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1.- ¿Qué le pareció el ambiente en la División de Educación Continua? 

IIUY AGRADABLE AGRADABLE DESAGRADABLE 

( l ( ) [ ) 
2.- Medio de comunicación por el que se enteró del curso: . 

PERIODICO EXCELSIOR PERIODICO NOVEDADES 
ANUNCIO TITULADO DI ANUNCIO TITULADO DI 

FOLLETO DEL CURSO - -VISION DE EDUCACION VISION DE EDUCACION 
CONTr-:_·A CONTINUA 

[ } ( j [ ) 
CARTEL MENSUAL RADIO UNIVERSIDAD C0!1UNICACION CARTA, 

TELEFONO, VERBAL, 
ETC. 

CJ D D 
REVISTAS TECNICAS FOLLETO ANUAL CARTELERA UNltM "LOS GACETA 

UNIVERSITARIOS HOY" UNF.M 

e ' ( 
~ 

( J o J l 
- 1 

-· 

3.- 11edio de transporte utilizado para venir al Palacio de Mineríit: 
..... 

AUTOMOVIL METRO OTRO MEDIO 
PARTl~ULAR 

. --. -· e l .. ( } ( ) 
-

.- ·:· 
4.- ¿pué cambios ¡;;,da en el programa para tratar de perfeccionar el curso? 

. . . 

5.- ¿Recomendaría el curso a otras personas? ( ) SI ( ) NO 
....., 

5. a. ¿Qué periódico lee con mayor . frecuencia? 
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6.- ¿qué cursos le gustaría que ofreciera la División de Educación Continua? 

. 
' 

7.- La coordinación académica fué: 

EXCELENTE BUENA REGULAR MALA 

1 1 1 1 1 1 1 1 

8.- Si está interesado en tomar algún curso INTENSIVO ¿cuál es el horario más 
conveniente para usted? 

LUNES A VIERNES LUNES A LUNES A MIERCOLES MARTES Y JUEVES 
DE 9 a 13 H. y VIERNES DE Y VIERNES DE DE 18 A. 21 H. 
DE 14 A 18 H. 17 a 21 H. 18 A 21 H. 
(CON COMIDAD) 

1 j CJ 1~ CJ 
VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
S ABADOS DE 9 A 14 H. S ABADOS DE 9 A 13 H. 

DE 14 A 18 H. 

1 1 1 ! 1 
¡ 

9.- ¿l)ué servicios adicionales desearía que tuviese la División de Educación 
Continua, para los asistentes? 

- -

10.- Otras ·sugerencias: 

.. 
.. - .. 

-
- . 



( 

FACUL TAO DE INGENIERIA U.N.A.M. 
-, DIVISION DE EDUCACION CONTINUA 

CURSOS ABIERTOS. 

METODOS EXPERIMENTALES DE ANALISIS DE ESFUERZOS 

- FOTOELICTRICIDAD 

- !XTENSOMETRIA ELECTRICA. 

DR. LUIS FERRER ARGOTE 

ING. ALFREDO OLIVARES PONCE 

NOTAS COMPLEMENTARIAS. 

F E B R E R O 1994. 

Palacio de Minería Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M·2285 
Teléfonos: 512-8955 512·5121 521-7335 521·1987 Fax 510·0573 521·4020 AL 26 



.-, .. -- ,.\ --¡ ¡\ ~ 
J.- r : 1 í· - . 'l V ! •_,/' :.,._ .-\- _) 

. . 
~· . 

_ aJ-'Luz y OPficarel'actonados .. a-la-Fotc .. ·:·!"•sticil~d~a;-;dt:-.;:=====~-------~---~----1-
a ·.l. Comportamiento de la Ju z. 
Hasta la fecha no existe una teoría que explique completamente el 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, donde 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 núm~ro de vibraciones transversales arbitrarias, como se ilustra en la figu-
" ra 20. 

~, 
1 

Ya que el disturbio. productor de la luz, puede ·sér•consicf(n:adóci:>mo;.·· ui!'.'mto~riñ~ietilt:o 
ondulatorio; es posible· expresa~ Ú1 amplitud del vi!ctor luz, en'· térihl'riós'ai!'lida e-
cuación de onda unidimensional: fl ) --~). ··" · ·~_-,_19-_~u~' ,:.;'_;" : . 

. Ji~,_, . . A=rlc-d:. '\' ~l~-d. _. . ""~~~;;":;~.€~:~ f:'P s 
donde · A ... · amplitud del vector luz o de uno de sus componente·s·:.~~iJtl"!~lq_ '&!ba, · - · 

e la posición a lo largo del eje de propagación •. ) : .. : ~ i .. 'c-.: ·:uJ.(?. 
f_ : tiempo. . ~ : ~·~~jl;: _.~;)!.t9~~ .· 

. c._ :..velocidad de_.propagaci6n (3lC.IC:
0 ~en el-~acio}. · · '-'~';·:_ ';~~!;· 1-~ _ 

Una descnpc16n simple del efecto fotoelástico, se obhene considerando·una~compo
nente senoidal de la luz:,-. propagandose en.!~ dirección· positl.va¿·de _¡C1~;J '"''· '010 v\ 
De esta manera la ecua~i6n-. 77 puede escribirse como:·: · :.·.' ::' :>i'l_,;:!-::~ -;' ,.t:J 

· A= fl~~-¿f) =~·&e,., Cl.lJ'.:tt~-c.t) ,s, ,;::._. . ,;,~,:-:· __ •t·~~· +d' 
Una representación gráfica de la amplitud del vector luz: (ci -uno de sus •componentes} 

\ . - " . '' ... 
conforme se propaga en la düecci6n-positiva del eje z está dada en<la'figtira··zl, 

A 

... · 

t-------------~----------~~---,,--------L-~--~2 
/ \ ·. .IF t ···. ! 
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La longitud de pico a pico en la gráfic , : e define coino la longitud de onda ¡¡.. , 
El tiempo requerido para el paso de do~ picos sucesivos, por algún valor fijo de z, 
se define corno el período T y está dado por: 

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

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

oz . 
rojo profundo, con una frecuencia de ?>'JOx ID e. p. s., hasta el violeta profundo, con 
una frecuencia de '110 x 10'~ e. p. s. 
La mayoría de las investigaciones fotoel6.sticas 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 está compuesto de vibraciones A1 , Az, A), que tienen la mis
ma frecuencia, el vector luz es monocromático y su color depende de la frecuencia, 
Si los componentes son de diferente frecuencia, los 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 clásica, 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 -

/ preferen.te de vibración, la luz es considerada como polarizada. 

~ ·····-- ·-· 

Hay tres diferentes formas de luz polarizada que son· actualm'ente empleadas en los 
métodos fotoelásticos del análisis de esfu~rzos: 
1) Luz polMizada 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. Figurá 23. 
3) Luz polarizada elíptica. Se obtiene cuando la punta del vector luz describe una 
hélice elíptica conforme ·se propaga en la dirección z; 
Notese que los casos l) y 2) son casos ·particulares del caso 3), 
En la práctica la luz polarizada plana puede ser producida cbn un elemento óptico 
conocido corno polarizador lineal o plano;· · 
La producción de luz polarizada circular o elfptica, requiere del uso de dos elemen
tos ópticos. Estos arreglos se discutirán más adelante •.. : 

-~ ) ) 
/' 

FIG·22 
_ __.. _______________ , ____ .. ____ -- -·-- ··-·---'- - --- _____ .. __ -
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FIG-23. 

a. 3. Polarizadores planos. 
Los polarizadores ~lanos 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 
absorve la componente perpendicular al eje de polarización y transmite la componen
te paralela, como se ilustra en la figura 24. 

FIG-24 

Si el polarizador plano· est~ fijo en algún punto a lo largo del eje z, la ecuación. pa
ra la amplitud del vector luz dada por la ecuación 78 puede ser escrita como: 

A "-Q..Se., ~11/.L e t 
que puede reducirse a: 

A= o.. ~e"'~ líl?\:.:. q_ ~en w-t ~c.. ~1 
donde w:ozn~ es llamada la frecuencia circular de la luz. 
Los componentes absorvido y transmitido del vector luz son: 

Aa... "- Q.. 'ae"' wt ~ ...... b 

At.~ c._ ~enwt ~o!> g 

• 

i 
' 

. ·1 

' 
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donde :; es el {lngulo entro el vector ' y el eje de polarización. 
l:n lu práctica los filtros poluroid proJt;•. ·.on un amplio campo de luz muy bien pola
rizada a un ·costo relativamente bujo. 
En su monufilctura, una lómina de alcohol polivinílico se calienta, se alarga, e in
mediuta;c,ente se deposita en unu láminu de acetato o celulosa. La cara de polivini
lo de este ensamble, es teñitli1 por un líquitlo rico en yodo. La cantidad de yodo di
fuso en la placa determina su calidad. Lu corporación Polaroid produce tres grados 
de calidild: HN-22, HN-32, HN-38 .. l.i1 HN-22 es la mds recomendada para propósi-
tos fotoelásticos. 

a.4. Plilcas ele Onda. 
Ciertos 1nateriales tienen la propiedad de descomponer el vector luz en dos compo
nentes ortogonales y transmitir cada uno de ellos a diferentes velocidades. Un ma
terial con esta prqpiedad es llamado birrefringente. 
La placu birrefririgente mostruda 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 u una velocidad C 1 y a lo largo del 
eje 2 a una velocidad C ~ . Como e, >C z , i1l eje 1 se le llama eje rápido y al 2 eje 
lento. 

Si la plucil birrefringente es colocada en el campo de un polarizador plano, de mane
ra que el vector luz A~ces descompuesto en clos componentesAt.1 ,A~c, a lo largo de 
los ejes 1 y 2 respectivamente, (nótese que el ángulo entre A1: y el eje rápido es(} ), 
la mal)nicud de los componentes At,, Al< ser<í: 

At.,: At.C:o;:,r>.=O..Co,$ &e .... wt Co:.••-= \<.~e.nv.JtCo:.(} ro 
"' t' <::.. c. 1? .3 

A t.: Al: ~•"!3 = 4..Cab ~ ;)e,.,.....,t S., ..... g= k ~.,,.,...,t. Se., e 
donde 1<-= o._Co~~. 
Los Cvll1¡,oiwntes At, y A t... viujan atrav6s de la placa con velocidades diferentes e 1 , 

y ez rc.·>pectivamente. Debido a esta diferencia de velocidades, los dos componen
tes emerqcrán de la placa en tiempos diferentes. O sea que un componente se atrasa 
relativCJ!IlCnte al otro. 
Este rd~ll-do puede ser manejado más eficientemente considerando el cambio relativo 

·de fase entre los dos componentes, como se ve en la figura 26. 

E¿c :;¡_·. I~di<e Jc" ~f,c.ccio'~ = Yl._ 

llc.loc:d'<~ de l'r-ofqóo.c;o'.,::. e~ 

FIG-25 

EJe!: 
I,.d;, e Óe 

Vdot<d-.o 
R~ j.,.'l ce io'.., -:: ~. 
de _f,..,rq 3 ~tció., .::C, 

• 
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Para obtener este cambio de fase relativo, 
ponente, dado a continuación: 

considere el reJtrdo angular de cada com-

A'= zTr;: (.\'1,- \1) 

donde n es el índice de refracción del aire. 
La diferencia A,- 6 l representa el cambio de fase o la diferencia entre los dos com
ponentes de luz cuando emergen de la placa de onda. Luego: 

zn\¡ r. ) 6 = !J ,-!:::,. z = ---;::- '-11• -n., 
El cambio de fase relativo producido por una plaéa birrefringente depende de su es -
pe sor h, de la longitud de onda de la luz)_, y las propiedades de la placa fl,-"1., • 
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 birrefringente, con un retardo A , los componentes de la luz 
serán: 

At.~= \c...~c..,Q .Se.., 1.0-f.. 

La amplitud del vector luz producida por estos dos componentes puede expresarse co-

mo: .1 o'l 1 t 1 r. > ? t 5 7 
AE:.' = ~ At, ..¡.. Ai., =K~ '5e.,2 '-"'t + Cl) C'o~ 1} T ~..., LV • .., (} e, c. ti' 1-

El ángulo que el vector luz que emerge de la placa forma con el eje 1 es: 
...,... Ab' 0c,..wt. -é ~ 

1""' 'í= At,• = ~ .. lwtit>) 411 @ e;. l?J> 
Es claro que la amplitud y el ángulo de la luz que emerge de la placa, pueden ser-
controlados por la placa de onda. Los factores de control son [). y @ • Varias combi
naciones de ó y(} y su influencia en el tipo de polarización de la luz producida se 
discutirán más adelante. 
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Las placas de onda empleadas en fotC~ ;ticidad consisten de una simple placa de 
cuarzo o calcita, cortada paralelamenv ,,¡ eje óptico, una placa de mica, una hoja 
de celofan, o una hoja de alcohol polivinílico previamente orientada. 
Estas ú 1 timas son fabricmlus por Polaroid C:urpor,Jtion, calentando y estirando unidi
mensioivllmente la hoja de uicohol polivin[)ico. Como esta hoja es de solo 20 micro
nes de uncho, las placas comerciales son usualmente lahünadas entre dos hojas de 
acetato o celulosa. 

a. S. i,u z condicionada por una serie de combinaciones de un polarizador lineal y 
una nluc:u de onda. 

·La luz que emerge de una combinación en serie· de un polarizador plano y una placa 
de onda, también es polarizada, sin embilrCJO el tipo de polarización puede ser pla
no, circular o elíptico. 
1) Luz pol;:ulzada planu: 
Si el {¡nvulo @ se escoge. de 0° y el retardo relativo D. no se restringe, la amplitud 
y dirección del vector luz que emrge serA: 

At'=l<.:;,......,lw{:+D) 1 lf=.o 
Como 0'-=o , el vector luz no rotu al pasur u truvés de lu placa de onda, luego la luz 
que emet·ge sigue siendo luz polarizoda plano. La placa de onda sólo retarda la luz 
un ángulo igual a fl . Iguales resultados se obtienen si @= -l . 
2) Luz polarizada circular: 
Si se selecciona una placa cuarto de ondu ( 6 = 11/z. ) y @ se escoge de %, la am-
plitud de la luz emergente esta dada por: - _ fiT 

· At':: {jl k~ ~'wt. '1- Co}vt' = ~ l<. 
Así que d vector luz que emerge de lu plucu tiene una umplitud constante. También 
se tendría que: 

o sea que el ángulo se incrementa continuamente. 
De las ecuaciones 90 y 91, se ve que la 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 cuarto de onda ( 6. = '% ), y se permite que E? sea cual
quier {mgulo menos O , % , o/G, o multiplos pares, el vector luz que emerge de la 
placa tendrá una amplitud: 

El ángulo de salida será: 
\f""' "t::: -¡:;., wt -¡q., ~ 

Puede demostrarse que el vector luz descrito por las ecuaciones 92 constituyen luz 
polar! :ea el u elíptica. 
Ya que la luz polarizada circular es la que se emplea más comunmente en la fotoe -
lasticidad, es importante que la ecuación 85 se reexamine: 

~=Z7T%.(~<~,-I'lz.) ec. ~~-
Recuerdese que la luz polarizada circulur requiere una placa cuarto de onda, o sea 
que !:::,= 11) 10 • Es claro que el espesor h puede ser determinado para que/!:,.= l'l'4! una vez 
que el muterial (n,-n~) y la longitud de onda. de la luz han sido seleccionadas. Sin 
embargo una placa cuarto de onda para una. longitud de onda dada, (luz monocromá-
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- ----También -debe· notar se c¡ue _DO_puede_diset.urse-un-a-placa-cuarto-de-onda para luz 
--olanca ya que sus componentes poseen deferentes longitudes de onda. 

a. 6. 1\rn"qlo de los elementos ópticos en un polaroscopio. 
1) Polaroscopio plano. 
Este es el sistema óptico más s<?ncillo usudo en la fotoelasticidad ya que consta de 
dos polé!rizadores lin<?ales y una fuente de luz arreglados como se muestra en la fi
gura 27. 

El polarizador cercano a la fuente de luz recibe el nombre precisamente de polariza
dar. El polarizador más alejado de la fucntre de luz se llama analizador. En el pola
roscopio plano, los dos ejes de polarización 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 fotoelásUco se introduce entre los dos elementos y se ob
serva a través del analizador. El comportamiento del modelo fotoelástico en un polaros-
copio plano se verá más adelante. Eje. d" , 

Polcc.v\l"q,c lo....., 

2) Polaroscopio circular. 

1 

' 

' ' 
' 
' 

'/ 
... __ -

'. ~ 
M o.le.l o 

Ese_oh , 
Pl)\c.,.,.;zqc.\·o-.., 

FIG- 27 

Como su nombre lo indica, este polaroscopio emplea luz polarizada circular; conse
cuent<?mente 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 la Ju:: ordinaria en luz polarizada plana. Cl segundo elemento es una placa cuarto 
de onclu con un ángulo@" lr con respecto ul eje de polarización, convierte la luz 
polarizada plana en luz polarizada circulur. Cl tercer elemento (placa cuarto de onda:) 
se coloca con su eje rápido paralelo al eje lento de la placa anterior; el propósito 
de este elemento es convertir la luz pola.-izuda circular en luz polarizada plana que 



58 

vibra de nuevo en el plano vertical, L ~ :. ':.irno elemento es el analizador con su eje 
de po!Jrizaci6n horizontal, y su prop(•::ilu es extinguir la luz. E:;ta serie de elemen
tos ópticos producen un campo oscuro. 
Actualmente se emplean cuatro arreglosde Jos elementos ópticos del polaroscopio 
circular, dependiendo de si las placas y Jos polarizadores son paralelos o' cruzados 
( tul.JJ., !.), 
Los arre's!os A y !3 se recomiendun puru CéHnpos oscuros y cluros respectivamente, 
ya qulO el error introducido por las imperfecciones de las placas cuarto de onda, -
(arnba:o difieren por ejemplo de{;;-: 11j~ urw cuntidad dada), se cancelan. Ya que las 
placa" cuarto de onda pueden ser de baja calidad, es te hecho debe tenerse en cuen-
ta. 

E¿,., de 
Po\q,ví'l<t,io'11 

--/ ' 
/\ 

./ 

:l~ Pl«.c«.. Cvc.~'o 
h o,.\"-

1 

1 

A~.,.. ~~lo P\'1. ~"-~ C.VC\'t"'t-o Po \4. .,., i!-"' do v- y 

•• o ....... 1\."" \i '"dov 
A~~:: c. Ml~«dc..~ <.rv 2-«,do.> 

B C>v!«.d"!> P«. Y"'\ le lo.:. 

e p.._ \"e,.\ e IQ.~ 
Crv i!- o.. do:. 

D 

J g_ Plc.t«.. cvc.r1o 

.\ e 0111 clc.... 
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• 
Los arreglos de los elementos ópticos . : .cutidos, no son lo suficientell}ente com
·pletos para un buen golar9_s_c_opio_dc_tr.:\iujo._ELgrado.de-complejidad-de-un-pola-----
rosco;Jio varía desde sistemas complejos de lentes con servomotores para mover 
los elementos ópticos, hasta arreglos muy simples como los discutidos. 

· b) Teoría de la Fotoelasticidad. 
El propósito es discutir la teoría de la fotoclasticidad, o en otras palabras, discu
tir lo que pasa en un polaroscopio cuando un modelo fotoelástico es puesto en el -
polaruscopio y se carga. Esta teoría se mantendrá lo más simple posible, sin em- · 
bargo lo suficientemente completa para describir la mayoría de los efectos fotoelás
ticos observables en un polaroscopio. 

b.l. T.LI ley del esfuerzo óptico en dos dimensiones 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 ho que es el mismo en todos los puntos y planos del modelo. 
Sin embargo, cuando se somete a un sislemil de fuerzas, un estado de esfuerzos 
bidimon sional se induce en el modelo, y ésto cambia sus propiedades ópticas. 
Opticamente el modelo se vuelve birrefringente y exhibe propiedades muy similares 
a las de las placas de onda. 
Los ejes principales de los esfuerzos en cuillquier punto del modelo, son los ejes 
rápidcJ y lento de la placa; luego es evidente que el índice de refracción cambió en 
relaci·5n con el estado de esfuerzos inducido. 
Es en e>;ta propiedad óptica poco usual en lil que se basa la teoría de la fotoelasti
cidad. Cl polaroscopio es el instrumento que nos ayuda a medir estos cambios en el 
índice de refracción. la teoría que relaciona los cambios del índice de refracción al 
estacte) ele esfuerzos, se debe a Maxwell en 1853. Maxwe!l notó que el cambio en los 
índieos ele refracción eran linealmente proporcionales il los esfuerzos inducidos en 
el modelo y seguían las relaciones: 

Yl,-Y!0 -:: c., u, -tC-..\fz 

\12-t'Jo :(¡(f¡¡,t (-. (), 

donde Yl,: índice de refracción del modelo sin carga. 
n,, Vlz. : índices de refracción a lo largo de Jos ejes principales, asociados con 

<J', ";\ ()' •• 
c,,c2: coeficientes del esfuerzo óptico. 

Si restamos las ecuaciones para eliminar )10 : 

'f),-y¡~ -:=.(_c,-<=-L)C..cr,-<iz.) 
Ya que el modelo cargado se comporta_ como una placa de onda temporal, de la ecua-
ción 85: ). D. 

11,-Ylz-::. .:nr >¡ 
De las ecuaciones 85y94: .ZlTh (_ ) 

¡:::,:: ~ (._c,-cz.) cr,- úz. 
Si e,- Cz= c.: coeficiente relativo del esfuerzo óptico, el retardo relativo A será: 

¡:::, _ 21f he lCJ, -Ciz.) é'c. 9~ 
- ?-- -13 c...,7' 

donde C está expresado en términos del 13rewster (i Brewster =lO ,4¡.,.). 
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La ecuación 96 es la clásica descripci<'·" ue la ley del esfuerzo óptico. El retardo 
relativo !Jo es directamente proporcional il la diferencia de los esfuerzos principa
les. 
Como las unidades asociadas con el Brewster no son comúnes en la Ingeniería, es 
más conveniente escribir la ecuación 9 6 como: 

(), _ 6 l. -;:, r>\5 e;:_ e c. <t 7 

N- t:, . 7T. 
donde - ~ retraso relativo en términos ele un ciclo completo de retardo < . 

~,.= 7jc es el valor de franja del material ( 1'~,·- .:.., ). 
h :espesor del modelo (iy¡ ). 

De !él ecuación 97 es evidente que lél diferencia de esfuerzos principales o¡ -<f~ en 
un modelo bidimensional puede ser determinado 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 elástico, puede encontrarse la diferencia entre las 
deformaciones principales: 

' 
N fu -= E')) (€, _ r;G.) 

1-1 )'/" . 

1 

o· =-é:,-cl!:. 
n 1-1-J o 

donde: i'é: = ---¡¡-- t-rr 
Luego p;.H.:l un modelo fotoelástico perfectu:ncnte elástico, 1.:1 determinación de N es 

suficiente para establecer u,- 6'~ y é,-é~ si las propiedades del material ( E, ).) , 
lrr , o~ ) son conocidas. 

b. 2. Efectos de un modelo caroado en un ooluroscopio plano. 
Consideremos el caso de un modelo plano cargado en un cumpo de un polaroscopio 
plano con su normal coincidente con el eje del polaroscopio ( fi ura 29). 

Di.-c~do'.., ele 
e:,~h~O 

pY',>I<Íf"' <S', 

E'.1e. de 
Po lo.YÍ l<tt i Ó., 

D;\oecc \o
1
VJ 

~el e~fve~~o 

?'"'"'''r·' \h 

Ese , 
----t-':::..e_· d .. f'ol .. niG< ;o..., 

FIG-29 

• 
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La luz emergente del polarizador en UJ• ·.Lado d~polarización plana vibrando en el 
·-. ---·plano-vert!"ca'l-con_:úna_amp li tud -que-vu ,.¡,,-con-e 1-tiem po-de-la-siguiente manera: 

A=\<.ve .... ...vt (q_) 
Esta luz polarizada plana penetra al modelo como muestra la figura 30. 

E:¡e Je \ 
P.,lo.vi?«dOv 

"' 
Divc.:Gi01>'~ de () <. 

' 

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 ~e..,\.<lt <?o~ d.. (b) 

Az:l<.~e ... u>t Se.,c:J. 
Estos dos componentes se propagan a través del modelo a diferentes velocidades ,y 
al salir del modelo estarán defasados. La diferencia relativa de fase entre los dos 
componentes será, de la ecuación 97: 

6 :,::nnJ = -:f;-lü, -<i'z) z ir <.e) 

Si esta 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,l= I::.C'o:>o{ .Se., l«Jtt ~) Ai =k 5.,,o1. c5e.,(~<~t- ~) (d) 

Los componentes A,1 y A~ entran al analizado} como se muestra en la figura 31. 
EJe: o\...,...¡i-C\dov-

0 , OiYc.c ,o·'4 ele.. cr .. 
in:cc.\0"") e\• cr, ... 

--J~--'~*'~~---;;---t--4> A 
Ed·e Jo/ 
A...,!, "l--.&:, .,. 

FJG-31 
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, A, 
Los componentes A, y ~ se descomF·· ·11, cuando entran al analizador, en compo-
nenJes horizontales A," y Ai.' , y en cur"¡'onentes verticales. Como los componentE' 
verticales se absorven, no se muestran en la figura 31. Los componentes horizonte. 
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~' ~o::.a~.- A, &e.,c:l. 

· 1\::k&e.,o~ t:o:.d..L~e .. lurí:.-~)-c;, .. .,(wt+~)] L.e) 

Mediante identidades trigonométricas, puede reducirse a: 
A:::- K~, ... ::Zc< eo~ wt 5e., ~ ~C- lOO 

La intensidad de la luz es proporcional u! cuadrado de la amplitud del vector luz e
mergiendo del analizador; luego, la intensidad de la luz emergente I estA dada por: 

• 

I-=K ~evo~:2d 5e .. 2 ~ ~s?wt Ce. 101 

Esta ecuación muestra que la extinción (I::. O) de la luz, puede realizarse de tres 
maneras: 
Caso l.- Efectos de frecuencia: 
Cuando wt={.tz•H•)ll], donde 11=0,•,•,efc., el Co=>\~.Jt=o y la intensidad es cero, produ
ciendo una condfción de extinción; sin embargo la frecuencia angular W es tan al -
ta ( por ejemplo del orden de ¡o'~~) que cualquier tipo de equipo fotográfico de al
ta velocidad no puede captar esta extinción. Luego para aplicaciones en fotoe!asti
cidud estlitica, este efecto puede ser completamente ignorado y la ecuación 101 pue'
de ser escrita como: 

Caso 2.- Efectos de las direcciones principales de los esfuerzos. 
Cuanc!o.:lcl:111f dondel1::.q¡~eic, el Se.,•~o~.:oy la intensidad I es cero, produciendo 
una condición de extinción. 
Este hecho implica que cuando ol.=q ~' Ó cualquier múltiplo exacto de 0-'z., la direc
ción principal de (f, o Ó¡:. coincide con el eje del polarizador. Como este anAlisis 
puede extenderse para cubrir todos los puntos del modelo, pueden determinarse 
todos los puntos donde la extinción ocurre debido a este efecto. 
Cuando se observa todo el modelo, resulta un pattón de franjas, las cuales se loca
lizan en los puntos donde las direcciones principales (<JI o ul!.) coinciden con los e
jes del polarizador. 
El patrón de franjas producido por el término :>c.,• .;~o~. 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 fotoe!.~stico. Como esto representa una parte muy 
importante de los resultados o datos obtenidos en un anAlisis fotoelástico, el tema 
de ·las franjas Isóclinas y su interpretación se tratará por separado más adelante. 
Caso 3.- Efecto de la diferencia de los esfuerzos principales. 
Cuando óJt=Yllf , donde YI=O,•,z,e+r.; el s.:.;~ =Oy la-intensidad es cero produciendo 
una condición de extinción. Luego es claro que cuando 6 -=- n la extinción ocurre. zrr . 
De la ecuación 9 7 puede vers~ -que :A_ h ¡ 

1
, ) 

· · ZlT" ::.lrJ=.N"- ¡~ ,<í,-Úz 
Cuando la diferencia de los esfuerzos principales es tal que hjv<Tltr,-G'~)=q \ 'Z., las con
diciones de extinción son satisfechas. El orden de extinción ( N::0

1
1
1

<'1 ei~. )estA con 

; 
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• lado por la magnitud de la diferencia d· · os esfuerzos principales, por el espesor 
- -~---del-modelo y por-la-sensitivi<:lad de_! m",.· ci;U_ fóto_e_ItlS:fico,_mediante-eLvalor~de-fa-.-----

En general, la diferencia IJ,-(i"l y las direcciones principales varfan de punto a pun
to. r:l antllisis anterior fué hecho con lu luz pasundo por un solo punto del modelo. 
Si el antllisis se extiende puru cubrir cada punto y si los resultados de todos los 
puntos se combinan para obtener un resultado de todo el campo, las lineas de ex
tinción se obtendrán dondeG",-Ú¿~ ~~con N variando como o, 1, 2, 3, etc. y donde 
una de~ las dos direcciones principales coincida con el eje de polarización del po~ 
larizudor. 
Los dos patrones de franjus se forman y se superponen uno con otro. Las líneas del 
primer tipo, llamadas ·franjas Isocromtlticas son lineas en las cuales~~-\)~ es igual 
a una constante, dependiente del orden de franja N. 
El segundo tipo de Hneas, que se relacionan con las direcciones principales de los 
esfuerzos son llamadas Isóclinas. 
Desafortunadamente, los dos patrones de frunjas están superpuestos y su separación 
requiere técnicas especiales que se describirán más adelante. 

b, 3. r:fectos de un modelo cargado en un polaroscopio circular (arreglo en campo 
obscuro}. 

El uso de un polaroscopio circular elimina las franjas Isócllnas 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~ Pl~'"
cu ... ~o 4e 

o .. ~4.. 

j~ f'l"''"' 
~~a.v1o h 

O,. e! u.. 

FJ G -32 
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Empleando la ecuación 86la luz emergf',,,., de la primera placa cuarto de onda, pue
de expresarse como: 

A,'= ~ k ~e .. (wH Jf)= ~ k.C'o~wt 
) 

Como se dijo anteriormente, la luz que Eemerge de la primera placa cuarto de onda, 
está polarizada en forma circular. El vector obtenido al combinar los componentes 
A,' y A,' es de amplitud consturite y su puntil describe una hélice circular conforme 

se propuga a lo largo_del eje del polaroscopio. 
Estos componentes entran al modelo como se ilustra en la figura 33. 

. E¡c. Je\ 9o \c,v ilqdov 
~~~~o ~ 

(1! f'l<l.co. CuQv-io 

de O.,Cq_) Re! f';.lo 

ll! PIQc"- e .... \'"io 
de O,.cl,) 

FIG-'3'3 

Los componentes A,' y A; son entonces resueltos en dos nuevos componentes A," y 
Ai.' cuando entran al modelo, a lo largo de los ejes <i', y cr~ 

Los componentes A/ y A/ son: 

A,": A,'Co.s(lT/'1-e<) +A~ Se.,(%-oe) (.!;,) 

A.i'~ A; C'0 ;:, llT/7 -oi)- A.' 5C'., (%- o(J 
Combinando las ecuaciones <\) y 1>) : 

A/1= ~ lt. [ Co:. wt. G>.s l'~~'/<t- ~) +&e., ud &M (1~ -ol.)) (c.) 

Az"= ~ kise.,wt Co:.(%-o~) -eo~wt !:le.,(%-"'.)] 
Como el modelo cargado tiene las características de una placa de onda, las dos -
componentes A," yA;' se propagan através del modelo con diferentes velocidades y 
emergen fuera de fase con un ángulo de retraso relativo~ que es proporcional a: la 
diferencia Cf1 - <ft como se indica en la ecuaci6n96. Si esta diferencia relativa de 

• 



-- r ~~--·.¡.~A 

65 . ' 

• 
fase /!!¡ se divide en los dos componc:c'-' s, con+ ~_aplicado a A,'' y-1- aplicado 

- ·:....:-=.a-A¿'.';=la-s-amp1li:udes-de-estos componentes-cuando-emergen-del-modelo-serán: ----

A,"'= Rz.z K [c.?o.:.(...¡t+~JC'o .. (o/,--ot);- óe..,(wt+4-) áe.,(o/.-,.--0) · · 

A,"'= q} l<.l-Se..,(wt-6/~)co~(%-"')- to,(<t~t-~) &!.,(1~~-ot.)] 
(.d) 

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

Eie -~c((';~o 
(..2~ l'l~c ... evavto 

~~ o,oo..) 

.2 ~ P\"-t "
Cu,.,-10 de. 

O"d"-

Eje l-• .,4-o 
(.:z "- PI.,.._ tu .. .-to ~ O .. d.._) 

FIG-'34 

A 111 1\ m 
Los componentes ' y Hz.. se descomponen en los ejes rápido y lento de la se -
gunda placa cuarto de onda, y los denotaremos como A;" y At que pueden-ser des-

critos por las siguientes ecuaciones: A,'"=- A;_11 e,,( o/'1-"');. A.'~ ó-: 11 (% --<) le) 

Al..'"= A;"f.,~(%-o~) -A~'1 ee .. crr;..,- ... ) 
Sustituyendo las ecuaciones cl.)ene): 

At"'= ~c.~ l~e"' l4>1:.- t%) Co:.2~F"'J- l:'o:,(wt- o/.) é'o:.l% -o<) ~.,.., l% -a<)-+ 
-t ¿.~~lwt+blc) e.,.,(%-ot) 5e .. (%-ot) -t be .. (wt:+ 0/z.) ~e • .Z(%-oi)J 

(~) 
Az.'"; r;: I<..LC'.>=>lwt+ bJ¿) Eo~"'(_rr;c¡-ol) "\' s ... (wt t o;,) :;,e.; (TlJ'I-ot.) eo~(%-o()-

- c¡,,.~'~lwt- "J.) e.,., C. JV,r oe) :>e., é %-o~) -té' o:, L ..;t '""llJz) ~ ...... (%- o1) 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 Aiv, 
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• · A" Av los componentes emergentes de la pla•.·· • • y z pueden expresarse como: 

A,v = ~ \(. [ eo~(. w~- llf,.) ec~zev., -o<) -\- ;:,..., (.wt- llJ.:) ~e .. ( %-a() ~,.(IT)., -of)-
- ~e"'lwt+ llfc) Se .. (1%• -w) to:.(% -el) i" C'o:.l wt + %) 5e'9"(%-') J 

Atv= ~ ~ [c,!>lwt+bk) fo:}("fr,-,¡)-+ ;)~ .. (wt+ o;.}sP .. (o/v-ol)~o:;( ~~ot)- ttc. I03 
. ' 

- <::>e .. (wt- •%) co~C% -<><)~e% -o<)+ C'o~ (wf- %) Se./{i~-ol) J 
Finalmente la luz entra al analizador como se muestra en la figura 35. 

Ese R<!.p;do 
lZ!!. PI...<«. C!v<>.v'to 

d~ o.,o...) 
A," 

EJe 
Po \el,; ~clor 

--+~c.:.· 

EJ·e ele 1 
A~.,.\;aqdoy. 

Fl G-35 

Los componentes A~ y A{ son descompuestos en componentes horizontales y verti
cales. Los componentes verticales son absorvidos en el analizador y los horizon
tales ·son transmitidos para formar el vector A 

A=~ lA/- A/) ¿>c. lo'/ 

Sustituyendo la ecuación 103 en la 104 y simplificando: 

A= l1c:. Se:., ~ [eo~ lo<-twt-)- ~(a~-wt)] 
La intensidad !de la luz es proporcional al cuadrado de la amplitud, luego: 

1 = 1< ";)~.,?. ~ [Co:,(el.;.wt)- ~e., (.o~-wt) J ~ f!c. /O(, 

Una inspección de la ecuación 106 muestru que la extinción ( I: O) es posible cuando 
.5e.,r-1-=-o Ó I..~o:.lo(+Wt) -~(!"-wt)]t =O 

El término [C"o:.la~-t~o.~l:)-~c"'l"'-"'*-)]z no produce extinción que pueda ser registrada, ya 
que la frecuencia angular l.<J de la luz es demasiada. Por lo tanto, para efectos prác
ticos, éste término puede ser despreciado y la ecuación 106 puede reescribirse como: 

&.. /01-

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

. ! 

) . 

l 
l 
1 

l 
l 

' _) 



+4;· --~·~·'~-,~\:_'~':~~ 

67 ' 

Regresando á la ec"uación 107, es clar" ·,:Je I::O cuando-s .. .,·~=o. Este hecho imRli~----" 
- -ca~que-la-extinción-es-posibre-sólo- cu-<:iiiJo-~ = n1T--;-donde ~o :o,,, •, efe. , El tipo d~

extinción es idéntico al descrito en el caso 3 del"polaroscopio plano. 
Lu 1oculización de estos puntos de extinción producen un patrón de franjas llamadas 
Isocromáticas. 

b, 4. Efectos de un modelo cargado en un polaroscopio circular( arreglo de campo 
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 Q", -IJ"L 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=\-+ n, Luego con el campo claro el número de línea 
se cuenta en la secuencia i:

1 
1!{

1 
.ZYz1 3!/c, e.ft:. . 

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.¡<: J,.l !\""'-\i~c!ov
'1 del í'o\q YÍi!~y 

FIG '36 

Los componentes horizontales de A,~ y A( son absorvidos, mientras que los compo
nentes vertiCales se transmiten. El vector luz emergente estará en el plano vertical 

con una amplitud dada por: A Yzl l V) er JO""" 
= .:_ ~~,,v-tAl. ~ <r 

Sustituyendo la ecuación 103 en 108 y simplificando tendre-mos: 

A=<. k ~:.wt ~<>.::. !:>.f-z. 
y la intensidad: 

te. ID'/ 

·; 
. "• 
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El término Co::lwt puede despreciarse las razones ya expuestas: 
I == }( C'o~' -~/.:. t'c.. 11o 

La extinción (I =O) ocurrirá cuando 
t;¡2 = t+';'1 íT ./ n= o,"<; a, ... · .. 

pero de la ecuación97: 
N= Jrr-='i+J? t.c..¡¡¡ 

que implica que el orden o número de la primera franja observada en un polaroscopio 
de canÍpo claro es } que corresponde a n-:: O. Usundo los dos campos (obscuro y cla
ro), es posible obtener 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 franju s permite a menudo UJ!a estimación del or
den de franja de hasta ::!:.0.1 que resulta en una uproximución para la diferencia de 
los esfuerzos principales de±o.1-P.rA,. Si se desea mayor exactitud, debe hacerse uso 
de técnicas más refinadas; algunas se describirán más adelante. 

b. 5. Fotografía fotoelá sticu. 
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 la 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 pluta para prevenir lu trunsmisión de lu luz. La densidad de un tipo dado de 
película, es una función de la exposición (intensidad de la luz l'. 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 E o, 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 que la intensidad 
es cero (N o, l, 2, •••• ) • Sin embargo la película registra valores del rango de ex
posición por encima del valor de inercia E 0 • Es esta exposición "muerta" la que 
produce las franjas anchas cuando en teoría son líneas. 
La pendiente de la densidad vs. Log E duda por l( determina la exte nción de la 
película. La p_elícula- usual tiene 1$'~ i . Este relativamente bajo valor de?( da 
un amplio rango de exposición sobre el cual la película 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 fotoelásticas se emplean películas con valores de '( 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 más crítico, pero puede establecerse en exposiciones preliminares. 

• 

1 
1 

i 
1, 

1 
' ' 
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La densidad de niebla es menos impo1 :<e ya que implica que existe una delgada 
·capa-un !forme m en te di stri l:luida_s obre J.,_; >elí cu la ,-que-a bsor be-la-lu z-;-E sto-por-su:::---· 
puesto va en detrimento de la brillantez del negativo, pero como es un factor rela-
tivo, no es objetable. 
Para la porción lineal de la curva, densidad vs. lag E, la densidad D puede expre
sarse como: 

. D=Do+'t(Jc~E-J~Eo) ec..IIZ. 
donde D= lo~I.'/re. 

I:;:. :intensidad de la luz incidente sobre un negativo revelado. 
Ie. :intensidad de la luz emergente de un negiltivo revelado. 
Do :densidad de nieblu= loa Ié/Ie.J . · 
.le' :intensidad de la luz emergente de una parte no expuesta del negativo re

velado. 
E::.It. 
.I :intensidad de lil luz incidente en la película, 
t: :tiempo de exposición. 

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

.lb:¡ .:Z:~Íe ~lo(} I<Jie.' +~.lo~ % 
que puede ser reducida a: //. _ I"'' 

1 
(E. 

1 
)~~" 

0 
f! 

/J'- /Ie -:. /E o Te/ Ce. • 11.3 
donde J es llamado el rqdio o razón de brillantez S'= /Ie'. 
De esta definición se ve que S'=l corresponde a la parte mós brillante del negativo, 
mientras que 'J=o corresponde a un área opuca. 
Recordando la ecuación lO 7: .. l:J. 

I=R Se.... Y:z 
La exposición para un negativo en campo oscuro ser<'i: 

I:=It. = .kt 5e..,-z tlj"l:...: Ey óe'1~ D/z 
donde ty= :¡_~ es la exposición uniforme producida por el polaroscopio. 
Combinando las ecuaciones 113 y 114: t:!' 

'JJ = ( l:f/éo )ll' ~e."l~ll' ój"l. · e: c. 11.,-

L~ ecuación 115 describe la brillantez de un negativo que resulta de fotografiar un 
modelo fotoelástico en un polaroscopio de cumpo oscuro, 

F!G-37 
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b. 6. Multiplicación de franjas por méi. "'•>S fotográficos. 
Empleando procedimientos normales, pueden obtenerse dos fotos de un modelo foto
elástico (una en campo claro y otra en campo escuro), que permiten la determinación 
del orden de franja 'en la siguiente secuencio: N= o Yr 1 lY, " etc. 

. 1 1 1 J V 1 • 

En algunas aplicaciones es deseable la determinación de ordenes de franja fraccio-
narlos entre los ya listados. Este objetivo puede lograrse de diferentes maneras. En 
ésta sección se describirá una técnica fotográfica, la cual proporciona, mediante la 
superposición de patrones de franjas Isocromtlticas ordinarias de campo claro y os
curo, un 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~ Y •. 3/.y 1 de., y representa un fac-

' ~ 1 " 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: lf.~."' l Es¡Eo/ Se,., :>..l!' 'Vz. Ce. liS 

Combinando las ecuaciones 113 y 114 con llO, es claro que: 

Y Y d., o =lE j /r::o) ~C. o;:, 2.1/ 'Vz Se. 11 ' 
Multiplicando estas dos ecuaciones, que· es matemáticamente análogo a sobreponer 

los dos negativos: 1/ = l'l . )f '/ ) "' ( Es¡ )~~ H' 6 /> ~11' c. 
!'Y., l'iooc. \./ftl~·· \. fEo s~.., Yz Ló::. 7'~ 

que puede reescribirse como: 
2

'1' z t" ·., 
Y-r..,=E. &e 11:>.11"t:.)z:to., l>Jz é.c.J/r 

• 

Un exámen de la ecuación 117 muestra que la característica del par de negativos super
puestos está determinado por el factor é. (que es controlado por el tiempo de exposi
ril,-, " la velocidad de la película) y el factor (f ( que es controlado por la película 
¡ , ... ~cd propiedades del revelado). Si se emplea una película con lr'-= i la ecuaciól') 

117 se reduce a: 11 _ c.z [ _e (6 ' )] 
. z ¡.f..,- <.:./e 1 o::.~ le. 

Como al término .E puede dársele cualquier valor controlando el tiempo de exposi
ción', el término [t- Co~'f (b!e)] determina las características de los negativos super-
puestos. El término [_t- t'o~ '1 (~)] es uno cuando ~ = (z.,t•) l}iq donde Y!: o, 11 l 1 ... • indi -
cando que el patrón de franjas se registra en Njc¡ 1 3"1v ,-'1'

1
- .. como se muestra en la 

figura 3 8. Luego la posición de los ordenes de franja de ;¡ pueden registrarse en to-
do el modelo de una forma simple y directa. ·~ ) zl( 16 )] 
Conforme ;( aumenta de valor, la cantidad [5e., Lo/ .. ea~ \.. Yz continúa exhibien-
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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FIG 38 
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b. 7. Adelgazamiento de franjas con espejos parciales. 
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 39), 
El efecto de los espejos .es hacer que la luz se propague hacia adelante y hacia a
trás a través 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: 

J:;,:I<. \1- R)., ~ ..... z 6/7, "'~ T~ ~~ liJz (.4.) 

donde R y T son los· coeficientes de transmisión y de reflexión de los espejos. 
La intensidad del rayo 3 ha pasado por dos reflexiones y do.s transmisiones, luego T 
y R están al cuadrado. También la luz ha pasado através del modelo tres veces, y el 
argumento del seno ha sido multiplicado por 3 por este hecho. 

I~ =}!. 1" R. z. :,.,., .. 3t.}z lb) 
Siguiendo este procedimiento, la intensidad del k ésimo rayo será: 

I~ : T,Tt R."'-1 c.._~z 'rC.i:>. 
.. ,t-. ~~.. • \(.:.1 1 s, 1 .... 

:2. / 1 1 
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Las intensidades L , .J. 3 , Io-, ..... J '· e; e suman aritméticamen\e; luego la intensi
-·--dad-resu·ltante de los rayos sobrepues;,.,, está dada-¡:for ra_s.erie: --------.., --

. ..L-= F. ¡z "~ R"'-' ~<!.VI~~ K~· ~c.. 11'1 

Si ésta relación se expande y se grafica como función de D.iT = /11, la curva intensidad z . 
contra orden de franja es la que se obtiene {figura 41). 
Cuando esta gráfica se compara con la curv¡;¡ convencional, se observa que las fran
jas se adelgazan. El. ojo humano empieza a registrar una franja a una cierta intensi
dad mínima Io; luego la función adelgazada produce una franja mucho más angosta 
que la función convencional. 

, 
1 

r--
1 

' 1 

1 
' , • 

1 , 
1 

F 1 G-41 

, 

0,~----~~----~'~'-----+~----~------~ 0.5 .1.0 .L ó .u; 

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 ca
rresponden a Jos 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 franjus oscuras están ordenados con una secuencia o,l, 2, 
3, etc. y las claras con una secuencia Í¡ /~ 2 ~.1 .3;t"e1<; 
Luego, los datos normalmente obtenidos en campos claro y oscuro convencionales 
están contenidos en una sol a fotografía si se emplean espejos parciales en un po
laroscopio circular con lentes. 
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b.S. Multiplicación de franjas con esL:.::•S parciales. 
Post también mostró que los espejos p<.Hciales pueden ser empleados para multipli
car el número de franjas que pueden ser observadas en un modelo fotoeléstico. 
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 esté 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 atrés a
trav(:s del modelo, se observa en la figura 13. De esta figura es claro que cada rayo 
de luz que emerge del espejo, sale con un ángulo que es función del número de veces 
que ce! rayo pasa através del modelo. Por ejemplo, los rayos 1, 3, 5, 7 que han atra-· 
vesado ei modelo el mismo número de veces que su número de rayo, emergen con án
gulos o, :z[!, '1f5 d Gf , adem<'ls que los rayos no pasan por el mismo punto. 
En la práctica, multiplicaciones por factores de S a 7 pueden ser obtenidos sin intro
ducir grandes errores debido al promedio que es inherente en este método. 

E:.l'e ~05 
~R.,.ci"\~~7 

f";lho 

FIG 42 

• 

., ., 
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• 
El hecho de que los diferentes rayos e:- .uz estén inclinados _diferentes ángulos con 

-respecto-al eje del_p_olaroscopio, _pern:.,.:.,.,_qu e-cada~rayo-esté-aislado-;-Ios-rayo·s-s·on --
recolectados por los lentes pero afocados a diferentes puntos en el plano focal de 
los lentes. Cualesquiera de ~stos rayos pueden ser observados colocando el ojo o 
un lente de cámara en el punto adecuado. 
En la práctica los patrones de Isocromáticas asociados con los rayos 1, 3, S, 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, 3 y 5 . 
El patrón de franjas en las dos fotos del rayo 1 se interpretan de manera convencio
nal, en una secuencia O, %.,1; 3k, de. 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 
1} y, <! ' 
13, z, IJ···• . · 
Finalmente para el rayo S, donde la luz ha atravesado el modelo S veces, la secuen
cia será O, /,01 1~, 

3/,o 
1 

'Ys, ~ 
1 

etc. 
Luego la superposición de los resultados obtenidos de estos tres rayos, es suficien
te para determinar el orden de franja hasta en '/10 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. 

:r,-=Ri"' :)e..,~ l>J:~ 
I

3
: 1T"'R .. ~.,• 3 % 

T cr=:B.T"'Ry ";;;e..,-z Só/t 

Luego, éste método de multiplicación de franjas está acompañado de una considera
ble pérdida de la intensidad de la luz. La intensidad del patrón multiplicado de fran
jas, comparado con el patrón convencional, está disminuido por el término 1 2 R."'" 1 

que es mucho menor que uno. 
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En un análisis fotoelástico convencional en dos dimensiones, se fabrica un modelo, 
se carga, y se coloca en un polaroscopio, y los patrones de franjas son analizados 
y fotografiados. El siguiente f)aso es la interpretación de los patrones de franjas, 
que es el v.erdadero resultado de la prueba, En esta parte del trabajo se discutirán 
la interpretación de los patrones de franjas Isocromáticas e lsóclinas, las técni -
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 lsocromático obtenido de un modelo bidimensional, proporciona 
lineas a lo largo de las cuales la diferencia entre los esfuerzos principales ( cr,-<S'z.) 

es igual a una constante. 
Cuando el orden de franja en cualquier punto del modelo ha sido establecido, es po-
sible valuar ( G',-G"z) de la ecuación97. ¡í . 

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

7.:-.:.x::. ~ (cr-,-6-..)-:::. /2 ~ 
si u1 y o z. son de signos opuestos y a-~.,. o ; de otra manera . . 

<=-~•=-k(G,-6,)=.1¿6', ::>i (i,,(). :>o"f'~~o.\.oVO.I. 

Ec..l-2\ 

&. \ZZ 
(,...,q·~ = ~ (G3 -<h) =- ~6"z ;:.¡ cr, 'á u~ :.o.., "'~~c:..i-ivo~ 

La diferencia entre las ecuaciones 121 y 122 está representada grMicamente en la 
figura 44, donde se ha dibujado el círculo de Mohr para los dos casos. Cuando 
cr, >o y Cfl. <.63 :. O, el esfuerzo cort~mte máximo es la mitad del valor de (cr,-cr._) 

y puede ser determinado directamente del patrón de Isocromáticas conforme la e
cuación 121. Sin embargo, cuando ú, >óz. >6'3::. o, el esfuerzo cortante máximo 
no está en el plano del modelo y la ecuación 121 proporciona ?::' 9 y no ¡:;; ..... A • 

Para establecer C .... ·~ en este caso, es necesario determinarcr1 individualmente 
y no (CJ',-<3"-..). Este es un punto importante ya que la teoría de falla del cortante 
máximo se usa con frecuencia en el diseiio de elementos mecánicos. 
En la superficie libre del modelo, G'a o G'z. son iguales a cero; por lo tanto el es
fuerzo tangencial a la frontera puede ser determinado directamente por 

cr,, G.._ = N f<r />. · ~c.. lZ3 

El signo puede ser usualmente determinado 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 general se conoce la carga apli
cada y por lo tanto uno de los esfuerzos, digamos Cl;z,.; sea P la carga aplicada.· 

Luego: cr,-<Jz,=ü,+?=-N~¡( Ó G',-::.Nf~- p l!c..r<<¡ 

donde {J'z:.-? ya que la presión aplicada se considera positiva. 
Concluyendo, es claro que el patrón de franjas Isocromáticas, una vez identifica
do, puede ser interpretado de la siguiente manera: 
1, ( cr, -u~) puede ser determinado en cualquier punto del modelo de la ecuación 97. 
2. Si<f,>o yG",.<.o, (CJ',-<i'z.) puede ser relacionado al esfuerzo cortante máximo 
;nediante la ecuación 121. 

'':1 

• 
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FIG 44 

3. Si 6i>Cíz. >O o siO>CT1 >Cf7. , (cr1 -Gz.) no puede ser referido al esfuerzo cor
tante máximo y es necesario determinar G'1 y G'~ individualmente y referir t;...,~ a. 
o, o. a u-~ , mediante la ecuación 122. 

4. Si las fronteras pueden considerarse libres (esto es si <J, o G"&:. 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. 

e. 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. Estás reglas son: 
l. Isóclinas de todos los parámetros deben pasar através de los puntos isótropos 
o singulares. 
2. La isóclina de uno de .los 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 parámetros k'· .m através de los puntos de carga concen
trada. 
Las lfneas Isóclinas, a lo largo de las cuales los esfuerzos principales tienen una 
inclinución constante, dun lus direcciones principales de 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 diagrama de Isostáticas o diagrama 
·de trayectorias de esfuerzos, donde los esfuerzos principales son tangentes o nor

. males a las líneas Isostáticas en cada punto. 
El diagrama de !sostáticas puede ser construido de una manera dire'cta a partir del 
patrón de 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 orientedas 0° de la normal, se dibujan através de ca-
da uno de estos puntos, )'¡asta que intersecten la Isóclina de 10°. Las líneas (1) se 
bisectan y un n)Jevo set de líneas (2) se dibuja, inclinadas 10° de !a vertical, hasta 
la siguiente Isóclina. Nuevamente estas líneas se bisectan y otro conjunto de líneas 
(3) se dibujan orientadas un ángulo de 30° con la vertical. Este procedimiento 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 
Isóclina s, como se ve en la figura 45. 
Los parámetros lsóclinos 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 parámetros Isóclinos dan las direcciones entre el eje x del siste
ma coordenado y las direcciones de a, o V t. y recordando el círculo de Mohr y las 
ecuaciones de transformación de esfuerzos en función de los esfuerzos principales, 
es claro que: .,.. ~y::: _ cr,- G' ... c.. N t,. e 

<..~ ""c."' "2. e= - - 'b"'"' 'ZB e:.. JZ5' 
2. :z. ..... 

donde; & es el ángulo entre el eje x y la dirección de cr-, dado por el parámetro de la 
I sóclina. También: ()

1
-G z _ N R.. r: .. y-::. 2 ~e ... '2.&,- ~ 5 ... ...., -:2-e, ec:.. 12b 

donde e, es el é.ngulo entre el eje x y la dirección de o-l. dado por el parámetro de 
la Isóclina. 
El uso combinado de los datos de las lsocromáticas y las Isóclinas representado 
en las ecuaciones 125 y 12 6 permite la determinación de Cr.y . Este valor de Cx.y 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 cr._. 

e. 4. Técnicas de compensación. 
El orden de las franjas Isocromé.ticas puede ser determinado hasta en! de orden · 
empleando los 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. 
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FIG 45 

Método de Compensación de Tardy: 
El método de compensación de Tardy es muy usado para determinar el 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 e9-1aciones 103, que describen la luz emergente de la segunda placa cuarto de on-
da, pueden ser escritas como: · 

At·=· ~ 1<. t~•::.(w-l- ~) -t 5en lwt- ~)-~en lwh ~)-t l." o:~> (...,h~)] 

A~::. -~ ~ L eo::.lwt. ~~)+So.., lwt+~) -:; • .,l-.~t- ~) +eo:.llolt-~)] 
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que pueden reducirse a; ~ l. A) 
A,,"= ~ 'i'.Co;,w{\.Co:.1-- ~ .... '¿" 

A:= 'lf- 1<-t'o:. wt lC'o~ ~ + ~e.., ~) 
Ahora consideremos los componentes do 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~ é'o:.(% H)-At<.>o:.C!f-'t) ec. 125' 

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

(E o:. i- +!:>~.., ~) C&:~ls"- Se .. ~) -leo:. 'i, - ::..: .. ~) Ceo:.ls" +Sen t) =o 
que se reduce a: t> ) 

~e"'LY~-~ .::o éc.J"Z'1 
La expresión ~ ..... C~· -ll) .. o cuando o;~ -ll' ... l'llí , donde n = O, 1, 2, .•.• ; de manera que el 
orden de franja N en el punto de interés está dado por: 

N~ .o~z1T "'n -+ r)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 3' , la franja de segundo Ór
den se moverá hacia el punto P1 hasta que se obtenga la extinción. El Órden de franja 
del punto P1 será N= .:Z -t ~/rr . Para el punto P?. el valor de n se toma también como 
2, y el analizador es rotado un ángulo y1 hasta que la franja de segundo Órden pro
voque la extinción, dando un Órden de franja de N=> 2~ f.Jrr. En este caso n pudo ha
berse tomado como 3 y el analizador rotado en la dirección contraria un ángulo-~, 
hasta que la franja de tercer Órden produzca la extinción en el punto P~. En este ca-
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~>ha -sido-eva-luada, su influencia_en ~e!_c::l.d.crzo_principaLmáximo-escusualmente-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 que esto altera la -
distribución de los esfuerzos. 
Como el modelo fotoelástico puede difecir del prototipo respecto a la escala, espe
sor, y carga aplicada, ·así como las constantes elásticas, es necesario extender 
este tratamiento para incluir las relaciones de escala. Mucho se ha escrito respec
to a esto, empleando números udimensionales y el teorema1T de Buckingham;sin ern. 
bargo, en la mayoría de las aplicaciones fotoelásticas, relacionar los esfuerzos del 
modelo al prototipo es relutivamente 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 
tShljp y para los desplazamientosóEI-.jp 
Luego los esfuerzos del prototipo pueden escribirse como: 

<rp = ~ ~ t tr... Er.. 13<¡ 

y los desplazamientos del prototipo como: 
S - ~ E.. ¡,,.. dM 
p- p, Ep lop cc..,.,.o 

donde (T es el esfuerzo de un punto dado. 
ó 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 determin~ción 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<:L 
sita considerarse cuando el cuerpo sea simplemente conexo y las fuerzas de cuerpo 
no existen o son uniformes, 

d) Muteriales fotoelásticos pura aplicaciones bidimensional es. 
d .. 1 • Criterio para la selección de materiales. 
Uno ele los aspectos más importantes en el análisis fotoelástico es la selección del 
material adecuado para el modelo fotoelástico. 
Desafortunadamente tt<• 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 debería 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 def.,. o fE. . · 
3. El material debe tener propiedades lineales con respecto a : 

Relaciones esfuerzo deformación. 
Relaciones esfuerzo-Órden de franja . . , 
Relaciones deformación - orden de franja. 

4. El material debe ser isótropo y homogeneo tanto mecánica como ópticamente, 
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5. El material no debe fluir e >:e.·:; ivamente. 
6. El material debe tener un alto módulo de elasticidad y un elevado esfuer

zo último. 
7. La sensitividad del material (esto es fG" Ó fE. no debe cambiar mucho 

con las variaciones pequeiias de temperatura. 
8. El material no debe exhibir efectos "time-edge". 
9. El.materia l debP. 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 estudió 
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 esfueL 
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 f 11 para 
un material es bajo, se puede obtener un patrón de franjas satisfactorio con relati
vamente bajas cargas. Este hecho reduce la complejidad de los sistemas de carga 
y la distorsión del modelo. 
Materiales fotoelásticos.con valores de f.r desde menos de 0.2 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 ~e 
aún no están disponibles. (Los valores usuales de .I;E. están entre 0.0002 y 0.02 
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 diferencias de 
esfuerzos, este hecho no es demasiado serio. Curvas típicas esfuerzo-deformación 
y esfuerzo-orden de franja se muestran en la figura SO, para mostrar el comportamie!l. 
to característico de un material polímero fotoelástico. 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. I sotropfa y Homogeneidad, 

FIG 50 
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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 moleculares del po 
lfmero se orientan aleatoriamente, y los materiales son esenCialmente isótropos y 
homogéneos, Sin embargo, algunos materiales son rolados o estirados durante·el 
proceso. En ambos casos las cadenas moleculares se orientan en la dirección del r_Q 
lado o del estirado. Estos materiales exhibirán propiedades no isotrópicas y no de
ben ser usados. 
S. Fluidez. 
Desafortunadamente, la mayoría de los materiales con base de polímeros fluyen tarr_ 
to mecánica como ópticamente en el período de el análisis fotoelástico. Debido a 
ésto los polímeros no pueden ser considerados realmente como materiales elásticos, 
sino como viscoelásticos. 
Urio 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 14 CJ..•I,Z

1 
... :m) y 

m elementos viscosos con un coeficiente viscoso ~K li<.'-lolr .... IYI)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, -'fiL) puede relacionarse con los esfuerzos y las deformaciones como: 

(~,-11,) Eo:o 2&~ -:.~ ll<i',-<r.) Co:. .2errlt :z.S l(E,-éz)C.~ze~1 Ce./<¡¡ 
donde: 11 1 -l'lt. es el retardo relatlVO, 

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

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

R:= ~o3 f8_-+ s._ ('+~'h. + vz~ J \} 
<t L&¡ &-z. n~ e:. 1 atl 

r¡}cl. ~t a 
16?. d. t; 



:-
' donde: C. 1 ':l Cz. son las constantes f...· ,.,itJ.sticas para los resortes 1 y 2 deÍ modelo 

G, Gr. son los módulos cortantes para los resortes 1 y 2 del modelo. 
'(-z-,'J? 3 son Jos coeficientes viscosos del modelo. 

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

(] YZ,:3 r ) c..... :: Y/o~ C~ t:c. /f'.:3 
''-=-~...c.-c.._ 0 z ~ '( 6, 

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 Filon en
contraron que el material llamado xylonita sigue este modelo viscoelástico particu
lar. 

FIG 51 
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Para el modelo de Kelvili, los operadores se reducen a: _ 
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---Esta-ecuac-ión -muestra que el efecto fr,:. ,, 'lástico-es-función solamente de ra "difer_en--_ __ _ 
--c-iadedeformacione s. 

Finalmente para el modelo de Maxwell los operadores son: 

R.=. ~·3 e, S= o l:c..l<fo-
<¡ G 1 

Estas ecuaciones muestran que el efecto fotoelástico puede ser expresado como fun
ción de los esfuerzos unicamente. 
Luego es claro de la discusión anterior, que la interpretación de Jos efectos de los 
esfuorzos, las deformaciones y sus variaciones con el tiempo, sobre los patrones de 
franjas, depende del tipo de modelo que mejor se aproxime al material fotoelástico 
bajo consideración. 
Afortunadamente Jos materiales fotoclásticos comunmente empleados exhiben una prg_ 
piedad importante, a saber, que Jos 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: <r' (.x,"a,t.) ~cr(.x,'6)~l~) 

E_~ 0<. ~,t.):: é (ll, 1) <c\lt) 
Cuando se toman las ecuaciones 14 6 puede demostrarse que: 

donde 

·e"= Ser= ee. 
nz. -11, = G l~) l~r. -<J&) 

hoz -11, "' c. ~)lé. -€ e) 

G (t.):: R U<.~)J +e;; '5 L~ l~)] 

<.(~): Go R U<.~:)1 t S b(J,) 1 
Lo que esta serie de ecuaciones implica, es que las ecuaciones 
escribirse em la siguiente forma: NV p ¡, ) 

(}, -O"z = n Wl...~ 
é,-Ez: Nf-., ~Eli) 

ec./'1:¡.' 

E c. 1t¡ 8 

€.c. l'i'/ 

97 y 99 pueden re-

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 fa. ó fe. 
son determinados como función del tiempo. El procedimiento normal es calibrar el 
material fotoelástico como función del tiempo X graficar ~<r vs. tiempo, como se i
lustra en la fig·; 52- • Inicialmente el valor de tO'" decrece rapidamente con el tiempo 
pero después d'e;una hora, Jos cambios en f~r son muy pequeños en el período de -
tiempo requeridó para fotografiar el modelo. En la prácticá, un modelo fotoelástico 
es cargado por una hora aproximadamente, luego es fotografiado y el valor de f~r co
rrespondiente a la callbración- de una hora es usado en el análisis. 
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6. Módulo de elasticidad y esfuerzo ú)timo . 

FIG ?2 

. 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 influencfan 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/{'~ ll-t"V) • Los mejores materiales para resistir la distorsión, exhiben altos valo

res de '/~~ . 

• 
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El esfuerzo último de un material fotoelástico es importante en dos aspectos. Prim~ 
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: 

~ = (j·lf~ . é:'c.J$1 

donde(]"._ 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 término 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 reqión lineal de la curva donde ?G"decrece len
tamente con la temperatura. Sin embargo a una temperatura suficientemente alta u
sualmente por en. cima de 150° F, el valor de C.,. 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 f~ se influye apreciable
mente. Para fotoelasticidad convencional en dos dimensiones a una temperatura en 
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~~~tre~í'-D~Y~80°.F~la-p-ondicnto-cle-lu-curv~ .. --, Ja-regi'6'n-nnealesla característica impoL 
tan te. Afortunadamente la pendiente ele la curva es usualmente modesta, de manera 
que el cambio producido en el valor de f~r por las variaciones de temperatura del
cuarto durante la prueba (usualmente menos de :!: 5° f), pueden ser despreciados. 
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8. Efectos "time- edge". 
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FIG '33 

. -

Cuando un modelo fotoelástico es maquinaclo de una hoja de plástico y es examinado 
sin carga como función del tiempo, sro nota que se induce un esfuerzo en la frontera 
que produce franjas paralelas a la frontera. La influencia de estos efectos en un an!1_ 
lisis fotoeltlstico 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". Como Jos esfuerzos debido a el efecto "time-edge" son -
predominantes en la frontera, los errores introducidos por estos efectos son demasiª
do grandes en la determinación de los extremadamente importantes esfuerzos de fron_ 
tera. 
Se ha establecido que los efectos "time- edge" son causados :Jor la difusión del agua 
del aire en el plástico o viceversa. 
Para mucho·s pltlsticos fotoeltlsticos, el proceso de difusi6n.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 estartl usualmente en condiciones de aceptar agua 

¡ 
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·del aire y los efectos "time- edc¡e" e¡,. :-: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 2 o 3 horas. Para la mayoría de los mate
riales fotoelásticos deben seleccionarse c)fas relativamente secos (humedad relativa 
menor del 40 o 50%) y fotografiar tan rápido como sea posible. 

• 

Las resinas epóxicas son diferentes a los otros materiales fotoelásticos, ya que su 
condición de saturación puede alcanzarse en 2 o 3 meses. Para estas resinas es PQ. 
sib!e 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. lvlaquinabilidad. 
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 así como fuerzas relativamente altas de corte. Como consecuencia pueden apare 
cer esfuerzos en las fronteras lo que hace imposible un buen análisis fotoelástico. 
Al maquinar modelos fotoelásticos debe tenerse cuidado de no prÓducir 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 -
corte mas o menos alta. Para modelos bidimensionales se recomienda emplear un -
Routor fig. 54 

ID. 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_ 
delo fotoelástico es muy nocivo y¡¡ ·que se superponen a los esfuerzos reales produ
cidos 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 bailo de aceite caliente, sin embargo es imposible anulM_ 
los totalmente. 

11. 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 i~s resinas. Normalmente el costo del material para el modelo re
senta un muy pequeño porcentaje del costo totu! 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 bidimensionules requieren más de una libra de material. 

• 
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Un sumario de las propiedades ópticas y mecénicas de cinco materiales fotoelés
ticos se presentan en la tabla 3. Un exémen de esta tabla muestra que la resina 
epóxica es la que més se acerca a las propiedades ideales de un material fotoe
léstico. El material Catalin 61-893 tarnbi6n es bueno, pero los efectos "time-
edge" y su escaces en grandes cantidades no lo hacen muy deseable. 
El Castolite, libre de efectos "time-edge" Jo hilcen deseable para ciertas apHca
ciones, y la altamente pulida superficie del CR-3 9 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 dinémica y para la pre
paració~··d~ modelos de demostración. 
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d. 3. Métodos de calibrución . 
Para determinar la distribución de esfu-~rzos acertadamente, se requiere una calibra
ción cuidadosa del material, sobre todo del v<:lior de franja de! material -l'cr . Aun
que los valores de ftr presentados en la tablu 3 son razonablemente ciertos, los va
lore~ de frunja de los muleriulcs vurf¡m con el proveedor, ln temperatura, lá edad, 
etc. Por esta razón es necesario calibrar cada hoja del material en el momento de 
la prueba. i\qu[ presento dos métodos de ca libración igual de simples y exactos. 
En cualquier técnica de calibración se debe seleccionar un cuerpo para el cual la 
distribución teórica de los esfuerzos sea conocidil. Preferentemente .el modelo de
be ser fácil de maquinar y de cargar. El modelo 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. 
Com;idere primero un espécimen bajo tensión teniendo una anchura uf y un espesor 
h , que es comunmente usado para calibraciones. 

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

,..,. - J:_ "1 \J"z = O 
Vo--¡.rJ, rf 

Sustituyendo la ecuación 152 en la ecuación 97 se tendrá: 
p _N~~r , P 
-- - O () - -- é"c.tS"3 
-w h ~ Ter - "W N 

·Esta ecuación muestra que el valor de .f rr obtenido del espécimen a tensión es total
mente independiente del espesor h. En la práctica, se grafica una curva de P como 
función de N (fig. 55), para S o G puntos diferentes. La pendiente de la línea recta 
dibujada a través de estos puntos es usada para el valor deP/N en la ecuación 153. 
El disco circular cargado bajo compresión diametral es también em.pleado como mo
delo de calibración. El disco circular es aleJO más fácil de maquinar y de cargar que 
el espécimen a tensión, además, si se requiere pueden obtenerse varios· puntos de 
calibración de una sola carga con este tipo de espécimen. 

()_ 

-i N 

é 
-Q. 
<( 

d 
FIG 55 

"" ~ 
<l 

V 

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

.) 
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D es 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: 
8 P D"- '1 oz 7t l _ N .f~ 

0",-()l.:-
lr\,0 lD 1 +'0:z)1 ~ 

o"~ -'101!. Jtz 
<.o z+ 'f ~,) "l. 

La ecuación 15 6 puede ser empleada para calibrar materiales fotoelásticos si una -
carga simple P es aplica:da 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 
sustituidos en la ecuación 15 6 para dar varios valores de +'o- , 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: 

f1 

o 8P ec. /6 
ilr = 'li"O 111 

De nuevo se observa que el valor dc-l!~r 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 tlrca espccciill de J¡¡ fotoclasticidad será discutida, la 
cual difiere, en cierto grado, de las aplicaciones más convencionales discutidas 
antc:riormente. Este tópico especial son las lacas birrefringentes, en donde una del
gada capa de plástico fotoelástico se coloca en ia su;1erf icie de un espécimen me
tálico. Cuando el esp6cimen es cargado y deformado, la laca fotoelástica responde 
y el patrón de fr¡¡njas resultcnte observad•) en un polaroscopio de luz reflejada, pue
de , •. ,r interpretada en té:rminos de las deformaciones superficiales del espécimen -
met.'\lico. Aunque este método fué introducido ilace ilproximadar.Jente 30 año3, ha si
do c:1 los últimos años c;ue ha tenido gran publicidad, y que sus aplicaciones se han 
extendido. 

e. 2. La e as Birrefrinoentes. 
El método se basa en la union de una delgada 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 observar el patrón de franjas en la laca están 
representadas. 

!>upit•ric.~e 
Ro ~l.~c. .. ie 

--+-~'1 
--+--p 

F IG 5& 

Cuando el esp~cimen se carga, los desplazamientos superficiales del espécimen se 
transmiten a la laca birrefrin(:ente si la union entre ellos es adecuada, conforme la 
laca responde a estos desplazumientos transmitidos, se inducen esfuerzos y una-
birrefringencia asociada. La observación de la laca mediante un polaroscopio de re
flexión proporciona un patrón de franj¡¡s que se relaciona con las deformaciones su
perficiales del espécimen. 
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Si se asume que la laca es lo suficiel' •:·ente delgada< ·entbnces-lascdeformaciones 
--- -que-ocurren---eñ_la-sup-erficie-del-espéc,_•::.:n se transmiten a la laca sin ninguna dis
~rsión. Con esta suposición queda claro que; 

Ga:G~ :o en umbos, espécimen y laca. 

r 

c.~lx.·{)~t,=>lx,'4) ~ é:lx.~)=é:lx.'a) é:..t§Sl 
donde el sistema de coordenadas es el definido en la figura 57. 

FJC, '57 

C. a c. = ~c. (_ <r,' - -Y c.. tSz."-) 

é.2'= i;_ \..<lc.'-Yc.u,c.) 
SustH·c~yendo las ecuaciones 158 en éstas ecuaciones anteriores podemos obtener: 

f; (u,:.- v~._:s}=- ~c. l'i",c- vc<r/) ) ~:. (li._5
- v., a¡s)- ~luz.'- y, 6,") é'c. /~o 

Estas ecuaciones pueden resolverse para r¡,c. y·(J
1
<-como sigue: 

ú;':: Ea(,~ y, z) [\1- v~ ~ )ü, ~ ~ l ~-Y.s) 0¿
5} t. c. /~/ 

\Íz.c" E. e/~\"'" e! Ll•- Yc. ~)6'z.~ + l'Yc.- Y~)a,~ 1 
que e:-:presan los esfuerzos e la laca en términos de los esfuerzos en el espécimen. 
Restando las dos relaciones dadas en las ecuaciones 161, tenemos: 

(f,'"-<f..c.= E .. LtV$ (.cr,::.-uz.:.) 
- E !o 1 + Yc:. 

Una inspección de la ecuación 162 muestra que la diferencia de los esfuerzos prin-
cipalc3 actuantes en la laca (lf.c.- G"ac.l está relacionada linealmente a la diferen
cia de los esfuerzos principales actuantes en la superficie del espécimen ( li,1>-<S'z.-' ) • 
Las constantes elásticas Ec. , E: !o , Y c., y 'ls., influenc!an la magnitud de (Ir;'- <S'._'). 
La res ,,u esta fotoelástica de la laca se relaciona a { Cf1 c.- G z. <-) empleando la ecuación 

r.' G c. - N f" -:: E.. 1 +Y::. , r:; :s ..,.. s.) $>, • / .. .2 
\J¡ - "' - :2. 't, é:. I+Yc. \,. 1 ""• c.. o..,. 

y la diferencia de los esfuerzos principales en el espécimen está dado por: 

E:. r.:> ... :. __ 
\J¡ - \Jz. - E c. é!c.- "'1 
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Es claro que CJ,~- O:z. .. puede ser det: ,,lado por la observación del patrón de iso'
cromilticas en la laca birrefringcntc si ¡:":,, Ec , Y:., Yc. , ~ü , y h , son conoci -
das. En algunos casos puede ser preferible trabajar en términos de las deformaoio
nes en lugar de los esfuerzos. Esta transformación es muy simple ya que se ha a
sumido que E~-[.,_<::. f.}'- E., .. ; luego: 

¿,~- 10 :. = Nf(. -::. ~ 11 -tYc. )~G" 
- ,. .;:¡, ), .:z 1, \. E c. 

U scr~do la ecuación 165 , la laca birrefringente puede ser empleada como un "strain 
gage" para dar la diferencia de las deformaciones principales (é," -!./" ), La ecua
ción l65a se representa ele una manera diferente por los fabricantes de la laca para 
permitir la conversión del orden de franja en la diferencia de las deformaciones -
principales sin importar la longitud de onda de la luz empleada para examinar la la
ca. La forma alternativa de la ecuación 165 a es: 

$eS N ec.i,5'ó 
é, - G-z. -:: ,.:l \, '!(.. 

donde 
\<.= y~é. 

En esta expresión la longitud de onda de la luz se expresa en micro pulgadas. 

e.3. :)ensitividad de las lacas birrefrinqentes. 
El término sensitividad de esfuerzos S~está dado por: 

~c. = N "' .:¿ \., E c. 1 + Ys 
cr (),s-<3'-..~ 1; Es ¡-Yc. 

y, similarmente, el término sensitividad de deformaciones&; está dado por: 

2 \.., .e.\, Ec. 
~ h == k 1 +ve. 

se. N 
~ é.,b- é. ..... 

Una inspección de las ecuaciones 166 y 167 desde el punto de vista de los paráme
tros de la laca, indica que \, , ~11' , 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 urbitrariamente hasta que se obtenga la 
suficiente sensitividad. Como veremos más adelante, el incrementar el espesor, 
produce un efecto de refuerzo, y en algunos casos distorsiona el estado de esfuer
zos através del espesor de la laca. Los parámetros del material de la .laca que in
fluencían los factores de sensitividad pueden ser agrupados como: 

Gt= E.. l - ' 
1 -T ve. ~ - fe 

donde Q' se llama figura de m~rito de la laca. 
La figura de mérÚo 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 variós materiales busados en el valor de Qc..se muestran en 
la tablu 4. Los epoxis y la Cata !in 61-893 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 polímeras comercialmente disponibles hoy en día. 

• 
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La a;)licación de las lacas birrcfringentes al problema general en el análisis experi- . 
mentul de esfuerzos, está comunmente limitado por la baja sensitividad inherente del 
métouo. 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: 

. 6 
E.,-:: 30 X 10 psi. 
-v~,o.3 
E,., O. 420 x lO" psi. 
Y<=0.36 
f.r,_ 78 psi-in. 
'.-¡-:.O .lO in. 

SusUtuyendo estos valores en la ecuación 166 tendremos: 
r~ N -s 
~~ -= 0',~- (j ._s = 3.'·1<! )( /() 

El re,;ultado de este simple cálculo claramente indica que la respuesta de la laca bi
rrefnngente es limitada, y que la laca tiene suficiente sensitividad para una determi
naci<'•n de pequeños valores de (cr,:.- <fz~) en el campo completo. 
Pued<':n emplearse métodos de compensación para ampliar la exactitud de la determina
ción del orden de franja N hasta aproximadamente O. 01, que permite la determinación 
de G, & - G 2.~ hasta aproximadamente !...300 psi 'oé,~-f.: hasta aproximadamente!. 13 ""%. 
Sin e:nbargo, cuando tienen que emplearse tecnicas de compensación, el método no 
pued<: seguirse considerando como un método de campo completo ya que la compensa
ción éiene una base de punto por punto. 
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lucas birrcfringentes para dar un patrón 
c.)loreadas ~Jueden ser usadas para dife-

renciar ordenes de franja franccionarios y c:Jmpcnsar hasta aproximadamente o.i 
en c::a base de campo completo. Aunque la exactitud alcanzada no es tan grande 
come· en el método convencional de compen . .;ación de' punto por punto, usualmente 
pu<ec.! :n estimarse los esfuerzos en un lo% del valor real, con el método de campo 
com¡ l·.:::to. 
La s, :csitividad de lu laca puede ser duplicada empl·.c,ando el método fotográfico: de 
mult; ::>licación de franjas. 

e.·1. L:fcctos reforzantcs de lus lacas birrclringente~:. 

• 

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 cierta cantidad. Es posible en muchos casos calcular los efectos -
reforzantes 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 pianos 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. 

J( (Jc. 'l7 y 
(js 

y 
\,, 

1 r:r'l.c. ~~ 

¡ 
Ci~ .... ~ o-,:· 

F 1 G '58 

Un el·cmento similar del espécimen sin taquear también puede aislarse, y la fuerza 
actuante en la dirección x de ambos elementos puede igualarse para dar: 

'n:. J. y <r .. ..,. = 'h:. dy cr,..:. -t '..c. d-y Cí."" 

rr -44 - a- =- + ~ cr,. <. "" - . .,,. 

<r .... 
"'él 

La ex;)resión correspondiente para lus fuerzus en la dirección y es: 

cr1 ~ = u y"+ ~<.. rs 1 <. e c.. "q b 
Si se usume nuevamente que: 

&<.= éx.~ 
Ey': é.y'~> 
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__ y_como_los_dos.elementos están bajo ·.. ··stado-deesfuer.zos.::plano:-----------

Susr::uyendo las ecuaciones 170 en 169, tenemos: 

C:> l&.."'~+v)éy ... )-= E:> (_f./"+v'tcl') + ~ Ec. lt:x"'-t Y, é(J"-) 
, __ v~' 1-v,t "~ J-\),' 

(co..) 

-~ (_E:...¡.¡+-y,s.") = E, 
1

(_é./-t'l,,r.;)+ ¡.,"," ~~~c.t(.é/-tVc.éf) 
•--v.• .1-v~ 

(.b) 

Resti:ndo \a ecuación b de la ecuación 01 y s:mplificando: 

E.~~- é. -<( =. ( l-t ~ E, lt'Y,_) \.Ex"- éyc.) 
· Y \: '-':. E!> 1-dc. 

Esta ecuación puede escribirse como: 

donde: 
_ (, -\- ~ E~ ltV) \ t!.c../J2. 

Fe. <l - \.
1 "'~ E" H ~c. ) 

El término Fc."- representa un factor de corrección que debe ser aplicado al valor de 
(Ex e- [ l ) obtenido de la laca birrefringente para establecer el valor reál de la 91-
feronda de deformaciones principales en el especimen sin laquear. El factor de -
correc:ción J=i:!( toma en cuenta el efecto de refuerzo debido a la presencia de la la-
ca birrefringente. · 
Una ,;ráfica que muestra Fc>1 como función de "Y¡,,.es presentada para diferentes ma
terial·:=s del espécimen en la figura 59. Estos resultados están basados en un valor 
de E::.= 4 20, 000 psi y '>{=-O. 3 6, que son representativos del Photostress S, una de 
las li.cas birrefringentes disponibles en el comercio. Una inspección de la figura 
59 mC<cstra que el factor de corrección es pequefoo para valores de ~¡,~, menores 
de 1, si el material del espécimen es metAl. Si, sin embargo, el material del espé
cime;: es madera, concreto, o plástico, entonces el factor de corrección es aprecia
blomc ·nte mayor. 
Un s.·c¡undo ejemplo que ilustra la influencia reforzante de la laca en el estado de 
esfuerzos y deformaciones en el espécimen, es el de una placa sujeta a un momen
to fle :-:ionante M. Consideres e un elemento de la región central de ésta placa, como 
se in 'lea en la figura 60. Si se asume que lu distribución de esfuerzos el lineal y 
que c.; transmitido através do la intorcura cc;pécimon-laca, entonces,de la teor!a e
lemerotal de las placas, la deformación en el 'espécimen y la laca P'~eden expresarse 
como una función de z~ 

~ ~ 
éx =-¡;- f'o.'"' (.1. 0 -A):~:A 

é.-.. c.= i!: P..._.,..._ A!::~~ (.A;- 'v.c.) ~c./13 
J 

€y'":::. éy'=o r ..... , -\-oolo ~ 



i.C. 

~ 1.5 
¡.¡:' 

,s i'l .§1 <:> 
-f. 

~ ;; " ,, 
~ .. l:!> ~ 

~ 
" J..< 1 ..... 
1- 1 
<:> i.1 _,.. 
..J 

tf 

y 

1 
1 

\ .. < 
Y'--7 

/ ./ 
\0 

c..<e ............ 
/ c...~ / ./ 

....- y._ 
....-- t:.,~i.Y'I.i2-- 't\;t(:C9 - Al.•""-
:1. :z 

Re.. -co'vo e! e E~6'e~o1- ',¡~· 
1,~ 

·FI~ '59 

r-------------~,--·~ 

~ 

'-é.._c 

l::x • 

/ 

-
3 

' ~ 1-
E¡c. N,.,h.,_\ 

Fl~ 60 

-··--.~-,-
102 . 



,
' 

103 

_donde_z_es_medido-des~d~e~e~l~e~je~n~e~u~t~r~0~--~~~~:=:=:=:=:=:==-----~~==~----------
A~e·s-ladistancia desde el eje nc·"tral a la intercara. 
S' es el radio de curvatura. 

Como se asume que crJ desaparece para todos los valores de z., las ecuaciones 170 
pueden emplearse con las ecuaciones 173 ¡Jara expresar el esfuerzo CJx en término 
de las deformaciones: 

r. t>
Vl(,-

" (),¡ = 

1 - Y!> z 

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 ('At>., 

cr,.. b c:l ~ + 1 G "'" d ~ =- o 
A-h'!lo o...

1 A 

~c. 1-15 

Sustituyendo la ecuación 174 en 175, integrando, y resolviendo para A tenemos: 
1 1- oc~ 

A= ~ -¡-:;-·e c. 
donde 

,... -
) 

...__ 

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

M=- Cf,.. 5 c- ci~ + \ \l,:eh [c./}jl. 

tos d0nde J A At'n 

A-1,~ J,... 
Susti~uyendo la ecuación 174 en ln, integrando, y usando la ecuación 176 para sim
plificar los resultados, puede mostrarse que: 

donde 

_1 _ I:Z tf 1 - ¡), ~ 
j>- H E.ha . "' 

3{.1-13C.zt] 
H· (3C. 

Si la laca se examina en un polaroscopio de reflexión, el patrón de franjas es pro
porcional al promedio de la diferenci de deformaciones ( E.x."- ty'-) através del es
pesor de la laca. Este promedio puede calcularse de las ecuaciones 173, 176, y-
177comosigue: . I~M 1 -Y)'l.. ..L-\4+1., 

(,é: '-E.') =- - E ¡,a \, ) ~di! 

que da: 

. _. -. x Y av. _ ~ :> :> c. A 

l. 

) 
~ 1-Y~ 

(_e.:- é1' av. - l-'¡ E:.¡.,,"'-

!+C 

lt-e>C. 

Como la diferencia real de las deformaciones en 
da es: 

lu superficie de una placa no !aquea-

l:c. toPo 
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queda claro, mediante una ccmparaci· . : las ecuaciones 179 y 180 , que la laca 
no indica la diferencia reaf de lus de' . •·1ciones superficiales. Es posible, ~in 
embargo, corregir el error introduci:cr·.oo un factcr de corrección de flexión. Luego 

\.e: A~ -~y~) .. -.\ = Fc.IJ (é)(,"--(.¡c)a-,. 

dende el factor de corrección de flexión Feo es: 

Fc..o=- 11(,~-t0c..)::. I-T.0C.Í'f(i+l3C3) _ 3ll-ec.'/] 
\-te. l-t-C.. e I+Gc.. 

~- 1.9/ 

El f.:ctor de corrección de fle:-:i6n, que es función de las razones B y e, se muestra 
en f.Jrma gráfica en la figura 61. Una insp•xción de estas curvas indica que pueden 
comc:rerse grandes errores si los resultados fotoelásticos no son correctamente co
rregidos. Es interesante notar que el valor de ~o primero decrece con "'7h) y lue
go crece con posteriores incrementos dG ~</11 ,.. Primero, conforme el valor de --
"'/>...,se incrementa, el plano medio de la laca se separa de la intercara, y la de -

forrr.ación en este plano medio( que es la deformación promedio) se incrementa re
lativamente ·a la deformación real en la superficie del espécimen no laqueado. 
Después, conforme la laca se vuelve más gruesa (esto es h<-j¡,~ se incrementa), el 
efec:o reforzante baja la deformación promedio en la laca. Para un espécimen de a
luminio los dos factores que producen el error se cancelan cuando ''"/~a= l. 6; luego 
el valor de F., e es l. 

e. 5. Efectos del esoesor de las lacas birr•:frinoentes. 
En le discusión de las lacas birrefringcntcs presentada anteriormente se ha asumido 
que las deformaciones so transmiten del espécimen a la laca de una manera ideal. 
DesC!fortunadamente, esta transmisión ideul de las deformaciones entre el espécimen 
y la laco, no siempre se venfica, y la disLribución de deformaciones en la laca está 
influenciada por el espesor de la laca .. La distorsión de la distribución de las defor
maciones se conoce como el efecto de esp<=sor. El hecho.de que la distribución de 
defo, maciones en la laca se ditorsione complica el problema de interpretación del pa
trón de franjas obtenido de la laca en té:rminos de las deformaciones superficiales. 
La magnitud del error introducido debido al efecto de espesor, depende de cada pro
blenu en particular. A veces el error será pequeño, pero en ocasiones puede ser muy 
grane! e. 
El señor Duffy y sus asociados {J. Duffy and e. Mylonas, An Experimental Study of 
the lffects of the Thickness of Birefringent eoatings, in "Photoelasticity"), han a
proximado el problema del efecto de espesor en lacas birrefringentes para variaciones 
bidimensionales en las deformaciones superiiciales, 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 figura 57) como: 

_.A.( (.,¡1 iJ 1 o) = u :,c .. ,.., ):- e o~ , ; 

"Zr(:t. 1 <J, o)-:; V Cu p-y. :;c .. ' :1 

-ur(>C, d,o) =W~ .. ~ r; <!o:. t.~ 
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dond<c U, V, W, y m, n, p, q, r, y s constantes arbitrarias usadas para descri
bir el campo de desplazamientos en !u : .• ~creara. La solución de este problema elás
tico r:JUestra que el promedio de la diferencia de las deformaciones através del espe
sor d'" la laca y a lo lurgo del eje x puede representarse como: 

(E, c.- é y •) ov.:: F ln-. \ "\..,.Y) C:x (!,o, o) - F (. '?- ~ p;,, v) €y (~,~o) + 
t ri'- ~z &l~\, -J\ -w(x,o,o) 

'f~ 1 ) ¡, 
doml.: 

En la ecuación 182 se necesitan tres factores de corrección para ajustar el promedio 
de la diferencia de deformaciones a través del espesor de la laca, a aquellos que o
curre.• en la superficie del espécimen que.csta siendo investigada. Los factores de· 
corrección F(mh, nh, v ) y F(qh, ph, Y ) se usan con los dos componentes de las de
formE' cione s de la in tercara. 
Los i.:~ctores 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 1 

se rn:.resrra en la figura 62 a. Una inspección de esta figura muestra que el factor de 
corrección varia 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 pMticular corTesponde u 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
socie• Jos con la distorsión de la distribución de lus deformaciones através del espe
sor de la laca, se requieren espesores de laca· muy delgados (h <. 1f /20m). 
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TEOC;r OE L~S BANDA3 EXTENSO~ET~ICAS 

1:1 Generalidades 

Con el anunciamiento por Robert Hooke en 1,678 de lo 

ley<\'~elaciona las tensi<!>nes y deformaciones en materiales sometidos 

a solicitaciones mec6nicas y el posterior descubrimiento en 1,856 ~ 

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

fre un conductor el&ctrico cuando se modifica su geometría, se est~ 

blecieron los principios fundamentales de lo extensometrío el,ctri

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

que fu& a partir de lo II guerra Mundial, cuando su aplicoci6n emp~ 

z6 a vulgarizarse, 

En su forma m6s elemental, una banda extensom&trica 

(Strain-gage; jauge 'lectrique d'extensometrie) est6 constituída -

(fig. 1) por un hilo met6lico muy fina en formo de "parrilla" mon

t F 

l ' -. -
' 

• 

_o_ 

. 

tado sobre un soporte, de tal man~ 

re, que lo mayor parte de su longi 

tud sea paralela a una direcci6n fi 

jo, Si deseamos conocer las defor~ 

cienes de uno estructuro segdn uno 

direcci6n, ~aremos el extensíme -

tro con sus hilos paralelos a dicha 

direcci6n y al deformarse aquella, 

producir6 variaciones en la geometría 

del hilo del extensímetro que origi~ 

nar6n una variaci6n de su resisten

c~a; por lo tanto disponiendo de in! 

trumentos capaces de medir variacio

nes peque~as de la resistencia ori

ginal del extensímetro, podemos cono 

cer las deformaciones mec6nicas de -

la eatructura en la que se peg6. 

La Resistencia de materiales nos enseña las leyes que 

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

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

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

a ensayos destructivos, pudiendose efectuar un número i!imitodo de 

mArli~innA5. DlJ~S si bi~n el extens!metro uno ve7 o~o~rl~ ~~ ir~eeu-

----· --. -".J..- .... -- ... -- --· -·-·· ·-·····---

1 
• •. :··--:::= ........... - -·~. , 
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perable, sus cualidooes con el tiempo perduran, dentro de los lÍmites 

rle utilizoci6n, 

Por tanto, una banda extensom~trica actua como elemento 

transductor, transformando lo vorioci6n de uno magnitud mec6nico en -

lo de una el6ctrica, facultad 6sta que se aprovecha pare fabricar caE 

todores sensibles o ciertos por6metros mec6nicos, pudiendo os! evito~ 

se el inconveniente de su no recuperoci6n. 

Actualmente el desarrollo de las t6cnicas extensom6tri

cas, ha alcanzado tal grado de perfecci6n, que normalmente los probl~ 

mas de medida de deformaciones y tensiones que puedan presentarse en 

ingeniería tienen soluci6n, determin6ndose con exactitUd lo evoluaci6n 

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

di_al, con lo ambiciosa meta de fabricocicSn con coeficientes de seguri

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

ci6n de costos de fobricoci6n, control de calidad, homologaci6n de mor 

ces, investigaci6n, estudios y ensayos, mejores de fabricados, nuevos 

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

con equipos sencillos elementales y econ6~icos, 

1.2 PRINCIPIOS TEORICOS DEL EXTENSIMETRO OHMICO 

Consideremos un extens!metro formado por un solo hilo 

conductor unido o uno estructuro, de tal forma, que los deformaciones 

que pueden producirse seon·id~nticos en ambos (fig 2), 

L. 
o 

F -4 ---c..._ 
1 

•d.l> 

f -

Lo resistencia R del hi 
1 o tiene por valor: 

e 
R= fs 

( f = resistividad) 

1 ' .... - •j 

Si el hilo sufre una deformoci6n (alargamiento), lo lo~ 

gitud 1 aumenta, lo secci6n S disminuye y lo resistividad varía dando 

lugar estos cambios a una voricci6n del volor.de R que podemos obtener 

diferenciando (1) y despu6s deducir lo reloci6n entre lo deformaci6n 

eJ6sticc del hilo y lo vorioci6n relativo o unitario de resistencia, 

en efecto: 

'..,_ ... d.l ...... --- .,. 
t 

i-
'-2- -, 

' . 
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Siet h.'-k "s de {o r m.=. e Lt i n "~,,:e a.. : 

So ~:D> ; d.S: ~ .D d"D 1 . "\S 
d.f! d[ clf 

----------- R _o f. r -f 

·-

Lo (4} podemos escribirlo como: 

di2 Ap db 
R' 

= 1+ 
-r 

-2. ~ 

cU ---
d.t d.E 

T y T 
pero el dltimo t&rmino del segundo miembro, es lo expresi6n del coe 

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

valor de lo relaci6n entre lo voriaci6n de resistencia y la deformg 

ci6n unitaria. 

dí< dp 
K i..- f' -r2y [sj o - -

c:H dt 
T T 

al segundo miembro de (S) se llama factor de banda o de sensibilidad 

K; 

d.f 
K~ i-+21..L+ T 

/ di 
(. 

Bridgomon enunci6 que lo voriaci6n relativa de resistividad de un co~ 

ductor es proporcional o lo voriaci6n relativa de voldmen de dicho -

conductor 

los modernos bandos 

ci6n de resistencia 

impresas 
d. K 

¡;¿_ 

la secci6n es rectangular y lo vario

funci6n de las deformaciones que expe-

rimenta lo banda en los tres dimensiones se colculard,a~L. 
Siendo ~ (fig, 2a) 

~ 
~=-r~-

y las deformaciones segdn los ejes 
X,Y,Z son: 

. ' 
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y llamando 

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

sible a la deformaci6n longitudinal· seg6n la direcci6n de los hilos -

activos, pero tambi'n a la dSformaci6n transversal, siendo esto Últi

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

constante de Bridgmon_ se consigue que valga la unidad, K2..o, pero pr6s 

ticamente es muy dificil de lograr, por lo que se tiende a buscar un 

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

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

se logra. 

La (10) puede escribirse: 

~ o )(~ (E,+- kt Eif) _ L1oa.J 
s~iendo K1: ~ '!(-.. = factor de sen-sibilidad transversal del extens!me-

~ 
tro. Sustituyendo: J] 

~12 : ki (~-- -kt,k?"): ki{1 J-kt)EJ'.- KE;<- - - - - - - Í! 
El factor de banda dado por el fabricante es K= K!. (-i. -, Kt;) paro/lA o0,285 

kt lti-,~) 
~-=- l;L \(t -

1 

deo_ 
La expresi6n: 

nos d6 el error en % que sobre la medida de la deformaci6n seg6n 

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 

-+· 



se cumple que 
:Y 

' (fig 2b}, 
·~· -'·"""''""'• "'* g ~ 

Seg6n la fig. 2c vamos a medir la de 
1 

' 

-- F 
fonnaci6n lateral correspondiente a 

'------X 

un--e st cdo-un i-d i-recc i-ona-1-de-ten siones-1-----

aqu! por el giro dado al extens!metro, 

se cumple que : h,s 2 e,. 
€." = - k é 1--

/ -J 
1 

' -
~ ~-

1 
¡--¡::- Si consideramos LLC.3} .k.t'3~"{- sus 

. _ . tituyendo en (lla}, el error vale: 

1 'E,=:-fEt) _ C,C3 tc~r~3) 9 o· 
-~~',_:. • 

2
-c, -------- e· . X 10(): - ~~' 

l;¡ /"f"~;3.(c:'3 

'El·error del-9% no puede despreciarse y a6n cuando en-

el ejemplo se ha buscado un coso muy extr_emo, habr6 que evaluar siempre 

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

El problema en el caso que se conozca la direcci6n prin 

cipal 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 puede tener influencia, 

pués se estar6 siempre entre las dos posturas extremas presentadas en 

las fig, 2b y 2c. 

1,3, OBJETO DE LAS MEDIDAS EXTENSOMETRICAS: Unidades 

Los materiales empleados en la fabricaci6n de m6quinas 

o cualquier elemento sometido o solici ta·c iones externas, sufren en su 

estructura interna unas tensiones que deben equilibrar las cargas que 

soportan para que no aparezca la rotura, sobredimensionandose siempre 

los diseños para obtener un coeficiente de seguridad adecuado. Eviden 

temente el mdximo conocimiento del estado de tensiones ayudar6 a mej2 

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

directa de tensiones no siempre es posible, 

Demostraremos en este capítulo, que si conocemos el e~ 

tado de deformaciones en un punto, podremos calcular el estado de ten 

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

nes normales m6ximas o combinaci6n, en una determinada direcci6n de 

tensiones normales y cortantes, que puedan representar un fallo), 

El estado de deformaciones se determinar6 a partir de 

las medidos, que en una, dos o tres direcciones, que se efectuen. con .... 
., 



extensímetros, 

Salvo casos muy especiales, la aplicocién de las bandos 

extensom~tricas Ser6 siempre en la superficie de los elementos de e~ 

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

formaciones y tensiones en un punto. 

El concepto de deformacion .. es an6logo al de alargamie~ 

to unitario y lo representaremos por E midiendose en ffiicrodeformacio 

nes(JA-í) eH 
t:.io<C: \'.. 

e; 
10 o u.. () - __ microdeformaci6n (adimensional) 

Diversa literatura suele expresar las deformaciones en 

micromilimetros/milimetro o micropulgada/pulgada, creando a veces al

guno confusi6n, en realidad es decir lo mismo de una o de otra me~a, 

ya que se trota de la mismo unidad por lo que nosotros recomendamos 

referirse siempre a~Ó. 

El m6dulo de elasticidad E y las tensiones se expresar6n 

en daN/cm2 , aunque en algunas tablas pueden aparecer estos valores en 

Kp/cm2 o Kp/mm 2 . 

1,4 ESTADO BIAXIAL DE DEFORMACIONES 

s~,EaAJ

.:t;r 
-.....,¡..---..f-CLL.L4---i---

El rect6ngulo elemental de la fig, 3 

de lados dx y dy tiene como posibles 

las deformaciones lineales seg6n los 

ejes X e Y ya 

E _ Óx 
"- J.x 

definidas y de valor: 

é~~ l.!_ 
<J d. ;r 

originadas cuando la direcci6n del 

alargamiento coincide con los ejes 

X e Y respectivamente y otro tipo de 

deformaci6n llamada angular que apa

rece cuando hay un desplazamiento -

transversal de los lados dx y dy que 

motiva que la forma rectangular ori

ginal se convierta en rombica, La d~ 

formaci6n angular Kx~ se define como 

la suma de los desplazamientos tren~ 

versales divididos por las longitudes 

originales que no le son paralelas es 
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Y' 

·~-~ 
decir:b,)( h' ' -· .. 1 

~"~: d.~ + ..:;t -- r-.a ~ L ~ ~ P'" ~· + ~L 
Lo deformaci6n __ ang_ular s_e considero 

1-----~-po s·it-iv o,_s·i-s u p·o·n·e-u na-d ismin uc·i-~ n,------

X' del 6ngulo recto original por una 

extensi6n. 

y 

En un punto arbitraria (fig,4} de 

la superficie de una pieza cargada 

podemos a!slar un elemento infinis

tesimal de material paro estudiar -

sus deformaciones en el plano XY y 

para ello aplicaremos el principio 

de s~perposici6n, por el cual la de 

formaci6n total ser6 la suma de las 

deformaciones parciales, es decir, 

la suma de la deformaci6n lineal s~ 

g6n los ejes X e Y respectivamente 

y lo deformoci6n angular ~X~· 

Vamos o relacionar los volares de lo' 

deformaciones seg6n los X-Y con otro 

conjunto de ejes X'-Y' que forman un 

6ngulo 6 , Al 6ngulo 9 le considerare 

mos .positivo en sentido contrario 

ol de los agujas del reloj, 

En lo fig. 5 se observo lo geometría 

del elemento infiatesimal referido o 

los nuevos ejes 

to seg6n el eje 

X'-Y', el alorlamien 
1 -- )( X' serd: E-•--;,rx, 

0><' =E~· cix' = Bl> .-llE ..-Fl-1 
t>D ' E,. el,.· co & <-el e , t ,._ c:t .. ' cat ~ 9 
R = (J ~t ll-!<9 OUtdl , EJ d;( .U.n' B 
F'+i = ;;¡_A un9 á~¡ <.<>9 

e.,/ • E-" tEl2G + f¡ ~ ... ·& ~ (,.¡ 7.t« ~t...'> D. - - - - - - - _[i~] 
E{: ¿,. CA} (e·: )-~-E¡ uu• (r;+; hr .. , u.,_ (r;+ I)~JB+;)--[13] 

Lo deformaci6n angular viene expresado por: 6f=~,+ ~~:~+JI<, 

AI: -1-\C. .. CE -AJ:.}-~c.: -~"''t~(Urt.~F) ¡-e.h-ciF~ =~:a 
JK~-K'JHJQ-t-t'L ~-=- f¡J...,u .. 9c.-6J~ f\JQ= Jjí¡~9W)B 

-A'b ~ -t,á.><~Su-,!f Pt.= .f~ o•( U>2 ~ -1¡ 
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Si expresamos la (12 y (14) en función del 6ngulo doble podemos es

cribirlas 

é. ~ +-z~ ~" -t1:: Gt!l& +- h 1.-4<- 2 ¡; €)<· - + - 2 2 :¿ - - - - - (15) 

~9 f~-f:r J.úh .z, e -+ h C<'"' 2 fl -~ -
'L 2 :L 

Por ser funciones periódicas tendr6n un m6ximo y un mínimo que cale~ 

!aremos derivando lo (15) respecto a e e igualando a cero, 

e" - !":¡. 'l~ .( 6l +- 2 (,.¡ l~ -2. e ~o 
~ . 2. 

t'"q_ ~ f:)M-m:: ~'t''- : l~ ~~ 
¡f ~>{:¡ Ú'J .¿ & 

de donde sustituyendo ~n (15) 

t:¡t'tM-"'): l~t1} t 
:;¿ 

[18] - €_.;("( + r -,_/) l +- to;t r 
Los subÍndices M-m indican los valores móximo y mínimo, en efecto 

hay dos valores de 2 e M-m que cumplen lo ecuoc ión ( 17) ya que 

taw2.9~~l2.9.,.~t) o sea que los direcciones de las deformaciones m6xima y 

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

formación angular es nula como se demuestra sustituyendo la (17) en 

~igG 

El valor m6ximo de la deformación 

angular se obtiene par el mismo pr~ 

cedimiento y tiene por valor: 

demostr6ndose que su dirección forma 459 con respecto o las direccio 

nes principales, 

Si el 6ngulae~que el eje arbitrario x• forma con el eje 

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

.. 
2 

í o -E,¡ 

2. 

t. -r • 
2... } 

-8-



siendo ~ ~ ~ las deformaciones segdn las direcciones principolés. 

(., o 

~1>1 e 
2, 

si llamamos: 

t, + !;. e, -E, 
1..<'1 ~al. + :2. <, 

¿.- t, 

2. 
~t)\. 2.~ 

€ ot. : d + r Lo~ 2cx _ 
~.,¡ -:: ( j<..n.10(-
2. 

- -

' 
tenclre mo~ 

(2oJ 

[211 

___ [22] 

[23] 

1.5. ESTADO BIAXIAL DE TENSIONES 

y 
En una barra prism6tica sometida a una extensi6n 

[' r <r: pura, se llama tensi6n (esfuerzo o fatiga) a la 

" 1 ~: '"'''' '"' '''"' ,,, "''''' ,. '"''''''''' Y- lC;~-~~Ii'"._.- IJ,. ~ ~ (S:secC ... ón. ~e'!u.n. H') 
_ si consideramos otra secci6n S' (segdn p'-p) cuya 

l e n 
normal forma un 6nguloo con el eje de aplicaci6n 

d~ fuerzas, la tensi6n seg6n el eje X valdr6: 
X 

y descomponi6ndola en las di rece iones normal y tangencia·l respectiva

mente de p-p' tendremos que: 

(ln ~ <S;. ~e <Ai· 9 -:: ~~ L.OS
1 &- - -

(:" ~ {Í¡. ~ 9 j,t-1\ 9 : ~ <!'"" <Wn. 2. 9 _ 
llam6ndose el valor (24) tensi6n normal y al 

-L'l~) 

- - . [2 S) 
(25) tensi6n cortante. 

Estudiaremos el estado biaxial de tensiones en la su

perficie de un cuerpo que no estf sometido a presiones exteriores; 

de.forma an6loga a como se desarrolla el caso de deformaciones, para 

ello aislemos un elemento infinitesimal de lados paralelos a unos ejes 

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

nes normales y cortantes que mantienen el equilibrio del sistema 

( f ig. 8) • 

·91 



~ 

)(' 

y 

'S"":} 

a: r 
y 

ty, 
11 ~ 
lt 
l',~ 

X 

.f:i~ B 

C{hr) 

G"(&.f) {i_g9 

Los tensiones normales ser6n positi 

vas en caso de tracci6n y negativos 

en caso de comprensi6n, os! mismo -

las tensiones cortantes se consideran 

positivas cuando producen un par en 

sentido de los agujas del reloj y ne 

gativas en 'coso contrario. 

En lo fig. 9, vemos el elemento infi 

nitesimal referenciodo a unos ejes 

que forman un 6ngulo 8 con los X-Y'; 

buscaremos el valor de las tensiones 

ligados o lo nuevo orientoci6n de 

ejes, paro ello tengamos en cuenta 

que el equilibrio debe ser de fuer

zas, en efecto: 

(S'"• s , ~S""~ s ~ s ~ e+ s-
1 
s ').(..,_e- -wn. e. t. as~ 9 lLu h ta • .s ·th• e,,., & ~ 

: !f,..S cc-~ 1 G + -s-
1

S '1W.,_ rt t <, C:,~.$ 1.LU & t.cf & 

<r9-oG:.. U>'tl& .... cr--a '1-{ ... ls +-~c.-a uu &«i&. 

~:-(<r.--s-1 )ttu9<-0!9~fJ OO{C+ C~~ (U>f2 ~ ·1DJ.<
1 &). 

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

cre= u~ 2.P+ c.
4 

'\t-U t~

(9 = - (Ir .. ;\f1 ) J«<. .t ,/ + t,.~ tbf 2.{) -

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

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

d. ' 
<lQ : - ( <r. -:f j ) ut, H + ~ C:,.1 CM' .2& :. D 

cÁ.Il . 1 
tD ~ 8 _ jt,,._ Ho~j,\.m. _ ·c .. ;¡. · 
"d' t+m - L<'"i <., & - (); <>=r 

[28] 

lo\. 1-V. !¿ 

Por consideraciones on6logos o los • hechos en el estudio de lo defor-

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

corresponden a las direcciones.en que las tensiones normales son m6xi 
me y mínimo respectivamente y en los cuales los tensiones cortantes 

son nulos: 

-10-
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b3oJ ! ~(~-~~1)L~(~y 
-----De~l-a-misma-f o rma-e-n~cc_<:o~nc!tC':r~o~r;e~m~o~s~-::Cq':ru~e!·.::: ~=~-_:__ ______ _::_::=====-===== 

LM-~" ! ~ ( ~ ¿<J't r+- (t,~ 1"-
El valor m6ximo y mínimo de lo tensi6n cortante se encuentro defosodo 

452 respecto o los valores principales de los tensiones normales. 

Haciendo que el 6ngulo eMoO tenemos que: 

<f. - ISi -t- !J.,. ,. ~. -u .. 
M-"' - 2, - !l., 

e - -+- <J, +-!i 
1-1·"' - - '2. 

siendo ~. ~ if"¡.. el valor de los tensiones normales m6ximo y mínimo~ 

los tensiones en cualquier direcci6n que formen un 6ngulo<Xcon los 

principales, 

Llamando 

tienen de valor: 
<J _ (j, ~ 'Ít· t- (JI - 'ÍL 

"- - l., t-
"tol : <r,- <J, UM.- 2. '>1 

~ 

<l;;,_: b+f~2,¡_ 

Co(. : f OUt ~ "( _ 

___ La2} 

__ (321.) 

1,6 RELACION ENTRE DEFORMACIONES Y TENSIONES 

ctH 
1 
1 

1 

IS": t 

d~ 

Supo~s el elemento de lo fig, 10, ~ 

plicondo el teorema de lo superposici6n 

encontramos que; 

e=~ -u.~ 
• E" 1 E' 

f~:: ~ l ~ 
~ =- E ( €, ;- lA. E ') -

1 - f-" 1 ~ 

\S""~: J: t1. (eJ.,..}'-f,.) 
Experimentalmente se demuCstro que: 

[3 1] 



'llam6ndose a G coeficiente de elasticidad a cortadura. 

Recordando las relaciones: 

d. = 
E", +En -------• '-' 

í :. 
f,-E2. 

~ 
se Ce duce que: 

t, +¿l. 

')__ 

J t- _u 

f - 'T, ·-rs-1.. . (.' - ~ ~ 
- 1 - -2--

ó o "· t ,, 

2. 

f: (J, _,, 

~ - lA 
j t: 

E 
J- t.L 
• 1 

/ 

'l 
~ 

f E 
-----7 í---

) ...-J.l ) T lA. 
1 / 

__ (3o} · 

-- [3'-1] 

1.7, REPRESENTACION GRAFICA DEL ESTADO BIAXIAL DE TENSIONES Y DEFORMA 
ClONES¡ CIRCULOS DE MOHR 

Una de las formas m6s sencillas y usuales de represent~ 

ci6n del estado plano de deformaciones y tensiones es el c!rculo de 

Mohr. Recordemos que la deformaci6n en una direcci6n cualquiera que 

forme un 6ngulo~ respecto a las direcciones principales tiene por 

valor: 
E., +-E, t. - f', 

é .• U!:_;~ d. +-r L<•1 ,2 ,.,¡ = r :. 
,¿ 2 

~o 2, - Íz jen .Z· oc :: r :Jerz .Zo~.. 
2 l 

Podemos representar pr6cticamente 'stas ecuaciones seg~n la fig. 1¡, 

pu6s se cumple que: 

fe-----E, 

? ----!S'; 
-----~1 -----

E,~=- o;:¡• =- d +- r 4111! .!_ex 

~ -, 
- ~ H J.f = r :Jnz. 2 <::>1 

2 
Observemos que -el valor m6ximo y el 

mínimo 

La fig. 12 nos indica el circulo de 

Mohr poro el estado de tensiones y 

vemos su similitud con el de defor-

mociones. 
(J.,._ : ,:;-¡¡ -=. b T f <-<1 2 ,-,;,_ 
(<><' HH' = f Jl"- .Z c.:. -12-



En el dominio el6stico de los cuerpos isotr6picos, -

existe proporcionalidad entre deformaciones y tensiones, por lo que 

los circules representativos de ambos valores son conc~ntricos. Los 

e o e f i-c-ie·n te s-de-pro por c·i-onal·i-dad-han-s i-do~deduci-dos-e n-e 1-opor-t od o------~ 

. 1.6 ( fig. 13). 

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

N2 l. Sobre el elemento de lo fig, 14 octuo~ los ten

siones que se indican. Calcular anal!tica y gr6ficomente el valor y 

direcci6n de los esfuerzos principales. 
"l' ·15r.wd1Ícm' 
ry·tov ar:./crr¡} 

()lo\·"' : 
!So i- (- !.5") 

t" llsa~(-!So)r..loo' , t i&od~jc.-m• 

.loo 
¡so-(-~So) 'O,Gc; 

~ 

---~::...J,O.--x 
~ ....... , 

:rl\ e ·l' toe .:1.<>~/cll\' 

h$tS 
& : -ioo.(--lco): -ioo 

2 

f = ~ (-toe ;l-l«)';.ioo~ : 

~ 2,;,.. ::- _!..::.o:..o::.,..._,... : -00 
d" -40t'·(-i.~) 

kl" 
t.¡,_ / 

'o. u/ 0 + /iD 

0(, 
1 :zc.s" 
'-20, 5"+ ero,. 

<)"" ~ 8 .,.r -. -ioo + t"'o , o 
~,.,:é·t ,.ic,··toc=-2oo 

'\i':I.So 



Casos típicos de aplicaci6n del circulo de Mohr. 

TORSION 

TORSIOH y TRACCION 

Tl?ACCION 
y 

Íi<a i8 
CILIN!:>RO BAJO PR€ S ION 

y 

E$FERA BAJO PRE"SION 

-14-



Bandos de tres direcciones o rosetas (Rectangulares) 

Consideremos el valor de los deformo-
y 

_____ :--.c_..,i"o'-'n"e"'s (Tig .. _21)_en_dic_eccionés A·,::::s~y C_que_f.oTmon __ 1 _____ / 

los ~ngulos eA,eB y ec respectivamente con el eje X 

de unos ejes arbitrarios X-Y, tendremoS: 

E - r ... e-, +- ~.-c-1 coJ t!JA +- ~·'t kn..t&~ 
A" 1, 2, J.. 
~ . ¿,~'f1 z, ·f't • o ~-· 1 {) c 8 . - +- _ <c:t"" "&.,. .::..1- len(., "a 

2- :¡, 2 
E. • E,. +<j: +- t" r el . ¿C),/J &e +- J:.t l<·n. Z Be. 
e- :¡_ 2- 2. 

Si hocemos que: 

E,. ~E,. 

E - [¡o tE:' a-.. - .. 
1-

t" ~fA 
E:r Ce 

nos queda: 

Ec=€'6 
t•}' 2 Ell- (e.- €s) ~ ( (a· E•) +- (ra-E e) ___ [1¡2] 

Sustituyendo los (41 y (42) en (18) y (19) y simplificando 

[,.+fe. 
E,...:. 2. 

tenemos: 

[td) 

- [hh} 

- (45) 

[A'] 
principal m6ximo con lo 

Los valores de las tensiones m~xima y mínima 

E Í E! +-Ec. .,_ '(f \J ( ~ L Jl 
~>Mm' "i"t J-} - J+jl fA·!.,\,._ €11 -fc _ 

e"'= ñ ~+J) Y (E: .. -t:.,y·+ (í.-cc.t __ - - [48) 

Los f6rmulos (47) y (48) don Girectomente los valores de las tensi2¡ 

nes principales a partir de los valores de los deformaciones en las 

direcciones A, B y c. 

-•s¡ 



C·:J·· 

Las ecuaciones anteriOres corresponden a una bando ex-

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

determinad~T= Co' 

Vamos a ver gráficamente como se 

determinan las deformaciones prin-

cipales a partir de las deformaci~ 

nes f. ,f~ ~fe. vali6ndonos del círc!:!. 

lo de Mohr. 

Sobre el eje x (fig. 23) traslade

mos los valores ~ .. ; [ 0 J fe • En el 

círculo f,4 J t:c tienen que estar -

defasados 180º; por lo que el ce~ 
.J LA+Ec,

1 
d. 

tro del mismo será- u.: ~ a .!.. 

rección de E8 estará en el cír 

culo defasada 902; por lo que debe 

cumplirse la igualdad de los trián 
6., .6 -

gulas O'BB ~ o'cc' con lo que hemos 

En el círculo observamos que desde el punto A que corre! 

pende a E, tenemos que correr un ángulo positivo~ 01 poro llegar a 

( 1 ~ é1-1 ; por lo tonto y sobre la bando roseta desplazaremos un áñgulooc 

pera lo dirección de lo deformación principal máxima, El ángulo ~ 

es el que forma la direcci6n principal m6xima tomada como referencia y 

la direcci6n A, considerando como positivo· el sentido cOntrario al gi

r o de las agujas del reloj. 

Conocido el cír.culo de Mohr de deforrrcciones fácilmente 

s~ deduce el de tensiones (ver. 1.6) de lo fig, 23 se deduce: 

~--d.:~--~ 
'2. 
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! 

:~," 
~7-~~~ 

~:r'-:"':" 
1.10 CALCULO TABULADO PARA ROSETAS RECTANGULARES 

--=t=======:;=-7-~Sean :'A E~ 1 E".: las-med-i·das-de-las 
bandas,· A, 8 y C. 

1) .C6lculo de d: 

2) C6lculo de r: 

Anotar los 3 

Restar (-E~) a 

Anotar el signo que corresponda al mayor valor de 

en valor absoluto ~=-~·-==============P~ e 
Sea,cxpor ejemplo. -·. <ese nú_m_.e_r_o_._D_i_v_i_d_i_.r_~ __ ~_f_~-----~\[;0 +i · por con su s1gno. 

Se obtiene 

Y puede ser positivo o r!eg~tivo, pero inferior a 

1 en valor absoluto. 

Buscar en la tabla I el valor W que corresponde o Y 

Se tiene que: r =!«1 W (Número positivo) 

Las defor~aciones principales son: 
E.-_ d ... ¡-. 

t::. ~ .. .-\ ·r 
Buscar en la tabla II, el 6ngulo que corresponde a Y 

con su signo, O( est6 comprendido entre O y 452, Llevar 

el 6ngulo en sentido externo (que se aleje de 

referencia O) sobre el eje marcado con el l. 

L. o direcci6n cb:enida es: 

n ., 
;, 

·i l¡ 
' ' 
1 

1 

,, 
' ., 
' 

,¡ 
l¡ 
!1 
1. 
i! 
' i 
' i 
¡ 
' : 

1! 

' 
M6xima si anotamos el signo+ 

Mínima si anotamos el signo 

~:::;_·.;=:.:.,....-::-==--~ -•.. -.· .::.;:.:J ,. 

===-···t 

• • 
-17-

.¡ 
1 

¡ _, 

. ' 
' ¿ 



TABLA N• 1 
(continuaci6n) 

TABLA N• 2 

~ « - ··- ...... """-""' ~~·-..¡¡"'~ ·- .;::-..;:~:-.:._1 
... 

. ' _,, 

03 07 ! 10 
0.61<o O.E43G 31 /,1 1\5 ; 49 '" lbl 

1 26 ' JO 

·i &5 ¡·"' '04 . 08 
OJ,{¡ : C.1:'412 7L 110 84 J E:8 

1 00 ! 
19 23 27 (J_Ú7 

1 0.8~1 \ 1!• 1 :.;'1 1/!l 43 47 
O.b8 0.85~1 f.:i 50, 63 61 e:• \ B7 

" 03 . 07 ', O.t>9 i 0.0~91 !15 

0,70 1 0.86'J1 35 39 43 i 48 l fiO 

1 01 

23 1" 64 68 
0.71 : O.flf,72 76 BO 84 88 

05 ,1 08 

g:~~ ; e:~;~~ 
'J. 74 r...a796 

0.75 '0.8639 
0,76 10.8861 

' 
. -1,0 
-0.9 
-0.8 
-0.7 

. -0,6 

-0.5 
-0,4 
-0.3 
-0.2 
-0.1 
-0,0 

+ 0.0 
+ 0,1 
+ 0.2 ... o 3 
.._ 0,4 
¡ 0.5 

+ O.G 
+ 0.7 
+- 0.8 
~- o.•J 
.,o 

o 
o. o 
1.5 
3.2 
•. o 
7.0 

9.2 
11.6 
14,1 
16.8 
19.7 
22.5 

n.5 
25.3 
28.2 
30.9 
33.4 
35.t> 

380 ••• 0:1.8 
4;¡,5 
4!:. 1) 

1/ 

" 
7.1 
63 

26 
67 

30 
1 71 

i 13 

1 :~ 
¡ :!C 

1 
''" 
11 

" 96 

4ti Sl 
88 92 

" ' .,3 " 7i 

20 

" 
1

¡ :: 

42 ' 47 
Sü ¡ 91 

01 
51 

" 40 
85 

. 31 
·76 

1, 
1 67 
! ., ¡ ~9 
-!~ 
199 
1 .. 

94 

! 35 

1:: 
1 71 

!17 
; 63 

!10 
'51 

04 
51 
99 

30 
76 

" .. 
" 61 

"' 56 .. , 

¡,r;·r~- :. 1 ,-,-;-
1 
~ 1 

1--;,~·l-,;:o-_+j-.-.9-i ;, 11 ó .• \ :. ;;t:; 
Ul u v¡u u u u '•IH 
/~¡'~.~¡: ~~~ ~ ~~~ 
111,4 11.1_110.9 10.6 10.4 ;10.1 99 ~7 94 

1

13,9·¡ 13,8 13.4 <13.1 ¡12,9 !12,6111.3 121 ,·b 
16.6 16.3 l16.o ¡1s.s¡1s.s ¡1s.2 ¡1s.o !i4.7 i14 . .: 
19,4 19,1 18,8 :,',",·.', 18.2 111.9 . 11.7 ":7,4 ! 17,1 

i 22.21 21.9 !2t.7 1 ¡ 21,0 20,8 ! 20,5 i20,2 i 1~.~ 
1 22.c1 23.1 ¡21.3 !n¡; ,24.0 ,24,2.]2<~,!l ·¡?4.8 l2s.t 

~~:¡m!~:m;~~~!w~~~~ 
• 11.1, ::;1,4 :31.6 ·,·~.:.~ ~31.1 !J2,4 :n.1 

1
22.9 33.2 

:;.1_r,l :339 ¡~·:.1 • :]4,6 ¡34.9 !3~>,1 35.3135.6 
:,uui 36,2 .

1

36.5 ¡36.7 ,:'16.9 ¡J7.1 \~7.3 .

1

37,6 37.8 

JS 71 38.-' 38.6 : :<!:: 8 ' 39.0 1-.'1 ') 13"/t 39 6 39,8 
40.2¡40.4 40.6 :406 :.:o.9 :.11.1 ·.ot.J ;4t.b l<:t.7 
• _,._L42.2 .42 .. 3 .:.v. •47.1 ! .. 2.8 :,-:.'.·? :4:!.2 ¡.:3.3 

.
".·' ·.~3·_•_¡'"_··. 1,'.:.:.1 '4-t,J'•¡.:.J.4 \, .. ,u jt4,7 ¡44,9 
~ _ 1 .. "L __ _ ., ; 

:-, ·'-

. , 

·-. 

, .. 

... 

.., 



1.11 BANDAS ·rie: TRES DIRECCIONES O ROSETAS (EQUIANGULARES) 

Los direcciones arbitrarias de la medida de tres defor 

mociones en un punto podemos hacer que est~n defasodos 1202 con lo 

que lo bando tiene lo geometría indicada en lo fig, 24 y por consi

deraciones an~logas al caso de lo roseta rectangular encontramos los 

resultados que se indican 

siendo 9 
ci6n A, 

é.~ 

-- [49] 

_ [st] 

el 6ngulo de la direcci6n principal m6ximo con la direc-

Gr6ficamente podemos encontrar la soluci6n llevando sobre el eje X 

del diagrama de Mohr los valores de f•, Ea J (e 

!. 
1 

o 

1------ Et ----· -----; 

Ef 
A 

-----el-

El centro del círculo sera d= 

(fig. 25). 

A 

\ 
E, 

¡: sobre las 

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

O; "se levanta MM' perpendicular en el .punto medio de las dos proyec

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

punta de intersecci6n M nos d6 el radio del círculo r= o·rt Apare!!_ 

tem"ente hoy dds soluciones pera los pu.htos A' -8' y C' no gua rd~ln en 

el ,circulo el defase de ·2409 de acuerdo con la orientoci6n de las -
-20-' 



,~;~"'":- -'\..·• •. , •• ·-·. ·e> 

' direcciones de la banda 

De la fig. 25 deducimos: 
>-----

1 

1 

1 

1 
1 

1 

1 

d.~ E4 +!'"e +-~B 

3 

( "'- -d. 

~ ~ E 

) -¡' 

~ - E 
1 . 

) -¡' 

( f, + fíz) 

(f,?[,) 

•:;.·_- e:::: : ·..;o-...,--;.;•:. -. ~~ ~-,..,..·...;.;•_-:-:::<:-.·t,•;•;\i$.1.~?~~- .. -· '~-~~~~ 
. . --~··-~~'"- . . .. . .. -.~ ·. '--~·::-: :~4~ 

.. . ·- ' 

:.: 

. ' 
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1.12 CALCULO TABULAuu PARA ROSETAS EQUIANGULARES 

Sean e •. E., aEc las tres rredidas con su signo 

1) C6lculo de d: 
A. 

2) C6lculo de r: ~ 
Anotar las tres rredidas seg~n su direcci6n ---------------.- · 

B e 

Uno al menos de los valores medios, es algebraic~ 

mente igual o menor que los otros dos. Sea por - ~ 

ejemplo Ec Se suma (-Ec) a los tres valores. 1 
Se obtiene as! O y dos n~meros positivos 'X J ]' ----------J ~O 

Dividimosa continuaci6n por el número mayor O( oJ ~X 
sea por ejemplo~ --------------------------------------------· . 

En la tabla III se obtiene un n~me i · O 
ro U=f(x), tal que r=J• U 

E:¡~ d.~ r 

3) C6lculo de ~ 
E,~ci.-r 

'·· La tabla IV d6 e 1 6ngulo en func i6n de X. Este 6!)_ 
gulo comprendido ~ntre O y 302 se lleva sobre el 

:,~"V 

esquema de direcciones haciendo girar un ~ngulo r 
la direcci6n marcada con 1 en el sentido que se -

aproxima a la direcci6n marcada con O. La _direc

ci6n obtenida es la algebraicamente m6xima. 

,1 
. -22· 

~ 
¡ 
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1.13 ROSETA DE DOS DIRECCIONES 

¡A 
r- • ' ' -, 

B -IIIJIII-.- 2. 

Cuando la direcci6n de los ejes princi 

P.ol~s----e-s--conoc i-da de antemano, como -

por ejemplo un cilindro bajo presi6n 

(fig. 26), con solo medir las deforma 

cienes en dos direcciones perpendicu

lares que coincidan con las direccio~ 

nes principales, ser6 suficiente para 

determinar el estado de tensiones en 

lis 2.1;; e - • -, i ~ un punto· 

E, '·es = €",. 
1 

<r~ 
' 

E 

) -,~ 
j52} 

q-F E (E2 ~ )4. E)) 
)-j' 1 . 

t __ 9 ( = (f (E. -E, ) - [54] 

Se incluyen 6bacos para el o6lculo r6pido de tensiones a 

partir de las lecturas en microdeformaciones. 

1.14 EXTENSIMETROS UNIDIRECCIONALES 

Si se conoce la direcci6n principal de esfuerzos y esta 

es ~nica, como en la trocci6n pura, la tensi6n es obtenida aplicando 

la ley de Hooke. 
es-;= E, E E,_ =J f, 
~,:o 

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 result2 

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

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

formaciones principales, as! como sobre lo distancia del centro y ra

dio del círculo de Mohr. 

Sea los valores de los defonnaciones prin-

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

... ./ 
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doderos valores 
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PROPIEDADES DE LOS METALES DE USO M~5 CORRIENTE 

Llll<hl, 
rta"~ 

f!lOOCI~/m.,•t 

21,0 
no 
22.0 
20.3 
14,1 

!1. 12 
10 • 1 J 
5~8 

Ho.lllfl 
1G ¡,~o 
11. 19 

10,55 
10.9 
10,5 

7.05 

'·' 1.5 
1.0 
7.2 

10.0 
9.2 

10,6 
1J 
30.0 

o4,60 

2.6 
1.4 a 1.1 

6 
0.2~ 
0,30 

(n•llocoem 
d• Po.11on 
¡.¡(ldi 

0.785 
0.285 
0.29 
0.29 
0.29 

0.29 
0.29 
0.29 
0.29 
0,29 
0.17 

0.34 
0.34 
0.34 
0,34 
0,33 
0.34 
0.34 
0,34 

0.33 
0.33 
0,31 
0.34 
0.05 
0.34 

o.J 
O.J 

0.2 .t. 0,3 
0.4 
0.4 

f 
¡-:¡.--;; 

16,34 
17,12 
17,06 
15.74 
10,93 

7.0 • !:1.3 
7.7 ¡¡ 10.0 

.3.9 b 13.~ 
12.~ ~ 14.0 
12.4 11 1~.!.. 
14 ~ lb 

7,87 
6,13 
7.B~l 
5,26 
5.63 
5,60 
5,12 
5.37 

7,51 
6,92 
B,C9 
9,70 

2B,!i7 
3,43 

2.00 
1.1 a 1.6 
5.0 A 4.6 

0.207 
0,214 

29,37 
30,77 
30,99 
28.59 
16.86 

12_7.16,9 
14.1~16.3 

1,0 ~ 11.2 
22.2 11 n • .4 
12.2 il 28,:1 
20.5 lll 22,9 

15,98 
16,52 
15.91 
10.68 
11,19 
11,36 
10,61 
10,91 

14.92 
13.73 
15.36 
19.70 
31,58 
,6 • .'H 

3.71 
2,0. 3,0 
7,5 ,!¡ 8.6 

0.483 
0.500 

22.87 
23.97 
24.02 
22.16 
15,39 

9.8 il D.\ 
10 .. 'l :, 1·i.2 
~.4aS.I 

17.5 J 1 !l,f. 
1"1,5 11 l\,8 
17.5 ¡, 19.5 

11.93 
1 2,33 
11,88 
7,98 
8,41 
8.48 
7.92 
8,14 

11,22 
10,33 
11.73 
14,71 
30.08 

5,20 

2,8(i 
1.!i ~ 2.3 
C.,2 il fí,6 

0,345 
0.357 

"1 

"' 10 ,!¡ 15 

11 a :~6 
16 11 38 

10 • 25 

60 

" " 10 

20 

"' 

í'O .'1 60 
145 

18 lo 22 
4ü a ss 

1 fl a 25 
22 1!3!> 
a a 12 

~6 ¡, 60 
í'rl;, 40 
2U .l üO 

20 ,!¡ 47 

90 

20 
J7 

22 ¡, 26 

" 
" 20 
24 
RO 
JO 

50 
JO 

3118 
8 

508 

"• 1 
"' 

J.J 
3.4 
35 
1.2 

' 1 

1.J 
1.4 
J 
J 
1 

15 

" 10 
1.2 
1.2 

» ':';'''-¡".; ;:-~ ... ~:~.~"~ 

k'oiSr 
\C.!,•ro•1"~ 

~~~~ t;;Jm' 

1.eo 
"/.flO 
7,b2 
7,90 

7.1 ¡, 7,2 
1.1 a 7.4 
7.1 ·' 7.2 
1.1 ;, 7,3 
1.~ a 1.a 
7.2117.4 

4.51 

4,42 

2.8 
2.8 
2.8 
2.8 

8.S 
7,30 
8,-10 
8,25 
1,85 
1_74 

23. 
1) 

1.8 
U!i 

(l¡•amio~ 
~~··;·r 

1J 
1J , 

1C.5 
-: ú.9 

911 11 
9 11 11 
9 11 11 

11 lt 12 
9 ¡, 11 
9 ll 11 

8.9 

8.0 

23.5 
2211 2-: 

2J 
23.5 

11 ,. 
1'1,5 
11 

12,4 
2!>,ü 

8 .,. 
80 a go 
goa13o 

__ .....::.¡ ___ _ 

., 
1 

1 
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1.16 PROBLE.MAS DE Ct.LCULO EXTENs::>METRICO 

Pl'oblema-n2 1· 

Uno barro de acero está sometido a una trocci6~ pura, 

mont6ndose una banda en el sentido de la tracci6n, Cal 

cular las tensiones principal es, si leemos 1275 ¡u b y 

. . 1 2 o el acero de la barra t1ene E= 21000 Kg mm y ¡u= ,28 

Problema n2 2 

2 
-En un dep6sito c~lindrico de aluminio (E= 7200 Kp/mm ; 

para 

¡u= 0,33) se admite que las direcciones principales -

coinciden con los ejes vertical y horizontal y en ta

les· direcciones se montan dos bandas extensomt§tricas -

respectivamente. Los lecturas bajo ~argo son: 

E1 = 3950¡uÓ 

E2 2540 /u el 

Calcular las tensiones en este punto. 

Problema n2 3 

2 
En un eje cilíndrico de acero (E= 21000 Kp/mm ¡u= 0,28) 

de 80 mm de di&netro se han montado dos bandas, J 1 y 

J 2 a 452 respecto a su eje. El eje no sufre flexi6n; 

pero si una compresi6n P y u ..... umento de torsión M. 

En el curso· de una primera e>tperienci.a, se obtienen 

R' ~o m m. como lecturas las siguientes: 

¿Cuales son las tensiones e'n el punta? ¿Cual la fuerza de compresi6n 

y el par? 

En una segundo experiencia se obtiene 

€1 = 2560¡u b y - 1080¡ub 

¿Cuales san la fuerza P y momento M? ~ 

1 
1 
' 
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..... -. e:·' ... t,.. 
· Los problemas siguientes, se refieren al c6lculó; d9~ ro-

setas, en ellos deberemos calcular: 

Direcciones principales máximas y m1nimas 

Deformaciones y tensiones m6xima y mínlma. 

A 

Problema n2 5 

Problema n2 6 

Problema n2 7 

Problema n2 6 

Roseta de 452 
2 

E= 7200 Kp/mm 

Lecturas: A 

E= 

A= 

8= 

C= 

E= 

A= 

8= 

C=. 

B 

e 

7200 Kp/mm 
2 

¡. 2080 ¡u¿, 

- 1800 ¡u~ 
- 1200 ¡u¿ 

21000 Kp/ rTITl 

¡. 358o J S 
¡. 1930{'~ 
¡. 1370 /"'o 

t'= o, 34 

3790 ¡u Ó 
- 3220 ¡u d 
- 4750 u¿ 

1 -

¡U= 0; 34 

2 
t'= 0,29 

E= 21000 Kp/mm
2 f'= 0,29 

A= ¡. 1, 792 f' b 
B= 817 f'Ó 
C= 868 f' 0 

E= 21000 Kp/mm 
2 

o, 29 ¡u= 
A= ¡. 340 /u; 
8= t 520 /U~ 
C= - 710 

,, 
¡u-· 

Dar directamente"las tenciones, sin pasar por deformaciones. 

·30-
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Problema n9 9 

Problema n2 lO 

Problemas n9 ll 

Problema n9 12 

Rosetas de 1209 

E= 7200 Kp/mm
2 

¡u= 0,34 

A= + 2400 /u d 
8= + 2010 1u Ó 
C= + 1370 /u b 

E= 7200 Kp/ mm
2 

¡u= 0,34 

A= + 4410 ji- b 
( 

8= - 540 ji-O 

C= - 1920 jtO 

E= 21000 Kp/mm
2 

¡u= 0,29 

A= -120 f-b 
8= +54o flO 
C= +310 fÓ 

E= 7200 Kp/mm
2 

A= .¡. l795)A-b 

8= t 1so3fS 

C= + 1812, Ó 

¡u= 0,34 

-31-



II TECNICA DE UTILIZACION DE LAS BANDAS ~XTENSOMETRICAS 

2.1. FABRICACION DE BANDAS EXTENSOMETRICAS 

Uho banda extensométrica es.tá .for:-moda por dos elementos 

fundamentales que son el soporte y el conductor el~ctrico sensible a 

lOs deformaciones, habiendo evolucionado grandemente la constituci6n 

y t~cnicas de fabricaci6n-de· dichos elementos. 

En un principio, sé emplearon cOn gran difusi6n soportes 

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

·pero entre otros, presentaban los gro-

1 

fi.<J i 

ves inconvenientes de la higroscopidad 

del papel, que hacía perder el aislamie~ 

to de la banda y el elevado factor de -' 

sensibilidad transversal en las partes 

curvas del conductor, intentándose com

pensar ~ste Último efecto dando forma 

de zig-zag u·otros diseños ingeniosos 

(fig 2). Actualmente una banda de cali

dad se fabrica sobre soportes de ~esinas 

ep6xicas .,y por el procedimiento de fot.2, 

grabado, se consiguen formas y di'mensio

nes imposibles por los m~todos cl6sicos 

(fig 3), ya que los modelos pueden hacer 

se a escalas muy aumentadas, constituyen 

~stas las llamadas bandas de trama peli¿ular o de film met6lico. 

Los principios en qUe se basa la extensometría, suponen 

que las isost6ticas de la estructura bajo ensayo; pasan a trav's de la 

parte activa del extensímetro'y se ha podido comprobar por _fotoelasti

cidad, que en un e'xtenSímetro peQ'Cdo a:una estruCtura, solo en sus ex

tremidades hay distorsi6n de aquellas, y n6 en la zona central; por di

cho motivo, dando a la banda la forma indicada en la fig. 4, conseguir~ 

1 ¡¡ 1 ~ 
((1) ~ 

fig3 

mos e_stablecer en los extremos de los -

conductores activos una zona de anclaje 

en la que se inciden los isost6ticas y 

por su mayor secci6n respecto a ia parte 

activo la variaci6n unitario de resiste~ 

cia es menor y despreciables los coefi-

cientes de Sensibilidad transversal y -

longitudinal. -y 1 ... 



La pasibilidad de disponer de superficies adecu'ad~ pa-

ra la soldadura de las cables y la transparencia di los soportes, que. 

permiten una colocaci6n 6pti~a del ext~nsímetro, .a"aden ventajas a •ste.-

Las aleaciones del metal conductor responden a las cara~ 

terísticas específicas de cada tipo, siendo a veces riguroso secreto 

•1 proc~so de fabricaci6n, en el que se incluyen t•cnicas sofisticadas 

para_conseguir mejoras en la utilizaci6n de extens!metros. A título de 

ejemplo, en la serie CEA de la casa Vishay-Micromesures, el tratamie~ 

~o dado a los extremos para soldadura de cables, hace posible que la 

uni6n soldada tenga mayor resistencia mec6nica a la tracci6n que el -

cable qUe normalmente se utilizo, vent.aja ~sta que confiere seguridad· 

Col<>. !&oo;hl~ Condoctor. a una medida extensom.trica, . w:),_ ,_) :i! Sooc'r~ Otras ventajas de las bandas de film me-

r6,~ ~~:_ /-&· 

t6lico residen, en que dado su pequeRo· e! 

pesar (4 micras), no introducen errores 

en la medida de deformaciones de seccio-

nes delgadas y se adaptcm mejor sobre 

cualquier superficie (fig, 5), 

Dejando al ~argen las bandas semiconduc

tores (de las que nos· ocuparemos en otro 

capítulo) vemos en lo expuesto, que el ~ 

verdad~~o sensor de las Oeformaciones es 

el. conductor, siendo el soporte un medio 

de transici6n con la estructura, por lo 

que exige del 

strain gauge)· 

pegado a la misma (bonded 

pero, en aplicaCiones paro 

fabricaci6n de transductores, suele em-

plearse el conductor suelto montado sobre 

~<-..t ~·~-·Nr.;-¿1 ¡\t\_ 
~: , --f¡~-6 ,'~' r·_ , --

zafíros aislantes, (fig,6) que se deforma b_ajo estímulos mec6nicos, -

sin necesidad del soporte propiamente dicho (unbonded - Strain-gauges). 

La banda puede ser posteriormente sometida a recubri

mientos y o'pciones tales como inclusi6n de hilo's de salida>soldados, 

que en detérminadas aplicaciones resultan de inter•s. 

2,2 CARACTERISTICAS TECNICAS 

22.1 Valor 6hmic6. 

El valor de lo resistencia ·6hmica de uno banda viene 

condicionado por motivaciOnes de tipo eláctrico, y hay razones para 
-2-. 
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que dicho valor sea elevado de .u~a parte o pequeño de otra, por lo . . 
que debe•establecerse un compromiso entre las posturas extremas. 

Motivos que aconsejO~ un valor elevado de resistencias: 

l. Señales elevadas para debiles.deformaciones, en efecto, la señal 

es funci6n de la tensi6n de excitoci6n, por lo que conviene que 6sta 

sea elevada, pero para que no circule uno corriente excesivo, que 

por efecto Joule produzca un calentamiento inadecuado, el valor 6hmi 

co ser6 alto, 

2. Evitar los errores producidos por las resistencias de contacto de 

los conmutadores y líneas de conexic:Sn o los· instrumentos, pues sien

do ~stos valores pequeños su influencia ser6 menor cuando mayor sea 

la resistencia de la banda, 

Motivos que aconsejan valores pequeños de resistencias 

l. Evitar la caída de tensi6n interna considerando a la banda como 

generador de tensi6n. 

2. Conseguir mejor aislamiento el~ctrico entre la banda y la estruc-

tura. 

3, Mayor robustez, pues resistencias elevados obligan a conductores 

de muy pequeño secci6n y por tanto fr6giles, 

Por lo expuesto se ha establecido como valor normal y 

de uso m6s generalizado el de 120 ohmio's, siendo tambi~n muy empleo

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

Los tolerancias de fabricaci6n son muy estrechas 0,15% 

con el fín de poder equilibrar.los circuitos de medida, pero no sería 

pr6ctico un exceso de dicha tolerancia en límites que puedan confun

dirse con l.; va;..iaci6n l6gica, que pór efecto de montaje, sufriría la 

banda en su instalaci6n. La exactitud de la medida no ser6 afectada, 

por ligeras dispersiones del valor nominal, 

Tambi'n se construyen bandos con valores nominales que 

son fracciones de los indicados para los casos en que lo medida re

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

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

., 

' ' r 



En e estudio te6rico de las bandos extensom~tricos 

(1,2) vi.mos que hoy dos factores Kl y K2 que relacionan la variaci6n 

unitario de resistencia del conductor con la deformaci~n que sufre -

en sentido longitudinal y transversal respectivamente por efecto .de 

las solicitaciones a que es1;.4 sometido el elemento donde se instala 

la banda. 

Lo variaci6n de lo resistencia es motivada por el cam

bio de la geometría del conductor y de la conductividad, pero si bi~n 

el primer factor afecta pr6cticamente igual a todos los metales, el 

segundo es funci6n de la aleaci6n empleada en la fabricaci6n del ex

tens!metro y es por esta raz6n por lo que la formo y dimensiones de 

la banda .no influyen sobre el factor de sensibilidad. 

Los constructores de bandos, utilizan procesos de fobri

caci6n que mantienen el valor del factor de sentibilidad dentro de -

unas tolerancias estrechas en una serie, por lo que es importante en 

medidas con_vorios extens!metros procurar que_no hayo dispersi6n en 

dichos valores. 

Por rozones de lo instrumentaci6n asociado a las medidos 

extensom6tricos, se tomo como valor nominal de la sensibilidad longi

tudinal de las bandas el de 2 y tolerancias admitidas como muy buenas 

son del ~ 0,5%. El factor de sensibilidad transversal se expresa en 

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

El fabricante indica el valor de K obtenida en unas co~ 

diciones determinadas de temperatura y sobre nedidas efectuadas con 

probetas de m6dulo de elasticidad y coeficiente de Poisson conocido, 

incluyendo curvas (fig. 7) donde se indico lo vorioci6n del factor K 

respecto o variaciones de temperatura. 

Poro medir el factor K se utilizan balanzas de colibro

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

se montan bandas correspondientes o una mismo serie. 

·¡ 

·¡·, 

! . 
' 

1 1 

. _l_ 1 
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1 

Una banda extensomoHr:ica_mide_todas las deformaciones -

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

las deformaciones producidas por dilataciones t~rmicas homog~neas no 

• 
lm:t 

crean tensiones, por tanto (fig, 8) si considerE 

mos una viga empotrado en un extremo sin carga al 
guna y hay variaci6n de temperatura, aquella se 

dilatar6 y habr6 una defor·maci6n que acusar6 la 

banda, pero por no originar tensiones, debe ser 

considerada como error • 

El error por variaci6n de temperatura se corrige, 

dentro de ciertos límites, fabricando el conduc

tor de la banda con coeficientes t~rmico de va

riaci6n de la resistividad de igual valor y signo 

contrario al del coeficiente de dilataci6n líneal 

del cuerpo sobre el que montan, 

En efecto: 

Rt= f,.(A+)t) eo(~att) 
.i..'"' 

.-·· 

AR•Rt·R.= ! [f.l.it~+fof•Jo~ ]=o 
Cll =-j1 

aacoeficiente dilataci6n lineal 
~~coeficiente de.variaci6n 

t&rmico de resistividad 

·La relaci6n 0(:-.Jl solo es lineal dentro de unos límites de tempera

tura pa~a los cuales se dice que la banda est6 autocompensada, los fE 

bricantes indican la curva de respuesta en temperatura de las bandas 

expresadas como microdeformaciones aparentes (fig,9). 

En la fig. ea vemos que al dilatarse la viga, si la ba~ 

da es autocom~~ri~ada, ·n~ experimentar6 variaci6n alguna en su resis

tencia, por .eJ:; contrario (fig,8b) si la viga est6 empotrada en sus e~ 

tremes, se ori·ginan esfuerzos de compresi6n cuando· dilate y la ... b~nda 

por tener el coeficient• _ _, acusar6 un incremento negativo en la -

variaci6n unitaria de resistencia,acusando precisamenteéla compresi6n 

habida. 
' 

Una banda solo puede ser compensada para mat~~iales que 

tengan id&ntico coeficiente de dilataci6n. Normalmente se -compensan -

para ~cer~•4t.to-Gj•C) y aluminio(at•U.to'/•C). 

Verem~s en el capítulo de t&cnicas de Medida, que los 

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

taje adecuados. _,_ 

i. 
' 

·, 
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2.2,4, LIMITES DE DEFORMACION: ESTATICA Y DINAMICA 

Le m6ximc deformación que puede soportar un extens!me

tro bajo carga est6ticc se expresa en %, de le longitud de su rejilla 

o porte activo y depende de_ varios factores, entre ellos: 

e) Temperatura de utilizcici6n. El velar indicada por el fabricante se 

refiere e temperaturas ambientes (242C) ·pero e temperaturas cricg~ni

ccs, le deformación es Sale ·une pequeña frccci6n de dicha volar. 

b) Duct1bilidcd de le clecci6n que constituye el conductor sensible, 

e) Maleabilidad del soporte de le banda y del adhesiva, 

d) Forma y dimensiones del extens!metrc, 

e) Calidad del montaje en l.a extructura 

Les bandas impresas de treme pel iculor, ·admiten mayor 

defarmcci6n est6ticc que les de hilo, 

El fen6meno de fatiga baje cargas alterna, presente as

pectos .que influyen en las medidas y deben tenerse en e uenta pues PU.!!. 

den introducir ~rrares • .. 

El conductor met6licc del extens!metrc cuando se mente 

sobre estructuras sometidos o tensiones alternas, sufre una fatigo -

cuyo efecto principal es producir una deriva del vale~ 6hmicc de la 

banda, por este motive se ensayan les bandos scmeti~ndclcs o cicles 

de amplitud canstonte(tiSOO,r&¡-tUSo,..t ... ) observando cuando le derive 

del valer 6timicc represento una defcrmoci6n aparente de 100 1ub , va

lar. ~ste cdmitidc .. ccmc límite (fig, lO), 

·6-
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Si en uno medida din6mica queremos obtener con exactitud 

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

remos especial atenci6n en la elecci6n del extensímetro adecuado y so 

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

~~~r,. 
%too.---~ 

8o 

0.1 

instrumentos a la banda sean puntuales pa

ra evitar concentraCi6n de esfuerzo en la 

banda y que el tamaño de la misma sea muy 

pequeño, ya que son los factores m6s infl~ 

yentes para ·evitar llegar al límite de fa

tiga, En un fen6meno vibratorio· lo deriva 

no tiene gran importancia si lo que intere 

sa conocer es solamente la amplitud de la 

oscilaci6n, 

~2.5, LIMITE DE LA RESPUESTA EN FRECUENCIA 

Una banda extensom~trica por tener una longitud finito, 
\ 

actua como un integrador de todas las deformaciones que ocurren a lo 

largo de la parte activa, por esta roz6n si la longitud de onda del 

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

va de la banda (fig, 12) no acusaremos deformacion 

alguna pues la mitad sufrir6 alargamiento y la -

otra mitad compresi6n. 

Las deformaciones son fen6menos que se propagan 

o la, misma ve loe idad que el sonido, por tanto co

nocido ~ste valor y el de la frecuencia del fen6-

meno, la longitud de onda A:fnos indica el valar 

límite en el cual una banda de longitud activa=l~ 

no causaría deformaci6n. 

Para evitar la anomalía anterior se admite como 

valor normal de 1~ el 10% de A con lo que 

el % de perdida de sensibilidad es pr6cticamente 

·nulo (fig. 1¡), -V 



Se fabrican bandos con longitudes octivcs:de 6,4 ~·p~;'"~-.-~ 
--,;, .. -~:-- ' 

lo que se pueden medir en aceros ( ~:.t;\::.<..>urrrr~'('j ) frecuenr.ios de ~o t-b_ 

aunque la limitoci6n en áste coso est6 en los instrumentos de medido. 

Otros factores influyen en la +imitaci6n de la respues

ta en frecuencia de las bandos, pues si bien la debil masa de inercia 

ae la misma favorece el seg~ir fielmente un fenómeno din6~ico, la elas 

ticidad de adhesivos y soportes debe tenerse en cuenta, aunque su va

loración es dificil de obtener de forma experimental, debiendo cui·iar

se lo elecci6n de adhesivos en medid~s tr!ticos, 

2,2.6, FENOMENOS DE FLUENCIA E HISTERESIS 

Supongamos que una probeta sobre la que hay montada •.mo 

bando extensom6trico es sometido o esfuerzos de trccci6n simple (fig 14 
las defor~aciones de lo probeta son entonces transmitidos al conductor 

CL t rQ.I oJQS 

activot"del adhesivO y ·del soporte, creandose unas solicitaciones de cor. 
. ' r:: .· '~·: · .. -

:;".-~.·r-~- .. -:-:.- .. ·- tadura principalmente en los extremos de 

¿~~~~~~).. \, f.¡ lo bando, que deben compensarse con lo fuer-

1 

1'· =-¡·-~ za ·antagonista 1 que se origina en el con-

Jf§ :;]\';.-A. -=~f ductor activo. 

, -----------·-· -----' Lo calidad del adhesivo y su elasticidad 

; · ~; determinor6n lo magnitud de lo relojcci6n -
!"" :.s· _-; 

del mismo bajo les solicitaciones constantes e que est~ sometido y por 

consiguiente que permita al conductor activo un lento retorno a su es

todo original. El fen6meno descrito es el de fluencio de une bando y 

tiene importancia considerable en medidos est6tic~s. no siendolo tonto 

en medidos din6micos. 

Por le propio naturaleza del fen6meno, se vé que le temp! 

roture juego un papel importante en lo fluencio, os! como los dimensio 

nes de lo banda, participando en raz6n inversa al tamaño. 

Es pr6ctico muy aconsejable, someter los probetas o ce~ 

gas y descargas sucesivas de magnitud -lo mayor posible, antes de efes_ 

tuor los medidos. 

Ligado al concepto anterior puede considerarse el fen6-

meno de histeresis~ el cual ocurre cuando quede una deformaci6n residual 

despu6s de someter o solicitaciones lo probeta sobre lo que est6 ins~ • 

talado lo bando, siendo el principal motivo de 

adhesivo o soporte absorbe porte de le energ!o 
- "' •r 

este fen6meno que el 

de deformoci6n y no lo 

! 

1 
¡ 
i 

.1 
¡ 
1 
! 

! 
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transmita al conductor activo. 

2,2, 7, NIVELES OPTIMOS DE EXCITACION======-----:_ _____ _ 

La señal el&ctrica que obtendremos de cualquier circuito 

de medida con bandas extensom&tricas , ser6 proporcional a la tensi6n 

de excitaci6n del mismo, lo cual hace presumir el empleo de niveles el~. 

vados de excitaci6n, sin embargo hay razones para limitar dichos nive

les. 

La .corriente el&ctrica que circuia por el conductor de 

una banda excitad~ origina por efecto Joul~ una elevaci6n de temperat~ 

ra al disiparse el calor producido, por cuyo motivo pueden aparecer las 

perturbaciones siguientes: 

a) Alterar el efecto de autocompensaci6n, cuya estabilidad es mejor con 

niveles bajos de excitaci6n. 

b) Modificaci6n del estado de tensiones de la estructura bajo ensayo, 

al absorber &sta el calor disipado por la banda1 sobre todo en materia

les pl6sticos. 

d) Derivas del cero, sobre todo en circuitos con varios bandas y en las 

cuales la disipaci6n de calor no ser6 igual y simultdnea. 

Los par6metros de mayor incidencia en la detenninaci6n 

del nivel 6ptimo de excitaci6n.de una banda son: 

l.- Superficie·de la rejilla, cuya influencia afecta al poder de disi

paci6n de calor, 

2.- Resistencia 6hmica de la bandG, que limita el paso de corriente, 

3.- Coeficiente de conductibilidad t&rmica de la estructura, 

4,- Tamaño de la probeta· o estructura donde se monta la banda, que de

termina el poder de absorci6n de calor. 

5.- Condiciones ambientales • 

• 
6,- Calidad del montaje de la banda, cuid6ndose de que no hayan burbu-

jas de aire entre el soporte y la probeta, 

En la tabla I se indica la potencia por cm
2 

que pueden 

disipar las bandas seg6n los materiales donde est&n montadas y para 

precisiones bajas, elevadas o medias (datos cortesia de Vishay-Microme

sures), 

·~--·· 
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DISIPACION DE 

CALffi 

Excelente. Piezas 
grcndes de alumi
nio o de cobre 

Buena. Piezas -
grandes de ace
ro. 

!:!~.~J.a_. Piezas pe
queñas de acero -
inoxidable o tito 
nio. 

Molo. Plásticos, 
resinas epoxy. 

ELE)/ ADA 

0,30 á O, 75 

0,15 á 0,30 

0,08 á 0,15 

0,01 á 0,03 

POTENCIAS RECOMENDADAS EN WATS/CM2 

ESTATICAS 

MEDIA 

O, 75 á 1, 5 

0,30 á O, 75 

0,15 á 0,30 

0,03 f, 0,08 

PRECISION REQUERIDA 

BAJA ELEVADA 

1, 5 6 3 o, 75 á 3 

0,75 á 1,5 0,75 á 1,5 

O, 30 á O, 75 o, 30 á 1, 5 

0,08 á 0,15 0,08 á 0,15 

DINAMICAS 

MEDIA BAJA 

-. ------------------
1,5 á 3 3 6 8 

1,5 _.á 3 3 á 8 

0,75 á 1,5 ·1, 5 á 3 

----~·, 

0,15á0,30 0,15 á 0,75 

Muy molo. Polie~ 
tireno, materiales 0,001 á o;oo3 0,003 6 0,008 
acrílicos. 

0,001 á 0,03 0,001 á 0,008 0,003 6 O,OlS 0,03 á o,oe 

·r· .;;(. 
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La tensi6n de excitaci6n se deduce a la f6rmula: 

Potencia disipada:--Ve 2 =-Wed en dende 
4R 

Ve= Tensi6m de excitaci6n en Voltios 

R = Resistencia nominal de lo bando 

Lo potencio por unidad de superficie es 

Siendo S la superficie de lo rejilla 

Si solo disponemos de uno fuente de olimentoci6n con s' ¡ 
lida fija de tensi6n y esta es elevada paro excitar el circuito de m' 

dida se ponen en serie unas resistencias que produzcan una caído de r! 
tensi6n determinada, pero sin olvidar efectuar los correcciones adecu~ 

das· por lo perdido de sensibilidad que introducen los mencionados 

tencias. 

re-: 
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1,3. PRACTICA DE MONTAJE DE BANDAS 

·.3.1. Preporaci6n de superficies 

La instalaci6n de una banda extensom~trica tiene como 

'undomento lo perfecto uni6n entre lo bando y el cuerpo de ensayo. 

Para el extensorretrist~· 'cada montaje de circuitos de 

•edido supondr6 un aumento de su experiencia y uno garantía de que 

;u labor es satisfactoria, solo cuando por un exceso de confianza 

:mite alguna de las operaciones que se indican como preceptivos, el 

:rror aparece, pero desgraciadamente no se manifiesta inutilizando 

.a medida, sino dando como ciertos unos resultados falsos, de ahÍ 

iue ser6 criterio firme el observar todo lo meticulos.idod humonome.!:'_ 
1 

~e posible, con lo certeza de que, si as! ·se hace, se obtendrd re-
' 
;ultados que justificor6n el empeño puesto. 
1 

! 'u e 
1 )ero 

La banda ·pUede elegirse, dentro de c~erta;5 opciones 
1 

ofrece el fabricantel; adaptadO a las condiciones de utilizaci6n, 

no así lo s.uperficik donde debo instalarse, por lo que ésto ú_! 
i 
:ima deber6 ser preparada por el usuario, así como la soldadura de 
i 
:ables que configuran el circuito de medida. 
' 1 

' !,5.1. Preparaci6n de superficies 

1 Todo superficie que debe recibir una bando se someter6 

~enerolmente a unos tratamientos mec6nicos y químicos para conseguir 
1 

~1 .mayor rendimiento· del adhesivo, sin que dichos tratamientos pue-

~on suponer uno modificoci6n local de las características del cuerpo 
¡ 
J ensayar. Dimensionolmente, se trotar6 uno superficie doble (como 

~ínimo). de lo superficie total de lo bando. 
' . 

El proceso pr~vio ser6 el de limpieza y desengrosodq 

poro el que se utilizor6 preferentemente cloroetileno de calidad, P.2 

ro metales y fre6n poro pl6sticos, poro ello se deposito el desen-
1 

grasante sobre lo superficie (se facilito esta operaci6n si viene e~ 

~osado en spr~y) y sin dejarlo evaporar se seca con uno gasa limpio 
' 
1 y de uno solo posado, repitiendose esto operaci6n hasta que lo gasa 

bparezca totalmente limpia.: 
1 

1 · . Conviene ind icor que siempre que hayo que 1 impior o S!!, 

car una su~erficie debe hacerse con una gasa limpio·(no necesoriomen 

!te esterilizado) o o veces con papel absorbente tipo Kleenex pero nu.!:'. 
1 --11-
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ca con algodones que dejarían hebras depositadas. Adem6s la limpie! 

_:_========='s=e~_~h~a~r_6;_:e~n~una sola pasada y_j.am6s_u.tilizando la misma gasa para di 

pasadas sucesivas, las razones son obvias ya que si la gasa es rep] 

soda sobre lo superficie, en vez de limpiar por arrastre, por efeci 

de estar impregnada de disolvente, lo suciedad o graso existente s! 

disolvería m6s, entrando en las minusculas oclusiones que existan.! 

1 En montajes sobre metales, recordemos que al estor c. 

tituidos por cristales orientados al azar, un pulido superficial ~ 

sentaría el aspecto de un espeja al quedar incluidas entre los cri 

tales las pequeñísimas partículas arrancadas, por lo que la adhesi 

y cohesi6n en estos zonas seria muy dudosa, por tal motivo se com~ 

el tratamiento mec6nico por abrasi6n con un ataque por un 6cido d~ 

El proceso de abrasi6n depender6 del estado inicial~ 
la superficie comenzando con papeles de carburo de silicio de gra1 

400, 200 o 150 respectivamente y que pr~viamente se ha humedecido[ 

el 6c1do, atacando en sentldos alternatlvos y que formen 902 entre 

ellos, con el fin de en coda posada,eliminar las "crestas" que sot 

el metal se van marcando¡ la coloraci6n peculiar que adquiere la 
¡ 

perficie y la desaparici6n de las marcas en un sentida cuando se < 
' 1 

que a 9021 indican que esta operaci6n est6 concluida, debiendase p1 

ceder inmediatamente al secado con gasas. 1 

! 

Posteriormente y de inmediata, la superficie se hum! 
i 

ce can un producto neutralizador ( saluci6n al cal in a deter'gente) ci 

f!n de que su pH sea .adecuada para recibir el adhesivo. 1 

' 
En resumen haremos la siguiente: 1 

1 

12 Limpieza g~osera, quitar 6xidos pinturas, etc, en una superficj 

doble que la de la banda, 

22 Desengrasado absoluto y secado. 
' i 

32 Abrasi6n progresivacambinada con 6cido y secado. 
1 

42 Neutralización y secado. j 

L6gicamente el proceso anterior es indicada para é iertos metales,¡ 

siempre habr6 que seguir las indicaciones concretas del fabricant 

1 de la propia experiencia. 

-1-/-
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Si se trata de superficies porosos como el caso del hor 
1. 1 6 [lgon, hobr que impermeabilizar 
' 1 

la zona de asentamiento de la banda, 

bnsiguiendose buenos resultados 
i 

dando despu6s de la limpieza, una ca 

~ previo de adhesivo. 

En vidrio y pl6sticos ser6 suficiente el empleo de fre6n 

su limpieza con gasas. 

i 
•.3.2. Trazado de ejes de referencia 

1 

-E e 

' ~-1---+-
1 

1 

1 

1 re,--
'~------ Et 

1 1 ig i5 

Una málo alineaci6n de los ejes de lo bando 

con la direcci6n en la que deseamos medir 

las· deformaciones introduce errores que son 

funci6n: de la relaci6n entre las deforma-

cienes m6ximas y m!nimos, del 6ngulo que -

forma la direcci6n en la que se desea medir 

y la direcci6n de la deformoci6n principal 

m6xima y del 6ngulo '} o error de montaje de 

lo banda (fig. 15). 

.¡ . 
Como por razones de montaje solo podemos influir sobre 1 

~ , tendremos que esforzarnos en conseguir que este error sea m!ni ... . 
b paro ello hay ··que _ci.8té~~·inar_. Sobre __ ·, la superficie de asentamiento 
1 ' . 

e lo banda, los ejes de lo direcci6n' en· que ·deseamo·s medir, pero te~ 
1 , 
remos que tener en cuento que no podemos bajo ningun pretesto, alt~ 

ar el estado de preparaci6n de la superficie según se explic6 en el 
1 
portado anterior. 

1 Algunos montadores utilizan (nefastomente) puntas de 

bero de trazar, que al producir pequeñas incisiones en el material, 
1 ' . • • ' ' 
!Iteran su extrucfura·, por tanto, nosotros recomendCmos siempre que 
1 
ea posible no trazar sino grabar químicamente los citados ejes. 

11 

Con los instrumentos adecuados a la precisi6n de la m~ 

~da (escuadras, goni6metros, compás, trazadores 6pticos de precisi6n 
1 
¡c. etc) buscaremos unas referencias ortogonales en los límites de 

a zona que se ha limpiado procurando que no haya contacto de los 

~iles con la superficie limpio, para evitar su conta~inaci6n; situ2 
1 . 

os las referencias tracemos con un bolígrafo de punta fina o con un 
1 . 

bpiz de grafito duro (5 6 6) los ejes completos sobre la superficie 

~eporado. Posteriormente, un palillo cuyo extremo lleve una bolita 
[ 
l. -t3-
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"'•• P'"t..- de olgod6n ( los utilizados en Pediatría y 

1 ~~
-~ 1 de vento en farmacias son muy adecuados) se 

--+--(~-: -r·~hu_mede_ce co---c--n 6ci_____:____do-y-_se po_so so_bre l_os tr_a--

_ ~ _ _ _ zos de 1 bolígrafo o 16piz, secando o continu2 

tisiG ci6n y se repite lo operaci6n pero humedecie~ 

1 c=~~=:3 1 
f1gil 

do un nuevo olgodoncito con neutralizador; de 

esta forma lo superficie mec6nicamente no se 

ha modificado y ~í veremos que han sido gra

bados los ejes de referencia, ya que la marco 

de grafito ha impedido la acci6n del 6cido -

sobre la propia línea y a continuaci6n el neutralizador ha limpiado el 

grafito que se deposit6. Este procedimiento tiene una demostrado efi

cacia por innumerables experiencias y es pr6ctica su apl_icaci6n en me 

tales. 

Otra soluci6n consiste en morcar con. 16piz los ejes, pero 

sin que estas lleguen a cortarse dejando siempre libre lo superficie -

de 1 sopor te de la banda ( f ig. 17) pero se ve que e onsegui r' este entra

ña una pericia grande y no queda exento de problemas de contaminación 

de lo superficie. 

2.3.3. Pegado de extensímetros 

El adhesivo utilizado paro el pegado de bandas deber6 

reuni~ unas caracter!~ticas adecuadas a su uso y nunca se pecard por 

exceso en las exigencias que en su elecci6n hagamos. Tienen preferen

cia todos aquellos que solidifican por polimerización, es decir que 

lo totalidad de los 6tomos que forman los componentes (normalmente dos) 

constituyen el áolido final, o diferencia de los pegamentos normales 

que solidifican por evaporoci6n de un disolvente .. 

En general un buen adhesivo tendr6 los siguientes corac-

terísticas: 

a) Permitir su aplicación en películas delg.édas para no i~:t""roducir -

errores por distanciamiento de la rejilla a lo superficie. 

b) Ser neutro a la superficie y al-soporte de lo bando. 

e) Transmitir los esfuerzos a la bando sin fenómenos de fluencio. 

d) T6cnico de aplicaci6n focil. 

e) Utilización en un m6rgen lo m6s amplio posible respecto o condici2 

nes ambientales. 
-~4-
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Ser6 dificil que un solo adhesivo cumpla en grado..6ptimo J 

las condiciones anteriores, pero siempre ser6 f.actible establecer un -

compromiso par.a aplicaciones concretos. 

Hoy pegamentos de aplicaci6n sencilla y r6pida cuyo uso 

es de inter~s en piezas grandes y usos generales donde lo medida se -

haga a temperaturas ambientales normales (20Q 6 609C) un ejemplo de -

aplicaci6n de las mismas se expor:e gr6fica.-nente en la fig, 18, refe~ 

rente al tipo M-200 de la f'irma Vishay-Micromesures. 

Para aplicaciones que exijan una ~ejor precisi6n, como 

puede ser· el caso de fabricoci6n de captadores, se utilizar6n adhesi

vos que deben someterse a un tratamiento térmico, operaci6n que no d~ 

jo de ser engorrosa. En cualquier caso, el fabricante dar6 normas el~ 

ros de oplicaci6n. Para usos de condiciones extremas (10002C) se com

prende que los adh~sivos ~e descompondr!on
1 

para ello, existen bandos 

encapsulados en uno varna met6lico que san fijados par soldadura el~c 

trice por puntos con utensilios adecuados. 

Junto con la bando, es muy pr6ctico pegar unos soportes 

de terminales impresos que ayudor6n.a la soldadura e instaloci6n del 

cableada. 

-15-
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a) la banda y el terminal impreso 

se colocan sobre un e ristal total

mente limpio y con papel transpa

rente autocdhesivo, se cubren y. se 

separan del cristal procurando no 

doblar la banda. 

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 acelerador. se 

aplica éste sobre el reverso de la 

banda y terminal, procurando no 

contaminar la banda .con adhesivo de 

la cinta, Dejar secar uri minuto • 
• '1 

J ' 

g) 

se 

a 

d) depositar una o dos gotas de 

adhesivo sobre la superficie de 

asentamiento. 

j 
"' e) se va bajando la cinta y con 

un dedo se hace ligera presi6n 

de izquierda a derecha y evita~ 

do tocar directamente el adhesi 

vo. 

f) una gasa se pasa varias ve

ces para evitar se ·formen burb~ 

jos de aire. 

' " 

los lO niinutos como mínimo 

puede retirar el papel trans 

paren te que ayud6 a pegar la ban 

da como se indico. 

fig. 18 
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2,3,4, Soldadura de cables 
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1 

La. soldadura de las bandas a los hilos de unión de los 

instrumentos de lectura, requieren una especial atenci6n y el mont~

dor necesitar6 adqui~ir cierto_expeciencio pera dominar esta opera

ción. 

! 

En lo composición de las soldaduras· se emplean oleaci2 . ¡ 
nes de plomo con estaño, plata o antimonio, que llevan o nó incorpor_5! 

da uno resino y seg6n las proporciones de dichas aleaciones resultan 

unas características determinadas de conductividad el~ctrica, compo~ 

tamiento a solicitaciones mec6nicas, respuesta en temperatura etc. 

por todo ello noes recomendable el uso de soldaduras com6nes en aplic.9_ 

cienes de taller el~ctrico o electr6nico~ ~special atenci~n tiene el 

conocimiento de la temperatura de fusión que debe ser lo-m6s inmedi.9_ 

ta superior a la que estar6 sometida el circuito de medida, con el -

f!n 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 fundentei sobre todo para hilos muy delgados, 

pero ser6 totalmente imprescindible limpiar con un decapante adecu.9_ 

do los puntos de soldadura con el f!n de eliminar los residuos de -

fundente y resina que podrían ocasionar corrosiones y fenómenos par~ 

sitos por efecto "pila" ya que evidentemente quedarían dos metales y 

un electrolito. 

El ·soldador juega_ un papel muy importante, siendo rec2 

mandados aquellos de temperatura regulable; la punta del mismo nunca 

ser6 cónica sino que tendr6 una tOlla en forma de bisel. Para evita_r 

que los cables puedan ejercer esfuerzos en la banda que pudiesen det~

rioraria debe utilizarse siempre que sea posible un terminal impreso 

que servir6 ~e 0~póyo al cable {que ser6 de varias hilas) al que pre

viamente se 1~ s~paró un hilito y se estañó tal y como se indica en 

la fig, 19. 

E. ::ataii.ar e ortar 

~~~ 
L'3 i9 

En general seguiremos el siguiente proceso: 

12 Preparar el cable seg6n la fig, 19 

22 Proteger con papel autoadhesivo debil la 

banda, dejando al descubierto solamente 

los puntos de soldadura-:;;< ·i; i. 
32 Depositar una gota de soldadura lo m6s p~ 

queña posible sin aportar excesivo calor 
-17-
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qu• podría desprender la banda del sopbrte, No debe durar 

r- .~, --~- ~-, :i:1i ¡·L . ' .,-,;j . -'·'¡ 

esta aper9: 

ci6n mós de 2 segundos, si no se consi~en el primer intento, dejar 

en.f.r:iar-y-repet ir. 

49 Presentar el cable ya preparado y sin aporte de soldadura, solamente 

manteniendo caliente y muy limpio la. punta del soldador, fijar los ca

bles a los terminales y a la banda, tal y como se indica en la fig.20. 

En la banda conviene que: la gota de soldadura sea lo me

nor posible para evitar concentraci6n de esfue!zos, de ahí que el pro

cedimiento explicado favorezco ~sta condici'6n al ser m6s fino el hilo 

de uni6n del terminal a la banda, a la vez que·se consiguen dar mayor 

seguridad al montaje, pues un fuerte tir6n del cable rompería el termi 

nal pero no la banda. 

Hemos ofrecido unas normrs generales ya que el fabrica~ 

te indicará en cada caso lns instrucciones concretos. 

2. 5. s~_o_mprobac io_rl~~ 

Una vez insralada una banda deberán efectuarse diversas 

comprobaciones siendo preceptivas: 

19 lnspecci6n ocular. Debe hacerse con una lup~ de 20 aumentos o m6s 

paro confirma·r que se ha situado correctanente.lo banda a la vez 

que se observar6 que no han quedado bolsas de aire ni "lagunas" 

(zonas sin adhesivos) bajo el soporte de la misma. 

29 Comprobaci6n del aislamiento. Se utilizar6 un megohmetro cuya ten

si6n no exceda los 50 V, si es de v6lvula mejor y jam6s se har6 

uso de los medidores de aislamiento de tipo magneto que quemarían 

la banda. 

El aislamiento deber6 ser mejor que 100 megohms, ya que un aisla

miento menor, equivale a 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. 

39 Medida del valor 6hmico de la banda. Utilizar un instrumento que 

aprecie decimos de ohmio como m!nima; esta comprobaci6n tiene dos 

objetos; el primero saber Que no estcS rota ni cortocircuitada la 

rejilla y el segundo c~nocer la dispersi6n del valor nominal, so-

-18-



bre todo en circuitos con varias bandas parO controlar dese~uili

brios excesivos, 

2.5.6. Protecciones 

Desde medidas efectuodas·en laboratorio, hasta las di

fíciles en los conos de cohetes o cascos de barcos, encontraremos und 

serie de condiciones ambientales que juntamente con la duraci6n de la 

medida exigir6n proteger un elemento delicado con es la banda exten

som6trica de forma adecuada. 

Las bandas, de por s!, son presentadas bajo opciones que 

aportan una determinada protecci6n, as! las hay encapsuladas sobre das 

16minas, una inferior que constituye el soporte y otra superior de ld 

misma naturaleza y que deja libre solo los terminales para la soldddU

ra de cables, 6sta pratecci6n evita la proyecci6n del estaño en la sai

dodura y mejora enormemente el aislamiento. Otras opciones llevan u~os 

hilos soldados, por lo que el soporte superi6r cubre totalmente a ld 

banda (fig, 21), 

·~-~·~ En general 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 canoceria, 

, ~-. para preparar la superficie adecuadamente 

antes del pegado de la misma 

Los criterios que debemos tener en cuenta 

para elegir los productos de protecci6n e! 

tar6n basados en: 

a) Temperaturas extremas durante ia medida, p,e, Probeta en laborato

rio 222C ± 32C; estructura expuesta al sol 0-602C estructura de ~~ 

avi6n e~ vuelo -502C ~ 1202C, 
,~·. 

b) Duraci6n de las medidas, p.e. l hor,?. en laboratorio; l año en ur:1 

punto sumergido del casoo ·de un buque. 

e) Ambiente, p,e, aire seco, aire humedo~\ogua, aceite, chorro de 

agua, gases corrdSivos, hidrocarbu~os, •• 
Na debemos olvigpr antes de_._;la aplicaci6n ae los prote.s 

tores, cercionarnos de que ,no hay restos de adhesive> alr<~dedor de la 

zona a proteger, que se limpi'<S bien la resina ~ndent.e de las solda-

lll:ti!R ~~~pSrdB8!1 4¡;a_re ~UI 
1 ·' • '. - .. ·-c. 



protector se adhiera, que no hay humedad, etc. en una palabra, no des

deñar ningún esfuerzo que posteriormente puedo inutilizar varias horas 

---~~~~"'d,_,e'==-lob~o;:_io~so~s~t r:aba jos~. _______ :___:__:_====.::__ _______ :__=::._ _______ _ 

Una práctica muy aconsejable, siempre que sea posible, 

ser6. lo de~conectar provisionalmente el instrumento de lectura al cir

cuito antes de protegerlo y sometiendo aquel a alguna solicitaci6n, 

observar que el funcionamiento es l6gico. 

Por Último, no olvidar tomar datos de posici6n, fotos, 

numeraci6n de cables, esquemas etc. antes de la protecci6n, ya quepo~ 

teriormente sería imposible, al Quedar el circuito.tapado por los pr2 

tectores. 

La aplicaci6n del protector la haremos siguiendo siempre 

las indicaciones del fabricante pero como orientaci6n tendremos prese~ 

te: 
) 

i2 Extender bi~n el producto sobre la superfitie limpia y si hay que 

dar varias capas, que la¡ Última cubra por completo a las anteriores. 

Algunos produCtos vienen acompañados de un Componente previo, que debe 

aplicarse sobre la super:fic.ie con pincel y dejar secar perfectamente 

para luego aplicar .el protector y conseguir así la mejor adhesi6n. Vi

ji lar que no queden bolsas de aire. 

22 Cuidar Que el espesor del protector sea el adecuado, muchos protec

tpres son blandos y f6cilmente las bolitas puntuales de las soldaduras, 

pueden atravesar el protectOr con pequeñas presiones, originand~ cantee 

tos de masa indeseados. 

32 Protecci6n del extrema de los cables de uni6n a instrume.ntos, pues 

de nada sirve esmerarse en la banda si dejamos opci6n a que por la vai

na de los cables queden huecos por donde se perdería la protecci6n. 

----_._.L. ~(,.. -
La fig. 22 indica un acabado tipo de protecci6n. '·"~-
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2,6._1. Indicadores de pr_opag_aci6n de_ fisuras 

Dos son los motivos que pue<Je~ :--::::~.s' :-:ecesnrio el uso 

de estos sensores: detectar la apari~i6n de una fi s~ra o determinar 

la velocidad de propagaci6n de la iT'iSrl"'\a, en ambos casos, si bien el 

sensor ser6 el mismo, varior6n los instrumentos de lectura. 

·'·. -· :.-_. 
-~··.· 
··:·. 

M 

CPA01 

CPA02 

1111111111111111111! 
CPC03 

_,· .. ,. n3 
•!::i-

Estos i~dicadcres ~5t6n formados por una 

serie de hilos en paralelo (fig. 23) moro 

todos en un soporte sim~lor al de l.~s ex 

~ens!metros, ·que se pega en el punte do~ 

de se producir6 lo fisura, y que cuando 

aparezca. romper6 un determinado n6rnero -

de conductores, deduci~ndose la longitud 

de la fisura por meaidc de la resistencia 

con un ohmetrc; si por el contrario el mg 

mento de aparici6n de la fisura es regi~ 

trado de forma cont!nua por un oscil6gra

fo, deduciremOs la velocidad con que se 

propaga (fig. 24), 

La aleaci6n de la que est6n constituidos es suficiente 

para soportar deformaciones superiores a± 2000¡u~ m6s de 108 ciclos 

y son montados con t~cnicas similares a 

110 .. 
•o ,_ •• x>-

o~ 30 

'ili 
~= 25 

a 
!!~ 20 

llli •• a:-
10 

• 

los utilizados en los extens!metros. 

Los efectos de temperatura tienen pOCO in 

fluencia. 

2, 6. 2, lnd_i _c_agg_r-_~_d., _ _i_at_ig.Q 

Al contrario que las bandas extensom€tr! 

cas, que miden deformaciones por vo:-iaci~ 

nes instcntáneas de su resistencia, .los 

indicadores de fatiga (S/N) guardan "en 

memoria" todas los deforonaciones experi-

mentadas desp_ués de su ·instalaci6n. La 

memoria aludidO viene representada por 

una modificaci6n permanente. del valor n~ 

minal de su resis·.tenc ia,· que es funci6n 

de la anplitud de las deformaciones Y de 

la frecuencia con que se produ~_en. 

·21· 
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Las leyes de ~hler nos dicen que: 

12 En una pieza sometida a cargas alternas, la carga de rotura dismi-

~=::=====:=iníiuye~. 

22 El n6mero de alternancias que hay que producir para la rotura es 

tanto menor, cuanto mayor es la amplitud de las mismas. 

32 Existe un valor de deformaci6n m6«imo para el cual no se produce 

rotura sea clilol seo al n6mero de ciclos con que se aplique. 

En lo fig. 25 se expreso gr6ficomente lo expuesto, 

~studios realizados por Minar, permiten afirmar que el 

porcentaje de vida de una pteza sometido o tensiones variables, es el 

mismo si aumentando lo amplitud de los tensiones disminuimos su fre

cuencia o viceversa, siguiendo la 

TU:a .. n.io 

N 

proporci6n obtenido seg6n ~os cri-

terios de ~helar. 

En lo fig. 26 vemos que el tanto 

por ciento de envejecimiento de uno 

pia·zo es el mismo sometido o la ten 

si6n <Si y c1 , ciclos que si se -

somete o 1 o ten si 6n <I"2 y c2 ci

clos. 

Se considera que los tensiones opli 

cedas oscilan entra un valor cr 
m6ximo y un mínimo O, si as! no -

fues~ logicamente habr6 que consi

derar los efectos de uno componente 

contínuo m6s lo carga variable. 

Si biln en su aspecto los indicado

res de fatiga (fig. 27) son semejan 

tes a las bandas extensomltricos, 

lo constituGi6n de su elemento sen-

sible as biln distinta, ya que lo oleaci6n de lo rejilla persigue au

mentar al m6xima el efecto que en los extensímetros se trotaba de eli 

minar¡ en afecto recordemos (2,2.4.) que en las bandas se establece -

como límite deformaciones din6micas, aquel que produce uno deriva de 
~2- , 
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100 ¡u Ó , equivoler.te a "un "in e re

me-nto de 0,024 ohrr.s en una banda 'Je 

·120 ohms, mientras que ahora preten 

demos que estos valores 5ean dei -

orden de 7 a 10 eh~ .. se ccnstit~-

yen en ale0ci6n d~ con~~cntnr1 con 

valor nor11:nal de 100 ·ohm. 

Lo variac16n oe la resistencia del 

indicador de fa:igos ~s ~r~ducida 

por una distorsi6n de su red. cris

talina y oor lo aporici6n de micro 

fisuras de la ol~oci6n de que se 

compone su rejilla y ha podido de

mostrarse experimentalmente que .en 

algunos metales, empleados en cons

trucci6n normalmente, se produce el mismo fen6meno¡ de ahÍ que estos 

sensores cuando son montados s~bre piezas mecánicos puedan indicar can 

gran fidelidad el estado de envejecimiento de los materiales midiendo 

la desvioci6n del valor nominal de_lo resistencia del se~sor. 

Si el envejecimiento de lo aleaci6n del sensor es dis

tinto del mcit"eriol sobre el que ~e monto, lo concordancia anterior se 

pierde y lo~-r~sult~dos no ten~r6n v~lor alguno, ya que si, por ejemplo 

le deformaci6n m6xima copáz de desvior'el valor de la resistencia del 

sensor, (32 ley de Wohler) es superior a lo deformoci6n que producir6 

la roturo de lo pieza·de ensaya, el indicador "de fatigo jom6s acusaría 

desviaci6n de su ~~sistencio; paro evitarlo se fabrican senSores mul-

t ~plicadores ·1os ·C·':Jales. _por diversos procedimientos de fobriCCci6n se 

consiguen adaptar lo respuesto del sensor a los materiales en que se 

mont ar.1fli18a.) 

La fig. 28 d6 Jba respuesto ~~e lós sensor"es FWA de -
.... ~ . ~ 

Vishay-Micromesures. 
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TABLAS PARA 
EL C.~LCIJLO 

ROSETAS DE 

TABLA N! 

TABLA 

CON 
120' 

3 

N2 4 

.-;--: ~ .. 1 ::.-, .- ---::-~ :--:-~· .. - ·~_ .. ..._ ..,-.... -.l"-.... :-"~~.~-~-7-:.7· ~-"'"""""''~~~"'-"':'.?-.:~--~-~">Y~-~,_7.,.,..;,~4~.'S':""~·:!I'f~--·~~;'·~.:~~~-"'''"··~~·"'· 
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" . 
' 

~~.; ~ 1 ._. ' 

.. :'~ ' _· _:_J_~_, 3 4 ; G 7 6 9 i 
-----~---~-

0,00 1 0,66671 63 
60 57 53 50 47 43 40 39 O,Gfi34 0,99 

0.01 34 JO 27 24 20 17 13 10 07 04 01 0.98 
0.02 01 

98 95 91 88 85 82 79 75 72 0,6569 0.97. 
0.03 0.65!>9 66 t3 59 56 " so 47 44 41 ¡ 37 0,96 

0,01 1 
37 :l4 " 28 25" 22 19 16 13 091 06 1 0,95 

0,05 06 03 . 00 
97 " 91 88 &5 82 79 0,6476 ' 0,94 

0,06 0,6476 73 70 67 64 61 58 55 52 4:J 46 0,93 
0.07 

1 

46 43 40 37 34 31 28 25 22 20 17 0,92 
0.08 16 14 11 08 05 02 

99 96 " 91 0,6387 0.91 
0.09 

1 
0.6388 85 82 79 76 74 71 68 65 62 60 0,90 

0,10 60 57 54 51 48 46 43 40 37 35 32 0,89 
U.11 32 29 26 24 21 18 16 13 10 06 ,. 0,88 
0,12 05 02 

99 97 94 9l 89 86 84. 81 0.6278 0,87 
0,13 0,6278 76 73 70 68 65 " 60 " 55 52 0.86 
0,14 52 50 47 45 42 40 37 35 32 3C 27 0.85 
0,15 27 2!i 22 20 17 15 12 10 07 04 02 0.84 
0,16 02 00 

98 95 93 " 88 86 83 81 0.6178 0.83 
0.17 0,6178 76 74 71 69 67 .. 62 60 57 55 0,82 
0.18 55 " 50 48 46 44 41 39 37 34 32 0.81 
0,19 32 30 28 26 23 21 19 17 14 12 10 0.80 
0.20 10 08 06 04 01 

99 97 " 93 91 0,6089 0,79 
0.:?1 0,6089 86 84 82 80 78 76 74 72 70 68 0,78 
0,22 68 66 64 62 60 58 56 54 52 50 48 0,77 

' 0,7.3 48 46 " 42 40 38 36 34 32 30 28 0.76 •: 0.24 28 26 24 22 20 " 17 15 13 11 ,. 0,75 
C.2~ 09 07 05 03 02 00 

98 96 95 93 0.5991 0,74 
~ . - 0.26 0.5991 89 88 . 86 84 82 80 79 77 75 74 0.73 

0,27 74 72 70 69 67 65 64 62 60 59 57 0.72 
0.28 57 55 54 52 50 49 47 46 44 " 41 0,71 
0.29 41 39 38 36 35 33 32 30 28 27 25 0.70 
0.30 25 24 22 21 20 18 p 15 14 13 11 0,89 
0,31 10 09 08 07 05 04 02 01 

99 98 0,5897 0.68 
0.32 0.5897 " " 93 92 90 89 •• 86 85 84 0.67 
0.33 64 82 81 80 79 77 76 75 74 72 71 0.66. 
0,34 71 70 " 66 66 65 64 63 ·62 60 .59 0,65 
0,35 59 58 57 56· 55 54 53 52 51 50 '''48 0.64 
0.36 48 47 46 45 44 43 42 41 40 39 36 0.63 
0,37 38 37 36 35 34 33 32 31 30 30 29 0.62 
0.38 29 28 27 26 25 24 23 22 22 

"1 
20 0.61 

. 0,39 20 19 18 17 17 16 15 14 13 ~:-~ ~ 12 0,60 .. ; 0.40 12 11 10 10 09 06 . 07 07 06 05 0.59 
0.41 05 04 03 03 02 01 01 00 

99 99 0,57 98 0.58 
0.42 0,5798 97 97 96 96 95 ··95 94 93 93 

l" 
0,57 

. 0.43 92 92 91 91 90 90 .,. ., 68 88 87 0.56 

. 0.44 87 87 66 88 86 ·85 85 84 .. 83 83 0,55 
0.45 63 83 82 62 82 61 01 61 60 60 80 0.64 
0,46 80 79 ,. 79 78 78 78 76 77 77 77 0.53 
0.41 77 77 77 76 76 76 16 76 75 75 75 0.52 
0.48 75 75 75 75 74 74 74 74 74 74 74 0.51 
0,49 

74 j-': 74 74 74 74 74 74 74 73 
.. 577~ 

0.50 

8 7 6 5 4 3 2 1 . . . . , .-.,-~ . ""~ ........... .,~~- .. ,, ....... ~: ' ( . . ~ ... · ... .-;.:.._~- :,·. . ... 

J ó'¡ ; i ~rL:.~~--L:~-L~- Í ··~wl.( 
''Z.,.:· 

9 
-- ----·· •!• 

0,50 0.76 • 1,01 ' 1,2811.531 1.60 2,07 0,0 ! 0,00; 0.25 : 2.33 
0,1 2.61 . 7.1lfl: 3.16: 3.43 3.72. 3.99 4,28! 4,58 4,87 5,15 
0.2 1 5.45: 5.74 6 04 ! 6,34 6.64 6.!.15 7,26 . 7,57 7,92 8,18 
o.J : 8.50 e.s~ : 9,13 . 9,45 : 9,77 10,09 10.41 ' 10,73. 11.06 11.36 
0,4 j 11,70: 12.03. 12.36 j 12.&9 13,02 .13,35113.68. 14,01: 14.~4114,67 

. : ! 1 
0,5' 15.00; 1~.33! ¡:¡ 66 : 15.99 16.32 16.65 116.98 -17.31. 17.64 17,97 
0.6: 18.30 1P..fi2. 18.94.19.27 ·1!!.59 19,91 20.23 :?0.55: 20.87 . 21.18 

g:~ : ~¡:~~ 21 .e:? . no8 22.43 22,70: 23.05 ¡ 23,36 23.(oG: 23,90:, ! 24,26 
24.85. 25.13 . 25.42 :25,72 26.01 26.28 7ü.57' 26.84 i 27.1:? 

0.9 27.3!:1 11.15 1 27.93 28.20 ,20.47 :?Jq2 ! 28.9'J 29.24! 29.50! 29,75 
1 o ~ 30.00 . 

--- ---·- --~ 
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fi~28 
Los indicadores de fatiga son verdaderos integradores de 

los efectos producidos por cargas alternas, seo cual sea su amplitud 

as! pu~s, si despu~s de :lO.CXlO ciclos de± 2CXlO¡uÓ 

viaci6n de la· resisttlnci'a de 1,9 ·ohm y 100 ciclos de 

la indicaci6n final ser6 de 2,7 ohm, 

producen una des

! 3CXlO /u Ó O, S~hm, 

Al montaje de estos indicadores habr6 que tener en cuenta 

que su eje sensible coincida con el eje de esfuerzo principal m6ximo, 

determinado previamente por cualquier procedimiento (extensom&trico, 

fotoelasticidad·, etc). 

2.6.3. Sensores rle temperatura 

Siguiendo el mismo procedimiento de tabric9ci6n de las 

bandas extenso~~tricas, pero haciendo que la aleaci6n de la rejilla < 

sea de níquel, se obtienen sensores cuya variaci6n de resistencia es 

altamente sensible a las variaciones de temperatura siendo este -fen~ 

meno ~uy estable y repetitivo, de ah! que se utilice profusamente en 

la medida de temperaturas por contacto y utilizando las mismas t&cni

cas de instalaci6n que las expuestas para extens!inetros>;;_La curva 

ÁR·l" (fig. 29), tiene una pendiente considerable por l"ó que se obtie

nen señales de alto nivel, pudiendose medir con gran precisi6n, exac~ 

titud y poder de resoluci6n, temperaturas comprendidas entre -300 y 

.¡. 5002F, 

-24-
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o ic>o 2.>0 .?loo •e 
Tempei"Qtur-o. 

Generalmente son fabricados paro que 

a la temperatura ambiente (23,92C su r 

resistencia nominal sea de 50 ohm y 

conociendo la curva , poder con,!! 

cer la temperatura midiendo por cual

quier procedimiento las desviaciones 

de la resistencia. 

Estos sensores a diferencia de los -

termopares que generan una f.e.m, son 

pasivos, necesitando de una fuent~ de 

alimentaci6n, par esa (fig, 30) si es 

ex~itado con una fuente de intensidad 

constante lmA) la lectura directa de 

un milivolt!metro nos valdría para c2 

nacer los ~ R directamente, no obstante como la respuesta no es lineal 

siempre tendríamos que tener tablas o curvas de respuesta -paro conocer 

el verdadero valor de la temperatura en 2C 6 2F, El inconveniente an

terior ha sido subsanado introduciendo 

circuitos linealizadores en los cuales, 

1m A 

·""" 1 
r-, : ., r-, ,-, _ .. 

si bi6n se pierde sensibilidad, la res 

puesto es lineal, por lo que los_ ins

truirentos de lectura pueden ir ta~a

dos directamente en escalas termom~tri 
'l.E8'C L t '- ~ l. ! l 1 

m V 

i 1 

/ 
ces. 

Con el f!n de utilizar para la medido 

de temperaturas los mismos instrumentos 

que para medir deformaciones, los cir

cuitos linealizadores se ·calculan de 

tal forma que el sensor constituye 

una rama de un puente de whearstone -

(fig, 31), de tal forma, que al leer un n6mero entero de microdeforma-

cienes equivalga a la variaci6n de lgrado centígrado o Farenheit, No~ 

malmente se fabrican redes para: 

~o,.~ <> t•c <.7 f'F 

{o o)' S <...> 1 oc e> rF-
• 
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Teaching/Learning 

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 addition to 
oftering a bread range of products, the 
Measurements Group also provides 
extensive col lateral support for those 
practicing experimental stress analysis. 
Training programs in the techniques of 
stress analysis, a full-time staff of 
applications engineers, and an extensiva 
selection of up-to-date technical and 

Student Gages are a group 
of ten Micro-Measurements 
EA-Series and CEA-Series strain 
gage types specially designed for 
student use. These strain gages are 
manufacturad from the same materials. 
by the same processes. and to the same 
high-quality standards as the regular line 
of Micro-Measurements strain gag es. 

~~~:$~:··· ... ,<¡\:!¡t~.,::mh~·· -
'•,' ""'" ""··· 
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Like others in the EA Series. Student 
Gages ha ve constantan metal foil grids 
and tough. flexible polyim1de backings. 
Student Gages are produced 1n three 
single-elementlinear patterns (LZ) and in 
a three-element rectangular rosette (RZ). 
The LZ patterns are available with 0.060-. 
0.120-. and 0.240-in (1.5-. 3-. and 6-mm) 
active gage lengths. The RZ rosette is 
designed with 0.060 in (1.5 mm) active 
grid lengths. CEA-Series Student Gages 
are available only in a linear pattern (UZ) 
with 0.240-in (6-mm) active gage length. 
All patterns of Student Gag es are 
produced 1n 06 and 13 ppm/'F sell
temperature-compensations for use en 
most steels and on aluminum alloys. 
respectively. All gages are 120n in 

product literature are available to assist 
you in the application of experimental 
stress analysis 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 
offering a unique line of high-quality in
structionar materials and equipment, the 
Education Division serves as your chan- _ . 

\ 

resistance and all include a poly1m1de 
encapsulat1on of the grid. The CEA
Series gages feature extra-large copper
coated solder tabs. 

Student Gages are supplied in astan
dard package quantity ol ten gages. Each 
package of gages contains ten engineer
ing data forms with gage type. resistance. 
gage factor. transversa sensitivity. and 
thermal output data which have been 
compiled specifically for the gages in the 
package. 

Because costs are heavily subsidized. 
Student Gages are provided exclusive/y 
for use in those teaching and fearning 
activities which are an integral part ot a 
formal course of study. 

For information on how to qualify for 
Student Gages. ask for Bullet1n 307 or 
write to the Education Program Coor
dinator. 
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This brOchure describes á ~éieéti_~~~bf~'}~:::$~~~: 
Measurements Group products with ex-.: ·. -: .J , .. 
ceptional utility as teaching·and learning .: •. , • · 
aids. These technically sound and·aca:-- . ~-· _ 
demically effective instructional materials-
and equipment are now in use ·¡n 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 
for both teach1ng and research uses. With 
over 250.000 possible gage types from 
which to select. a Micro-Measurements 
strain gage for every measurement need 
~ teaching or research ~can be found 
in Catalog 500. 

Practice 
Patterns 

Practice Patterns are uniquely de
signed for developing strain gage bond
ing and soldering techniques. They are 
similar in· appearance to EA-Series strain 
gages and are constructed of the same 
materials. Because they contain inactive 
grids. Practice Patterns cannot be used to 
measure strain. 

These training aids are ideally suited 
to firsHime strain gage users. Write to the 
Education Program Coordinator for more 
details. 

j 



Student .. 
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 educatio_nal 
aids are particularly relevan! and 

The Student Strain Gage Applica
tion Kit contains an assortment of those 
Micro-Measurements M-LINE Accesso
ries necessary for making successful 
strain gage installations in the laboratory. 
In addition to the materials for preparing 
the specimen surface for bonding. the kit 
mcludes both the popular. fast-curing 
M-Bond 200 cyanoacrylate and the 
durable. creep-lree M-Bond AE-tO epoxy 
strain gage adhesive systems. All the 
tools and materials for bonding and 
soldering strain gages- 1ncluding a 
controlled-temperature soldering iron
are provided. Designed with the student 
in mind, each kit comes complete with 
practice materials for developing strain 
gage installation techniques. Up to tour 
-students can work from one kit. The 
Student Strain Gage Application Kit is 

materials . - : . 
. • measurements and inst~um6ñt_ation. 

structures and structúral design ·-: .. 
design for safety arid reliabi!ity: .' ... 
value ·engineering ' · 

· failure analysis • •• ·: · · :,; <- : ::~~~~·~:~~=~~;~~~~-~~;~~~q~ 
cornpretú•nsion of stress and 

·. cepts wtíich otherwise tend to 
Teaching/Learning ,&.lds, . . . ..: ' .. ·";·;.,:abstractio.ns.:. . ' · ... : .. <: ,.·· :_ · ..•. 

Measurements Group ~nstructlonal· · ;· The-learmng a1ds descnbed 1n·th1s '-, ., ·-·: 
. products hi.Ve tieen désignéd.for rríaxi-. ·': :bróchuré are flexible and can be em•,C':;,·:,~;->: 

mum adaptability·iiísupplemeñiin!fand ';._ .. --. ·ployed iñ Ífpurely·illustrative or derÍ10n,: •.. ;-· 
enriching establishéd'courseswií~out:.,,;:\~ strative fashion. oras tundamental.éom-\:.é\ ·. 

• ·~revamping or restructuring:th!J_in;',~'};:':-";.):,!;;:ponents'of cours~ éontent Most of themj:':.:· 
,. Th<i.ilducational·priiducts·utilize·.striliiW~~-·,are.alsó open-ended,·and provide the · · ~ •. 

·• •, gage and photoelastic stress ah'aiysis:~· :~)'.:(me1uistor the"~niáginative teacher(or· ' . 
tech'niques•as.vehicles tor accomplistiing ,,.~ •• studenti to explore advanced areas. 
theirtútorial purposés: Basic prOducts tof~f"' -:..: •• o: · -'-: ,··. · 
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packaged in a durable storage box. All 
item's are fully compatible with. and m ay 
be supplemented by. the complete line of 
Micro-Measurements M-LINE Strain 
Gage Accessories. All consumables in 
the kit are replaceable from standard 
Micro-Measurements stock. For a com
plete l1st of contents. ask for Bulletin 310. 

M-LINE Accessories 
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. As k for Catalog A-11 O wh1ch de
scribes the complete line of Micro-Mea
surements M-LINE Strain Gag e Acces
sories. 
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VideoTechTM 
Libraries 

The VideoTech Library is a ser~ es of 
instructional VHS videotapes for strain 
gage installation. 

The procedures outlined in the Video
Tech Library will help both novice and 
experienced strain gage users to make 
reliable. professional-caliber strain gage 
installations every time. 

The videotape presentation formal of 
these dependable. preven. state-of-the
art methods can be adapted with equal 
success to individuaL sell-taught pro
grams. orto group training sessions. 
Each tape contains instruction for 
general-purpose surface preparation. 
gage bonding. leadwire attachment. and 
typical enviran mental protections. Orga
nizad in detailed. fully illustrated steps. 
each tape concludes with an example of 
a successful strain gage installation. 

W1th the Video T ech Library at hand. 
the student /earns by doing each of the 
prescribed steps to reproduce the actual 
installation. For additional details con
cerning these ·¡nstructional videotapes. 
request Bulletin 318. 



Cantilever Beams. designed for use 
with the Flexor. are coordinated wíth 
Experiments in Mechanics. but can be 
used separately for.other demonstrations 
or experíments. All beams are manufac
tured lrom 2024-T6 high-strength alu
mlnum alloy and are t in (25.4 mm) wide 
by 12.5 in (317.5 mm) long. Beams 
designed lar Experiments E-101 and 
E-1 03 are 0.125 in (3. 18 mm) thick. All 
others are 0.250 in (6.35 mm) thick .. 

Ungaged Beams 
Ungaged Beams permll specialized 

instructíon and are partícularly valuable 
when instructional time is sufficient to 
allow students to mount their own strain 
gages. 

For Use W•th 
Catatog No. Oescriot•on Exoenment No 

UB-01 o 125 in ¡3. re mm! thick E·tOt. E-103 
rectangular beam 

0.250 in (6.35 mm) E-jQ2, E-105 
rectangular beam 

Special Configuration Beams 
Special Conliguration Beams are de

signed for advanced work in measuring 
stress concentrations. They are ungaged 
to allord students the opportunity to posi
tion and mount their own strain gages. 

For Use W1th 
Catatog No. Descnp\ion E•per1ment No 

UBS·Ol Stress Concen;ra:•on - E·tO.! 
w1th a 1/.! in (6.35 mm) 
dr•lled a11d rearr.ed hoie 

UBS·02 Suess Concentration - E·tO..t 
w1tn accurately m1lled 
symmetrical U·Notches 

UBS-03 Constant Stress- two· E·t 06 
stage tape red beam w1Hl 
two constant-stress Jevels 

/ 
\ 
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Pregaged Beams 
Pregaged Beams are instrumentad 

with Micro-Measurements temperatura-
compensated foil strain gages. The strain 
gage installations are lully wired and are 
covered with a clear protective coating. In 
addition. all installations are lactory tested 
for resistance. stability. and freedom from 
creep. 

For Use 
W•th Gag e 

Catalog Experiment Number Gag e Lengtn 
No No Of Gages Type ¡in¡ · 

8·101 E-101 Linear O. 125 

8·102 E-t02 2 Linear 0.125 

8·103 E·103 3·Eiement O. t 25 
Rosette 

8·10.! E·tO-l Linear 0.030 
Linear 0.125 

8·105 E·1 05 Linear O. t 25 

) 8->06 E-106 Linear 0.125 



\. 

The Flexor. a cantilever flexure 
trame. is a simple. versatile. and portable 
all-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 

,.-r 
.,. .. --·. 

.... , .. "":·~: .... 
---· -

and widely used structural element the 
Flexor offers numerous associated ad
vantages as a technical teaching aid. 

5 
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Deflections are produced and mea
sured by a micrometer. and strains of up 
to 2500~E can be obtained on a 0.250 in 
(6.35 mm) thick beam. The Flexor can 
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 b1nding posts are prewired to an at
tached instrument cable which conven
iently connects toa strain indicator. The 
Flexor is 13-1/4 in (335 mm) long. 4-314 in 
(120 mm) high and 2-1/2 in (65 mm) 
deep. 11 weighs 3-1/21b (1.6 kg). Three 
ungaged high-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-ar'fstrain 
gage instrumentation is available ·from the 
Measurements Group lnstruments Divi-· 
sion. Many of these instruments are ideal-· 
ly suited for use in the classroom or 
teaching laboratory. The Model P-3500 
Strain lndicator, for example, is a port- · 
able, lightweight, rugged instrument 
which can be used both for stress analy-
sis testing and strairi-gage-based trans- .. · :': -
ducers. Featuring an LCD (or optional· · 
LED) 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 __ 

Teaching Polarisco 
Photoelastic methods of stress analy

sis provide a complete ·picture· of the 
stress distributions in a structure. As a 
result. they have become increasingly 
important elements in the design of 
modern products. The 080 Series Teach
ing Polariscope System will enable yo u 
to give your students a firm foundation in 
lhis valuable technology and will add new 
understanding to courses in design and 
strength of materials. 

The Model 081 Teaching Polariscope 
is a complete working polariscope. which 
can be used to graphically demonstrate 
and teach the pr·inciples o! 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 excellent device for teaching the 
theory and operation of a polariscope. 

The 081 can be easily carried to the 
classroom and quickly set up lar use. lt is 
designad lo be placed on an overhead 
projeclor and allows students to observe 
the different measuring operations nec
essary to determine the stress directions 
and magnitudes of lhe projected photo
elastic pattern. Ouantitative measure
ments are made through the use of a 
tránsparent 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 lhe transparent numbered dial. 
A mechanical drive system is provided 

for rotating all tour 
filters simultaneous
ly. The filters are lam
inated in glass lar 
excellent light lrans
mission as well as 
durab1l1ly. 

A full line of acces
sories is also avail
able lo extend the 
usefulness of lhe 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. un1form-f1eld 
digital compensator. 
monochromator. and 
a set of educational 
models. For addltion
al information on the 
080 Series Teaching 
Polariscope System. 
ask for Bulletin 306. For information 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, computers; 
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.. ;~~~~~~~~~i!~~~~~~~~~~~~ 2100 System can also function as· a-:: 
direct-reading static stra1n 1ndicator, . · .. 

Also available is a line of..-" 
accessories and auxiliary · 
including strain-indicator calibrators --·•"· .O ;;;I~CIU()Ing 

The Stress-Optic.on is a unique. 
textbook size instrument which can be 
u sed to demonstrate the fundamental 
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 

Mr:>del M·2.f3: s:~ncara mooet .,.,..,m 38m 
¡9 5 mm)Cllameter cer.tral not~. tor teacntng 
s:ress concemr;won. Etast•c stress concer.
trat•on l~c~or ¡K,¡ JPP'O"matety 2.16 lor aXIal 
load • 

r·--o··. -~-~-c .. ~ 
Model M-246: Represer.tat.ve mec~an•cal 

component cont•gura:•on. . tor teach•ng 
pho!::lelas/IC s:,ess measurement•n am.:rary 
snapes 

screws allow an infinite variety of loading 

Model M·241: Stand~rd p11sm~trc rno<J~I 
lor teacr.,ng beam ano column theor,es, 
St.Ver.ar.t s pr~nc1pte. ano cthers 

Model M·244: Moael w1m s;mmetr~cal 
sem.c.r~~lar nctc~es lar te~cnrng SlfeSS 
concemratron. Etastrc Stress concentrat,on 
tac:or appro"m~rely 1 .9. axral: ; 6. oend1ng 

Model M·247: Kr.ee trame .. 'ter 
teach,r.g s:ress Q,st.r•Dut•on m t)'ptcal structutal 
sMpes 

Model M·242: St.or~O.HO rnoael wrtn 
3 t 6 on (~ llr''""' c.arre:er c~ntral hale 
lar teacnong s:·e;s ccnc~".trat•On. Elasu 
stress conce".:ra:.or. :ac:or 1"--.1 aporoxomately 
2 ~3 lar a<~at'oac ' 

Modet M·2~5: D~a· s~ct•on struct~rat 
rrembar ror :eacn.~g rela:ronsn·p Detween 
stress Md cross·sec:,onal prQp\l!lleS. as well 
as suess concc•n:ra;,on '" !lllets 

Model M·248: Arc'l. . lor teacn,ng 
stress Oos:r,ou:.an in ctassrcal s:ruc:~ra' 
memoo!. 
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modes- e.g .. cantilever bending. column. 
statically indeterminate beam. and 
eccentrically loaded column- to be 
studied on a single prismatic model. 

Each of the eíght models available 
for the Stress·Opticon is a separate struc
tural shape which can be easily corre
lated to standard textbook examples. 

The Stress-Opticon is effective in room 
lighting. requiring no speciallight source. 
For lecture purposes. it can be used with 
an overhead projector for particularly 
dramatic presentations. In addition. it is 
lightweight. yet rugged enough to be 
passed from student to student during 
laboratory courses. 

The Stress-Opticon IS 9 in (229 mm) 
long. 6 in (150 mm) hígh and 1·1/2 in 
(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 shape which can be sub
jected to a variety of diflerent loading 
arrangements. 

The models are machined lrom Type 
PSM-1 Plast1c. a durable. non-brittle 
photoelastic material that is high ín photo
elastic sensitivity and free from time-edge 
effects. 

PSM-1 Plast1c is also available lar 
custom designing photoelastic models 
and comes complete with machining 
instructions for producing models without 
initial fringes. 

The accompanyíng photographs show 
the stress distribution for only one of the 
many loading conditions possible with 
each model. 
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Strain Gage Technology 

A brief introduction 
and guide to -

• Selection 
\ 

• lnstallation 

• lnstrumentation 

CCopyright Measurements Group, lnc., 1991 
All Rights Reserved. 



lntroduction to Strain Gage Technology 
Experimental Stress Analysis is an established. popular 
engineering too!. routinely used in the design of safe and 
reliable products and engineering structures. The techniques 
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 sen·ice. Within the bread field of experimental stress 
analysis. severa! practica! techniques are available, including 
photoelastic coatings and models, moiré. and electrical 
resistance strain gages. 

Ofthese techniques, the modern bonded electrical resistance 
strain gage is widely recognized as the most practica! tech
nology for testing ofload-bearing parts, members. and struc
tures. Beca use both excellent accuracy and repeatability can 
be achieved, strain gages are also becoming increasingly 
important as primary sensing elements in load cells as well as 
in pressure, force, torque, displacement, and other special
ized transducers. 

To make strain measurements of acceptable quality -
whether for structural testing or for transducer applications 

- requires the consideration of several well-defined pararne
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 well understood by the experienced stress ana
lyst, their significance may be less obvious to those unfamil
iar with strain gage technology. The purpose ofthis manual 
is to familiarize students with the proper techniques of strain 
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 Measurements Group strain gage 
literature, specially selected to provide the student with a 
sound introduction to the hardware and procedures of strain 
gage methods. lt includes the following tapies: 

• Strain Gage Selection Criteria, Procedures, Recommendations: The parameters for gage selection - including strain 
sensing alloy. backing material. gage length and pattern. self-temperature compensation. gage resistance. and gage options 
-are detailed. Examples are given of gage selections made in actual application. 1 

• 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. 

In the later sections, the hardware of strain gage technology is described: 

• Description of Strain Gages and Accessories: Partiallistings of Micro-Measllrements strain gages show the range of modero 
foil strain gage sizes and geometries. lncluded are linear patterns. three-element rosettes. pressure diaphragm gages, shear 
patterns. and others. Also included is a description of the accessory materials and equipment necessary for making good, 
sound installations. 

• Description of Strain Gage lnstrumentation: The range of instrumentation - including static. dynamic, and computer
controlled stress analysis systems - is shown. A selection chart is provided as a guide in determining the type of 
instrumentation best suited to a specific measurement application. 

• Reading List: Additionally, a reading list of recommended references is provided for supplemental study. 

Th1s manual has been prov1ded as part of !he Measurements Group Educahonal Program for Sira m Gag e T~chnology 



- Reprint of 

Strain Gage Selection 
Criteria, Procedures, Recommendations 

1.0 lntroduction 

The initial step in preparing for any strain gage installa
tíon is the selection of the appropriate gage for the task. lt 
might at first appear that gage selection is a simple exercise, 
of no great consequence to the stress analyst; but quite the 
opposite is true. Careful, rational selection of gage character
istics and parameters can be very important in: optimizing 
the gage performance for specified environmemal and oper
ating conditions, obtaining accurate and reliable strain mea
surements, contributing to the ease of installation, and min
imizing the IOta/ 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 
operating conditions. and at the same time best satisfies the 
installation and operating constraints. These constraints are 
generally expressed in the form of requirements such as: 

• accuracy 

o stability 

• temperature 

• ·elongation 

• test duration 

• cyclic endurance 

• ease ·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. 

It must be appreciated that the process of gage selection 
generally involves compromises. This is because parameter 
choices which tend to satisfy one of the cO'nstraints or 
requirements m ay work against satisfying ottiers. Forexam-. 
pie, in the case of a small-radius fillet. where the space 
available for gage installation is very limited, and the strain 
gradient extremely high, one of the shortest available gages 
might be the obvious choice. At the same time. howeve'r. 
gages shorter than about 0.125 in (3 mm) are generally 
characterized by lower maximum elongation. reduced 
fatigue life. less stable behavior. and greater.~ installa
tion difficulty. Another situation which often i_nfluences 
gage selection, and leads to compromise. is the stock of gages 
at hand for day-to-day strain measurements. While com
promises are almost always necessary, the stress analyst 
should be fully aware ofthe effects of su eh compromises on 
meeting the requirements of the gage installation. This 
understanding is necessary 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 criteria considered here relate 
primarily to stress analysis applications. The selection crite
ria 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 Transducer Applications Department can assist in 
this selection. 

MEASUREMENTS GROUP, lNC. (919) 365-3800 
P.O. Box 27777 · Telex 802-502 
Raleigh, North Carolina 27611, USA FAX (919) 365-3945 

-1-

.. · 



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 allov 
u sed in the foil grid. However. the allov is not in everv case a~ 
independently selectable parameter. This is becaus~ each of 
Micro-Measurements strain gage series (identified by the 
first two. or three. letters in the alphanurneric gage designa
tion - see diagram on pag:e 1 1) is designed as a complete 
system. That system is cornprised of a panicular foil and 
backing combination, and usually incorporates additional 
gage construction features (such as encapsulation, integral 
leadwires. or solder dots) specific to the series in question. 

Micro-Measurements supplies a· variety of strain gage 
alloys as follows (with their respective letter designations): 

A: Constantan in self-ternperature-compensated forrn. 

P: Annealed constantan. 

D: lso-Elastic. 

K: Nickel-chromium alloy. a modified Karma in 
self-ternperature-cornpensated f orm. 

2.1.1 Constantan Alloy 

Of all modero strain gage alloys, constantan is the oldest, 
and still the most widely used. This situation reflects the fact 
that constan tan has the best overall com bination 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 
temperature. lts 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 citpability. lt rnust be noted, however. 
that constantan tends to exhibit a continuous drift at 
temperatures above + 150° F (+65° C); and this characteristic 
should be taken into account when zero stability ofthe strain 
gage is critica! over a period of hours or days. 

Very importantly. constantan can be processed for self
temperature-compensation (see box at right) to match a 
wide range of test material expansion coefficients. Micro
Measurements A alloy is a self-temperature-compensated 
form of constantan. A alloy is supplied in self-temperature
compensation(S-T-C)numbers00,03,05.06,09,13,15, 18, 
30, 40 and 50, for use on test rnaterials with corresponding 
thermal expansion coefficients (expressed in ppm/ 0 F). 

For the measurement ofvery large strains, 5% (50 OOO¡.<E) 
or above, annealed constantan (P alloy) is the grid material 
normally selected. Constantan in this form is very ductile; 
and. in gage lengths of 0.125 in (3 mm) and longer, can be 
strained to >20%. 1t 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 
charactCristic, 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 numbers of 08 and 40 for use on metals and 
plastics, respectively. 

-2-

2.1.2 lso-Elastic Alloy 

When purely dynamic.strain measurements are to be made 
- that is, when it is not necessary to maintain a stable 
reference zero- Iso-Elastic (D alloy) offers certain advan
tages. Principal among these are superior fatigue life. coro
pared !O A alloy. anda high gage factor (approximately 3.2) 
which improves the signal-to-noise ratio in dynamic testing. 

Self-T emperature-Compensation 

An important propertv shared bv constantan and 
modified Karma strain g~ge alloys i~ their responsive
ness to special processing for self-temperature-com
pensation. Self-temperature-compensated strain gages 
are designed to produce minimum thermal output 
(temperature-induced apparent strain) o ver the temper
ature range from about -50° to +400° F (-45° to 
+201)" C). When selecting either constan tan (A-alloy) 
or Karma (K-alloy) strain gages, the self-temperature
compensation (S-T-C) number must be specified. The 
S-T-C number is the approximate thermal expansion 
coefficient in ppm/° F of the structural material on 
which the strain gage will display minimum thermal 
output. 

The accompanying graph illustrates typical thermal 
output characteristics for A and K alloys. The thermal 
output of uncompensated Iso-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 
selected to most closely match the thermal expansion 
coefficient of the test material. However, the thermal 
output curves for these alloys can be rotated about the 
room-temperature reference point to favor a particu
lar temperature range. This is done by intentionally 
mismatching 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 
mismatch, the thermal output curves for A and K 
alloys (supplied with each package of strain gages) do 
not apply, of course, and it will gene rally be necessary 
to calibrate the installation for thermal output as a 
function of ternperature. 

For additional information on strain gage tempera
ture effects, see Measurements Group Tech Note· 
TN-504. 
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D alloy is not subject to self-temperature-compensation. Backing materials supplied on Micro-Measurements 
Moreover, as shown in the graph (see box), its thermal strain gages are oftwo basic types: polyimide and glass-fiber-
output is so high [ about 80J.Lt/ o F (145 J.Lt¡o C )] that this reinforced epoxy-phenolic. As in the case of the strain sensi-
alloy is not normally usable for static strain measurements. tive--alloy;-the backing is not completely an indepen-

--There areiimes, however. when oauoy fifids applicatiOni_n ___ Oently specifiatile parameter. Certaiiltiacking--anOall"o"'y _____ _ 
special-purpose transducers where a high output is needed. combinations, along with special construction features. are 
and where a ful!-bridge arrangement can be used to achieve designed as systems. and given gage series designations. As a 
reasonable temperature compensation within the circuit. result, when arriving at the optimum gage type for a particu

Other propenies of D alloy should also be noted when 
considering the selection of this grid material. lt is. for 
instance, magnetoresistive: and its strain-sensitive response 
is sornewhat nonlinear. becoming significantly so at strains 
beyond ±5000J.Lt. 

2.1.3 Karma Alloy 

Modified K arma, or K alloy. with its wide are as of appli
cation. represents an important mernber in the family of 
strain gage alloys. This alloy is characterized by good fatigue 
life and excellent stability; and is the preferred choice for 
accurate static strain measurements over long periods of 
time (months or years) at room temperature. or lesser peri
ods at elevated temperature. It is recommended for extended 
static strain measurements over the temperature range from 

. -452° to +500° F (-269" to +260° C). Forshort periods. encap
sulated K-alloy strain gages can be exposed to temperatures 
as high as+ 750° F (+4000 C). An inert atmosphere will improve 
stability and extend the useful gage life at high temperatures. 

Arnong its other advantages. K alloy offers a much flatter 
thermal output curve than A alloy. and thus permits more 
accurate correction for thermal output errors at temperature 
extremes. Like constaman, K alloy can be self-temperature
compensated for use on materials with different thermal 
expansion coefficients. The available S-T-C numbers in K 
alloy are limited. however. to the following: OO. 03. 05. 06. 
09. 13. and 15. K alloy is the normal selection when a 
temperature-compensated gage is required that has envi
ronmental capabilities and performance characteristics not 
attainable in A-alloy gages. 

Dueto the difficulty of soldering directly to K alloy, the 
dup\ex copper feature. which was formerly offere9. as an 
option. is now standard on all Micro-Measurements open
faced strain gages produced with K alloy. The duplex copper 
feature is a precise! y formed copper soldering pad (DP) or 
dot (00), depending on the available tab area. All K-alloy 
gages which do not have leads or solder dots are specified 
with DP or DD as part of the designation (in place of. or in 
addition to. the option 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 construction involves a pho
toetched metal foil pattern mounted on a plastic backing or 
carrier. The backing serves severa! important functions: 

• provides a means for handling the foil pattern during 
installation 

• presents a readily bondable surface for adhering the 
gage to the test specimen 

• provides electrical insulation between the metal foil 
and the test object 

lar application. the process does not permit the arbitrary 
combination 9f an alloy anda backing material. but requires 
the specification of an available gage series. Micro
Measurements gage series and their properties are described 
in the following Section 2.3. Each series has its own charac
teristics and preferred areas of application; and selec
tion recommendations are given in the table on page 5. The 
individual backing materials are discussed here, as the alloys 
were in the previous section. to aid in understanding the 
properties of the series in which the alloys and backing 
materials occur. 

The Micro-Measurements polyimide E backing is a tough 
and extrernely flexible 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 installation . 
With its· e ase of handling and its suitability for use o ver the 
temperature range from -320° to + 350° F (-195° to + 175° C). 
polyimide is an ideal backing material for general-purpose 
static and dynamic stress analysis. This backing is capable of 
iarge elongations. and can be used tome asure plastic strains 
in excess of 20%. Polyimide backing is a feature of Micro
Measurements EA-. CEA-. EP-, EK-, 52 K-, N2A-. J2A- and 
ED-Series strain gages. 

For outstanding performance over the widest range of 
temperatures. the g-lass-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° to +290° C). In short-term applica
tions. the upper temperature limit can be extended toas high 
as +750° F (+4000 C). The maximum elongation of this car
rier material is limited. however. to about 1 to 2%. Rein
forced epoxy-phenolic backing is employed on the following 
gage series: WA. WK, SA, SK, WD, and SO. 

2.3 Gage Series 

As noted in Sections 2.1 and 2.2, the strain-sensing alloy 
and backing ma~erial are not subject to completely indepen
dent selection and arbitrary combination. lnstead, a selec
tion must be made from among the available gage systerns. 
or series, where each series generally incorporales special 
design orconstruction features, as well as a specific combina
tion of alloy and backing material. For convenience in iden
tifying the appropriate gage series to meet specified test re
quirements, the information on gage series performance and 
selection is presented here, in condensed form. in two tables. 

The table on the following page gives brief descriptions of 
all general-purpose Micro-Measurements gage series -
including in each case the alloy and backing combination 
and the principal construction features. This table defines 
the performance of each series in terms of operating temper
ature range, strain range, and cyclic endurance as a function 
of strain leve!. 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 leilgth. 
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Constantan foil in combination with a tough, flex-ible. Normal: -100" to •350"F ::t:3% for gage 
polyimide backing. Wide range of options available. (-75" to •175"CJ lengths under =1800 10' EA Primarily intended for general-purpose static and dy- Speciat or Short-Term: 1/8 in (3.2 mm) =:1500 1()' 
namic stress analysis. Not recommended for highest -320" to •400" F ±5% for 1/8 in c:c1200 10' 
accuracy transducers. (-195" to •205"C) and over 

Universal general-purpose strain gages. Constantan grid 
±3% for gage completely encapsulated in polyimide, with targe, rugged Normal; -100" to +JSOOF ±1500 Hl' 

copper-coated tabs. Primarily u sed for Qenerat-purpose (-75"' to •175"'C) lengths under 
±1500 100" CEA 1/8 in (3.2 mm) static and dynamic stress analysis. 'C'-Feature gages are Stacked rosettes limited to 

±5"' for 1/8 in 
·Fatigue lite improved 

specially highlighted lhroughout the gage listing •150"'F (•65"'C) 
and over usingtow-modulusaolder. 

sections of Cata lag 500, Part A - Strain Gage Listings. 

Open-faced constantan foil gages with a thin, laminated. 
polyimide-film backing. Primarily recommended for use 

Normal Static 
in precision transducers. the N2A Series is characterized 

Transducer Service: =1700 10' N2A by low and repeatable creep performance. Also recom- =3% 
mended for stress analysis applications employing larga 

-100° lO +200°f :::1500 10' 

gage patterns. where the especially flat matrix eases gage 
(-75° ro +95°C) 

' 

installation. 

Constantan foil gages with a thin, taminated. polyimide 
backing and encapsulating film. Exposed solder tabs for Normal Static 

J2A direct leadwire attachment. Primarily recommended lar Transducer Service: 
::2% 

:=:1700 10' 
precision transducers; the encapsulating film provides -100° to +200"'F :t1500 10' 
a more rugged gage than the N2A Series. but may in- (-75° ro "'95"'CJ 
crease reinforcement of thin transducer flexures. 

lso-Eiastic foil in combmation with tough, flexible polyi-
±2% mide film. High gage factor and extended fatigue life Dynamic: 

Nonlinear at =2500 10' ED excellent for dynamic measurements_ Not normally used -320° to +400° F 
strain tevels :t2200 10' in static measurements dueto very high thermal-output (-195° to +205°C) 
over ±0.5% 

charactenstics. 

Fully encapsulated constantan gages with high- Normal: -100° to .. 400"'F 
endurance leadwires. Useful over wider temperatura (-75"' ro .. 205"'C) ±2000 10' 

WA ranges and in more extreme environments than EA Series. Special or Short-Term: ±2% oc1800 106 
Option W available on sorne patterns, but restricts fatigue -320"' to +500° F ±1500 10' 
life to sorne extent. (-195"' to .. 260"'C) 

Karma foil in cornbination with a tough, flexible polyirnide Normal: -320° to -+350"'F 

EK backing. Primarily used where a combination of higher (-195~ to +175"'C) 
±1.5% ±1800 10' 

grid resistances. stability at etevated temperatura. and Special or Short-Term: 
greatest backing ftexibility are required. -452"' lO +400°F (-269° lo +205°C) 

Fully encapsulated K-altoy gages with high-endurance 
Normal: -452"' to +550"' F 

leadwires. Widest temperatura range and most extreme , - -~~9o to +290"' C) =2400 10' 
WK environmental capability of any general-purpose gage s-·- or Short-Term: ±1.5% :::::2200 10' 

when self-temperature-compensation is required. Option "' -..:.:2° !O .. 750°F :::::2000 10' 
W available on sorne patterns. but restricts both fatigue r -269° to +400"' e J 
life and maximum operating temperatura. 

Special annealed constantan foil with tough, high- :::10% for gag e 
elongation potyimide backing. Used prirnarily for mea-

-1 00"' to +400° F 
lengths under ±1000 10' 

EP surements of large post-yield strains in metals or on 
(-75° to +205°C) 

1/8 in (3.2 mm) 
tow-modulus materials (polymers). Available with ±20% for 1/8 in EP gages show zero shift 
Options E. L, and LE (may restrict elongation capability). and over under high-cyclic strains. 

Fully encapsulated constantan gages with solder dots. Normal: -100"' to •400"'F 

SA Same matrix as WA Series. Same uses as WA Series but (-75° ro •205°C) ±2% ±1800 10' 
derated somewhat in maxirnum temperatura and operat- Special or Short-Term: ±1500 10' 
ing environment because of solder dots. -320"' to •450°F (-195° ro -+230"'C) 

Karma foil laminated lo 0.001 in (0.025 mm) thick, high- Normal: -100° to -250"'F 
performance polyimide backing, with a laminated polyi- (-75° to +120"'C) ±1800 10' S2K mide overlay fully encapsulating the grid and solder tabs. Special or Short-Term: ±1.5% c!e1500 10' 
Provided with large solder pads for ease of leadwire -300° lO - 300"' F 
attachment. (-185~ ro •150°C) 

Fully encapsulated K-alloy gag es with soldar dots. Same 
Normal: -452° to -+450"'F 

(-269"' to +230°C) ±2200 10' 
SK uses as WK Series, but derated in maximum temperatura 

Special or Short-Term: 
±1.5% 

±2000 10' 
and operating environment because of solder dots. -452"' to +500"'F (-269° to +260"'C) 

Fully encapsulated lso-Eiastic gages with high-enduranca Dynamic: -320"' lo +500"' F 
±1.5%- non- ot3000 10' 

WD teadwires. U sed in wide-range dynarnic strain measure- (-195° to +260"'C) 
linear at strain ±2500 10' 

ment applications in severe environrnents. tevels over :::::0.5% =2200 10' 

Equivalen! to WD Series, but with solder dots instead of Oynarnic: -320"' to +400"' F ±1.5% ·::t2500 10' 
so leadwires. (-195° to +205"'C) See above note ±2200 10' 
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Strain Gage Series and Adhesivo Selection Reference Jable 

-soc to +150°F (-45° ro +65°C) 

GENERAL 
STA TIC OR 

STA TIC-
DYNAMIC -sao to +400°F (-45° to ... 205°C) 
STRESS 

ANALYSIS• 
High 600 or 610 

-452° lO Moderate 610 

<600°F (<315°C) <102 Modera te 610 

(<370°C) 

<10 Modera te AE-10 

-50° to +150° F ( -45° to +65" C) >103 Modera te AE-15 

HIGH· >103 Moderate · A-12 
ELONGATION 
(POST-YIELD) Moderate 

WA,SA 610 

WK, 

This category includes most testing situations where soma degree of stability under static test conditions is required. For 
absoluta stability with constantan gagas over long periods of usage and temperaturas above +150°F (+65°C). it may be 
necessary to employ half- or full-bridge configurations. Protective coatings may also influence stability in cases other than 
transducer applications where the element is hermetica\ly sealed. 

lt is inappropriate to quantity "accuracy" as used in this table Without consideration of various aspects of 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, dynamic, etc.) 
• operating temperature of gage installation 
• test duration 
• accuracy required 
• cyclic endurance required 

This table provides the basic means for preliminary selec
tion of the gage series for most conventional applications. It 
also includes recommendations for adhesives. since the 
adhesive ir. a strain gage installation becomes part of the 
gage system, and correspondingly affects the performance of 

the gage. Ibis selection table, supplemented by the informa
ti en in the table on page 4, is used in conjunction with 
Catalog 500. Part A - 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 above table, it can usually 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 become too complex for presentation in a simple table. 
In such cases, the user should consult the Applications Engi
neering Department of Micro-Measurements for assistance 
in arriving at the best compromise. 
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As indicated in the previous table, the ·cEA Series is 
usually the preferred choice for routine strain-measurement 
situations, not requiring extremes in performance or envi
ronmental capabilities ( and not requiring the very smallest in 
gage lengths, or specialized grid configurations). CEA
Series strain gages are polyimide-encapsulated A-alloy 
gages. featuring large. rugged. copper-coated tabs for e ase in 
soldering leadwires directly to the gage (photograph below). 
These thin. flexible gages can be contoured to almost anv 
radius. In overall handling characteristics. for example, cor.;
venience. resistance to damage in handling. etc .. CEA-Series 
gages are outstanding. 

BACKING 

' ! 

' COPPER-COATED TABS 

2.4 Gage Length 

The gage length of a strain gage is the active or strain
sensitive length of-the grid, as shown below. The endloops 
and solder tabs are considered insensitive to strain because 
of their relatively large CT\)SS-sectional are a and low electrical 
resistance. To satisfy the widely varying needs of experimen
tal stress analysis and transducer applications, the Micro
Measurements Division offers gage lengths ranging from 
0.008 in (0.2 mm) to 4 in (/00 mm). 

: r GAGE LENGTH 

Gage length is often a very important factor in determin
ing the gage performance under a given set of circumstances. 
For example, strain measurements are usually made a:t the 
most critica! points on a machine part or structure- that is. 
at the most highly stressed points. And. very commonly, the 
highly stressed points are associated with stress concentra
tío os. where the strain gradient is quite steep and the area of 
maximum strain is restricted to a very small region. The 
strain gage tends to integrate. or average, the strain over the 
area covered by the grid. Since the average of any nonuni
form strain distribution is always less than the maximum, a 
strain gage which is noticeably larger than the maximum 
strain region will indicate a strain magnitude which is too 

low. The sketch below illustrates a representative strain dis
tribution in the vicinity of a stress concentration. and dem
onstrates the error in straih indicated by a gage which is too 
long with respect to the zone of peak strain. 

z 
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~ 
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-:~: _

1
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As a rule of thumb. when practicable, the gage length 
should be no greater than 0.1 times the radius of a hale, fillet, 
or notch. or the corresponding dimension of any other stress 
raiser at which the s-train measurement is to be made. With 
stress-raiser configurations having the significant dimension 
less than, say, 0.5 in (13 mm), this rule ofthumb can lead to 
very small gage lengths. Beca use the use of a small strain 
gage may introduce a number of other problems. it is often 
necessary to compromise. 

Strain gages ofless than about 0.125 in (3 mm) gage length 
tend to exhibit degraded performance - particularly in 
terms of the maximum allowable elongation, the stability 
under static strain. and endurance when·subjected to alter
nati:--,; cyclic strain. When any of these considerations out
wei~ · the inaccuracy due to strain averaging, a larger gage 
may oe required. 

When they can be employed. larger gages offer severa! 
advantages worth noting. They are usual! y easier to handle 
(in gage lengths up to, say, 0.5 in or 13 mm) in nearly every 
aspect of the installation and wiring procedure than minia
ture gages. Furthermore. large gages provide improved.heat 
dissipation because they introduce, for the same nominal 
gage resistance, lower wattage per unit of grid area. This 
consideration can be very important when the gage is 
installed on a plastic or other substrate with poor heat 
transfer properties. lnadequate heat dissipation causes high 
temperatures in the grid. backing, adhesive, and test speci
men surface, and may noticeably affect gage performance 
and accuracy (see Measurements Group Tech Note TN-502. 
Optimizing Strain Gage Excitar ion Levels). 

Still another application of large· strain gages - in this 
case, often very large gages - is in strain measurement o~ 
nonhomogeneous materials. Consider concrete. for exam
ple, which is a mixture of aggregate (usually stone) and 
cement. When measuring strains in a concrete structure it is 
ordinarily desirable to use a strain gage of sufficient gage 
length to span several pieces of aggreiate in order to meas u re 
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the representative strain in the structure. In other words. it is These requirements severely limit the meaningful applicabil-
usually the average strain that is sought in such instances, ity of single-grid strain gages in stress analysis; and failure to 
not the severe local fluctuations in str'!in occurring at the __ consider_biaxiality_of.the stress state can lead to large errors 

__ interfaces.between.the aggregate-particles and-the cement-o-ln--in-the-stress~magnitude-inferred-from-measurements·made-----
general, when measuring strains on structures made of com- with a single-grid gage. 
posite materials of any kind, the gage length should normally 
be large with respect to the dimensions of the inhomogene
ities in the material. 

As a general! y applicable guide. when the foregoing con
siderations do not dictate otherwise. gage lengths in the 
range from 0.125 to 0.25 in (3 10 6 mm) are preferable. The 
largest selection of gage patterns and stock gages is available 
in this range of lengths. Furthermore. larger or smaller sizes 
generally cost more. and larger gages do not noticeably 
improve fatigue life. stability, or elongation, while shorter 
gages are Usually inferior in these characteristics. 

2.5 Gage Pattern 

The gage pattern refers cumulatively to the shape of the 
grid. the number and orientation of the grids in a multiple
grid gage, the solder tab configuration, and various con
struction features which are standard for a particular pat
tern. All details ofthe grid and solder tab configurations are 
illustrated in the "Gage Pattern" columns of Catalog 500. 
PartA- Strain Gage Listings. The wide variety of patterns 
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 site. It is also important that the tab arrange
ment be such as to not excessively tax the proficiency of 
the instal\er in making proper leadwire connections. 

Grid width- 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 installation site, 
will improve the heat dissipation anden bance gage stabil
ity - particularly when the gage is to be installed on a 
material or specimen with poor heat transfer properties. 

Gage resistance - 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 
ohms. 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 unwanted signal varia
tions caused by leadwire resistance changes with temper
ature fluctuations. Similarly, when the gage circuit 
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!. 

In 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 strain mea
surement - a two- or three-element 
rosette is required in order to deter
mine the principal stresses. When the 
directions of the principal axes are 
known in advance. a two-element 90- 90-degree rosette 
degree ( or "te e") rosette can be 
employed with the gage axes aligned to coincide with the 
principal axes. The directions ofthe principal axes can sorne
times be determined with sufficient accuracy frorn one of 
severa! considerations. For example. the shape of the test 
object and the mode of loading may be such that the direc
tions ofthe principal axes are obvious from the symmetry of 
the situation. as in a cylindrical pressure vessel. The principal 
axes can also be defined by testing with photoelastic coating. 

In the most general case of sur-
face stresses, when the directions 
ofthe principal axes are not known 
from other considerations, a three
element rosette must be used to 
obtain the principal stress magni
tudes. The rosette can be installed 
with any orientation. 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-degree 
delta configurations. The usual 
choice is the rectangular rosette 

r 

45-d.egree rosette 

60-d.egree rosette 
since the data-reduction task is 
somewhat simpler for this configurauon. 

When a rosette is to be employed, 
careful consideration should always 
be given to the difference in character
istics between single-plane and stacked 
rosettes. For any given gage length, 
the single-plane rosette is superior to the 
stacked rosette in terms ofheat transfer 

/··-.. 
,.' 1 '·· /-----

/ 

Stacked rosette 

to the test specimen, generally providing better stability and 
accuracy for static strain measurements. Furthermore, when 
there is a significant strain gradient perpendicular to the test 
surface (as in bending), the single-plane rosette will produce 
more accurate strain data because all grids are as close as 
possible to the test surface. Still another consideration is that 
stacked rosettes are generally less conformable to contoured 
surfaces than single-plane rosettes. 

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 errors in strain indication beca use 
the grids sample the strain at different points. For these 
applications the stacked rosette is ordinarily preferable. The 
stacked rosette is also advantageous when the space for 
mounting the rosette is limited. 
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2.6 Optional Features 

Micro-Measurements offers a selection of optional fea
tures for its strain gages and special sensors. The addition of 
options to the basic gage construction usually increases the 
cost. but this is generally offset by the benefits. Examples 
are: 

• Significant reduction of installation time and costs 

• Reduction of the ski!! leve! necessary to make depend
ab\e installations 

• lncreased reliability of applications 

• Simplified installation of sensors in difficult locations on 
components or in the field 

• Increased protection. bOlh in handling during installation 
and shielding from the test environment 

• Achievement of special performance characteristiCs 

Availability of each option varíes with gage series and pat
tern. Standard options are noted for each sensor in Catalog 
500, Part A - Strain Gage Liszings. 

Shown below is a summary of the optional features 
offered. 

Standard Catalog Options 

OPTION BRIEF DESCRIPTION 

w Integral Terminals and Encapsulation 

E Encapsulation with Exposed Tabs 

SE Solder Dots and Encapsulation 

L Preattached Leads 

LE Preattached Leads and Encapsulat1on 

Option W Series Availability: EA, EP, WA, ED, EK, WK 

General Description: This option provides encapsulation, and thin, printed circuit terminals 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 (0.036 mm)] thick copper on polyimide backing about 1.5 , •... [0.0015 in (0.038 mm)] thick. 
Option W gages are rugged and well protected, and permit the direct an~-.:1ment of larger leadwires than 
would be possible with open-faced gages. This option is primarily used on EA-Series gages for general
purpose applications. Solder: +430° F (+22(1" C) tin-silver alloy solder joints on E-backed gages. +570° F 
{+J00°C) lead-tin-silver alloy solder joints on W-backed gages. Temperature Limit: +400°F (+200°C) for 
E-backed gages. +500° F (+260° C) for W-backed gages. Grid Protection: Entire grid and part of terminals 
are encapsulated with polyimide. Fatigue Life: Sorne loss in fatigue life unless strain levels at the terminal 
location are below ± IOOOf..J.f. Si~e: Optio~ ~W extends from the soldering tab end of the gages and thereby 
increases gage size. With sorne patterns width is slightly greater. Strain Range: With sorne gage series. 
notably E-backed gages. strain range will be reduced. This effect is 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. 

OptionE . Series Availability: EA. tn,"EK, EP -· . . 

General Description: Option E consists of a protective encapsulation of polyimide film approximately 
1 mil [0.00 1 in (0.025 mm)] thick. This provides ruggedness and excellent grid protection, with little sacrifíce 
in tlexibility. Soldering is greatly simplified since the solder is prevented from tinning any more of the gage 
tab than is deliberately exposed for lead attachment. Option E contributes significantly to long-term gage 
stability. because the grid cannot be contaminated by fingerprints or other agents during installation. 
Heavier Jeads m ay be attached directly to the gage tabs for simple static lOad tests. Supplementary protective 
coatings should still be applied after Jead auachment in most cases. Temperature Limit: No degradation. 
Grid Protection: Entire grid and part oftabs are encapsulated. Fatigue Life: When gages are properly wired 
with small jumpers. maximum endurance is easily obtained. Size: Gage 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 befare the gage reaches its full strain capability. Flexibility: Option E gages are 
almost as conformable on curved surfaces as open-faced gages, since no internalleads or solder are present 
at the time ofinstallation. Resistance Tolerance: Resistance tolerance is normally doubled when Option E is 
selected. 
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OptionSE Series A vailabüity: EA, ED, EK, EP 
- -

General Description: Option SEis the combination of solder dots on the gage tabs with a !-mil [0.001-in 
(0.025-mm)] polyirnide encapsulation !ayer that CO\'ers the en tire gage. The encapsulation is removed over 
the solder dots. providing access for lead attachment. These gages are very flexible. and well protected from 
handling damage during installation. Option SEis primarily in tended for small gages that must be installed 
in restricted are as, since leadwires can be routed to the exposed solder dots frorn any direction. The option 
does not increase overall gage dimensions. so the matrix may be field-trimmed very clase to the actual 
pattern size. Option SEis sometirnes use fui on miniature transducers of rnediurn or \ow accuracy class. or in 
stress analysis work on miniature parts. So\der: '~"570° F (+300° C) lead-tin-silver al\oy. To prevent \oss of 
long-terrn stability. gages with Option SE rnust be soldered with noncorrosive (rosin) flux. and al\ flux 
residue should be careful\y removed with ¡\J·LINE Rosin Solvent after wiring. Protective coatings should 
then be used. Temperature Limit: No degradation. Grid Protection: Entiíe gage is encapsulated. Fatigue 
Life: When gages are properly wired with srnalljurnpers. rnaximum endur;::~·:e is easily obtained. Size: Gage 
size is not affected. Strain Range: Strain range of gages will be reduced beca use the additional reinforcernent 
of the polyirnide encapsulation can cause bond failure befo re the gage reaches its full 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 SEis selected. 

OptionL Series Availability: EA, ED, EK, EP 

General Description: üPtion Lis the addition of soft copper lead ribbons to operi-faced polyimide-backed 
gages. The use ofthis type of ribbon results in a thinner and'rnore 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 alrnost 
as readily in any desired direction. Leads: Nominal ribbon size is 0.012 wide x 0.004 thick in (0.30 x 0.10 
mm). Leads are approximately 0.8 in (20 mm) long. Solder: +430' F (+220' C) tin-silver alloy. The solder is 
confined to small. well-defined areas at the end of each ribbon. Temperature Limit: +400'F (+200'C). 
Fatigue Life: Fatigue life will norrnally be degraded by Option L. This occurs primarily because 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 recornrnended 
for very high endurance gages such as the ED Series. Size: Matrix 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 
conforrnable as standard gages. Resistance Tolerance: Not affected. 

'·-. ·..'·ri: " 

OptionLE Series Avaílability: .EA, ED, EK, EP 

General Description: This option provides the same conformable soft copper lead ríbbons as used in Option 
L. but with the addition of a !-mil [0.00 !-in (0.025-mm)] thick.encapsulation !ayer of polyimide film. The 
encapsulation !ayer provides excellent protection for the gage during handling and installation. lt also 
contributes greatly to environmental protection, though supplementary coatings are still recommended for 
field use. Gages with Option LE will normally show better long-term stability than open-faced gages which 
are "waterproofed" only after installation. A good part of the reason for this is ihat 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 xO.JO mm)copper 
ribbons. Leads are approximately 0.8 in (20 mm) long. Solder: +430' F (+220' 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 uncovered at the 
leadwire end to prevent contact between the leadwires and the specimen surface. Fatigue Li_fe: Fatigue life 
will normally be degraded by Option LE. This occurs primarily because the copper ribbon has limited cyclic 
endurance. Option LE is not often recommended for very high endurance gages such as the ED Series. Size: 
Matrix. 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 Orientation for Options L and LE 

These illustrations show the standard orientation of leadwires relative to the gage pattern geometry for Options L and LE. 
The general rule is that the leads are parallel to the longest dimension of the pattern. The illustrations also apply to leadwire 
orientation for WA-. WK-. and WD-Series gages. when the r:1:tern shown is available in one of these series. 

2.7 Characteristics of Standard Catalog Options 
on EA-Series Gages 

As in other aspects of strain gage selection. the choice of 
options ordinarily in vol ves a variety of compromises. For 
instance. an option which maximizes a particular gage 
performance parameter such as fatigue life may at the same 
time req uire greater ski!! in installing the gage. Beca use of the 
many interactions between installation attributes and per
formance parameters associated with the options, the rela
tive merits of all standard options are summarized qualita
tively in the chart below as an aid to option selection. For 
comparison purposes. the corresponding characteristics of 
the CEA Series are given in the r::;ht-most coiumn of the 
table. 

Since. in strain measurement for stress analysis. the stan
dard options are most frequently applied to EA-Series strain 
gages. the information supplied in this section is directed 
primarily toward such option applications. 

m:NSTALLAT 
.. 

... -·.,,, ·.~ 

Overall Ease of Gage lnstallation 8 

Ease of Leadwire Attachment 10 

Protection of Grid from Environmental Attack 8 

Cyclic Strain Endurance 2 

Elongation Capability 2 

Resistance Tolerance 3 

Aeinforcement Effects 2 

When comemplating the application of anEA-Series gage 
w;' ~ an option, the first consideration should usually be 
whether there is an equivalent CEA-Series gage that will 
satisfy the test requirements. Comparing, for example. an 
EA-Series gage equipped with Option W anda similar CEA
Series panero. it will be found that the latter is characterized 
by lower cost, greater flexibility and conforrnability, and 
superior fatigue life. The only possible advantages for the 
selection of Option W are the wider variety of available 
· patterns and the occasional need for large soldering terminals. 

7 

8 

8 

7 

3 

3 

3 

lt should also be noted that rnany standard strain gage 
types. without options. are normally available from stock; 
while gages with options are commonly rnanufactured to 
order, and may thus involve a mínimum arder requirement. 

In the table below. the respective performance parameters 
for an open-faced EA-Series gage without options are 
arbitrarily assigned a value of 5. Numbers greater than 5 
indicate a particular parameter is improved by addition of 
the option. while smaller numbers indicate a reduction in 
performance. 

i'·'·: "'.'::"::::. ·,:: ' _ .. :·>·~-~ CEA 
.. . 1)(•t. :.-;<. LE- .. SERIES 

6 5 6 10 

7 7 8 10 

8 5 8 8 

8 3 4 4 

3 4 3 3 

3 5 3 3 

3 5 3 3 
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3.0 Gag e Selection Procedure With an initial selection of the gage size and pattern com· 
pleted. the next step is to select the gage series. thus determin-

The performance of a strain gage in any given application ing the foil and backing combinati_on,_and.any_other features _ 
is affected by every element in the de-sign-anéfiTúinufacture of--c-ommon_to.the.series.-This-is-accomplished-by-referring-to----

-.-- thegage. Micro-Measurementsoffersagreatvarietyofgage the chart on page 5. which gives the reoommended gage 
types for meeting the widest range of strain measurement series for specific test "profiles ", or sets of test requirements. 
needs. Des pite the large number of variables involved. the If the gage series is to ha ve a standard option applied. the 
process of gage selection can be reduced to only a few basic option should be terúatively specified at this time, since the 
steps. From the diagram below that explains the gage desig- availability ofthe desired option on the selected gage pattern 
nation code. it is evident that there are but five parameters to in that series requires verification during the procedure out-
select. not counting options. These are: the gage series. the lined in the following paragraph. 
S-T-C number. the gage length and pattern. and the 
resistance. 

Of the preceding parameters. 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 expected 
strain gradient. A good starting point for initial considera
! ion 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 relatively easy han
dling and installation. At the same time. gages of this length 
provide performance capabilities comparable to those of 
larger gages. 

The principal reason for selecting a longer gage would 
commonlv be one of the following: {a) greater grid area for 
better he~t dissipation: (b) improved strain averaging on 
inhomogeneous materials such as fiber-reinforced compo
sites: or (e) slightly easier handling and installation [for gage 
lengths up to 0.50 in (13 mm)]. On the other hand, a shorter 
gage Jength may be necessary when the object is to measure 
\ocalized peak strains in the vicinity of a stress concentra
r ion. such as a hale or shoulder. The same is true, of course, 
when the space availabie for gage mounting is very limited. 

In selecting the gage pattern. the first consideration is 
v.ihether a single-grid gage or rosette is required (see Section 
1.5). Single·grid gages are available with different aspect 
(length-to-width) ratios and various solder tab arrangements 
for adaptability to differing installation requirements. Two
element 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 pnmary chotee tn 

pattern selection. once the gage 
length has been determined, is 
between planar and stacked con
struction, as described in Sec-
tion 1.5. 

The formal of Catalog 500. 

~:~.·.:.·.·.·.:_,·_',.· .. ~ .. '.? .. f,·:' ... ·.:;.' .. ,.·,·:.· ·.·.:.ú~~.: ~~; ::~:: . _:· ... "' : ' :.":-:.;_:¿.·;~';: .. ;·: 

After selecting the gage series (and option, if any). refer
ence is made ;:1':!ain to Catalog 500, PartA - 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 catalog, a similar gage 
pattern in the same size gro u p. ora slightly different size in 
an equivalent pattern. can usually be selected for meeting the 
installation and test requirements. [n extreme cases. it may 
be necessary to select an alternate series and repeat this 
process. Quite frequently, and especially for routine strain 
measurement, more than one gage size and pattern combina
tion will be suitable for the specified test conditions. ln these 
cases. it is wise to selecta gage from the Super Stock Listings 
to eliminate the likelihood of extended delivery time or a 
minimum arder 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 with the instrumen
tation to be used. This decision may be influenced, however, · 
by cost considerations, particularly in the case of very small 
gages. Sorne reduction in fatigue life can al so be expected for 
the high-resistance small gages. Finally, in recording the 
complete gage designation. the S·T·C number should be 
inserted from the list of available numbers for each alloy·· 
g1ven on page 4 of Catalog 500. Part A - Strain Gage 
Listings. 

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 aid in accounting for the 
test conditions and requirements which could affect the 
selection. 

Part A - Strain 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 
section of the catalog are the 
most widely used for stress ana· 
lysis applications. This section 
should always be reviewed first 
to locate an appropriate gage. 

GAGEPATTERN----~ L_ ___ RESISTANCE 

GAGESERIES S·T·CNUMBER 9-
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4.0 Strain Gage Selection Checklist 

This checklist is provided as a convenient. rapid means for 
helping make certain that no critica\ requirernent of the test 
profile which could affect gage selection is overlooked. lt 
should be borne in mind in using the checklist that the 
"considerations" listed apply to re\atively routine and con
ventional stress analysis situations. and do not embrace 
exotic applications involving nuclear radiation. intense 
magnetic fields. extreme centrifuga\ forces. and the like. 

Se/ect1on · Step: 1 
Parameter: Gage Length 

Selection Steo: 2 
Parameter: Gage Pattern 

Selecl10n Step: 3 
Paramerer: Gage Series 

Selection Srep: 4 
Parameter: Options 

Selecrion Steo: 5 
Parameter: Gage Resistance 

Selection Step: 6 
Parameter: $-T -C Number 

CONSIOERATIONS FOR 
PARAMETER SELECTION 

O strain graaients 

D area of max1mum stram 

O accuracy required 

O static strain stability 

O max1mum elongation 

O cyclic enaurance 

O heat dissípat1on 

O space lar mstallation 

O ease al insta!!ation 

O strain gradients (in-plane and 
normal to surface) 

O biaxiality al stress 

O heat dissipation 

O space lar installation 

O ease ol installatton 

O gage resistance availability 

O type of strain measurement 
ap¡:;licatton (static, dynamic. 
post-yiela, etc.) 

O operating temperature 

O test duration 

O cyclic endurance 

O accuracy required 

O ease of installation 

O type ol measurement (static, 
dynamic. post-yteld, etc.) 

O installation environment
laboratory or lield 

O stability requirements 

O soldering sensitivity al 
substrate /plastic. bone, etc.) 

O space available lar installation 

O installation time constraints 

O heat dissipation 

O leadwire desensitizat~:;,.., 

O signal-to-noise ratto 

O test specimen matenal 

O operating temperature range 

O accuracy reQuired 

5.0 Gage Selection Examples 

In this section. three eX.amples are given of the gage
selection procedure in representative Stress analysis situa
tions. An atternpt has been made to provide the principal 
reasons for the particular choices which are made. lt shou\d 
be noted. however, that an experienced stress analyst does 
not ordinarily proceed in the same step-by-step fashion illus
trated in these exarnples. lnstead. simultaneously keeping in 
mind the test conditions and environment. the gage installa
tion constraints. and the test requirernents. the analyst 
reviews Catalog 500. Part A - Strain Gage Listings. and 
quickly segregates the more likely candidates frorn among 
the available gage-pattern and series combinations in the 
appropriate sizes. The se\ection criteria are then refined in 
accordance with the particular strain-measurement task to 
converge on the gage or gages to be specified for the test 
program. Whether formally or otherwise. the knowledge
able practitioner does so in the hght of parameter se\ection 
considerations such as those iternized in the preceding 
checklist. 

A. Design Study of a Pressure Vessel 

Strain measurements are to be made on a sca\ed-down 
plastic model of a pressure vessel. The model will be tested 
statica\ly at. or near, room temperature: and, although the 
tests may be conducted over a period of severa\ months, 
individual tests will take only a few hours to run. 

Gage Selection: 

/. Gage Length - Very short gage !engths should be 
avoided in arder to minimize heat dissipation problems 
caused by the low thermal conductivity ofthe plastic. The 
model is quite \arge, and apparently free of sev.ere strain 
gradients: therefore. a 0.25-in (6.3-mm) gage length is 
specified, beca use the widest selection of gage patterns is 
available in this length. 

2. Gage Pauern - In sorne areas of the model. the direc
tions of the principal axes are obvious from considera
tions 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 because of its high 
grid resistance which will help minimize heat dissipation 
problems. 
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In other are as of the model. the directions of the principal 
axes are not known. and a three-element rosette wi\1 be 

Gage Selection: 

required. For this purpose. a .. planar" rosette should be ____ J.: Gag e Lengrh- A gage length which is smal\ with respect 
____ selected .. since.a.stacked.rosette-would-contribute-signifi-----to_t~e.fillet_radius sh-ould.be.specified.for-this application.----

cantly to reinforcemenr and heat dissipation problems. A length ofO.O 15 in (0.38 mm) is preferable. but reference l 

1, 

Beca use of its high-resistance grid. the 250RD pattern is a to Catalog 500. Pan A -Sr rain Gag e Listings. indicares 
good choice. that such a choice severely limits the available gage pat

3. Gage Series - The potyimide (E) backing is preferred 
beca use its low elastic modulus will minimize reinforce
ment of the plastic model. Beca use the normal choice of 
grid alloy for static strain measurement at room iempera
ture is the A alloy. the EA Series should be selected for 
this application. 

4. Oprions- Excessive heat application to the test model 
during leadwire attachmem could damage the materiaL 
Option L (preattached leads) is therefore selected so that 
the instrument cable can be attached 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 option would add rein
forcement. 

5. Resistance- In this case. the resistance was determined 
: ·· ~tep 2 when the higher resistance alternative was 
:::.-.'>>.:cted from among the gage ¡)atterns; i.e .. in se\ecting 
the 250BF over the 250BG. and the 250RD over the 
250RA. The selected gage resistance is thus 350 ohms. 

6. S- T-C Number - 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-T -C number is necessary, S-T -C 
13 should be selected (because of stock status), and the 
test performed at constant temperature. 

Gage Designations: 

From the above steps, the strain gages to be used are: 

EA-30-250BF·350/ Option L (single-grid) 
EA-30-250RD-350/0ption L (rosette) 

See page 15 for a description of the strain gage types 
mentioned in this section. 

B. Dynamic Stress Analysis Study 
of a Spur Gear in a Hydraulic Pump 

Strain measurements are to be made at the root 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 tempeÍ"atures 
are expected to range from 0' to +180'F (-20' to +80"C). 

terns and grid alloys. Anticipating problems which would 
otherwise be encountered in Steps 2 and 3. a gage length 
of 0.031 in (0.8 mm) is selected. 

2. Gage Pauern - Because the gear is a spur gear. the 
directions of the principal.axes are known. arid single-grid 
gages can be employed. A gage pattern with both solder 
tabs at the same end should be selected so that leadwire 
connections can be 1ocated in the clearance are a along the 
root circle between adjacent teeth. In the light of these 
considerations, the 031 CF pattern is chosen for the task. 

J. Gage Series - Low strain levels are expected in this 
application: and. furthermore. the strain signals must be 
transmitted through slip rings or through a te1emetry 
system to get from the rotating component to the station
ary instrumentation. Iso-Eiastic (D alloy) is preferred for 
its higher gage factor (nominally 3.2. in contrast to 2.1 for 
A and K alloys). Because the gage must be very flexible to 
conform to the small fillet radius. the E backing is the 
most suitable choice. The maximum test temperature is 
nota consideration in this case. since it is well within the 
recommended temperature range for any of the standard 
backings. The combination of the E backing and the D 
alloy defines the ED gage series. 

4. Options - For protection of the gage grid in the test 
environment, Option E. encapsulation. should be speci
fied. Because ofthe limited clearance between the outside 
diarneter of one gear and the root circle. of the mating 
gear, a particularly thin gage instal!ation must be made: 
and very smallleadwires will be attached to the gage tabs 
at 90° to the grid direction. and run over the si des of the 
gear for connection to larger wires. This requirement 
necessitates attachment of the small leadwires after gage 
bonding, and prevents the use of preattached leads. 

5. Resistance- In the E O-Series version ofthe031 CF gage 
pattern. Catalog 500. PartA- Strain Gage Listings. !ists 
the resistance as 350 ohms. The higher resistance should 
usual\ y be selected whenever the choice exists. and wil\ be 
advantageous in this instance in improving the signal-to
noise ratio when slip rings are used. 

6. S- T-C Number- D alloy is not subject toself-temperature
compensation. nor is compensation needed for these tests 
since only dynamic strain is to be measured. In the E O
Series designation the two-digit S-T -C number is replaced 
by the letters DY for "dynamic." 

Gage Designation: 

Combining the results of the above selection procedure. 
the gage to be employed is: 

ED-DY-031CF-350j0ption E 
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C. Flight-Test Stress Analysis 
of a Titanium Aircraft Wing Tip Section -

With. and Without. a Missile Module Attached 

The operating temperature range for strain measurements 
is from -65' to +450' F (-55' 10 +230' C). and will be a 
dominant factor in the gage selection. 

Gage Selection: 

l. Gag e Length- Preliminary design studies using the Photo
Stress'il photoelastic coating technique indicate that a 
gage length of0.062 in (1.6 mm)represents the best compro
mise in view of the strain gradients. are as of peak strain. 
and space for gage installation. 

2. Gage Pattern - \Vith information about the stress state 
and directions of principal axes gained from the photo
elastic coating studies. there are sorne are as ofthe wing tip 
where single-grid gages and two-element "tee" rosettes 
can be employed. In other locations. where principal 
strain directions vary with the nature of the flight 
maneuver. 45°-degree rectangular rosettes are required. 

The strain gradients are sufficiently steep that stacked 
rosettes should be selected. From Catalog 500, Part A 
-Strain Gage Listings. the foregoing requirements sug
gest the selection of060WT and 060WR gage patterns for 
the stacked rosettes. and the 062AP pattern for the single
grid gage. ln making this selection. attention was given to 
the fact that a\1 three patterns are available in the WK 
Series. which is compatible with the specified operating 
ternperature range. 

3. Gage Series - The rnaximum operating temperature. 
along with the requirernent for static as we\1 as dynamic 
strain measurement. clearly dictates use of K alloy for the 
grid material. Either · the S K or WK Series could be 
selected. but the WK gages are preferred because they 
ha ve integralleadwires. 

4. Options- For ease of gage installation. Option W. with 
integral soldering terminals. is advantageous. This option 
is not applicable to stacked rosettes, however, and is 
therefore specified for only the single-grid gages. 

5. Resisrance - When available. as in this c3.se. 350-ohm 
gages should be specified because of the benefits asso
ciated with the higher gage resistance. 

6. S- T-C Number- The titanium alloy used in the wing tip 
section is the 6AI-4V type. with a thermal expansion 
coefficient of4.9 x 10·o per' F (8.8 x Jo-o per' C). K alloy 
of S-T-C number 05 is the appropriate choice. 

Gage Designations: 

WK-05-062AP-350/0ption W 

WK-05-0óOWT-350 

WK-05-0óOWR-350 
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Strain gages referenced on pages 13 and 14. 

----¡-GAGE.PATIERN-:'..,::-...;.......¡--------I~GAGEPATrERN-:=.,.""..,::-...;......, 1-===== 
For o.flnltion. fw Def1n1t1oft. 

ES Eacn S.cllon ES Each S.-c:tlon 

m/11'-lrN 

S Sactlon (51 =Se<: 1) 
CP Complete PtMern 

M Mttrlx 

lneh" 
S Sac:Uon {51 = SIIC 1) 

CP Compltlt Ptttern 
M Mtlrix 

031CF 062AP 
' • , ....... ., . 

• ¡:¡::¡:r:v¡¡:¡ • t:!mtl:il:tl·:l 

11 
,¡~11111 

' 
' 

:pl 11 .. 

1X 6X 1X 2X 
GAGE 

1 

OVERALL GAlO OVERALL 
LENGTH LENGTH WIDTH WIOTH 

GAGE OVEAALL GRID OVERALL 
LENGTH LENGTH WIDTH WIDTH 

0.031 0.076 0.062 0.062 0.062 0.114 0.062 0.062 

0.79 1.93 1.57 1.57 1.57 2.90 1.57 1.57 

Matrht SIZ6 0.19L X 0.14W 4.8L :rr J.SW Matrht Size 0.26L :c.0.16W 6.6L :rr 4.1W 

• 

250BF 060WT 
--,--

1 
~~;_--

. .,.. ·,_ / 
. . 

' 

1X 2X 

GAGE OVEAALL GAlO OVERALL GAGE OVEAALL GAlO OVEAALL 
LENGTH LENGTH WIOTH WIDTH LENGTH LENGTH WIOTH WIOTH 

0.250 0.375 0.125 0.125 0.060 ES 0 240M 0.060 ES 0.300 M 

6.35 9.53 3.18 3.18 1.52 ES 6.1 M J.52ES 7.6M 

Marrix Size 0.52L x 0.22W 13.2L x 5.4W Matrix Size 0.24l x 0.30W 6.1L x 7.6W 

250RD 060WR 

• A / ' 
/ ___ ._, --

1X 2X 

GAGE OVEAALL GAlO OVEAALL GAGE OVERALL GAlO OVEAALL 
LENGTH LENGTH WIOTH WIOTH LENGTH LENGTH WIOTH WIOTH 

0.250 ES 0.550 CP 0.125 ES 0.847 CP 0.060 ES 0.24 M 0.060 ES 0.030 M 

6.35 ES J3.79 CP 3. JS ES 21.51 CP 1.52 ES 6.1 M 1.52 ES 7.6M 

Matrix Size 0.78L X 0.93W Matrix Size 0.24L X O.JOW 6.JL x 7.6W 
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- M-LINE ACCESSORIES 

=-=--~~~~~!~-==~~!~~~~~==-------=======-~="Ss~tu~dd;ent-lnstruction-Bulleeitil.in1==-= 
Strain Gage lnstallations with 

M-Bond 200 and AE-10 Adhesive Systems 

1.0 INTRODUCTION. 

Beca use the strain gage is an extremely sensitive device ca
pab\e of registering the smallest effects of an imperfect bond. 
considerable attention to detail must be taken to assure 
stable. creep-free installations. However, the techniques 
involved are very simple, and readily rnastered. 

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 VideoTech1

,. 

Library and in the following publications: 

• Instruction Bulletin 8-129, Surface Preparationfor 
Strain Gage Bonding. 

• lnstruction Bulletin B-127, Strain Gage lnstalla
tions with }J-Bond 200 Adhesive. 

• lnstruction Bulletin B-137, Strain Gage lnstalla
tionswith M-Borui AE-10/ 15 and M-BoruiGA-2 Adhi!sive 
Systems. 

All operations described in this manual can be performed 
with lhe use ofthe Sludenl Strain Gage Application Kit. The 
procedures outlined here are ideally suited to the classroom 
or teaching laboratory. For most teachingjtearning aclivi
ties involving strain gage technology, the specially priced. 
first-quality Srudent Gages manufaclured by Micro
Measurements Di vis ion ofthe Measurements Group may be 
used wilh excellent results. 

2_0 STRAIN GAGE ADHESIVES 

Because consistently successful inslallation of strain gages 
requires the use of an adhesive certified for strain gage use, 
Micro-Measurements .M-LIN Eadhesives undergo extensive 
laboratory testing to ensure reliability and consistency of 
lhose properties required in strain gage bonding. To assure 

accurate and reliable strain gage rneasurements. il is strongly 
recommended that a cenified adhesive such as M~Bond 200 
methyl-2-cyanoacrylate or M-Bond AE-10 epoxy adhesive 
be selected for mosl generallaboratory installations. 

2.1 M-Bond lOO 

Micro-Measurements certified M-Bond 200 is an excel\ent 
general-purpose laboratory adhesive because of its. fast 
room-temperature cure ande ase of application. 1t is compat
ible with al! Micro-Measurernents strain gages and al! com
mon slructural materials. M-Bond 200 Adhesive can be used 
for high-elongation tests ( +60 OOO¡.tf). for fatigue studies. 
and for one-cycle proof tests within a normal operating 
temperature range of -25' to +ISO'F (-32' to +65'C). 

The catalyst supplied with M-Bond 200 is specially formu
lated 10 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 
nol generally recommended for permanent installations o ver 
one or two years in duration. 

HANDLING PRECAUTIONS 

M-Bond 200 is a cyanoacrylate compound. lmmediate 
bonding of eye, skin, or mouth m ay result upon contact. 
Causes irritation. The user is cautioned to ( 1) avoid con· 
tact with skin; (2) avoid prolonged or repeated breathing 
of vapors: and (3) use with adequate ventilation. For 
additional health and safety information. consult che 
material safety data sheet which is avai/able 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 10 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. 
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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 ( 10%) and wider operating 
temperature range [ -'~0' to +200' F (-195' to +95' C)]. 
Because it is highly res!::.tant to moisture and most chemicals. 
M-Bond AE-10 is recommended for permanent 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 separate 
mixes of adhesive. Allow the materjals to attain room 
temperature befo re opening the containers. Each ofthe indi
vidual units of res in can be separately activated by filling one 
of the calibrated droppers with curing agent exactly to the 
number 10 and 9ispensing the contents into the center ofthe 
jar of resin. lmmediate/_v cap the boule of curing agem 10 

c;void moisture absorprion. Mix the resin and curing agent 
for five minutes, using One of the plastic stirring rods. The 
pot life or working time after mixing is 15 to 20 minutes at 
+75'F (+24'C). The pot life can be somewhat extended by 
oc.casionally 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 safe to 
handle, conracr with skin and inhalation of its vapors 
should be avoided. Immediately washing with ordinary 
soap and water is effective in cleansing should skin con
tact occur. F or eye contact, rinse thoroughly with copious 
amounts ofwater 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 unmixed components is one year at room 
temperature. During storage, crystals may forro in the res in. 
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. 
Because excess heat will shorten pot life. allow the resin to 
return to room ternperature befare adding the curing agent. 

3.0 SURFACE PREPARATION 

Strain gages can be bonded satisfactorily to almost any salid 
material if the material surface is properly prepared. While 
there are many surface preparation techniques available, the 
specific procedures and techniques described here are a care
fully developed and thoroughly proven system. They are 
ideal for both M-Bond 200 and M-Bond AE-10 Strain Gage 
Adhesives. 

The purpose of surface preparation is to develop a cherni
cal!y clean surface having a roughness appropriate to the 
gage installation requirements, a surface alkalinity of the 
correct pH. and visible gage layout lines for locating and 
orienting the strain gage. The Micro-Measuremems systern 
of surface preparation will accomplish these objectives for 
aluminum alloys and steels in five basic operations: 

• Solvent degreasing 

• Surface abrading 

• Application of gage layout lines 

• Surface conditioning 

• Neutralizing 

To ensure maximum deanliness and best results, the follow
ing should be avoided in all steps: 

• Touching the surface with the fingers 

• Wiping back and forth or reusing swabs or sponges 

• Dragging contaminants into the cleaned area from 
the uncleaned boundary of that area 

• Allowing a cleaning solution to evaporate on the 
suiface 

• Allowing partially prepared surface to sit between 
steps in the preparation process ora prepared sur
face to sit befare bonding 

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. Degreasing 
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 Suñace Conditioning 

back-contamination ofthe parent solvent. Use a c!~~I!_g~~"'ze::___¡:=====-------:--------¡----, 
____ .J pongt__t_o _e lean _the_ entire .s peci men,_if_possi b le .. o r_an _area __ 

covering 4 to 6 in (100 10 /50 mm) on all sides of the gage 
._ location. · 

3.2 Surface Abrading 

The surface is abraded to remove any loosely bondedadher
ents (sea le. 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 sur:·ace can 
be produced with only silicon-carbide paper of tht: appro
priate grit. 

Place a liberal amount of M-Prep Conditioner A in the 
gaging area and wet-lap with clean 320-grit silicon-carbide 
paper for aluminum. or 220-grit for steel. Add Conditioner 
A as necessary to keep the surface wet during the lapping 
process. 

When a bright surface is produced. wipe the surface dry with 
a clean gauze sponge. A e lean surface ofthe gauze should be 
used with each wiping stroke. A sufficiently large area 
should be cleaned to ensure that contaminants will 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-grit for steel. 

3.3 Layout Lines 

The desired location and orientation of the strain gage on the 
test surface should be marked with a pair of crossed, perpen
dicular reference lines. The reference or layout lines 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-point 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 should be 
applied repeatedly, and the surface scrubbed with cotton
tipped applicators until a clean tip is no longer discolored by 
scrubbing. The surface should be kept constantly wet with 
Conditioner A until the cleaning is_completed. When clean. 
the surface should be dried by wiping through the cieaned 
area with a single slow stroke of a gauze sponge. The stroke 
should begin inside the cleaned area to avoid dragging con
taminants in from the surrounding area. Throw the used 
gauze away and. with a fresh gauze. make a single slow 
stroke in the opposite direction. Throw the second gauze 
away. 

3.5 Neutralizing 

To provide optimum alkalinity for Micro-Measurements 
strain gage adhesives, the cleaned surfaces must be neutral
ized. This can be done by applying M-Prep Neutralizer 5A 
liberally to the cleaned surface, and scrubbing the surface 
with a clean cotton-tipped applicator. The cieaned surface 
should be kept completely wet with Neutralizer 5A through
out this operation. When neutralized, the surface should be 
dried by wiping through·the cieaned area with a single slow 
stroke of a clean gauze sponge. Throw the gauze away and 
with another fresh gauze sponge, make a single stroke in the 
opposite direction. Always begin within the cleaned area to 
avoid recontamination from the uncleaned boundary. 

lf the foregoing instructions have been followed precisely, 
the surface is now properly prepared for gage bonding. The 
gag es should be installed withinJO minutes on aluminum or 
45 minutes on steel. 
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4.0 STRAIN GAGE BONDING 

The electrical resistance strain gage is capable of making 
acc~rate and sensitive indications of strains on the surface of 
the test part. Its performance is absolutely dependent on the 
bond between itself and the test part. The procedures out
lined below will help ensure satisfactory bonds when using 
M-Bond 200 or AE-10 Adhesives. While the steps may 
appear unduly elaborate, these techniques have been used 
repeatedly in strain gage installations which have yielded 
consistent and accurate results. The steps shown assume that 
a terminal strip will be used. When CEA-Series gages are 
used. no strip is required. 

4.1 Handling and Preparation 

Micro-Measurements strain gages are specially treated for 
optimum bond formation with all appropriate gage adhe
sives. No further 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 J.'v!-L/l'lENeu
tralizer SA or GC-6 lsopropyl Alcohol. Allow the gage to dry 
for several minutes befare bonding.) Gages should never be 
touched with the hands. 

Remove the strain gage from its acetate envelope by grasping 
the edge of the gage backing with tweezers. and place on a 
chemically clean glass plate (or empty gage box) with the 
bonding si de of the gage down. Place the appropriate termi
nals (if any) next to the strain gage solder tabs. leaving a 
space of approximately 1/16 in (1.5 mm) between the gage 
backing and terminal. 

Using a 4-to-6-in (100-to-150-mm) length of M-UNE 
PCT-2A cellophane tape. anchor one end ofthe tape to the 
glass plate behind the gage and terminal. Wipe the tape 
firmly down over the gage and terminals. Pick the gage and 

· terminals up by carefully lifting the tape at a shallow angle 
(30 to 45 degrees) until the tape comes free with the gage and 
terminal attached. (The shallow angle is important to avoid 
over-stressing the gage and causing permanent 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 gageftape assembly so the triangle 
alignment marks on the gage are o ver the layout lines on the 
specimen. Holding the tape at a shallow angle. wipe the 
assembly onto the specimen surface. If the assembly is mis
aligned, lift the tape again ata shallow angle until the assem
bly is free ofthe specimen. Reposition 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 shallow angle until the gage 
and terminal are free of the specimen. Tack the lo ose end of 
the tape under and press to the surface so the gage lies flat 
with the bonding side exposed. 

The appropriate adhesive may now be applied. The proce
dures for M-Bond 200 and M-Bond AE-10 are described in 
the two sections which follow. 
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, ----------------

4.2 Bonding with M-Bond 200 

' 

M-Bond 200 Catalyst should be applied sparingly in a thin 
uniform coat. Wipe the brush against the lip of the bottle 
approximately ten times to remo ve rnost of the catalyst. Set 
the brush down on the gage and swab the gage backing by 
sliding- not brushing in the painting style- the brush o ver 
the en tire gage surface. M ove the brush toan adjacent tape 
area prior to lifting from the surface. Allow the catalyst to 
dry at least one minute under normal ambient laboratory 
conditions. 

The next three steps must be completed in sequence wilhin 
three 10 five seconds. Read these steps befare proceeding. 

Lift the tucked-under tape. Holding the gage/tape 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 (/ 3 mm) outside the actual gage installation 
are a. 

Jmmediate/y rotate the tape to approximately a 30-degree 
angle so that the gage is bridged over the installation area. 

lmmediately u pon completion ofthe abo ve step. discard the 
gauze and apply firm thumb pressure to the gage and termi
nal area. This pressure should be he id for at Jeast one minute. 
Wait two minutes before the next step (tape removal). 

The gage and terminals should now be bonded to the speci
men. To remove the tape, pull it back directly.over itself. 
peeling it slowly and steadily off the surface. 
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4.3 Bonding with M-Bond AE-1 O 

(This section follows 4.1 when using M-Bond AE-10 Adhe
sive.) Mix the Resin AE with Curing Agent Type 10 per the 
instructions in Instruction Bulletin B-137 supplied with the 
adhesive. 

Coat the specimen and back of the gage and terminal with 
the prepared M-Bond AE-10 Adhesive. The mixing rod m ay 
be used to apply a thin !ayer of adhesive over both surfaces. 
Be careful not to pick up any unmixed components of the 
adhesive. To ensure this, wipe the mixing rod clean and then 
pick up a very small amount of adhesive from the central 
are a of the adhesive jar. After applying the adhesive. proceed 
immediately to the next step. 

Lift the tucked-over end of the tape and bridge over the 
specimen installation area at approximately a 30-d~gree 
angle. Beginning from the tab end of the gage and ustng a 
clean gauze sponge, slowly and firmly make a single wiping 
stroke over the gageftape 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 
installation. Appiy force by dead weight or spring clamp 
until a pressure of 5 to 20 'psi (35 to /35 k N/ M1) is attained. 
T ake e are to ensure the pressure is equal o ver the entire gage 
surface. 

The M-Bond AE-10 Adhesive will develop adequate bond· 
ing strength in six hours at room temperature [ + 75° F 
(+24' C)]. The time may be reduced by increasing the 
temperature ofthe glueline per the schedule below. Warning: 
For curing temperature above +150° F (+66°C) a special 
mylar tape must be used ror gage handling, and a Teflon® 
strip should be placed between the gage and the silicone 
rubber pad. 

RECOMMENDED CURE SCHEDULE 

GLUELINE TEMPEAATURE IN 'C-

" "' "' 00 

t 

" "' ' ' 1 1 1 1 1 1 
' 1 1 1 1 1 1 . 
• 1\ 1 1 1 1 1 1 1 
' 1 1 1 1 1 1 
2 

1 1 11 1 r-.. 1 
' 1 JI 1 1 o 

" 75 100 125 15() 175 200 225 2!10 5 lOO "' "' ' " GLUELINE TEMPERATURE IN "F- . 

After the adhesive is cured, remove the clamps or weights, 
the silicone pads and Teflon strip (if used). To remove the 
tape. pull it back directly over itself. peeling it slowly and 
steadily off the surface. 

~Registered trademark of OuPont. 
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·-------------------1 

5.0 SOLDERING TECHNIQUES Holding the tip of a finger on the tip of the tinned wire for 

¡-====-==--==--:-:=====::::-=::::-::::-:-::-::::-::] safety. cut each wire with diagonal wire cutters leaving 1 ¡ 8 in 
·------ _____ _ ___ __ (3 mm).of_exposed, tinned .Wire.- -- ------

----------------1-------.--

lf the strain gage is without encapsulation or preattached 
lead ribbons. mask the gage grid area with drafting tape, 
leaving only the tabs exposed. 

After the soldering iron has reached operating ternpeni.ture, 
clean the tip with agauze sponge and tin it with fresh solder. 
Tin the gage tabs and terminal tabs (if used). Melt a small 
amount of solder On the tip of the soldering iron. !ay the 
rosin-core solder wire across the gage tab or copper terminal. 
Firrnly apply the iron tip for one second. then simultane
ously lift both solder and ti p. A bright, shiny, even mound of 
solder should ha ve been deposited on the tab. lf not, repeat 
the process. Ifspikes are formed rather than srnooth beads. it 
is a sign of inadequate flux. dwelling too long with the iron, 
and/ or an improper iron ternperature. Feeding the cored 
solder into the tab area during heat application will increase 
the arnount of flux available. 

For a three-conductor le_ad-in wire, separate the individual 
leads for 3/4 in (20 mm). Strip away 1/2 in (13 mm) of 
insulation by using the soldering tip to rnelt the insulation on 
both sides of each end of the wire 1/2 in (13 mm) from the 
ends and quickly pulling offthe insulation. Warning: Do not 
use a knife or other blade to cut the insulation. When the 
main leadwire is stranded and terminal strips are used, it is 
often convenient to cut allstrands but one to fit the size ofthe 
copper pad. The long strand can then be used as the jumper 
wire. Soldering is made considerably easier by this method. 
This _is unnecessary when the leadwires are bonded directly 
to the solder tabs on CEA-Series strain gages. 

Tack the lead-in wires to the specimen with drafting tape so 
the tinned end ofthe 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 rosin solvent liberal! y to the solder joints. Drafting 
tape rnay be removed by loosening the rnastic with rosin 
solvent. Remove 311 solvent with a gauze sponge. using a 
dabbing action. Repeat. 

Tape or otherwise secure the lead-in wires to the specimen to 
prevent the wires from being accidentally pulled from the 
tabs. A stress relief"loop" should be placed between the tape 
and the solder connections. 

Apply a protective coating o ver the entire gage and terminal 
area. For most laboratory uses, M-Coat A will provide 
adequate long-term protection. The coating should be con
tinuous up to and over at least the first 1/8 in (3 mm) of 
leadwire insulation. 

The properly installed strain gage will have a resistance to 
ground of at least 10 000 to 20 000 megohms. Checking 
leakage resistance with the Model 1300 Gage lnstallation 
Tester is highly recornmended. · 
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6.0 TWO-AND THREE-WIRE CIRCUITS 

All commercial static strain indicators ernploy sorne forrn of 
the Wheatstone bridge circuit to detect the resistance change 
in the gage with strain. 

When a single active gage is connected to the Wheatstone 
bridge with only two wires. as shown in the accompanying 
schematic, both the wires will be in series with the gage in the 
same arm of the bridge circuit. One of the effects of this 
arrangement is tha-t temperature-induced resistance changes 
in the leadwires are manifested as thermal output by the 
strain indicator. 

Two-wire circuit for sing~e active gage (quarter bridge) 

The errÓrs dueto leadwire resistance changes in single-gage 
installations with two-wire circuits can be minimized by 
minimizing the total leadwire resistance; that is, by using 
short leadwires of the largest practicable cross~section. 

Two-wire circuit for two gages (half bridge) 

When two matched gages are connected as adjacent arms of 
the bridge circuit (with the same length leadwires. main~ 
tained at the same temperature). the temperature effects 
cancel since they are the same in each arm, and "like" resis~ 
tance changes in adjacent arms of the bridge circuit are 
self-nullifying. 

Leadwire effects can be virtually eliminated in single active 
gage installations by use of the "three-wire" circuit. In this 
case a third lead, representing the centerpoint connection of 
the bridge circuit, is brought out to one ofthe gage terrninals. 
Resistance changes in the bridge centerpoint lead do not 
affect bridge balance. 

For this method of leadwire compensation to be effective, 
the two leadwires in the adjacent bridge arms should be the 
same length. and should be maintained at the same tempera
ture. The three-wire circuit is the standard method of con
nection for a single active tempe~ature-compensated strain~ 
gage in a quarter-bridge arrangement. 

el ~¡;::::::::'·==al=· -¡ ~~ ,, ....... . 
L_ _____ ~·-

Three-wire circuit for sÜJgle active gage (quarter bridge) 

Contact resistance at mechanical connections within the 
Wheatstone bridge circuit can lead to errors in the measure
ment of strain. Connections should be snugly made. Follow
ing bridge balance, a "wiggle" test should be made on wires 
leading to mechanical connections. No change in balance 
should occur if good connections ha ve been made. 

If necessary, contact surfaces rnay be cleaned of oils with a 
low residue solent such as isopropyl alcohol. If long periods 
of 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 Installation 

__ J_~ttem~te_.9 J9_Ífl§;a1L a _strain _ gage_with_M:Bond_200.Adhesive .. but .the.gage.unbonded.from.the-test .surface-when 1- removed -the handling tape.~ 
Whar should 1 da? ----

t 
Wi"en the gage 1a11s ;o aahere to tne test·oar. surtace. 11 1s necessary. of ~curse. :e recreoare me scnace and lflStall a new gage. Setore do•ng so. however. follow mroug~. :h1s trouolesnOOt111Q 
proceoure to isolate tne ca~.:se or causes ot ooru:1 ra11ure. Among me hrst seven aues:•ons. any auest10n whicn cannot oe answereo prec1sely ano t,rmly w•th YES nas NO ter 1¡5 answer. 
lrrespect1ve ot encour.tenng ene or more NO answers. the trou01eshoo:1ng proceoL<~e snoulo oe contmueo via tne oasnea lines to ioent1ty aodltlonal installat,on steps wnicn may 11ot nave 
oeen perlormec orooerly. 111 a11y case. a careful review ot M•cro-Measureme11ts lns:ruc11011 Bullet1n B·l2i. Sirarn Gdge lns:allac,cns .v~cr; ,\.1-Bonc .!00 >1C,~esr\e. is recommenOe<l oetore 
at:emc:~ng :o •nstall a new gage. See also the V1decTecnN library. 

Was catalyst aoOI18C to tila oono•ng surtace otthe Cont1nue uouotes11ootmg proce· 
gage. usmg tne s1de ot the orusn at"ter w1p1ng tne no .... dure te iaen:1ty aaa1\10nal steps 
brush on !he hp of :ne bot:le at least ten limes? 

't 
Was aOhes•ve apolieo in a croo on !he tesr·oan -4 -
surlace. 1i2 in 113 mm/ outsice al me gage •nstal
lat•onarea as snown •n F•g. 8 Bulletln B-t2i' r no 

' ,, 
Was the adhes•ve lloweo uncer the gage by w•o· 1-
•ng tne gage slowly (2-3 secones¡ ano firmty onto 
the surtace as snown in Fig 9. 8ullet1n 8-127? -no 

y es 

' 

not orooerly e•ecutea. 

' ' ' ' ----------...1 

' ' ' 
' ' ' ' ----------...1 

' ' ' ' ' ' ' Was tirm thumo pressure apphed te me oonaed ¡. 
gage w1th111 one secano alter the gage contactad -----------..J 
t~e surtace. ano llela tor at least ene minute? r-no ' ' ' 't ' ' ' ' -----------..J Was the ~aoe allowea te remain en lile gage at f-. 
least two mmutes alter tnumo pressure was re· 
leased? rno 

' ' y es ' ' ' ' Was :r:e :aoe peeleO C•rectly oacK on itselt as -----------...1 snown in F1g 11 ot 8ullet1n 8-127? no 

y es 

Was adnes1ve thm and clear wnen comparad toa 
new Qottle? 

y es 

' ' ' ' ' ' -----------...1 

r--.. 

Was aones•ve usad onor to the e~pirat1on date on 
me oottle? ' o 

Aeplace aohesive witn tresh ~ 
bottle. 

y es • D1d adhes•ve rema111 on tne oondmg surtace of 
1118 gag e aS judged from COmpansOn WÍ\h a ni~W r n 
gage? 

0 ..... Gage was probably contam1nat· f.-ed dunng storage or handling 

' 't' 

Usmg el t/16·in (r.S-mm¡thick cllummum spec-
imen. prac:Jce install1ng a gage. tottowing ;lre· 
cisely the 1nstruCt10ns in Bullet¡ns 8-127 ano 
8-129. Alter the gaga 1s oonded. hold the soec· 
1men crossw1se aga1nst a r•gidly mounted 
314·in (19-mm} 01ameter reuno oar. wllh the 
transversa centerhne ot :t:e gno over the ax1al 
centerlme otthe oar. Now. Oend the soectme11 
around the bar unut a U-snape 1s lormed. 11 
orooerty 1nstatteo. the gage snouta not diSbono 
except for perhaps 1116-in (1.5-mm} or so at 
e1tfler ene. Repeat pracuce instattalions. d•ag· 
nosing eacn taulty installa\1011 w•th th1s trou-
blesnooung proceoure unttl conslstentty prooer 
oonomg 15 achievea. 

1 

r CHECK THE GAGE RESIS· 
TANCE ANO THE RESIS· 
TANCE TO GROUND WITH Does gage 

bond tirmly t-yes-.. THE MOOEL 1300 STRAIN 
to test part? GAGE INSTALLAT10N TES. 

TER, ANO COMPLETE THE 
INSTALLATION. 

Rectean the test-part surlace thoroughly. 
removmg all traces o! orev1ous installat1on 

Lo..,. attempts. and producing a tresh. virg1n surtace 
ot the test-object matenal. Make certa1n tnat all 
sur1ace preparat1on materials are clean and 
w1thin the¡r recommenoed shelf hves. Us1ng 
tresh adhes1ve ano catatyst. ano follow•ng the 
direcllons m Bullettns 8-127 and 8-129 pre· 
eisa/y, reattempt the gaga installat10n w1th a 
new gage. 

Die aones1ve rema1n in the gaga area ot the test Was gaga installeo immea1atelv Surtace may nave Oeen con· 

r-pan as ¡udged lrom comparison w1th a clean area r-n 
ot :he oart? 

0-

1 
y es 

Was tne adnes1ve in the gage area ory, 1nd1CS!Ing 
that 11 had prooerly set up? ' o 

y es 

ls adhes•ve present on \he test oart 111 tne area 
completety surrounomg the gaga area. ifl(llca!lng n o.-
that adhes1ve Jlowed out beneath the gaga? 

lollowing surtace preparat1on to oo.- tam1nated alter surtace prepara· 
prevent recontaminat10n ot \ion. 
specimen? 

y;s 
Surtace preparauon was not ad&Quate lor proper 
gaga oonoing. 

1 

lnad&Quate thumo pressure. or taoe removed too 1 
soon. or humtdtty or temperatura too extreme. 

tnsutticrent adhesiva useo. or aches1ve not wrped 
un1lormly ovar the ent1re gar;e area. 
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An lntrod.uc.tion to ... 

Micro-Measurements 
• Strain Gages 

: M E M: • Special Sensors 
• lnstallation Accessories 
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Micro-Measurements has been a trusted na me in the field of Strain Gage Technology for many years. We are proud 
of our worldwide reputation as a premier supplier of high-quality precision strain gages and strain gage accesso
ries, and are fully committed to maintaining our position as the leader in this field. This short-form catalog of 
Micro-Measurements strain gag_es and related products is in tended to provide a condensad overview of the sensors, 
supplies, and tools commonly needed for typical strain gage applications. 

Micro-Measurements was independently founded and operated in the early 1960's. A few years later it became a 
part of Vishay lntertechnology, lnc. and, in late 1973, was incorporated with the other stress analysis divisions of 
Vishay into a single entity- The Measurements Group. All divisions ofthe Measurements Group are now located in 
our world headquarters facility near Raleigh, North Carolina. Micro-Measurements maintains an additional strain 
gage production 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 literatura in the strain gage field -
available through 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 or letter. 

We offer a variety of comprehensive technical training programa from 
beginner to advanced levels in strain gage technology. The Measurements 
Group regularly conducts workshops and technical seminars in our Tech
nical Training Center in Raleigh, North Carolina and at locations through
out the U.S. and the world. 

At Micro-Measurements, Your Success ·1s pu,' G~~l 
h;. . .,' "' . . 

r; ~ t 'V , 

·' 
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This introductory catalog contains abridged strain gage listings 
which are representative ol the types and sizes most widely used in 
stress analysis applications. For !hose in volved in extensive stress/strain 
measurement programs, it is advantageous to request a copy al 
Micro~Measurements Catalog 500. The gage listings in Catalog 500 
include essentially all standard types and pattern conligurations 
manulactured by Micro~Measurements. Considering the variations 
in pattern design, grid alloys, seiHemperature~campensation 
(S-T-C) numbers. backing materials, and optional leatures, there 
are over 100,000 possible gage types lrom which to select. 

Catalog 500 contains a bread range ol pattern conligurations and 
sizes, designed to meet the many and varied test requirements 
encountered throughout the lield al experimental stress analysis. 

A special group of strain gagas- Transducer-Ciasse
has been developed specifically tor transducer appli
cations. Transducer-Ciass strain gages. described in 
separata Micro-Measurements literatura, are a select 
group ot standard and special gage patterns designad for 
optimum cosUperformance ratio (in transducer service) in 
high-volume production quantities. 

Gag e Listi ngs 

Reproduced below is a sample Catalog 500 listing 
lar a single, representative gage pattern. The listing 
includes a tabulation ol all gag e series in which the 
pattern is available, as well as optional leatures 
applicable to each series. Complete descriptions al 
the gage series. aptians. etc. are pravided in the 
intraductary sectian al Catalag 500. 

------·~·--.... ···-----

ES = heh s.ctlOf'l 
S = Sec:tlon (S1 = Sec 1) 

CP "' Complete P1n1m 
M = Metrh1 

125AD 

GAGE 
LENGTH 

0.125 

3.18 

GAGE 
DESIGNATION 
lnwrt o..u.d 1-T-e No. 

In Specn llbrted 0: 

EA~XX-125AD~120 

ED-DY~125AD-350 

EK~XX~125AD-350 

WA-XX-125AD-120 

WK-XX-125AD-350 
EP~08-125A0-120 

SA-XX-125AD-120 

SK-XX-125AD-350 
SD-DY-125AD-350 
WD-DY ~ 125AD-350 

11 

--~' ·-
·;: i ".: 1 •; Í:; :<.o.u·-·•~ 
-- ,_..... .....- - ... _ .. ilil 

RES. 
IN 

OHMS 

120 ±0.15% 

350 ±0.3% 
350 ±0.15% 

120 ±0.3% 

350 ±0.3% 
120 ±0.15% 

120±0.3% 
350 ±0.3% 

. 350 ±0.6% 

350 ±0.6% 
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Strain Gage Designation System 
and Selection Chart 

In selecting the most suitable strain gage for each application. consideration must be given to the variations in 
pattern desig·n, grid alloy, self-temperature-compensation (S-T-C), backing material, and optional teatures. The 

1 

gage designation system and standard strain gag e selection chart shown on this page presenta partial summary of 
the many combinations of these factors available in Micro-Measurements strain gages. For brevity, this summary is 
limited to !hose gage series and optional fea tu res 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 gag e for your application. 

A complete, detailed designation system and selection chart are included in Catalog 500. 

When test conditions are severe, or when there are unusually stringent demands on accuracy and stability, 
selection of the optimum gage parameters to satisfy the test specifications can involve a number of subtle 
considerations. Asan a id in systematically arriving at the most appropriate gage type, given a specific measurement 
task, Measurements Group Tech Note TN-505, "Strain Gage Selection Criteria, Procedures, Recommendations", 
available on request fromthe Measurements Group's Applications Engineering Oepartment, will provide a valuable 
reference for use in conjunction with these selection criteria and charts. 

Self-T emperature-Compensation 

Foil Alloy 

Carrier Matrix (Backing) 

CEA-06-250UW-120 

T 
E: Open-faced. cast polyimide backing. A: Constantan alloy in self-temperature-

W: Fully encapsulatea: glass-fiber-reinforced 
epoxy-phenolic resin. High-endurance 
leadwires. 

compensatea torm: 

P: Annealed Constantan 

O: lsoelastic alloy. 
CE: Thin, flexible gagas with a casi polyimide 

backing and encapsulation featuring large, 
~ugged. copper-coated soldar tabs_ This 
construction provides optimum capability 
for direct leadwire attachment. 

K: Modified Karma alloy. 

1:: 
. ·. .. ?~'''~E.--~~.·.··· . 'é'·' .. ' ..... · . ' ·;~~;.:::( 

•';;}o\b:o !t .· ... · ·. . · · .· .. ·. ' 
Normal: -100• to +350°F (·75" to +175"C) 

EA General·purpose static and dynamic stress analysis. Wide Spec1a1 or Short Term: 
ranga ol options availabte. 

-320" to .. 400•F (-195" to .. 205"C) 

Universal general-purpotle atrain gagea. Conatantan 
grid completely encepautated In polylmide, With larga, Nonnsl: -100" to +350"F (·75• ro +17~C) CEA 
rugged, copper-coated taba. Primarily uMd fof general- Staclted roMt181llmited to +150"F (~C) 
purpose static and dynamk: straa analysis. 

Excellent tor dynamic measurements. High gage factor ED and extended fatigue lile. Oynamic: ·320" to +400"F (·195° to +205" C) 

Stress anatysis and transducer applications. Wide temper· Normal: -too• to •400•F (-75" to •205" CJ 
WA alure ranga and extreme environmental capability. High- Special or Short·Term: 

endurance leadwires. -320" lo .. soo•F (-195" to .. 2BO"C) 

Normal: -452• to +550°F (·269" to •290" C) 
WK Widest temperature ranga and most extreme enviran-

Special or Short·Term: mental capability. High-endurance leadwires. 
-452" to .. 750"F (-269• to •400"CJ 

Onty avail-EP High-elongation measurements (post yield). 
-100" lo •400"F (-75" to .. zos• CJ able in 08 S· T -C value. 

WD For wide-range dynamic strain measurements in se-
Dynamic: -320" to +SOO"F f· 195° to •260"C) vere environments. High-endurance leadwires. 

•Fatigue life improved using tow-modulus solder. 
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Active Gage Length in Mils 
(thousandths of an inch) 

Grid and Tab Geometry 

Resistance in Ohms 

The S- T -C number is the approximate therm 
expansion coetficient in PPMr F of the structur. 
material on which the gage is to be used. The 1 

following standard compensations are available: 

A and K alloys: 06, 13. 

P alloy: 08. 

The O alloy is not available in self·temperature· 
compensated torm. ·oy· is used instead. 

:"''''"'·'!;i ·~ (/.· ;•• . 

.,¡: ......... ~ 1':,·, . . ~1 ' ··. .·· ._ 

:t3% tor gage lengths ±1800 10' 
undor 1/8 in (3.2 mm). ±1500 1()0 
::!::5% lor 1/8 in & over. ±1200 1()0 

±:W. tor gage length• 1()0 ±1500 
under l/8 in (3.2 mm). 

±1500 1()0" 
±5IAt for 1/8 In & over. 

±2'1o :::2500 1()0 

~e~::~n::~,·~~~~~~ :!:2200 10' 

:!:2000 10' 
±2% :::1800 1()0 

±1500 10' 

:::2400 1()0 
±1.5% :::2200 10' 

±2000 "'' 
±1 OO.~:~·~~~~~!""'"' 

"!:1000 1~ 

under ,. .. 1 ~8 , mm}. EP gages show z:e;~r:~!. 
1 ±2MI.to' ;, & o'•'· und"ér' i i 

±1.5% ±3000 10' 
Non linear at strain ±2500 10' 
1evels ovar :::0.5%. :::2200 1()0 

' 



_M_M_ - - -- - - Super Stock Gage Listings Section 
,~ ~---

~:~~--~~The~gages~listed~on~this~and~the-follbwing 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 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 also 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, strain gages are normally the first choice because of the ease of installation. · 
These gag es ha ve rugged, copper-coated solder tabs, permitting direct leadwire attachment. 

All gages In this llst.are classllied as Super Stock. Thls means that Mlcro-Measurements guarantees lo maintaln 
stock lor oll-the-shell delivery ol atleast1 O packages ol any type llsted In 06 and 13 sell-temperature-compensatlon 
numbers (except 08 S· T -C lar P alloy and DY lor lsoelastlc). There are no Mlnlmum Order Requlrements lor gages 
selected under the above condltlons. 

lf your application requires a gag e that is not listed here, you 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-Q1SUW-120 

Micro-miniature pattern with 
large exposed soldar tabs for 
high-strain-gradient applica
tions. Exposed tab area is 0.06 
x 0.04 in (7.5 x 1.0 mm). 

CEA-XX-o32UW-t20 

Short gage length pattern 
with large exposed soldar 
tabs for high-strain-gradient 
applicalions. Exposed tab area 
is 0.07 x 0.04 in (1.8 x 1.0mm). 

EA-XX-0310E-120 

Miniatura pattern for posi
tioning adjacent to hign stress 
concentrations. e.g., hales, 
fillets, etc. 

WA-XX-o60WA-120 

Small 3-element 45° rect· 
angular stacked rosette. 

EA·XX.o62AK·120 

Small general-purpose pat· 
tern with elongated soldar 
tabs. 

• 
.~. 
•••• 

' 4X 

2X 

-¡·' . . 
' ' 

• 
4X 

i,;&: 
i ' '• 

2X 

:n·: .. 

2X 

... . 
GAGÉ DESIGNATION ANO PATTERN, 

EA-XX-062AP-120 
WK·XX-062AP·350 

Compact small general· :¡: 
purpose pattern Select 

.. 
WK gaga lor wide tempera· 
ture range applications. 

2X 

EA·XX·082A0·350 

Same size as 062AP pattern :e: but with high·resistance grid 
in EA Series. 

2X 

CEA-XX-o62UW-120 
CEA-XX-062UW·350 

·n· . 
Small general·purpose gaga . . with large exposed soldar 
tabs. Exposed tab area is 
0.07 x 0.04 in (1.8 x 1.0 mm) . 

2X 

EA-XX-062TV·350 

Small 2.alement 90° torque :ii¡ gage. 

2X 

EA-XX-062TT-120 

Small general·purpose 90° •• 'tee' rosene. Sections are 
electrically indeper'dent. i i 

2X 
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GAGE DESIGNATION ANO PATTERN 

EA-XX-125AC-350 

Widely used general·purpose 
pattern with high-resistance • grid. u 

EA-XX·125AD·120 
ED·DY-125AD·350 • WD-OY-125AD·350 
WK-XX-125AD-350 u 
Widety used. generat-purpose pattern. Select 
ED· or WO-OY gages for fatigue apptications; 
WK lor wide temperatura ranga static or 
dynamic measurements. 

CEA-XX-125UN·120 
CEA-XX-125UN-350 

Narrow generet-purpose gage ft pattern. Exposed tab area is 
.. 

0.06 x 0.05 in (1.5 x 1.7 mm). 

CEA-XX·125UW·120 
CEA-XX-125UW·350 

Most widely used general· :": purpose gage in CEA Series. . . 
Exposed tab area is 0.10 x 
0.07 in (2.5 x 1.8 mm). 

EA-XX-12588-120 

Narrow general·purpose pat-
tern with elongated tabs. 

R 
.. 
l. 



_M_M_ - - -- - - Super Stock Gage Listings Section 

GAGE DESIGNATION ANO PATIERN GAGE OESIGNATION ANO PATIERN GAGE OESIGNATION ANO PATIERN 

EA-XX-12SBT ·120 CEA·XX-187UV·1 20 
CEA-XX-187UV-350 

EA·XX·250BK-10C 

General-purpose pattern with 1: narrow grid and compact · ... 
geometry. 

~-

2-element 90° rosette fo' m torque and shear-strain mea-
surements. Sections have a 
common etectrical connec-
tion.EJ~:posed tab area is 0.13 

Very high-resistance (10000) 
pattern. Recemmended ter 1 high bridge veltages er ter 
use en ptastics. 

11 
2X 

x 0.08 in (3.3 x 2.0 mm). 

EA-XX-125BZ-350 EA-XX·250AE-350 CEA-D6-W250A-120 
CEA-o6-W2SOA-350 

Narrow high-resistance pat- '!' tern with compact geometry. 
.. 

large general·purpose gage. 

1 U sed when high power-dissi-
pation is required. . . Lewest-cest, most flexible 1 and contermabte linear 

weldable gage pattern. See 
page 8 for more details. 

2X 

EA-XX-125RA-120 EA-XX-250AF·120 CEA-XX-250UR-120 
CEA-XX-250UR-350 

General-purpose 3-element ... 45° rectangular rosette. Com-

«h~ pact geometry. 

larga general-purpose gage. 

1 Used when high power-dissi-
palian is reQuired. . -

"" 
' Large 3-element 45° single- 'A) plane rosette. Exposed tab 

are a is 0.13 x 0.08 in 
(3.3 x 2.0 mm). 

CEA-XX-125UR-120 
CEA-XX-125UR-350 

General-purpose 45°single-

tfh~ plana rosette. Compact geo-
metry. Exposed tab area is 
0.08 x 0.06 in (2.0 x 1.5 mm). 

EA-XX·2SOBG·120 
EP-08-2SOBG-120 
WA-XX-250BG-120 
WK-XX-2SOBG-350 1 Widely used general-pur-
pose pattern. EP Series cap-
able ot elongation > 20%. 

EA-XX·SOOBH-120 

long general-purpose gag e 

1 in a compact geometry. 

EA-XX-12STM-120 EA-XX-250BF-350 CEA-XX-SOOUW-120 

General-purpose 2-element 
:ID0 'tee' rosette. Sections are 

1!11 electrically independent. 

General-purpose pattem with 
high-resistance grid. Com- .. 1 pactgeometry. Similarto2SOBG 
pattern except for resistance. 

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-125UT-120 
CEA-XX-125UT-350 

CEA-XX-250UN-120 
CEA·XX·2SOUN-350 

2-element 90° 'tee' rosette ·IIft· for general-purpose use. . . 
Exposed tab area is 0.1 O x 
0.07 in (2.5 x 1.8 mm). 

Narrow general-purpose 1 gage pattern. Exposed tab . . 
are a ;, 0.08 X 0.05 on 
(2.0 x 1.1 mm). 

EA-XX-125TK-350 CEA-XX-250UW·120 
CEA-XX-2SOUW-350 

High·resistance 2-element 

1 goo gage for torque appli-
cations. 

largar grid and tab tha!' :a: 250UN pattern. Exposed tab 
area is 0.10 x 0.07 in (2.5 x 1.8 
mm). 
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Speciai·Purpose Gages, Sensors, and Equipment 

In addition to providing the stress analyst with a vast selection of standard strain gage types, Micro-Measuremen.ts 
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 neither a fulllisting of these products, nor complete 
descriptions, a few types of special sensors are briefly noted. 

Full information on any ot 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 temperatura measurement from -320° to +500° F ( -195° to +260° C). For application at 
extremely low tempera tu res, two alloys- nickel and manganin- are combinad to produce the 
CL TS-26 (cryogenic linear temperatura sensor). The duplex construction of this sensor results in 
an essentially linear change of overall resistance with temperatura, from -452° to +100° F (-269° to 
+40°CJ. 

Reusable LST matching networks are available for hall-bridge connection of tempera tu re sensors 
to strain indicators. With these accessories, the strain indicator registers temperatura directly, ata 
scale factor of 10 or 100 microstrain pero F or °C. 

Crack Detection 
CD-Series Crack Detection Gages are designed to pro
vide a convenient, economical method of indi
cating the presence of a crack, or indicating when a crack 
has progressed toa predeterminad location on a test part 
or structure. By employing several CD gages, it is also 
possible to monitor the rate of 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. 
Several sizes and geometries are available. 

Illllllllllllll · 1 
11111111111111111111 

Residual Stress Determination "l\ .-o; lftm ~o~,AAil~ . .. 
~ .. ~' . -'. 

The most widely used practical technique for measuring residual stresses is EA..,._ CEA SeMI TEA s.nn 
the hole-drilling strain gage method described in ASTM Standard E837. With . 

2
x , 

. . . . appro1umately actua S!Ztl 
this method, a specially configurad electncal res1stance stram gage rosette 1s 
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 apparatus such as the Measurements Group's RS-200 Milling Guide. Alter drilling, the strain in the 
immediate vicinity of the hale is measured, and the relaxed residual stresses are computed from these measurements. 

For further details, request Bulletin 304. 
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Weldable Stra.in 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 install and require minimal surface 
preparation. lnstallation is accomplished without adhesives, 
eliminating heat curing problems on massive structures. They 
are also well suited to laboratory test programs requiring 
elevated-temperature testing and minimal installation time. 

SPECIFICATION8 -;. ;,,·,···::.· · :-:z ~t.,:·~·~-~~-~_:,.. 
. · .. _. 

' ·.·- .. ·-··- , .. ... 

- Ston<lord R-nce aovo Tompomun 
8-T-C lnOhma Foctor "-

CEA 06.09 120 ± 0.4% 
2.0 

-100~ to •200a F 
350 ± 0.4% (-7SO to •95•CJ 

LWK 06.09 350 ± 0.4% 2.1 -320° to •500° F 
(-195• to •26lrC) 

WWT N/ A 50± 0.411@ 
N/ A 

-320° to •5ooa F 
•75°F (+24°C) (-1116' to +260'C) 

CEA-Series Weldable Strain Gage: Con
stantan alloy sensing grid completely encap
sulated rn polyimJde. Very flexible. In most 
cases can be canto u red to radii as small as 
1/2 in f13 mm). Rugged. caoper-coated 
tabs lar convenientleaelwire attachment. 

LWK-Series Weldable Strain Gage: Modi
fied Karma (K-alloy) sensing grid completely 
encapsulated in a fiberglass-reinforced epoxy
phenolic matrix. Integral three-wire lead 
system cons1sts o! 10 in (250 mmJ flexible 
etched Teflon!>-insulated leadwires. lnstal
lation radius gene rally limitad to 2 in (50 mm) 
or larger in the direction of the grid ax1s. 

WWT-Series Weldable Temperatura Sensor: 
High-purity nicke1 sensing grid completely 
encapsulated in a fiberglass-reJnlorced 
epoxy-phenolic matrix. Integral three-tab 
printed circuitterminals for convenient lead
wire attachment. 

!lRegistered Trademark of OuPont 

Model 700 Portable Strain Gage 
Welding and Soldering Unit 

1 
W250A 

W250B 

1 
W200B 

The Model 700 is a completely portable. capacitance
discharge spot welder, designed for efficient installation of 
weldable strain gages and temperature sensors. Supplied 
in a rugged. gasketed case. the battery-powered unit can be 
u sed under field conditions where no power lines are available. 

Bondable Resistors 

A temperature-controlled soldering pencil, operated from the 
main battery supply, is an integral part of the Model 700. The 
lightweight pencil can be adjusted toa wide range of tip temper
atures for both gage soldering and leadwire splicing. 

For further details, request Bul/etin 302. 

Micro-Measurements manufactures a variety of fixed, adjustable. 
and-combination bondable resistors for use in many applications 
where precise resistance is required. Appropriate patterns are 
available in both low and high temperature-coefficient-of

PIM 
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 specific applications. 
Resistors are normally produced open-faced on a polyimide carrier. The recommended temperatura range is from oo to 
+300'F (-20' to +175'C). For furtherdetaits, request Transducer-Ctass Catalog TC-116. 

-34-

..... 



Micro-Meas u rements 
--~-S_train:::_Gage_Accessodes~~~----------;--

Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the 
utmost ca re and attention given to ensuring the high level of quality and precision for which these gages ha ve. 
gained world-wide recognition. However, the gag es' full poten ti al for accurate strain measurement can be realized 
only when they are properly installed. There are, in fact, three principal components in every strain gage installa
tion: (1) the strain gage itself, (2) the tools. materials, and supplies (accessories) needed to install the gage, and (3) 
the techniques employed in performing the installation. Professional stress analysts ha ve learned from experience 
that compromising any of these may lead to compromising the quality of the installation and the accuracy of the 
strain data. 

The well-established formula for making consistently successful strain gage installations is quite simple: 

• select high-quality precision strain gages. 

• select professional-caliber accessories which ha ve been laboratory-tested and field-proven for 
effectiveness and compatibility with the strain gages. 

• follow the installation procedures recommended by the manufacturer of the gages and accessories. 

Featured on the following two pages is a small sample of Micro-Measurements M-L/NE strain gage installation 
accessories. As indicated, the appropriate materials, supplies. and tools are provided for each important step in the 
gag e installation process- from preparing the surface. of the test piece to applying a protective coating over the 
bonded and wired gage. All accessory items, whether manufactured directly by Micro-Measurements or specified 
for purchase from an outside supplier, are of the highest quality, and have 
been designed or selected specifically to help ensure successful installa
tion of Micro-Measurements strain gages. 

Regular users of strain gages will want to request a copy of Catalog 
A-110. This 40-page, fully illustrated catalog describes the complete line 
of gag e installation accessories and related equipment. 1 n 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. 
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6 Simple Steps To Successful s· 

. 1 11 ...... ~: .. ·. ~IWYJ-. ~~ 
y __ ¿~······ ..... ·- .. 

. ~~ -· ....... ··· ..... . 

• • • With 4'-L/A/E Accessories 
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Strain Gage lnstallations • 

The ultimate in gage installation 
capability is provided by the 
MAK-1, Master Straln Gage Appll
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 and ma
terials in a single package. 

GAK-2 Series Kits provide 
specific selections of M-UNE 
accessories for making basic 
strain gage installations with 
the M-Bond 200, AE-1 0/15, 
or 610 adhesivas. 

- -~_-_:::=:-__ -Because technique 
is such an importan! 
ingredient in success
ful strain gage installa
tion, detailed lnstructlon 
Bullellns have been pre
parad for virtually all 
Micro-Measurements strain 
gage installation products. 

In addition. a library of 
Tech Notes and Tech Tlps is 
available for reference on a broad 
range of subjects within Strain Gage 
Technology. 

·-·-

Tech Tlps present practica! strain gage application techniques for 
"out-of-the-ordinary" situations, and represen!, as muchas possi
ble, a practica! "how-to" approach to strain gage 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. 

- Lab-Tested - Field-Proven 
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Ordering lnformation 

The Measurements Group Order Service Department can 
provide immediate stock and delivery information. Most 
products are available for same-day shipment or can be 
produced on short delivery cycles. Measurements Group, 
lnc. maintains regional sales representativas throughout 
the world to further assist yo u. For 'additional information 
on any of our proauct lines. contact us or our representa
tiva serving your area. 

Quantity discounts are available on strain gag es and spe
cial sensors. All other items are sold on a net basis only. 
All prices are· subject to change without notice. 

Micro-Measurements Warranty Policy 

The Micro-Measurements Oivision of Measurements Group, lnc., warrants that the products sold under its name, are fit tor the purpose for which they 
were intended by the supplier and guarantees said items against detecta in workmanship or material tora perioc:l ot ninety (90) days, or otherwise 
specified limita, from date of delivery. Every reportee! case of non-standard material is thoroughly investigated by ourOuality Asaurance Oepartment. 
lt should be recogniz&d that there is no method to 100'161test ourtype ot producta since many tesm would be destructiva. Both Micro-Measurements '('' 
and the purchasers must depend u pon statistical sampling techniques that ha ve in the paat proved to be reliable and economical in respect to the cost 
ot the product. '. 

Thll werranty 11 In lleu ot eriy other W8ii&lllti. expraaed 011lmplled. lnducllng eny bnptleclw• •••U. ot ~ or fllneu tor • particular 
purpoM. Thete ere no wanwttiet whld'lextend beyond the 1 lptlcMI on thl r.c. .......,, Pun::tae.r ecbooa1 tg tMI .a goodl pun:haed trom 
Meaurwnents Oroup•,.. pun::haed • la. and buyer...., thet no ulellnan, egent, employwor olherpenon MI rnlldlt .nriUCh ~ or 
werranUH or otherwiM uaumed for Mealunmenll Oroup any llaDWty In connection wtth the .. of •r gooda to thl Pu:rdaaer. Buyer hereby 
waiYft •11 rfthtl buyer m•y hne artslng out of any breech of contrKt or tw..:l'l ot warranty on 11M pM1 ot llnau......m:t Oroup. to anr Incidental or 
consequentlal dan\agft,lndudlng but not llmtted to dern8gn to property, ..,...._ tor lftiUry IOIIM penon, claiMgel tor 6oa ot &ae,loll ot time, 6oa 
ot proflll or lncome, or loa reautung trorn penonallntur'Y. 

Sorñe states do not allow the exclusion or Hmitation of incidental or consequenttal damages for consumar products, so the above limitationa or 
exclusions may not apply to you. 

The Purchaser agrees that the Purchaser is responsibletor notlfying any subleqwent buyer of gooda manufacturad by Meaaurements Group of the 
warranty provisions. limitationa. exclusions and disc'-lmers atated hereln priorto the time any such gooda are purchaeed by such buyers, and the 
Purchaser hereby agrees to indemnify and hold Measurement Group hannlea from any claim auerted againat or llabillty lmposed on Measurementa 
Group occasioned by the faiture of the Purchaser to ao notify tueh buyer. Thia provia:ion is not intended to affort subsequent purchue111 any 
warranties or rights not expreuly granted to such subaequent purchaae,. under the law. 

The Measurements Group is solely a manufacturar and usumes no responsibility of any tonn fOf theaccuracy or adequacy of any test resulta, data. or 
conclus•ons which may rasult from tne use ofita equipment. 

The manner in which the equipment is employed and the use to which the data and test resulta may be pu1 are completety in the handa of the 
purchaser. Measurements Group, lnc. shall in no way be liable tor damagea consequentlal or incidental to defecta in any ofita products. 

UMIT ATION OF REMEDY: In the event any discrepancy is found to be Micro-Meuurementa' responsibiltty, the buyer'a sola and excluaive remedy 
wiU be the replacement of, or full credit for the discrepant product. 

We will provide immediate assistance lo the best of our ability in locating and identlfying the aource ot any dlfflculties irwolving our product. 
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STRAINGAGE 
INSTRUMENTATION 

r.:·c:.-. 
~ 

o 

The lnstruments Dlvlslon of Measurements 
Group, lnc. offers a wlde selectlon of rellable, 
precislon strain gage instrumentation for stress 
analysis, structural, and materials testlng. 

This short-form catalog will introduce you to our 
· lnstruments, and assist you in selectlng those 

most appropriate for your measurement needs. 
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STATIC MEASUREMENTS 
DISPLAY OPERATIDN 

Manual, 
Di-=t-Reacfinv 

BRIDGE 
EXCITATION 

2.0-

oc Sto!~ 
Sai1C"18fe , 
1.()..15.DV-' 

INPUT 
POWER 

-(AC Cl!>llonaf) 

AC. 

INSTRUMENT 
MODEL NO. 

'Switch and balance units are used to read seQuentially the outputs of two or more strain gages on a single indicator. 

See Speciai·Purpose lnstrumentation on back cover. 

FREOUENCY 
RESPONSE;-

MULTI
CHANNEL 

......... 

-· 

INSTRUMENT 
MODELNO. 

'· "::-· 

REMARKS 

-Q.O&Jt Accuracy 

.. -. 

REMARKS 

1 

'í .· 

::-



Static signals are essentially constan!, 
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. 

11 test conditions involve 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, output 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 have limitations with respect to 
frequency response and amplifier gain compared toan instrument designed specifically for 
dynamic measurements. 

._ •. 

··. : . . ,. 
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3800 

P-3500 
The P-3500 is a portable, 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, logical sequence of 
setup and operational steps. A transducer 
input connector facilitates connection of 
strain gage based transducers. Request 
Bulletin 245. 

The 3800 is a high-precision, laboratory
type digital display strain indicator. lt fea
tu res extremely wide-range gage factor, 
balance, and bridge excitation controls. 
The wide-range feature enables measure
ment resolution of 0.1 p.f. The 3800 can 
al so be u sed as a high-performance trans
ducer indicator. Request Bulletin 249. 

f 

--------------------------------------~~ ./ _/ 

The 2100, 2200, 2300, and 
2400 Systems accept low-level 
signals, and condition and ampllfy 
them into high-level outputs suit
able for multiple-channel simulta
neous dynamic recordlng. These 
systems can be used in conjunctlon 
with various recording devices. 

2100 The 2100 is an economical system with a 
central power supply, and two active channels 
per unit module. Request Bulfetin 250. 

-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 
±350V 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 having 
to disconnect the input wiring. Request Bul/etin 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 lar 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- · 
hensive 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, thermo
couples, LVDT's, load cells, and other transducers. Simple to operate, System 4000 provides 
maximum stress analysis testing capability with minimum investment. Request Bulletin 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 frequency response, and elec
tronic bridge balance. 
Request Bulletin 251. 
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2400 
The 2400 System is an expandable 
strain gage signal conditioning/ 
amplifier system which allows the 
u ser to configure individual signa! 
conditioners from any host com
puter with IEEE-488 or RS-232 
capability. Programme.d functions 
include amplifier gain. 'xcitation, 
filler selection, and auto-balancing. 
Request Bulletin 253. 



SPECIAL-PURPOSE INSTRUMENTATION 

The SB-10 is a high-quality, 
10-channel switch and balance 
unit for use with strain indi· 
cators. lt features gold-plated 
binding posts for reliable 
connection of input circuits. 
and incorporales fine-balance 
control with turns-counting 
dials for each individual 
channel. Request Bulletin 247. 

The 1300 Gage lnstallation 
Tester is used te verify the 
quality of an installed strain 
gage, as well as the complete 
gage installation, including 
leadwires. A carefully selected 
individualized test voltage is 
used for each measurement 
mode. Operation is by push 
buttons. Request Bulletin 301. 

1601 LVDT ADAPTER MODULE 

~--· 
-~ 

The 1601 Adaptar Module 
provides an interface and direct 
compatibility between the 
strain indicator anda wide 
variety of LVDT displacement 
transducers. 

3650 

1550A 

V/E-40 

, .. fj 

' ·._ ~ ~ 

The 3650 Peak-Read lndicator 
is a portable, battery-powered 
instrument for capturing peak 
values of dynamic signals. The 
instrument is designed te be 
u sed in conjunction with any 
static strain gage indicator, 
transducer indicator, or sigmil 
conditioning system. The 3650 
features dual LCD readouts ter 
simultaneously displaying the 
most positive and most 
negative readings, and easy-to
use color-ceded push-button 
controls. Request Bulletin 246. 

A true Wheatstone-bridge 
simulator, the 1550A Strain 
lndicator Calibrator presents 
known and repeatable 
resistance changes to the input 
of the indicator. Three decades 
of push buttons are used te 
produce incremental resistan ce 
changes. The 1550A is NIST
traceable. Request Bulletin 313. 

This decade resistor/strain 
gage simulator can be u sed as 
á resistance standard, decade 
box, instrumentation calibrator, 
strain simulator, or investi
gative tool. lt is also useful in 
measurement of arbitrary 
resistances and large strains. 
Request Bulletin 316. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 .\ ') 

Raleigh, NC 27611, USA 
Telephone (919) 365-3800 

Telex 802-502 • FAX (919) 365-3945 
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RECOMMENDED REFERENCE LITERATURE 

The Strain Gage Primer. by C. C. Perry and H.R. Lissner. 

Explains the use of bonded wire and foil resistance strain gages for solving problems in experimental stress analysis. 
Covers all phases. from selecting the proper gage through interpreting readings in terms of significan! stresses. 

Strain Gauge Technology, edited by A. L. Window and G.S. Holister. 

Thorough, practica! review of contemporary strain gage technology. Includes a chapter on gage use in hostile 
environments, an·d one on errors and uncertainties in strain measurements. 

Handbook on Experimental Mechanics, edited by A. S. Kobayashi. 

Twenty-one chapters contributed by twenty-five prominent authors cover well-known traditional disciplines as well as 
new experimental techniques. Extensive lists of references are provided. 

Experimental Stress Analysis, by J.W. Dally and W.F. Riley. 

Prepared to serve as a teaching text for courses in experimental stress analysis. Tapies covered include elementary 
elasticity, brittle coatings, photoelasticity, strain gages, and related instrumentation. . 

Formulasfor Stress and Strain. by R.J: Roark and W.C. Young. 

A comprehensive summary ofthe formulas, facts, and principies pertaining to the strength of materials, for the design 
engineer and stress analyst. 

Experimental Stress Analysis and Motion Measurement, by R. C. Dove and P. H. Adams. 

A thorough discussion of stress analysis and strain measurement, with proper attention to new experimental methods 
including moiré fringes and semiconductor gages. Part two covers techniques and instruments used for measuring and 
analyzing displacements, velocities, and accelerations. 

Stress Concentra/ion Factors, by R.E. Peterson. 

The most complete and authoritative compilation of stress concentration factors available in the published literature. 
Data are included for most commonly encountered geometric configurations and design details. 

A broader selection oj Experimental Stress Analysis related literature is avaUable jrom: 

Society jor Experimental Mechanics 
7 Schoo/ Street 
Bethel, Connecticut 0680/ 
Telephone (203) 790-63 73 

-45-

-.. 



. MEASUREMENTS 

Measurements Group, Inc. 
Education Division 
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Equiprnent ____________________ __ 
The RS-200 Milling Guide is a precision fixture for 

the accurate positioning and drilling of a hole through 
the center of the strain gag e rosette. Principal features 
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 u neven surfaces. 

Alignment of the milling guide relativa to the strain 
gage rosette is accomplished by inserting a special
purpose microscrope into the guide's centering jour
nal, and 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 alignment to within 0.0015 in (0.038 
mm) of the gagecenter. The microscope isalso used to 
measure the diameter of the hole 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 the guide, and the milling bar insertad 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 toa dril! 
motor. 

Conventional slow-speed milling may be satisfac
tory on sorne mild ,steels and aluminum alloys. But 
high-speed drilling is generally the most convenient 
and practica! method for introducing the hole in all test 
materials. (When residual stresses are to be measured 
on materials such as stainless steels, nickel-based 
alloys, etc., ultra-high-speed drilling techniques are 
preferred.) For this purpose, a high-speed air-turbine 
assembly is supplied for use with the milling guide, 
along with a supply of tungsten carbide-tipped cutters 
[ten each 0.031 in (0.8 mm) diameter and 0.062 in 

(1.6 mm) diameter]. A foot pedal control is included for 
operating the air turbine. 

Also part of the milling guide assembly isa microme
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 considerad 
essential. ~ 

( 

Other items supplied include a plastic template for ..._; 
the proper location of the milling guide foot pads on the 
test part anda special break-off tool which is used to 
remove the foot pads from the part alter the test is 
completad. Al! components are housed in a sturdy 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. 



Making residual stress measurements with the 
RS-200 Milling Guide consists of the following steps: 

1. A special three-element 
Micro-Measurements 
strain gage rosette 
is bondad to !he 
test part al points 
where residual 
stresses are lo 
be determinad. 

2. Each rosette grid 
element is connected 
lo a strain measuring 
instrument and "zero" 
readings are recordad. 

3. The RS-200 Milling 
Guide is positioned 
over !he center of 
the gage and 
securely 
attached lo 
the test part. ·' .. :·~.~~~ · 

4. The RS-200 is 
optically aligned so that its drilling axis is precisely 
positioned ovar the target al the center of the 
strain gage rosette. 

5. A hole is drilled through the center of the rosette 
and into the test part. 

6. Strain gage instrumentation is used lo obtain 
strain readings. 

Accessories and 

7. Residual stresses ara.then fl<:•mputed, either 
manually or by using the Measurements Group's 
RESTRESS softw1re progrP.rn. RESTRESS is 
available on either 5-1/4 in cr 3-1/2 in disks 
for use with most MS-DOS PC-compatible 
computers. RESTRESS provides data reduction 
in accordance with ASTM S!llndard Method E837, 
as well as approximate determination of residual 
stress variation with depth. (Refer lo TN-503). 

~:.~ •. 5U@i 

Model P-3500 Strain 
lndicator for Manual 

Data Acquisition 

·- :~ = ______ :.:._:::·-..:__ 
. . ¡ -~ :.: 
'" ¡: ·] 
. • ~ ·¡ ; 
.• ¡ ~ ' 
.. : : -: 

•• f ·: :.: 

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 alter 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 Turblne 
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 for Hlgh-Speed Alr Turblne 

Cement Kit 
A fast-setting (15 minutes) two-component resinous

type dental cernen! especially suited for firmly at
taching the milling guide lo !he test part. Standard 
packaging is approximately two ounces. One package 
is sufficient for ten guide mountings. 

~:_.*,~<;·-~~.,;~~-~~~~:_;.:;,./;:~;.< -:·· '•,. . . . . 
f/i~~~.\!U.'I..'!~~-·ot,s~ralf! gaga .tnstrilments for 
~'fo'measurlng.;the¡;ostratnc magnltude ls also 
Y'iivalla61fOroiíi -tÍie Meásurements Group. 
~>:.:!-~-::· ._J)/''-~-!'H~::~~-- ~ )j ·: >::.:;;~"- --_;-. 
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:M:M: Special Rosette Strain Gages_ 
All gages are conslrucled of self-temperalure

compensaled constanlan 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 also 
available wilh solder dols and encapsu
lalion (Oplion SE). 

TEA Series: Fully encapsulaled wilh easily accessible 
copper lerminals lo facililale inslallation. 

EA-XX-031 RE-120 
EA-XX-031RE-120/0ption SE 

CEA Series: Incorporales all lhe advanlages of Micro
Measuremenls' popular 'C' Fealure gag es. 
Pattern is.specifically designad for appli
cations where it is impractical to use RE or 
RK configuralions (i.e., adjacent lo weld
menls, corners, and intersecling surfaces). 
Care must be exercised when using lhis 
pattern, however, as limilalions may exisl 
in data reduction equations. 

Reler to Micro-Measurements Catalog A-110 lor de
tai/ed inlormation concerning strain gage installation 
accessories. Reler to Catalog 500 lor detailed inlorma
tion about rosette specilications. 

Dueto small pattern size, measurement error can be magni
fied by slight mislocation of dril! hole. Pattern not recom
mended for general-purpose applications. 

EA-XX-062RE-120 
EA-XX-062RE-120/0ption SE 

EA-XX.-125RE-120 
EA-XX-125RE-.120/0pticn SE 

XX-062RK-120 

·~~ 
·' ·-- J • 

CEA-XX-062U"-1-120 

Mosl widely used RE pattern for general-purpose residual 
stress measurement applications. 

Larger version of the 062RE pattern. 

REMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
Telephone (919) 365-3800 

Telex 802-502 • FAX (919) 365-3945 
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STRAIN 
INDICATOR 
CALIBRATOR 

··.·~ 

;~?~ 
A /aboratory standard for verlfylng the cal/bratlon of straln and transducer lndlcators. >r··· 

~; · .. ' . 
• True Whealslone Bridge Clrcultry ¡. ·1 
• Slmulales Quarter, Hall & Full Bridge- bolh 1200/3500 · 1 

• 3 Decades ol Puah BuHona ~- · ~-
• Straln Range Dlrecl Readlng: ±99 900¡.¡e •• , Incrementa ol 100¡.¡e ~: ·· 
• Trarsducer Range: ±49.95 mV/V .•• Incrementa ol 0.05 mVIY r . 

• Reverslng Switch lor Plus and Mlnus Callbratlon ¡ . j 
• Hlgh Preclslon Vlshay Reslstors uaed throughoul to ensure Excellent Stablllty ~~~.~ 
• Accuracy 0.025 Perceal - Traceable to the U.S. Natlonallnstltute ol Standard& and Technology i-;:'_j' 

lf; 
' ... - -- -. ~ ¡---~ :, . -- --- . -- -. --- -------- - -- -- -_.._;;-.:~·_. 

:· '.¡i-~ ; . ·.-

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
(919) 365-3800 
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DESCRIPTION 
Sound engineering and laboratory practicas require that the 

instrumentation used to make critica! strain measurements be 
periodically catibrated to verify that il is within the manufac
turer's original specifications. Additionally, each type of strain 
indicator exhibits sorne degree ot nontinearity, especially for 
large strains during quarter-bridge operation. Since this is the 
most common stress analysis application of strain gages, il is 
important that the strain indicator be calibrated in this mode. 
lnstrumentation span should also be checked at a number of 
points befare each importan! test to avoid inaccurate data. 

The Model 1550A calibrator is a Wheatstone bridge and 
generales a true change of resistance in one or two arms of the 
bridge. 1t simulates the actual behavior of a strain gaga in both 
positive and negativa strain. · 

The 'star network' used in certain other commercial cali· 
brators provides a substantially lowar cost instrument dasign, 
bacausa componen! specifications are less critica!, and fawer 
components are required. 

However. the 'star natwork' cannot simulate quarter-bridga 
strain gage behavior, and cannot simulata positiva strain. 
Anolher serious problem with this circuit is that the bridge input 
and output resistances change in an abnormal manner, leading 
to inaccuracies in calibration under sorne conditions. 

A calibrator based on the Wheatstona bridge principie 
requires stable components. A total of 66 ultra-stable Vishay 
precision resistors are used in the Model 1550A calibrator to 
provide the stability. repeatabilily, accuracy and incremental 
steps raquired ir. a laboratory standards instrument. 

Calibration verification of a P-3500 Portable Strain 
lndicator befare an importan! test. 

Variable 
Resistances 

WHEATSTONE BRIDGE 

~nt 
'STAR NETWORK' 

SPECIFICATIONS 

Accur~·;y: 

Rapefola8ility: 

Stab:.ity: 

Thermal EMF: 

Bridge Resistances: 

Clrcuh: 

Simulation: 

Ranga: 

Excitation: 

0.025~ of settlng ±1¡JE (0.0005 mVN), max. 
Traceable to Uniled States National 

tnstltute ol Standards and Technology. 
±1#JE (0.0005 mVN), max. 

(0.001~ of settlng ±1#JE)fOC, max. 

0.5 #JVN of axcltallon, max. 

1200 and 3500. 
Input resl:ttance: ±0.05,, max., from nominal at atl 

outpul settlngs. 

Oulput resistanca: ±0.05%, max., lrom nominal al 
"000" #Jf:, ..0.25~ at ±99 9001J-E. 

True ±AR In two adjacenl anns (opposlte s~ns), 
plus two fixed arma for bridge complellon. 

Quartar bridge, ona active ann. 
Hall bridge, one or two active arms. 
Futl bridge, two active arms. 

Two active arma. 
Oto ±99 900¡JE In steps ot 1001J-E @ GF=2.00. 
oto :t-49.95 mVN In sleps ot 0.05 mVN. 

One 1C!Mt arm: 
O lo ±49 9501J-f: in steps of 50#JE@ GF=2.00. 

To meet accuracy and repeatability speciflcatlons: 
12011: Q-1 OV ac or de. 
350(1: Q-15Vacordc. 

Ma1imum permissible: 
í200: 25V acorde. 
3500.: 30V ac or de. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777, Ralei!JI', N.C. 27611, USA 
(919) 365-3800 • FAX (9.19) 365-3945 • Telex 802·502 

Output@ 000: 

Environment: 

Size: 

Weight: 

50¡JE (0.025 mVN), max. In full-brldge moda. 

Temperalure: o• to •120•F (-1Er to +49'"C). 

Humidlty: Up to 70% RH, non-condensing. 

Alumlnum case (separable lid). 
5-3/4 H x 8-1/4 W X 7-3/4 0 In 

(J45 x 210 :r 195 mm). 

4.8 lbs (2.2 kg}. 

A Certifica te of Cafibration is provided , tr:} ·¡ 
with each Model 1550A Calibrator. ~·:\i,: J 

-·-- ··--- -.. ---·-·-··---- .. -·----~~-- · ~~jfP' 
~ .. ~, 
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MODEL 
V/E-40 

STRAIN 
GAGE 
·SIMULATOR 

BULLETIN 316-A 
-~-~-------

A precision decade resistor for accurately simulating the behavior of strain gages and RTD's. 

• 5 Decade Selector Switches 

• Resi!!tance Range: 30.00 to 1111.100 in 0.01 O steps 

• ·High Precision Vishay Resistors used throughout to ensure Excellent Stability 

• Accuracy 0.02% ol Setting 

• Si m u lates Tension and Compression Strain lor most widely used Strain Gage 
· Resistaace Values 

• Simulates a Broad Range ol RTD's lor lnstrumentation Set Up and Calibration 

. V¡ 
A DE C. '\ EDIC, S:CíiCOS INOUS'TRit>.I..ES 

EC'.UIPOS 010" DE C V. 
1 CIEN'TIFICOS, S. f>.,os-PG~ 

R. f, C. EDI~B912 EL RECREO 
251 COL ,-z 

CAIRO No. MEXiCO. D. F. "' . 
c. P. 02070 FM 343-59·51 
. TEL. 561·80-04 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
(919) 365-3800 

CCopyright Measurements Group, lnc., 1992 
All Rights Reservad. 



DESCRIPTION 

The V/E-40 Strain Gag e Simulator is an accurate, 
stable, compact, five-decade resistor specially 
designad to simulate the behavior of strain gages 
and RTD's, and for use in a broad range o! mea
surement and calibration applications. 

As a precision strain gage simulator, the V/E-40 
can be used to measure nonllnearlty ol the 
lnslrumentatlon in quarter-bridge operation, orto 
verlly lnstrument callbratlon over the anticipated 
measurement range. 11 is · also well-suited lo 
measurlng desensltlzallon ol the straln gage clr
cult duelo the finite resistance o! the strain gage 
leadwire system. 

In a similar manner, !he V/E-40 can be temporar
ily substituted for an RTD over a resistance range 
o! 30.00 lo 1111.1 O ohms to verlly callbrallon ol 
temperature measurement lnstrumentallon. 

The V/E-40can aleo be used in conjunction with a 
conventional Wheatstone bridge strain indicator 
lo measure arbltrary reslstances between 30.00 
and 1111.10 ohms, orto ellmlnate Wheatstone 
bridge nonllnearlty ellects when measurlng hlgh 
post-yleld stralns In quarter-brldge operatlon. In 
this mode, the resistance or strain gage to be 
measured is connected as one arm o! a Wheat
stone bridge, t:•e V/E-40 is used as a decade resis
tor in an adjacent arm, and the strain measuring 
instrumentas a null detector. 

Other app. i•:at.ions include use asan investigative 
tool to trol!bleshoot faulty strain gage installa
tions, oras a precision decade resistor. 

-~~-. ''111" . illi' 
o •. n l. Ir-~ 

p "'=' • " • S • 
1 

V/E-40 
~ s•Q 
;; 0120 o 00000 
~ Ol50Q o 
"' 

GNDO 

V/E-40 used for large strain measurement 

STRAIN 

INDtCATOR 
R 

ACTIVE·~----,-----+:6 __ _::V/C.:EC:·
4

:_0 _ 1 
OUMMYOf-------t-0 o 0 0 0 0 

o 

V/E-40 used to measure arbitrary 
resistance value, R. 

SPECIFICATIONS 
Accuracy: 0.02% of reading. Environment: oo to +120°F (-18° to +49°C), 

Maximum To mee! accuracy and repeat- up to 70% relativa humidity, 

Curren!: ab:lity specifications: 1200: 65 mA; non-condensing. 

350!1: 55 m A; 10000: 25 m A. 
Size: 3-7/8 H x 9-1/8 W X 3-1/8 D.in 

Stability: ±3 n>m/°C max. (98 x 232 x 89 mm). 
Resistance 30.00to 1111.100 in 
Range: O.D1 o steps. Weight: 1.9 lb (0.85 kg ). 

All specifications are nominal or typical al +23°C (+73°F). 

·j 
¡ i 
1· .1 ' . 
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f_ ! 

J 

' 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777, Raleigh, NC 27611, USA 
(919) 365-3800 • Telex 802-&~2 • FAX (919) 365-3945 
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MODEL 
700 

PORTABLE STRAIN 
GAGE WELDING AND 
SOLDERING UNIT 

~ --------

.. 

'"\ 
' 1 

A batlury-operaled capac/1/ve dlscharge spol welder foratlachlng and wlrlng weldable straln gages 
and lemperature sensors. 

1 

' ¡ 

• SPparate visual and audible lndlcators monitor 
welder status - Weld energy is continuously 
adjustable from 3 to 50 joules, making the 
Model 700 an excellent choice for installing 
weldable strain gages and temperatura sen
sors. as well as smallthermocouples and light
gauge met¡~l. 

• Supplled wlth a llgfltwelght solderlng pencll 
-A front-panel control adjusts soldering tip 
temperatura for a wide range of soldering 
applications in the field or in the laboratory. 

• "Low-battery" llght to warn the user when the 
lntemal, sealed lead-acld battery requlres charg
lng - A built-in charger operates automati
cally when plugged into 115 or 230 Vac, io 
ensure full battery charge with no danger of 
overcharging. lndicator lights monitor battery 
charge rata. 

• Convenlent storage space for cables and 
lnstructlon manual. 

¡ 
¡ 

' / 

EDIC, S. A. DE C. V. 
EQUIPOS DIDACTICOS INDUSTf:IALE~ 1 

Y CIENTIFICOS, S. A. DE C. V. l 
f A. f. C. EDI-89120A-PGA ! 
; ~AIRO Na 251 COL. EL RECRCO 1 
e ~1 0~07.0 e MEXICO, OD. F. /JZJ 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
(919) 365-3800 
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PANEL CONTROL FEATURES 

SELECTOR 
SWITCH FOR 
WELDING/ 
SOLDERING 

WHD STATUS 

•••o• • • 
WHD ENERGY 

JOUIII,W&Tl·UCONOI 

•¡f fUNCTION 

BATTERY 
STATUS 

·1· 8A!UtY SIAIUS INDICATOR 

• "'"-----11-------L-I_G_H_T_S •.. ,_]. 
-c .. un¡ 

••••uu-

WELD 
ENERGY 
CONTROL 

MODEL 700 
POITABlf STIAIN GAGE 

WHDINGISOLDERING UNII 

SOLOUING PEN<:EL 

i .., 

SOLDERING 
PENCIL 

RECEPTACLE 

IIIGGtl MEASUREMENTS GROUP 
RAlEIGH, N C. U S.A. SOLDERING 

PENCIL 
HEAT 

CONTROL 

115/230 VAC 
SWITCH 

CABLE 
STORAGE 
AREA 

AUDIO 
INDICATOR 

SWITCH 

·':. : 
··--~. ·. 

·.'·· :. , .. 
' ' 

SPECIFICATIONS 
WELDING 

WELD ENEAGY RANGE 
3 to 50 joules. continuously acijustable by lront~panel control. 

MAXIMUM WE!.D AEPETITION RATE 
20 per minute al 30 joules, typkal. 

NUMBER OF WELDS PEA BATTS.RY CHARGE 
ApproximatW.y 2000 al weld ene--gy setting of 30 joules. This 
is equivalen! to 40 Micro-Measuraments weldable gage 
installations. 

BATTERY CHARGE TIME (from full discharge) 
12 hours to 75% full charge; 18 hours'to full charge. 

BATTPW 
One sealeCI, rechargeable lead-acid (non-liquid) type, 
12 volt, 5 a"TJ"ere-hour. 

WELOING PROBE 
Manually fired wilh lrigger control and "steady-rest." 

WELDING C.t,BLES 
Two 5 ft (1.5 m), fully flexible. 

WELD ENEAGY MONITOR 
Calibrated front-panel control with READY and WAIT 
indicators; audible indication selectable. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777, Raleigh, N.C. 2161 '.USA 
(919) 365-3800 • FAX (919) 36!i 39-!c. • Telex 802-502 

SOLDERING 

TEMPERATURE CONTROL 
Conlinuously variable with bands indicating melting range of 
solders. 

SOLDERING PENCIL 
1.1 oz (31 gm), rated al 25 watts. 12 volt operation. 
Tip temperatura adjustable from +200° to +900° F 
( +90° ro +480° e). 

SOLDERING DURA TION 
4 hours using +361°F (+183°C) meltlng point solders {with · 
inilial full charge). 

GENERAL 

OVERALL SIZE 
9 l X 9 W X 9-3/4 H in {23~ x 230 X 250 mm). 

WEIGHT 
21 lb (9.5 kg). 

INPUT POWER FOR RECHARGING 
115 Vac or 230 Vac, 50-60Hz. 

OPERATING ANO STORAGE TEMPERATURE RANGE 
0° lo +120°F (-20° ro+ 50°C). 

. ··-·---··--· _____ .__ . ------
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M O DEL 
1300 

--···.·- ." ·-.··.·. ·.--..... 

A compact, battery-powered instrument used to verily the electrical quality ola strain gage 
installation BEFORE: it is placed in serv/ce. 

• Reads wilh lhe Push of a Bullen: No Warm-Up. 

• Reads lnsulalion Resislance (leakage) lo 20 000 Megohms wilh 15 V de. 

• Meas u res Devialion of lnslalled Gage Resislarice from Precise Slandards lo a Resolulion of 
0.02 Percent. 

• Ohmmeter Scale for Troubleshooting Questlonable lnslallalions. 

• Ve rifles !he Complete Gage Circuil lncluding Leadwires. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777 

Raleigh, North Carolina 27611, USA 
(919) 365-3800 

ecopyright Measurements Group, lnc., ,980 
All Rights Reservad. 



DESCRIPTION 
Two al the most importan! measurements u sed to verify the quality of a strain 
gage insta!lation are insulation resistance (leakage to ground) and shift in 
gage resistance duelo installation procedures. While these two measure
ments are no! a complete guarantee of eventual proper strain gage perfor
mance, any installation which produces questionab!e values should not be 
rélied u pon where accuracy of results is necessary. 

Severa! sources of variations in insulation resistance and shifts in gage 
resistance are: 

lnsulation resistar:ce in excess of 20 000 megohms should be expected 
for foil strain gagos when instolled under laboratory condltlons. A value of 
10 000 megohms should be considerad mínimum. A reading below this 
value generally indicates trapped foreign matter, moisture, residual flux 
or backing damage duelo soldering, as well as incompleta solvent evapo
ration from an overcoating. 

Deterioration of the insulation rcsistance with time m ay be an indication 
of an improperly coated installation. 

Al higher test temperaturas, particularly above +300°F (+150°C). it is 
normal to expect lesser values. Ten megohms is considerad to be the 
lower allowable value. 

A voltage difference between the specimen and straln gage frequently · 
exists. A very high insula!ion resistance wil! help keep this vo!tage differ
ential from introducing extraneous signals during strain measurement. 

Shifts in gage resistance during instaHation should not normally exceed 
0.5% when using room-temperature-curing adhesivas. Resistance shifts 
greater than 0.5% generally indica te damage to the gage dueto improper 
handling or clamping. However, strain gages installed using elevated
temperature-curing adhesives·may exhibit greater·shifts in resistance 
dueto ndhesive lock-up at elevated temperaturas (difference in linear. 
coefficient of thermal expansion between the strain gaga and specimen). 
These shifts wil! vary depending u pon the specific cure temperatura and 
materials used. The shifts should never exceed 2% and should be uniform 
within 0.5%. 

MEASUREMENTS GROUP, INC. 
P.O. Box 27777, Raleigh, N.C. 27611, USA 
(919) 365-3800 • FAX (919) 365-3945 • Telex 802-502 

The Mode! 1300 was jointly designad by the Micro
Measurements and lnstruments Divisions of the 
Measurements Group for maximum usability. The 
unit's payback is very short as it will identily fau!ty 
gage installations that could ruin a costly test . 
program. 

. ·~:~:· 
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Micro-Measurements 
• Strain Gages 

:E M E M: • Special Sensors 
• lnstallation Accessories 
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Micro-Measurements has been a trusted na me in the field of Strain Gag e Technology for many years. We are proud 
of our worldwide reputation as a prernier 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-Measurements strain gag es and related products is in tended to provide a condensed overview of the sensors, 

. suppiies, and tools comrnonly needed for typical strain gage applications. 

Micro-Measurements was independently founded and operated in the early 1960's. A few years later it became a 
part of Vishay lntertechnology, lnc. and, in late 1973, was incorporated with the other stress analysis divisions of 
Vishay into a single entity- The Measurernents Group. Al! divisions of the Measurements Group are now located in 
our world headquarters facility near Raleigh, North Carolina. Micro-Measurements maintains an additional strain 
gage production facility in Romulus, Michigan. 

Customer Support Services 

The common denominator in al! Micro-Measurements products and services is our dedication to helping you 
achieve consistently accurate and reliable strain measurements. And we've m a de so me significante o mm itments to 
help ensure your success: 

We publish the widest range of technical 
reference litera tu re in the strain gage field
available through 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 or letter. · :_;,;,_¡,, .. , ___ . 

. --: ~-_ .... .., ··-~·~4:~-;::-:?-;:·~ ··.-; -~··:--· . - '···-·-------~-- ·; .......... - ··.-
We offer a variet'/ of'caní·p-rehensive technical training programs from 
beginner to advanced levels in strain gag e technology. The Measurements 
Group regularly conducts workshops and technical seminars in our Tech
nical Training Center in Raleigh, North CaroHna and at locations throughc 
out the· U.S. and the world. · _. _ '· · 
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Master Strah1 Gag~ Cata~og 
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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 gag e listings in Catalog 500 
include essentially all standard types and pattern configurations 
manufactured by Micro-Measurements. Considering the variations 
in pattern design, grid alloys, self-temperature-compensation 
(S-T-C) numbers, backing materials, and optional features, there 
are over. 100,000 possible gage types from which to select. 

Catalog 500 contains a broad range of pattern configurations and 
sizes, designad to meet the many and varied test requirements 
encountered throughout the field of experimental stress analysis. 

-·A special g~8uP O·t. sÚain gag es - Tra~sd~c~r-Cfass® -
has been · develoPed · speciflcatly .for transducer appli

. cations. Transducer-Ciass .strain gag es, described in 
· .. separata Micro-Measureinents literatura, are a· select 
· group'Of.stañdard and special gage patterns designad for 

· . . optimum.cosVperformance ratio (in transducér service) in 
:;: high-volume production quantities. · 

.:~idfi::,;·;+, ;:,; j ' '~/ . . . . . ·. ' 

~"' Gage Listings 
) 

Reproduced below is a sample Catalog 500 listing 
for a single, representative 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 ea eh series. Complete descriptions of 
the gage series, options, etc. are provided in the 
introductory section of Catalog 500. 

!..... ¡--------.. ----. ---... -, .1 -----.. -·-·- - . ~ 

w•-~w•- ~ 1.:1 l.~;ll.i 

125AD 

1 

GAGE 
DESIGNATION 

lnMtt Dnlr.d S· T·C No. 
In 8pKel Mll'lled XX 

ED-DY-125AD-350 

EK-XX-125AD-350 

WA-XX-125AD-120 

WK-XX-125AD-350 

EP-06-125AD-120 

SA-XX-125AD-120 

SK-XX-125AD-350 

SD-DY-125AD-350 

WD-DY-125AD-350 

3 

RES. 
IN 

OHMS 

350 ±0.6% 

OPTIONS AVAILABLE 
Add lndlctl.cS Pñc:t To P~tek•g• Prie• 

Note: Stock St.llut Symboll Do Not 
Apply lo Gtgtt WIU'I Opllonal Futurn 

LE 



Strrain Gage Desigrraation System 
and Se!ection Chart 

In selecting the most suitable strain gage for each application, consideration must be given to the variations in 
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 summary of 
the many combinations of these factors available in Micro-Measurements strain gages. For brevity, this summary is 
limited to those gag e series and optional fea tu res 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 gag e for your application. 

A complete, dctailed designa !ion system and selection chart are included in Catalog 500. 

When test conditions are severe, or when there are unusus:iy stringent demands on accuracy and stability, 
selection of the optimum gage parameters to satisfy the test specifications can involve a number of subtle 
considcrations. Asan a id in systematically arriving at the most appropriate gage type, given a specific measurement 
task, Measurements Group Tech Note TN-505, "Strain Gage Se/ection Criteria, Procedures, Recommendations", 
available on request from the Measurements Group's Applications Engineering Department, will provide a valuable 
reference for use in conjunction with these selection criteria and charts. 

Self-Temperature-Compensation 

Foil Alloy 

Carrier Matrix (Backing) 

E: Open-faced. cast polyimide backing. 

C EA-06-250UW-120 

T 
A: Constantan alloy in sclf-temperature-

compensated form. 

Active Gage Length in Mils 
(ttwusandths of an inch) 

Grid and Tab Geometry 

Resistance in Ohms 

The S 4 T 4 C number is the approximate thermal 
expansion coefficientln PPM/° F of the structural 

., _ .... -

W: Fully encapsulated; glass-fiber-reinforced 
epoxy-phenotic res in. ·High-endurance 
lendwires. 

P: Annealed Constantan. material on which the gage is to be used. The ~ . i 
following standard compensations are available: '-Ji!' 

CE: Thin, flexible sages with a casi polyimide 
backing and encapsulation featuring large, 
ruggeci. copper-coated solder tabs. This 
construction provides optimum capability 
for direct leadwire attachment. 

D: lsoelastic alloy .. 

K: Modified Karma alloy. 

-
G~ge DESCRIPTION ANO PRIMARY 

TEMPERATURE AANGE 
Series APPLICATION ., .. 

General-purpose static and dynamic stress analysis. Wide 
Normal: -100" to +350"F (-75" lo +175"C) 

EA Special or Short Term: 
range ol options available. 

-320" to +400"F (-195" 10 +205"C) 

Universal genera!-purpose strain gagas. Constantan .•,·;· 
.. , 

CEA grid completety encapsulated in polyimide, with larga, Normal: -too• to +350"F (-75" to +175"C) 
rugged, copper-coated tabs .• Primarily usad lar general· Stacked rosettes limitad to +150" F (+65"C) 
purpose static and dynamic .~t~e.s~ ~nalysis .. " ~~ · · " ,-' .·-

Excellcnt lor dynamic measurements. High gage factor ED and extended fatigue lile. Dynamic; -320" to +400"F (-795" lo +205"C) 

Stress analysis and transducer applications. Wide temper- Normal: -100" to .. 400"F (-75" to +205"C) 
WA ature range and extreme environmental capability. High· Special or Short-Term: 

endurance Jeadwires. -320" to +500"F (-195" lo +260"C) 

Widest temperatura range and most extreme enviran- Normal: -452" to +550"F ( 4 269" to +290"C) 
WK Special or Short-Term: mental capability. High-cndurance leadwires. 

-452" to .. 750" F ( -269" to +400" e J 

High-elongation measurements (post yield). Only avail· 
EP -too• to +400"F (-75" to +205"C) ab!e in OB S· T ·C value. 

For wide·ran9e dynamic strain measurements in se-
WD Dynamic: -320" to +500"F (-195" lo +260"C) ve re environments. High-endurance leadwires. 

'Fatigue lile improved using !ow·modulvs soldar. 

4 

A and K alloys: 06, 13. 

P alloy: oa. 
The O alloy is not available in seiHemperature
COf!tpensated form. 'DY' is used instead. 

FATIGUE LIFE 

STRAIN RANGE Slraln Level Number ot 
In JJ.E · Cycles. 

±3% for gage léngths ±1800 10' 
under 1/B in (3.2 mm). ±1500 "'' ±5% for 1/B in & ovar. ±1200 "'' 
±3% for gage lengths 
under 1/8 in (3.2 mm), 

±1500 10' 
±1500 . ·. 106" 

±5% for 1/8 in & ovar. " "; ' 
" ... '1. -. .- .. 

±2% 
±2500 lO' 

Nonlinear at strain 
±2200 10' 

levels over ±0.5%. 

±2000 10' 
±2% ±1800 \O' 

±1500 10' 

±2400 lO' 
±1.5% ±2200 10' 

±2000 \O' 

±10% !or gage lengths ±1000 10' 
under 1/8 in (3.2 mm). EP gages show zero shilt 
±20% lar 1/8 in & over. under high-cyclic strains. 

±1.5% ::!:3000 10' 
Nonlinear at strain . ±2500 lO' 
levels over ±0.5%. ±2200 lO' 



_M_M_ - - -- - - Super Stock Gage List:ings Section 

,.,. . -The gages·listed on thls·and·the·following·page·represennhe-m·ostwlaely us_ei0ypes_for_genen!l:purpose __ 
-'-experlm·e·ntalstress analysisGage lengtns range from 0~015 to 0.500 1n (0.4 to 13 mm) m a w1de range of pattern 
...,; configurations.ln 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 also 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 lo the best delivery and, in many cases, toa price advantage as 
well. The "C"-feature, or CEA-Series, strain gag es are normally the first choice be cause of the ease of installation. 
These gages have rugged, copper-coated solder tabs, permitting direct leadwire attachment. 

All gages In lhls llst are classified as Super Stock. This means that Micro-Measuremenls guarantees lo mainlain 
stock lor off-lhe-shelf delivery of al leas! 10 packages of any lype lisled in 06 and 13 self-lemperature-compensation 
numbers (except 08 S-T -C for P alloy and DY for lsoelastic). There are no Minimum Order Requiremenls lar gages 
selecled under lhe above condilions. 

11 your application requires a gage that is not listed here, you should refer lo Micro-Measurements Cata lag 500, 
which includes all standard, general-purpose Micro-Measurements slrain gages. All gage patterns are shown at 
actual size except where enlargement is necessary for geometry definition. 

: \1i• 
. GAGE OESIGNATION ANO PATTERN GAGE OESIGNATION ANO PATTERN GAGE OESIGNA110N ANO PATTERN 

·-t;_.-.· '. 

CEA·XX-015UW-120 ! EA-XX-062AP-120 EA·XX-125AC-350 

Micro-miniatura pattern with n !arge exposed solder tabs for 
high-strain-gradient applica-
tions. Exposed tab area is 0.06 

. . 
x0.04in(1.5x 1.0mm). 

' 

WK·XX-062AP-350 

Compact small general- :ll purpose pattern. Select 
WK gage for wide tempera-
ture ranga applications. 

Widely u sed general-purpose 
pattern with high-resistance • grid. 

111t 

4X 2X 

CEA-XX-032UW-120 EA-XX-062AQ-350 EA-XX-125AD-120 .. ' 
Short gage length pattern ,;¡, with large exposed solder 
tabs for high-strain-gradient 
applications. Exposed tabarea . 

Same size as 062AP pattern 
:~: bu! wlth hlgh-resistance grid 

in EA Series. 

ED-DY-125AD-350 !ti! VJD-OY-125AD-350 
'NK-XX-125A0·350 ~ .. 
Widely used, general-purpose pa!lcrn. Select 

is 0.07 x 0.04 in (1.8 x 1.0mm). EO- or WO-OY gages for fatigue applications; 
WK for wide temperatura range s!atic or 

2X 2X dynamic measurements. 

EA-XX-0310E-120 
' 

CEA-XX-062UW-120 CEA-XX-125UN-120 

Miniature pattern for posi-

'1' tioning adjacent to high stress - -concentrations, e.g .. hales, ' ' fillets, etc. 

' 

CEA-XX-062UW-3SO· . . ' 
i"~ Small general-purpose gage 

.. 1! ~ 

with large exposed solder ~ Lf 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 tab area is 
.. 

0.06 x 0.05 in (1.5 x 1.1 mm). :a.a 

4X 2X 

WA~XX~060WR~ 120 EA-XX-062TV-350 CEA-XX-125UW- 120 

~ 
. 

Small 3~element 45°rect- · 
angular stacked reselle. / 10) 

1
, ,~:--~ 

12X 

Small 2-element 90° torque :iij gag e. 

2X 

CEA-XX-125UW-350 

Most widely used general- :~: purpose gage in CEA Series. . ' 
Exposed tab area is 0.10 x tl,U 
0.07 in (2.5 x 1.8 mm). 

EA~XX-062AK-120 EA-XX-062TT -120 EA-XX-12588-120 

Small general-purpose pat- :n: tern with elongated soldar 
tabs. 

.. 
Small general-purpose 90° 

·fa~ 'tea' rosette. Sections are 
electrically independent. i i 

Narrow generat-purpose pat-
tern with etongated tabs. i . . 

'·' 
2X 2X 

5 



• 
GAGE DESIGNATION,AND PATIERN 

::_: ... ;.::~-125l1T- \:o 

Gcn~r¡11-~ur~ofie paltern with 
nilrro·.v grid and compact 
g-;ometry. 

,'ürrow high-resistance pal
Ier . ., with comí=aCt gcometry. 

;:_:;.:c<-'l25AA-121) 

Genera!-purpose 3-e~ement 
45' rec:nngulnr rosette. Com
pact geometry. 

:·::,;.xx-125Un-! ::o 

Gcnoral-pur;w~c ..l5Qsingle
~!ane r0sc::e. Comoact geo
metry. E•.po;;ed tab area is 
O.CS x 0.05 i.; (2.0 x 1.J mm). 

· "· ·::·:-i25P.l-iiG 

Gcr.era:-;::L:rposc 2-element 
9Cl 0 'lee' rcscttc. Secticns are 
electrically independent. 

c.;:::,.::>:- i 25UT -120 
e::::\- :-:::-1 :.::; u T -350 

2-elemen\ goa 'tee' rosette 
for gC'ner.:ll-purpose use. 
E.~posed lab are:~ is 0.10 x 
0.07 in (2.5 X 1.8 mm). 

~~\-;\:<-12STK-350 

High--rcsistance 2-element 
goa gnge ror torque app1i· " 
cations. 

2X 

2X 

ii .... 

GAGE DESIGNATION ANO PATTERN 

CE.!,.-XX-1B7UV-120 
CEA-XX-18/UV-350 

2-elem~nt 90 .. rosette for 
torquc and she::~r-strain mea
surements. Sectlons have a 
common clectrical connec· 
tion.Exposod tab area is 0.13 
x 0.08 in (3.3 ~ 2.0 mm). 

EA-XX-:!SOAE-350 

Largc generaJ-purpose gaga. 
U sed when high power-dissi· 
pation is required. 

EA-XX-250J\F-120 

larga general-purpos'" :;o.ge. 
Us<:!d when high po·.••-:: ;::;si· 
pation is required. 

EA-:<X·25CE1G- !20 
l?-0~-2508G-1?.0 

'NA-XX·250BG-120 
"NI(-XX-250AG-350 

Widely used general-pur
pose pattern. EP Series ca;>· 
able ol elongation > 20%. 

EA·:<X-25C8F-350 

General-purpose pattern with 
high·resistance grid. Com· 
pact geometry. Similar to 2508G 
pattern except lor resistance. 

CEA·XX-25CUN-120 
CEA-XX-250UN-350 

Narrow general-purpose 
gage pattern. Exposed tab 
area is 0.08 x 0.05 in 
(2.0 x 1.1 mm). 

CE" A-XX-250UW-120 
CEA-XX-250UW-350 

larger grid and tab than 
250UN pattern. Exposed tab 
area is 0.10 x 0.07 in (2.5 x 1.8 
mm). 
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GAGE DESIGNATION AND PATIERN .. 

EA-XX·25CBK·10C 

Very high-resistance {10000) 
pattern. Aecommended for 
high bridge voltages or for 
use on plasUcs. 

CEA·OG-W2SOA-120 
CEA-06-W250A-350 

lowest-cost, most flexible 
and conformable linear 
weldable gaga pattern. See 
paga 8 !or more details. 

CEA-XX-250UR-120 
CEA·XX·:ZSCUA-350 

~l 
. .J 

"' L"ge 3·elemenl 45' single· ItA~ 
plana rosette. Exposed tab - -. 
area is 0.13 x 0.08 in 
(3.3 X 2.0 mm). ' ~· 

EA-XX-SOOBH·120 

long general-purpose gage 
in a compact Qeometry, 

CEA·XX·SOOU"N-120 

Widely used long gage pat
tern. Exposed tab area is O. 10 
x 0.07 in (2.5 x r.B mm). 

., 

'·· 

. . . . 

.1··· ... 

" 

·1· -~-

J' ' • . 
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Speciai .. Purpose Gages, Sensors, and Equipment 

_ .
8

.,_ In addition to_providing thestressanalyst.with.a.vast-selection-of-standard strain_:g_age types;_MicrocMeasureme·nts __ _ 
- --·-offers-a-vanety-of-products-deslgned-to-meet-speclal·needs and perform spec1al funct1ons 1n expenmental stress 

analysis. Although space in this introductory catalog permits neither 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 
fi¡ .¡· TG Temperatura Sensors, with a grid of ultra-pure nickel foil, are recommended for general-
lq purpose temperature measurement from -320' to +500'F {-195' to +260'C). For application at _ 

extremely low temperaturas, two alloys- nickel and manganin- are combined to produce the 
CL TS-28 (cryogenic linear temperatura ~enser). The duplex construction of this sensor results in 
an essentially linear change of overall resistan ce with temperatura, from -452° to +1 00° F (-269° to 
+40' C). 

Reusable LST matching networks are available for hall-bridge connection of tempera tu re sensors 
to strain indicators. With these accessories, the strain indicator registers tempera tu re directly, a t. a 
scale factor of 10 or 100 microstrain per °F or °C. 

Crack Detection 

CO-Serles Crack Oetection 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 predeterminad location on a test part 
or structure. By employing severa! CD gages, it is also 
possible to monitor the rate of crack growth. 

Crack detection gag es are available with various strand 
lengths; from 0.4 to 2.0 in (10 to 50 mm). 

. ..,j ,: ·-

:: ... ·i . 
Strain Gages for 

Crack Propagation Gages accurately indicate rate of 
crack propagation in a specimen material o ver a very small 
distance. These sensors ar~ often used adjacent to 
notches, fillets, or other types of discontinuities in structures. 
Severa! sizes and geometries are available. 

Illlllllllllllll 
''li ·¡llli!'lill'¡ 
1 

' ' '¡1 ·,1 
ld•lfi1 !lllr~ illlillliil 

11111111111111111111 

Residual Stress Determination 
~-~-o: -~ 
~o~ ·dt.ll~ 'nirti' ~ ' 1 

¡ .J l._l' 

The most widely used practica! technique for measuring residual stresses is EA series CEA Series TEA series 
the hole-drilling straín gage method described in ASTM Standard E837. With appro ... imately 2xactualsize 

this method, a specially configured electrical resistance strain gage rosette is . 
bonded to the surface of the test object, anda small, shallow hole is introduced through the center of the gag e, using a 
precision drilling apparatus such as the Measurements Group's RS-200 Milling Guide. Alter drilling, the strain in the 
immediate vicinity of the hale is measured, and the relaxed residual stresses are computad from these measurements. 

For further detai/s, request Bulletin 304. 

7 



Wcldable gages are precision foil sensors bonded to a metnl 
carrier for spot welding to structures and components. These 
sensors are easy to insta!! and reauire minimal surface 
prepnration. lnstallation is accomplisiÍed without adhesives. 
ciiminating heat curing problems on massive structures. The'f 
are also well suited to laboratory test programs requirir~g 

elevated-temperature testing and mi:1imal installation time. 

SPECIFICATIONS 

Sensor Standard Reslslance Gage Temperature 
S-T-C In Ohms Factor Range 

CEA 06.09 ' 120 ± 0.4% 
2.0 

-100° lo +200"F 
350 ± 0.4% (-75° ro +95°C) 

LWK 06,09 350 ± 0.4% 

1 

2.1 

1 

-320° to +500° F 
(-195° to +260°C) · 

WWT NIA 50= 0.4%@ NIA -320° to +500° F 
·75°F ('·24°G) (-195° to +2600C) · 

SENSOR DESCRIPTIONS 

CEA-Series Weldable Strain Gage: Con
stnntan alloy sensing grid completely encap
sulated in polyimide. Very flexible. In most 
cases can be contoured to radii as small as 
1/2 in (13 mm). Rugged, copper-coated 
tabs for convenient leadwire attachment. 

LWK-Series Weldabfe Strain Gage: Modi
lied K arma {K-alloy) sensing grid completely 
encapsulated in a fiberglass-reinforced epoxy
phenolic matrix. Integral three-wire !ead 
system consists al 10 in (250 mm) flexible 
etched Teflon~-insulated leadwires. lnstal
lation radius gene rally limited to 2 in (50 mm) 
or larger in the direction of the grid a¡¡;is. 

WWT-Series Weldable Temperatura Sensor: 
High-purity nickel sensing grid completely 
encapsulated in a. fiberglass-reinlorced 
epoxy-phenolic matrix. Integral three-tab 
printed circuit terminals for convenient lead
wire attachmcnt. 

~Aeg1stered Trademark of DuPont 

Modlel700 IPorta~le Strain Gage 
Welding and Soldering Unit 

W2SOA 

1 
W2508 

W200B 

The Model 700 is a completely portable, capacitance
discharge spot welder, designed for efficient in'stallation of 
weldable strain gages and temperature sensors. Supplied 
in a rugged, gasketed case, the battery-powered unit can be 
used under field conditions where no power lines are available. 

Sondable Resistors 

A temperatu(c-controlled soldering pencil, operated from the 
main batter¡ supply, is an integral part ol the Model 700. The 
lightweight p-:mcil can be adjusted toa wide range ol tip temper
?tures for bc'.h gage soldering and leadwire splicing. 

For further details, request Bul/etin 302. 

Micro-Measurements manufactures a variety of fixed, adjustable, 
and combination bondable resistors for use in many applications 
where precise resistance is required. Appropriate patterns are 
avai!able 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 specific applications. 
Resistors are normally produced open-faced on a polyimide carrier. The recommended temperatura range is from oo to 
+300° F (-20° to +175° C ). For further details, request Transducer-Ciass Cata/og TC-116. 

8 
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Micro .. Measurements 

-¡-/·,-.,, 
Strra 8 n Gag e A cce_sso ries~====--========~=-

~.-

-" Micro-Measurements strain gages are produced under rigidly controlled manufacturing conditions, with the 
utmost care and attention given to ensuring the high leve! of quality and precision for which these gages have 
gained world-wide recognition. However, the gag es' full potential for accurate strain measurement can be realized 
only when they are properly installed. There are, in fact, three principal components in every strain gage installa
tion: (1) the strain gag e itself, (2) the tools, materials, and supplies (accessories) needed to install the gage, and (3) 
the techniques employed in performing the installation. Professional stress analysts ha ve learned from experience 
that compromising any of these may lead to compromising the quality of the installation and the accuracy of the 
strain data. 

The well-established formula for making consistently successful strain gage installátions is quite simple: 

• select high-quality precision strain gages. 

• select professional-caliber accessories which have been laboratory-tested and field-proven for 
effectiveness and compatibility with the strain gages. 

• follow the installation procedures recommended by the manufacturar of the gag es and accessories. 

Featured on the following two pages is a small sample of Micro-Measurements M-L/NE strain gage installation 
accessories. As indicated, the appropriate.materials, supplies, and tools are provided for each importan! step in the 
gag e installation process- from preparing the surface of the test piece to applying a protective coating over the 
bonded and wired gag e. All accessory items, whether manufacturad directly by Micro-Measurements or specified 
for 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. 

,--- .•. Regular users of strain gages will want to request a copy 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 product descriptions and specifications, it includes, where 
applicable, extensiva 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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CSM-1 Degreaser 
M-Prep Conditioner A 
M-Prep Neutralizer'5A · 
Silicon-Carbide Paper 
Cotton Sw.abs · 
Gauze Sponges · 

M-Bond 200 
·M-Bond AE-1 O 
-'M-Bond· AE-15 
M-Bond 600: · .> 

< M-Bond.610 _.: -., .•.. 
' ~ -

,_ 
Cellophané Tape 
Mylar JG T-ape · 

·. Spring Clall1ps 
Teflon Film ·. · · 

· 'Silicone· Rubber 
Application To é:._::·i:.,c;:~t~ 

· .. 
~ '· .- . ·':'".· . . 

Solder Terminals 

. ·' 

'·''Wi ,'Cabl_es-.:::: Sol id; Striih 

._,..... 

Zl WHth MaLINE Accessories 
10 
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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 making a wide range 
of gage installations for both 
laboratory and field applications. 

lll 

lt is often of greatest conven
ience for the strnin gags u ser 
to purchase all of the needed 
accessory supplies and ma
terials in a single package. 

GAK-2 Series Kits provide 
specific selections of lvf-L/NE 
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 lnstruction 
Bulletins have been pre
pared for virtually all 
Micro-Measurements strain 
gage installation products. 

In addition, a library of 
Tech Notes and Tech Tlps is 
available for reference on a broad 
range of subjects within Strain Gag e 
Technology. 

=L . ~:~~~~~:~~= 

Tech Tips present practica! strain gage application techniques for 
"out-of-the-ordinary" situations, and represen t.· as muchas possi
ble, a practica! "how-to" approach to strain gage 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. 

11 



Ordering Bnformatiorl 

All Micro-Measurements products shown in this catalog 
can be arde red from the accompanying price lis t. 

The Measurements Group Order Service Oeoartment can 
provide immediate stock and delivery information. Most 
products are available for same-day shipment or can be 
produced on short delivery cycles. Measurements Group, 
lnc. maintains regional sales representativas througlwut 
the world to furth~r assist yo u. For additional information 
on any of our product fines, contact us or our representa
tiva serving your are a. 

Quantity discounts are available on strain gag es and spe
cial sensors. All othel- items are sold on a net basis only. A ti 
prices are subject to change without not_ice. 

:.-' 

' .- .. • o~·:. . . . ,.:::;- •· • -~~:; • 
Measurements Graup, !nc., warrants thatthe products so!d under its na me, are fit !or. the purposeforwhich they .' 

and guarantees said items against defects in workmanship or material for a period of ninety (80) d::iYS;·or otherwise 
i . Everf reportad case of non-standard material is thoroughly ir.vestigated by ourOuality Assurance Department. 

thore is no method to 100% test our type of products since many tests woutd be destructiva. eoth Micro~Measurements 
depend u pon st~tisticalsamp!.ing techn\ques that ha ve In the past preved to be reliablo and economical in raSpee! to the cost 

. .. . ~ ;;. ·•. : -: ~ -~:.... . ·\·, .;. . . ·~ .. 
oth8r w~~r~nlles, 'expfesaed or implled, lrÍ'cluding:~ñy lmplled wnrrentlcs of merchanlablllty or fitnessfor a particular 
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Sophisticated/Uncomplicated 
¡" 

Th~ 2300 Signa~ CaJJ~ditioning AmpDifier System \..J 
combines the Batesi: in electronic sophisticatiorn 

waUn simplicity in setup and operation 

The 2300 System conditions and amplifies low
level signals to high-level outputs for multiple
channel. sirnultaneous dynamic recording or dis
play on externa! devices. 

Among its advanced features, each 2310/2311 
Module includes a built-in power supply, active 
filtering, three simultaneous outputs, playback 
mode, wide frequency response, and electronic 
bridge balance. Socket-mounted integrated cir
cuits and discrete components achieve the de
manding specifications listed while providing 
ease of serviceability. 

Up to ten 2310/2311 Modules can be mounted in 
a Model 2350 Rack Adapter; or up lo 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 
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Modules accept inputs from strain gages, load/ 
pressure/dc displacement transducers, potentio
meters, thermocouples (with Model 1611 Adap
ter), RTD's and nickel temperature sensors, 
without any interna! modification. 

Controls on !he 2310/2311 are arranged in sec
tions, permitting easy setup. Clearly marked 
push-button and single-purpose switches mini
mize !he 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 
sp·ecific shunt calibration configurations are 
located on the printed circuit board inside the 
unit. 

Typical 2300 System configurations are shown 
on the facing page. The operating fea tu res of !he f..··' 
basic 231 O and 2311 Modules (shown actual size) V 
are illustrated and described on pages 4 and 5. 
Complete specifications are given on page 7. 



Configurations 

The 2310/2311 Amplifier Modules can be u sed as stand-alone, single-channel instrumenls, or can be 
\._..-" conligured into racks lor multi-channel testing. 

,. --, 

·-~: 

',._' 

·· .. 

Stand-alone, single-channel instrument used 
with the Model 2310-A20 line cord and stabilizer 
bar accessory package . 

• 1 •• 

... _·-

· .. -~ 

_., __ 

, . 

.. 
. _,_ i> ;"-'· 

..::-

Model 2360 Portable Enclosure includes all ac 
wiring. Accepts up to tour amplifier modules. 

.. -,_ 

. - ~~ ', -· . 

:• . 

. .._) p....:T:ce...:n...:-~C:ch...:a...:n·...:~...:ei_S_y_s_te_m_(-in_c_lu_d_i...:ng...:c...M...:o_d...:e_I2:.._3_5_:0_R_a_o_k...:A...:d...:a_p_te'-r-)-s-h-ow ___ n_w_i-th_t_h_e_M_o_d_e_I_23_5_5_E_n_c_l_o_su_r_e_. T_h_e_M_o_d_e_t -1 
2350 Rack Adaptar fits standard 19-in (483-mm) electronic equipment rack. All wiring is built-in to accept 
adjacent ten-channel systems. 
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front .. PaneR Controls 

LEO DISPLAY: Set up indicator for amplifier 
balance, bridge balance and for monitoring.the 
output leve!. 

FILTER SECTION: Push-button controls for 
activating appropriate low-pass active filter, 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 OOO¡lE with nonvolatile zero storage; 

2 7 3 5 [/(~ yellow light indicates high-range operation or 

1
}.. . 

5
7

_ .. -~~ . overrange condition. Vernier TRI M control is 

1 '10 

01 ¡2 :. AC IN: Capacitive coupling in the amplifier; 

.. OF·F·. :\. used to refine bridge balance when desired. 

0.5 15 : eliminates static componen! of the signa!. 

BRIDGE EXCITATION: ON-OFF switch for 
.-~~ GAIN~~§5\ removing bridge excitation !ro m the strain gag e 

Shown actual size 

or transducer. 

AMPLIFIER BALANCE: Adjusts any amplifier 
offset. 

'"Yr·oT.aTIQN LEVEL: Twelve-position switch; 
values arranged for doubling power with each 
step. 

2311- Same as 2310 except 0.5 replaced by~--' 
variable setting: 0.3 to 6 Vd c. 

-AMt'Lil"lt:H GAIN SECTION: Continuously 
variable potentiometer (1 .00 to 11.00) plus 
push-button multipliers control amplifier gain; 
direct-reading. 

RY TEST: Momentary push button 
determines battery level for bridge zero storage. 

POWER: Turns unit on/off; LEO pilot 

IN JACKS: Monitoring of EXCITATION, 
UNAMPLIFIED INPUT, AMPLIFIED OUTPUT. 

Excitation pin jacks only for Model 2311.------~ 
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Back-Panel Controls- 23110/2311 

Shown actual size 

AC UNE SWITCH: Selects 
nominal 115 or 230 Vac opera
tion. Recessed to eliminate 
inadvertent movement. 

TAPE PLAYBACK SECTION: 
Slide switch activa tes magnetic 
tape-playback operating mode. 
Connects the input lo the filler 
circuits and post amplifiers. 
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
scale ±1 OV leve! available at 
this 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 included). Outputs 
are 75 m A for galvanometers, 
±1.4V, and ±10V. 

INPUT RECEPTACLE: All sen
sor inputs made through this 
15-pin quarter-turn connector. 
Pin selection determines mode 
of operation (mating plug 
included). 

POWER CONNECTOR: Main 
power input from the rack adap
tar, portable enclosure or indi
vidualline plug. Additional pins 
for optional remole operation of 
shunt calibration, bridge excita
tion (ON/OFF), and electronic 
bridge balance. 
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PCaiBoard Controls 

Conveniently located switches on the 
printed circuit board permit easy setup 
for filtering of outputs, shunt calibration, 
and remate sense selection. 

Fll TER 
SELECTION 

(output) 

SHUNT 
CALIBRATION 

SELECTION 

REMOTE 
SEN SE 

SELECTION 



Technical Notes 

The shunt calibration technique is customarily usad to calibrate and introduce gage factor into the system. Two front·panel switches. A 
and B, act1vate two pairs of fixed resistors mounted in sockets on the printed circuit (PC) board. These are lhe shunt calibration resistors, ·., J 
and their values determine the calibration levels. Additionally, a multiple switch assembly on the PC board controls which Wheatstone _/ 
bridge arm(s) is being shunted, and selects local or remota wiring to these arms. Multiple shunt configurations are possible by simply 
moving the selector switches - rewiring is not necessary. The specific test conditions dictate the best configuration. Severa! of the more 
importan! configurations are illustrated below: 

FULL BRIDGE: Oouble shunt; recommended for 
high-accuracy transducer applications. 

[
-===== 
_____ j 
~----] 

'>---

HALF BRIDGE: Shunt active gaga with 
dedicated leads: used on sorne transducers 
and some stress analysis applications: elim
inates leadwire influences on calibration. 

Power dissipation is an importan! consideration for obtaining optimum stability and per
formance !ro m strain gag es. strain gaga basad transducers and similar devices. 

The excitation steps on the 23 t 0/231 1 ha ve been carefully chosen and arranged to provide power 
doubling with each step, starting with an extremely low excitation. The power-versus
voltage graph illustrates this importan! feature. The step excitation switch a11ows quick and certain 
repositioning of the excilation level; and, in combination with a continuo~sly variable gain, provides 
excellent measurement flexibility. 

REMOTE SEN SE: Scrious fuJI-bridge measurement inaccuracies can be causad by voltage losses 
dueto cable resistance and variations al that resistance. To minimiza this problem the 2310/2311 is 
equipped with a REMOTE SENSE feature. When used, it automatically senses the voltage at the 
transducer and regula tes thevoltage of the power supply to achieve the preset leve! at the transducer. 
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OUARTER BRIDGE: Shunt dummy gaga; 
recommended lar stress analysis applica
tions lo compensate for leadwire desen
sitization. 

o 

OPTION Y- REMOTE OPERATION: Remole calibration by externa! command is an optionalleature EXCITATION (BRIDGE VOLTS) 
for !he 2300 System. This oplion adds six interna\ relays enabllng !he u ser to remotely opera te: Shunt 

3!50íl GAGE 

Calibration ( ... A, -A. .. 8, and -8), Auto Balance Resel, and Bridge Excilation ON/OFF (lo check amplifier balance). 

For single-channel applications, the interna! power supply may be usad to energiza these relays. More than one 2310/2311 can be operated with a 
single set of switches (or externa! relays); an externa! 5 Vdc power supply is required (250 mA lar each ten channels). 11 Option Y ls specified tor 
the 2310/2311, it must atso be specified for lhe accompanying Rack Adaptar (2350), or Portable Enclosure (2360). lo ensure that the necessary interna! 
cabling, receptacle and mating connector are supplied. 

Setting the initial test condition to zero output (balance) is normally done befare each test. With the 2310/2311, balance is automatically achieved by 
pushing the momentary switch to the RESET pos ilion. The OFF position disables the auto balance circuit. 

The voltage injection techniq~e is used to set zero. With this technique a voltage is generated which is essentially equal (but of opposite sign) to the 
unbalanced bridge output: this voltage is injected into the amplilier to produce zero net output voltage. The main advantage of this technique over 
the conventional potentiometer-resistive-balance method is that it does not load the bridge - a necessary requirement for accurate full-bridge 
operation and good common-mode rejection. The injection voltage, although analog in lorm, is digitally generated and digitally stored. Interna! 
batteries preserve the zero when the main power to the unit is interrupted or turnad off. 

When balance cannot be achieved on the low ranga. the 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 less resolution. 

Although not normally used, a TRI M control is provided for that demandlng measurement where zero must be precisely se!. 

Balance by externa/ command is an optionaf feature. 

•. o 

~ 
When the measurement does not require the lull bandwidth, a buill-in low-pass filler can be 
used to suppress high-frequency components of !he input signa!. The standard 231012311 has 
a two-pole low-pass active Butterworth filterwith selectable frequencies. Greater suppression above 
the cuto!! frequency can be obtalned by specilying Option V. This option increases !he standard 
two-pole filler toa four- or six-pole filler with characteristics similar to the Butterworth. 
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A graph il!ustrating the roll-off characteristics al the 2- and 6-pole filters is shown. 

Push buttons control the cutoff frequency, while the wide band (WB) position allows the amplifier lo 
operate at its fu11est capacity. 

The ac position is used to eliminate the static (de) componen! of the signal and pass only the 
dynamic componen!. In this circuit conliguration, the amplifier is capacitively coupled after 
the preamp!ifier. 
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Specifications 

-.--INPUT 

Í : Strain Gagas: Ouarter (120 and 350n). half or full bridge 
'\..._.. (50 to 10000). Dummy resistors installed. 

l ........ 

Transducers: Foil or piezoresistive strain gage types. 

Potentiometer. 

ocot displacement transducer. 

EXCITATION 
2310-12 seltings: 0.5, 0.7, 1, 1.4, 2, 2.7, 3.5, 5, 7, 10, 

12 and 15 Vdc ±1%, max. 

2311 - Same as 2310 except 0.5 replaced by variable setting: 
0.3 to 6 V de. 

Current: 0-100 mA, limitad at 175 mA, max. 

Regulation (0-100 mA, ±10% line changa): ±0.5 mV ±0.04%, 
max measured at remate sense point. (Local sense: -5 m V, 
typical,@ 100 mA, measured at plug.) 

Remole Sense Error: 0.0005%/0 of lead resistance {3500 load). 
Noise and Ripple: 0.05% p-p, max (de to 10kHz). 

Stability: 0.020/ofOC. 

Leve!: Normally symmetrlcal about ground; either side can be 
grounded with no effect on performance. 

BRIDGE BALANCE 

Method: Counter-emf injection at preamp; automatic electronic; 
dual range; can be dlsabled en front panel. 

Ranges (auto ranging}: 
±SOOOJ.Lf (1% bridge unbalance or 2.5 mVN), resolution 

2.5¡.<< (0.0012 mV!V). 
±25 OOOJ.Lf (5% bridge unbalance or 12.5 m V IV), resolution 

12.5¡.<< (0.006 mV!V). 

Balance Time: 2 seconds, typical. 

Manual Vernier Balance: ±SOJ.Lf (± 0.025 mVN). 

lnteniction: Essentially independent of excitation and 
amplifier 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. 
Oouble-shunt (for transducer) across opposlte bridge arms. 

Provision for 4 dedicated leads to shunt externa! arms. 
Cal circuit selected by switches on PC board. 
Standard Factory-lnstalled Resistors (±0.1%) Simulate: 

±200 and ±1000J.Lf@ GF=2 across dummy half bridge; 
+1000¡.<<@ GF=2 across dummy gage (120 and 3500); 
±1 m V/V (double-shunt) for 3500 transducer. 

Remote-Operation Relays (Option Y): 4 relays (plus remote
reset relay for bridge balance and relay for excitation on/off). 
Each requires 10 mA@ 5 Vdc, except excitation on/off 25 mA. 

AMPLIFIER 

Gain: 1 to 11 000 contlnuously variable. Dlrect-reading. 
2310: ±1% max. of reading 

±0.5% max. of tull sea le vernier setting. 
2311: ±1% max. of reading. 

Ten-turn counting knob (Xl to X11) plus decade multiplier 
(XI to X1000). 

2310 Frequency Response (all gains >S, full output): 
de coupled: de to 25kHz, -o.s dB max. 

de to 65kHz, -3 d8 (lyplcal at 40% output). 
ac coupled: 5Hz to 25kHz, -o.s dB. 

2311 Frequency Response (all gains, full output): 
de coupled: de to 50kHz, -0.5 dB max. 

de to 125 kHz, -3 dB max. 
'-'' ac coupled: 1.7 Hz to 125kHz, -3 dB max. 

2311 Frequency Response, Reduced Output (2 Vrms max): 
Bandwidlh ( -3 dB) @ Gain ol: H 1, 200 k Hz; 10-11 O, 
170 k Hz; 100-1100, 135 k Hz; 1000-11000, 125 k Hz. 

A/1 Specilications are nominal or typical at +23°C un/ess notad. 

--1 nput -1m ped ance:-1 oo -M n: · rñ ¡n-;-d i ffeiéilt¡a¡-or common:_mode, ___ ~ 
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includ ing-b ridge -balanceti re u it. 

Bias Current: ±50 nA, typical each input. 
Sour~e lmpedance: Oto 10000 each input. 

Common-Mode Voltage: ±10V. 

Common-Mode Rejection (gain aver X100): 
Shorted input: 100 dB, m in. at de; 90 dB, min, de to 1 kHz. 
3500 balanced input 90 dB, typical, at 1 kHz. 

Stability (gain over X100): ±2 J.LV/°C, max, referred to input 
(RTI). 

Noise (gain over X100, all outputs): 
0.01 to 10Hz: 1 ¡.<V p-p RTI. 
0.5 Hz lo 125 k Hz: 5 ¡.<Vrms, max, RTI. 

FILTER 

Characteristic: Low-pass active 2-pole Butterworth standard. 

Frequencies (-3 ±1 dB): 10, 100, 1000 and 10 000 Hz and 
wide-band. 

Outputs Filtered: Any 1 or2 or alt (switch-selected en PC board). 
NOTE: Consult Applications Engineering Department 
concerning optional filter characteristics and frequencif;lS. 

AMPLIFIER OUTPUTS 

Standard Output: ±10V@ 5 mA, m in. 

Tape Output: ±1.414V (1 Vrms)@ 5 mA, m in. 
Galvanometer Output: ±10V at 75 m A, m in, current-limited at 

100 mA, max (minimum load r8sistance for0.05% linearity: 
son¡. 

Gatvanometerattenuator (0-100%) and zero adjust (±1V) on 
front panel. 

Linearity @ de: 0.02%. 

Any output can be short-circuited with no effect on others. 

PLAYBACK 

Input: ±1.414V full scale; input impedance 20 kfl. 
Gain: X1 to tape output; X7.07 to standard output. 

Filter Selection: As specified above. 
Outputs: All three as specified above. 

POWER 

105 to 125V or 210 lo 250V (swilch-selected), 50/60Hz, 
10 watts, max. 

,. 

Keep-Aiive Supply (for bridge balance): 2 Eveready S76E or 
equal. Shelf-life (approx. 2 years). 

SIZE & WEIGHT 

Panel: 8.75 H x 1.71 W in (222 x 43.3 mm). 
Case Depth Behind Panel: 15.9 in (404 mm). 
Weight: 6 lb (2.7 kg). 

POWER 
2-ft(0.6-m) 3-wire line cord; 10-ft (3-m) extension cord supplied. 

Fuse: 1A size 3AG (32 x 6.4 dia mm). 
Receptacle to accept line cord from adjacent 2350 Rack Adapter. 

Wiring for remate calibration with Option Y. 

SIZE & WEIGHT 

8.75 H X 19 W X 19.06 0 in (222 X 483 X 484 mm). 
13.51b (6.1 kg). 

POWER 

8-ft (2.4-m) detachable 3-wire cord. 

Fuse: 1/2A size 3AG (32 x 6.4 dia mm). 
Wiring for remate calibration with Option Y. 

SIZE & WEIGHT 

9.06 H X 7.20 W X 18.90 0 in (229 X 183 X 480 mm). 
6.75 lb (3.1 kg). 



2300 System wiih 1/0 Devices 

Digital 
Panel 
Meter 

X-Y 
Recorder 

uv 
Aecorder 

Magnetic 
Tape 

Recorder 

The 2300 System provides better data ••• 
A separate bridge power switch removes bridge excita

tion, enabling the operatorto detect unwanted signals due 
to electrical interference and/or noise, thermocouple 
effects, and shifts of the instrument zero during a long
term test. This feature is an absolute must for dynamic 
testing, and for validating test results. 

The low temperature coefflcient of the instrument per
mits Jarge changes in ambient temperatura with only 
minar shifts in instrument zero and span. The low nolse 
level allows good resolution of very small signals. 

An· individual power supply for each channel provides 
the ultima te in channel isolation and elimina tes any poten
ti al interaction .. 

Very low excllallon selllngs of 0.5, O. 7 and 1 vol! allow 
small strain gages, such as 0.015 in (0.38 mm), to be 
properly excitad without any overpowering or self-heating. 

Additionally, this fea tu re allowsfor any special considera
tion which may be dictated by the test material; for exam
ple, poor thermal conductivity normally associated with 
plastics and composites. 

An eleclronic balance wilh LEO lndicallon is u sed lo set 
the initial test condition to zero output. Balance accuracy 
is independent of the operator. And the high input impe
dance (above 10 megohms) of this circuit eliminates any 
loading of the transducer. 

The bandpass al full output ls lndependenl of the galn 
setllngs. This permits the selection of the optimum bridge 
excitation Jevel and gain setting without being concerned 
about the obtainable frequency response. 

The 10-Hz filler position can be used to collect quasi
static data. 60-Hz pick-up is rejected by a 30:1 ratio (2-pole 
filler). 60-Hz ripple is not present in the recordad data. 
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The 2400 Signa! Conditioning System 
incoiporates, as standard, all the features 
necessary for precise conditioning oJ sira in 
gag e and transducer inputs combined wilh 
tl1e convenience and speed of computer
controlled setup. The 2400 System allows 
the u ser lo configure individual signa! con
dilioners from any host computer with an 
IEEE-488 or RS-232 communications link. 

Among the features of the 2410 Amplifier are 
icola ted constan! -voltage/constan t-cu rrent excita
tion. guarded input structure with ±350V 
comrr.on-mode capability, ±10V and tape out
puts, automatic 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 lo eight (8) 
Model 2410 Signa! 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.ch master and expansion unit is housed in a 
standard 19-in (483-mm) rack adapter which 
occupies 7 in (178 mm) of rack space. Attractive 
panels are supplied with each rack unil for 
!hose 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). 

u 



lnput!output signa!, control, and power con- to enable the operator to easily determine the 
nectors are mounted on the rear p2_<a~n~e~l~o~f~t~h;e==c~h~a~n=n=.e~J~-s~t_a_a~tu~s~:::_~====--=-:_:_::_:_:_=__::==== 

~e-·_-_-{~~SK·(:~~~~i~l~-na:,s~~g~~)-:~~~~~~~ e~~~::~~ 
· supplied. lnstallation or removal of individual 

channel modules is accomplished from the 
front of the rack without requiring rear access 
or removal of mating connectors. An optional 
rack-mounted power control panel is available 
lo provide front-panel access lo !he power 
switch. 

Programmable functions and status outputs 
are compatible with !he 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 fas! 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 

e Excitation ON or OFF 

o fl.utobalance Oi~ or OFF 

o Autobalance Range Low or High 

o ,,;uto!Jalance Sequence lnrange 
or Overrange 

o Excitation Constant-Voltage or 
Constant-Current 

o Input dc-coupled or ac-coupled 

o Addressed Channel Valid or ln'.'alid 

o Power 1 nterrupt 

A hardware reset capability is pro·;ided so 
that !he amplifier will power up with !he excita
tion reduced lo zero. This capabi!ity guarantees 
that sensitive strain gages or other input de
vices will no! be damaged by high excitation 
voltages (or currents). Likewise, a power inter
ruption will cause all programmable functions 
lo reset lo !he off state and will set !he power
interrupt flag. 

Features. 
o Set-up and moriito.ring o!. all channel .,, ·. o Programmable lour-pole Bessellow-pass 

input parameters !ro m any host computei<. . . lilters wilh cutoll lrequencies ol1 Hz, 
with IEEE-488 or RS-232 communica- · ::;::·:;;-, ·10Hz, 100Hz, 1 kHz and 10kHz . 
. tions link .. · ·' '{f,;;Xf·• 

3 



INPUT 

Input lmpednnce: 
dc-coupled: 22 Ml1. 
ac-coupled: 1.1 J.LF in series with 20 kfl; 

low frequency cuto!! (3 dB) 8Hz nom. 

Sourcc Current: ::10 nA typi~al; ±20 nA max. 

Conliguration: 2- to 10-wire plus guard shield to accept quarter-, 
hall-, or full-bridge stmin gage or transducer inputs. Interna! 
bridge comp\etion with temperature stabi.1ity better than 
3.0 ppmrc for_ dummy 1200, 35011, and 10000 comp!etion 
gages and interna! hall bridge. Accepts inputs from ground· 
referenced or isolated devices. 

Oifferentiellnput: Maximum differential input voltage of ±30 Vdc 
or peak ac. 

Common·Mode Input: Maximum common·mode input voltage of 
±350 V de or peak ac. 

Guard lmpedance: >250 kO to output common; >1000 MOto 
power and rack ground. 

AMPLIFIER 

Gain: 1 to 3000. Coarse Gain Steps X1, X10, X100, X200. Fine 
Gain Oto 15, 16 steps incremental. Overall accuracy ±0.2%. 

Linearity: ::::0.02% of full scale at de. 

Frequency Response: 
de to 100kHz: 3 ±0.2 dB at all gain settings and full output: 
de lo 50kHz: 0.5 dB max at a!l gain settings and fu!l output. 

Slew Rate: 6.3 V/psec min at a!l gain settings. 

Noise: (350!1 source impedance, dc·coupled). 

Referred·to·lnput (RTI): 
1 J.L V O. 1 Hz to 1 o Hz p·p; 
2f.'V 0.1 Hz to 100Hz p-p; 
3 fl'l 0.1 Hz to 100kHz rms. 

Input Coupling ac/dc Select 

Digital 
Control 

Board 

,.. -¡ 

Model 241 O Signa 
SPI 

Referred-to-Output (ATO): 
FG =fine gain setting 
200 f.' V+ (FG x 100 f.' V) 0.1 Hz to 10Hz p-p; 
500 f.' V+ (FG x 200 f.' V) 0.1 Hz to 100Hz p-p; 
600 f.' V+ (FG x 300 f.' V) 0.1 Hz to 100 kHz rms. 

Zero Stability: ±2 p. V RTI, ±200 p. V ATO at constant temp. 

Temperatura Coefficient of Zero: ±1 p.V/°C ATI 
±200 f.' V/oC RTO; -10° lo 60°C. 

Common-Mode Rejection: 

GAIN CMR (dB) 
X1 82 

X10 102 

GAIN 
X100 
X200 

CMR (dB) 
122 
128 

Common-Mode Voltage: ±350 Vdc 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 Protection: Protected against continuous short. 

Capacitive Loading: Up to 0.15 JJF. 

Filler: Four-pole Bessellow-pass filter 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 f.' V ±0.002% p-p de to 20kHz. 

Line Aegulation: ±200 JJV ±0.01% max for line voltage changa of 
10% from no m. 

~ .• 1 
\ 

t 
' 

"Pfggyback-mount/ng" olthe Moda/2410's pr/nted c/rcu/1 boarda afforda compac 1 
deslgn, yet provldes for easy access when Interna/ conflgurallon changas ar \ 
requlred to mee! spec/1/c test app//cat/ons. 

4 



Con.ditioning Amplifier --------------

EICATioNs:--~~====~~~==============:===========~========~--======== ~o=-
Load Regulatlon: ±200 J.LV ±0.01% max for load variation of 10% 
to 90% of fullload. 

Remate Sen se: ExCitation error <0.0005%/0 of lead 
resistance. 

Temperatura Stabillty: ±0.01%/°C. 

Monitoring: Front-panel monitoring jacks. 

, ..:~~..:..isoia!e:'drn'CXDOW'"!FOIDI!r.d z:n::i.Jwm~- · 
lloats with Guaro: 

CONSTANT-CURRENT EXCITATION 

Ranga: 1.00 to 63.0 mA de. 1.0 mA increments. Compliance 
voltage 15.75V; max open circuit voltage 21.0V. 

Accuracy: ±0. 1 O% ±5 p.A. 

Noise: (1 p.A + 10p.V) p-p; de to 20kHz. 

Une Regulation: ±1 JJA ±0.01% ~ax for line voltage changa of 
±1 0% from no m. 

Load Regulatlon: ±1 p.A ±0.01% max for 100% load change. 

Monitoring: Front-panel monitoring jacks. 

lsolatlon: lsolated from power ground and output common; floats 
with Guard. 

Temperatura Stability: ±0.01%fOC 

AUTOMATIC BALANCE 

Method: Etectronically injected automatic balance. 

Activation: Programmable. 

Storage: Digital storage with battery backup. Battery life 
2 te 4 years. 

Balance Time: 4 seconds typical; 8 seconds max. 

Constant-Vollage/Constant-Current 
Excltation 

5 

Range: ±15 OOOJ.Lf (7.5 m V/V) RTI Low Range; 
±45 OOOJ.Lf (22.5 mV/V) RTI High Range. 

Aesolution: O.?J.Lé RTI Low Range; 1.5J.LE RTI High Range. 

Accuracy: ±3·mV ATO; ±3 p.é A TI. 

NOTE: Range, Resolution, and Accuracy specifications apply to 
gain ranges of XlO, XlOO, X200. On gain range of X1. all ATI 

....soecifications are mu!tioied X10 

CALIBRATION 

Four interna! shunt calibration resistors, ±0.1% tolerance: 

174.8K 1000J.Lf (0.50 m V/V) 350!1; (2 each) 
874.8K 200p.f (0.10 mV/V) 350!1; 
59.94K 1000J.Lf (0.50 m V/V) 120!1. 

Interna! selector swilches for selection of two-point unipolar, 
bipolar, or two-point double-shunt calibration circuits. 

Externa! static or dynamic ca!ibration signals are also program 
selectable. 

ENVIAONMENTAL 

Temperatura: 
Operating Range -10°C to 60°C; 
Storage Range -20° é to 70° C; . 
Humidity to 95% without condensation. 

SIZE 

5.69 H X 1.87 W X 20.37 0 in (145 X 48 X 518 mm). 

WEIGHT 

2.61b (1.17 kg). 

Al/ references to microsrrain assume a gage factor o( 2.00. 

Al/ specilications nominal or typical at +25° C unless noted. 

Interna! Haif-Bridge Jumper 

CAL Resistors 

Caiibration Board 



Model 2401 Master Unit 
The Model 2401 Master Unit contains the system 

control circuitry. lt accepts up te eight (8) Model2410 
Signal Conditioning Amplifiers and provides the required 
input/output rear-panel connections. The front panel 
has silk-screened channel identification (O te 7). The 
master unit is attractively styled for tabletop mounting, 
or it can be rack mounted in a standard 19-in (483-mm) 
equipment rack. 

Input: 

Output: 

Computar 
Interface: 

Power: 

Slze: 

Wolght 

Speclflcatlons 

Input ptugs are provtded for elght 
Model2410 Ampliflers. 

Standard (±10V) and tape (1.0 Vrms) 
output for each channet; BNC receptacle. 

Connector for interlacing to RS-232 port. 
Connector for lnterfacing to IEEE-488 
bus. 

115/230 Vac, 50-60Hz, 120W max 
Fusa: 1.5A, 3AG (115V) or 3/4 A, 3AG 
(230V). . 

7 H x 19W x 21.5 O in (178 x483 x546mm). 

171b (7.7 kg). 

( EDIC, S. A. DE C. V. 
EQUIPOS DIDAC'TICOS INDUSTRIALES 

Y CIENTIFICOS, S. A. DE C. V. 
R. F. C. EDI-B9t20B-PGA 

CIIIRO No. 251 COL. EL RECREO 
C. P. 02070 MEXICO, O. F. p:;·; 

TEL. 561-80-04 FIIX 343-58·''' 

Frent 

Rear IEEE-488 Bus 

Model 2402 Expansion Unit 
The Model 2402 Expansien Unit allows !he additien 

of up to eight (8) Model2410 Amplifiers te a system. All 
required control and interface circuits are included. 
This u ni! can be stacked ter tabletop mounting with the 
Model 2401, or rack meunted. The Medel 2402 is sup
plied with pre-numbéred, reusable "customer-installed", 
self-adhesive channel identificatlon strips. 

Speclflcatlons 

Input: Input plugs are sama as the Modal 2401. 

Output: Sama as the Modal 2401, 

Specifications for Power. Size, and Weight are same as the 
Model2401. · 
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Front (Rear Panel 
lnput/Output Arrangement 
Similar te Master Unit) 

Reusable Self-Adhesive 
Channel ldentiflcatien 
Strips- Previded ter 
Beth Front and Rear Panel 
on Expansien Units. 

Pewer Switch 



Programmable Functions 
· Communication with the 2400 System is accom!::·:======-=-=-:=--=:-:::___:r=:=-=;-:;·~· ·=:;:;~:=,:=:=:¡-___:--=:___:__:__:_:::__~ 

---~plistied.bysenCiingslmpleASCII comman!lsto EXCitAtlbN 
( the Model 2401 Master Unit. All commands are 
"----' 

L 

( ... __ .. 

well documented 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 
irlput #1; 

• AUX 2- connected to the externa! auxiliary 
input #2. 

The auxiliary inputs are connected through the rear-panel 
input connector. lnputs may be dynamic signals for calibra
tion of recorders, oscilloscopes and other devices, or direct 
current calibration voltages within specified accuracy Hmits. 
Also, an auxiliary input can be shorted to provide a reliable 
amplifier zero reference point. 

AMPLIFIER GAIN 

Coarsa Gain (CG) steps of X1, X10, X100, X200. 

Fine Gain (FG) steps of Oto 15. 

Total amplifier gain is the product of CG and FG. Overall 
accuracy ±0.2%. 

A fine gain setting of zero allows opera torta observe output 
noise independent of the input circuit. 

CALIBRATION 

Two low~thermal EMF, shlelded, guardad relays are util
izad. Setectable configurations are: 

• Calibration OFF 
o Shunt Cal A 

o Shunt Cal B 
• Shunt Cal A & B simultaneously 

Four shunt calibration resistors are provided for calibration 
of 3500 and 120~ bridges. These resistors are easily change
able (without soldering) so that user-selected values can be 
substituted as deSired . 

. ·:.¡~.'~: . .:' .. 
Board-mountfitd:.dip switches allow the user to select any 

desired calibraiiOn.configuration for Shunt Cal A and Shunt 
Cal B; i.e .. shunt dummy resistor, shunt active gage, shunt 
interna! half bridge, etc. Also, the relays can be configurad to 
shunt remate or local resistors across externa! bridge com
ponents or transducers as in double-shunt calibration of 
transducers. 

Externa! calibration sources can be used by connection to 
the auxiliary inputs. 

• A demonstration program for initial setup and 
control of all programmable functions, through 
the RS-232 port, is provided with each system. 
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Constant voltage or constant current excitation is selected 
by a board-mounted toggle switch. A status bit is set to allow 
operator monitoring of the existing setting. 

Consta'nt voltage, 0.25 to 15.75 V de in 0.25V increments, 
85 mA max. 

Constantcurrent, 1 .Oto 63 mA in 1.0 m A increments, 15.75V 
compliance voltage, 21.0V max. 

A separa te en/off function reduces excita tiento zero with
oUt altering the previously programmed excitation leve!, with 
the en/off status available for review. 

FIL TER ANO OUTPUT 

Selectable four-pole Bessellow-pass filters of 1 Hz, 10Hz, 
100Hz, 1 k Hz and 10kHz are provided. The wideband (WB) 
output can also be selected. 

OÚtputs of ±10V and Tape (1 Vrms) are standard. The 
filtered or \ft!B output can be independently routed.to the 
±10V and/orthe Tape output by the filler program command. 
For example, a wideband tape output may be viewed or 
recordad while the ±lOV output is u sed for monitoring quasi
static or filtered signals. 

8oth outputs are capable of driving larga capacitiva loads 
as i~ the case al long coaxial output cables. 

AUTOMATIC BALANCE 

The autobalance circuit p;.~vides balance ranges of 
±15 000¡;.< (7.5 m V/V) and ±45 OOO¡u (22.5mV/V), with reso· 
lutions of 0.50J..Lf and 1.5011-f, respectively. The autobalance 
circuit is fully programmable.as follows: 

OFF Autobalance injection voltages are removed. In 
this mode, raw input unbalances may be read 
and the input circuit evaluated. 

ON-LOW Aufobalance voltages are injected and the low 
(±15 000¡;.<) ranga is salacted. 

ON-HIGH Autobalance voltages are injected and the high 
(±45 000¡;.<) ranga is selacted. 

ON-Restart The auto balance voltage is reset to zero, anda 
new autobalance sequence is initiated. 

The autobalance circuit is fully ratiometric. lnjected volt
ages are derived from the sensed (local or remate) voltages. 
Also, when constant current excitation is used, the auto
balance circuit remains fully ratiometric and undesirable 
fixed offset voltages are not used. 

Status "flags" are provided to allow monitoring of auto
balance range (low/high), autobalance on/off, and auto
balance overrange . 

Autobalance readings are stored and memory is battery 
backed. Battery lite is 2 to 4 years. 





A two-channel plug-in module which includes bridge 
completion, bridge balance, amplifier, amplifier bal
ance, excitation regulator and shunt calibration. 

FRONT 

OUii'IJI ..,-e e 
LEO DISPLAY: Setup/indicator 
lar nmplilier balance, bridge 
balance, tension/compression. 

a. BRIDGE BALANCE: 
Resislively balances the bridge; 

- · standard locking knob: digital 
"'-U!IIPli!R locking knob ("K" option). 

G-~~~ E .';1Ío~·G!;~~ GAIN RANGE ANO VERNIER: 

.•. -:- ': •.. --~ ~- Varies amplifier gain between . . .. . .; 
1 ,l \ f 1-2100. 

. "' ;· -~.::...P 

••IDG( ...... , ...,~~-~'::-----BRIDGE EXClTATION: Varíes 
¡'01 n;,o !~ bridge excita! ion between 
E~~,lf C~L €~~,11 C{'-_ 0.5-12 Vdc. 

,:,.., :-~~· :.f!'''-·" ~-~(- :ft); r.r1 ~ AMPLIFIER BALANCE: 

~::~::: .. 6:~: .. ~ ;~ ~ ::~~:: ~7~:~:Ao;::~ 
~ (2 points}. 

BRIDGE EXCITATION (onlofl): 
Removes bridge excitation. 

AEAR 

""•LNO 

SPECIAL PORTION OF PRINTED CIRCUIT BOARD 
FOR SHUNT CALIBRATION AESISTOAS ANO JUMPERS 

Specifications 
These specifications apply for each of two independent 
channels per module. 

INPUTS 

BRIDGE 
EXCITATION 

Quarter {120fi and 350fi), hatf and lull bridge 
(50-1000!!). 
Ouarter-bridge dummy gages provided. 

O. Sto 12 V de (adjustable for each channel) 
with 1200 full-bridge load. 

Short-circuit curren!: <40 mA. 

Ripple, noise, and 10% line change: 
±2 mV max. 

Load regulation: ±0.2% no-load to 1 20n load 
{10% line cnange). 

BRIDGE ±2000¡.lf (quarter, hall, or 350n full bridge), 
BALANCE ranga can be changed by interna! jumper lo 

±4000J.lf or ±60001J.f. 

CAUBRATION Two-posillon (can ter oll) toggle switch . 

Standard factory-installed resistors (±0.1~) 
simulate ±1000J.lf al GFc2. 

AMP GAIN 1 to 2100 continuously adjustable, ±0.5%. 

BANDPASS· OC to 5kHz (min): -0.5 dB (-5%). 
OC to 15 k Hz: -3 dB. 

Can be e)( tended by interna! jumper to: 
OC to 17kHz -0.5 dB; 
oc to 50 kHz -3 dB. 

AMP Temperature Coefficient of Zero: 
INPUT ±1 J.lV/"C RTI', ±210 J.lV!"C ATO"; 

-10° to +60°C (alter 30 minute warm-up). 

OUTPUT 

OPTIONAL 
FEA TU RE 

Noise RTI: (3500 source impedance) 
1 1J.V p-p atO. 1 Hz lo 10Hz: 
2 J.lV p-p ato. 1 Hz to tOO Hz; 
2 ,uVrms at 0.1 Hz to 50kHz. 

Noise ATO: 
50 ,uv p-p at 0.1 Hz to 10Hz: 
80 ,uV p-p al 0.1 Hz to tOO Hz; 
100 J.lVrms al O. 1 Hz to 15kHz; 
200 J.lVrms al 0.1 Hz to 50kHz. 

tnputlmpedance: >tOO Mn (balance 
limit reslstor disconnected). 

Common-Mode Aejection: (de to 60Hz). 

Gain Multiplier 
X2 
X20 
X200 

CMR (dB) 
67 
67 

100 

Source Current: ±10 nA typical: ±40 nA max. 

±10V (min) al ±100 mA. 

Curren! limit: 140 mA. 

May be ordered wilh, or be field upgraded 
for, remote-operation relays for control of 
shunt calibration and e)(citation (off). Remote-
operation capability is required In the Modal 
2150 or 2160 also. Contact Measurements 
G~oup for details. 

SIZE 5.25 H x 2.94 W X 10.97 O in 
(133 x 75 x 279 mm). 

WEIGHT 2.2 lb (1.0 kg). 

• Referred ro input • • Referred to output 

All specifications in this bulletin are nominal or typical 
at +23•C unless noted. 

'? 

' ' 
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Model 211 OA Power Supply 

2100A • BRIDGE-VOL TS METER 
Used to set up/monitor 
bridge excitation. also line 
and power supply levels. 

CHANNEL SELECTOR: 
AC monitors AC line input. 
OC monitors the power 
supplies. Positions 1-10 
select and display bridge 
cxcitation for each 
channel. 

PILOT LAMP: 
lndicates main power. 

POWER SWITCH: M a in 
power on-off. 

EXTERNAL METER: 
Used with an externa! 
digital voltmeter to 
precisely adjust 
bridge excitati?n· 

A plug-in module capable of powering up to ten channels 
(five Model 2120A modules) at maximum rated voltage or 
curren\. Provides initial bridge and amplifier voltages. Al! 
supplies are current-limited against amplifier malfunction. 

OUTPUTS 

INPUT 

METER 

SIZE 

WEIGHT 

Specifications 
±15Vat 1.2A and +17.5V al 1.1A; all regulators 
current-limited against overload. 

107, 115, 214,230 Vac ±10% 50/60Hz (selected 
internally), 

Power: 40W typlcal, 100W max. 

O lo 12 V de (with switch) toread bridge excitation. 
Al so AC input and OC output go/no-go monitor. 

5.25 H X 2.44 W X 12.34 0 in 
(133 x 62 x 313 mm). 

6.7 lb (3.1 kg). 

Model 2130/2131 Digital Display 

A plug-in module that provides real-time digital 
readout on channel-by-channel basis. Will accept 
and switch up to 1 O inputs. Peak hold/retention 
capability is provided. with the M o del 2131. (The 
Model 2131 is shown below.) 

2131 

EXTERNAL 

PEAK RESET: Provides 
manual or automatic 
reset. 

DIGITAL DISPLAY: 
3-1/2 Oigit LEO, 
±1999 counts. 

PEAK MODE ON: 
On/ofl switch. 

PEAK MODE MAX/MIN: 
Selector lar maximum or 
minimum peal<. mode. 

CHANNEL SELECTOR: 
Positions 1-10 select 

AHEN -~ tnput channel for display. 
xl POWER .............. 

~ ~ PILOT LAMP Indica tes 

~ ~--- POWER SWITCH: Main 
power on-oll. 

"'~" ~ maon power. 

Front-panel ¡acks accept ATTENUATOR: 
input, typically bridge 
voltage Ira m 2110A externa! 
meler jacks. 

Attenuates input signa! 
to increase measurement 
range. 

Specifications 
2130/2131 SPECIFICATIONS 

INPUT CAPACITV 

SWITCH OUTPUT 

UPOATE RATE 

INPUT VOL T AGE 
RANGE 

INPUT IMPEOANCE 

10 channels, BNC (rear panel). 
1 channel. banana jacl<.s (lront panel). 

Not attenuated, BNC (rear panel). 

3 reedings/sec, nominal. 

±1999 mV (X1 range)- 2130/2131. 
±19 990 mV (X10 ranga)- 2130. 
±10V (X10 range)- 2131. 

100 kO- 2130. 
Greater than 1 Mn- 2131. 

COMMON MOOE ±100 mV (rear-panel input) min- 2130. 
INPUT RANGE ±10V (rear-panel input)- 2131. 

ACCURACY ±(0.05% readinQ +0.05% lull sea le) 
or better (Peak Mode Ofl- 2131 ). 

SIZE 5.25 H x 2.94 W x 10.97 0 in 
(133 x 75 x279 mm). 

WEIGHT '21b (0.8 kg). 

2131 SPECIFICATIONS 

STEP/INPUT ±S counts for 10 msec ful1-sca1e 
RESPONSE step input (worst case). 

STORAGE STABIUTY ±3 countslmin (max). 

PEAK MOOES MAX (usua1ly positive) excursion and 
MIN (usually negativa) excursion. 

PEAK RESET Manual or Aut?matic. 

----· ····----··---··--·--·-··---



Model 2111 DC-Operated Power Supply 

A plug-in module capable of powering up to eight 
channels (four Model 2120A modules) at maxi
mum rated bridge voltage and output current, or 
up to ten channels when maximum bridge voltage 
and output current are not required. The 2111 
functions similarly to the 2110A Power Supply, 
with the exception of the 12 Vdc nominal input 
which supports battery operation only. The front 
panel is similar in appearance to the Modei2110A. 

Spe~ifications 
OUTPUTS ±15 Vdc at 1.0A and +17.5 Vdc at 1.0A; outputs 

are protected against overload. 

INPUT 12 Vdc nominal (9 to 18 Vdc range). 

METER 

SIZE 

WEIGHT 

Power: 60W max; 78% efficiency at full load. 

Aeverse polarity protection: Interna! 
shunt diode. 

O lo 12 Vdc (with switch) toread bridge 
excitation. 

OC output go/no-go monitor. 

5.25 H X 2.44 W X 12.34 0 in 
(133x$2x313mm). 

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 211 OA or 2111, and any combination of 
five Model 2120A, 2130, 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
ment rack. 

2150 FRONT 

2150 REAR 

AUXILIARY RECEPTACLE 

Model 2155: A sturdy cabinet (shown on front cover) for . 
enclosing a complete eight- or ten-channel system lor 
free-standing operation, while providing additional 
mechanical protection and increased portability. A Model 
2150 is required. 

Model 2160: A prewired, fused enclosure which houses 
one Modei2110A or 2111, one 2130 or 2131, and one 
2120A module. A carrying handle ensures maximum · 
portability. An additional snap-down bail support on the 
bottom can be u sed to elevate the 2160 for excellent work 
efliciency during bench-top operation. The Model 2160 
(shown with the 211 OA, 2131, and 2120A modules) would 
be substituted lor the Model2150 when two or four chan
nels and maximum portability are required. 

Specifications 
2150 SPECIFICATIONS 

POWER 

SIZE 

WEIGHT 

2-ft (0.6-m) 3-wire line cord; 
10-ft (3-m) extension availat:lle. 

Fuse: 1A size 3 AG (32 x 6.5 dia. mm). 

Receplacle te accept line cord from adjacent 
2150 Rack Adapter. 

5.25 H x 19 W x 14.17 O in (133x 483 x 360mm}. 

6.6 lb (3.0 kg). 

2155 SPECIFICATIONS 

SIZE 

WEIGHT 

5.25 H x 19W x 13 D in (133x483x330mm). 

18.810 (9.5 kg). 

2160 SPECIFICATIONS 

SIZE 

WEIGHT 

5.55 H x 8.75 W x 13.80 D in (14Jx 222 x 350 mm). 

5.2 ID (2.4 kg). 
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The 2100 System provides better data ••. 

A separate bridge power switch re m oves bridge excita
tion, enabling the operator to detect unwanted signals due 
to electrica1 interference and/or noise, thermocoup1e 
effects. and shifts of the instrument zero during a long
term test. This feature is an absolute must for dynamic 
testing, and for va!idating test results. · 

An adjustable bridge excitation control on each channel 
permits excitation to be setas specified by t_he strain gage 
or transducer manufacturar. lt also allows for any special 
consideration which m ay be dictated by the test material: 
for example, the poor !herma! conductivity normarty asso
ciated with plastics. 

In addition lo adjustable bridge excitation, each channel 
has its own regulator circuit. This prevents interaction of 
adjacent channels 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 signar so 
that sma!t signals can be resolved without overpowering 
the strain gage or transducer. 

An LEO display for each channel gives positive indica
tion of amplifier and resistive balance. This capability 
accelerates setup, minimizes the risk of destroying gatva
nometers, and verifies tension/compression loading. 

Easily read reference marks on the setup meter indicate 
acceptab!e line voltage and proper operation of interna! 
power supplies. 

A switch contained in the Model 2110A Power Supply 
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 remate shunt calibration. 

A convenient network in the Model 2120A Strain Gage 
Conditioner/Amplifier allows the operator to change the 
lactory-supplied shi.Jnt values, as well as shunt any arm of 
the bridge, as required. 
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CESCRIPTION 
The BAM-1 is a ba1tery-powered universal s1rain measuring 

instrument and signal conditioner containing a OC amplifier, 
bridge completion, and indicating meter. Additional features 
in elude a separa te bridge excitation switch, variable gain control, 
inilial bridge balance control, shunt calibration switch, and ampli
fier balance contrOl. 

Static measurements are made directly on the instrument's 
analog meter. lf desired, astandard digital voltmeter can be used 
with the BAM-1 to provide a digital output. 

For dynamic testing, two outputs are provided: The SCOPE 
signa! provides OC to 20 000 Hz at high source impedance, while 
the METER signal is a low source impedance output for oscillo
graphs. The dynamic range can be increased to 100 000 Hz by 
specifying Option B (BAM-1B). 

An independent bridge power switch makes the BAM-1 an 
excellent instrument for long-term testing. With this feature, 

.. -..... ··,.-

FEA TU RES 
• Stallc and Dynamlc Measurlng Capablllty 

• Ballery Operatlon wlth AC Opllon 

• Separale Bridge Excltallon Switch plus 
. ·· . .Variable Galn Control 

~·· OC lo 20 000 Hz std. 
~-100 000 Hz wlth"B" Optlon 

e:, Bullt-ln ·Ten-polnt Shunt Callbratlon 
:~.~wllch · ·· · ;;;~é · ·.·. 

amplifier balance can be checked and corrections made at any time during a test by temporarily turning off bridge power and 
resetting the amplifier balance if the output has deviated from zero. Thus, during long-term measurements, the u ser has tha ability 
to electrically maintain the original zero of the instrument, and separata any instrumentation drift from the desired test measure
ment signa!. 

Calibration of the BAM-1 for static or dynamic work is accomplished by using a ten-point shunt CALIBRATION switch, and 
system GAIN (span) control. The GAIN control is adjustable ovar a wide ranga by changing bridge excitation and, in the case of 
static measurements, by attenuating the meter signar. The BAM-1 can be adjusted toread directly in strain, psi, or any othar 
desired engineering unit. 

Applications with the BAM-1 or BAM-1 8 include measuring or monitoring signals from strain gagas, transducers, temperatura 
sensors, and thermocouples on an oscilloscope, oscillographic recordar, or directly on the meter of the instrument. 

SP!ECIFICATIONS 
INPUT CIRCUITS 

Strain gages/transducers, 50 to 20000, and thermocouples. 

Hall or full bridges; 1200 quarter-bridge operation with the provided 1200 
dummy (interna!) resistor. 

Bridge Balance: Ten-turn potentiometer with counting dial, ±8% lor hall 
bridge, or ±1~ lor 3500 lull bridge. 

BRIDGE EXCITATIO.N 

Hall or Ouarter Bridge (excitation per gaga): 1200,0.25 to 2.5 V de; 
3500, 0.7 to S.B V de. 

Fu!l Bridge: 120n. 0.5 lo 6 V de: 3500, 1.4 to 9 Vd c. 
Gaga Curren!: Max 25 mA depencllng on gaga reslalance and OAIN aeltlng 

using recommended procedures. 

AMPLIFIER 

Direct-coupled. salid state. 

Balanced dilferentiat input, approximately 20k0 impedance. 

Noise: 2¡.LVrms RTI. 

Stabi!ity: :!::1 ,uV/hr max al input alter l/2 hour warm-up. 

Dril\: ±O.S,uV/"F max at input (32° to 77"F) 
{±0.9,u VI" C max al input (O" to 25"C)]. 

±25~IV maJ~ at Input lrom turn-en and 32• to n•F 
(0" to25"C)changa. 

Gain: 125 at SCOPE jack; 250 al METER ]ack. 

Bandpass (-0.5 dB or 5%): SCOPE jack OC to 20 000 Hz; 
METER jack OC to 2000 Hz. 

Output lmpedance: SCOPE 30kn alngla andad; METER 2500 diHerantlal. 

linear Output: SCOPE =3v lnto 500k0 load; 
METER ±SV lnlo 100k0 load, or ±0.5 mA lnlo tkn or tess. 

CALIBRA TIC N 

Ten 1% shunt-catibration resistors. 

Hall or Ouarter Bridge: Simulates ±20 to 20 OOOJ.LE (GF-"2) • 
by shunting interna! 4000 half bridge. 

Full Bridge: Shunts one arm of externa! bridge. 

METER 

Taut Band Movement, Linea~ity: ±1 graduatlon. 

Sea le 3.5 in (89 mm), 100 total graduations; with mirror. 

Senaitivity attenuatad 15:1 wlth GAIN control. 

SYSTEM SENSITIVITY USING METER 
Hall or Ouaner Bridge, 1200, 1 active gaga, GF•2: ±100 to ±15 OOO¡.u! F.S. 

Full Bridge: 1200, ±0.1 to 10 mVN F.S. 
3500, ±0.05 to ±4 mVN F.S. 

OC Input: ±350 lo SOOO,uV F.S. 

POWER SUPPL Y 

Interna! Batteries (standard): Two 6V NEOA No. 920,200 hr; 
One 22-1/2V NEOA No. 710,500 hr. 

PHYSICAL 

Weight: 121b (5.4 kg) wlth batterlea. 
Case Dimensiona: 9 L x 9 W x 10 Hin (228.8 x 228.8 x 254 mm}. 

ACCESSORY 
AC Powar Pack (raplaces b•ttarles): Modal4008, 115 V•c. 50-60Hz, 2W: 

Model 4008Z, 230 vae. 50-&0 Hz, 2W. 

AJI s.,.clflcatlons nominal or lyplcalat ... 23°C unlass notad. 

The Measurements Group is a leading supplier of strain gag e instrumentation. Available instruments incluqe portable 
indicators, signar conditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated 
computer-controlled systems for the acquisition, storage and reduction of test data. Call or write for all of your strain 
gage instrumentation needs. 
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This instrument is designad to simultaneous!y display 
both the maximum {most positiva excursion) and míni
mum (most negative excursion) values of a transient 
wavelorm. The primary application is to display the peak 
values of dynamic mechanical strains measured by strain 
indicators such as the Measurements Group's P-3500 and 
Model3800. 

A typical example of such usage is the measurement of 
maxi rnum torces developed in the structure of mechanical 
presses during each load cycle. In this case, strain gages 
are instal!ed at appropriate locations on the press, and the 
Model3650 utilizes the analog output signallrom the strain 
indicator as its input signa!. 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. 

While the Model 3650 is primarily intended to operate 
lrom the oc analog output signa! obtained from suitable 
strain gage indicators or conditioners, it mayal so be used 
to capture and display dynamic voltage signals obtained 
from other sources, so long as these signals lie within its 
operating range (typically, instruments that provide an 
anolog output in thc 1.0 to 11.0-volt range). 

The Model3650 fea tu res dual LCD digital displays with a 
full-scale range of ±19 999 counts. Color-coded push
button controls are easy to use, and allow the operator to 
determine the operating mode ata glance. 

The instrument is powered from an interna! battery pack. 
consisting of six alkaline "C" cel!s, whlch are readily 
available any'.vhere in the world when replacement is 
required. Battery life is approximately 250 hours of continu
ous use. An externa! line-voltage adapter is also available 
(115 or 230 Vac, 50 to 60Hz). 

As a dynamic analog signa! is fed into the Model3650, an 
instantaneous comparison is made to the previous!y 
stored values. When the stored values are exceeded, they 
are immediately replaced with updated values and dis
played. The new values are retained until they are 
exceeded, or reset occurs. 

Reset is accomplished either manually with a push- . 
button switch, automatically by a selectable timing circuit, 
or externally by contact closure or TTL low-logic leve!. 
Reset simply changes the stored values to the val u es of the 
input signa!. 

For suppression of voltage transients (noise), often 
encountered during strain gage measurements in shop 
environments, a four-pole Bessel low-pass filler with 
switchable cutoll frequencies from 2 to 4000Hz is built into 
the instrument. 

-c-

\.) 

. 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 .c. 
thatthe signa! duration is sufficient to permit proper ·'\ 
measurement accuracy. While the Model3650dem- :. , 
onstrates repetitiva accuracies approaching .. Q.1 'lo< 

.dUr.ing calibration on ideal waveforms, such acc.~ra-.".: 
cies should not be expected in practica! dynamico_;, 
stnilin measurement: Because of · parasitic. strains >' 
Ira m loose or badly fitting parts of. a moving 
structure, excessive electrícal noise, etc., practica! . \ 
repetitiva peak measurement accuracies may range V 
from 0.5% to 5%, or even 10%, of the transient 
maximum strain value. 

lt'should al so be noted that the "response time" of 
this instnument, which determines the minimum 
duration of the pulse that can be measured with 
suitable accuracy, has been designed for typical 
dynamic mechanical phenomena. The Model3650 is 
therefore not generally intended for high-speed 
electrical waveforms that are of interest in various · 
eiEictronic circuit developments. 

l( 

) 
' The Model 3650 simultaneously displays both the maximum (most positiva excursion) and minimum (most 

negativa excursion) values of a transient Waveform, as illustrated in the above diagram. 



• Simultaneous display of both the 
maximum and mínimum values of a dynamic input signa!. 

• Maximum and/or minimum display can be independently or simulta
neously reset by manual push buttons, externally generated reset pulse, or periodic eutomatic interna! reset. 

• Selectable four-pole Bessellow-pass filler to discriminate against undesirable high-frequency 
interference. 

• Color-coded push-button controls for simple operation and minimum operc!or training. 

• Compatibility with most instruments that provide an analog output signa!. 

SPECIFICATIONS 
Range and Display: 

Dual direct-reading liquid crystal display. ±19999 counts 
full sea le. 

Overload lndication: All-zero display with two flashi_ng 
columnar indicators. 

Sensltlvlty: 

::::1.0 to ±11 V nominal for full-scale indication (±19999 
counts). 

Resolutlon: 

1 count, 50 to 550¡N. 

Accuracy: 

Step Input: ±0.1% ±4 counts for step input of>4 milli
seconds duration. 

Rep'etitive Step Input ±0.2%. ±4 counts for repetitiva step 
inputs of >200 microseconds dura
tion. Number of steps required 
> 4 milliseconds. 

Pulse Duration 

Input Clrcuit: 

lsolated; input impedance >200000; either si de may be 
connected to system ground. 

Hold Stability: 

4 counts/minute maximum, averaged over S·minute 
period. 

Reset Capability: 

lndependent or simultaneous reset of maximum and/or 
minimum by manual push buttons; automatic timed 
reset; or externa! contact c!osure or low TTL leve l. 

Size and Weight: 

6 H X 9 W X 6 0 in (152 X 228 X 152 mm). 

5.51b {2.5 kg). 

Al! specificalions nominal or typical 
at +23°C unless nol.ed. 



Model 3650 Peak-Read lndicator, u sed 
in conjunction with P-3500 Strain lndicator and SB-10 Switch and Balance Unit, 

to measure peak strains on press pi aten during metal punching operation. 

Other applicalions include, bu! are nollimited lo: 

• Rolling Milis • Vehicle Testing • Structures Testing 

• Ship Propellers • Aircralt Landing Gear • Cranes, Derricks 

• Produclion Machlnery • Hydraulic Systems • 011-The-Road Machlnery 

• And More ... 

The Measurements Group is a leading supplier of strain gag e instrurnentation. Available instruments include porw.ble indicators. 
signa! conditioners/amplifiers, strain gage installa.tion tcstcr. instrument calibrator, and sophisticnted computcr-controllcd 
systems for the acquisition, storage and reduction of test data. Cal! m write !or all of your strain g<'!ge instrumentation needs. 
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Tlv::; SB-10 Switcll and Balance Uní\ provides 
u con·/~·nient rnenns lar str~lin flls><:lsurcment 
\'/¡H~n more thon one str<1in gag e is invoJ•¡ecJ. 
\•\lhi!o designed for use prim<1rily with t!le 
t·.i:;;_¡surcments Group P-3500 Strain 
lnc!ic;¡tor, Uw SB-·¡o Céln ;1lso be usec.l witt1 
ot11·~r tyf)eS of strain incJiC~Jlor·:;. 

Ar1 updated •1er sion of :he tirne-pro·;en SB-1 K 
S·:¡itch Jnd 8éll<:lrlce Unit. ti1c S0-10 features 
gcid-plated push/clump binding posts to 
allov: fas:, convcnient, o.nd reiiable 
co:-:nection of input circuits. <.Hld indi'lidu31 
t:;n-lL';n locking potentiometers with turns
counting dials lar fine-balanc0 ar~justrnent. 
/~!s0 .1vaiiJblc is :t1c SB- iOL. <1 basic version 
of tfl~ SB-1 O. lt al so fea tu res locklflg 
pcter1tiometcrs, but ·sithout turns-counting 
drals. (SB-iO frür.t panel is sr1own.} 

The c!ianne! selector S\'litch of the SB-1 O has 
neg!igible switct1 resistance. él.nd pro•iic.les an 
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open position to allow thc use of additional SB-10's with a single strain indicator. The SB-10 also incorporales a common 
dummy position for use with other than 120- or 350-ohm strain gages. 

Ruggedly built and lightweight, the SB-10 is ideal for use in harsh field environrnents. 

Circuits: 

lnputs ': 

Balance Range': 
QuJr:·~r ar.d 

10 chJnncls plus OPEN position. 

'.'/111 Jcccpt ~.;u<Jrtcr-. :1illf- or !ull
b:iGy~ ci:cui:s in <1:1y cor.1bin¡¡:ion. 
incltH~in¡; three-·sirc quarter brid<_;es. 

:-i;¡l~ Uridgc: ·.:.:2000,, ·.·:ith 350!! t1a1r bridge in 
str<1in indiCJlo~ 

Fu!l Bridge ::.:2000,, for 350!! bridge. Rangc 
¡-~ropt>nion.:~l :u t>ridge resist.:lncc 

Switchi:1g 
Rc::H!atatH!ity: Be< te~ :ha:l í ::.:• ror gag e res:stance 

of i20!! or higner. 

Sil e & 'Neight: 9 ~-.·. 6 /: 6 in (230 :< 150 ;< 150 mm;. 
5.5 lb (2.5 kg). 

··.·:n,~n liSut~ witl1 Model P-3500 

Al! spccilications nominal or typical al +23"C unless noled. 

The Measurernents Group is a leading supplier of strain gage instrumentation. Available instruments include portable 
indicéltors, signa! conditioncrs/amplifiers, strain gage installation tester, i~strument calibrator, and sophisticated computer· 
controlled systems lor the acquisition, storage and reduction of test data. Call or write for all al your strain gage instrumentation 
:1eeds. 
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[(¡.~'·. BATTERY . 

~ ~ 1 
,.--- OUTPUT --'"' 

INSTRUMENTS DIVISION 
P-3500 

~AWGH, NORTH (A~QliNA US,\ 

AMP 
ZERO 

r--- GAGE FACTOR--, 

Tllc Modal P-3500 Strain lndicator is a portable, battery
PO\'Jered instrument with unique features for use in stress 
analysis testing, and for use 'nith strain gage based trans
duccrs. Tl1e P-3500 offers a choice of LCO or LEO readouts, 
and incorporales mnny unique operating features that make 
it thc most advanced and easy-to-use instrument of its kind. 
In use. Ole operator follovvs a logical sequence of setup steps 
b:.' 2c\ivatinr;• color+cqded push-button contro!s to prepare the 
inst;urnent for rnaking .accurate and reliable measurements. 

· Tlw P-3500 also incorporales a highly stable OC amplifi
er. procisely regulated bridge excitation suppty, and precise
iy settable gag e factor controls. 

Sta tic measurements are displayed directly on the indica
:oí':; readout vvith 1 ,u.€ resolution. An analog output with a 
-3 ciB bandwidth of 4 kHz is provided to drive an externa! 
oscilloscope or recorder for dynamic measurements. The 
instrurnent will accept full-, hall-, or quarter-bridge strain 
¡¡ag·e inputs. and al! required bridge completion components 
for 120. 350 and 1 OOOll gag es are built in. 

Bridge excitation is 2 Vdc, resulting in low gage power 
ami negligible drift due to gage self-heating. The P-3500 
operates in fully ratiometric mode. Minute changes in bridge 
excitation due to drift or battery deterioration do not affect 
accuracy of reading. 

Gage factor is precisely settable (toa resolullon of 0.001) 
by a iront-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 

. STRA!N INDICATOR · 

r----BALANCE------~ 

SERI._l NO. 

250 to 300 hours of continuous use (approximately 200 
hours with LEO readout). Battery condition is monitored by a 
miniature 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 facilitates connec
tion of 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 remate calibration resistor is also accessi
ble via a contact closure at the transducer connector. 

FEATURES 
• Choice al 4-1/2 Digit LCD or LEO Readout 
• Direct Readlng of Strain, Pressure, Torque, load, 

and Other Englneering Variables · · 
·• Battery or Llne-Voitage Operatlon ... 
· • Convenient Color-Coded Push-Button Control!i" 
• Gage Factor Setting (lo tour signlflcant dlglts) ' ··, 

Displayed on Readout 
•· Quarter-, Hall-, and Fuii-Brldge Clrcults 
• Built-in 120, 350 and 1 ooon Bridge Completlon 
• Separata Bridge Excitatlon On/Off Control 
• Transducer Connector with Remote-Sense. 
• Balance by Voltage lnjection 
• Anaiog Output 
• ANSI/SEM Color-Coded Bridge.Connectlon Termlnals 
• Portable, Lightweight, Rugged tor Fleld Use 

) 



MODEL SB-10 
COMPANION-SWIICH 

-,·-A 
"---' FOR THE MODEL P-3500 

The SB-1 O Switch and Balance Unit fea tu res gold-plated 
push/clamp binding posts to allow fast, convenient, and reli
able connection of input circuits, and individual 1 0-turn poten
tiometers with turns-counting dial for fine-balance adjust
ments. 

The channel switch of the SB-1 O has an OPEN position to 
attow the use of additional SB-1 O's with a single P-3500 Strain 
tndicator. The SB-10 atso incorporales a common dummy 
position for use with other than 120,350 or 1000!1 gages. 

• The combination of a P-3500 and SB-1 O allows the operator 
to intermix, in a single 1 0-channel system, quarter-, ha!f-, and 
full-bridge circuits. This feature is not found in most portable 
strain gage instrumentation. 

Quarter and half bridges of the same resistance (e.g., atl 
120 or all 350!1) can be intermixed in any combination without alter
ation of either instrument. lf the installation makes use ol both 120 and 
350!1 gages, it is necessary only to connect to the dummy 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 pos ilion when a full-bridge channel is selected. 

FEATURIES 
• 1 O Channels plus OPEN Position 
• Gold-Piated Push/Ciamp Binding Posts 
• Rugged, Lightweight 
• !"ntermix Quarter, Half and Full Bridges 
• Negligible Switching Resistance. 
• Switching Repeatability Better than 1 ¡LE 
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1 fJBATTERY IJ l 

r-- OUTPUT ---.. 

INSTRUMENTS DIVISION P-3500 
RALEIGH, NOA:TH CAROliNA USA 

AMP 
ZERO 

r--- 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 wlth strain gaga basad trans
ducers. The P-3500 offers a choice of LCD 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. 

Sta tic 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 
instrument will accept full-, half-, or quarter-bridge strain 
gage inputs, and all required bridge completion components 
for 120, 350 and 1 000!1 gagas are built in. 

Bridge excitation is 2 Vdc, resulti_ng in low gage power 
and negligible drift due to gage self-heating. The P-3500 
operates in fully ratiometric mode. Minute changes in bridge 
excitation due to drift or battery deterioration do not affect 
accuracy of reading. 

. Gag e factor is precisely settable (lo a resolution of 0.001) 
by a front-pane/ 1 0-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 approximate/y 

STRAtN INDICATOR 

r----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! /ine-voltage adaptar is also available (115 or 230 
Vac, 50 to 60Hz). 

An optional transducer input connector facilitates connec, 
tion of four- 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 remole calibration resistor is also accessi
ble via a contact closure at the transducer connector. 

FEATURES 
• Choice of 4-1/2 0/g/t LCD or LEO Readout 
• Dlrect Readlng of Straln, Pressure, Torque, Load, 

and Other Engineerlng Variables 
• Battery or L/ne-Voltage Operatlon 
• Convenlent Color-Ceded Push-Button Controls 
• Gage Factor Sett/ng (lo tour significan! diglts) 

Dlsplayed on Readout 
• Quarter-, Hall-, and Fu/1-Br/dge C/rcuits 
• Bullt-ln 120, 350 and 1000!1 Bridge Completion 
• Separata Bridge Excltatlon On/011 Control 
• Transducer Connector wlth Remote-Sense 
• Balance by Vo/lage lnjectlon 
• Analog Output 
• ANSVSEM Color-Coded Bridge Connection Terminals 
• Portable, Llghtwe/ght, Rugged IC)r Fleld Use 

._j 
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MODEL SB-10 
CO MPANI O N-SWI+C bl 

NCE UNIT 
FOR THE MODEL P-3500 

The SB-1 O Switch and Balance Unit features gold-plated 
push/clamp binding posts to allow fast, convenient, and reli
able connection of input circuits, and individual 1 0-turn poten
tiometers with turns-counting dial for fine-balance adjust
ments. 

The channel switch of the SB-1 O has an OPEN position to 
allow the use of additional SB-1 O's with a single P-3500 Strain 
lndicator. The SB-10 also incorporales a common dummy 
position fo¡ use with other than 120, 350 or 1 OOOf1 gages. 

The combination of a P-3500 and SB-1 O allows the operator 
to intermix, in a single 1 0-channel system, quarter-, hall-, and 
full-bridge circuits. This feature is not found in most portable 
strain gage instrumentation. 

Quarter and hall bridges of the same resistance (e.g., all 
120 or all 350f1) can be intermixed in any combination without alter
ation of either instrument. lf the installation makes use of both 120 and 
350!! gages, it is necessary only to connect to the dummy binding 
post corresponding to the selected gage resistance as the channel is 
changed. r 

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 fu ti-bridge channel is selected. 

FEATURES 
• 1 O Channels plus OPEN Pos Ilion 
• Gold·Piated Push!Ciamp Bindlng Posts 
• Rugged, Lightwelght 
• lntermlx Quarter, Hall and Full Brldges 
• Negllglble Swltchlng Reslstance 
• Switchlng Repeatabillty BeHer than 1 ¡.<< 

'·. 



SPECIFICATIONS 
MODEL P-3500 
Range: 
l19 9991-'< al Gage Factor <6.000. 

±6G0~0 x 19 999!-'€ al Gage Factor >6.000. 

Above ranges increased by factor of 1 O when using X 1 O multipli
er switch. ~xample: ±199 990 at Gage Factor <6.000. 

Accuracy: 
±0.05% of reading ±3¡..r.e for Gage Factor settings of 1.000 to 
9.900. 
±0.05% of reading ±1 Ü¡..L€ for Gag e Factor settings o! 1.000 to 
9.900 when using X lO mu!tip!ier. 

Sensitivity (Resolution): 
±1 J.lE at all Gag e Factor settings. 
±lO,utwhen using X lO multiplier. 

Gage Factor: 
Range 0.500 to 9.900. Precisely settable toa resolution of 0.001 
by 1 0-turn potentiometer and four-position switch. Gag e Factor 
accuracy ±0.02%. at all settings. Displayed on digital readout. 

Balance: 
Coarse: 5 switch positions: Off, ±2000,ue, and ±4000,ue 

(GF=2.000). Tolerance ±1% nominal. 
Fine: 10-turn potentiometer with turns-counting dial, ±1050¡a 

min. range (GF=2.000). Zero position of potentiometer 
calibrated for zero ±2¡.u .. 
All balance voltages are electronically injected at input 
of amplifier. No bridge loading by balance contro!s, and 
no compromise of measurement range. 

Bridge Excitation: 
2.0 V de ±0.1 °/o. Temperatura stability better than ±0.02% per °C. 
Readings are fully ratiometric, and not degraded by variation in 
excitation vottage. 

Bridge Configurations: 
Ouarter-. hall-. and full-bridge circuits. Interna! bridge completion 
provided for 120,350, and 1000!1 quarter bridges. 60 lo 2000!1 
hall or lull bridge. 

Amplifier: 
Warm-up drilt: Less than ±3 counts al GF=2.000, cotd start lo 

ten min. 
Random dril! at constan! ambient temperature: Less than ±1 

count at GF=2.000. 
Common-mode rejection: Greater than 90 dB, 50 to 60Hz. 
Temperat.ure eHect on zero: Less than 1 J.LVI°C referred to input. 
Temperature effect on span: Less than o.ooso;orc. 
Input impedance: Greater than 30 M!l. 

All specifications nominal '9.r typical at +23°C unless 'noted. 

Calibration: 
Shunt calibration across 120 and 350J l dummy gages to simu
late 5000w (±0.05%). 

Analog Output: 
Linear ±2.50V max. Adjustable from 40 J.LVIJ-LE to 440 J.LVIJ-LE., 
nominal. Outputload 2 K!l m in. Bandwidth. OC lo 4kHz, -3 dB 
nominal. Noise: Less than 400 J-LV rms at 40 J-LVIJ.L€. output level. 

Remole Sense: 
Provided at the transducer connector. Remote-sense error less 
!han 0.001%/!l of lead resistance. 

Power: • 
Interna! battery pack using six "O" cells. Battery lile 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). 6.31b (2.9 kg) including bat· 
teries. 

. Accessories: 
Line vottage adapter for 115V or 230V, 50 or 60 Hz operation. 
Transducer input connector. 

MODEL SB-10 
(when used with Model P-3500) 

Circuits: 
1 O channets plus OPEN position. 

lnputs: 
Will accept quarter-, half- or full·bridge circuits in any combina· 
tion, inctuding three-wire quarter bridges. 

Balance Range: 
±58001-'• lor quarter·, hall·, and 350ll full-bridge inputs. 
±2000¡.LE. for 120U full-bridge inputs. 

Switching Repeatability: 
Better than 1 ¡u. 

Size and Weight: 
9 X 6 X 6 in (228 X 152 X 152 mm). 5.51b (2.5 kg). 

The Measurements Group is a leading supplier of strain gage instrumentation. Available instruments include portable indicators, 
signa! conditioners/amplifiers, strain gage installation tester, instrument calibrator, and sophisticated computer-controlled systems 
for the acquisition, storage and reduction of test data. Cal! or write for all of your strain gage instrumentation needs. 

EDIC S A ·-· 
EOUJPos' DIDAc • DE C. V., MEASUREMENTS GROUP, IN C. 

y CIENT/Ff TICCS INDUSTRiALEr P.O. Box 27777 
R " e COS, S. A. DE c. V. " Raleigh, NC 27611, USA 

CAIRO ·~j~ . EDt-89 1208-PGA Telephone (919) 365-3800 
e p 020?Ú 251 COL. El Rr=cnc~¡ Telex 802-502 • FAX (919) 365-3945 

. . M10XICO 0 ~ ' u 
TEL .561-80-04 ~ F:~v· ~F. /\TZ.. _ 021621HP 
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1\!EW HORIZONS IN RANGE • RESOLL 
NEVER BEFORE ACHIEVED IN A LABORATORY INSTRUMENT 

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 fea tu res of \he Model3800 are wide-range· 
control of gage factor; excitation precisely settable 
over 1-15 vol\ range; and wide balance range with 
no bridge loading effect. 

With these extended operating capabilities. the 
Model 3800 can be used for \he most demanding 
measurement tasks which are not possible with 
conventional strain measuring instruments and 
general-purpose transducer indicato rs. Resolutions 
achievable with the Model 3800 are 0.10pE when 
u_sed,ª~ a strain indicator. and 0.10 pV/V when u sed 
as a transducer indicator (0.025 pV/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 promote measure
ment accuracy. The operator follows a logical 
sequence of steps to configure the instrument for 
\he desired measurement. Color-coded interlocked 
push-button controls mi~imize operator errors, 
and make the operating mode instantly recognizable. 

Gag e factor on the Model 3800 is settable by front 
panel controls over a range of 0.0500 to 50.00, and 
is displayed by the LEO readout when in the SET 
position. The instrument allows fullrange 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 tour 
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. Al! balance 
voltages are electronically injected into the input 
amplifier to eliminate bridge loading errors and 
preserve full measurement range. 

FRONT PANEL 



VERSATILI" ·y 
- ~- --- ----'----------------

--' 1 nput circuitry includes an ultra-stable interna! hall
bridge, as well as interna! 120- and 350-ohm 
dummy gages for bridge completion. Shunt
calibration resistors across the interna! dummy 
gages are provided on the rear panel. Two remole 
calibration resistors, also mounted on the rear 
panel, are automatically actuated by the front
panel calibration button. 

Virtually all strain-gagecbased transducers can be 
used with the Model 3800 via the rear-panel trans
ducerconnector. This connector provides precision 
remote-sense capability, as well as access to the 
remole calibration resistors. Full-scale resolutions 
of 0.10 11VIV are routinely possible. By using the 
wide-range balance controls to suppress zero, 
resolutions to 0.025¡N/V can be achieved. 

In addition to the digital LEO display, the Model 
3800 provides an analog output available at the rear 
panel. A separate analog level control totally inde
pendent of the digital display is also provided. 

The Modal 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 labo_ratory. 

FEA TU RES 
• 4-1/2 Digit LED Display 

• ANSI/SEM Color-Ceded Bridge Connection Terminals 

; Analog Output 

.• Transduter Conn~~tor with Re mote se'nse 

• Direct Reading of Strain, Pressure, Torque, Load, and 
other Engineering yariables 

• Convenient Color-Ceded Push-Button Controls 

• Gage Factor Rang8 from 0.0500 to 50.00 Displayed on 
LED Readout (to four significan! digits) 

• Bridge Excitation Range from 1.000 to 15.000Vdc 
, 

· • Extremely Wide Balance Range. Balance by Voltage 
lnjection. 

• Quarter-. Half-, and Full-Bridge Circuits 

• Separate Bridge Excitation On/Off Control 

• Built-in 120- and 350-ohm Dummy Gages 

Complete specifications for the Model 3800 are 
given on !he back of lhis bulletin. 

REAR PANEL 

TRANSDUCER 



SPECIFICATIONS 
Range and Display: 

±19 999 counts direct-reading LED display. 

Resolution: 

11JE al any Gage Factor f~om 0.0500 to 50.00. 
0.10 J1V/V as a transducer indicator. 

Unearity: ) 

::::o.01% of full scale. 

Balance Range: 

Coarse Balance: ±2.5% to ±100% of full scale per step, 
in 32 total steps. 

Fine Balance: ±1.25% to ±50% of full sea le: overlaps each 
coarse balance step. 

Balance Method: 

Electronically injected counter-emf. 

Gage Factor: 

Range: 0.0500 to 50.00: displayed by LED readout when 
in the SET position. 

Resolution: 0.0001 from GF of 0.0500 to 0.5000. 
0.001 from GF ol 0.500 to 5.000. 
0.01 from GF of 5.00 to 50.00. 

Linearity: :::::o.OS% of full scale. 

Accuracy: ±1 least·significant digit. 

Excitation Voltage: 

1000 lo 15.000 V de ±1 m V ±0.02%. Settable in 1V 
increments by front-panel thumbwheel switch. 

Temperatura Stability: ±0.01 %rC. 

Amplifier: 

Temperatura Effect on Zero: ±1.0 J.JV/°C RTit max.; 
±0.50 ¡.NI'C RTit typical. 

· Temperature Effect on Span· ±0.005%/°C max. 

Warm-up Orift: Less than ±3 ,uV RTit from turn-an to 5 
minutes. 

Randa m Orift at Constant Ambient Temperatura: 
Less than ±1 pV RTit. 

Common-Mode Rejection: Greater than 100 dB at 5()-60 Hz. 

Common-Mode Voltage: ±SV max. 

t Referred to input 

Alt speclllcalions are nominal or typicar al +23"C unless noled. 

Input lmpedance: . 
Greater than 100 MO differential and common mode. 

Input Circuits: 
60 lo 10 0000 hall or full bridge. Interna! dummy gages 
are provided for 1200 and 3500 quarter bridges. 

Calibration: 
Shunt calibration resistors are provided across interna! 
1200 and 3500 dummy gages to simulate 5000pr ±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 calibration 
configuration. Typical use is double-shunt catibration 
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, DC to 4.5 k Hz (-3 dB nominal). 
GF < 0.500, DC to 2.0 kHz (-3 dB nominal). 

Output Noise: Less than 2.5 pV peak to peak 0.10 to 10Hz. 

Remole Sense: 

RTJt. Less than 2 pV rms de to 5kHz, ATit. 
plus 0.005% of full scale, RTO (referred to 
output). 

Remate sen se connections provided at transducer connector. 

Re mote Sense Error: Less than 0.0005%/0 of lead 

Power: 

resistance. Maximum lead resistance 
400 or less. 

115/230 Vac, 50-60 Hz,less than 10 volt-amperes. 

Size and Weight: 

6.5 H x 11.0 Wx 12.5 D in (165x 280x 318 mm). 
10.21b (4.6 kg). 

Companlon lnstruments lor use wllh the Model 3800 

Model SB-10-A hlgh-quallty 10-channel Switch and Balance 
Unlt that allows muiUple gage hook-up "to ·the Model 3800 Straln 
lndlcator. ·· ··;:_.-. · · ~ 

Modei_VIE-40 Decade Reslstor Straln Gage Slmulator, and Model 
1SSOA.Straln lndlcator Callbrator-wlth these apeclallzed lnatru
ments':the capabllltlei and sensltlvlty of the Model 3800 can be 
furthi'~}"extended by ·ma~lng crltlcal .~ealurements: through 
preCis4tstraln almulatlon·. -~·.. .-. ' . ..: ' . 

. i·:-~:·· ... 

The Measurements Group~tead~Rli~-~train gage instrumentation. Available instruments include portable indicators, 
signal conditioners/amP!ifj~rf) ~~ain \age _i¡1stalialTOñiester,. -inal_rument calibrator, and sophisticated computer-controlled 
systems for the acquisiti~1:~~Q[~Q'tt~nd-redué\ion J)~t c@a. e¡y1 <?r write for all of your strain g~_ge instrumentation needs. 
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System 4BBB - lt Pays 
... with dividends l:l<e '.~'8ight r¡;".':.:~·t> ·: ::nd material savings, performance improvements and tail

ure prevention, and shortened design-to-development time. In today's demanding 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 minimum material and weight. Even with recen! advances in analyti
cal methods using finite-element analysis and high-speed computers, essential data which can aflect 
not only design ·results but al so product lile, liability, and profitability, can be provided only by ESA tech
nology. 

The leaders in nearly every industry depend on !he Measurements Group for th.e equipment and 
expertise lo apply the quality-control benefits of ESA to their designs. And the System 4000 approach 
lo stress analysis provides these benefits more eflectively- and economically - !han ever before. 

Unique Power and Simplicity 
... lo mee! today's measurement challenges. System 4000 is completely preprogrammed to per

form all system functions. lt accepts and stores test parameters, controls the scanning operations, 
records input signals, and corrects and reduces the data to provide directly usable engineering infor
mation. 

The System's hardware. incorporales all of..those Jeatures that strain gag e· users- ha ve come to 
expect from the Measurements Group for more !han 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 A/D 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 lo handle inputs from the other types of sensors commonly used ..._; 
in stress analysis and structural testing, including thermocouples, RTD's, LVDT's, load cells, DCDT's, 
potentiometers and other transducers. 

The Premier Data System 
... today and.tomorrow. System 4000 has been acknowledged by hundreds of users as the 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 the world's premier data system. 

About This Brochure 
The Measurements Group's commitment to System 4000 is long term. In this brochure, you will read 

about 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 structural testing. Operating software enhancements 
and new hardware developments are but a few of 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 J 

concept behind System 4000. To keep System 4000 users informed of importan! developments, System 
4000 Update - the Users Group News/etter, is published periodically and distributed to all System 4000 
users throughout the 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 technotagy has developed into the world's most widely used precision stress/strain mea
surement technique, Over the years, through our Technical Data Mailing Program, we have treated techni· 
cal matters relating to stress analysis in a practica!, usable fashion that we hope most benefits you, the 
user, in your stress analysis applications. The primary factors affei::ting strain gage and instrumentation 
performance are covered in the Tech Note portian of the Measurements Group's Strain Gage Technology 
literatura binder, recognized and used as the authoritative reference for strain gage measurement by prac
titioners throughout the world. 

Virtually all of !he materials included in !he Measurements Group's Strain Gage Technology Tech 
Note library are incorporated into System 4000's extensiva software package, designed by 
Measurements Group engineers. Now, you can apply these techniques direclly lo your test mea· 
surements. 

Computar technology has impacted virtually all disciplines of engineering, primarily through the greatly 
expanded potential for computational speed, accuracy, and flexibility provided by software. While the 
System 4000 hardware is designad for the highest performance/cost ratio possible, it is the software that 
provides the true power behind System 4000. 

3 



The System 

4220 
CONTROLLER 

Serves as the interface be
tween the Executive Unit and 
the System's s.ci:mners, 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 
SCANNER 

Capacity for 1 O channels of 
mixed inputs, including thermo
couples, LVDT's, RTD's, 
DCDT's, semiconductor trans
ducers, potentiometers and volt
age inputs. 

4 

SOFTWARE/HARDWARE 
CONFIGURATIONS 

The heart of System 4000 is the extensiva 
software that organizas, processes, and pre
sents test data in various modes as required by 
the u ser. 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 component requirements for both 
software packages is avai/ab/e, upon request, 
from our Applications Engineering Depart
ment. 

Additionally, thé Model 4216 Executive 
Unit (shown here), consisting of Model 510 
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, 
R, S, B). Type is selectable for 
each block of 1 O channels. 



- ---~-----···-- ---
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PRINCIPAL FEATURES 
• 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' lo 1000 channels- expandable as needed al any time 
- -

• Scanning speed up to 30 channels per second (25 channe!.~.p~rsecond for 50 H.z operation) :· 

• Automatic bridge balance (offset values stored in memory áhdior permanimtly recordad) 

• Switch-selectable excita !ion voltage (1, 2, 5, 1 O V de) 

• Built;in ·bridge completion for all .120 and 350!1 strain gage channels (quarter and halfbridges) 

• PC-compatible for user-preferred off-line data handling 

TEST INFORMATION ENTRY 
• .Channel assignment 

• Gage Factor 

• Thermal output coefficients 

• Gage factor temperatura coefficient 

• Transducer inputloutput specifications 

• Controllimits (by channel or by groups) 
(except Model 605) 

• Active bridge arms 

• Transversa sensitivity 

• Modulus of elasticity 

• Poisson's ratio 

SOFTWARE CAPABILITIES 
• 

The scope and:capabilities o! System 4000's standard, preprogrammed stress analysis software 
lar exceed those o! other commercially available packages, which are generally designed lor nar
rowly delined applications only. 

• Rosette data reduc::tiQn (delta, rectangular. 
biaxial) and cooversioil of strains to stress 

• Thermal output correction 
• Correction for gage factor temperatura coefficient 
• Scaling for number of active bridge arms 
• Wheatstone bridge nonlinearity correction 
• RTD linearization 
• Transversa sensitivity correction 
• Thermocouple linearization 
• Alarm or control limits {pririt or initiate sean) 

( except Model 605) 

• On-line monitoring of key channels imdlor 
rosette solutions in numeric arid graphic 
(except Model 605) formats_ 

• Reduced data can be printed for up to 1 000 
channels 

• Automatic or manual data sean and record. 
• Data storage for later analysis or processing 
• O:t-linc plot generation Ón color monitor or 

optional ploner (except Model 605) · · 

Optional software packages lor specialized test requlrements are also avallable. 
r 
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Add to Your Test Program 
' . ..: 

ACCURACY 

Accurate str~in gago measuremcnts require th.Jt <'.~!cntion be paid to characteristics 
unique to the Strai0.gage itself-:.- characteristics.such as thermal output, transversa 

1 sensitivity, nonlinearity of output from the Wheatstone_.bridge,· temperatura coefficient 
of gage factor, and grid power dissipation. In addition, care must be taken to apply cor
rections at the appropi"iate stage in the measurement process. System 400.0 can take 
into account as i'nany ....:..._ ··or as few - of these potential error sources as your test 
requlres. ., . 

For thermocouPie'measurements, a unique, isotherf"!1al strip elimina tes temperatura 
gradients between i_nput terll)inals. · 

The System's specially selected analog-to-digital converter uses a dual-slope conversion technique to integrate the ana
lag signal over a ·complete powerline cycle, making it possible to achieve the high resolution and excellent noise rejection 
essential for accura"te 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 MONITORING 

System 4000 provides ·a wide range of options for monitoring test parameter_s and data, includlng: 

Test parameters reviewed through a screen display befare 
testing is begun. 

Up to 12 line plots ol data (vs. data or time) d:•p!ayed 
(except Model 605). 

FLEXIBILITY IN,,, 
DATA PRESENTATION 

Up to 44 key channels of corrected and reduced data simul
taneously displayed and updated. 

~~· ¡'! 1 J ·. ' 
l hlu_1ld .. . . .......... '' '' ".' .. ' . . ''''"' .. ''.' '' ~.'' .. 

Up to 44 bar graphs tha! changa color whe¡,+ user-defined 
trip levels are exceeded - _allcJ:wing fo~Jast recognition of 
critica! test conditions {except Model 605). - -

-~-... ~-
:: ~j:Ftf-:.:.;=--=-:-.. ;"';- :- ~ 

Through the System'$ o'ata Translation Program, .data files can be trans
formad into ASCII, DIF, or WKS formats, allowing for easy manipÜiation and 
p~entatiOI'\ of data, with commercia~.¡;ottware packages or user-developed 
próg{ams. < ' · · ''' · ··• 
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Worldwide, System 4B0B Users"';1 
Are Puffing Power, Accuracy, and Simplicity 

~---lnto Their-S_tresstS_train=M.eas_ureinent=~rograins----
·- .... 

. . 
In lndustry 'and Rese~rch 
AM General '.J!3eneral Dynamics 

AT&T Belllaboratoiies 

Admlralty Marine Technotog~ Est. 

Aerospatiale l:· ... ~- .; 

Agency lor Delense Oevelopmenl· 

Alcoa Technical Center 

~General Electric Company 

.. . Gilbarco 

~radall Company 

Graviner Limitad 

Groupe P.S.A. 

Alfa Romeo S.P.A. 

Alsthom AtlantiQue La Rochelle 

American Sterilizer 

Grove Manu!acturing 

Grumman 

Hamillon Standard 

Harris Corporation 

Hindustan Motors 

Hughes Aircralt 

Amp 

Armco Steel 

Astech 

Avlons HureVOubois 

Baker Tubular Servlces 

Beech Aircralt 

Bender Machlne Services 

Bendix Aerospace 

Blue Bird Body Company 

Boelng 

Borg-Wamer 

British Nuclear Fuels 

British ~te.ei corPoration • • 

Brookhaven laborBtories 

l.J. Broutman & Assodates 

CASA 

CNERIB Algar 

Cameron lron Works 

Canocean Resources 

Chrysler Corporatlon 

Clark Michigan Company 

Crown-Zellerbach 

CUmmins Engine 

Hughes Of!shore 

Hunling Oillield SeNices 

Hyundai 

lB M 

IMPA. SPA 

lnstltute for Industrial 
Aesearch & Standards, lreland 

Israel Aircralt Industries 

lsringhausen Railroad Products 

J.A. Jones A¡::plied Re<Jearch 

.~·;. Jin Hae Machina Depot 

o;·,·. • Korea lnstltute ol Minlng & Metals 

\~·. '}Kitalts AtomiC Power Labs 
'f 

Koeh Flberglass 

,Kan Mij de Schetde 

. ílaboratoire du Baltiment 
f' et Travaux Publics a L1breville 

laboratoOO Ensayo 
t:';-~ ~ lnvestigacion Industrial 

• ..s: Laboratoire des Ponts 
~.,-- ~-:•·· el Chaussées de Toulouse 

Daimler·Benz AG McDonnell Oouglas 

Defensa Product Assurance Agency Marshalls of Cambridge Engr. 

Datas Woir · ~ - Méictiri Marietta Aerospace Ca. 

Oominion Engineering 

Dow Chemical • 1 , 

Oow Coming W_right 

Dunlop Aviation oMsion 

E. l. DuPont Company 

E.C.A.N. ' . 
ETSI Industriales 

Eaton Axle Division 

Electricite de Franca 

Equipos Nucleares 

Etablissement Central de 

.~ . ~·:uMartin Marietta Energy Systems 

··~.~~- .\·.··Massachusetts General Hospital 
·;1 'r·· 

•· t< Menasco 

i.> ."~ Metalastik Vibration Control Sys. 

; ,. 
. .. :~·· 

Metallurgical Engineers 

Michelín Tire 

Mlnistry ol oétence, Franca 

Motor Whe'el Corporation 

NASA 

: --.-· _ .. ~ NatiCNlal Aeronauticallab (India) 

N~tlonal Crañe CompánY 

Natlonal Forge'~mpany 
L'Carmement Naval de Na11tlli · 

· '· • .: 1 National Résearch·Co,u'ncir Ot Cenada 

"" : ;:, ; \. 1 N~val Ocean Systems Ctr. (U.S.). 

Exxon 

. Fiberglas 

Fisher Controls· 

Flxible Corporation • 
:·-·., ÑavaÍ Science & TechÓOioglcal Lab (India) 

Ford Aerospace 

Ford Motor Company 

GEC Research Centre . 

GM, All!son Gas Turbina Oivfsion 

GM, Chevrolet Divislon 

GM T~hnicet.Center 
Garrett r~rbi~'e· Engine cOmpany . 

p J 

Naval Surtaée Weapons Ctr. (U.S.) 

Nallistar lntemetional 

Neil F. Lampson 

Newport News ShipbU1lding 

O'Oonnell & AssociateS. 1 
Olkon Corporatlon· .' 

Omarl< Industries; • 

•fhe listing represents a 'selection ot organizal10ns using System 4000 
at the time lhis brochure was printed. lnclusion does not imply endorsement. 

·' 
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Ontario Hydro 

PPG Industries 

Pettibone·TIHiii • 

Piasecki Aircraft 

Picker ln!ernational 

Pratt & Whitney AlrcraN Co. 

Precision M_edicallnstruments 

Pullman Technology 

Research & Development 
Establishment (India) 

Richards Medica! 

Rockwetltntl, Rockeldyne Div. 

SEMAT 

SNECMA Vil1ar'oche · 

SPAR Aerospaco 

STE Alkan Aeronaulique 

STE Bala 

STE Elmex París 

STE Eternit 

STE Hormex 

STE Mossler Aeronautique 

STE Thomson 

Samsung 

-· 

Ecole Central~ de Lyo~· 
Ecole D'lngenieures 

de.Yamoussoukro 

Ecole Superieure . . : 
D'lngenieurs des Techniques du Sois 

Electronic~ & T~le~~;;,munication 
Research Instituto· 

Enit T unisia University 

General Motors lnst1tuta 

·. Howard Ur:'ive~sity 
'tndlan Instituto of Technology 

lnslitut Fran~is de P~trote 
lnstilut National de Genia 

Mecanique Algiers 

lilstitut Nationale de Toulo'use 

. lnstilut Universitaire de Bordeaux 

•lnslitut Universitaire de Bourges 

lnstitut Universitaire de Reims 

.~u~~il University 

Metropolitan Medica! Cantar 

Michlgan Siete University 

Nan Yang Technicaltnstitute 

Oklahoma State University 

Shell Devetopment Company 

A.O. Smith 

..•.. Rochester Instituto al Technology 

·.~ Soutf14tm lllinois University 

Soutl'lweat Reaearcl'llnatllute 
Specialty Measurements 

Stelger Tractor 

Stress Engineering Servicos 

Tadlran 

Tennessee Eastman 

Terex Corporatlon 

Textron Lycoming 

Thratl Car Manutacturing Co. 

Trinity ~ng~e!.~ng 
U.S. Alr Force 

U. S. Army 

U.S. Marine Corps 

U.S.-Navy 

VMEAmerica, 

Volvo Flygmotor AB 

WSM Industries 

Water Research Cantar 
·.;J.:: 

Waukesha Engine 

Weber Aircraft 

Westlnghouse Electric 

Whitohead Motolides S. P.A. 

In Education 
American uni~ers.!ty ol Béirut 

Aubum Uniwrsity 

Beijlng" A'áronautical Instituto ¡ :' 
Caliloinla Polyteéhnlc St':lie .Unlv.'· ; 1· 

CarietCNl Unlverslty ; . ' · · 

The' Citada!'- -1 

Columbia Unlverslty 

Oublin Co!leg~· of Techn.OioQy 

; ' ,, . 

. :~~- Swerthmore Cottege 

~.u. S. Naval Poat-graduato School 

::.u~~ftrsidad de Ovieda 

' U~Mlrs1te de Ulle 

University al Bari 

.Y!'iVers~ty of B~dgeport 

, , Unlversity ot California 

, 
1 
--~; Un~e~itY ot Dayton 

' · · :' Unlversity al Delaware 

University o! Grenoble 

~iv~~~~ !:' l~n~s 
University ol Louisvilte 

University of Maryland 

University'ot Miami 

University ol Michigan. .., .. ,, . !_;. Unlversity_ol No~a Scotia 

University o.l Petroleum & Minarais,, 

University ol Pittsburgh 

Unive~ity of So~th Fk,>:~~ ~ . , 
University ot TC?Iedo · · ""'' 

1
, 

~~ive.rsity al _:rlest~í 
University o! Wisconsin 

.ViUanova un!Ve~ty 
Virginia Polytechnic lnstitute and 
: State Univ8rsity 1 

Washington Unlversity r 
Youngstown State Unlver:sJty; , .. 

" 

'· 
·' 

•.-

• • ~ -shouldn't You? 
. . .•.• J' 



A predominan! factor contributing to the structural fail
ure of m achine parts, pressure vessels, framed struc- · 

:·tures, etc., may be the residual "locked-in" stresses tha( 
exist in the object prior to its being put.into service. These 
residual stresses are usually introdu.éed during manu- ·· 
facturing, ánd are caused by processes such as casting, 
welding, machining, he,atyeating, molding, etc. · ' 

BULLETIN 304-F 

= M· "" M· "" r:::-:1 ' liiOil < 11:::11 ... ... ""' 

S·train Gages 
arad 

mrustrumentation 
·for 

Residual Stress 
Measure'ments 

.. -~ 

of the hole are measured, and the relaxed residual 
stresses are computed from these meásurements. Mea
surements Group Tech Note TN-503, Measurement of 
Residual Stresses By. The Hofe-Driffing Strain Gage 
Method, presents a detailed discussion of the theory and 
applicatibn of ihis technique. 

The hole-drilling method is gene rally considerad semi-· 
Residual stress cari neith;;Tbe detected nor evaluated destructiva, since the drilledhole may not noticeably 

by conventional sürfaéifiliEiá"surement tectmiques, since impair th:e structural integrity -ofJhe part being tested: 
the strain sensor (straiñ gáge; ptiotoelastic coating, etc.) Depending on the type of rosette ·ga'ge uséd, the drilled 
.c.~n only respond to strain changes tiÍat occur aft~r the. ,. hole is typically 0.062 o'r 0.125 fn (about 1.5 or 3.0 mm), 
sensor is installed. both indiameter and depth, Inmim~f,.instances, the hole 
· · · can also be plugged, Wilecessary;.to retürn the part to 

... The most widely used practica! technique fdr measur- service alter the residual stresses have been.measured. 
ing residual stresses is th_e hole-drilling strain gage · 
method described in ASTM Standard E837. With t_his · ¿<,,r l;l;l,ii.l~racficaJiÍy. f!nd accuracy of this metho:d is directly 
metrod, a specially configurad electrical resistancestrai!l\ ~·1 .!Jll~ted 1¡(,· f.1ll§l POlfi,i~ion with which the hole is d rilled 
gage rosette 1s bonded to the surface of the test ob¡ect,,.,_,,,,jn(oUgil.'ftl~·<¡~\er :Of the stram gag e rosette.,The Mea-

.: .. and·.~ small shallow hole is drilled throu¡¡h theceritar:p¡_"·-=Í · s'u.f¡,fii8nts_Grpú'~' RS-200 optical milling gujpe described· 
.:··:;gJ?e rosette. The local changes 1n stram due toJntroductJ_on_.,J .• ~rJf:~'~P~?,V~~~;s a. pract1cal means to accompl1sh th1s task 

., . :•-:·. ":r·.~. . ·'·· ~-· ' -~ • ·,,~~_.' .',-'; . ·.:- ;.. _:¡-:~.: 'b 
\•'. . :_':· .. ~--~~-~:~ .. ·.... ...~--- .,, :. 'l .. 
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