr !Ir~ nri~ble' whkh tnlcr lnln 
1hr r111ihr10ti{ln e•knbriont. 1 hr tttot Jen~itiviry nf !he 
u•rth~>d r•nMdrn•nnohiOifd "'"" noily wlth • J:entralircd 
lnrrn ol the !urde 'hlllll·fiOiihrrilinn tfllltionthir(n~ Eqt. (J}, 

'"'·"""(~)J. 
1 ~~ Ro In Ffl. (.1) trrrrtelll tloe no"/1,/rui~t•nrr of·lhr 

<lonirrjl~p:e,llflff ln•l•llatinn. "!he !11rlnt Rn In l:q. (4) it 
''"l•lnrrol hy • nnmr.le"l nmot~nl, C. In rrnrhni'e thr r~el 
thnt tire ""'"''"'lreol•r•"ce or the J:"lte 1• nnl rl••n~t•d hy 
~:o~e iutiAII~tion. 1 hrn,lltr triRtiou~toirs In Eqt. PJ and (4) 
r:on he rrur~•ed nt: 

óR: ___ !!.!__ (.111} 
n, • Re 

(~1) 

t "umhiroin¡t Eq•. f.l•J •n<l (41), •n•l mlvintt fnr ll~•imullltnl 
~··~in. 

1 hetntRI dilfetenlilll oflhe simul11ttd atuin un~ ~~o·rilten: 

~!~ 11fs rlr, 
olt. " ,w~ Jn, ~ ;1n,. tiRe • ~¡:;;JFo 

""'"' rrtlnlmillg the rnrli•l diffneuti.tiont llnd diviúing 

"'""''" try to" n1¡cr.,(n, • Rd, 

r,.,. tmn!l de~iatioM, thr dirTerrnliflt r•t1 ~ rcrla~d by 
li11ile dilrctrncts. ot: 

~-~~ = (-~..'!!) 6flr_ (___i<s_)~ _ 6Po 411 
f, Rr • Rc llr R, t Re Re Fn { . 

Wlren nwlrirrrot.~ by 100, F.q. {4.1) ~tivet lhc J't"rrrnt error in 
llrr tirmrl11trd ~train ~~ R lull("linn ol the trt{ltl nr de\·i•linu~ 
itt Rr {!he 11rhrRI¡zn¡r:e rr•ktnnn-), Rr, 1111d Fn. ~iucc f(,. 11 
•••dinnrily ver y lar,:rrornrarrd lo Rr. il can he sf'C"n th~llhe 
f' .. l<"flll elfO! in ttimnl1111'd 'hnln is 11houc twirt lf••l i11 tire 
r~.r'" rr•;,l~nc~. an,t i• nrrro:t.im•ldy tqu~l lo th•t in the 
r:olihurti<~u l~<i~l<>t nnol ,_,,,r f~cltrr (nlclrotr¡r:h thr IÍRII' nr•y 
dillrrt.ln rrnrlil'f".llr~ r""'~ in Ro,llr·. Rlltl f"n•·•nintlc
rr~~<lturly ovt1 lhrit rt<rf't"li\·r 111n11r• nf lolr••nrt" n(nnerr
t:oiury. "lhn•. thry m~y lrnd In~ ~elf-r11nrrllin(l on 1ome 

Or<"IO<ioon; 10nd, ~~ o>lher tin•e\, mfty hr ~·lolitiH. ·r.hr •~r¡t
rA<r r11nro in oinrulni~Ú •tr~in ,,..,., .. whrn ll/lo" ,,.,..,,,,..~ 
whilr. !J.R 11nol tJ.r., ~rr nr~~tive. 11nd ~ire , ..... 11. 1r.~..

. rnrulitinn~ .. ,., hr cunthi11rol inln ~ ,in~tlt t•trrf<'inn hy 
erurlnyir•R tlor •'''"hrtr ~nlue• ni rl•t runn: 

1"''1 ~ -- ... ... 
(ll.!.'E!.<) 1 ~!!" 1 Rr 1 Rr· Rr 

Equntiun {~1) rrtntil' t~kut~tin¡t !he ~:t.ltfnlr r11nr i_n 
.,irnnl~trr.l sllnin (rnm tire urrrrne enou rn the othet VIII· 

"blu. l'rAclirllll)•. lrt••·evel, tire e•lrerne fiiO!S in flu, llo:, 
11 nd r,. wo111d norcnr only urrly ni tlrr umc lime. 11rrd ,.-irh 
the rrr.¡uitrd cmnhi11111inot nl•i,:n•. In he hrlly adcliti .. c. 1\ 

heltrr rnrn..,rr n{ !hr ftrr•n~inr~tr uncrrt•inty (tlprrl~d 
tnnt lftn~tr} in,,~~~ 11 lnurtlnn ,¡ thr ullttrl•intiu '" torlrr· 
lllltfl nn thr rrlhtr tlnrr r¡nftnlitit• t"ftll he ohl~inrd h!' ~n 
nrlnf!IAtion (r<llll !he thrnry nf ~ort•l fll"f'APIIIinn. 1 h~ l~l<rr 
!hrt•IV ¡, rmt 11rirlly nrf'l\rnl>lr in 1hi• rlltc brrnn•r thr 
irroli~ioluAI.tlll>l rli~toihutinn• nrt urrknnw·u. Rrf t•onh~l·ly 
rlilrrrenllrnnr<>ne 11nnthrr, 11nú m•y nlhfr" i<e ~inl~tr <lllli<· 
tirlllter¡rtirrmel!l< uf thr noe!IH>d. 11 ,.wr•·et,lflht nncrrt11in 

tiro In r11rh ~~rinhlr rrr•r•eotl ""'"'' thr \nrrre "'"'''"'' uf 
~~ ntulll!<l dr\·inti!lll\, !he fnllc•win~ .. ~ r••~<Ítln •hnultl ,h·~ 11 

111111t trnli~tir utiurnle ullhr nnrert11iuty in ft th•n ft¡. (-tt¡. 

Jr /!,' '"··)'("'·)' ( "' )'("'•)' ('''")' \- ir~7"i/r-· -¡¡~ 1 f¡,' /i,: .. ñ .. - ' /;, 

"' . . • 11 ,. whrrc:- .\'" = f•turnltnl<"trtnrnt¡· 111 \"111111' e . 

~~~ 11 ntrrner io:nl ••n•nrle. a<\ul\1~ lhnl• JSO-ohm ~~~e ,..;,t, 
~ l!llj:t !Rctnr nf 2.0 i~ '" l•e ~lmutrd te• simula te 11 ~lrlin t>f 
2000¡.H. l'n•m f:c¡. (7). 

Bo .. lO" 
R.:= i:o;liill!) - J:'iO " 117 l:'ill ,.,hm• 

1 hi• rAiihrntinu re•iotnr e !In l>r '"'""' ;., T~hle 1: ""''· if 
~urrlieol b¡- M irr ... MrMrnerr•rnt•. hn< 11 rroi!IRIIC"t" lnlrr ~nc-r 
uf ~O.fll%. /houme Rl<n thlll rhr ~flerlrd ~nge ty¡•• h~• 
tnlrrnnces on ir. !!~¡te fnrlnr 11oul tr•iolllnre nf f tr.• ,.,,¡ 
:l.fl.J'!!o. te,¡•crth·d¡·. SirKe 1 he J!~l!t tr~i\IRnc~ mR J h1·r lotrn 
shifletl duritll! in<tnll~litlll, holl•~·~r. tltr unrrtlnint.l· in thr 
in•tnllrd rr•ior11nre •lwui,J """"""Y lor !drn l<>mr"lr"-1 
lllf[t.l'r - ur. 1(1 he er•tltCI\"IIIÍ\t, :f:l%. Sub~itutiu,~: intn 
Eq. (45}, 

V, .. 
---¡¡. = J {/.9Q(,jl. (1.0)'. (0.9'1fo)l ~ (11.1111'. (1.0)1 ~ :f 11.\':; . 

[o¡uari~rt' {-1-1) Rrrtl (~~) will hr (11unollrrlrlul r:"irillrlin 
t•limnriul! tlrr rrrri<inrt of dmnt ralihr•liun. 1 hry .. ,., alw 
~er r·e irt juriJ!inJ! 11 hrllrerutr r•f tlrr 1~• J!r·<lrnirr trlatinnohir• 
in Secrinn Vi< 11,11nrrtnl ¡rn,fft nnr J!i•rn ~el nf drrmtt· 
~tnnce~. ·¡ hr10. illhr iurr in'ir 11111 rrl;riHI\' irt•hrrrrl r•lih•Minn 
¡, mnny rimn ,:r r•ler 1 hnn tlrr r~linr•neu1 o•ht~inrol b¡· fl'll· 
•iderin~ l~r llf·•lr ~iurllert•. !loe oirurlrr trl•tit>ndrif" in !'er· 
linn 111 IT!Ry 11• 11-ell lor rm¡•l")ftl. 

15 --
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Whrn n~rr!>~nry. th~ ovr.rnlltnu-rrtninty cnn he rcdm·cd RACK(;Jt(HINU ltf:l,.l·:nENCI~ 
~~·mrwhnt hy nt·ctnatcly mcn~ttring thc in~tnllctl Jtngr rc~Í!;~ tnnr~" nncf emplnyinR thi~ vnlue in thr ~hunt-cnlihrntion l. ltftttUII,mrlll.f Grou¡r 'l'rc:ll Notr TN·J07, "l~.lltl1~ l.lne 

·- ~- --rq.,ntinnoc< h;ol rcr nnlh·cly;llrc·dffCfiif 
1 
"¡,¡011co-dcviiltiliil- -:-· ., " ·wtrr.nl slonc-Jiii<lgeN onliiii'iiiiiY,". Mrn•ur oO.r~nl-, ------

in tltr ~tn'g~ C'nn h'r lnrJtrlv elintlnnlefl hy thl": ttlt>lhnd~ -de.~~:- Orotl(1, lnc.-.• Rnleigh, N.C., I'JR1. 

rtih('d In Seoctlnn V ro .. qnntt(':r-tuldftt" cnlihrntlon. 

A Pl'I~NDIX 
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ut~ nt'lthr!Jtlllrlirt' rRn r:rnrtally he rrcnmmt'ndcd fnt lhc 
11rn;1alt' drlftminllt\nn nf ptllltip•l lhain,, 

·¡,"""'M: •rr••"'"'"d llo•l ttfúlc lbr u• of • alt•ln 1•P 
, ..... u.- h,l11 '""'"7 ctt•l"', 11 nrrrJIMfCnndttiPn fnt obl•lnlnJ 
th~ prlndr•l•h•ln~,lllt nnlllltJ1il'lrlllcnnditlnn (ni dn\Rf. 
•oiiN"IItatrly. K nnwlrdf.c•hililr l•l~tck:dlnn 1nd •rrllca
tinn nf tnnltt't i1 ctitlu.lln thdr rwc:c:pfuluse lnuretlmcll· 
t~l du·<~a 11n11lyti•; .,,,¡ !he lnfnrmalinn ronl•inrd In t~i1 
'lt>rh Note !1 intcndrd In helplhe·u~er ohlain tcliahly •~· 
.,,, .. rrlndt••l ~tuin dntll. 

.·~.o·n."ull~. Srlrdlort t:nn•ldrr•llnu•. 

1\ n•r11rrehcn•ivr auidc lnr uu '" arlrdlnt Micro- · 
Mruurr¡nentaatra\n Jll,tlll r•n\"ldrd lh Rrl. l. 1 hls rubll· i 
nrit•n ~hnuhl lil.t 1~ conaulted fnt tecommrndallohl nn lhc 1 

tlu•in-urrtiti~r 111lny, b11cklnJ tnlllttlal, arll-lemperahlrt· : 
""'""""'"'¡"" tutmt...r, '"~ kn¡th, and Cllher Jlllllrt a•r.e ; 
tluuafleritricc auit11hll' h• lhe nrn-trd •rrliutlon. In •ddl- ; 
tiuu tio hncit' rnrlltr¡etrrt IUC"h nlht fnltJnlnJ., llihkh tnUII , 
hr '"""•ltlrrrd In llrr arh:climt n( JI'!)' lltlliiiJIIJt,IWo otlter 
!••••""''"" 111c inrrnrl•ntln tnuile lr_lo:dinn. 1 h"e IIC: ( 1) . 
¡¡,,. rncrttr tyrr. - trr, n·rbn¡ulu, nt dclt11: 1nd (2) thr 
,,..~ue cno•hntllon - rl11n11t (llnglc-rlrtnt) or •t•ehd ; 
{l:tyrrnl). '· 1 

'· ., he ter rn•ellr .t ..... ld br !llt'<l .. -nly ll<IM"n tloe rrlnc-1~111 
•h•in dirrdinnc 111r knnwn ht 11dunrr Ir non n\hrr cnnslcftt
•llnnl. t "ylin<hi ... t r•r~~me wcorlt 1n<l •h•h' In tnnlon lit 
'"·nd•••iul rum¡dr~ nltltr l:allrt tnh<lllin•. llnwevu ,nre 
'"'"' 1>t urod•rd In 11\1 tuch uu1 !Ion! r1.1r11ntnt11 lllu•u 
(l ... ntlin,_, ul•l•hro, rlr.) lit bol r•~·'· tlnl""t tl.rse'wlll 
•ffrrt tl•t ñirtrtin"' ni tire rrthrir•ln.rt.. Attrntlnn mul\ 
•l•n l>t 11i~rn In ne11rhy ,rnmc:lllt lrtrpl•tillr•, ntc:h 11 
h .. !~~. ril••. or thnuldru. ~t-hkhnn loc~lly 1hrt the jHhtdr•l 
rfiontion•.- 1 he tll<>l lllftAnlhtdt't d!lt Ir~ ml•1ll¡nmenl ni 1 
tre rnutte fwm ti~ rlindr1lrhrt ate ¡l""n In Rrl. 2. A• 1' 
rult', il lhcrt icuncrrhli.nty lhdllf lht ~rhx!r•l dlteclloht, 1 
thrrc-elemrnl trchngulat nt ,drill IMt-Ut 11 &rlcfetablt. 
Whrn nrcruary (11nd, ll.IIIIJ drf ptl"lfrtt JtJirl:lrrludlt~lt 
rrln•l.,,u/rlpJ), thc ter umlte dn bt-ln~l11lled 'lllith 111 n.d 11 
""Y p~t•thl'lf '""""'' llnglr hom tlrt t>tlnclrlll tkcl; bul 
~rutut Jtt:uury will he achi~vtd by all¡nmrnl alon¡lht 
rlinrirRI dhcctinnA. In tht l•liet d1t, Httrtl11tlhf tclldlly 
nrnrdrd tunr dur lo IUnl\'tttf ll:tHIIIvli~, lht (1.\-n -_M¡~ 
rlrmtnl' In thr tn1cllc lndluU '"' conurondln¡ ptlnt,lr•l 
llrllint dirrclly. r ; 

Whtlt lhc clitcclio!U nllht rtlntlrRilhainllllt llh~n~wn,· 
• thrrc-rlcmrnl tcd~nJuljt bt dcllj IOitlte lt 1httyt 
rrqtrired; •nd lhr lncrllt un~ lnti1llcd •llhoul tt111d 10 
oricnt•tion. 1 hr dah-tedudlon tcllllnrtlbirt ah·ett ltl Sti
tlnn J:t yldd not nnly lhr rthKI¡It! llt1ln11 hui lito lhr 
dirrct'i~n~ of thr r•tncip1l Ud tda!l\'t lo lhe trldtnl:t ttld 
(tiJid 1) ni !he tnsrue. funñln~ally, thttr 11 liltlc ~ok! 
loe1wrrn thc lertlngnllltllnd dclll totrllrt. Oer.u~r !he ~111t 
~cr~ in tl1c t\dll IO~e\le h11v~ !he tnU\ITIUI"II rnniblt tltrlfornt 
fii>Jtlll•r ~rrRuli11n (elrrdlvrly 1211"), \hll lnttllt lt fll~! 
~umrd In l"'tndurr thr to¡•tihllmlllltrtrllnJ tJf tht Uñdttl~htf 
•tr•in ttltlllhttllnn. Rttt•tiJIIIIIr lcotrllrt h1vt hlslntlcRil)' 
N-rot thr mntc rorutu nlthf t•t~, rtlltl.ltily hrt•trw thé 
.t~h tt'durtinn trlnlinn~hlrs •tt lrrmurh,¡ slnrrlet. nu• 
trotly, """""'"''· with thr v.·ldrsrtud lrttSalo to.mrutct' 

•nd rtnp:rllmmlhlc ulcul.to!l, thc comrutltlnn•l •dv•n
h¡e nf the trcbn¡UIIIt to•eltc \1 nlllttlr tonlfilutntt . .\1 1 
letU\t of the lotr¡nlh&. thc thol~ hrt•ettt lecl•nlttllt Jnd 
dcll• tnntlt•l• tnott •rilo t.r havd on pradlut•rrlkallnn 
rah,ldtlllliont auth Ullv•ll•hlllty lrntn slnclt,tnmr•tlbitity 
Villh lhe Rrl!.tt •~allable lot lnttallatloll, tnn~nknte of 
toldet lab lnan¡tlt\chl, Ue. 

Alllhrec lyrd nt totdles (lec, eedanaulat, and dril•) are 
manufRctutrd In bnth rtan111 lnd alacktd Veulont. A.t lndl
n\ed {fnt lht ttti.IIIJIIIJt ln,rttr) In rl¡.), lht rlanatensctle 
l• rtdrtii htnd \ht UUin-nMitlve falll• an rntlty, wlth 111 
Jllt tlrmenU lylhJ In a tln¡lr rl11ne. lbr llacltcd 1osrtte b 
ldllnl1fldtued hy a.uemblln¡ •nd lamldallnll•o or threc 
rrnrcrly otlcnlrd lln¡lc-elrmcnl I•JCI. Whtn 1h1ln 111· 
rflcnts In !he rlant of lhr lell r•" IU!II~ ate nolloo ltY'CIC, 
the t1orm•l sclrdlon b lhe rl•n•t toltllt. Thit fortn of 
tosdle oUrulht follo•irl¡ldvanta¡ct 1~ luth euet: 

6 !ltin and hedble, •llh .aruler tonlormallllity lco cutvrd 
IUIIIcet. . 

1 hllniln•ltclt11otdll¡tlftd. 

1 turrrlofhr•l dlnir•llon lo lhr lnt fllll. 

t IIVIIII•hle In alltllnd1td lorms ol &•ar'eonrtut("tion, 1nd 
¡tnr11lly ttcrrjlillllltlndttd orUonal futurett. 

• nrtlri'lll st.bility. 
t tnu.lrnum lrrrdom htludwlre toullnf lnd lltlrhltM:nl. 

FIJ. J- #HI•ritul,t tturllri(o}rlet i•rilf tlitr lmrtlr}ltt 
fllllnl2t ltrtJ JtfrArd rotUtnkflort. • 

·t ht rtlnclr•l dlud~tanl•irl bf lh~ planat tosrllt atbe 
frnm tt.e lltltl ttltlld litl ttJY"Cted ~~~ iht arhsltlvt rorlion 
ot lht &IJt. Whcn lh~ trut ll<.li11blt fo' &•Jf: ln•l•ll•llon ls 
ttnatl, 1 llaritd lott\le tnl1 nl1 llthoUJh 1 Jlllntt onc .-i!l 
not. Mot~ lmrotl•tttly¡ •frrtt e t!tt¡t tltalnaradicnl ul,t• 
111 the t01tace &rlah! ot lht lc•t ~ltl 1 lht Individual 1•1~ 
lletnrhltltt •:r.tanlt lotcllt lnl~ leltl~ dltrcrénl•lr•ln rttldl 
•nd trtaanltu d. ~otl¡llttn adht a•ct ltn¡th,lhr tlaclrd 
loirltt r~ttU¡IItllht lcut roulble arta1lnd hatlhr ttnhnirb 
(g~Utnelllt: tthlt-tl) ot 111 ~tldalylnt o\rH lhé hme rolnl on 
lltt lc11 trarl tUtlllt"t.1hut,lhe lllcktd loktlt tnorc tttady 
•rrtnll.thtl mcUtltttnenl or ll!t lttalnt 111 polnl. Allhou,h 
tlnttnRllj altlvlaf tonsfdrttUon,lt tlt!llto bt nolrd lhat 1!1 

r.II.IU In t U1ehd lo*tlli! hlvt lh~ tllme tllt ftttot and 
tllltt~t'ht lehllll~l\y¡ ~hile lht a!ldtln• rlanll.t ft>ltltt wll\ 

dlfftttllahllyln llrm f!rcrrrrlltt, chtt lo lhrlt difieren! crrltn
.IRIItrnt ttlllllltt lo the tnllinJ dlr«"llon ni lhe •lt•ln-tentllhr 
ftr\1. 1 hr lnhhklld1lll. th~tl lttotnr•ny\n¡t !he rnM"IItt ftdly · 
dncumrnt~ thc arr•tlle rrort~tlct olthr lndlvldull¡rld•. 
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!lo~ ,.,,.nninll whit-h ur .. luliu rile rrrccdina rnk1 
hrrnmr• """im11 ~<·hcrr ~ ohlch i1 runrlc nf !he lftiiCif"'"d· 
iull Mnhr'lciu·lc·fur llrftin, ••ul thc rnnltc ~lU are IU¡>Ct• 

irnpn~cd 11 in FiJ. jc, 1\ 1in.il~r lrchniqnc fnr 1umin1 
<""fltCI illltrpUIRI/nn nf !he lln¡ic i1 Ji~Cfl in lhC (orm Clf 1 
<lfp-hy-sJcr Jllnlilhn¡ in Rcf. l. 

1 he r•rttdin1 rlrvdnpmcnl hlt bccn •rrlicd trr !he rcct·. 
~"Jnbr ro~ re, hmlht u me prnccrlurc ct_n he r•rcd '"derive 
n•r• r•rnrutinl! rlRI!I-r cclurrinn tr¡nntinns fm !he ddta rose! le 1 
dro" n in ri~. 6. Whcn (ldd RniiU 11, 0 1 60°

1 
~n~: 

(Ir 1 2fr IFC IUCrtl<h·dy IHhS!itutccl in! o fq. ( 1), lhC tCUdi· r 
¡,ll thrrc cq•utinnr rnn llll~in he snln.clsimull•nennsly fnr 

·1hr ¡rdndpals1r~in1 11nd 1n1lc. 1 hm, lor lhe dd11 roscÚ~! 

frlf"Jif• .Ji V l '•·<:! = --~,~- .t- j- {f, . f¡)l f (fa. f¡)l 1 (f,- 11)1. 

fl =! lan '[{J.~~!.::.!l) 1 
J lf,.f,-f, 

y 
-¡ 

<-,:~·:"· 
"''"'~ 1·· (? __.... 

. ~~(ilJ_ . - -;;
.-¡~ 

(11) . 

1 ··---1 

-t·-
Ol~ 

,y t-.~-··---· 

' (h) 

Flt- 1- llrh• tfllrllt:(ll} lnllllllrd fll'! 111ftH 111'/llrr, tt•ltlr 
r;,¡d 1 lit tlt( tlnflt 1 /rt>m tht mry,, rrlnrf¡•t~l sfrll/fl 
dir,rtlt>n; fhfrt>ltltt trld 11 ff'J Hl{'rtlmpD!td on .UD/rr's 
~"rl' j<>r ••••lot. Nnlr thnt f.'rlrl J 11 '" hr l•frM·r.l•r 1617" 
(1 t'II'J/•t>"" t.·rtd 1 ¡,. lhr '""ttr, •ntf 11111~ In,,,.,"., 
rl•rlr. 

(6) 

(1) 

. -- -~~--· ----------------~-_.:.:_.-:_:_, __ 
-· ' 

At In thr ru~ nf f'o¡. {4), !lo~ llntk ti nleul•t~d Ir non F<J. (1) 
rrfrrs tu tloe •n~:ul11 di!plnrrnoenl ni Cl1ld 1/mm tloc: r•ind
f'llnh. -,he oense of the Rnjl:le nn 111in be chlnjl:td bJ 
rrv~rsin¡ iu si¡q lo 1ive !he •n1lefiom Orid 1 '" •rlit~dr•l 
uit; 

~r,Q" -ti= -t•n -----1 ··[.fj{f¡- fl) 1 
2 lf,-h-fo (1) 

In every eue (f:qt. (4), {~J. (7), ami {11)), !he anslet ue lo be 
inltlf'ICitd as ~nunlttclnckwitc if ('ntitive, and clod wi!C if 
.nrs~tive. 

Equntlon (!)embodiu the 11me lmhl&ultJ wilh ttlped lo 
!he t1n 1. 1nd 1111 1(. 1 90") u F.q. ($). A1'bdote, the 
1mbi11uity un enily be rnolvrd Hor the ddtl IOICIIe) by 
eonsitlerin1 the telatlve mn1nitudcs (allcbr•lnlly) •mon1 
the individunl •!rain mcasmcment•; urncly: 

. fl 1 f, 
t{•)if f¡ > - 2-,then+r.o" <f.r. 

• fl 1ft -
(b) tf _r• < - 2-, then lfor,q ·<loo-

. ft' f, 
{e) tf ft = - 2- 1ml fo < ft, then 4-r,Q" ~r = ··O•. 

frl h 
{d) lf ft" - 2- 1nd ~~ > f,,thrn <f-r,q = lf>," t•U•. 

{e) if f1 = t 1 = f1, titen <f-r,Q it inolctcrrnlnate (eqtoal blul•l 
11111in). 

...,Vhtn !he rrincip•l an¡tle is cakul~tcd automatiutty by 
cnmrulu hum t;q. (3) or J:q. (B}, il h alwa)'! ncccnuy, uf 
t11une, lo u·nid theenn,litinn of di~·i1inn by tero Ir ft = t

1 
with 1 rectanjl:ular I01Cllc, orfo: (ft 1 f1)f2 with 1 oldt1 
ron-lle. f'nr this rettnn, the comruter thould be ruo
'nmmed to pcrfo1m !be fotcJninJ(C)and (d) tnlt, In e~ch 
Clltt,prlnrto c•lculllinJihe llc-tangenl. 

, Once lhe princir•ltlrnlnl hne b'"en delermlned frnm 
j Eq_ (3) liT J:q.(6),!he IIU!n 11111e iathe IIITfiCe nfthe test r•1t 
! b completcly ddioed. lf desired,the mu.lmum 1hear strain 
, un be Oblainrd direc:tly fmm: 

-y .. ..,•"fr-fQ (9) 

lntuitive undenlandin1 ni !he 11111in lllic un 1lso he 
enhlnrcd bJ 1kctchin1 the corrrspondin1 Mr~hr'1 eirrlc, 
•rrroaintRtely lO lt'lle. In f.ql. (l) and (6), !he nnt term 
rerrcsrntJ, in cnth tlle,the disllnte from lhe origin lo the 
rrnter ni thc drcle, 11nd the secnpd lrtm tepresnll thc 
udius, nr )'M•o/1. With the 101lt ~ nkultltd, lurlhrt 
insi&ht tRn h.- &nintd by tnrerimrosinllhe losctte Jrl<l uet 
on the Moht'l drcle,11 in l'i11s. 5~ tnd 6b. 

.!' 

5.0 rrlnelpal SlttUt! from rrlnclpal S!ralnt 

At ptevionsly not~d. athrce-elemtnltlnln liJe tnselle 
'""''be tmplnyed ta dctcrn•ine the·rrlneir•l ttr•intlll 1 

\acncr•l hillilllltttlllatc 'll'h~n lhc directlon! olthr r•inel
:r•luel&le link nn'll'n, 1 he 11!\llltnl! of Ckf1tlfmentl! tlltlt 
;nnti)'Jil, ''""ner, b 10 nuive 11 !he r.•lndp~lttTntel, lnr 
tnntrntitnn l'l'lilttnme ~rhellnn of fft1hne. Wlth the Unln 
11~1e fully rotdoli1hed, rlncrihrtlln SrriiDn #.1, the eom
rltte sUtt nf tltnt {in tlor ttnf•rr nf the tul f'lll) un al~o be 

.. ht~inrtl qullr rn•iiJ "''''" ll>e lf'd mRie1inl lnffll n-obln 
'"l"iormrnt• "" '" ¡nrd••nk•l r•~>rrttlu. !'illt<'r lnlnt tyrn 
,.¡ •ll~in , •• ,.ln•hnmrnl~linll, •llrlt ••lh,. Mrll.,llrmenh 
¡¡,,.,r·• S.v•lrnt ~M~. nknlare t. .. th lit~ rtir•drnl strnln~ 
,,..¡ thf rfinrip:.l •lorn,.,lht lniln ... lnJ l!lllltlfRI b JIIOVidrcJ 
••'•"r~,_umnd lnfn•nu1tlnn. 

11 ll•f ¡,..¡ mntP.I"II•In•mn~nftltr•lll enonrn•lllnn,11nd l1 
;, .. ,,,.rif In lt•mrehnnknlprnrcrtif'l {i.e.,tl•r rrnrr•llr\ ue 
lllf ••mr lttf'"rtY dhetllnn), 1!td lf !he ~~~ .. ,~/lltlin tdlllnn· 
•hi1• i• tirlf•r. v.·ilh ~~~,.~ r•"f"'•llnn•lln ~lulll,lhen the 
¡,;,.,¡~¡ lnrm ,.,¡ llnnh'• In"' un t... U\erl lo tnnfftl the 
r•indrnl ·,¡,~iM lntn rrint:lr•l ~~~r~·r~. '!hit rroeedure 
tr<¡uitu, ,.f t"lll~t.lhRI the tlldlc lnm!Uht\ {F.) 11nd rnlt· 
,,,,.·, tnlin ( 1') nlthr mllleol•l t.r •nn"'n. llnnb'siiiW lot lht 
hin•inl•tttu ~ •• , .. filA, k- ur·~~rd ., lollnws: 

,,, ~. f! __ (h lf'f'}) (lO•) ,., .. 
' "''- j-:-¡;i {fQ 1 l

1
fr) (IOh) 

·¡¡, n11mroknl ulne• t>f !he rtlnrir"l duin• rnk11bted 
¡,..,, ¡:'1, (.1) nr F<J. (f•) un hf' tuhditulr•l lnln l'll'· {IOJ, 
,.¡,,.~ ,.·ith th~ rl~•tlr rrnrrttl", In nht11in \he f!tindp~l 
•t , .. ,., A~ 11n ~llrlnntl•·r, Eq. (.1) nr Eq. (1>) {drJ'f'ndint; nn 
Thr '"""e lyr~J nn he ~uhdlt111ed IIIJehulully lnlll 
I'•J•. 1 lO) In t~l''"" lhr roinrir•l '''"'~" diTrtlly In lrtm~ nf 
,.,, !ltorr fflf'll"""''•tuin• llnd thr mnltlilll r'"J'f'llie,, 1 he 
•~•ull• nor "' f,ll .. w~: 

Jltrl•u,tilu! 

"····-
ltrlh: 

"···· 

F. [ ft 1 ft .Ji l l 1 ·1 -- .. ····+ · · .. ....,,,.,,¡ (fr -f•) 
' 1 J' . 1 "' 

E [ ~~-'-!~.'....!! + 
) 1 .. J' 

v'i . r 1 ··---V (ft- ftl' 1 (f1. t,p t (ft- ft)1 
1• ,, 

(I\J 

(12) 

Whfn lhe le.d mntrlillll\ ltnhnf'ic 1nd linrnr·tl•llle In IU 
mrrh~nie•l f'lnf'ttlir• (at ITIJ1Iilrd fnr the.'-'nlidity nf lh~ 
J'lf'f'f'<linl( ~haln-ln-~lrn' tnn'"'ul~:~ll), tl.c JHindritllitth 
~ •ro enlneide In Tlllertl<>n •·i!h tbe rrlndrRI ~trnln~. Retllnk 
nlthi~.lhr 11np:le fu•m Orld 1 ol tltr tn~etlt lo lh~ f'tindral 
•l~tu <litrdifln h ~~:h·rn hy Fr¡.CSJ lr1l teebup:ul:ttldsdlft, 
~n.t hy Eq. (11) lot drll111n~~llrt. 

fí.d f.unr~, Currrdlnn•, ttrtd l.lmltallun\ 

1 hr nh•·lnto· nim nf nperhnrnlnl ~hr~~ 11n11lyd\ 1~ lo 
,t~lrrnoine llrt !i¡tnlflellnl dtr!l'lr~ In 1\ te11 nhj~cl "' Rn;t.l

utrlv '" nret•~••Y In a1•me rtodud tdl~loility Undet 
. r•r~rlrrltcr\·ler cnndllinn1. At dnnnhsltnlrd in ll1e rtrtTd

in¡t •rrtir1n' ,.,, !hit 'lrrh kotr.lhe rr~u ol ohllllnin'- lht 
1'' inrirrtl ~''"~e~ lnvnl~•lhtn- hu k, and srt¡urnli~l. ~lrJ11: 
1 1) mcn~111rmrnt nf •U1fnrutuhu 11·1!1! 11 ~ltRln r;nr:c t(l•tlle¡ 
Pltr~u•lnlmrttlnll ~;~( mrnturrd ~httitt~ In f'llhdral•hRintl 
nnol 1.11 rnnvrt•inn nf ~•indp11l 'hRih!ln'f'rihri~lll•hentt. 
t=~do ••rr in lhl• J1tnn•lol!r h••lh nll'n rhll!llr!rtbllc hin! 
'"""'' 1111<1 lln•lt' ni •rrlirRMilt)': 1n.-l tl1r ~llr•t tlllnl)ll 
"""' r11t~lull.~ '""'i•lrt lhr•r lo RI'O>itl rntentlnlly nolnu.~ 
~ ...... ,n lllf' lf'lllt!nl( r•lnrir•l•hr~•C'. l 

111 lii•t lm¡•nllantt h lhnl ti,. muomrd lhtln•l-or "fon 
n• rn .. lhte ,.,, enor. !>h•ln mu•uternrntt llllth tn~elln ~•e 
t11hjrd, ,.,¡ t'<lllne.lo tht Un~r f!lniA (lhern1~l ,.,trlput,l! lln!· 
\orlle t~n•itlvlty, lr~•l•l•r troid•n~t tllrdt, tk) 11 ihn•e 
.,¡¡¡, dnr:le-tlemenl tlt~ln t•r:tt. -¡hUI,lht Ume ronllntllnt 
'-tt.t/nt enueetln tnt .. \11" 111e trqttlrrd lo nhl•in lltti1Uit 
da! R. t'orlndllnrt, tl~~:n•llllrnlllllotl dut htlr•d•he tnlt
lllnrt tl•nnld h.! t11nlinlitd h, dounl tlllhnllnn1, or hJ 
1\llmelltnlly tnurdin¡(lh! dtRht dnlll fot !he r~lculnted 
1llenuallnn, h••rd on !he l<no11;flreAlllaneel of the lelldll'het 
•nd 1111in B"B~· · 

liee1me 11!le••l nne ni !he 1•11r ~Tidt ln-lny tnseltr ,..¡u In 
eVetyt••t l>e ~tthjedec\\1'1 ~ liln•vrl~t ~hlln ..-hkh l• rqn•l 
In or &•enter ila.n \he 1h11i11 1111n¡t.lhe 1rid ul•, con•idtlll• 
linn ~ho'ul<! 111.-ay• he ah-en 11'1 lht hiii!Vene-senJith·ity 
tt1n1 •lttn rerlotmlns tnttUe d•t• trduetlnll. 1 he m•r:ni
lnde ~;~( the ennt lrt 111y rllr!k:ttlllt tiUe dere•ch on the 
hllnnet•~-~~~~~lllvily cno:flkknl ( A:t)nf lhe 1•11e arld, and "" 
tite t11Tin nf the f'ttlhdr•l sl••lnt (t,ffo). In aentul, whrn ,., 
S l%.1h~ han•v.-uc-sendtl~ily rrtotl' lrrtlll tnout:h In he 
l~nnttd. lhoWt\'TI1 1! l•tt:r"r valurs nf Kt. derendinjl: on thr 
trquhed tnr~~urcmrnl lrclluey, ~nl!tdlon fnr h•n•vtl't 
srn~illvily tnR) bt neceuary. hetnilt<l rroc~~u•r•. R~ •-en •• 
~ontellon rqu:tllnn' fot•IT u•es 1nd llllt'oselle tyre~. tior 
th·elllll Rd. 5. 

Whrn ~tnhl tnell"llrrnr~h mu.t ¡.,. hiRd~ In • v••l~hle 
lhetn••l rnVhnnMrnt, lhr lltcrmRI nutpul nllhe ~luin ~~¡t:r 
un f'lnlhkr 111\hd (RIIt'" tunu, unlrn thc ln~ln•mrnutlnn 
t•n he rcm-hal:tnttd 1! tite lr~lint~ lrmf'l'lllure, 11nder 
I!Uin-frre tnnditlnn~. f11 llddilinn, lhe ~:\jl:t f~riN nf !he 
~lnin Jl."p;c t-l111rijl:t• Sll~~:hlly •llh ltmf'l"lliiUre. Rtftltnrt 6 
f'ttO\·Idc~ 11 ll•nron~:h he~hncnl of tllott due tn thcTmnl 
elre~h in •hnln r~~tr~,lndudin[!. ~ptdfic eomrenutlnn 11nd 
tnnrrllntt le~l.niques lor htinimirinp: lhC\e ttfOII. 

Aftrr tnn\ In~~: ttrbirt th-ltluin mcR•Utetrn:nl rtrnr• •11rh 
lit ll1e lntrp;nlnt~ hne kt!l tlimlnnted nt tnnlr<>lkd In !he 
tlrJr:r~ feR,ihle, Jtltnlloi\Uit he k! he t~lven lo ~onlhlc rrrnu 
lrt !he 'luin-ltln~lnrmlllnn rincedút~ lot t.>hlalnln,. !he 
f'ttinrlrnl sh-lnt. A f'nlenll•lly 'eti<1UI1nUtce of rn"' ~nn be 
tléllled "'hen !he Usct lltthlf'lt Id tnd:t l!JI 1 tnnlte on tht 
tredtnttt ftnm thte~ rntMnllntt•l-lnr:lt-ttéhtenl ~,~:u. 1 be 
tuut 1~ uu~ed by htlullthn,tttl nf lh! lndl~ld11•l t:•IM 
MI hin tite to~rlle. Jf1 fnt tutnrle,the •tcuhd llnd thhd p:II.EM 
In A lrrhnp:ul1t ln~cllt tnnligurllilnll ilt nol k'tll!-lely 
ttt!ettlrd 11 o~s~ art.l9n", •e~r~cth·dy, hnm !he flul r•~:e. the 
t•lclliRled f'lllldpillllllh! ~.~<ill be lrt ttrot, 

lh~ h•"i!nltthlc n! !l.t trlor drpthdt, hf toUnr, M the 
htn~~:nitudc- (llnd dhtdlortJ of the tniull,.rtmtnl: bu! il nbn 
dcprndt 1111 lhe f'tlhdp•lsh•in tallfl, h/fQ, 111rl 1'111 tM 
h\tetall orlrni•IIM nllhe l11srlte •·ilh te1ptd Id !he- l'•indr•l 
hct. tut nt!MII tl'ltnhih~tlon~ ni r!lnrlr•ltlu!n u !in""" 
lo$e11e orltnlatloll, ~-de~~:tee lli~~:nmenl ttlor! ltt O•~~:r~ 2 nnd 
j tdlll\lr In u~, .. 1 c•n rrodutt an tuot of 20 perrrnl (lf 

lttt'llt In nne ol thr firlnrir•ltlninl. 

!-;lnee 111' \-tttdllnrull l11t lttMI rfltoll' lo ln•IRtl• ~m~n 
tU ~11\ tnt~ ll.llh tht trqllilfd l'trd!lnllln tll-n!ttrnl,lhr 11•rr 
lt IHif.lfrlvl~td lo tmrln) rnmmttrlally lVA!I~ble_ '"'tltn 
11,,. lnlllllllttllltin~ JIIIIC1'l1Uirt lnt Mlrto-Mentllf'mtnh 
•ll~in l(ftJ:f' tr~•ctle• llf •ddt th11t rrtnt• dur In ~~:rld •li,omrnl 
ll·ltl•llllh~ rnotllr nrecl nnrr t>r rnml<lrrrlf. l'nrtho•r r~•r• 
In llihlch il h llr~e~u!y, fn1 •h•ln·et tu~bn,ln l"'mhlr • 
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; . . . 
on~f"llr hum •iup:lr·rltmf"nl J•p:rl, ratorru~ niC duould he 
u(rdsrd 10 nbuin lf"tmiiiC ¡•¡e llillllatnl. lunl whrn tl~e 
t•lindr•l rlrain di1cclinnt ra• br r•r•lic:trol in aolv•ncc, nrn 
•rr•n•in•••rly, •li¡nnltnl nf Cla~;r 1 "' ) In a rrtlan&ulu 
rn~rur, nr aliJnmrnt uf IIIY 1;•1r in 1 dtlt11 tnlrllr, With 1 
rlincirllllil, WilltiiÍIIÍIIIÍIC thc CIIOIJI lhll rllllrijlllllllffl 
uusrd by intrr·&IJC miuliJIUiltnl. 

1 hr suain ·lr11nsfm matinn rcbtinnthiP' and diiiHtLiuctllltt 
rqu•tiunt ¡ivrn in !irrf .. P" 4.1 anunlt: 1 1111ifn1m IIIIC pf 
suain lllhc tilr nf thr tnlellc in1\llllatio11. ~int.r thr tntcl\e 
nÚrua,ily covrn a linilr 11i:a 11f tl.e tul tutf•cr, lrHIC 
vari•tions in thr ttrain lield fiVU thit IIU nu rrnducc 

· tip:nilic1nl CfiOII in thr rtincipllltiÍIII •• partiCUIAIIJ Wilb 
rlanar ro1et1u. 1 fnr this trrc o( apptiutlnn, thr llarhd 
u~llc is ditlindly lll¡>eliur; b11th hcu..c lt cnvcrt 1 n•uch 
smallcr IICI (fnr che umr l•r:r lrn~;tll), ano! t>cnutc the 
rc":unidt nf alllh!CC llidtlicovuthr .. me ¡wiul nnlhc lrtl 
1\II~ICC. 

1• rrquircm.enn f~r a h"*"np:rncnus malcri"land unl· 
hum 1111in tille can be (a.cl 11r) rdnnJ 1mclct ccn11in 
rin:umnaners. A e~tc in point i1 thc tttc ttl at¡ain a•p:c 
rMCttrl on fihu-ninlnrcrd cnmrntiti: atnlcd~11. 11 thc dil
tlln~c l'tctwrcn inhmnnacncititt in !he cnatcti•l (i c.,lihcl·lo· 
libc:r spacin¡l is tm•ll erompurd tu the a•ar len&lb of thc 
¡nU.ttc, uch ¡tid wi\1 in<liratc thc ~,n•anu.,rieR nt avcrap:c 
1111iin In thc dirrctinn of ill ub. "lhnc lnU~IIItcluulnt 
(11flct !he UIUIII CIIOI "<>IICtiÍnno) c:lll he IUhiiÍilllrol into 
t:q. f]) 01 f:q.f6)to nht1in thc rnacrute.,rir r•inclt••l•tuint 
fnr utc in thc strcu analysi1 oltut nhjrdt m•<lc ftnmcnm· 
ru~itc matui•h.• At nn1cd lltcr In tloia n"linn, hnwcvct, 
1'1.1(· (lO)· (111 ra11m>1 be 11lhllnr thitptllfU>\C, 

1 hr•c is an additinn•l limilltiun ta thc thain·lranl· 
fn¡matinn trlllionship in Fq.CI) wllich. 11lth<ntjlh ""1 he· 
q~nllf cnikmntr¡cd in ,nutiac fi('Ctirncnt•l•ttnsanllylil, 
1hOuld be nolcd. 1 he tuhjcct olthc tllah•ditliibutinn abnul 
• rninl, 11 unhcu•lly htaled Jq h1ndlwloh 1nd in mechan· 
in _Of m•tcrials texlbonkt, ia okvclnrcd flmn wlt•tlt known 
11 ~inlinitclimal·tUIIÍn~ theCify. "fb11 k. in thr r10CUI Cl( 
dcrivins rrl•tivcly timple rd•tlnn•hi(" tuch 11 l!t¡. (1), tho 
11111in rn•¡nitudft 11r auurncd tn be arat•ll rnnu1h 110 that 
nCiimal· 1nd •hrar·tUain •rPfnsimatinat ulthc fnllnwin1 
ty¡>es can k rmplnycol withou& intullludn¡ uccnivc cue~r: 

lflf'-f . (ll) 
i 
l•in y-t•n'Y ... y (14) 
¡ 
Althmrr.h nltrn unrcen¡nilcd, thur •rrrnlirURtinnt are 

cml>ndicd in thc rquttinn• Ul'tclthtnllp:lwutthc cuntcmpo· 
111)' p1ac1Ícc olthemctiralalld upc¡i~~~c:niiiiiiCU lnafytlt 
(~~ohrrc 1111in uarufe~tnlalioa n lnvnl~). ·¡hit i11dudu lhr 
cn.Krrt nf Mohr't rirdc (nr atrai,¡, 1nd tlu,. all i>lli!C cqu•
cinnt Írt $~fiÚJII 4.1, Wbich IIC tnnti.ICIII WÍ!h !he 1\IIÍrt 
drdt.lnfinltnimal·atrllncMnsrhuprnvcn lllt~lllra•tidtc-l 
to•y lor mjtttsuru analrlis •rrllntio¡u whlt cunvcntional 1 
1\tUCillfal matcri11b, lince !he llrain., il nnltully "inliniiH· ~ 
imalR, ltr normally VCI)' a~Q Cl>lt!J'IIf'd tnnnily. 1 hut, lnr ·' 
a nnHtnlrrkal workinJ 1111in lcvrl ul 0.1101 (200fl¡.tt)1 thc 
cnnr in i&nnrin& t 1 cnnt¡>ll~ lo f la o"'ly alto111 0.2 reu:cnt. 

~nwr~•. 1111in ~;np:r rnu'ltu lfC r&mclinwl ll'fd In lhc 
mc;m,cnwnl ol mm:h III•Jtl •ti•im, •• in •l•rlinlinlot nn 
rt:n¡in and th•~lnllltll, ...... in rntl·yiorlol tluditl uf melllf 
hci11~Í01. S111in tll~p:nitudra Jlflllfl \hlln 11ht>UI 0.01 

( 10 oon¡u) are commn~lly rdcuC'd In •• "lar ,e" nr "Onitc"; 
and, for tbcac, thc lllllia-tran.dormaliCin rclallnnthip In 
F.q. (1) may noladcquatdy rrprncn\ thc 1el11al v.ri1tlon In. 
tllain 1bnul a palflt. llcpclldln& e~n thc 11111ln m1¡altudrs 
lnvolvcd In a pardcular applicatie~n, and on thc rcqulrcd 
accurary (nr thc rrhtripalttrains, it may be nceCIIIIY lo 
cmplay lar&c-Jtuia .... ,,,. mcthodl ror lalrlle d•.•• 
rcductloo.1 

Tbe.rinal ttep In ablaiainathc pdnclpal,,ircuult lhc 
lntroductinn nllle~alc'll•w( Eqs. (lO)) for che biul•l•trtn 
atatc. To canY"Crl principal ttttinllo principal11rrata tritb 
Jlootc••l•w rcquitct,flf toUIIC, thallhc elutlc modulwraDII 
Poiunn'a litio ol thc test material be tnown. Since the 
rak:ulatcd lite&~ lt prop01tional ro E, anycnor In !he clastlc 
JDoduhu (for wlllch alto 5 pcrtcnl untcttllnty U CCimmon) 
lsnuird dirccclylhtCIIIJb lo thc prlnripalllrcu. An crre~r In 
Poiuoa'• ratie~ hu 1 much lllltllcr clf«:l breausc o( thc 
aubo•dinllc role o( pln thc rclationrhlp. 

11 it aba 11ecasary fortbc propct lpplication of llol'lkci 
l•w th1t thc int rn•tcrial rabibit a line11 relatinnahir 
bctwrcn mus and ttr•ia (conatanl E) ovcr thc 11nr of 
wmkinsstrrna:. ·¡ hrrc is normally no problcm In utidyin1 
thit rrquitrmcat wbca dcalin& with eomrnnn atructUIII 
m•lrriab tucb u thc: waventional •trcl and 1lumlnum 
alloyt. Uthcr matctial• (c.¡., 1nmc rtudce, cut be~a an.d 
m•anulum aUayt; cte.) m•r, howcvcr, be di•tinetly nun· 

. linnrln thcir Pnit/tlrllia thllntcrisllrt. Slnee lhc fllaectt 
ni banslnnnatlon Ir o m nw11111td tlrll\ns lo pilnclpalstnlos 
lt lndr¡>eadcnt of material rrnpcrliu, thc corrrcl priadral 
1/rfllllr in lllch m11criab can be drtcrm.lnrd lrom lllSCIIC . 
mcuurementJ u drarribrd in thl• Tcch Note, llnwcvtr ,ll1c 
priftclr•IIIIIÍnt cannol be COI'IVCII~d ICCUIIItly \O rt ÍnCÍ(III 
IIIHUI with tbc biaxial llookct l1w U thc llltSI/IUiin 
rcl•tiooshlp ¡, rc•erptibly non linear. 

A futlher rrqulremcnt f11-11hc ya lid appllcatlon Clf tlaCikr'a 
l•w lt that lhc tul ntatrrial be botre~pic In 111 mcchanieal 
propnllcs (l.c .. lhalthcdalllc modulu1 1nd Pobtontr•tin 
toe lhc umc la CYtty dlrcttion). Althou&h ICYCtrly cnld· 
"'"'kcd mtlalt mar nol be pcrfcct\y lsotre~p\c, thlt_dcvlatlnn 
fre~rn tbc Ideal ia o;:amtnoaty l¡norcd In routlnc cxpcrlmc:nt•l 
lhr&l •n•ly•is. In c-ontral, hi¡h-performanc:c rampositc 
malrriab 1rc uaualty fabtiralcd with dirccUanal fibct rcin· 
forecmcnt, and are lhus PronaiJ dircctle~nal (orthotraplc or 
nthcrwbc anisolre~pic) in thcir mechanlc•l prl'lputlu. 
llonkc'al•w uurtcucd in Eqt. (IO)It not lp¡>linblc.lo 
ihrsc matclials; aod apcci•l ~roostitutivc• relalionthips IIC 
tcqulrcd lo dclctminc p1inrlpalllfCIStl fre~q¡ IOKUC llllin 
me11uremenu.• 1: 
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APPENDIX 
f)~rl.-•flnn or Slr•l•t·l"nndnrin•lhut ltrl'lllrÍnddp fF-'J· (1) In lraiJ rrorn lldormallon Grmnrlry 

e :nn•idu ,·,m~n ftleR r•f atru au~face, n tkrtr!'lrrlln fl&. A-1. The fine 0-P ,ollen¡th lo, 1nd Rlthe •nKietl frorn thc X ••I1,IJ 
tC'fil•erl ot~ 1he 1urhce in thr un•u ~•ned lhlr. Whcn uniform rdndr•llttainl fr 1nd toare •ppliedin thedirectlont nf tht X 1nd 
V ur•, •r•~clivtly,thc pnint r rnnvntn l'"u 1 ruull ofthe dbrl•uments dX and l!.Y (¡rr••lreuger~ted In the thlch). 

,, ¡, nident ''"m the n,,.,c thll: 

AX=tt(f..,ftUO) 

dY=.t'q(l~•inD) 

11 c•n abo be tren (l'iR. A-2), by cnl••¡lnllhe detall in thc vldnily o! polntt r 1nd r•, thal lor rrnallttr•ln•: 

Al.- .4X COl tlt ó Y Jin ti 

.. Suhditutina rrnm Fr¡t. (1\-l)and (1\·1), 

61:- t .... (tr rnt1 81 fo 1in' 01 

flr, 

""'· 1 
t"nll ~ " 2 (1 1 COl ]6) 

. • 1 stn' ":ztl-cnt28) 

··1 

-" 

_.¡.• •• ~ 

-- q-

(A-1) 

(1\-l) 

(1\-}J 

(1\-4) 

(A-S) 

(A-6) 

• 

Allrru~~~tlr lhlll ltrdurflun f.c¡n•llunll 

1 thr folrn•i\·r lrrhnlr~llltrt~lttt~ dr~lln~t •llh •lt•lrl Jll~ lfl~ttli-l,lhr tt...:r •·111 nflr!l ~nrtumlct d•l•·t(dnello" trhtlnn
•hi;• \l·hirh lltr nnll~•hl~ dillrrfnl lrnm nne ~tnnlhft, Rnd ftollt lholc In lhe h11dy nf lhi11 rch Note. A111 tulc,lhuc roMI~~ed 
... ,..,, .... ~ yirld thr untr 1roulh, 11ntl diUer only In al~~:rhuldottrhll -- lllhmt~~:h rrovlnl !o 111 11ny ~olvcrt uu mar he hthr~ hmr 
,.,_,1111¡.,11 _ Sho("t ("fllllln fnrrnt ni !he t')lllllinnt "'")' he r-rrfrncd fot tnnrmonlc tef.lon.t, ot fnr cnmrut•llnnal convrnlcnc-e, ""'· 
,f, ... ,.¡ 11 tt .. rn 11 !\Vf,.urre•~innt 11e ~i\"tn he re. Al! nlthc follo•itiM; are equ•llr corred .,hcn !he 1•r:e tk-~Mnlt lh thr rnttltc 11rc 
.. ,...,~w-,~ "" <lt'•rrlhnf 111 thi• lr-rh Nnlt. ' 

ftrllll nnulh·: 
' 

.,,., " fr 
1 ~t.!.J! ± v'l2t1 - (1; 1 f 1) ]' 1 ~ (f• _ ft)' 

f! 1 h 1 fJ r: ,,_., ~--1--- :f-: V 2_1(ri- tr)1 1 (h- ro)' 1 (ft- f-1)')/9 

h.ot- e .t .j 11i"c-:·:~:)li((.:-::f¡.t(C:.""f-:¡lj"¡1" 

- (¡' ft 1 ft """r: t . ., --:¡--

(:tuiP!!I•n Sluln Cnmponrnt!ll tumt ltu.<~tllr Mr••urrnttnl• 

(A-7) 

(A-IOJ 

(A-11) 

tA-12) 

le i• •nmrlimP• <lrtiu·d In nhhln lflt, l:•tlnl~n tnmrnnrnlt nf ~luin (h. t, 11nd l'••J tcl•ti~ lo 1 ttoe-rllicd ~el of X-Y 
~ ..... di~<~lr n". ·¡ hi• nrr<l un 11rl~r. fttt rumrle, •flen m••lnR dt~tln mu•urtmtnl' IHI nrthottnrletomrn\llc maletiRI~. 1 he 
1 ·,.,,,..;." llutln enmronenh are •bn 111elul .-hen c11h:u!allnr: rtlndr•ltlt•lnl hom totclle d•l• utlnl m1lrll hlnsformation 
!lw-thnch.• 

Whrn thc X ni.' nf tite rnordinatt t)'Siem tolnddes ...-ilh tht tlt.ll bf lht trfcrrnu ¡rid {Urld IJ of lhe tolell!,lhe Cl~luian 
rnmrnnenlt of tlt•in •re llllnllo.-t: 

h" f, 

)'u" 1ft ~(f¡l h) 

llf"fl11 An.,.fltl 

h" (l(ftl ,,, - f-¡)f_1 

. ")'u" J(fl- ft)/.JJ 

1: . ' . 
~ 

X 

·t_ 
X 

1"" forr~tninll 11•mmr~ In eRrh nllt lhatlhe r:n~e rlemenh l11lh~ lntellt 1rt httmbtted tr!Uhletcloc~*l't U litdlclled. Wtttn 
,,,,....,!nol~tc<l Y••'• r•uitlvt In ,;,n,lht lnllialti~thllt<p:le •llht otl~lll bl lh! "-\' tonrdinale ~j·•lern b detrcutd byt~ amounl 
nltht ~ltut "uin . 
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TYPICAL APPLICATIONS ÓF PHOTOSTRESS 
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lntroduction to 
Stress Analysis by the PhotoStress® 

.1.0 GENERAL DESCRIPTION 

PhotoSuess is a widely used full-fleld tec:hnique fnr acc;u
rate\y measuring surface uraios to determine thc nrcues in a 
pan or structurc during static or dynamic testing. 

With thc PhotoStrcn metbod, a spcdal ltrain-sensitive 
plasticcoatin¡ is fint bondcd to thc tal pan. Then. u test or 
servicc loads are applied to the plrt, thc coaün¡¡ is illumi
natcd by potarizN li¡ht from a rcflcction polariscope. Whcn 
vicwcd through thc polariscopc, the_coatin¡ displays thc 
strains in a colorful, informativo: pattern which immediatciy" 
n:vcalJ thc ovcra\1 strain di.mibution and piopoi.ou highly 
strained arcas. With an optical uansduur (comperuator) 
auachcd to the polariKope, quantitative 5Ut$5 analysis can 
be quicldy and ea$ily pc:rformed. Permanent records of the 
overall strain distributioncan be made by photography or by 
vid_eo r_ccording. 

With PhotoStren, you can ... 

• lnstantly identify critica! arcas, highlightin¡ ovcrstrcssed 
. and undcrstn:ncd rcgions 

• Aecuratcly mcuun: peak 1trcun and determine streu 
conccnlratinns around boles, notchcs, filleu, and other 
potcntial failure arcas 

• Optimiu thc musdistribution in p&m and structun:s for 
mínimum wcight and maJ.imum n:liability 

• Mcasull: prindpal strcncs and directions al any point on 
the coated part 

Tc1t rcpc:atedly undcr varying load combinatioDJ without 
r«o•ting thc part 

• Maic strcu mcasurcmcnts in thc laboratoryor in the field · 
- unaffcctcd by humidity or time 

ldentify and mcasurc ancmbly sttnsCs and residual 
1trcucs 

• Detect yiclding, and observc.redistribution of Jtrains in 
the plastic rangc of dc!ormation · 

. . L r PhotoStrcs~ co<~tin¡s can be apphcd to the 111uace o 
virtually any test p;art rcgardlcssof its shape, si:re, or iaatcria.l 

. carnposition. For coatin¡ compleJo 1h1pes (Faa. 1 ), liquid 
plutic is cast on a Rat·pl<~tc mok1and allowed to pania.lly 
polymcriu. While still in a pliable ltatc, tbc sheet ia removed 
from thc mold and formcd by b.and to thecontoun ohhe tnt 
parL Whcn fully curcd, thc pl.utic coatin¡ is boadcd in place 
with asp«i•l rcRa:ti~ccmCIII, and thc pan is tbtn ft:ady for 
tcstin¡. For planc surfacn. pn:manuf~~::tured Oa1 abecu are 
cut to silc and bonded directly to thc test pan. COmpktc 
dctails covering the PhotoSucsscoatin¡ proccuare Ji ven in 
rclated Muiurermnu Group publicationl listedl in tbc 
biblio¡aphy. 

PbotoSucss hu an ntablished histoey of suoocufulappli· 
cations in virtually c~ry ficld o( manubcture aod cOnstruc-
tion where strcu anal)'1il is employcd, includiq: a'utomo-
ti~- farm machincry- aircraft and acrospac:c- buildin¡ 
construction - cn¡inc1 - prcs.surc ~uds - lhiptiuildin¡ 
- officc cquipment- brid¡cs- appliancea- plui many, 
ma_ny oth.En. A few applicatiOM of PhotoSucu are' sbown 

' on the back. co~cr o{ this tech note. i 

lA-

-copyr~hl Meuur•m.,.\1 OrOU¡p, lnC., 111Q 
All R•ghlt R_..-<1. 



2.0 POLARIZED LIGHT- FUNDAMENTALS 

li¡ht or· luminous rays 1ft eledroma¡nttic vibrations 
similar lo radio wavts. An incandeseent •ourceemits radiant 
eneriY whieb. propasates in all dirtttions and eontains a 
whole spectrum of vibrations of diffcrent frequeneies or 
wavelengths. A portion of this spt:etrum, wavelensths 
between 400 and 800 nm (IJ tfnd JO x 10·•/n), il useful within 
thc limits of human pt:rception. 

Tht vibration usotiated with light is pt:rpt:ndicular to tht 
dircction of propa¡ation. A light source emits a train of 
waves containin¡ vibrations in aU pcrpc:ndieular planes. 
However, by the introduction of a polariting filler P(Fig. 2), 
Oll:ly one component of these vibrations will be transmined 
(that whicb is para\ !el to the privilqed ••is of the filter). 
Suc:h an organized beam is called polarizcd light or ~planc 
polariztd"btcause thc vibration iseontaincd in one planc.lf 
another polarizing filler A il plaotd in its way, complete 
utinction of the btam can be obtaintd when the axcs of the 
two fi~ten are perpt:ndicular to onc another. 

light propagatcs in a vaeuum or iri a ir 11 a specd C of) x 
1011 cm/set.ln othcr transparcnt bodics, the spccd Vis lower 
and tht ratio CJ Vis ca\lcd thc indu of rcfraction. In a 
homogencous body, this index is constan! rc¡ardless of thc 
dircction of propa¡ation or planc of vibration. Howcver, in 
crysta.b; thc indtx dcpends upon thc oricntation of Vibration 
with respcct to index axis. Certain materials, notably pllll'-~ 
tia, bthlvt isotropically wben unstrnstd but btcomc opti· 
cally anisotropic whcn strcued. Thc cban~ in indcx of 
rcfraction is a function o[ the resulting strain, analo¡ous to ' 
the 11:sistani:e ch1n¡e in a strain gage. 

When a polarized bcam cr propaga tes throu¡h 1 uanspar
ent pla.stic o(thickncss t, wben:: X and Y are !he dircctions of 
principalsuains at the poinl under consideration, the light 
vector splits and two polaritcd btams an: propagated in 
planes X and Y (scc Fig. 3). Uthe suain interuity a long X and 
Y is t, and !y, and the speed of thc light vibrating in thcse 
directions is Y, and Y1, n:specti~ly, the time necenary 

to cross thc plate for cuh of them will be t/V, and thc 
relative rctardation bttwecnthcse two btams is: 

li=C(~-.!..)=t{111 -n1) v. v, 
where; n : indC!t of refraction 

(1) 

Brcwster's law established that: "The rclative changc in 
index of rdraction is proporticmalto the diffcrence of prin
cipalstrains", or: 

(~ 

Tht constan! K is callcd tbe "strain-optical eocffidcnt" and 
charactcrizes a physical property of thc material. lt is a 
dimcnsionlcn eonstant usua\ly cnablished by calibration 
and m ay be considered similar to thc "¡a¡gc factor" of rcsis
llncc strain gagcs. Combining·thc uprcssioru above, we 
ha ve: 

ll : t K (f 1 - t,) in transmission (3} 

a= 2tK (t,- fy) in rcncction (li1ht passes (4) 
through the plastie twice) 

Conscqucntly, thc buic:: rclation for strain measu11:ment 
·using the PhotoStrcss {photodastic t<;~ating) techniquc is: 

(5} 

Due to'the rclativc retardltionll,the two wavtsarc no longcr 
in phase whcnemcrgingfromtbe plastic. Thc analyzer A will 
transmit only onc componcm of tach of thesc waves (that 
parallclto A) as shown in Fi¡. 3. These wavcs will inter{ere 
and the n:sultinglight intcnsity will be: 1 function of; 

• tht rctardation a. 
• the anglc: bc:twecn tbe analyztr and dircction of 

principal strains (~- a) 
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,,.. ..... Fi:. 3- Plonr Polariscopr 

In thc case of a p\ant polariscope, the intensity o( light 
emcrgiag will be: 

(6) 

'\ Thc li¡bt inteMitybecomc•:cro wbcn {J. a :O, or whcn the 
) crosstd polarizer/analyzer.is paralltl to tbe direction of 

principalsttains. Thus, a plane polarisc:ope s.ctup is uscd to 
mcuurc thc principal strain directioM. 

) 

Adding optical filters known u quarter-wave platcs in thc 
p1th of light propagation produces cireul1rly po\1rized light, 
and the image obscrved is not influenced by thc dircction of 

principal suains. Tht iatcnsity of ·emcr¡ins ligbt thus 
beco mes: 

1 = cr1 sin1 .!!! (7) 
A 

In a circular polariscope, the li¡ht intensity btcomes :cio 
whcna=O,a= I"-6=2A .... ,orinsencral: · 

a= NA 

wherc N is 1, 2. ), cte. 

This numbcr Nis alsoeallcd fringe ordcr and uprcsses the 
size of &. Tht wavelen¡th seleded is: 

A: 22.7 .11 10'' in (575 11m) 
! 

The retard1tion, or photoclastic sipal, is 
thtn simpty dcsaibtd by N. As an cumple: 

lf N= 2, (6) Retardation = 2 FrinSCt ! 

ora=2A ' 
ora=4S.4liiO"' in 

(liJO rrm) 

Oace a: NA is known, the principal striUa 
differcnc:e is obtained by: j 

t.-e,:_!. =N_!_ :Nf (8) 
2tK 2tK 

wherc the /rf~ vahlr, ¡, contains all con
stants, md N is the rnult of measurcments . 

For bad:sround rcfcrcnce as needtd, tbe 
topic of polarized light, as used in eonjunc
tioo witb phototlasticity, is treattd more 
eomprcbensively in tbe tutbooks and other 
re!erc~ listcd in the biblio¡raphy . 
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J.O PHOTOSTRESS INSTRUMENTATION ANO MATERIAI.S 

1 
J.l Rrnrclion Polariscoprs 

Fot PhotoSuen anal~!iis, a rdltction poloariscope is used 
to obserVr and mrasurr the !iUrfoatt uroainson the photodas
tically coated trst part (Fig. ~). Two poliuiscope systrms oarr 
nailab~. Thr 030 Striu Modi1W S}'!itcm (Fig. 6} offcn 
op¡ional" accenoric' to CO\·er a ,..¡de roange of nrain mea
Jurcment capabilities. For in~tance, mcasurcments madc on 
t.maU paru or in regioos ofhigh sueuconccnuationarc both 
euier and more accurate when tbt optionaltelcmicroscopc 
accessory is attathcd. And the standard light1.ource UKd for 
Jtatic measuremmts U rcadily rcplaceablc ~~o·ith oan optional 
stroboscopic li¡bt ~ssory for cyclical dynoamic mcasurc
mcnts. llJC Modcl040 Rcflcctioo Pol;ariscopc: {Fig. 7) incOr
poraleS a built-i.o null-balancc compc!Ull!Or and on-booard 
clcctronics to pcnnit fast and accurate mca:.uremcnu on 
JtaticallY loadcd tC\1 pans. (For a complete dcscription and 
ipccific~tions of both reflcction polari$Cope ~ystcms, iU 

BuUctin S-134). 

1 

J.l Coalina Malcrlals ¡ 
Thc 5dcctioa of PhotoStreu coalinp and thcir propcr 

application to tbl: IC$Ipar1 are IDOS\ euential to thcJuccc:nof 
PhotoStrcss aoalp~. A wide range of coatin¡ matrrials 
(Fig. 8) is available in both f\~--shut and liquid form for 
application to metals, concrete. plastics, rubbcr, and moJt 
otber materials. Tbecoatinp arecardullycontroUcd formu
latioru of rcsill) bkll.dcd lo provide known and rcpcatablc 
pbotoelastic propc:nies, and are Jupplied witb detililcd 
application and handling instructions. Also availablc are 
specially desiped application kiU, containio¡ cverythin& 
rcquírcd for sutCCUful inllallation oftbc PhotoStress coat
in¡ oo lhc: IC$1 part. 

For complete information 011 PhotoStrcSS coatin¡ mate
rills, pkuc rdcr to Bu\lctin S-116. 

1 

Fit. 5 - SchtmatU: rtprtsmtatiDn oj rtjlection polari
Kopt. 

Fiz. 1 - Modtl IUO Dind Dftital Di.Jplq RQltttW. 
PoltuUcofJ!. 
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4.0 ANALYSIS OF PIIOTOELAST~C ¡.·~IN<a: PATTI-.:RNS . · 1 

PhotoStrns off en the capability for thc followingt~pcs of buuon easlly show11~ crfccu of v;arym¡ modCI or \oi.din¡, 
analyiis Dnd meuurement: as wellas thc rclouivc \Ígnificall(r ofindi\iduallo~s aÍid/ or 

l. Full-ficld intcrprctation of fringc paue.rns, pcrmitting 
ovcralluscssment of nominal strain/sucu magnitudc·s 
and ¡radicnts. · 

2: Quantitativc meuurcmenu: 

L The directions of principal ¡uains and streucs ata!\ 
points on the photOcl~!ilic coating. 

b. The magnitude and sign of the tangcntial stre" along 
Cree (unloaded) boundaries, and in all reaions whcrc 
tht statc of streu is uniax.ial. · 

c. In a biaxial S tren statc, thc magnitudc and sign of thc 
diffcrcncc in principal strains and strc»es at any 
t.tl«tcd point on thc coatcd_surfate of the tc~t object. 

4.1 1-'uli-Field lnlcrprctation or Strain Distribution 

In addition 10 its capability for obtaining accurate main 
mcasurcments al presclcctcd test points, PhotoStrcss pro
vides anothcr equally importan! capability to thc ilreu ana
lyst. This is thc facility for immediatc rccognition of nominal 
strai11 (and stress) magnitudes, strain gnuiicnu, and ovcra\i 
strain distribution - includin¡ idenlification of over
streucd and undcrureucd ·arcas. This cxtremely vlloablc 
attributc of PhotoStrcss, dcscribcd as full-fitld imrrpnra. 

load dircctions. ·¡he ..e u:.ampln :.are mere! y indicative Ur t~ 
many ways in which full-ficld fringe pattern5 in phototlasti
cally coattd te~t parts 10ptak out to thc knowlcdgcable 'strc:u · 
analyst and provide a leV<I of comprchcnsion not ac:hiCvable 
from "blinll~\tr.iiin meuurcmc:nt~ al a poinl. 

4.2 FrinJtC Grncration 

Staning with the unloadcd test pan, and applying the 
load, or loads, in incremcnts, fringcs willappcu first 'at tl\c 
most highly mcs..ed poinh (Fia. 9). As thr load is indeascd 
anll new fringes appcar. !he earlicr fringrs are pU$b&ltOward 
!he areu o{ \owcr stress. With funher Joi.din¡, additional 
fringcs are gencrated in the hi¡hly 5trcsscd regio M and move 
toward rcgions of leroor \ow stress untilthe ma1imuril load 
is reached. Thc fringa can be assignrd ordinal nuinben 
(fint, sccond, thirll, cte.) as they appcar. and thcy Will 'retain 
tbcir individual idc ntities (~ordeni throughout thc !Oadin¡ 
sequence. Not only are fringcs ordcrtd in thc seMt of serial 
numbcring, butthcy are al!io ordufy- i.c., thcy are cOntin· 
uou~. thcy ll(~er e ron or mcrgc with onc anothcr, 
always maintain thcir respective positions in the 

. Jcqucnce. 

) 
rion, is uniquc to photoclastic mcthods of stress analysis. lts 
succc:ssful application dcpc:nds on\y on !he rccognition of 
frin¡:c ordcrs by color, andan understanding ofthc relation-

) 

ship betwcc:n fringc order ~d strain m.aanitude. · 

Wbcn a photoclastically coatcd test objcct Ü; subjccted lo 
loads. the rcsulting stresscs cause strains to cxist gencrally 
throuahout the pan and nvcr its ¡urface. Thc surfatcstresses 
and strains are commo"nly thc Joargest, and of thc grcatest 
imponancc. Bccausc thc photoclutic coatiÍl¡ is inlimately 
and uniformly bondcd lo tbe surfoacc of thc pan, tbe strains 
in tbc pan are faithfully transmittcd to thc coating. Thc 
straiDS in the coating produce pcoponional optical cffects 
whicb apptar.as iJochromo¡it; jtinftS when viewed with a 
refleetion polariscopt. 

llJC photoelastic fringc pattern is rich with information 
and iDSigbts for thr dcsign engincer. U, forex.amplc, a poart is 
be in¡ stress analylcd as a result of field Krvicc failuru, the 
ovcraU photoclastic pattun wi\1 usullly suggen corrcctivc 
meas u res for prcv"rntin¡thc failurrs - often involving mate
rial rcmoval and wcight savings. Bccausc of the full-field 
pictllR of stress distribution generated, it may_ be notcd that 
thr o-vcnuesscd zonc rcsponsiblr for the failures is sur
rounded by an arca of ncat·zero $tren; anda slightchangc in 
shapc will redi.stributc thc suenes ¡o as to climinatc the 
slrCJS conccntration, whilt forcin¡ thc understressed mate
rial to carry its share of thc load. 

Simila.rly, in prototypc stress analysis for produtt dcvel
opmcnt purposcs, thc photoclastic panero can point tbe way 
toward dcsign modificatiotu to achicvc the minimum
wei¡bt, functionally adcquatc p&rt - i.e., tbo optimum 
dcslJP. In addition, fu\1-riCld oburvation ofthe 11reu diJtri-

_,_ 



Whcn obs'crvcd with a rcnection po\ariscopc, the phnto· 
cla..nic fringe 11aucrn appea" as '• snics of succnsh·c and 
contiguous di! fcrcnt..colored hand\ ( i~ochromat in 1 in which 
cach bant.l rcprncnu a diffcrcnt dcgrcc of hircfrin~cncc cor· 
rcspondinsto thc undcrtying llrain in !he ten part, Thus, !he 
color of cach band uniqucly idcntifics thc bircfringcncc, or 
fringe ordcr (and ur:a.in tcvcl), cvcrywhcrc alons that band. 
With an undcntandin¡ of thc unvarying scqucncc in which 
thc colon ap~ar, the photoela\tic fringc panero can be rcad 
much likc atopographical map to visualitc the stress distri· 
bution over thc surfacc of thc coatcd test part. 

: The photoclutic effect is caused by altemately construe· 
tivc and dcstructÍ\'C interference betwecn light rays which 
have undcrgone rclativc rctardation, or ph:uc shift, in thc 
stresscd photocla.Siic coating. Whcn Wlins monochromatic 

. light, the magnitude of the rc!Jtivc retardation along aoy 
fringe is an integral multiplc of thc wavelensth (A, lA, )A, 
etc.), the rays are 180 dcgren out of 11hase, and there is 
mutual canccllation. causingutinction of thc light and pro· 
ducin¡t: a black hand. On !he othcr hand, whcn !he rclativc 
rctanlation is 1111 odd multii!IC nf A/2 {A ,12, JA/2. SA/2. cte.). 
thc rays are per!C"Ctly in 11hasc and combine lo cau•e ma~i· 
mum brightncu. lntermediatc magnitudes of rclati\·e rctar
dation produce intcrmcdiatc light intensities. Howc\·cr, 
bccausc the light interuity is a sine-squarcd function of thc 
relative rctardation, the resulting photoclastic pattern 
appurs to be mRde up of altcrnatc light and dark fringes. 

Whitc light. gt"nerally uscd for full·field interpretation of 
fringe pattcrns in PhotoSueu testing, is compos.ed of al\ 
wavclcngths in thc visible spcctrum. Thus, the rclative ret:ar
dation which causes extinction of one wavclcngth {color) 
docs not generally e~ttinguish othe!'1. Whcn. with increasing 
birdringcncc, cach color in thc spcctrum is elltinguished in 
turn acrordin11 to its wavelcngth (staning with violct, thc 
shortett visible wavclcngth), the obscrver sces thc comp!e· 
mcntary color. lt is thesccomplement3ryco\o~ which makc 
up thc visible fringc pattern in white light. Thc complete 
color scqucnce is giveo in Tablc 1, including, for clich color, 
thc n:lative retardation and the numcrical fringe ordcr. 

4.3 Frlnr,:e ldentlficatlon 

Whcn observing an unloaded PhotoStress-coated test 
part with a rcnection polariscopc. thc coating will appcar 
uniformly black. As load is gradually applied lo thc par1, the 
most highly strused n:gion bc¡r:ins lo take on color- fint 
gray, thcn whitc; and, when the viole! is Cll!Ínguished, ycl· 
Jow. With funhcr load, the bluc is ntinguishcd to produce 
orangc; and thcn greco, to gi\'C red. The nut color to vanish 
with increuing load is ycllow, lcaving a purplc color; and 
this is fo!lowcd by thc c~tinction of orangc, producing adccp 
bluc fringc. 

Thc purple fringe, which is ca.sily distinguishcd from thc 
red and blue on cithcr sidc, and is very nnsitive toa small 
change in suain leve!, is retened to ;u thc rinr of ptUJag,, 
Beca use of its distincti~ncss and rcsolution, the purplc tint 
of pa.ssagc is sclectecHo mark the incn:ment in rclativc 
retardation cqua\to a fringc ordcr of unity {N= 1). Subsc
quent rc-currcncc of thc tint of pass.!gc with greatcr n:lativc 
retardation significs thc prcscnce of higher integral fringt' 
ordcfl (N= 2, N= J. etc.). 

Continuing to incn:ue thc load on the test p:u1 and pro
ducing additional n:lativc rctardation, thc n:d is utin
quishcd from thc white light spcctrum, 1nd the fringe color is 

TABI.[ 1 
lsodunm1llc frinr,:f <"harutni~lin 
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Green 

Approdmale 
Relat\YI 

Rdllrdlt!Oil 
nm i11 x 10• 

o 

'"' 
""' ,., 
""' 
"' m 

610 

700 

800 

9.H ,.,. 
""' 
1)50 , .... 
lllO 
17)0 

1800 
2100 
2300 

2400 

o 

10 

" 
" 10 

11.7 

" 
" J) 

J7 
n 
4J..I 

53 

57 

60 

" 
71 

" "'' 
95 

o 
0.28 

0.45 

060 

0.80 

0.90 

1.00 

I.OB 

1.22 

IJ9 
1.6) 

1.82 

2.00 

2.35 

2.l0 

2.65 

3.00 
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bluc·crct:n. With'nillgreater load, the rc\ativc rctardation 
reaches the le\·et where it corrc~ponds 10 twice thc wave
kngth of violct, cr.tinguishing thi1 color for the second time 
and slarting the fringe eyde o ver ¡¡gain. Howcver, thc decp 
red color al the [IT cnd of the white light spcctrum also has 
twice thc wa•·cleaJ{h of viole!, and thus undcrgocs its fint 
utinction simultaneously with thc sccond Clltinction of 
viole t. The result is that the fringc color is thccombinatiun of 
two eomplementary colon, yellow and grecn. As thc load 
and rclatin rctardationcontinuc to incrcasc, the fringc color 
cyclc is repcated, but thccolors are not c~actly the nmc ;u in 
thc first cyc!c beca use of simultancous cxtinction of two or 
more colo~. With cach sucéessive complete color cyc!c thc 
effect of incrcasincly complu simultancous e lll inctions is lo 
Cllusc thc fringe colon to becomc palcr and len distinctive. 
BecaiUC of this effcct, fringe orden abovc 4 or S are not 
disringuishablc by color in white light. Althougb fringe 
orders higher than 3 are rarely CIIC1)Untcred (or nct:dcd) in 
rtrcss analysis with photoclastic coatings, fringes of very 
bich order can •h•ays be dctccted by using the Modc\ 0)6 
Monochromator with the rcnC"CtÍnn polariKopc. 

BccauJC of simultancous multipk utinction of colon, the 
IC'I;ond·ordcr tint of passage is faiatcr than thc fiflt, and fal!s 
in the transilion arca betwcen red anQ greco frin¡cs. At 
frin¡e orders of J and 4 thc tint of panagc is not distinctly 
visible u a purpk band, but tbc well-dcfined transition -·-

) ) 

) ) 

bctwttn red and grecn in cach case serves thc same functinn 
ant.l rcprescntsthc integral ftingc otdcr. 

A simple cantilever beam .as shown in f'ig. 10 pruvidCJ a 
mcans for undcruanding fringc identificalion. The beam is 
coatcd on onc side with photoelastic plastic and clampcd 
{coatcd sidc up) to theedge of a bcnch or tablc. A weight Íl 
hung, using a wire or cable, on thc free cnd of thc bc1m. 
Whcn obscrved ·with the polariKopc (circular light opcra
tion), thc rctardation increucs proportionally to thc suain. 

w 

Thc fringes are rclatcd to incn:asing strain magnitudc 
a.ssummarilcd in thc tablc. (See Reladomhips &r ... ·u,., 
Fring~ Orders Dnd MDgllitud's o[Stroin and St,Js on 
page 10.) For this cumple (stt Eq. (S)}: 

1 : O. lOO (1.~-1 mm) J J= 151 pin{in/fringc 
K-0.\S m m ,· 
A = 22 7 x ro-. in (J?j nm) (J.I l /fi mgt) 

l·'· Frtn1t Order 
·, .. N 

Sin In 
(f',-f' )=N/ 

o 

757¡.tin{in (J.Im/m) 
(I/) 

ISI4J.Iin/in (J.Im/m) 
(2/) 

ll71pin/in (J.Im/m) 
(l/) 

Fil. 111- PhotoStr~:a .n~rlyfis of e~~ntil,llrt brflm. 

l'huln(la,tio: frinl{c' baH' ch.uattcri,tic behavi<'n ,.·hkh 
are ve¡y hclplul in frin¡,:~ pallctn intcrptetation. for 
in,tan~e. thc tringt\ ate urdinarily continuou1 bands, form
ÍII! cithu cl"'cd hiHII\ ur curvet.l lincs. Thc black zcro-ordcr 
frin¡,:e~ are u\ually Í\obtcd \pots,lines, or arc:u surrounded 
by or adj~cent tu highcr·utt.lcr fringcs. Thc fringn nevcr 
intenccl. or otherwis.c lose ihcir it.lentities, and thcrcforc the 
fringe ordcr aod •H~in lc~d are uniform at cvcry point on a 
fringe. l'~tthnmmc, the lrin¡r:cs alway~ e\ist in a continuous 
S.Cf.!UCnce hy hu•h numbcr ant.l color. In othcr word~. if the 
first· ud thir<.l-or<.lct ftingc~ ate it.lentified, thc s.ccond-ordcr 
fringc mu" tic bctwecn thern. Thc color scquencc in any 
dircction Cltahli'hn whethcr thc fringe ordcr and stra.in leve! 
increa..\C or dccn:;u.c in that direction. 

1t tutns out th:~tthc charactcristic~ of photoelastic fringcs' 
1rc thc same a~ thu\.C o[ cun~tant-kvcl contouf\ nn a cotorct.l 
topoxraphic map. A' a tcsult. any photoclastic panern can 
be cun\it.leret.l, and ~i,ualiled, ;u a contour map of the diffcr
cn" lwithuut rqcard 111 1i¡,:n) hch•·een principal strains or 
~lrC\\t' u~er thc 1Urld~C uf thc test pan_ In othcr words, !he 
magnitut.le• of thc •ll~in lcvcls. as indicatcd by thc fringe 
ort.ler1, cnrrc•pono.fditco:tly to constant-a!titude le\·c\s on a 
lopographic map. An<.lthe fringe pattern depicu pcaks and 
vallcy•. plain' ant.l mc•a• -· with "~ealcvcl- reprcscntcd by 
thc tCTU·tlrder frin¡¡e• 

lf therc Í1 a 7Cro-ordcr fringc Ín thc ficld o( VÍC"''• Íl wjll 
usuatly hc obvious by in b!ack color. Assuming that the 
co1ted test pan has a free square corner or pointcd projec
tion, the \trcss thcre will always be zero, and a zero-order 
fringe (!pot) will c~hl in thc corner, irrcspcctivc or the load 
magnitude. but \hrinking in sizc dightly as the load 
increasn. Whcn tbcte is no zero-order fringe evidenl, the 
fint·order fringc cM ohcn he recognind bccaus.c of thc 
btight cnhm itdj;Kent t<> thc purplc tint of p.magc. Asan 
altcrnative, when the te~t ohject can be loaded incremcntally 
from an initially slre"-•·frec ~tate, thc starting 1cro-order 
fringe "'hich cow:rs thc cntire coating can usual\y be fol
lo~d tbroughout the loading process as it recedcs toward 
unstrc~scd poinn, and tcgions whcre thc differcnce in prin
cipal Sl!e\\CS Í~ 1Cf0. 

Once one fringe has bcen it.lcntificd, orden can he ;u~igncd 
to the other hin¡r:e,, making ccrtain that thc dircction of 
incrcuing fringc order corre•pnnds to thc correct color 
5Cf.!UCncc -- i.e., ycllow·ret.l·grecn, etc. By this proceu thc 
obscr~tr can quidly loo:ate thc highcst fringc orders and, 
gcncrally,lhc most highl)' strained rcgions. Arcas of c\osely 
spaccd fine fringes will usually attract the obsc:r\'er's atten
tion, since rcgion1 of ~tccp strain grat.lient ordinarily s_ignify 
high strains ;u wdl. Thc strns analyst will a !so note any large 
arcas wherc thc pattcrn is almos\ uniformly black or gray, 
usually indicating a significantly understrcsscd rcgion. 

Frequently, thc proceü of locating the highest fringc 
orden willlcad thc ob'ICr"cr to one or more critica.! poinu on 
1 free bount.lary. Whcn this occufl. the sUC$1 analyst knows 
that the non1cto ptincipal stress at'such a point is tangent ro 
the boundary, and its magnitude can be obtained dircctly by 
multirlying the hinge order by a constan!. The sign of thc 
stress, plus or minus for tension or compreuion, ca.n 1lso be 
delermincd veiyeuily on a free boundary with thc rcflcrtion , · ,. 
polaritto]K. 
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i l 5.0 MEASUR.EMENT OF PRINCIPAL STRAIN DIRECTIONS 

j .5.1 Musur~mtnl Prlndpk 

The prinJipal strain directions are always measured with 
rderencc to'an utablished line, u.is, or pi~. Therdore,thc 
inilialstcp for thc detcrmination of the dim:lion of principal 
ltrains (or S!rtncs)will bt l<J sdcct aconvcnient rdcrence.ln 
mou cases, .the rdcrcncc direction is suggested immedi;udy, 
lilr.c an axis ~f symmctry of thc tn.l part or structurc: in othcr 
tast'S, a vcmcal or horizontallinc willsufficc. 

1 • . 
When a planc-~Ja.nud btam of hght travcrses a photo

clulic coating on a part subjcctcd 10 mcss, it sp\its into 
waves proplgating at difieren! spc:cds alon¡ the dircction of 
thc principal suains. After emcrgin¡ from thc plastic, thesc 
IWo wavu wilt be out of phasc with onc anothcr and will not 
rec:ombinc into a single vibriltion paral!d to the one enterin¡ 
tM: plutic.lHowever, at poin!S where thc: direction of the 
principal siressu are para\Jel lo the axis of the polarilin¡ 
filler, thc t>eam will be unaffectcd and thumcr¡ing \Íbration 
wiU be par~llclto the entering vibration. An analyrin& filter 
A with iu ~xis perpendicul;u to thc polarizing filcer Pwill 
produce cll'.linction of thc vibrations atthesc points {see Fig 
11). 1 

Ob:¡.eivin& thc sneued pan throuch a rcflcction polari
sc:ope (fí¡. 12), black linc:s {or c:\·tn arcas) appe;¡,r, Thesc: 
liDes are c:;¡,Jic:d isoclinirs. At cvery point on an isoc\inic, thc 
directions of principal strains are parallclto the direction oí 
polariution o! A and P. With rc:spectto tbe scltctcd refer· 
tDCC ...U, t he mcasurc:mcn 1 of diiectioru at a poi nt is t.i mply 
aa:omplished by thc rotation of A and P togethcr until a 
black iwclinic appe;¡,n atibe point whcrc the directioiiS are 
to be meuUred. When thc suaindirectioru are requircd o ver 
PI catite aiea, thc isodioics are usually rccordcd by photo
¡n.phy or ~y tracing directly oo tbe coatinc. 

¡ 

(b)ModdfUO 

Flz. 11- T o ddurllbw tlw ~illl:ipcl w.br dirmiolu a • pobd, • pt.m pot.riu~ utup lJ UMd. Thnt. - ~linlc 1s 
¡xultionN ov~r dt~ pobtl tUUI tllw dlnetiotU lfMa..nd wltll rnp«1 to.,. utabllJMd nJnrnu, (lf) W/111 tlw Modwl DJI 
Po/tulsCD¡H, 11 t~Wrtk.J UiJ 11 L'hOstii/IIUI t/w ~iltrl¡MI .JUab1 dJIHIÜIIU u~ 1PdJrom 111# talibrllltd diaL (b) Willl tlt~ 
Modd iUD Poltlrl.uop., • llorlzont.J nfttmn ls IUH MJ du tllrmltm of Flnd¡Hd rtraúu lJ lndkt~IN 6,1 tlw dnrronk 
dbpJily JUUk, ANGLE. -·-

) 

) 

i 
l 

) 

J 

o• ,. 

Flt. IJ -IJOL"Iink/rin~ in 11 di4mttrkally to..dtd IS-M,rn útcmntnll, 

If tbc i.sodinic,; are narrow and sharply dcfined, it means 
tbat tbc direttions of ta and tr vary rapidly from ooc loca
tion to thc ncll.lsodinics forming broad black lincs or arcas 
iodicate that the t. aDd tr directions vary slowly io that 
rc:¡ian. Whcn Ibis_ 0«\\rs, !he: bounduy surroundin¡ !he 
cnlire isotlinic should be: marked {not mcrcly thc cerner). lo 
tbc cuc of a tcnsilt sp«imcn with a constan! crou section, 
an isoclinic will be: secn to covcrthc en tire arca whcn thc uc:s 
of polarillltinn coincide with thc spccimcn axcs, sina: thc 
dircctioo of ta is tbc samc at every point. 

· By rotatin¡lhe po.lariz.cr and analy:cr uscmbliu to¡cther 
(in smaU, unifonn angular incrernc nu) o ver thc rangc from O 
to90 dc¡rccs, the«<mplctc family ofisoclinicawill be: ICntr• 
aLcd. AD eaample of tbis proccdurc is shown photo¡rapbi
caUy Ua Fi¡. IJ, for a rin¡ subjectcd lo diametral comprn
lion. Tbe i.soclinic:sun be comhincd into a single dravring by 
tracin¡ from thc photo¡raplu onto a pita of papcr, u 
illusuatcd in Fig. 14a (for ordy half of thc ring. siDCC the 
paltenl i:s symmc:tric). Thcn, if dC$ircd, the family of isoclin
ia_caa be uscd to coostroct PI ísor11r1k diagram. u iD F"IJ. 
l4b. lso&tat~ liDC:II bave thc propcrty o( bc:in¡ cvcrywbac 
tPI¡eo.l to !he pri!W:ipalatreu dircctio01, and thus illuatrate 
tbc "'ffow" olstrasthrou¡h tbc test object. 

-·-

JO" 

. .. ,. 



6.0 MEASUREMENT OF STRESS ANO STRAIN MAGNITUDES 

6.1 Rflariombips BflwHn Frincf Ordfn 
And Mapllades of Strala And Strn.s 

The frin11= orden observed in phntodastic coalinp are 
propor1ional lo the diffcrenc:c: tM:twren the principal strains 
in tbecoatio¡(and in thc surfac:c: of tbetest pan). Thissimplc 
linear relationship is u:prencd u follows {repeatin¡ Eq. (8) . 
here for convenient referente]: 

t!a-t!y=Nf (8) 

wbtre: 1!1 , fJ = principal strains; N= frin¡e order 

/= ~~(fringe value ofcoatin¡) 

A " ,..avclength (in whili li¡ht, 22.7 11 lit• in 
or J7J nm) 

r = thickness of coatin¡ 
K= strain optical coefficient of coatin¡ 

Equation (8) can also be wrinen in ttrms of shcar strain, y,,: 

(9) 

.. htrc: Y•J = mu.imum shcar strain (in the planc of 
thc part surface) at any point. 

Thc si¡nificance of the prccedin¡ isthat.the diffcrenc:c: in the 
principal strains, or the maximum 1hear strain in the surface 
of tbe test part, can be: obtained by simply reco¡nirin¡the 
frin,e order and multiplyin¡ by the frin¡e value of the 
eoatin¡. 

EnJineen and desi¡nen nften work with stress rather tl)an 
strain; and, for this pullJOSC, Eqs. (8) and (9) can be trans· 
fonnt'd by introducin¡ Hooke's law for the biaxial"streu 
state in mechanicl.lly isouopic materiah: 

E cr. = 1 _ .,, {1!, • vf,) 

E 
cr, = 1 - Vl (t!r • Vt!a) 

Substitutin¡ Eq. (8) into Eq. (12), 

E a,-a,=T+'V Nf 

wbtre: a., a1 = priacipalatresses io test pll1surface 

E= tluti:c modulus of ~ pan 

v = Poiuon's ratio oi~ pll1. 

(10) 

(JI)' 

(12) 

(13) 

ADd, ootin1 that thc maximum aheu atress, Tw.u,ln tM 
p'-r ofrM rwrfDu 11 any point is (oa- o1)/2, · 

(14) 

Equatio111 (8) and (ll), which are the primary relationships 
u:xd: in photoclutic coatin¡ atreu analysis, give only the 
dl/fennn in principal ttnlins and ltresses, not thc i.~divld.~l.l J, 
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quantities. To determine the individual ma¡nitudes and 
Si8ns of eithcr the principal 'trains or strnscs genenlly 
rcquircs, for hiuial stress statcs, a tttond measurcmc:nt, 
sucb at thc sum ofthe principal strains(scc page 14}. Thcre 
are maoy cases, howc\"CT, whc:n ·thesecquations providc all of 
the information nccded for stress analysis. For insunce, 
wben the ratio of principal stresscs can be infcrrcd from 
other considcrations- a uniform shaft in tonion (a,fa, = 
-1), a thin walled prenure vcuel (o./ o1 = 2), etc. - this 
relationship can be combincd with Eq. (13) to solvc for the 
individual principal strcsses. And, wbcnevcr the stress statc 
is known to be uniaxial, witheithcr a. or a1 bein¡ zcro, therc 
ia only one nonzcro principal stress in the Plan e of the test 
pai1Jurfacc, and this can be obtained directly from Eq. (6). 
~or uamp\e, ir o,.= o, 

E 
a,=~ Nf (15) 

The cases in whicb one of thc principal surfacc stresses is 
·tero includc al! strai¡ht, uniform<ross-section mcmben in 
axial tension" or·compression {and bendin¡), away from 
poinls ofload applicPiion. E ven for mi!dty tapci"Cd members, 
so loaded,the stress state is vcry ncartyuniaxial, and Eq. ( I.S) 
can oftcn be applied as a vcry good approximation. A much 
more importan! class of cases from the viewpoint of prartkal 
stress arialysis involves all points on tbi boundarics and free 
edges of thc test par1: 

Consider, for example, an ·unloaded hote· penetratin1 the 
test part. Al every point on tbe edtc oftbe holethe principal 
axes are normal and tangentiat. rcs~tively, to the edge. 
Be-cause the principal stress normaltothe ed~t;e il neceuarily 
tero, thc stress state is uniuial, and thc only nonzero princi
pal stress is ·nerywhcre tan¡entto the bote cd¡e. Therc are 
many other cases, such as projccting Oangcs and ribs, and 
~two-<limcnsional" objccts·in ¡eneral, in which the stress 
state on the untoadcd cdge is always uniaxial. For all such 
cases, the sin ¡le nontcro principalstreu, which is tan¡ent to 
tbe ed¡e, can be determined dircctly from the observed frin¡e 
"order by substituting into Eq. ( 15); or, in effcct, multip_lyin¡ 
the fringe order by a constant. 

Fi¡ure I.S shows a portian ofthc suñ~ of astcel m achine 
par1 to \1ihich a photoclastic coating has betn applicd. As 
indicatcd, the coatin¡ has been finishcd to accuratcly match 
the ed¡c of thc holc and that of thc rib. The uniaxial stress 
state at points a and b is demonstrated by the enlar¡ed 
free-body diagrams of elemcnts of matter removed from the 
ed¡es for examination. With the par1 under aormal servicc 
loadin¡, and vicwin¡ the coatin¡ with thc refltction polari
seope, a fringc order of 2 is obscrved at point D, and about 
3/4 ai point b .. Previous calibration hu enablished a frin¡e 
valueof IIOOpt per frin¡c forthiscoatill¡. Thus, thestras at 
point a in thc more criticl.l rc¡ion can be: cakulatcd direcdy 
from Eq. ( 15) a.ssumin¡ (for ateel) that E/(1 • 1') = 23.5 a 1~ 
psi or 161 GPIF. · 

a,= 23.5 x 10' x 1100 11 J(tt a 2 = 51 700 psi or, 

0 1 = 161 X /fl' X JI(}() X /(l'f X J = JJ6 Mfrl 

• h rltouiJ M bp1 in mi1Hi 1iwlrrlor bluiGI Hao4r S,_, 1-tvo/wd 11<1 f4s. 
(10)· (IJJ, (¡ slrlcllyqp/lctlblt-(lo ,....._,__m.b ..... 
... llotrof'k.-~Mrltdl--...~ 

) 

) 

RefOOIAUOO: 
UIAT!"" -.: 

Flt. /J ·- sffl~ott /rotrt • comN ttsl mr~ ,._,., 
-mml strrss st.tn on jrft rdJn. 

And similarly, the stress at the cdgc ofthe rib is aboutl9 400 
psi, or IJ4 MPa. 

Summarizing,thediffcrence between principal straimean 
be dctermincd from Eq. {8), and the diffcrence between 
principal stresscs from Eq. (13), al any point un a photoelas
tically "coatcd surfliCC. At poinll whcrc" the stress sl.lte is 
uniaxial, Eq. (I.S) givu thc prineipalstren dim:tly. In uch 
case,thc result isobtained bymultiplying the otmf'oledfrin¡e 
ordH by a conuant. 1t remains, thcn, only to idcntify thc. 
frin¡e ordcr at tbe point of measurcmcnt. Tcchniques for 
accomplishing this preciscly and positivcly with the rcflc-e· 
tion polariscope follow. 

6.2 Mcasurtmfnts at • Potnt 

lt has betn shown that in the finl step of meuurerncut onc 
observes thc whole uea and usignS to cach frin¡e ib order 
(N="I, 2,3, etc.). At nery point on a fringe, Nis then koown 
and therefore: 

l!a-t,=Nf 

In ¡eneral, the point of interest 011the strueture will fall 
betwccn frin¡es, and it will be necessary lo establim the 
"fractionl,} order'" or fraction of a fringe. The tcchnique used 
il called "compensation~. Two basic methods are uml: 

1. Tardy compcnsation ~ing the rotatablc analyzcr built 
illto the Model 031 Polariscope. 

2. NuU-balance compensation usiÍt¡ the Model 232 or 632, 
030 Series Modular Accessoriea, or the Modd GCO 
Polariscope. 

6.1.1 Tanly ComPfmalloa 

Tardy rompenution is a rclatively fut and simple 
metbod. Howevcr, the method requires an experimced 
operator ir measurcment• are to be foolproof. Thc priiKiple 
of the metbod il u foUows: 

) 
When tbc polariur and analyzu are aligned witb tbe 

direetion or the principal strains/stresses, and the quarter
wavc plates are 11 4S0 

(., shown in Fi¡. 4) a dockwise 
rotation a of the ualynr will move a frinJ~: to a position 
where tbe fractional order r is a/180 . 

11 

. . . 
Fix. 16 - Ttudr competu•tl..: poltulur ••d 
"'*7ttr dirnrd w/1• ¡wllltC;p.l m.- f • Md_ ly ((J -.1 fJ 
.,.,nptdivrly}.Rot•lf~tr...,_ftlltil~ 
n (« n • /} MOWts to tnl polm. Rfflfl frfldloa r a 
lmlictltfil on c~rw sc.lt. 

Tbc analyzer dil.l iJ ¡raduattd io t..lrtdths of a friDJi: 
fro_mzcro to IOO(sec Fig. 16). Thc ualyD:risrotakddoct· 
wise until a frin¡c arri,.es at the sclccta:l poiat of meiSilre
ment (red on one sidc, ¡rcen on the other side). The rrac
tioiUI frin11= cirder r iathen read diru:dJ fmm thc analyler 
dil.l. 

lfthe lowcr order frin¡e m~ves to t!Rpoint (friftJC n). the 
total n:adin¡ will be: 

'""· 
where: 

N=n•r 

f:,: f:,, fy: t!J 

f:1,1!1:. muimum and mialaan principal 
straim. respeetively. 

lfthe hightr order frin¡t moYeS lO fkpoint (frirt¡t 11 ~ J) 
the total n:adin¡ witl be: . ! 

N=-((n•l)-r} 

In rither CIUC: 

f:•- t, :o N/ 

· and, cr. • a, = Nf _!_ 
1 •• 

6.1.2 Mm msltl of Prbd¡¡lll Slr'lll a 
Fm locmdalla Vdq Tan!J t._,-.... 

" 
1 
1 
1 

The ai¡n ind ma¡nitudc or the priKipal Jtreues ~ • 
uniuial f1tld, and abo at a free ed~t;C •lloundary, c.u be 
dctenained di~ly aiDCe one of the III1:IXI ilzero. ' 

1 
i 
i 
1 

i 
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Tbe procedurc 11 as follows: 

l. Align the fo ui• of thc anal)ztr ( fig. 16) with the direc· 
tion of the edgc. 

l ldentJy tbc ftingcsn and n • 1 on either sidc ohhcpoint. 
1 

J. RotatC thc analyzcr in 1 c]ock.wise dircclion. lf thc lowcr 
fringe Order tt moves toward the point of-rnta.sllrcmcnt, 
the sigl. uf the strcu i.s posili\·c and thc total readin¡ will 
be N= TI+ r. lf thc higher order fringc n + 1 PM>vcs toward 
thc point, thc si¡n of thc mcn i.s ncgativc aDd tbc ao¡a! 
rcadinJ will be N= -{(n • 1)- r]. In cithcr cuc tbc S(ress 
will be: 

¡ 
o = N/ _E_ whcre: o ::: tcnsion, if positi\~ 

j 1 • V comprcuion, if ncgativc. 

1 
' 

6.2.3 Mn~Wcnunls Uslnt: 
Tbc Nuii·Balanu Com~nsation !\-ldbQd 

Null-balance compcnsation opcratcs on thc principie of 
inuoducing into thc light palh uf thc polari>eopr acalibra!cd 
variable birdringcnce of oppositc sign to that iPCiuced inthe 
pbotoehutic coatin¡ by !he llrain field. When thc opposile· 
U¡n variable birdringeno: is adjLUted to precisdy matclltbe 
ma¡nitude of the Jtraín-induced birehin¡ena:, complete 
canccllation will occur, and the net bircfrin~ncc in tht: li¡ht 

Fil. 11'-/nitially colondjrilf~ & mulerC'II bkd 111 
IIUII-btl/.anu C'OIIf/HIWitioll. 

path ,_,¡u be1ero. The condi!Íon of 1cro nct birrfringcncc is 
easily reco¡nind bc'ause it protlu~·es a blad. fringc in the 
i)ochrum1nic pallcrn \1-hcre, be! ore introtludngthe campen· 
sal in¡ birdringcncc, "colo red frinic ui)tcd !Fía. 1 7). Tht: 
devicc for synlhe-siúng a calibrated variable birdrin¡cncc is 
known as a null~b<JI<JnU <'um¡Hmawr. 

Tht: maancr in which a null-balance compcnsator opcr· 
ates is illusuatcd schcmatically in Fi¡. 1 H by analogy with 1he 
common tnife-cdgc balance. Thc wain-indll«'d birefrin
Bt"n« (or aplica\ ~si¡nalj a reprnCntcd by an Unknown 
miiU on thc: lcft-hand pan of lhe t.eale, where Íl produces a 
counlcrclockwisc momcnt, tippin¡thc pointer off from ce n
ter 10 the lcft. Known mas sesean be placcd on thc right·hand 
p.an (inlroducing a cloctwise momcnt) unlillhe pointcr is 
brought back 10 centcr agaia. Whcn thc pointer is ccntercd, 
the su m oflbc kno111n calibrated masscscquals thc unknown 
miiU. Thc operation af thc campcnsator dirC"Ctly paralleb 
lhat af thc balanée - that is, compcnsating bircfringcncc is 
addcd to tbc light path until it_cxaclly balancn thc bircfrin
gence induced in thc coatin¡ by the u rain ficld on the surfacc: 
of 1hc coattd pan. · 

When using the OJO ScriC'i Rcflcction Polariicopc, two 
vcrsions of null-balance compcnsators are available. Tbc: 
Model 232 Compcn$ator is a manualtypc whcrcby tbc: fringe 

·arder is dctermincd by a mcchilflical counlcr. Thc urain is 
thcn calcuLitcd from thc numcrical reading of thc frin¡c 
arder by introducing thc ca\ibration constan! of thc compcn
ntor ( Fip. 19 and 20). 

Fiz. 19- Mode/232 Co~IU4lor mmurled 011 dw 1141 
s~;n Pol.iMoJH. 

¿ 
f/ 

V 
¿ 

lO - ISO 100 1KI 

Olgltll Readout 

Flf, :ZI - Typlcd callbnlioll eharl Jw Modd lJ:Z 
C~ru-IM. 
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With lhc Modd 632 System (Fi¡. 21), thccompcnsator is 
clectricillly couplcd toa ~train indico~lor/ printer in)\nlmcnt 
which providu a direcl di¡ilaltlisplay oí tbc: main magni· 
lude t 1 - t, aflcr achie~ing null-balancc compcnsation at thc 
point of mcasurcment. Thc Modcl6J2 Systcm is_also ~nfig
ured to clcctronically display thc measured principal strain 
dircction. This is accomplishcd by a transduter boilt in lo the 
compcn~alor, which ltnlts the angular orlenlalion of thc 
isoclinic. A buil1-in printcr also al\ows a lw'd copy of thc 
mc:asured quantilati\lc straia \lalucs 10 be obtairic<J. The 
printer iJ acti\latcd from the compcnsitor. 

In arder for thc null-balancc mcasurcment to be achic\lcd 
whcn usin¡ cither thc Modcl2J2 or Modci6J2 Syslcm, thc 
compcnncor mLUI finl be aligncd in thc dircction of the 
al¡cbrai~ly muimum principal urain. This is usily 
dctcrmined by c.stablishing the directions o{ lhc two princi
pal strains al thc point of mcasuremcnt with an iso
clinic mcasurcmenl as dcscribcd on pagcs 8 and 9. 

' 1 

1 
Thc compcnsator is thcn ali¡ncd with nnc of thC"Se. direc::

tions, and the ~umpcn!iatiun aucmpt.cd. U null-bab.ncc c:an· 
nol be ¡¡chic~ctl, il means thc compcDUIOI is ali¡ncd wiih \he 
mínimum principalurain direction. Repositionin¡ the cÓm
pcniator 9()0 away will allow lh.c: oull·b~ancc compcciu-

. tion to be pcrformed. 1 

Whcn uiin¡ 1hc Modc\ 040 Rcflc.ctioo Polariscopc (Fi¡. 
22). null-balilnce compcnsation caa be achievcd re¡ardleu 
of which principal strilin the compea.wnr iJ ali¡ncd with, 
sincc it hu a spccia.l fulurc for introduciD¡ cither posith•t or 
negativc birdringcncc into lhe li¡hl pa!h. And this iotro
ducu no ambiguity sine e thc maioitude IDCUUrcmcnl m~e 
will always be di1playcd with lhe connpondingly corf.ect 
si¡n. Also, the Modcl 040 Polariscope can be sct up 10 rCad 
direclly in units ol fringc order, printi¡W suain diffcrccicc:, 
principal51re~~diffcrcrn;c, and thc muimum pri"ci·p·'>~<u 
al free bounduics. 
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7.0 PRINCIPAL STRAIN/STRESS SEPARATION METilO OS 

In thc prcvious scctions, it hu bc:cn sliown hnw to mcuure 
principalstrain diffcrcnccs :~.nd then cakulate thc followinJ; 
strcsscs: 

• The magnitude of thc differencc of thc prindpalsucssct 
o,- a7; 

• Thc maximum 'shc:r.r stre~s Toull = 
0

' -
0

' 
1 

• The separate v:r.Jucs of the nnnlCro principal stress on 
cdges and free boundarics where thc muimum strc~sn 
usuall~ occur sincc al lhosc points thc othcr principal 
SUCH IS zero, 

In ordcr to obtain thc individual valucs of the principal 
sucsses at poinu not locatcd on free boundarics, addition.al 
mca.tu_~ments are rcquircd. fhcrc are''"'" tcchniqucs avail· 
abk; the Obtiquc-Jncidcncc Mcthod, and thc Strain Gagc 
Scparatur Mcthnd. Obliquc incidencc is thc more difficuh lo 

use, and is rcstrict~ to mc:1.surcmcnts at locations which 
afford mcchanical acccss of thc Ohliquc-lnddcncc Ad:!.pla. 
Thc oblique-incidencc tcchniquc must be used on mcdium
and \ow-modu\us PhotoStrcss coatings, sincc thc separator 
strain gagc mcthod is only applicable to high-moduhu 
coatinp. 

7.1 Obliqu~Jnddcncc Mtthod 

The tcrm obliquc incidrncc mcans th:!.tthe light from thc 
polarizer travcncs !he photocla.stic coa tinA atan ang!c, and 
thc nicasured bircfringcnce dcpcnds on thc sccondary prin· 
cipal strain in thc planc perpendicular to the light path. 
Thus, an obliquc·incidcncc rcading{No},combincd with tbe 
normal-incidcnce rcading (N"}. providcs thc ncccnary 
information for dctcrminingthe scparatc val u es of CJ 1 and a1 
at points other than free boundarics. Thc Oblique-lncidcnte 
Adaptcr (Modcl 033) has a fixcd mirror ang[c which pro
vides for simplificd data tcduction. Thc Modcl 03) U shollrD 
auachcd lo the basic analyzcr in Fig. 23. FiJUrc 24 showt thc 
path of light cmcrging from thc polarizcr, reflected by thc 
obtiquc-incidcncc mirror, travcning thc photoclastic coat· 

· ing, rcflcctcd back lo thc mirror, and tinally buk to thc 
analyzer. 

In normal incidcncc N", the mcasuremcnt is; 

N~).= o5"o•~~L = 21K(E1 - f 1) 

In ~bliq¡;e incidente: 

No>.= o5omQu~ = 21K(Al1 - Bt7) 

Thc cocfflcicnu A and S are dependen! u pon thc Poinon's 
ratio of thc coatins. and !he anglc B cmplo~d. This an¡lc U 
prcscl in the Modcl 033 Oblique-lncidcnec Adaptcr. SolvinJ; 
thcsc cquations in tcrms of l 1 and f 1: 

fo = /(I.SNo- N") } for ~igh·modulus 
fy =/(UNo- 2N"} coahnp 

(16) 

(17) 

Thc numerical valucs of 1, !.S, and 2 are cocfficienb 
derivcd from the dcvclopment of cquations for obliquc
incidcncc mcasurcmcnu. (Rekrcnce) alTords a more com
prchc~sivc technical dcscriptirm.) 

Fit. 2J- Obliqu~lntklrntr Adapttr, 111t11thrd to DJD 
Srrlrr Pot.ri:Jropr. 

.q- _, __ .. _________ _ 

Fit. 24 - U,ht path mrploycd jor obflqur-inddrnr:r 
"'-f!IUurtm-Dflb. 

Once thc principal suains ha ve beco dciermincd,thc prin
cipal strcs.sc:s are calculatcd. 

whcrc E and Pare thc modulus of elasticity and Poisson's 
ratio, rcspcct.iftly, of thc test par1. 

7.1 Straln Gare Stpantor Mdhod 

lfthc su m ofthc principal ttrains can be dctcrmincd 111 !he 
samc point wbcrc thc diffcrcncc of thc principal strains is 
mcasurcd, thea thc scparatc principal stnin valucs are 
obtain1blc by rimply solvinJ; equations simultancously. 

Thc PhotoSu-css Scparator Gage is bascd on this funda
mental princip1aeof mechanics. As shown in Fig. 2.S, thc gagt: 
¡rid consists of two perpendicular clcmcnts conncctcd in 
series. Thc indicatcd strain from the ¡agc thcn corre· 

· sponds to(h •t1){2 rcgardlcss ofthc gagc oricntation on thc 
coatcd test surfacc. Rcprcsentingthc gagc output signa] by 
tbe symbol So for convenicnoe in algcbraic manipulation, 

So=~ 
1 

·and h*f-,=2So 

(lB) 

._ 1-4 :__ 

) 

) 

Fit. 25- PhotoStrrn 
Stparator Gatt 

Addmg lo, and subtracung from, thc mcasurcmcnt of thc 
diffcrcncc of principal strains, ~ 

"' 

f 1 -t1 =N"f 
E,+E-¡=2So 

N•f 
l, = St~ t -

1
-

t,- t, = NN/ 
-t. - fy = -25,¡. 

NN/ 
t1 =SG--

1
-

(JQ) 

(20) 

In practica] applications, thc usual proccdurc i~ to first 
complete all PhotoStrcss obscrvations and normal-incidcncc 
mca.surcmcnts (N") on the coatcd test objcct. Following this. 
scparator gagcs are installed on the coating atthc potcntially 
critica[ points cstabtishcd by PhotoStrcss analysis. Loads 
arc thcn reapplied to thc test objcct, and thc scparator gage 
mca.surcmcnu are rccordcd. 

\, The PhotoStrcss Scparator Gagc (for use on high-modulus 
coatings only) cmbodics a number of spccial featuru 
dcsigncd for case ofusc and optimum pcriormancc in Photo
Strt"Ss applications. Fi~t in imponancc, of counc, is thatthe 
¡agc docs no\ require any panicular angular oricntation. lt is 
simply bonded atthc point where separation mcasuremcnts 
are desired. Prcattachcd lcadwircs are providcd to avoid thc 

prol'llcm• that U'><'r' m~~- ha' e in ~oldninjlthe le;nh tu the 
g:o~e hcfme m~tall~tinn, m ;utempting 10 <h> '":lft<·r thc jla¡:c 
i• bnndo:d tu the pl'lntocl.ütic cn~IÍnJ;. The 11a~ ,rid i> al,u 
cno:ap~ulatcd in pnlyimideto climino~tc tht ne~ fur a protec· 
¡ive coating in mo>l PhotoStre~s applications. 

Gritl rc,i>tancc uf thc scpar:1tur g.lJIC is 100 ohm~: and it is 
intcntletl that thc iaF-c be cnnnccted to a !1-lodd P-.1500 
Static Strain lndkator through :1 Sfll'CÍally de>i~ncd interface 
module. the MnJel JJO (l:i~. 26). Thc interface mo<.lutc is a 
four-channel ,,..itch-and-ba[ancc unit con1ainin¡: prcci~itlll 
mi~ti~c circuits for attcnuating gagc ucitation voltagc and 
supplying apprupriatc bridge completion for thc 200-ohm 
gage. Thc rcsulting l!agc curren! is appro~imatcly 1 m/\, 
yicldin& a po,..cr lo·cl wcll bclow thc thrcshold at whi'h 
sclf·hcating effects cou!d tkstabilizc thc strain indicat;un. 

Thc complete technical bao:kgr<<und on tht scparator Jl.lJIC 
and il\ .applicatiun can be f<>unt! in Mcasuremcnts (j¡uup 
hch Nnte TN-7011. 

' .i ........ ·- ... 

Fit. 2• - MoJel JJO /,.,rrfacr Modult (ritlrtJ JlrD'!-'fl 

cttupi,J ..,ilf, ,\fea.furtmmli Group P·J5H Str11in lnJicrJ
tor Jor di1playin¡: E, • E1• 
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1 
SYMHARY[ 

The purPose of the present work is to introduce.candied sugar as 
a brittle-coating. The chemistry of sugars and invert sugars is 
introduCed, · with an explanation ot the role played by invert 
sugar~ in the manufacture of non-crystalline candy. The process 
ot developing a brittle coating manufacturad from sugar is 
briefly: described showing how the project evolved from using 
extra fine granul~ted cane sugar to a more systematic approach 
using laboratory supplied sugars. Experimental results for a 
circular disk and a circular ring coated with· this new brittle 
lacquer~ and testad under diametral compression are presentad. 
These results compare well with those obtained using commercially 
availabl8 brittle. lacquers. Also, _presentad results show- that 
the sansitivity of sugar basad brittle~coatings can be.variad 
over a wida range and some of the advantages to be found in their 
use ar~ pointad out. Finally, some possibla future areas of · 
research are briafly discussed. 

INTRODUCTION 

Tha brittle-coating method is an experimental stress analysis 
non-de~tructive technique used tor the determination of· surface 
strasses on structural components. Its use rel ies on the co'ating . 
adhe'"ring completely to the surface of the sPe.cimen to be· 
analyzed. · When the state of stress under the coat~ng reaches a 
certain critica! value, the brittle-coating féiils. If the 
brittle-coating mechanical properties up to fracture have been 
properly charactarized, than the stata of stress.on the .surface. 
under the failed coating can be determinad. Th~~ experimental 
whole-field technique is used to obtain the magn~tudes and the 
directions of the principal stresses on a free surfaee. As it. 
can be directly applied to the machine or structural component 
under consideration, this allows the analysis of the element 
subjected to the actual working conditions, without necessarily_ 
knowing the loada acting on the specimen. The. analysis of the 
data is done in a straight forward fashio~ (1~. 

-· .: :: . 
LABORATORY EQUIPMENT. 

The. laboratory equipm"ent used to pursue the outlined 
·: : ·:--=~·~:: .::..;::.' 
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included: a controlled atmosphere moistura oven, a brittle 
eoating ealibrator, calibration beams, thermometers, 
psychrometers, and other miscellaneous items usually tound in a 
brittle coating laboratory. 1 

LITERATURE SURVEY 

The available literatura on brittle-coatings, although very 
profusa, for the purpose of the present work can be confinad to 
tha four chapters devoted to br~ttle-coatings in reference (lJ. 
Information on candied sugar was obtained from references (2, 31, 
and the information relevant to making brittle-coatin9s is 
reportad here. 

CANDY-SUGARS 

carbohydrates are a large group of chemical substanceS which 
occur widely in the-vegetal and animal kingdom and contad toa 
general formula c.(Hz0) 1, with x_ being generally a multiple jot 6. 

ca·ne or beet sugars - chemically speaking these are known as 
suerosa. Suerosa is referred to as a double sugar, and c'an be 
broken up into two single sugars by boiling it with a 1 weak 
solution o_f acid, or by enzyme invertasa. The two new s_ugars 
formed are called glucosa (dextrosa) and fructose (levul,ose). 
They are non-crystalline. They have been chemically changed into 
a product called· 11 invert _sugar", and the procesa is knoWn as 
inversion. Lactosa is_ the sugar present in milk, ·and malto'se is 
a sugar produced by the hydrolysis of starch. 1 

. ! 

In making candy, the sugar is tirst dissolved with sorne Solvent 
such as water. To this solution,. an inverting substance suCh as 
dextrosa, eorn syrup, cream of tartar, vinagar or lemon jufce is 
added. · Then ·the mixture is subjeeted to high temperatura. 
Boiling changas the. mixture into a- heavy syrup solution \.rhieh 
becomes more and more concantrated, and, as the moiSture 
evaporates, more and more supersaturated. \ .. 

The temperaturas, at sea level, to obtain candieS of different 
consistencias are: 1 

Soft ball 109-115°¿ 
Hard ball 117-120°C 
Crack stage l2l-l29°C 
Hard'craek 129-154°C 
Caramel sugar, Sugar melts l58'C 1 

SUGAR AS A BRITTLE COATING i 
i 

The procesa ot d.eveloping a brittle coating manufacturad from 
sugar went through severa! stages. Th;ey were: 

l. Us_e _of e_xtra fine granulated cane sugar 

Extra fine granulatad cane sugar was used on calibration beams 
which were covered with about one millimeter of sugar. The beams 
were placad in the oven at 185°C (the ~usion temperatura for¡cane 
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. sugar is 158°C) tor one hour, atter which the oven was turned ott 
and allowed to alowly cool to room temperatura ovar a perlad ot 
approximately two hours. The resulting golden-brown transparent 
coating on the calibration beamS produced well d.;tined cracks 
which were easy to detect. Figure 1 shows the resulting crack 
patterns on two calibration beams.· The brittle coating had a 
sensitivity of the order o! soo microstrain. 

Fiqure 1 - CalibratiOn beam results using extra granulated 
cane Sugar as a brittle coating. 

2. Extra fine granÚlated cane sÚgar. corn syrup and water. 

Next, a mixture by voiume o! 2 parts sugar, 1/2 part corn syrup 
(considerad as an invert sugar) and 1 part of water was used. 
The use ot an invert sugar allows the lowering of the 
caramelizing temperatura of the mixture. The ingredients were 
thoroughly mixed in an aluminum container and then heated to 
temperaturas ranging from 127-154°C-together with the calibration 
b7ams. Atter fifteen minutes at the -preset temperatura the 
m1.xture was poured on top of the calibration beams, which were 
preparad so as not to allow the mixture to run off. The beams 
were then left in the oven at the preset tempera-ture for an 
additional 45 minutes after whi"ch the oven was turned off and 
enabled to reach room temperatura in abc:iut two hours. The 
obtained sensitivities ranged from 300-600 microstrain. · Figure 
2 shows the resulting coating which was crystal clear, with well 
_detined and easily observable cracks. ··It appeared that the net 
e_tfect ot this particular invert. sugar was to -give to the 
resulting combination greater clarity, and, its use at a·range of 
temperaturas allowed for variations in the sensitivity of the 
bri ttle coating. · · 

3. Contectionerv sugar,· brown sugar. maltose, dextrose. 
tructose corn svruo and water. 

The limited ranga ot s.ensitivities previously obtained led to the 
consideration of oth~r.re~d.i!Y available sugars (confectionery 
sugar, brovn augar, maltosa) and inv'ert. auqars ·(dextrosa, 
tructose and corn syrup), Quick qualitativa testing of: the 

/8 

. .. 

• 
' 

1; 1 

resulting brittle coatings was made using thase ingredients alone 
and al so mixed · with water. The r_esults were very similar to 
those obtained when cano sugar or corn syrup were used alone. 

1 '. 

Figure 2 - Calibration beam resulta using a mixture of extra 
fine granulated cane sugar, corn syrup and water 
as a brittle coating 

4. Cane sugar. beet sugar. confectionery sugar. hrown 
sugar. maltose. fructose and water. 

It was then decided to test the mixtures of the ''most promising" 
sugars _(cane sugar, beet sugar, confectionery sugar, brown sugar, 
maltose) with an invert sugar (fructose) and water. The choice 

. ot fructose was made due to the previous experience with corn 
syrup which is made up mostly of fructose and also because it is 
readily . available. The idea- of usirlg a more homogeneous 
ingredient than corn syrup was also attractive. Mixtures by 
weight were made for all possible combinations of the sugars with 
the fructose, uslng 2 parts sugar, 1 part· fructose and 1-1/2 
parts water, Each mixture was placed in an aluminum foil 
cylindrical container of approximately 2.5 · inches in diameter. 
The mixtures were placed in the oven at a temperatura of 165°C, 
heated for 30 minutes and then aliowed to cool to room 
teroperature in about two hours. The qualitative results obtained 
showed no signifi'cant difference with previous results using cane 
sugar mixed with corn syrup and water. 

5. A systematic approach. 

Since 'no definite leads towards the best combinations of 
ingredients were emerging it was apparent that a more systematic 

· approach was in arder. To accomplish this it was decided to work 
:.w_ith the following sugars: cane sugar, beet sugar, maltose, and 
lactase: and invert sugars: dextrosa, fructose, corn syrup, and 

. honey. The solvent in all cases was water. 

It shows_that for 
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each combination tested. three ratios of ingredients by weight 
were used (5:1}, (3:3} and (1:5}; the number <7" the left 
represents the corresponding ingredient in. the v~rt1c~l column, 
and th,at on the right, the corresponding lngredlent ln the top 
row. Each combination was identified by the number shown on the 
test matrix; a· total of 84 samples were testad. _The amount of 
water used for all combinations was held constant at 6 parts by 
weight out ot: the 12 tOtal parts making up the mixture·. Ea eh 
mixture was' placad in an aluminum foil cylindrica_l-conta1ner of 
approximately 2.5 inches in diameter. The mixtures were placad 
in the preheated oven. at a temperatura ot: 165°C, co~ked for 15 
minutes and then allowed to cool to room temperatura 1n about two 
hours. The thin coatings present at the ~ottom Of th7 .alumi~um 
containers were then evaluated after crack1ng the coat1ngs us1ng 
finger pressure.- The qualitative evaluation consi~ered the 
sensitivity, adherence, fluidity, color and crack dens1ty of the 
brittle-coating. · 
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Table 1 - Test matrix showing 
ratios o! (5:1}, 
components 

all combinations tested using 
(3: 3) and ( 1: S} _between 

Analysis o! the i-esul~s y.iel.ded three general ·tendencies: . eeet 
and cane sugar have analogous behavior. Corn syrup has .a 
behavior similar to fructose. And, ·lactase, when in large 
proportions, tends to granulate. 

6.: l\ systematic approach using laboratory supplied sugars. 

lt w~~ than dacide~ tha~--it might be best to ua·e s\igai:-s'mácie:· f~r 
laboratory use. This would allow the clase monitorinq o! their 
éomposition as -rnost chemicals are manu!actured under very. hiqh 
·standards ot: quality control. The invert sugars and sugars 
included for the tests corresponding to this stage were: 

· dextrose, fructose, lactase maltosa and suerosa. The s~lvent:.w.as 
w~ter. 

~ 

1 

:· 

' ; 

¡: 
j. 
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Characteristics of the invert sugars and sugars ysed: 

DEXTROSE. Reagent (0-Glucose, anhydrous}. Oextrose, anhydrous, 
powder, 'Baker analyzed', HOCH2CH(COH} 40. Manufacturar ~·~ T. 
Baker Inc., Phillipsburg, NJ 08865 , 

FRUCTOSE. (0-Fructose) (Crystals) C4H12o6. Manufacturer 
Mallinckrodt Inc., Paris, KY 40361 1 

LACTOSE. Analytica1 reac¡ent (powder) C12H22o 11 H2o. 
.Manufacturar: Mallinckrodt Inc., Paris, KY 40361 1 

MALTOSE. Hydrate grade I - Beta-anomer 96%, -Alfa-anomer 4\ 
C0 12 H~z0 11 • H20. Manufacturer: Sigma Chemical Co,. St. Louis, MO 
63178 l 
SUCROSE ( Saccharos_e) . 
Fair Lawn, NJ 07410 

Irl':¡ro:lients f'Neto'8 

""""- (ll) 
{14) 
(15) 5:1 

Ftuct<Oe 

""""" 

K>ltooe 

c"H22o,. Manufacturer: Fisher scientirc, 

tActo>< ""'""" """""" 1 

' 1:5 (7) 1:5 . (1) 1:5 
3:3 (B) 3:3 (l) J:3 1 

'• (16) 5:1 (9) 5:1 (3) 5:1 1 

(lO) 1:5 (4) 1:S 
(11) 3:3 (S) 3:3 1 

(17) 5:1 (12) 5:1 (6) 5:1 1 

1 

(18) 1:5 (20) 1:5 
(19) 3:3 (21} 3:3 

1 

(22) 1j5 
(23) J¡J 

1 (24} 5:1 

' - 'Iha 1e!t dit;~it c:on-cspordS tCl an irqrediei\t in the vertical c:ol~m~·¡; the right diqit 
o::tt"""t"e5poo:ls to an irqredicnt in the top J."Oo'. 1 

Table II - Test matrix showing all combinations tested Jing 
ratios of (5:"1), (3:3) and (1:5} betw'een 
components ¡ 

The test matrix used is shown in table II. For each combination 
tested three ratios, ot: sugars, by weight were used (5:1}, (3:i3} 
and (1:5). The numbers, as befare, on the left represent the 
proportion of the corresponding ingredient in the vertiCal 
7olumn: and. on the l:"ight, the proportion · ot the correspond'ing 
1ngred1ent lD the top row. Each combination was identifiedl by 
the number shown on_the test matrix; a total of 24 samples were 
tested. Some combin_ations _wei'e not testad due to problems with 
qranulation o! the mixture. The amount -o! water used tor 811 
combinations was held constant at 6 parts by weight out ot:¡' 12 
total parts making up the mixture. . · 

To more strictly assess the quality o! the. tormulated 
combinations, · ·the prepared mixtures were ··Used to coat í 24 

/.2 1 
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Figure 3 Calibration beam sensitivity variation for 24 
combinations of sugars, · invert sugars and water. 
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calibratian beams. As befare, the oven was preheated to 165 °C 
and the coated beams introduced into the oven and kept for JO 
minutes at that temperature and subsequently allowed to cool to 
roOm temperature in about two hours. The calibration beams were 
then taken from the oven, visually inspected and tested using the 
brittle coating calibrator. 

Figure 3 shows a plot of beam number versus sensitivity for all 
tests. The range of sensitivities is from 300 to 3000 
microstrain, í. e., an arder of magnitude difference . 

Figure 4 shows two beams covered with brittle coatings made up of 
maltose and sucrose in proportions of 1:5 and 3:3, respectively. 
From the test results is clear that the relative proportions have 
an effect on the sensitivity of the brittle-coating. From the 
data it is possible to conclude that sugars behave as resins and 
invert sugars as plasticizers. Thus, it can be postulated that 
with the appropriate combination of resin, plasticizet" and 
solvent, brittle-coatings with almost any degree of sensitivity 
can be produced. 

Figure 4 - Calibration beam sensitivity effects in a mixture 
of different proportions of maltose and sucrose: 
Beam 22(1:5) and beam 23 (3:3) 

An additional test to corrobot"ate the quality and reproducibility 
of the brittle coating manufactured using mixture 22 was 
performed. Figure 5 shows the results of testing four 
calibration beams which were coated and subjected · to the same 
curing cycle as befare. The results are reproducible and the 
qualities of the coatings are good. 

~.-, .. ~ igure 5 _Calibration beam results fot" a mixture of maltose 
and sucrose in a 1:5 pt"oportion 
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1 
7•, The circular disk and ring subiected to diametral 

compression 
1 

To further assess the viability of mixture 22 obtained 
p:reviously, it was decided to test it on the circular disk and 
r_ing as tbese have been thoroughly studied earlier, and the 
results could be easily compared to previously obta~ned resu~ts 
using commercially available brittle lacquers. A c~rcular dlsk 
a'nd ring with 177.8. millimeters (mm) in outside diameter (00). · 
were tested. The ring had an {OD/ID) ratio · of 1/2. 8oth 
aluminum specimens were 12.7 mm thick. The disk was subjected to 
a' compression load of 222 1 400 Newtons (50,000 pounds) and the 
ring was subjected · to a compressive load of · 111,200' Newto':s. 
(_25,000 pounds). The resulting crack patterns are shown ln 
lgures 6 and 7. · 

1 

' 

' 1 

Figure 6 -

Fiqure 7 -

Circular disk results for a mixture of maltosa 
and suerosa in a 1:5 proportion. 

Circular ·rinq resulta fcr a mixture of ··mal tese 
and sucrcse in a 1:5 prcportion. 
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•' 

ri 
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DISCUSSION OF RESULTS 

Progress to date shows that brittle coatings whose base iS ~ugar 
have the following characteristics: The sensitivity of these 
brittle-coatings can be variad at will, keeping in m.ind that. the 
sugars can be considerad as .. the res in, the invert sugars 1 aS the 
plasticizer and the water as the solvent. Som.e of the advantages 
to be found in their use are their non-toxicity, non-flammability 
and non-explosivity; they are readily available and low in Costt 
they are eaSy to apply for the flat configurations considerad, as 
little or no surface preparation is required, and easy to relnove; 
they produce a well defined crack pattern and no crack enhahcers 
are required. · · 

FUTURE RESEARCH 

The following areas of research need to be assessed more fully: 
1 

1. Methods of application. Probably this is the most critica! 
area which still needs to be developed, specially tor J-O 
sur faceS. t 

2. Physical characteristics of the coating. The coating ·¡ 
thickness seems to have a strong influence on coating 
behavior. · · :: · ·[ · 

.J. Heat treatment of the coating. Variations in temperatura 
and curing time may have strong influence on the c·ociting 
behavior. ' 1 

4. Elastic constants of the material. 8oth, the Modulus of 
Elasticity· and Poisson 1 s ratio for thé different . 
sugar basad brittle-coatings have to be detennined. J 

5. Test conditions. The effect of the temperatura and relative 
humidity during testing also may have a very stron·g 
influence on the coating behavior. r 

81
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9.) RKondilionlnslhe froftn Sheet 
lor Conlourins 

When .1 shRt of pl.nric is nf'eded for contouring, 
remove it from the frRzer .1nd l.1y ir on .1 fl<~t surf.1ce for 
warming to room temperature. A nominal 20-minute 
w~itinstime is usu<~llr suflicienl for the shef't to soften. 
The warming procenc.1n be <~Ccelt"r~t~. if necessary,by 
pl.lcinsthe frozen sht"et on rhe Model 012-1H He.1tf'd 
(Htins Pl<~te, with the plate temper•ture tf't at about 
95°F (J5°CJ. A higher temperature is not recommended, 
since polytnf'riution m~y advance too rapidly to lt".lve 
sufficienttime for co:ntouring. 

As soon ~~ the plastic is restored lo its wh, pliable sme at 
room tf'mpt"uture, remo ve thf' waKed p.1per and imme-

diately cnntour the shef'tto the test-pan surface. From 
this point onward, .111 remaining steps in the Photo5tress 
procedure are the ume as if the sheet h.1s bt"en can at 
the job sile and applit"d dirf'Ctly ro rhe test pan, 

NOTE: For many. bq¡:inning p"ractitionen of the 
Photo5treu method, it may be advanugeous to 
employ the thin Teflon urrier when making a 
sheet for·cOntouring even if lt is not intended ro 
freete thf' sheet for U ter 'use. By using the carrier, 
remov<~l olthe semi-polymerized sheet from the 
casting plate is easier, ;and handling of the shet!t in pre
'paration for contouring is more convenient. 

PHOTOELASTIC COATING MATERIALS FOR CONTOURING APPLICATION 

R~in Type Pl-1 Pt-2 Pl·3 M Pl·8 

Hardr-n~ PlH·1 PLH·l PLH-3 PlH~ PlH-3 

HANDliNG DATA 

Amount of Hardl'n~ {pph) 18·10 100 150 70 " Caslinl!l P1ate Teml)l'l'Mure 0 f ("Cr 90-llO(Jl-.flJ 115·1?-Sf*-52} 125-1l5{S2-S7J 12S-1l5[S1·57] 90-110 (J2-4J} 

1l5·1J5f5Í-S71 Mixinl!l Tl'mperature •f t•cr 90-110[11-.fll 115-125f46-51J 125-115 fSl-57/ 90-110(J1-:0J 

Pourinl! Tl'mpl'fiiiUII' •r f0 CJ 125-lJO (S1-SSJ 125-1J5 [Sl:SlJ 135-14SfS7-6J] 125 (50~ Typiul 125-130 [52-SSJ 

Appro•imate Timl' on Cnting Platef 1.5 hr 2·1 hr 2·3 hr LS 2 hr · 
to contourab~ SUI!f' (rudy lo 
remove lrom mold and sh.ipe) 

Ti'"" ro Complete Polyml'riutionf 18-24 hr 18-24 hr 24 hr 12-111 hr 111-24 hr 

FINl5HID MATERIAl DATA, TYPICAl 
¡r~ V.dun 01'1~ by Calibrltioct) 
"K .. factor 0.10 0.02 ·o.006 o.an 0.08 
Modulu1 of fluticity. pli fGPaJ 0.42(10¡• [2. 9/ 30,000 [O.lJ J 2,000(0.014Jtt 100{0.CJ0011ft 0.42(10)'[2.9} 
M~~imum Elongat•on 3-5% ""' over SO% >1""" 3-S% 
Poinon·s Ratio 0.36 0.42 o.so 0.36 

• ~ w~n of ~ utll"' pl.ot<rlltl'llprUivt<r,.and b<rsinnln1 mldnstemp<rtahlf<r of lh~r ...Jrv'!wrd~rnft'c-blnatlon. .;a d'"P'"ftd..., 
tlw CWH.all slze ilnd thi(knns of the shHt to biO tnl. for lhicklhee!J (nomlnilly_1.080 lo O. 120 In ( 2.0/o J.O mm)J, low~rr l<rmpf!raluret rhould 
boe'wiK!ftl for thlnMr lh1010b. hlsher tetnperaiUTet can bt:' wiK!td. Th<r ..rl«tlon crllerla wiiiiH-t- mote ob~lous alter tome 
e~. has beft plnecl. 

t Typlnl fot ,_ t,....,..ature of Trf (lrCJ. PofyrMrlratlon time h shortened by hl¡lter tempet'~ arrd/or thkk~ shftb. Thln sltHb 
...... ._,.,. """"'"'~ ~ ~tion time. 

tt A"'"- -'nvl~rlf r.~~lant straln. 

r------CAunON------, Supplemental insuuctions for each typ_e of liquld 
plastic are provided with 1he liquid plastic package. fpory resins and hardeners may nusl' dl'rmatilit or othl'r 

allHsk ructiom, p.M'ticulilrly in 110mlti .. pl'fS0<\1. The u~r 
i1 ~ioned 10 ; (1)•.W (Ofttac1 .nth etl:lwr 1M l'ftfn or 
......,._: (11a~ ......... ed or Rpe.ml bnathlna of !M 
.. ..,.;U)_thftlr_eriai:Jonfyin~tlbmtar~ru.lf 
1kln contamination otcuf1. thorou1hly wash th., conumi
""~ area .-llh toap md wltff imom"di.atl'ly. In cl\f' ol eye 
conTiiiCI. nust. ilf'W!H'di.ltely ilnd W«<f .. medinl llll'ntion. 
Rubbft ~~ and ~onl are ~~df'd, and n1e 
should boe takl'n nOIIoconuminatl' workinl surlxes, tools, 
contalne1 handlet, tiC. 5pill1 1houlct b~r dul_led up .. 
immtdiat~. · -. 

Refer lo these Bulletins for detailed iliformation 
oil: 

TN-704 How to Select Photoel<~stic Coatlngs. 

S-116 Materials for Photoelastic Cpatings and 
Models. 

-12-

IB-2D lnstructions fof- Bonding Fiar .1nd 
Contoured Photoelastic Sheeu 10 
Test-P;art Surbces. 

J.E.hotolaBttc 
1J]) i Vi B i O U • Measuremonls Group, In~ 

laslrueilon 
Bullolln 

111-221-C 

INTRODUCTION 

The PhotoStrCu" m~hod is .1 very puctic;al and verutile 
technique for erperimf'nt;al strf'u an;alysis.. The methodis 
particulatly appliuble lo the compler three-dimen· 
sional configurationsgenerally found in .lctual mechani
cal equipment, structur;al members, and machine com
ponents. The princip.¡ll advilntage of the PhoroStress 
method derives from the fact thilt ir is a full-field 
technique-<apable of showing the entire stress distri
bution over thf' surfxe ol a part and thus highHghting 
the rcgions where thestreues ilre grearest. Thedirection 
of principal menes, stress m<~gniludes (langent to all 
free boundaries or edges), and muimum shear streises 
c;an be_ determined quickly and euily. With proper 
instrumental ion, and additional elfort, individual prin: 
cipal stresses can be determined at· interna! locations 
which are removed from free boundaries or edgf's. Tech 
Note TN-702 presenH .1 more complete treatment of the 
principie~ ol the PhotoStren method. 

The application of photoelastic coatings to irregular sur
faces is il common requirement. Coatings may be ap
plicd by brushing, dipping, or spraying; however, with 
the~e methods it is generally impri!Cikill to iiCCurately 
determine the nominill coaling thickness. Further,the 
coating thickness vvies mukedly with position on the 
coated part; i.e., eo~tinp in small fillets might be signifi
can!ly thicker thiln'in ilreas removed from sharp geo
mctrk irreguluities.lt is illso impuctical to iiChieve coat
ing thicknencs ~ufficienl lor elastic analysis of many 
materials. 

Knowledge of the ~tinsthlckneu is necessilry lf quan
titative strain menurements ilre ro· be establishf'd. The 
contou'red sheet tedmique, described here, wlll pro• 
duce coatings of urrilorm .1nd measuubte thicknen for 
quantitative stfilin a~Uiysi~ on irregul.1rly shaped partl. 

lnstructlons lor 
Castlng and Contourlng 

Photoelasllc Sheels 

Contouring is •ccomplkhed best in a reftON!bty cle~n 
area at ambil!nt temperature between 65., nrq ;and 
85°F (J0°C). Precautiom should be taken to avoid or 
minimize: ¡

1 • direcl sunlight or diretl radian! he.11 

• eKtreme drafts of hot or cold air 

• dust or partide conlamin<~tion 

• moisture (rain or direct spray) 

• contamln<~niJ in general 

i 
1 

The techniques of contourlng are no1 omrp difficult to 
learn, ilnd 1he following procedures pr~ an orga
nized appro~ch that will lead toa succenful contouring 
operiltion. Appro.1che\ th.1t are less 1han "-'ough can 
sometimes yield satisfactory resulu; ho~.lor con
sisten! success, the instructions given hftr should be 
followcd. · j 

The contouring procedure may be dividt"d into seVen 
principal steps: . , 

1. Preparing the usting pl<~te 

2. Preparing the pln1ic (resin and hardener) 

J. Pouring the plntic 

4. Polymerlution cyde 

5. Removlng the 'eml-polymerlted 1hed from 
casting plate 

6. Contourlng the shef't to lhe test ·p<~rt 1Wct' 

7. Removing the cured sheet from the ts pMt. 

-

' ihe 

1 
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! . 
In thh bul1etio, e•ch \tep is tre.ated indi~idually .¡nd ,¡, 
geneu.l chronOiogiul ~equence i~ implied. All m.uerials 
,¡nd supplies ri-feued to ha~e been c•refully \elected to 
produce high.quality contoUI,¡¡ble photoel.mic co<~ting\, 
They ,¡¡re reo~dily ,¡,v,ail.lble either in kit form (Figure 1) or 
¡s individual 'itcms. The contouring proct>dures dt-
~cribed here ~ere de~·eloped with respect to these par
ticular m.:~teri.¡ls and substi!Utions are not recom
mended. P-01/or kits .1nd Butletin S-l16for 

1.0 PREPARING THE CASTING PLATE 
1 

1.1 Work h.ble 

Pliace the Model 012-lH tempenture-conuolled, 
Tellon•·co.~ted he;ued casting pldte on ¡ rigid table. 

1.2 ~nin¡ .1nd Applying Relealln¡ Agent 

Clean the teflon surf.Jice with • gauze sponge wetted with 
isopropyl alcohol or accione and wipe dry wilh a clean, 
dry gauze ~ponge. Apply a film of releasing agent (Pholo
la~lic Part No. 012-183) 10 lhe teflon surface using a dean 
gauze sponge. The film of releasing agent mu~t be very 
thin. Any evidente of beading or weaking should be 
wiped and removed using a clean, dry gauze sponge 
(Figure 2). · 

l.lleYdinz the Cuting Pb~ 

Carefully le~el the culing plate in two perpendicular 
directions with a machinin's leve!, using the three level
ing screwsprovided (figure 3}. Do not move the casting 
plate frorn~its leveled position while the casi sheet is 
curing. 

1.4 Prep.¡rins and Assembling the 
Sn011p-T ozether Fr;~~me 

The silic~ne rubber snap-together fume (figure 4) 
should be cleaned, and a thin film of releuing agent 
applied to the narrow sur faces which will contact the 

liquid pl.mic. Abo, apply relcasing agent to the bottom 
surfaces. 

Assernble the trame on the tellon surface to the si.z:e of 
the desired sheti. The fr,:¡med dimensiom should be at 
least 0.25 in {6 mm) l.uger on all sides thJn the dimen· 
sions of the required shee1. This dimensional incre.~se 
compensates fot the meniscus which lorms during 
polymerization of the liquid pl.mic. lf calibration is 
required, an additionall in (25 mm) should be added to 
either the lengthor width. ThisinCfeawprovideifor the 
1-l·l-in (15·JI·76-mm) ca!ibration strip required lor use 
with the Mode\010 Calibr.ator. Reched. the leve! of the 
plate, as in Senion l.J,_¡her .membfin¡; the ~nap
together Ir ame. 

1.5Conrlns 

Cover the plate "'ith_the plexiglas cover. This prOICcts the 
prep.ared ~urface 11om dust and other cont~min¡¡n_ts. 

-2-

) ) 

1.6 Wllrmlnathe C.a1tln¡ Plo~.te 

During the casting proceu,the temper.ature of the c.a1t· 
ing plate is ,¡ critica! f¡ctor in the production of high· 
quality contourable piJilic sheets. For optimum result~. 
the c,¡sting piJte should be heated lo wit hin a preKribed 
lt'mper ature r Jnge (varying -.ith the type ol photoelJstic 
pl.a~tic in use) prior to pouring the resin. Prehe.ating to 
the.~pccificd tcmperJture aid~ the f10w-out ol the resin 
on the ca1ting plate, reduces humidity effect1 durin¡; 
curing, and significantly improves the suiface qua!ity ol 
the cast sheet for contouring. 

The new Model 012-lH Casting Pl.ate, with its integral 
surface hc,¡tcr and thcrmost.atic control, provides d uni
form and closely regulated tempcrature over the.entire 
pl.ate arca. 

To warm the casting pl¡te, prciceed as·follows: (see 
Figure S) · 

1. Set voltage selector on the controller to the appro
priJte power (115 or 230 vohs, 50/60 cyde). 

2. .Setthc controller power switch to OFf. 

J. Plug tempeuture señsor from the casting plate into 
the controller. 

4. Plug heated casting plat_e power cord into 
controller. 

5. Connect controller input powe_r cord to proper 
voltage source. · 

6. Set the temperature control switch on the controller 
to the desired casting pl.ate temperature IOr.the par
ticular photoelastic plauic being used. (Sce Coating 
Materials Chart on page 12 for recommcnded 
temper;~~tures.} 

7. Set the controller power swilch to ON. 

8. As the tempcrature ol the casting plate begin1 10 

rise the he.ater indicator light "":ill be. ill~minated 

Figure 5 

H••l•d Castlng Plat• 
Po• .. , cord 

ON/OFF Swllch 

'--T""P""'"" Controt 

umiltlw \1"1 h·"'l""'.ihlr<' h.~, bt•o•n rl'.!thl'tl Thc hli~ter 
liKht will tlu-u "'Uú ~ •. , .. 1111 Jnd ufl ,¡~ tht" pr~-scit 
<:.1\tin¡; pi.~••· h·mt"''"h'"' ;, h••in¡; lll,¡Ínt,¡ined. 

2.0 PREPARING_THE PLASTIC 

11 th~ u..,in .111<1/or h.udt•m·r w••rc h·pt rdrig,•rated. 
blin¡; tlwm '" '""r" rt·cH¡wrJture prioc to opening the 
coniJincl. 11 tlw hMdt·m·r WJ\ nut rt•frigeuted• and/Or 
ha\ bccn ''"""'' '"' t·d•:mit·d r•~riod\, it ii important tO 
c:he~:k it~ J[lfii'•JJJl( ••. lf thl' h.&rdener is doudy or con. 
tains lorei¡;n p.¡tti•lt•\, di" ~·d in l,¡vor of ,¡ new bottle 
lr~e of \ut h in1puritie\. . 1 
Alter remvV.~I lrum ~:uld \10rage, the h~rdener (and 
rcsin) m.1y ht: luou¡;ht tu mom temperdturewith a he~t 
l.amp, oi hy pl•c in¡; un llw \urf,¡cc of the heued c•stin"g 
plale. Tht• li•l \huultl l11• luos••ncd but not rcmo\·ed. 
Keeping th••li•l "" tlurin¡; W.lfm·up is nece\s.lry to .&~oid 
humid1ty 1 •uult•n\,tli<m. 1 

2.1 Dt"tcrmioin¡r¡ Amounl ol 
Rc\in •nd Hardener 

1 
Calcul,¡lc tlw •"'"unl uf r••sin anJ hardeoer required. 
Thc total.ln>uunt (wt·i¡.;litt of pl,utic is determined by:' 

W=lhAxt 

W = tut~l.~rTumnl nf'"cdt.J (in grams) 
d s plo~,tit demity, 18.5 gm/in 1 (1.1J gm/cm') 
A= .1rc.a uf \hect tu be casi (width x length) 
1" •h~ired thitknt•s\ 1 

hamplc: fur a \ht·et 7 W • 8L•nd 0.101 in (180 x 100 
JI 1.5{) mm}, 1hc tolal 011mount of pl;~~stic 1 
r••<¡uiu~di\: 

W" 16.5JI 6 x 7 • 0.10 c.104 gm 
[W" 1.1l(lOJ 'J1 180 x 100 x 2.50 '"101 gm] 

_,_ 



The ,¡mounc o! h.Lnlt•ner i~ indi<:,ued in "par!~ pcr 
hundreJ" or "pph". for t'~Jmplt•. 20 pph of h,¡rderwr 
mrJn\ 20 gr ,¡m~ of hJrdener lor 100 gr ,¡m~ olrcsin. Relt!f 
fir~t e o the (oating r-.I.JteriJh (h,¡n on p.1gc 11 !o dt•ll'r
mine the proper propon ion ol hJrdrner lo n:sin. Then, 
continuing with the Jbovc e~amplt~ Of! pJge J,lor J to!.LI 
of 10-1 gr¡msol Typc Pt-1 piJstic, the rcsin ami h,¡rdener 
calcuiJtions are m¡de as lollows: 

100 
Rcsin: 104 x 

120 
= 86.7 gm 

Hardencr: 10-1 x 12~ ~ 17.3 gm 

10-4 gm TotJI 

2.2 Weighing the Re~in .1nd Jl~rdtner 

lJkc an ,H!t•qu,¡tt• sin• mhing cup Jn_d wcigh out tlw 
necdcd Jmount olre\in on ·1 h,¡l.mcc scalf', suá1 ,¡\!he 
Pho!Oia<!ic Model 012-.W. R(omcmlwr 10 Jccount for thc 
.,.,.eight ol the mixing cup wh,•n wci¡;hing [We Figure 6). 
Si\·Oun((' p\Jitic cnJt('d rupl ,¡re rc~:ommcndt~d fnr mix
ing thc resin and hardrncr. Avoid using uncoJ!l•d or 
WJ\·COJtrd p.!per cups and 1h.1llow, largc diJffi('tcr con
Uincrs. The propcr .1mount o/ hardencr ("JO be prc
weighed, Of it can-bc"Jddcd to the prcweighcd resinas 
deKrihed in Sec!ion 2.-1 

' 
P1astic kits (80 gm}, where the propcr amounts ol both 
res in and hardener ha ve be en preweighed, are .1vailable. 
In cases where 60 grams of plastic is sufficient for the 
shfet size required, the preweighed kits a1e both time 
l<!Ving and convenient. 

l.l Wnmlnsthe Resin and H.1rdener 

Prior lo adding the hardener to the resin, w~rm the rcsin 
and hardener to the tcmperatu1e indicated in the Co~t
ing Matelial~(h;¡rt on page 12.1ntcrmittenl, gentlc stir
ring with a stem thermomett:>r will help to m¡¡intain uni
form resin temperature during w¡¡rming. Warming the 
resin lowers its visco~ity and lacilitate~ a more uniform 
mix with the hardener. WMming can be .iccompli\hed 
by pf¡cing the re~in-ha1dener containers on the surface 
of the Heated (a\ting Plate, or with a heatlamp. 

2.-1 Adding the H.udener to !he Re~n 

Pour tlw h.nd('ncr into tht' rcsin, bein!: cJrt•hrl to J~oid 
introduttion oí a ir h•rbble> during pouring, When mix
ing 80-!:l,lfn prt'wei¡¡ht•d ki1s, ,¡dtl .11/ of 1he ho~rdenc-r to 
tht' re\in rontainer (figure 7). When 1he hJrdener hJs 
no1 be(' o preweight•tl in a scp.tr.uecontJiner, !he hard· 
ener cJn be measu•cd by pouring it dircct!y into the 
resin-lillcd cup whilc the cup i~ on the scale.ln this C.t~e. 
1he K.Lic 'hould be \el to thc tot.L! wt'ight ((up + rC">in + 
hardener), and hardener ¡¡ddcd until thc sralc b.l!ances. 
The hMdencr willllow cven\y on the top of the rcsin. 11 
excess h.1rdcner is accidently added, it can be convc
niently withdr,¡wn v.ith a mediCine dropper, or the 
excess can be .:~bsorbcd using a paper towel or gaule 
sponge. 

2.5 Mixing the Hardener and Resin 

Mi~ing the res in and hardener i~ a ve1y importan\ step in 
obtaining a quality contouredsheet. lt is essential to stir 
thoroughly but dowly. Do not use a whipping action 
which wi/1 inuoduce air bubbles. Stirring to produce a 
cleM, non·streaking mixture is best accomplished using 
the tcchnique illumated in figureS. Nonuniform mi~ing 
wi!l most likely occur at the insidesurlacesof the mixing 
container. The sic m !hermomcter (Part No. 01 26) should 
be brought into line contact with the sides of the con
tJÍnt:'r st:>veraltimes during mixing. line contJct ~hould 
be mainuined while making severa! pm~ around the 

PR[r[I\REO Ml~IN~ TttHNrOU[ 

figure 8 
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insit!t• of the contJint:>r. The ternperJtun• inn~>JSf', pro· 
ducetf by the cxothcrrnic chemica1 reJCiion durin~ mix
ing, is t'J<i!y ob~erved on the s!t•m lhermonl{'ter (Fi¡;ure 
9). Continue ~tirring untilthe pouring !Cilll)t'rJ!urt: is 
ob!.iÍl\('d (see CoJting MJ\cri;;~ls Ch,¡rt on p.1ge 12 for 
corree¡ pouring temperature-s). The mixed p!Jstic is now 
ready to be poured onto the previously prep.ued CJ~tio¡,¡ 
pl.:~te. 

Note: lmmediately prior topouring thr. mixl'd piJstic,set 
the temper.Jture comrol switch on !he casting platc heat 
control!cr \O the Off position. 

3.0 POURING THE PLAST1C 

1.1 Pouring 

Remov"e the cover from the casting f'!Jte and pour 1he 
plastic. When pouring, hold the mixing cup dose lo the 
C.lSting plate surfJCe and pour gently (Figure 10). This 
procedure will minimize bubble formation. While 

pouring, it is ~dvisable 10 move the cup to forman "X" or 
"S'' pauern "which will improve flow to fil! the mol d. This 
is pMticularly advantageous when pouring thinner 
sheet~ ¡0.065 in (1.5 mm}or lessj. Thin shee!S do not flow 
out and cover the casting plate .~:sIr e el y as thid:.cr sheets. 
The final portian of the pla~tic should be poured along 
the outside boundary close to the fr.Jme. 

f)() NI)/" r-•1"" ,.,,,.,\ ¡•i,L''" trum tho• l"up ~¡,¡,.~ Jnd 
houurn ""'" rt,.. r ·'''"'li p\.rrr•. Tht'-'•' .1rr• Jlt'-'' ...,h,•n• .1 
nonunilrofln mi• ¡, rn"'' li\o·h ru mttrr. Th,. ~u·m tho•r
momt•lr•r "' .1 w"'"""" ''"'~w·rh•pf('•;or lfiguff' 111 m,¡y 
ho~ tN·d '" j,..\p \fn•·-•d ilu• pl."trl" tJ~r·r the t•ntirt' piJ\(' 
~ur!Jr ,. (tlu• lir¡wd will l•·~•·l ""ilh !Ínlt•j. Pl.ac••- tht' fO\"el 

ovt•r the wurr•·•l ,¡,..,.,,,, prt>tet·t it hom Jusi .lnd otht•r 
forci¡.;n rnJttr•r •lurin¡; Jll>lynwrilJtiun. 

J.1Hohhle Rt'moval 

Wait scvt•r.:~r" minutt:~ fur Jll hubhles,-when prci.ent: 10 

risc to th·~· \Ud.!< t~ ,¡nd bur~t. SurfJce bobbles which 
rem.:1i-n f.Jn lw IUH\1 O\Ín¡.; ,¡ poinled. scribe or dental 
probe. A n,.dit ino~ olrop¡wr CJO ~ u~ed 10 \'aCuum air 
bubhll~\ whi< h mi¡:l11 rt•m.:~in JI the botlom ol th(' ~hect. 
Rt•pl.•··· ,,,. O<JV\"1 

4.0 POLYMERIZATION CYCLE 

The liquid p\.,..ti•· will I'J\\ through se~ eral st~ps helor e 
arrivin¡.; .11 tlu· rlr•,ir<:of \<·mi-pnlymcrized condition lor 
e DIIIOtHing. At llwt '"''ouring ''"ll" it issemi-~!.Jbfe, but 
o~l\tl lrigltly ¡¡,.,;¡,¡,. Jtll] lorm,Lblr~.lt hdl nogeometric or 
pholt,..f.,,tit mr·mmy ,tnd ¡·Jn be readi\y contoured to 
c onfrum ''' ¡,.,rh \Ím¡•l•· o~ mi' ompoond curved sorfaces. 
The limt• \p.ut to I''Jt h thh 1 untoorable statf' is depen· 
dt•nt uptm !lw: 

• o~mbit•11r '"'"" t••mp•·rJturl' 
• CJ\IÍ!1)( pl.<h' \t'OIJl-<'1,1\U/C 
• typ•• of JIIJ\Ii< 
• thic knr''' 
• pl.1\tk t••rn¡wro~!ull' when poured onto the 

C.ISIÍII'IJIIJtt•. 

Thes~ p.L!.¡ffir•\t"l\ m.dtt• it impracticalto .l((.urate!y pre· 
die! tlw tirrw 'JI"" lw!wt·t•n poufing and temova! ol the 
sheet hu111 tlw ro~,tiuK pl.11e. HoYt-ever. goide\ine~ do 
e•i" whir h m,¡ k•• it l""'ihlt• tn recognile .. hen the sheet 
i~ fi•Jdy for t ontourin¡:. The time spdn i1 ~hoffened with 
highl'l !Pm¡wr.lllllt'\ ,md/or thi< k,., sheets; .1n-d is longer 
atlowt•r tt•mpr•r.IIUW\ .Lr1d wht•n usting thinn~rlheets. 
lnfnrn1.1Ci•m inllwf.,llowin¡; t.1ble is typicalwhcn c.tsting • · ·r 
the mnrt• wirlo·ly , ... ,.,¡ Ty¡w f't-1 and Pt-8/iquid plasti". 
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Conditions Pl·l Pl-1 

Room Temper~ture 72"f (22"C) 72"F (lZOCJ 

Ccsting Pl~te 
Temper.o~ture 100"F (J8°CJ 100°f {J8°(} 

Plc~otic Trom~r.,tun:• 
When Pol!:-ed l2S°F (52"() .. ll5"F (51"() 

Sheel Thickneu 0.090 in 0.10 in 
(l.Jmm) (l.Smm) 

Time Until lh• 2·112 hr 
Contotn~b~e (typicJI) (typical) 

1 
The following sections presem J chronological ~equence 
of du: dillerent ~t.ltei ol polymerization leading to the 
time when the s.emi-polymerized sheet is ready for 
contouring. 

¡ 4.1 Luty Sl.lo&t' ol Polymeriution 

Figure 1Úhows the early stage of polymerization, with 
the pl.utk in.¡ \liscous liquid st;ue. When probed, the 
pl.1stic still behaves as" liquid. lt adheres to the probe 
;md a viscous string ol plo~stic can be pul!ed up with rhe 
probe. 

'4.15Kond S&.tae ol Polymeriution 
j . 

The pla\lic is no longer liquid but .adtie1e\ to ttie p10be. 
The ~urf,¡(e is e•sily defo1med wilh linle or no p1essure 
on the prObe .ilnd leels vety sticky lo ttie touch (Figure 13). 

13 

4.1 Appro.ioching the Conlouuble St,¡ge 

The piJ\Iic c.m be depressed witti lighHo-moder.ate 
pr<'ssure on ttie probc. A cornN olthe snJp-togelhl·r 
Ir .ame (",m be removed with sorne dilficuhy but the ed.:t's 
of the sheet will remJin squ.are with no tcndency 10 llow 
onto the c•sting piJtt'. The corner c.an be rJiscd using .1 
quick snJp-like finger JCtion. The underside will lecl 
sligtitly sticky lo the touch.(lf cUt with scissors, the plastic 
tends to stick to the cuning edge and weld itself b,¡ck 
together .aher cUtting.) leh unsupported, the corner 
foiJs quickly b.1ck to the ~urf,¡ce ol the cJsting pl,ue 
(Figure 14). '· 

,;, 
4.4 Oplimum St,¡ge for Contouring 

The pl;~sticcan be depressed with moder.ate pressure on 
the probe. A corner ot the sheet can be picked up easily 
from the mold, with linle or no slretching. The plastic 
underside lt>cls dry to the touch: The sheet co1n ,¡Jso be 
cut e.asily with sciHors, without sticking lo the cutting 
edge. The plastíc at this time is flexible, mcchanicJIIy 
st.1ble, and in an idc;~l condition for contouring. 

5.0 REMOVING THE SEMI-POLYMERIZED .. 
SHEfl FROM THE CASTING PLATE 

The surbce olthe test pan should be prcpo~rcd wdl in 
.adv.mce of sheet 1ernoval for contouring. All forei¡.:n 
mattet su eh .ioS paint, scale, rust.oxides, weld splatter, etc. 
must be removed (~ee Bulletin 18·223). Surfo~ce prepara· 
1ion prior to conlouring consisu of fiiSt deg1easing and 
cleaning 1he surfilce with accept.ioble 1.olvcnts; ilnd 
second, applying mineral oil to the cleo~ned surface. 

S.1 Sn.iop-Togelher fr•me Remoul 

Re m ove the ~ilicone rubber frilme from around the plo~~>· 
tic (see Figure 15).11 1he frilme does not releo~ se e~\ily, 1he 
plastic is not yet1eady for contouring. 

5.2 Apply Mlner•l ~il 

lubricate both h.1nd~, sciswr bl¡des, ·and the surfue of 
the pan wilh mineral oil. Miner¡l oil \hould be .applied 10 
1he top surlace of the sheel u well. Do not press on or 
deform the sheet when spre.ioding the mineul oil. -·-

) 

) ) 

~1 

5.3 lilting the Sheel 

Lift one comer of the shee¡ using • flicking Jction with • 
fin¡;er (~ce figure 16).lih an .arca lar¡;c enough lo Jllow 
gro~spin11 between thc lhumb .and lin¡.:er~. Remove the 
entire sheet u!.ing ,¡ conlinuuus, quid., !.niOOih lihing 
motion as illustratt'd in figu1e 17. tlnlding che CiiSting 
plate is not norrnally required and many operalors preler 
to fir$\ lih two corner!. and then remove the sheet using 
two hands. In any Cil\e, the ume lifting motion is 
required. Do nor use a llow ste.ildy pul/. This will co~use 
stretching and produce unnece1osary changes in sheet 
thickness. lnverl thc sheet and place ittopsidc down on 
the c.iosling plate. Now apply mineral oil to this side 
(bottom as ust) of the sheet. · 

5.4 Cuuin11 thl' Mt"ni"us 
o~nd Co~libr.,r,tio~ Slrip 

use sh.1rp, Juhrir.r::·:~:~:': •• :·::·:.:':··~";:"'~;·.~'";J:t:~r:~·~~~~:i~~~:J bord('f .uuund tlll' t•ntirt• 
etJgc mt'RÍ\1 U\ i\ t 1 

norm.1lly IH• ¡j¡,, J/llo·d. 

6.0 CONTOURING 

lt will be nr·t t"\\Jry tu r ur the sheet inlo sm.aller pieces 
when ~l!p.rr.rll' Jrl'.r\ .,¡ tht• p<~ll ,¡re 10 be coilted 'with 
pld\IÍCtolkr·nfmm ol \Ín¡¡t.•,hcct. Smaller pieces r 
be nt't'dt•d if 1lw pdrt h very 1 o1nd 1 1 

. 1.hapcd. Pl,u ,. cht• \ho•t•t un tht· P"'' ,;,;,he~' odgllo¡l 
sur!J"cc in tOilloitl with thc test part. 
bccJu\c thc hotlorn \Urfoi<.C was in conl,¡ct 
rdN\Ín¡; Jgt•nt tm tht• t oi\ting pi• te, .and i1 is 
th.at the O[lpu\Íit! flu(J)\ud .. ce be in cont.aclwio.hol>ilou 
pan for Cvt'nluo~l hondm¡;. 

When the pJrt tu hr! t r¡Jit'd is not "'Y <oo•opii,.(Fig"'" 
19), il is tunvr:nit·nt tu b1in¡; one 

conl~tl with tlw po~n •• ·~:':"'~', •::h~;"::",~;:;•:l~:~,:~~;~~:::~::~; u.mtnut tlw ,twr•lto th 
;, JCcwnpli\ht•tl U\Ín¡¡ J rJthcr rJpid 
rubUing mution wilh tlw finger oip•>, ••o•'"''S ,,¡,, 
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gt>ntly into piJct'. 11 Jir p{)( l..rts form undt>r thc pl~>tir 
whill' wntourin~~:.lift thl' pl,ntic in that JIE"~ • .1dú J li11le 
more minl'r~l oil, il Ol'l.'ded .• md proftr('\sively contour .,¡ 
second time. the pl.1stic, 1\'hl're cantJtt hoo~s 001 y('t been 
m.rde an thf' test part. should be h,¡¡nd supportl'd in .1 

m~nnt>r to negJtc ~Jgging undN ih own weight. Do not 
· prt>!S. push, or •lrerch the plastic into place. fhis·....-m 

cause undesired changes in thickness. Sm,¡¡ll air pockl'l\ 
and localized "ponds" of mineral oil can be e ha sed lrom 
beneath the plastic, for Mcape at the boundo1ries, by 
rapid stroking with the linger tips. Contouring wft sheeu 
nn be thought ol u a supparting (lifting~. folding, leed· 
ing, and woking proct'dure. 

Figure 20 lhowl o110·t·10·1n (154-~·154 mm)Jhf'et whlch 
hu bt'en positioned for comouring over .a complex c.ast· 
ing. 11 the sheet wert' left unauended, it would metch 
and sag under in own weight,tending to lorm into the 
unsupported o11eas and product' undesirable changes in 
thickne\s. Once the sheet hu been roughly pmitioned, 
the opt>rator should move quickly lo the outside corner 
(lront foreground of figure 2{1), lift it •nd then gently 
leed o1nd fold it inward tow,¡¡rd the p.rrt. R.1pid stroking 
with the finger tips must accompany the- feedin-g ¡nd 
folding. As befare, entr¡pped air or excess mineral oil 
nn be chased to the outside by first lilting the plastic and 
then reforming in those ollfe.s. 

When corHouring hJs bet>n accomplished, the unused 
portion of plo~stic can be llimme<i, o~s in Figure 21, to 
raughly mJtch th!' bound.uyol the p.Ht. fin.tl trimming 
cJn br. óiCCOmplislwd Jfter the pl~stic hJs"iully polymer· 
ized using the mcthods o~nd tools desrribcd in Bullctin 
18·223. 1t should be rccognized tho~t sorne applications 
(figures 20 and 21) may not require removal o/.1 calibt.~· 
tion sample be! ore wntouring; since therc wi!l be suffi
cient materi¡lleft over to obtain the umple. 

Note: The working time av.1ilable f~r contouring the 
plastic alter remov¡l from the mold is apprmimately 10 
to 2il minutes. Aht>r thistimc,theplasticwi!l begin toget 
stiff, making it more diffkult to manipula\ e and cut with 
scissors. Alter contouring h.n becn campleted, the 
formcd sheet wlll ret.aln hs ll'llpc wh!lc flno~l pol~mcrlu• 
tion takcs place. lf the plastic has been contoured to a 
v~rtical or overhead surface, it may be neceuary lo 
mechanicallyhold it in plo~ce for complete cure.lf so,this 
m ay be done with a few piecesof pressurc sensitive to1pe. 
However, undr-r no drcumsrances shauld the plastk be 
subjeftcd ta •·clamping·type pres!>urc. Clamplng will 
introduce undesir<"d birefringenre in the plutic which 
will be retaincd alter full pol~meriution: 

6.1 Junclures Between AdiJcent Sheet 

Figure 22 illustrates the condition where ~ contoured 
sheet on the right is being applied and lapped over ¡ 

previously .1pp1ied adjacent sheet on the left. The edge 
o/ the adjuent sheet h.u been cut straight and crosses 
the fi!lets ¡¡a right anglf'. 

When the second sheet (right) has been contourt'd ;~nd 
praperly deared of entr apped a ir, etc., it is corwenientto 
lift the overlilp and carefull~ cut it to lit the precut edge 
ol the o~dju·ent sheet (see Figure 23). 

This procedure is norrmlly followed wheri sever¡J pieces 
of plastic are needed to cover large areas, or when the 
sur! are to be coated is extremely complex. For cample• 
parts, it is desirable, or nccessary, to.work with seve-folll 
sm.tller pieces"r,¡her than one or two l,¡¡rge sheets. (See 
Bulletin 18·223 for additionaltechnlcal considerations.l 

-s-· 

1 
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6.2 Final 'olymerlution 

Aftt>r the plastic has beco contoured to thc ~hape ofthe 
test part. it mu\1 be allowed to (ontinue in pol~meriza
tion cycleto full cure for an additional 18 hour~ or longer 
befare removing it for trimming, deo~ning and eventual 
bonding. At the end of this 18-hour period, or anytime 
thereafter, the plastic will be hard, and of the same size 
and shape as the surface of the test par! .. 

7.0 REMOVING THE CUREO SHEET 
FROM THE PART 

' . 
The hard~ne~ sheets an b'e removed bycar'efully raising 
one edge or corner. This breaks the surface .1dhesion 
introduced by thc mineral ail and the sheet willlih off 
freely.• The sheet is then re~dy lor final preparation lar 
bonding in o~ccordance with the instructiom in Bulletin 
18-223. figure 24 shows the final results ol the contoured 
sheet first illumo~ted in Figure 20. 

"11 somerimes ho~ppem thal a contoured ~heel, 
o~fter h;udening, h.1~ captured il5eff on the p;lff o~nd 
c.ann01 be removed without sorne mecho~nical 
;nsist•nce. In many inst2nces, release can be 
accompfished by simply filing or S.anding edges of 
the plo~stic which ha ve in<1dveflenlly been shilped 
around rhe edge of the pilrl, /ocking it in place. In 
more e...-rreme c•ses, rhe captured sheet m ay need 
lo be cut inro 1wo or more ~ections befare it 
releo~ses. Sma/1 ho~nd-held routers with fine poinl· 
sh.1ped cullcrs are convenient /or sep~nling the 
caprured s~.eet. 

8.0 CONTOURING. SHEETS 
TO LARGE AREAS 

The pre~ration and contouring o(a single photoelastic 
sheet as described herein is usuall~ a~complished in .t 

few hours ol work jtypicJI size 10 x 10 • 0.10 in thick (154 x 
254 ...- 1.5 mmJI-

On large strurtuu·~. wh!'n s~ver o~l sheets •re requiied, • 
carefully planned scht"dule must be outlined, not only 
for reasons of economy, but to en sur e consistt'ncy of 
quality andcalibrolllion. The most essenti¡J steps leading 
to good reiults when usting multiple sheets are: 

1. The liquid resin should be preweighed, preferably in 
identinl containers, andstored in adrying ovt'n untll 
re.~dy lar mbing. 

2 Sheeu should be co~st from the same lot m,¡¡terialto o1 
uniform size, •llowing excess mo11erial lar trimming. 
Maintaining casting uniformity he!ps with the effi· 
cient scheduling ol work ólnd provides lor consistency 
in quality. Controlling the liquid lev"el in the mi•ing 
container and careful monitoring ol the spet'd of 
polyme"rization (time to ho~rden) can eliminate poten· 
tial casting problems. 

3. A work station should contain three lo live asting 
plates, •nd pouring and removing of the contour¡ble 
sheen should be scheduled at iixed time interval!>. 
This procedure wiU ¡llow at le¡st si• sheeu per work· 
day. (See (h¡rt on following p•ge for typical 
work schedule.) 

' 
4. The coatlng should be contoured according to a 

planned pattern on the test p.1rt, providing for trim 
lines anda propf:r work-flow sequence. Sheets con
toured on the firsl do~ y should be trimmed for cement· 
ing on the nen day. 

' S. Befare cementing, scribing lines on the co.11ting will 
help identify poinh ol measurement and provide o1 
me~ns of refert'nce for data·.llcquisition org•nization. 
Thickness mea~uremcnts should also be perl9rmed 
befare cementing. lt is gener¡lly more advantageous 
to perform"the cementing operation aher al/ sheeu 
are completed and o1lltro~ces af oil and releuing agent 
are removed. 

.... •-,~-
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AI'PLICATION OF PHOTOfLASTIC COATINGS lO LARGE AREAS-TYPICAL WORK SCHEDUU: 

Time i D•y 1 D•y2 Q¡yJ O.iy4 

8AM Wf"i~hing of resin Remove & inspect Rcmove & inspcct Rcmove & inspect 
& h¡rdener •1to 16 17, #8, 19 1110,111,112 

' Mixing & pouring sheets Mixing & pouring Mixing & pouring Finishing 110, •11, 112. 
11, •2. 1], (at1S to 20 sheeu 17, •8,1f9 sh~et\ 110, 111, •12 Complete deaning 
minute intervals) 

10 

11 C~ntouring 11, 12, & 13 in Contouring 17, -tl,lf9 Contouring 110, 111,112 Cementins of ~heets 
PJ:eplanned loc.ations. to test p.¡n 

12 
¡ 
1 

lPM Mixing ,¡¡nd pouring sheets .finishing 11 to 16 Finishing 17,18,19 Cementing of sheeu 
.... 15, 16 (m,¡,king parting fines, to test part 

1 2 

] 

• 

scribing reference 

1 lines, measuring 

cOntouring '"· t5, 16 
thickncu) 

:,~ ~ 
¡r~ 
¡ ·o· o'. 

1 U~IPUT 

; ~ .../'-/ 

9.0 MAKING FROZEN SHEOS 
¡ fOR CONTOURINC 

As describeü in the previous sections of this lnstruction 
Bulletin, 1~ norm•l pr•aice in usins the PhotoStress 
method is lO cut sheets of pl•stic directly 011 the test sil e, 
conveniently adjacent lo the structure or part being 
stress-•n•lrz.ed. When e¡ch sheet re•ches the ¡ppro
priilte st•Íe of polymeriution 011 which it un be e01sily 
h•ndled md formed, it is immedi¡tely contoured to the 
surf¡ce of the p.1rt, where polymeriz.ation continues 
until thc CO.ilting hu ha~dened. 

There are occ•~ions, however, when the st•ndud 
procedure ~nconvenient.or impr•ctic.1l,or not fe,¡,sible 
at all. An outdoor test ~ite, for imtance; c•n sometimes 
C.luse severe problems in producing consistentiY high· 
qu.1liry sheets of pl•stic. lf the test ,¡,rea is duity, or the 
temper¡iure below 01bout 60°f {15°(}, or the humidity 
very high, the quality ¡nd uniformity of the ca~t sheets 
m¡y be degr.1ded ¡ccordinzly. In general, on-site cuting 
of the sheets, whether indoors or outdoors, can ohen 
involve r,¡,ther poor workin¡ conditions (dirt, noi~e.con
umin•lin¡ upo", low llshling levels, in.1dequate work 
sp41ce, etc.l which .1re detriment,¡,l to the rel•tively deli
C.lte task ol sheet c¡sting. 

Surface prep01ration ol 
test pan for cementing 

TYPICAL MATERIAL SPECIFICATION 

All Sheets: 8x8x0.080in 
(200 x 200 x 2 mm) 

Plastic Type: PL-8 

Adhesive: PC-1 

Sheet Placemenl Order: See illustration .iltleft 

· In the~ anda vuiety of other casei, it would be pref~ra
ble to ust the sheets in ~ cle,¡,n, room·temperature 
laboratory environment; and then, at aconvenient time, 
take the sheets to the test site and contour them to the 

· workpiece. But the polymeriz.ation process continues 
during this period, ilnd sheets will monly become too 
rigid for contouring. An attr¡ctive altern•tlve is to arrest 
the polymerization at the contourable stage and hold the 
sheets in th01t condition untilthey ¡re needed. This un 
be done by removing the plastic sheet from the casting 
pJ¡te as ·soon .lS it reaches the contouuble stage ¡nd 
quickly freez.ing at 0°f (-18°(}. The plastic can be stored 
in the froz.en state for l.1ter use up to 4 weeb .11 0°F 
(-1SOC), 01nd for longer periods if stored 01t -40°F (-400() 
or below. When the plastic is removed from the freezer 
and brought back lo room temper¡ture, it will again be 
conformo~ble for contouring,¡nd the polymerization will 
con1inue until the sheet h.1rdens. lf the test si te is re mote 
Ir o m the freezer, the pl¡stic un be tnnsported to the 
workplace in ol well-insulated conto~iner kept refriger-
¡ted with dry ice. · 

The froten-sheet technique h ¡dvanto~seous in m•ny 
lndustr i•l su en .1n.1lysis .1pplic:ations. A )ypico~l example is 
the requirement to <o.1tl.1r¡e ,¡,reu_of ¡ structure which 
is outdoon or in ¡n otherwise uncontrolled environ-. 
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mcnt. Tht!ne(·esYry numbcrof froien~hcetsco~nfirst be 
prepared in the !dbor.uory •nd storcd in the ifeezer until 
needed. When it is appropriate to .1pply thecoo~tin¡t the 
frozcn sheets cdn be deli~ered lo the test site, wo1rmed to 
room tcmperatuie, o1nd contourcd in thc uwal in.nncr. 
This procedure helps t>mure consist<•ncy ol quo~lity and 
calibrdtion lrom sheet to sheet. lt Jlso allows the \truc· 

. ture to be coatcd much more ~o~pidly t~n would be 
possibleihhe sheets h.ldto be'cast atthe test sitebefore 
contourinz. The ldtter consideration may be the dcter· 
mining factor when the structure is in regular U$e or is 
otherwise ln;~ccessible to the stress in.1lyst e~cept for 
short periods o!. time. · 

Numerous other e~amples can be citcd; but, in ge-neral, 
the frozen-sheet technique adds another degree of 
freedom to the PhotoStress method. No speci¡J equip
ment is requiredto u~the rechnique, sinceany «>nven
tion¡l freezer will suHice lor storing the frozen \heets. 
L;¡,boutories working regularly with PhotoStr~ may 
e ven lind it desirable to m~int,¡,in ¡ ~tock of frozensheets 
for re.Ídy availability u the necd arises. 

9.1 CilSling Procedure lor 
Fnu:en Sheets 

In mon rnpect~. prep,¡,r,¡,tion of the c.wing pl.Jte ro 
recei~c the liquid resin is identic,¡,lto that de~cribed in 
Scction 1.0. Whcn m¡king ¡ frozen ~hcet, how~·er, the 
nsting p),¡,te is initi<llly covered with a thin sheet ol 
Teflon (Pvt No. 012-190)10 serve •s • c•rrier for tr,¡,ns
porting the sheet to the lreezer when it rc.1ches the 
contourable st¡ge. The c•rrier sheet is first pi¡~ over 
the ca~tingpldte, ;~nd carefwlly smoothed out (figure 25). 
Thcn, the silicone rubber sn,¡,p·together mold fr;¡,me is 
assembled on top of the urrier sheet. fin•lly, with the 
resin •nd nsting pl,¡te ,¡,tthe p10per tcmpeuturH, the 
resin is poured into the moldas usual (Figure 26¡. 

" 

U Prepu•lion ollhe ContourBie 
Sheet l01 lon¡~ Ter m Stor.1ge 

As soon .s the c•st sMet ~~ rc¡ched the contourable 
stage, remove the sn•p·together mold fume, •nd pi{ k 
up the sheet on its carrier (Figure 27). Pl,¡,ce it imme-

27 

diately in the freezer ¡t 0°F (-J8"(),tNking certolin 

the sheetlies fldt~'F:i':'~"~':j"',~';)'f).~A~h~•~;>~lw~ol~ho~~""~~~~~~¡,; the sheel is frozen suffi( il'ntly r 
itfromthefreelCidnd ti 
the frozen sheet t 
h.1ve been lightly coo~tt•d i 
adhcsion lo thc pJ,¡stic. Promptly return 
undwiched in w••ed po~pcr)to the hn:zer. 
sheet should not be keptout ol thc freezer lor ~'"~thin 
,¡, few minutes in this fin,¡l step ':11 prep,¡,ring it 
term SIOiilKC. 
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Summaritin~ th~ '"~r~llrn"-·~.Jurt f,,, .Jderminin~ in,1í
•i<htJ1 prin,·ir.tl ''r''"<"' h~ 111~ l'ht>h>Str.:,;.IS.:p.~r;unr-G.t¡:.: 

:>.kthn.J. lht hJ·i~ '''"1" .m: J' !u\l<m': 

l. Appl)· tht arprupriate l'hntnStn:" cual in¡; tn th~ 1<''1 · nh
j~ct. fulln.,.in¡; lh~ in,trUCIÍ<>Il' fnr th~ '"k~ted typc lll 
rh•>to.:]a,tk pb•tic. 

No": Th~ Pho>lo.'itre" S.:pJr.th>r Ga¡:c is intcn<kd f11r u-.· 
only with "'hi¡;h-modulu~"' Ct><Jtin¡; mJteriJh IT}P"-' I'S·I. 
PS-2, PS-8. I'L-1. PL-111. lt should nut be used \\ith 
mcdium- orlow-modulu, cuatings. 

2. Lo:td lho= ea:ued te•t ahject. :tnd generally eumine the 
frin¡;e pauem "'ith the ~lndcl 031 Rentction Pulari~<'J'C 
to identify si¡;:nificant or polenlially ~ritical :u-ca~. 

3. Makc ac<:ur:ue frin¡;:e-order mea~u~ment5 at all puints of 
interc~t. numherin¡: each point. and marlr.ing thc: kocation 
on t!w:o coatin¡: fur •u!Kc<¡urnt rcfcrence. 

J. U phnlo¡:raph• uf thc phlltnda,tic frin¡;<" pancm are o.k
•ir<"d.th<"y 'hould he m:.d,• Jtthi' time. 

5. Ro:mo.-e lho: ]{lad from ttic '"'' objcct. ami in'iall l'hvtn
Strc<s Scrar.l!ur Ga¡..oc• ¡.,. hich can be arhitrarily uricmcd) 
al points "'hcfl' ''re~• ,,.p:tratinn is re<¡uircd. 

6 Cann,.ct Se:par:llor Ga¡;,., ru thc four~hannel Muo.kl .UO 
Interface, u'ing ) .... ·irc circuit~ in eacll ~a-.c:. 

7. Connecl lhc: Model 3.'0 outpur tcrminals ro the curre
spondinl): input terminal' of rhc: Modd P-3500 Slalic 
Su·ain lndicatm. s .. r tilo: ga~c-facror control of rhe str:l.in 
indicalor to tlle ~f/f<'li•·t ¡;age factor uf thc: PhotnStrc:s~ 
Separator Ga¡;es as •pcrific:d on rile: :w:cnmpan}·ing lcch· 

nkal dJ!.I ,1\(.:t. e...: the (h.mncl , • .-l.·~t\lr ,.,.¡,~h ""'' h.tl
ii!Kt" c<lntwl• <"1 the 1utcr1:..-e tu e'mhli•h initial h.rl.m(e 
l'"r J\1 ¡::•¡:<"S, 

11. R<'J¡•ply rh~ •.une ,,.,¡ htd. and IN' the d1..1nntl •<"1<-.:tur · 
'"¡¡,·h.<>f tho: llll.:rf~..-c Mn.Juk In >IICCe"hd) rc.rd thc 
inJicat,.,l •lrain' nn all f<l¡:c•. 

9. R.-,-iew Fi~'- 5 anJ (,uf thi~ Tñ:h Nt>te to juJgo: "'hcth~r 
'orrccti<>n ltlf rcinforc.·ment ur r.:rr:ain c•trapolJti.m i• O<'C· 
,.ssary. Whcn corrn·tion i~ rcquircd. rh,. appr,príatc 
cnrrcction f:w:tof'i can be reaJ directly from th<" figure• for 
coating Types PS-2, PS·!l, PL-1. PL-8. and PS-I. 

10. Sub~titute thc fringo:-order and main data (o:orro:cted as 
neces~ary) into Eqs. (10) anJ (11) to caku!Jte thc: prin
cipal slraiM. 

11. Substitute the principal •trains into f:qs. ( 16) and (17) to 
oktennino: tho: principal strc•~c:s. 

Allhnu¡:h nnt dc•cri~,l in dctail hcrc, thc pnx·cdurc• fur 
in•talling PhntnStr~« S.-paratnr (jagn un the l'hutn.'illc" 
cnalin¡; are c•«:nlially thc umc.a• fnr ;rny nthcr ~uain gagc 
(h;wing pr,.:tttadteo.l ka<hl undcr the >Jmc (Írcum~tanco:,. As a 
nli<', gag~·• <"an ho: hnndc<lto thc pb•li( cn.lting mn't ca•ily 
and <¡uicldy \\'Íth M-Bnnd !00 (cyannacrylatc:) adhc~i.-c. f'ur 
dctailed in•trocrinn~ un aprlyin¡: PhnwStrc" Scparall>r Gages, 
ref.-r to Phntol:t"ic Di,·ilinn ln~uuctilln.Bullcrin IB-231. 
Phor,Str~H Sff'<Jr(llt>r Gu¡;¡~ fmtalfolimn wilh M-Ran.l 200 
AJhtJi<'"· 

lf qucstion' or problcm~ ari<;,e in applying rhi~ method of 
principal ~trcsJ ..,.p:m~lion. u~,.,.~ should eontacl !he: Mca..•urc
mcnt~ Gmup Application~ Engincc:ring Dcpar1mc:nt. 
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PholoSiress 
Measuremenls 

Principal Stress Separation 
in PhotoStress® Measurements 

1.0 lnlmduction 

In additiom In ils unique C3p'!bilit~ :~• a full-firkltcchni<¡uc 
for ~i'l>~liting •ttcs' di"ributinn, lh,. J'tlorn.'itrc•s ~thud pru
vio.lo:• <¡uantitatÍ\'C \trcu mca1urcmtnt at any ...:lco:teo.l r<>int ur 
pninh nn thc m.1tr.J •urface of the ro:st ohjo:cl.ln l"Ommun "'ilh 
c:on,·cnrional tran•mi•sion pho.tloda.•ticity. tho: b;mc mea,ure· 
ment is or.Jin;trily madc: With the li¡;ht dirtetcd perp<:ndicu!ar In 

lhc surfal'e uf lhc photncla"ic plaMic (rcfcrred ro as ltormul 
inrid~nct). Whcn made in thi1 mannc:r, thc mea.~uremcnl yic!ds 
thc differcnce of principal Mrains in thc coaling. 

At inl,.riar location1. rciTIOved from :t free ,.dgc:, tho: 11rc~• 
~late is cammonly biaxial; and it ¡, som~timcs ne~c"ary to 
determine: the -.c:raratc: (lrincir:tl •lrt:>>es, :t• .,..,u a~ tho:ir diffcr· 
c:nec. In the pa•t. tho: u~ual mclhod of acro<npli•hing this wa~ tu 
perform a ~o:cund, independcnl. phult><=la•IÍO: IT'K":\.~urcment at 
thc: te:~! point. u~ing tho: MoJel 033 Oblique-Jncid.:ncc Adaptcr 
with thc: Modd OJ 1 R,.na:tion Polariscope. U.J Con~idcrat>le 
s~ill is ~qui~. ho .... ·ncr. to malr.c rca.~.<>nably accuratc: mca
suremenls under oblique incidencc. In addirion to its othc:r prac
tica! limi!Jtions. thc obliquc:-iricidcnce adapt,.r i1 sumctimc~ 
rendcf('d innperablc: duc: to mechanical intcrft"rcnce with pro
jectinll fc:31Urcs of lhc: par! surfacc:. 

Thi• Tech Not,. descrihes a new mc:rhod of malr.inll thc 
rcquircd ao.lditional mea•urcmc:nl fur dctcmlinins thc ~paratc 
principal ~ITCIJ.C:~ fmm thc: photoclastkally .Jcrived stress dif
fcrcncc:. The procedurc uo;cs a specially dc:•i¡;nc:d str:~in ¡;:a¡:c 
(strrss-upttratnr Rog~J which is applicd lo rhe C031ing surf<Ke 
afto:r thc normal-incidencc r.:ading has t>ecn ·made. Practica! 
uperict'ICC with thc new method dcmonstralc, thal it off en; ~ev· 
eral advanlagc:s over obliquc·inddence mcasuremenl~. lt is 
quiclr.. ea~y lo us.e, and it compl,.tely elimina!~ thc need far 
highly devdoped photod:t.'IIÍC skills. In mo~t cases. it ;, al),() 
more accuratc than oblique-incidc:nce dctc:rminations. 

Th.: lt.r•ic rd~tinn•hip lur •train !l>C."Urcmeru in a photo
clo~\lic cn;Hin¡: can ltc e'rrcv.~d J• fnlh•.,.,: 

t 1 - f¡ "'N~ Alllr ... 
whcre: t 1• tJ • principal \trains in cuating 

N.= normal·incidence fringc onk-r 

A " wavdcngth nf ydlu"' light 
122.7 p. in, ar 575 nm) 

1 ,. thiánc" nf Plwto.<;trcu Ct><~tin~ 

k = •train·nptil' n><=fficient of CNtinll 

f = Jú!.AI = lringe value of cnaling 

(\) 

(!) 

A~•urnin¡: thc •train• in the cnatiog pn-ci..,.ly n-plicale thus.e 
in thc tc•t·p~n •urfacc, an<.l '"'umiog rhe pan i~ wr..~ below 
it\ prnpttMinnallimit.llunkc:'• law can be: arplied u (ollow~ to 
determine tho: diiTcrcm:c nf principal st~~o;o:~: 

whcrc: fT1• lrz :: print:ipal 'tro:•..c~ in test pan 

" "' da•lk nt<>dulu• af te>t material 

v"' l'ni"''"'' ratio of 1c~1 material 

"' 

Thc preco:ding rclalinn•hips implicilly auume lhat thc: 
slrain~ in thc IC\I r~n are unaffected by the pt'C\eni:C o( thc 
bondc:d phntucl~~tic ooating. and that thc: str.tins in thc coating 
~re unifurm lhn"'gh tt>e cnating thiclr.nn~ and equalto'thO!Oe in 
thoc: surfacc uf thc: tc~t pan. Thcs.e a•~umptions are quite wcll 
uli,ficrl fnr tyric;~l metal ca•tittg\, forgings, a.nd robu•l suv~
tural mcmltcf', •irn:c the ti><~ting is mu'-·h lowc:r in eU..,tic mod-
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' 1 
ulu~. i&nl1 ¡, u,uJll~ thin ~·ump.lr<-.1 w tho.' ~ti .. n J..·pth uf thc 
te.t ~-:tlu"'.:•~r, "'ith lu':"·nll-.lulu•~'>l lllJt<'ri.¡J, andl·~ thin 
sn-ttorb.·.:OfTc,·llun' l<>f r.;:lnlt~r.:~m.:DI dl.:<'h ~1\tJ nunun•h•rm 
str.ain in ·,h~ co.uing may he m:..:~>lkll)'. Pn..:~Jurc> fur tnJ~in¡,t 
-u.:h corTr.:tion• are ¡¿i•·en in a lato:r sa:tiun uf this T.ech Noto:. 

1 . 

~O Principal Stress Sep::aration Milh Strain Gagts 
1 . 

Althou1,1h thC' re~i·taru,:t 'u a in Ka~ tlu.:~ nu111fft'r a pr;¡ctk;al 
altemati~o: tu Ph•lloStrc:>• ;¡_,a rneans fue lull-lidd ~tre•s ;r.nJI}· 
sh.there an: st•·eral way• in v.·hkh W main l,l.llt<' .:;m -.:r'\t a> 
a u:ry uScrut ;Wjurw.:tto the photodó!Slic coating:.mo:thoo.l. 0111: 
~ibility. for uample. Í>IO u..c PhotoStm.~ purd)' for the pur· 
~o( locatin11the mo>t hi&hly >tm.s.'d point~ un the to:>t pan. 
A !>lrain j¡a¡¡:e ro!i(!tiC can then bo: inM.alled al ea.:h sLICh ¡'IOint un 
an ilitnli.;at uocu;ufi! p;u1 {or on tn.: 'loillJlf: p.an. after R:ffi<l>'ÍilJ 

the cooti¡,ll to determine th.: complc:k ~train •tate. frum ,.hich 
the ...:p;u'¡¡te principal ~tre\~~ can be COikubted. Thi' pn...:.:Jure 
Í$ r.uelyipra.:ticed, howe~er. ~~n~e it ¡Ji,..;anh the .¡uamita\Í\C 
data c:IITied b)' the photoela~tic- fring.: pau.:m. h aiMJ cre.u.:5 
uncena.i~tin in the accul'liCy of tho: n....:ue lo.:ations. 

' An ólltemathe method is to in!>l.¡¡\1 ~-on,entional )>!:rJÍn j!a¡;e 
ros-ene~ ~irectl>· on thc: photoela,tic co.atin¡l 011 n~h pnint of 
intere~. ,Whilc corn:.:ptual1y ~impk. thi• techni.¡uc in\oh·e)> a 
numbcr of pr:JCtical pmblcms. and ako introduce\ o;¡rain-mea
sUJCmml erro~ which cannot readily be quantificd or corree!· 
ed. l'be prcw:ncc of thc ro:;cuc. for imlancc, cau:.cs local rein
forccmo:nt of thc phou.x:l~tic cwtin¡. wilh the result th.at the 
strun indications tend to be too Jow. The <kgrec of reinforcc
menl is:not dc:finable. or subjeciiO ¡;cnttalilation. since lhe 
Wffneu or the ro:w:llc ~arics wilh lbe gagc conmuctioo. foil 
and bao:kin¡ thid.ncs!>Cs. ¡rid and sohJcr tab ¡;eomctry, etc. 
Becau~oe !he- phol;oela~tic pla~tic on which the J!agc i~ mounted 
is \'Cf)' low in thcnnal condudi~ity, thcre -...·ill abo be prublcm~ 
with drift and instability of ,uain indicatioo duc to !>Cif-heatin¡ 
ctrccts. _un le~. n.trcmcly low ¡agc-eJF.dtation -,.olta¡;c is em
ploycd. For many oommcrci;d ~tnin indica!Ol\, this may be dif
r"ull to :K:cumplish without introducin¡; !>l.ill othercrro!"l. Thc-!.c 
and similar problcms ari!>C primarily bccau!>C ncithcr lhc .;on
~entiolllli row:ne nor ~tan.Jard itra.in ¡:a¡c in~trumcntatiun is 
dc~igncd ~pct:ifically for this hi¡:hly ~iali1.e.J typc of ,;cu it:c. 
p.:,maps' of greatot imponancc in nwty pnctical cucs ~~o·ould 
be thc ñthcr tcdious task of n:duciq data from a number of 
suain pgc fQ5.CUCS, espccially ~ince lhc photodntic analy•is 
has airead y providcd mrn.t of the /lcce!o.'i-af)' infonnation. 

1 
Thc foregoin¡ con~i.Jcrations i41Ue~t thc pus~ibility of 

. dc\cloping a ~pccial-purpo!>C •tnin p¡;c. aOO circuitf)', .Je.Jical· 
cd uclu~i~cly to the tuk of principal ~trc~~ ~cparation on 
PbotoSifcs¡¡ co..ting~. With ~uch an approach. ttw: fuJI cap;abili· 
ty of modt:m slr.tin ¡a¡c tet:hnolo¡;y can ~ brought to bcar in 
tailoring thc gqc ¡w-amctc~ for optimum performance and 
euc: or use in this sin¡lc cl&i.S of a~atiom. 

Gag.: con~truction dclails. for cumple, c;m be sclectcd 10 
mlnimizc local n:inforcemcnt cffects when in!>l.;dled on photo
ei<Wic pl~ic. Mon:o~cr. the residual reinfurccmcnt error can 
be entitcly climinau:d by calibratiftr thc ra~'C for its rlfre"thr 
¡a¡c factor when insl<lllcd on ~ PhotoStre-.s coatin¡s. 
Othcr dciirable charactcristin ~uch as prcanached lc:~~b can 
simllarly be built inlo the dc:sign to tempcr lhc inaccuradt!i and 
application probl.emi commonly auociated with the use o! 
wain Jilit'S on pl~ics. Fínally, the pid can be ~ially con
fi¡ured lo prodU« an outpul which ¡rcady simplifies d;ata 

rNucti.,., in ~·ak:ul.~ting t~ wp;¡r.1t.: r-i111.·ipal >11.:»<:>. All o( 

tllt at>Q\e fcatuu. h.1<..: 1><\"11 in<.'UI'p<lf'JJAI in a~ .. .,. •po:<.·ial-pur
pu~ ~train ¡;a¡;e and in.,trumcnt int~r1·...::.: dc...::-.r>nl in the fui· 
lowin¡¡ !>C<.'tions. 

-'.0 Tht PboloSiress Stparalor Gage 

1\J notcd .-;ulier, a nonnal·inci.J~ncc phol.,"'¡;a,tic mca>urc
rncm on the PhotuStn:" <.'Oóllin¡; pru\·ilb the dt:':'cn:m·c in prin
cipal ~tr.lins al the tc!>l. point. Jfth.: sum uf tho.' ;-rim:ipal!>l.rain~ 
C:l.n be mca~urcd at the ~ po.•int. thnl the ><;"W"•IIe principal 
strains are oblai[l:lbl.: by simply ado.ling and Sllt'C:~:ting thc l\\0 

meMuremcnts. lt is C\i.L:III from Mohr's circlc •f ..tro~in tFi~. 11 
thal thc ccntcr of the circl~ t:ot"Te~pundlto !E1 - f:lf!.• \\hcr~ f 1 

and 1!! are thc principal s!r.ains. Huwcwr, the c.:ntcr alw corr~
$pon•b to (E,+ E,)/1. -...~'~ere' E, and 1!, are the t:~>ITTilll itrain> in 
any two po:~ndkuta.rdii'C\.'tion)>. Thu~o. !Ot" ;m~ poinl Pon thl! 
coating )urfacc 1fis. ~). thc sumE,+ f, ~con..u."lt. intlcpcndcnt 
of thc an¡!lc ,8. an<.t cqualto thc •u m f¡ +E:. A> ~ result. it ¡, not 
n«cssary to m~a•Urc thc \um uf th~ princip.~l ,¡rain> u~ 'u.:h. 
but only lhc sum of an~· t~~oo perpendicular >lr.J.::,,, 

Thc PhotoStrcs~ S..parator Ga~c h l;w..:d oc: :hi\ funilinl~n
tal principie of n~chanin. As shu'ol.n in Fiz .. :. thc ¡;a¡;e ¡;rid 
.:on>ish of two pcrpmdkular clcmems lfor ..::-~,ing E, allo.l E,). 

coon~tc<.t in s.c:ncs. l1le ind:icute<.t main from tt.: ¡;Jic thl!n ,·or
rnponds 10 (11!', + 1!1 )1'2, and lhus tu lfi¡ +E~~- :-:-¡;ar<.llc~ of thc 
¡;a~ oricntation oñ tbc tot suñ:JCc. Ro:pR!>CÍlti=,¡: thc ¡;~e out
pul signa! by thc symbol SG, for coavcnict:,;e in ulgct>raic 
manipulalion. 

Se;= f, +E, • fi¡ + fi• 

' ' And. E¡+ E:"' 2SG 

Addine and subtractin¡ wilh Eq. (2J. 

E¡ -f! =N./ 
f¡+f!=2Sg 

E¡=Sc;+N.f 
2 

C!¡-f: =N./ 
-t:¡- t'¡ zo -2SG 

E:=Sc.-N;_f 

'" 
(S) 

"' 

(7) 

In pr.~ttical applic;uions.. !he usual pwccdu~ is to fin! .:om
plcte all PhotoStn:n ubl.efv¡¡tions and 110m1.1]-¡ncklc:ncc m.:a
iUR:ments <N.) on thc: c011cd test object. Folk:•" ingthi~. ~pa
rator ¡a~s llfC iru.l:lllcd on the coatin¡ a lhc po:otentially critica! 
poinu euablíshcd by PboluStrc~s analysis.l.oal.:i~ are thcn ~ap
plicd 10 thc leil objcct. and lhc scparatorpgc m~rcmcn~ are 
recorded. Individual principal urains taQ tt.:n ne cakulatnl a.s 
lhown iD EqL (6) and (7). 

1be PhotoSta:n Separator Ga¡c (raanufOIC\IIJUI by Mkro
M~un:mcnts Division of Mca.\urcrllCIIb Growp. ITIC.) .cmbod· 
ics a numbcr of ipccial featurcs dc:sipcd for case oí_ u~ and. 
optimum performance in PhotoStres.s appli.::11tion•. Fi~t in 
imporwx:e, of COUI"!oe, is lhat thc gagcOOcs not n:quire an~ p;ll'· 
ticular lll¡;ular oricntation. h i~ simply bono.ucd al thc point 
wbt:re tcpatation 111Ca$urrmcnts are dc:Wed. P·TeaUaehcd kad
wires are providcd lo a-,.oid thc problcrDStlW: w..en may tu> e in 
wlderin¡ tbc lcad5 to lbe ¡;a¡:e before ia:stallauo:.n or, ""~ )CI, 

· attallplin¡IO do ¡o afic:r thc ¡;a¡c is boltdc:d to lile phot<•d.a~ic 

-2-

. 

··uatin¡!. TI~.: ~~¡;~ ¡;rio.l i' ;¡¡,..., ~·n~.·~l"tol;ot<.'o.l in poi~ imitl~ !u 

.:limino~t~ tho: rn:~.J lilT rr·~~-.:ti\~ ,·,IJ!in¡: in 1111."1 l'lllllt~'iil<"'' 
· uppli~·atiun,. Ga¡;~ ch;u-.•. :1.-ri,tk, ar.· ,urumari1.:d in To~I>J., 1. 

an.J ba,k ,po:dlkati"n' arc~:th"n in th.: tcchnical ..!.ata ..hect cn
du"<'d in lbc ¡:u¡;.: p;td.a¡:e. Tlll.: •pc.-.:ili.:au"n' indu.d.: th.: o·Ifá·
ti•·,. ¡;a¡;~ ra..·wr -...h<.·u !h.: ¡!Jl-"( ¡. in-.talled 011 a 1'1wtt.'itr<.'" 
cootin¡; - a.:.·oumin¡; fUI' thc >li¡;ht ln,:al n-infurccnk·nt uf th.: 
.;oatiÍl¡,i: b)· th.: ¡:a¡:c. T11 alluw f•1r \ari.uiun)> in thc da,ti.: mnd· 
ulu' auo.l thid.n~ ... uf th.: t:natin¡:. th.: ¡;a¡;~ f,ll.'h>r ¡, ~hcn -...ith 
a :t.'i~f tulcro~ncc. S.:Úin¡; thc! ¡;a¡;e ló!CI\lf cuntrol ol'thc •lfaiu in
dicatur to thi> •·aluc autumatically •-umpo:n..at.:s fur thc ¡,.._.,.¡ 
n:infon."Cm.:nt . 

) 

Gri<.t u~i>tance uf tb.: scparator ~~e is 200 ~hm~: and it i~ 
intcn<.t~-..1 that th.: ¡:a¡;.: be: conncclc<.t 10th.: P-J.'iUO Sta! k Strain 
lrnlkat<lr thrnu¡;h a spo:cially dcsi~nr:o.l Ínlcr1-ace tml<.!Yk-, thc 
Mude! .UOtFig. 41. Thc interface mol<.lulc i• a fuur-chilnnd 
,witch-antl·halanl'C unit containing prcthiun rcsi,lile <"ir.:uih 
fnr attcnualirtJ,! ¡;a¡;c cxcitatiQn .,.nlta~ an<.t ~upplyin¡¡ appmpri· 
al.: bridge cnmplction for thc 2QO..nhm ¡;a¡¡.:. Thc n...,ultin¡: ¡;a¡;c 
currem i~ app~:ooimatcly 1 mA. yicldin¡; a po-..~r lc•·ci ~~ocll 

~low the thre,hold al -..hich ..clf-h.:Jting cff<'<-"h cuuld &,,¡.ahí
. Jizc th.: 'tro~in indication. 

Thc ~hl<.ld :;)() lnt.:rfacc Mudulc aucnuatc' th~ ¡;a¡;c •ndta
tion n¡ltage. and thc gagc 'ciulput ~ípal. by a f...:tor uf li~c. 
[)e)i¡;natin[! thc britl.fl,. output sip¡al as R,. 

R.•~=t:¡+E• (8) 

' m 
Thus. with thc multiplier switch of thc P-3500 !>CI in lhc X 1 

position, if thc unit digit of thc dispby i~ interpretcd ~ IUpE. 
instcad of 1 pE. th,:, .Jhpbyal ~r.Un cqu:th lhc su m of tilo! prin
cipal )>tr.lin~ (t:1 + t:~) dim:tly, l.cuin¡; l 1 n-prc!lenlthc Jil-
pluy .. J ~i¡;nul (with thi• intcrprcl:llion),' · 

'" 
Sub•litutín¡; into Eo.¡s. (á) and (7), 

Ei•Is+N./ (10) 

' 

Oc:•iJITI;I!ÍUII; 
Cun,trucliun: 

Ga¡c Lcn¡;tb; 
Reo.i.unce: 

'Effttli.-c 
Gage FIICtor; 
Sclf·Tcntpt:r:lturc
Compen\aUOn: 

TABLE 1 

I'SG-01-XX 
Cocutant.:1n ¡;rid ..tluy, ~~oitb pulyimi.Jo 
blo.i.in1 and cno."'P"'l.atiun . 
Pn:;all•~ ft-i.a/1~)--J. in>Ublal 

lWo P'f¡lCmb.:ular line"' clcnw:nt•, 
ocrico-<;-onnectcd. 
0.063infl.W-J. 
20011hrm 10.4'1-. 

Comp:111attd for \lec! or aluminum
I'SG-01-06 aOO PSG-01-IJ. ~-..ti•¡ly. 

•'Thc: df«IÍ~( ¡a¡:( fa1uf inf~ \upplial with ,,., .,. ... ,,. 
S!Jn~ Xp;u-~lor Ga¡e Íi applicablc OA!y whcn !he ¡;ap: i• in'll;alk,J 
on • PhotuSin'•• ~oatin¡ b<"'ded to 11nt pan. Btnu"' oflhi• and 
it> ulhc:r •pccióll d~;~ncl~riuio:>.lhc ¡¡¡e;, inlcn.led fur u"' •••ly ;¡,• 
dc-cribni in thi• Tcd1 Nutc.~ is DOI ... it.>blc for ¡;a~er~l·pu<p"" 
>train mcawrcmc:nt. 

-J-

··=~ 

' · f'i.g. 1- Muhr'1 l'itdc ufUITiilf, ilfu>lNJiin~ thc cqui...r·. 
lrnrr u/ft, + ,,!11 trnJ f t'¡ + t:J/1. 

f'ig. 2- ('uulillll. •ur/uf,.lli Q ul«ttd tnl poblt, dr/inint 

l'itc. J- l'hrJ/tl . ..,,cu 
.'icptrNIW ( ~¡: ... 

• ' t .. •••• . ~ .... ,, 

' 

1 

(IX) 

1-'i¡t. 4- Modrl )JO. 

... ,.. 



5.0 Correction~ fnr Cnatin¡: Effl'€1.~ 

A~ nored in rhe prt'l'("din¡: «."(IÍ<>n, rhe reinft>n:cr!l<.'nr nf rhe 
phococl:~.<ric ccu.ring by \he <lrain gagc i< ~urum:~.rinlly cum
p:n'l:lled for "hen rhe 'Jge fa.:rur conrrol of rhc <lr:Jio indkJtnr 
i~ ~~ at the value ~po!cif~d in rhc rc(hni(J\ J.tt~l ~~~~~ ~ccnmp:r
n) in~ thc Piloto Stress &p:l131nr Gagc. Cnn,iJcration m u,¡ <till 
t>c given. ho.lwcvcr. to pl>S$Íblc reinforccmenr cffc(l<nf lho: ~-uar
in~ oo rhe tc<t nhjn:t: ;ni, in the CJ.'<C' of bcnding appli•·atilln<. 
11> :t.tr:~in-ellr:~.rulalion effect< (nnnunifnnu -train throu¡:h rhc 
coaring thickne~~). 

Whcn thc IC<I objed i< low in ela.,tic modulu~. or thc test 
section is rhin, a scn<ible fr:r.crion ·or the appliro INd may t>c 
borne by the coo.ting. "hich !hu< acr• 3< a reinfor~mcnt nn rhc 
mcmber. U this condilion e'isrs. ~tr:,ir"'in thc rc't ohjcct an: 
sm:lllcr tfor a ¡ti ven arrlied !ll;Kil wi!h thc phoroe"la<tic co~ring 
pre..cnr th:~.n thcy woukl t>c wi!hout i1. Thc rc<ulling reinf¡m::c
mcnt error <>C<.'Ur; horh in thc pi'MII<)('Ia,!ic:~lty mc:r.urcd prim::i
pal "rain difkr.·na 11.1 - f:l and in rhc <um nf rhc principal 
'!rain< (f¡ .f- f:l a< m<:J<Urcd \>y rhc l'h<>h1Sl"''' S,··p:nah>T 
G3gc. 

For thin me m be!'§ in hcnding. not on1y ¡, thcrc reinfnrcemcnt 
of the o\>jcct {<ince thc cnating incrca<e\ the \<'Ciinn Ol<'<lulu,). 
butthc _<tr~in ~~ the ootcr .~ur(;J<;e nf rhe l'llating i< m·,·c,~arily 
greater than thal :u rhc te<t·p~n ~~~rf~ce. ·n¡¡, ,,;cul"' "'-''-':tu<c thc 
ctrain incrca~ec 1inezr!y v.-ith di~tJn1.'e fnun rhc m:utral a_,;, 
'at>oul "-'hkh ~ndin~ t:~.kc< place. Wirh thcc<e conditionc. thc 
o~Hcrved pholocla.ctic frin~c <lltkr in thc coating COTTC.<pund.c to 
thc average ~traín through the coming thid;ncu; i.c., ro thc 
slrain at the nlid-thickn(."!;<. Simi!Jr1y. rhc ctrain '<l:n.<cJ \>y thc 
l'hnloStre<§ Scpar.~tor G3gc ic too ¡trcat hy thc <train in.crcrncnr 
through thc tntJ1 coo.ting rhk~ne•~- Thi• cfl,·(t i< rdcrrcJ tn J< 
a ~lrai•H"-''"'1'"/uri(Hl crrnr, <in~.·c the hcnding-inJucc.J <tmin 
gn!dicnt normal to thc pan <mfJ(C Íl. cl!rapublcil nurward 

. through.thc co.:uing. 

In cumm¡¡ry, ,.hcn the cb<~ic mollulu< ~>f the 10:.1 marcrial is 
1ow, or the 'ccti<m thidnc~< i~ sm:¡!l, cnrrcction' to l>t>th thc 
photoe"la•tic fringe ~~ and thc <Uain indk~rnr "'ading m ay he 
required. llu:~ two ~ of c~tionc :~re dcccrit>cd scparatc!y 
in thc: fo11owing sub5tttioM. 

Wcll-establi•hed rr:btion•hipc are availJblc to pcrmir simple 
concction of measurcd fringc ordcrs in cirhcr uf rwn hasic 
mode< of loading: pl:mc streu (0Jt o\>jn:t• wlth. in-platte loads. 
thin-,.·allcd prc<<un: ..-~!>CIS. cte.). aml purc bending. ~-' The 
CorTeCtion for p1anc strcs< can be e~pr~~d as: 

whcrr:: 

(12) 

Cn = factor by ~~ohich thc ob<en·cd fringe order in 
pi<VU Jtrcn muct be muhiplicd to ohtJin 
!he COrTC<:ltd fringc or_llcr. 

E• = ~ , r:~rio of rhe el as tic modu1u~ of the phot.,. 
- Es cla<tic cooting ro that of thc <pcdmcn. 

1° e ~ = r:~tio of \lle coatin,!! lhicknes.c to thc 
ls !pccimen thid.nr ... 

The O:OITC'f""''lin¡: cmreclilln f~O:hlf fnr J(lfl1ic<l l>entling 11'1<>
mcnt is: 

e, 1• f.•c-tr• + 6r •!-+- .. ,.,¡ + E•l,•~ 
1 .,. 

"·hcrr:: C/J = facror lly ~~o·hi<·h thc oh~cn·cd frin¡:c ordcr 
in ~rulintt m~t t>c multiplicd lo nlltaio th~ 

. corrccred fringc nnlcr. 

E•. r• = c!J,tic·mnJulu• :1ml thickR<:" r~tio~; a.• 
dcfined for Eq ( 12). 

(1J) 

Equation~ ( 12) :lnd ( 13) :arply <pecifically 10 cace! of pbnc 
~rms and pure bentling, re•P'Cti•·ely. Corrr:cti<>n method~ for 
mi\t:tl p1anc strr:~J antl bendiMg are dc'ICril>cd in Rcferencc' -t 
and 5. 

lllc: rclJ.tion,hips gh-cn in Eq<. (12) antl {1.\) :~re plnncd in 
fi¡:•. 5,\ and ~11 f<>rcnn\rnicncc in currn:ting mc:'l•urrd frin~c 
unkr;. Scp,lTJie cune< are pnwidc<l fnr :1 numhcr of •truc\ur:~l 
materiaK and fnr fillcd and un!ilkd pla,li<'' tll:tt an: oflcn u'>l'd 
in wuclural modch. Figure 5A ~how~ Cro; and C8 for thc cpoxy 
fami)y nf phntnc1Nic cn.:~tinr.' CPS-2. PS-R. PL-1 and PL·RJ 
wlk-rc E- -tl(),C:llO p<oi t ::.9 (i/'¡1). Fi)!UIC 5Jl ~hows e r.l ~nd e, 
for pulp:arl>tm~lc cn,11Ín¡:• (Typc PS-11 whcre E • JI>O,OOO P'i 
(1.5 GPa). Afrcr mea<uring fringc onkrs al cclccted In! point~ 

on thc et'lo11in¡:. th< appmpriale corrr:ction f:~~:tor is rcad Jirectly 
from cithcr Fig•. 5A or 5B. and applied lo thc dau. Thc <"Or· 
rt"Cied frin¡:c ordcr is t~n cuit:~.blc for suhMitution into &¡1. ( 10) 
arnl (11 ). G¡uation~ ( 1 :!),and ( 1 J) <hould be u<ocd ro cakulate 
c,.s and c/J whc:n the cb,tic modulut or thc coaling diffcr~ fmm 
the v;¡lucc u<ed in Figs. 5A and 5B. 

~'hcn rcinforecmcnt antl ,rrain-C11T:Ipobtinn error; are ~ig
nilkJnt in thc phnwo:c!J<!ic mcJsurcmcnt<, rhcy are aho ~i¡:nifi. 
cant io thc strain' intlicate<l hy thc PhotuStrc's Scparatnr Gagc. 
Scpar~tc cnrrectiun factor; ha ve Jgain lk-cn <.kvdopcd fur thc 
plJnc-wc~s anJ \>cnding ca<.c~. 

In planc stt=<, thc corrcction fJctor for thc indicatcd str:l.in 
h the s:une a< that for thc fringe order: namdy, 

(\4) 

whcrc: Krs-= factor by "'hich the indicated strain in plan~ 
strtn is mu!rip1ied toubrain 1hc corm;red m:~.in. 

Thc corm;tion f:toetor for ~pp1icd bending momcnt diffen 
somewhat from the coiTC'5ponding photocla~tic corrcction 
bccausc the mca.<uremcnl is IT\3dc at \he surfacc of thc co;~ting 
instead of it.s mid-thickncu: 

K _l+f"(4¡•.¡-(ir02+4t•l).¡-E•ltU (lj) 

,- 1-+-2t•+E•t•l 

Corm;tion ic m3dc. in rithcr cace, by multiplyiog the indi
cated slrain {!r)by thc :tppropriatc factor. Equations (14) and 
{ 15) ha ve bttn plottcd in Fig•. 6A anti6B {for the same marcri
al~ a~ in Figt. 5A and 58) to pcrmit simple rorttetion of thc 
,str:~in mca~uremen". Figure~ 6A and 6B apply to thc CJXUy 
fami1y and polycarbonate photoc!Jstic coatings. rcspecti~cly. 
Equations (14) and (IS) should be uscd whc:n the e1ntic 
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Fig. SA. - CorTttffon factor C• (bcndingJ ande,... (plant 
strcnJ/or pholotlastk tpoxy coating Typts PS-2, PS--8, PL-1, 
and Pl.-8. Multipl:ytht oburvrd birr/ringtnct b:y tht appro
pri4tt fat:torto obttJio lht corTctttdfringt onlrr. 

1 Tungsten 
2 Steel 
3Cast 110'1 
4 Aluminum 
5 Magnesium 
6 Concreto 
7 Reitltorced Plastic 
BW<>Od 
9 Mode!Tech- FR-10 

lO Mode!Tech- FR·20 
11 Rt¡:tdVonyl _,_ 

i. 

:NOTES: 
Er:: 0.42 x 108 psi (2.9 GPa) 
le:: coating thickness 
ts ::: speclmen thickness 
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SPfCIVEN 
fLASTIC MOOUl.US, t.:, 
In 1 o• pal; In Gh 

59 .,, 
JO '"' " '" " .. 
65 ., ., " 30 20 ... f2.5 
1.15 '·' 08 .. 
"' " 
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Fll. SB- C«rut#IMJaetor C1 (btllllinf) Dn4 Cn (plll'" 
ltnlll fu pl!l.lotllutk poiJUTbontUt tiHJJint T]pt PS-I. 
M•lllpiJ tlt' atui'Hd ~~ I1J tM appropritsU /D&UK 
10..,.;. ,., ~/Mgt .,.,,,. 

KEY. 

1T~ttln ...... 
"'"'""' '""""""' ·. """""' 7 Reinlorced Plulic: ...... 
i Moóerr.c:tl- FR·10 

-10 ModeiTKh- FR·20 
11 Rigió Vnyl 

-·-

......... 
ELAST1C MODULUS, E1 
ln10"J*: lnGh 

50 407 
30 20' 
18 110 

" .. u 45 
4.5 31 
3.0 21 
1.8 12.~ ,,, ,,, 
0.8 "·' 0.42 2.1 
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FIJ. M- COint:tUm/~~~tiDr K1 (/Hfldlllf) an4 Kn (pkutt rtn~rJ/or ltllfJIOltw pp tllld •lli ~laiW qoq ..-wJ l)pa 
1'5·1, PS-I, PL-l,IUUI PL-1. MulrfplJ tht muuund rtrulllff b1 tlnqp10prilllt torrntiolf/MtfWIII e>buU. * ~ mnuu,.,.,~ • ·~· 
•tllt. Rt/f'lo UYill Fil. SBforS¡m:lnw•liúutk MIMiul1u, E~ 
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Fir. 68 - Co"'ttirm factor- K11 (btndinrJ ttnd K~ (pltmt 
rtrrn)fr~r rr¡xuwtor 11111 uud w/th plrm~hutit polyctlrbrm· · 
1111 rotllinr 1)¡n PS-I. MultipiJ lht mwuund tudinr b1 thr 
~~pproprl41t ctKTrttUHiftlctor to obllzi11 tht conntrd mnuu,.,.. 
llltlfL 

KEY: 

1 Tungstefl 
2 Steel 
3Cast tron 
4 Alumlnum 
5MagneWII 
eeoncr,¡e 
7 Aelr!lon:«f Plasllc ·-9 ModlfTedi-FA·IO 

10 ModlfTecft- FR-20 
11 R9k1Vmy! 

.-8-

SPECIMEN 
ElASTtC MODUtUS, EJ 
ln U,.J*: ti OPII 

59 407 
30 2" 
18 110 

" .. 6.5 45 
4.5 31 
3.0 •. 21 
1.8 12.5 
1.15 1.9 
0.8 4.1 
0.42 2.9 

) ) 

.) 

m<Kiulu~ of thc coating difTc" rrom !he vaiUC'• U<;ed in Fi¡t~. toA 
allii6B. 

Arter conttling: t.cxh !he mo:;¡•um.l frin~ orda :md thc: intli· 
cotcd st111in, tbe _llllju~t~ val~.~~:' of /'!. llnll ! 1 are ~~~~litutcd 
_inlo Eq~. (lO) anll_(ll)IO ubl~in thc ~rmmc prindpal ~•r~iM. 

·. The separatc principal ~lrc~-.e~ :m: thcn tllcul~tcd from !he 
bi:uial Hoolc's law liS follov."': 

··,·-,E._f _(,, ... .l'f1r (16) 
. - UJl 

wherr:: CT1, CT~ • prii'ICip:l) SII'C'\\e$. 

Es, Vs = clastic modulu~· and Poisson·, ·f'lltio of tUl 
material· 

C.Jm~ tkro~tkln 1..-dln~~: 

SolllC structura\ cnmronc:nt~ are \o:nk&l.or t1donnc:J.1o pi'C'· 
scribro sh:~.pcs by impming in-pl:~.nc (pl:inc ~tn:ssl or out-of
plane (bc:nding or ncxuf'lll) okformation~. Whc:n thc: imf'O"C'd 
dc:form:~.tions are in·planc, thc main ricld b cffc~tively thr: 
samc in the coatc:d and uncoatcd p;ut, and oo correc:tion$ lo 
experimental mc;a.•urcmc:nts ~ rcqui~. Howcvcr, when out
of·planr: dc:fonnations an: impmrú, lhe ncw corTr:ction facton 
CMand K11,\ úif!"cr fmm C1 111ú K11 as dc:fincd in Eqs. (13) :l.nd' 
{14). Fmm Rcfcrcncr:s 4 and 5: 
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whcn:: 11, 11 • cu~tin¡; ano..! "~pn.'imcn thic~. 

fl_ • úi"~111.-r frum co~ting/part mtnface lo neutnl 
ni• nf cu;.trú p;lf1 (c:U.;ul3ble per Ref. 5). 

Value• uf e,.~. pcr F.q. f 1111. a.rc: ploued in Fi~. 7 for the ~me 
elcvm \f".'Ón~n JT~;~tcri:al~ cnn'>idl:red in Fip. 5 :md 6. "!'he bm
kc:n linc• \hnw e,.~ r .... pnlycarbun:nc: pbcMoc:l:astic c:oa.tinr 
CT)'pe F.i-1 1 al'<! thc .. ufk.llinn a.rc: for !he c:pmy family o( pho
toc~ic cm&tinr II'S-1. I'S·II. PL·I. ano.l PL·8). As ~hown in 
Fia;. 7, e,.~ h n:l~tivdy indrpemlcnt of the typc: of co~tin~ 
a.rfllinJ In 11'11.-la) \f".'Cinw:"n\; bmo:cvcr. C 1.\ is okJ>C"ndCnl 01\ the 
typc uf phutuela,tic cn:.tinJ whcn the tc~t ohject~ are tJI.lde
frum thc ~nwcr mo .. luli pl~•til."'. 

St-raralnrfi;I~C ¡·urra:tiun f;¡o,;l\ll"' K,_,. m Eq. ( 191. are pl<ll· 
ICd in Fi~. 11 m11l fnr rr~:tk~l cn~in<:'t"rinl\' ;¡pplkation' thc K1, 
fur ll'lo:: Cf'I"Y la mil y ;md po•lyc;ubon;ne c&utin;• c:m t>c ~n•id
r:ml;a.• cqu~). (:~k;ulilliun ..tlo•• :1. Ilion;( Cot5C diffCTenc;c•of only 
)'lo for riJid vinyl and ~rrrn~im:~tcly a 1-lr.:'l- diffc:rc:ncc for 
m•voe~ium. N u allcmpt i~ maUc: in Fig:. 8 lo n:nc:ctthc:¡,¡: s1111ll 
variatiun\, l!qu~tiun• fiKJ alld (19) sboukl br: usr:d wbcn the 
cla.uic mo .. lulu• uf !he cn:uin1 úiffcn frora die v•luc:s u~ in 
Fip. 7 11nd _K. 

'·' " .. 
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C._, (i•,.-,rd t:llrTitJIIII'e] 
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6.0 Numerlcal Examples 

1be followin¡ numerical cumples are pro1•ided tu illu:unue 
th<' <hta-Kduction proccdurc~ !or calcuJ;uing the separ;~tc prin
.:ir~l •trrsses from thc comhi~d photoc];u¡jc and !iCpatalor 
su .. ,n ¡.1~-c: mcaMtrrmcm~. 111c fi1111 uamplr i~ represcnlati~r 
of l)pl.:a],.ppli.:ation~ ~~o·hcre there is nu perceptible rrinforce· 
mcnt of thc t.:!ol object by the PbotoSUr•s cnating. Two f~o~nllo:r 
namples sbow how to corm::t lhc mca~red photnda~tk and 
.an.iD ¡a.ge dau. when rrinfon:cmcnt and >train-utr.1pol.tion 
effecb .ue pre:;cnt. · 

Exam ... l 

Alsume lhat pon.ions of a beavy ucel aructural memba 
bave bcenCOMcd with Typc PL·I phut:oc~io:: p~. 0.07.5 in . 
(/.9 Mrn} thick. The fringe value (j} for the coatin¡ is 
1513,wfriilge. Usin¡ lhe Modc:l 031 Reflection Polaris.cope, 
tbc normal~incidrnce lllea$U1Cmtnl at a point of ink:resl on lhe 
coalin¡ yiekb a readin¡ of 2.1 frin¡es (N.). Thc: k.d i.s thcD 

· removed from tbc: memba', anda PholoStres.s Scparalor Gage is 
installed Ón tbc: cmtin¡ 11 lhe Ymc poiPL Ga¡e orirntation is 
arbil.l'lt)'. since the_ sllm of any lwo perpendiclllar stn.ins is 
equalto the sum of thc principal Wains. 

Thc: wai11 p¡e is connected 10 the P-3500 Strain lndicator 
lhruu¡h the Modc:l )JO lnlerf.ao.:c Module and the inwumcnt i.s 

.. .. " 

Fit. 8- Corrution. 
/t1Ciur Ku (imposed. 
cun-Qiurt) for Stpara
tor Go¡:t. Multiply rhe 
Srpara/or Gagt i/roin 
•rtuurtmtnt b1 tht 
11ppropriatt /tutor lo 
obtain tht corrut 
Jlrain. Rt/rr to KEY in 
Fig. 68 for Sprcimtn 
Ehlstk ModuluJ, Es- . 

balanced to zero indintion for the no-load condhion. With lhe . 
multiplier switch of lhc P-3500 Kl al X 1, thc wne load is reap- ., 
plitd to the strueiural member, aftet which tbe indicated 11rain 
(~, ,. 10 limes thc display re:lding) is 52o¡u. In thb cuC, it is 
DO! nccnsary to correct eitbcr N. Or I 1 fOf reinfoñ:emel11 or 
wa.in~:.otrapolalion errors. since thoe etfcct uf Lile coating on the . 
el,ntic rnponse of thc: structure is negligible. Substitutingf. N.,· 
and ! 1 into &¡~. 001 and (IIJ. 

f:¡.: 520+ 2.1 JO 151) .. ]f149~o&t: 
2 

,, .520-2.1 Jr. 1.513 --l)l9¡UE 
2 

~ pri11cipal ~~ are tbeu substitutcd into bia.~isJ 
Hooke'' law 10 determine tbe principal wena: 

u 1 "' _§_z{f1 +J~,st:z) 1- Ps . 
' . 

With E3 "' JO.O" lo' psi tlfYl GPa), and ".s s 0.29. 

30 iiO' 
u 1 =~(1849-0.l911329)x10~. 

1-(0.29) . 

. And.. ". 

u 1 = 47 940 psi (1JOMPa} 

-10-

' i· 
! 

) 

') 

UJ •--2~910pa;i(-179MP111 

Auume. fGr this cumple, a flat aluminum-alloy ~pe~irnen 
0.125 in (1.18 mm} thick. cooted with PL·I photoda~tic plaitÍC 
0.090 in (2.1 mm} lhick. Thr fringe val~ of thc co.atinJ is 
I~J¡ulfri~. With purely in-plam: luads ;¡pplird to the ~peci· 
men (pl;me S(fe§s). th~ uncorrrcted numW-incid<'nce photo
da§tic mcasurrmrnt (Nn )atthr test puint is 1.5 fringe. Folluw
ing tbr procedurr dc:scribed in Example l. a PhutnStress 
S.:paratw' Gage is i~alled un thc: ¡:oating ;11 thc Sóll1le point, and 
the IIDCOI'f'ect.:d indicated Mrain (l:f J, aftrr reapplying the load. 
is +SOO,.U. · 

· Sincc it cail. be: s~)prctrd in this inMam-c that thc coating 
J'nay ~mibly reinforce the te~t s'¡ .... cimcn, the photoelastic allll 
strain pgr mc:asun:mrnts ~hould be: currectcd usin¡;: thr phme· 
M~ COfl'eCtion !actun c,.5 and K,.s from Fip. 5A and 6A,' 
!'r§pect.ively. For lhis purpw.e, it is first IIC'CU=JI to c..tculate 
the thickneu ratio,t•: 

,. = ~'" 0.090 =O. 72 
ts 0.12.5 

Tbe11, from Fig. ~A. the correction !utoi- c,.5 for tbc 
ob$cncd fringe orda is 1.03, reprr~ntina a modest 3% rrin
fon:emenl eff.:<::t. Sincc: K f'S "' C I'S , thc wne correclion factGr 
applic:s lo !he indicated ¡train from thc PboloSurss Scparator 
Ga¡eu well 

Thus.. N. = Ñ. ll. 1.03"' 1.~ ll. J.OJ = 1..5~ frin¡e 

¡f =t. ll. 1.03 .. soo J.. 1.03 •824¡.Lf 

w~ Ñ., ic "' ~rved { ll_nconccted) valucs of tbe variablet.. 

c.Jcubtin¡ thc principal strains from Eqs. (lO) and ( 11}, 

E¡= 824 -t- U5 ll. 1261 = 1389fi-E 
2 

El = 824-1.55 1 1261,. -S6S~E 
2 

Alld. wbstitulins into Eqs. (16) and (17). with E:J"' 10 x lo' 
pai f69 GPa} and 1-'s .. 0.32, thc principal stres.seúre: 

a 1 "'~{1389-0.32 1S6~)" IQ--6 
1-(0.32) 

a 1 -.. 13 460 psi (91 MPa) 

0'2 -~(-S65+0.32J.1389)" 1()-6 
1-{0.32) 

u2 •-J)4(1 psi (9.2.MPa} 

E:umplt J 

To permil rc:ady ~-u~llp.uiM~n bct~o:'C'D .:t>;Uinl :eff~···h in 
pbnc: >trhs ;md tho~oe m bc:ndm¡¡. lhb <'lampk ;a,.~Lllllt~ the 
~ame spedtt~tn iU in Eumple ~. with aU ol' the Jo;MM:- plu--.. n~· 
te~. CAcept that the ~prcitnen is ~ubja.1Cd 10 pure k~Ji~l,l- Tite 
ob.er~Cl.l pbotoelnuo: ;md >lr.lin ¡;¡~e DIIC;bUrt:meats are :~ho 

1\..'>su.mni Uu: ~me. 'J . 1 

Wtth ¡• = 0.72, rrferrnce to Fi¡¡. ~A p\e~ tbl' be1Jm¡ cor· 

rrction factor e, for the frin¡;c onkr ;b 0.76. 'Illel·····~n:.·tc:d 
frin¡;e onkr J!; then: 1 

·N. = Ñ. x Ca"' 1.5 x 0.16 .,1.1-1 fri1111c 

Si111i!arly: the bending conc:ction fao:-tor K, fotj·lthe Mr~in 
,indkation i~ rcad_from Fig. 6A asO.S-I.from wtUch: 

. . , L! = t_ K K,= 800 ll. 0.5-1 =-13iJ'f 

Th~ principal ~trains ill't: 

,, _ c4<'-o'c+c1·o;";-"'c'='6'-'1 

' 432-i.l..j'll2bl s03 E2-
2 

,._ op.E 

And the~:Of'f'espondin¡ principal suaK:s bc:come:, 

10 ll. 106 . 
u, • ----

1 
{93~- 0.32 1 SOl)" let-6 

1-(0:32) . 

u 1 • 8620 psi(J9 MPa} 

.Uz"' IOKI0',(-~03-t-0.llll.93~)110"' j 
- 1-(0.32)· ¡· 

ul~-2270psi(-JJ.6M.PaJ . 1 

A companson of E:umple 3 wttb Eumplc 2 ühatn.te• that. 
· for this case, the coating eff~ct in bc:ntfip¡ i) mucb greatÚ th;m 
in planr stress. Thal thb is 'comiTIOII s.Kualioa for low;modu· 
llll or thin te:.~ objccts tilll be: judgcd !rum the aaturc of the cor· 
n:clion-fKtor curves in Figs. ~ and 6. h i.s abo evidetit from 

""~ ..... ,, ...... "" ,~ ,~ .. """ W¡< .... 'T""· 

7.0AppUcalloaNoUs 

Complete instNctions for the propcr UK" ollhc ~~ 
Separator Ga¡e and thc Modcl 330 1..-tacc .:wmpany the~e 
productl. Can:flll altention 10 lhc m:onmcii!Wions In the in. • .,.. 
wuction bulh:tita will help uwre ~. rdiabk ~ 
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