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\'.'f‘\-»fo‘«?‘-»: divisidén de estudios superiores
C) o>~ facultad de ingenierfa, unam
A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION
CONTINUA

9

ca Facul tad de ingenieria, por conducto del Centro de Educacién Continua, otorga constan«

\

cia de asistencia a quienes cumplan con los requisitos establecidos para cada curso. Las per

sonas que deseen que aparezca su Htulo profesional precediendo a su nombre en el diploma,
deberdn entregar copia del mismo o de su cédula profesional a més tardar el Segundo Dia de
Clases, en las oficinas del Centro, con la Seforite Barmaza, de lo contrario no serd posible,
El control de usistencia se efectuar o través de la persona encargada de entregar notas, en
la mesa de entrega de material, mediante listas especiales. Las ausencias sern computadas
por las autoridades del Centro.

Se recomiendo a los asistentes participar activinnente con sus ideas y experiencias, pues
los cursos que ofrece el Centro estén planeados para que los profesores expongan una tésis,
pero sobre lodo para que coordinen las opiniones de todos los interesados comstituyendo ver~
daderos seminarios.

Al finalizar el curso se haré una evaluacién del mismo & través de un cuestionario disefiado
para emitir juicios anénimos por parte de los asistentes. Las personas comisionadas por al-
guna institucién deberdn pasar a inscribirse en las oficinas del Centro en la misma forma que
los demés asistentes.
Con objeto de mejorar los servicios que el Centro de Educacién Continua ofrece, es impor-
tonte que todos los asistentes ilenen y entreguen su heja de inscripcién con los datos que se

les solicitan al iniciorse el curso.

ATENTAMENTE

ING. SA LVADOR MEDINA RIVERO

Tecuba 5, primer plso. Mdxico 1, D. F.
COORDINADOR DE CURSOS. Taldfonas: $521.20.08 w €12.27.0%
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TR FACLLTAD DE INGENIERIA, UNAM.

R T .
LAY IR R . o ' .
VAZSN, 3oty 0r o) s CURSOS DE MAESTRIA ¥ DOCTORADO

La Divisién <o Estudios Superiores de ia Facultad de ingenicria, UNAM, ofvcce ias
siguicntes Macstrias y Doctorados:

Macs trias DocCctLtoraacos

Coarrol Mecinica SetiLctucas

Nicenionica Mocantea do Suelos Higrconliaca

Latiucltors Petrolera Vioosnioa oo Sucios

ilidrinlacs Fotencia MoCaiwe -oérica Y

Iavescigacidn w Plancacidn fpliciaa
Operaciones Sanitaria Investagaecion do

Mechinica tédvica y (perecions
Anlicada

Programa de sctividades para el segundo scinestre da 1876
ExSmencs de admisién: 10, 11 y 12 de mayo

f) Inscripcioness 31 de mayo al 4 de junio

Iniciacibn de clases: 7 de junio
Requisitos de admisién
&) Cumplir con una do las siguientes condiciones:

1. Poscer titulo profesional en Ingenicria o en alguna disciphina aiin
a las macstrias que se ofrccen ¢on la Divisidn, otorgado pot la UNAM ©
por cualquicr institucién nacional o cxiranjera.

2. Ser pasante de la Facultad de Ingenieria, UNAY

b) Aprobu 10 cxdmenes de admisidn que se efectusrin en ias fechas saialsdas
arriba.

¢) Prescrntar, dentro del pericdo de imscripcaiones avriva meacionaco, la socumen-
tacién que se indica en el folleto de Ac uLVlhﬂdCS AC a“é icas 1975 oo ia DLSFI

i
Mayores informos: Divisién dc Estudios Supeviores de Ja Facultad de Inger
Apartado Postal 70-256, Ciudad Universitaria, Méxice 20, D. F. 7 59

iel.: 548
POR MI RAZA HABLARA EL ESFIRITU
) Cd. Universiteria, febroro 3, 1976
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FEL DIRECTOR DE LA FACLLTAD , EL JEFT OO LA DIVISION
M. en C. ENRIQUE DEL VALLE CALDERON DR. QCTAVTIS A RASTON GLWWED
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~roaoction Susinecring 1 the Machine Dlhiop

“
(S

Feiel Cutiing Machine Tools

a) Feval Cuttirg Pundumoninl o
<i> Larameters of metal cuttiing
, , mirn
deptn of cut - a /
\ . m/ min .. A
speed ol cuttiing movementi - v (effect on tool liie
and surfuce finish)
in cugo of rotational movemoenis: v ='F1d.n
n = rev/min
d = rotational diametexr
feod movement - 2S2ate o (meauured either aboolutely in
mm/min or as a function of spindle
rotuation in mm/rev;effect on
., vurince Lindiah)
. mm”
chiip seastion - 0,8
fmpirically devised apecilic cutting rcoistuance - L
/ N . PR . . NG
(effecect on chip thicknaso h and chip width .o ’
Cul ting foxrce - T a.sk
&)
Net cutting power - N = P,v’
. net
N
. et ,
Input power - N, = N, .+ const., N
input 7 idling net
<:> Cul ting force comnonents

Turning ; Tangentinl, rodial, Lfekd compouent

Drilling: Axial(thrust) force, torque

Milling :

Instantaneous )

Horizontul longitudinal

horizmontal
vertical,

or )
Varintion of chip
nction

thickness

Inotantaneous chip

Tangential,

nnd roguliting varialion

thiclknesu

axial

cadial, axial.
aduring the cutting
ol culting {forco.

—— s Sin{
rlofl_t

X =

(nt = number of Ltecth)
Middle chip thickuness (P s ﬁz
A ":_”’—-"‘_‘;—-
) . - .
A omr 'y& =
0T T g
t -/-S-r- . _/ %
g i d
FAF AT
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Conditions similar for face milliry:; siight difference betwcen
up and down milling.

Porce pulsations determine rutio between maximum and
7
mean forco 1Nt X .
2 .
mean .

This i alfececled by the cutiinge conditions and the édimensions of
cutter and workpiece viz.-! In the case of slub milling helix
angle of the cutter w well au width and depth ol cut; in ithe
case ol face milling the ratio between width of cut and cutter
dimzmeter and the position ol the cutter axis relative to ihe

N

suriuce 1o be milled.

N N Lo
b) Purpose of the gacrnine tool

Po obtain within permissible limits the specirfied acceuracy
&f shape and dimencions o weld o Lhe oarface £ininhh o Lhe
worwpiece produced on Lhe aachune, oo fur wus possible indepon-
cently of tne opeorator’s woltill, '
Availnble coperutional uspecds wand {feceds must ensure nigh producti-
vity oand machine cupaciiy ulilismation, Available power, strengill
and otifrfnmese must allow »o.tes ol metal removal which cnsure

nigh productivity. !

\ .y 3
¢} Jneeds and feedas.

Stepped aor infinilely vargnvle

Required uspced range (B) depends on
S /

MeaX imuin (d voand winanoan (d . ) Jdiamcter of tool
nex ) niin N
oy wvorkpiecce.
. s / 3 . -
Mo imum (v ) und mininuwn (v . ) cutting spced
150X nin
v d -
ML my
o= R
v, a
min mirn

‘e . . I4 ~ y
wiep 1ratios (?5 ) in stepped pgrar boxes (preflerrred uumbers)

o dat . \
Dz il {2z = number of Gicps)
Infinitely variastle gvoeedn Ly meang o1 aydivwalic or

alectric d.o.ddrivern,
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Charncleriostics of hydraulic (pump—motor‘) and eleciric

(Ward=l.conard) set.

e e

Adjunrtubility of hydrnulic pump=-motor cet
(:,Lc_(r\1 -
n, = o =
- 22 "
- !
n, = pump wpeed; n,, = moltor speed; e,l = pump il jun tment;
e, = motor udjustment; Q = leakare losses; c1 and ¢, = des
Cane [ ) L
d) o trengthn aud ntiflfness problems
IP"low of lorces in tne ot cucture
Centre lutne
Radial drilling moachine
Milling wmachaine
Grainding operation
Turning ceatre drive
Accuracy und coct
Open and cloced froame design
Usne of stecel in machine tool structures
Combination of steel and cust iron
(example preus Prame)
P :
R S
elope of elongution curve >y AE
-
tand = —5 =
A

Ratio between slope of steel (5,) and cast iron (C, )
e

ign
constants.

[
< g
—R - A.%E&t » AQ;-E@ Aga_ i Aca
- a—— : I & a3

Z&ft ‘fc:g

(1 ) in the steel anchor

-
Fiey Cl

Load increase (P ) over preload

add D
tuna!.,“
P = T ., Ll 2 0,34 P in exc '
&dﬂot b tunexc§ Ve 54 Ip in examplc
A
where 51 .
= OQJ
A
c.
i
i
st .,
i -
[P
Jo
1;:-
—> = 0,50 :
1

A
'Qj_i -




[rechiine tool vibroitiorn : Y }
T K
Regonerative chatiaor A
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Yool-worx deflections due to clinnging cutting force{compononts
Y_oand V)

X Y
a) P couses defleciion Y normal to tne cut suriace

I
Y depends upon receptance of structure in
Y - direction

b) l’x caugsces detelction X é:xngentia}. to cut suriaca.

The detlection ¥ i ol primary immortance since it dictates
“ne chip thickneass (and thus forea) variction.
Ir Y« ¥, etnble

A 4 > YO unstavle

-
s

Limit or £tability 33{5 = 1y |

Pode coupling chatter ///f[ o
Pl -

O
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Two nmoden olf vibratiaon of close natural freoquoncies, omall
troanclent clunge in P reoults in ellipticuli tool puth.

Imergcy conoiderations show that antliclockwise movement ig stable,
clockwise movoment unactable,

Lxamples ol stiffnest, stability and damping devices (Active

and pusutve)wil] be chown.

e) Operation, utilization and maintenence

Operaition can be
manual by niiilled worlior (a.g. cantre luthno)
manual by unokilled worker (e.g. cupuian or turret

, . . lathe)
uutOanlc(mcchunlcuL) cum operated

uuLomntic(N.C.) 1) by control tape
ii) DG
iii) CNC
Machine tool utilization muat be evalwated from several points

of view, viu.-

(\ Utilizmation ol
; . .. . 4 Vs .
e 1) available +time (muchiine loudjng)
ii) uvailuble capacity (size, power, opoerwticnal
cenairtions)
iii) obtuinable guality.
i) depends on ii) and Lii).
Wxample: Worlkpieco statistics in Germany in 196005 showed
itnat centre lathes were utilized
i) 264 overall (469 per.ohift)
i.i.) for 90w of lathes, Length coapasiity 2000-5000mm;
diameter capacity uv to 25C mmn.
aetual. diamecters o 00 200 mm wnd lengtias 250 mm
iii) quoulily requiraments must be clearly otuted .
czumple vtuder m'indor).,
Operanticnal accuruacy depends not only upon the accuracy wiil
which the machine 100l has been manulacturoed but vlso upon the
operntional melhod,
lrrors can bo corrected, but vardatlions cannot.

Concliatency more important thoan absolute accuracylexample:llorse
trn)cr)

PTenting and planned wmaintenunce cuocential.

o) ,
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vostator Conyreold ol dachiine oo

Loy . . . [ EPTENS , .
With compuler numericul control (C.N.C.) w mini computer is

permanently connected (o thne machine tool, Thia allows co-
widerable lexibility beoecoune changes in opurntionnd conditionsas

1 -

can bo luacorporated nt will in the program which can thus be wvaried
in accordince with spoeciflic reqgquirements at any time.

The introduction of direct nurmericil control (DCJC) lesads to thae
pocsabilily of conteolling o pgroan o mechine tools fraom o car bl
proucessolr via an intexrfiocce at oach machiine, The individual coil-
Lol eqguipment situnted next to ench machine oloo Luclwles the
pewor clectronics For Lhe fewed drives, and in some cuses a Wit

play lerminal provided for wuximicing inter-acctive com uaicuTion

vetween Lhoe contral rprocescor and the operator, Alternatively,
enc naciine Lool e be coatrolled by vh cunvention NC or CNC

couniroller dLn whaich chne trne UNC communlication links operate

behind the tape roadar,

n order Lo ctudy the problem as o whole it i perhaps appropriate

—~
\

te connider farst tie nadln advantuge of using MO in general, be

t JIC or LNC, Market roesearch cuarvied out in U.8.A,., which

(U

hisy been creporvted and diccucsed in Oormany, indicnted that ihe
o. Leinable workpiece quality, wccurancy end smwrfouce Iinish are

the decliding fnectors which influence tue production ongineer in

Tavour oif NC, Base ol propgromwing, reliability and consistency
era also tnportunt fentures. The onoe of setting-up, the possi

bility oi using stundard eutting tocls and ol produclag opare
parto gudcitly Lrom exinting towves ax and Jhen required arc fur-

PR .

Jdavenluges, The provicion ol Large stores ol work in

=
8]
Y

Nrogress can be replacea by progsramnmed and tape-centrelled intor-

mediate SLorare. Mod i, icawtions 1a the degipon ol Lhice product
cun be chlered Lfor by quick choanpes of prograunes and topes.,

. N . . ~ad
Varistions of tho cutting tool dimensions due t o wear and/ or

-

regrinding cun be allowed Lor by moues ol simuvle monucd anpul

slignols, .
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Testing of Muachidine Toolw

Firat tents: Accurwcy with which machine iools nad been manu-

. <2 o : . . —
fuctured (Alignment torts, udchlesingar 1927). Sulauon(1937)
introduced the manulncture o) test picces. These teots are

not aufficient, cnpecinlly for conventional machines which huve
veen udapted to modern methiods wach tu3 NC or diglital rand out
measurementos, Here accuriicy must be higher uand nore clearly
deflined because an operator's interference ic undesirable and
yorkpioccs must be more accurate hecuause of the needs in connec-
tion witlh subsegquent operations. A typical exanmple iu the voring
of 1wou co-mxial holess from both sides of a work-plece, which may
be fuuster and requires a chortor Loring bar than boring from

one uide only.

)

Modern measuring equirment (e.g. lLuner-Interferometer) mukes it
pousaible tu cuiwnblish and record necurately and quickly many
inaccurncies, dicplacements, deviations cetce. They muay eithex
be geomelric crrors in the origunal machine confipguration or
they muy occur during the operatioir. of ithe michine under thne
eftects of the lorceo uacting on the structure (exther cuttang

forces or changes 10 the distibution ol masses due to the move-

manila ol Lthe machiine pﬁrts).

We must dintinguiah betwoen:

o) protolype testo which help in entablishang the capabiliitios
of n wmuchine nand in Lmproving fﬂturc designs;

b) acceptance teunts of machines which ﬁuve been built to desiens

whouse performance standoards have been established and wccepced.

Il

If geometric errors aure due Lo denign weaknesscs and not to in-
mccurate mrnufuacture and asoembly, they con sometltimes Le correctilea
b, ouiluble steps during accembly blhb sueh corrections usuallyy
Lead te other faults and dilfieulties. ! Brrors cun uloo be
introduced by bad setting-up and these must be olininated belore

tir. LLlume for bud machine performance can be put on the macuine

tool Ltself.

Nxamnlae o performance toeuotis

1. Lccuracy ol woricings movenments

llovement ol o slide 1ulo o predeterm.ned position. Compariso:n




3

ol netaal position reuwconed at end of movement and cet "torgetn!
1

{Determination of "systen errors”), Averagse orroxr

1

ever Lomne 2 threel ponitions snould be detormueinoeg, On woot

machidnes "Lorge " must alway.s be apgroached Lo the ranme doarceciioa

o oordee Lo avoid bacilivsh or thresh.old erroris. (Sometimes poo-

viaed Jor i wcome numerically coatird Llod macaines). Two impor-
Y

Lant we tinods indd down by MO0 AL (Hational Macnine Qool Thuil-

dor s ,'\L-):‘_,t.‘cﬁu.l,i()n) rrad Vo0, I,

Pofference: Nod 2 B AL detaormines reneatability Lfor each toarget
position,
Ved.ls dJelfines average raepeatability over wnole length of move-

AL ONY wne AXisc.

Usually repeantability 1 uniform uveo the whole leongtn of move=

rnent, If 1his is not the cace then WNTHA method i1s vreferable.

\ - NS el . .
ixampla: Geatterband woaih 3 & ol repeatubility

[

lutively lurge when table od horazontnal borexr i

Wwith the VDT methiod this

6]

end of 1the lLcocadocrew.
varue would rnot be shown and the avirage scuttor
ut tuce position whore (& = G,7{km, The choice
rtiono i1e wwmeovrtint L cyclic (pérladic) arnroxi;
‘tormined.
e Lors.

Gioening Larget positions which are opaced nt in
the loead

ment. Thio eliminuwtés any influence of cyaelic

QrIrorsS.

telerance reo-
at the drivaing
large scatter
would appeax
of turgcet vo-

have to be de-

Cyclic errors can oi'ten be greater than progressive

At UNMILTD we determine Uirst the progressive crror by

Ltervals equal to

serew nitch or a mulilople ¢ it wlong the axis of move-

Then

we Cchoond S0ine (uay 5( ) cquidlistont Ltarpet positicns distributed

over o length of at lewst two ritch lewgths ol tThe lead screv,

Those soerve tor determining cyclic erivord,

Lxample: NC bLorer table noving wlong X-uaxis., Po
tiroupsh oynceiwros Titted dirceliy Lo L‘n_e Tead oo
of macnines with incrementa’l meooucring egulipmont
If an avxsolute rather than incrcmental measuring
the wccuracy ol wetlting it i vital if cyclic er

avoided, Bven on o measuring wmuchine equipped w

sition Tecd buck
owe, Cyciic exrrovd
wire usually smallewn

sygstem i1d usaeda

9]
7
W
-

rors arae to
ith lineax incuc-~

-

tocyns we tound a cyclic error (period of 1.25mm) of 175 v&m\!).
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The acceptance tert had been curried out at turgets which were

epaced by multiples of 1.2% mm, The exrror waus discovered when

v

test piecesn were found to be faulty.

es by continuous path

For machines which are to produce p‘c'of 11

cuontrol erroro can be chrused by itnreshold effect especially

winen Lhe diceciion ol muvement along once axais has Lo be reversed,
An American Simdard (N,\ii) requires n circulaxr test plcce to Lo
machined and measured, ce.g. by Talyrond.

n

hxnumple: fniyrond graph shovinge 0 crror slong cue axis, which
may hnove: been caused by o "uwoegative” loss of movenent., (L& sucn
2 loss 16 caused by backlash or octradia in the lead sccecrew drive,
the positicon feed back being tuken from the rotation of the lecad

cerew, the loss would bo considered pos:tive).

Loss of movement cun lnt'lucnce tue repea ability ol a syrmc‘m;:c‘r:)_n

Along u vertical axis to @ roelatlvely larcer extent tliian in the

cqoe along norizontal axes bocause ! pogsible creeping movenenis
2

of tae rciides under thoir owfee weight., Errors sco cuused Liave been

found 1o be up to 4 trmes those along horizontal axes,

vetormativagundoer Jond

Thece depend groeatly upon LLo destomn. They nre caused by chaage
vl the foraes aceling onoaodblructure Internal and external fac-

tors ¢t conbtribute to this.

) Interual
The uvsiruclure ol Lue wmachine i1tsell cuon vary throusn
chaunges in position of wubhle, rem, spindle head, exe,
b) External

Weight of workpieces which are moved, the apnlicaotion
a0 heavy Ltool o rriers or Cixutures, culttlng forces.
vome typical exoamplon which we hive owad Lt ours wora

Ntraiehtness of Lool path (hori:mn‘cul bo:‘er)
f;quj_'th run droop corpensatlon)

wxample norisontul borer with meving column

"Mewns ’).I‘Od deviation 0 i with the hoad clonped to ti.e

Coaumn,

1) .1{7110&;‘Llu tewt with trnoe help ®L a "pseudo-sctatic"exciteor

(10 000 N ut 4.5 Hz i.e. well below Lhe mucnine's notural
Lrequcncy)

et

.o annper of regonance bat thne deformation ol

ows also a asirnuscid=l
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oinblo and 2
ne ¢o
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Slone o= WL

Verticul deviat
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L + o

\ he (L'u)
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= o= WAl e (an)
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The patn ol the ram
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Coofticient ol 4 res

path relative Lo ids
o)

P . o 17 %
Cofificient of 4 re

= A i

he differ

It wiws found toat I°
Cb

1he hicag ennnot be ¢
croablor Lo owith oo
aacord iy,

e rotabtion of taoe
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spnaible For siraighitness of nmovement,

BZ has becn necsured,

ent elewonts {ound throusrh toest resultls,

was tioe woult Cpot. I waeth oo NC machine

Tanpaed Lo Lhn cc Lumi tnen W will be 5
C

- cx
CAmLeE3

clivninad bead raw toe ram droop incroeuses

columrr (W ) Weo wfvectn the pooitioning
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e

Lo e Jixad a0 tae

reilghl oF toe o raam, Lhwe

reiercence Loint oo thie colluwwag moves with the coluwen rotetvtion ~nd

t:i1¢ error i proporiional to Snoe bhrlgont hooand the uw movenen

The nflarace can be

L
L

determined by wtlaching o level to the coluo

w1 aourdingg it devisction 'roaw thy vertical during tne ron

movaemaent, Iv ie aloo nossible to oqrry out two measareoments ot

oy g
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duc o Lhe column ro

for <o ruar movement
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canildarly for a machiune whooe tubl}(: nosLtloning was accurate
wheo tLuc Lable ciwaried no lond, under $he permicssiblo workpiccee

welight ol 1130 lzg diusplacoments took place.

-~ » 4 . s .
Srroro dauriuyr table rotatinn (boring from iwo cidesw, toable

. 0
rotation 1307},

Tfable wrin must commecide with vertical axisc of spindle head
movenent, wnetlher (nble io Joaded or not,
4 ceseas are connadered:
a) Tablo cu vaice atl rachit angle to axls ol rotation
. . , . . \
which 1o not vertical (1-2 reading ol level).
b} The ran toable as a) bubt axis of rotation vertical.
3\ ¥ < - . . » .
c¢) Table surfuce nol -t 1right wngle to axis ol rotation,
and axie ol rotation Lot verticul.
\ . . . . .
Jd) Wable sucluce not at right angle to axis oi rotation,
but axis ot rotalicn vertical.
By takwing readings with a preciuvion level it is poscible to

deterinine the vositioa or table suriace wnd csis of rotation.
Heasurements on a waclane table witbh a load cerrying capacity

of 10,000 kg were ¢ wrried out with the teble withont load, and

(&)
excoentrically loaded. Irn this cuse the accuracy was found to
Lbe bettior under load ilr. that the slope of the axis of rotation
was 0,074 mm/m whilst witnout load it was 0.032 mm/m.

The mudel shows Lue reascn for such variation.
(L+X))W = QLAY ,

wf = Y
»/xg lrf‘.iz
Y =

2 2}121)
- ‘."J JI—X
[‘1 T 2L
1
Wnen Lhe table Lo rotated by 'lz-‘»()o Y (I.'or point 1) nnd Y,;

(for point 2) cun be found in the same manner

'S ﬂ_l-___l+- X

1 2]:1 L

\ W S, [i=a \:
o= Ty

c) 21\.211

The rcadings from the level cuan then be used to deternin K'l and
K,) for o particulur tablce,
Ir K'l‘ = K2 = K, the tuble slope is
Yr— vro o _UX
i 2 = T3

- ~nYr 2
2. 2L 2K

i
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The vrivaopenatldty ol able sarfee aul ario ol cobotion L o1e-

4

depeacut olthe load or the excenitricity oid ite cuntre ol pgravity.

. . / .
If, hoevever, the stifiheans K,‘ F K? errors ace boungd to arise.
4 (A
. . - A .
o w michine which was load tested we found, e.g. i 1,607 with
L AN
. )

P

recul ting troubles.,
Another eriror can be coawsed by the vertical divplacoement ol the
table undeor load.

This is

L

‘cr tle Loltore mentioned exomple urder o loud of 5,000 Wooan
e 2XContricity of 100 mm the vertical crrox due to 1807 ro-
tation wao 'J'.")"%m. For heavier worlkpnieces and greater excen-—

itricitliesn the error cuan become sicnificunt.

et cifcects

Lffects may be due to temperature-cnunges in the worksnop, but
MOre nerloun errors aroe cauned by iaternal hewst siources in the

moecitine csuch s spindle bearings, cur boxes, hydraulic drives,

n,drontatic bearings, oic, They cun be reduced by suitable
nroviglon i bthe desipgn of ihe waclnues, Unfortunately heat

Shotribulion offectn ar not deteetod by the meal uaring systen
ol the mactane tool dtoell and Lhelr insluence cun perhaps best

Lo conpared with "drot " o in mosouring or setting devices.,

%]

The rolaotive dinplacement bhetween machine spindle sind workiriece

-

cihin e meusured by weans o Lo trusents seting Leilweon the

using Lwo dlnstruments in ecach ol tho axeos (% und ¥) 1t 15 poscible

4
Lints oan entubliihiinge o heating oyc.e which represen s typicoal
word. g condtbiong, Gueh me Lpindie opeod, workiogs tIL:‘.n.(‘, roeal
Lime ohe, “wWe hbive chonen o use 0 "mon b o anlovouradd ot eyeldo,
putting the wachine througn two complete wor' ingy cycles and

measuring at top arnd hotliom sviadle speed. Wwe measured nori-
zontil spindle dicploacement of o lJathe with truusducers wuaich
vere corranged atl dictances o 1930 ad 430 mm reapectively {rom

the vpindie nuse 1 botly the horisostal (1{1 and II,)) and verti

cul. (V1 and, V2) Planes.

Lt d(:i.c::'.':.:ne al.oo angulur dioplacenents. The basic probdloem Ccore

O



-
L
!

Axial driaplacoments of Lhe i indleo weore mencored by o inotruament A,
AN . ) - ] - M- . . . 3" . .
fhe vertoend dinplacemnent, whieh bt Litule waeiluence on e Lur-
ning cocuracy, weelrcases with incercasing opoeed. Ve norizonteld

dlnplineement wi e ot

pctod Ly Lhe socead and coon approacaed

ansyonpltotic illy the vylue 3 ."f’a:'fm,

An tntorenting exoample of heat diotortion coused by hydrostnvic

Glidewany boarings occurred with oo colamm of o aor.sontal. borer

which nad to travel alony: the bed ol the moachine, he wngular
errors (n thie colwin position were mowsusod. "hey waere coaused
T

Ly Lhe tact Lt the machivne had two oil Lanks: wvhien were connac-

ted by . ipo. The vuap drew oil from tanc< 1 and puaped it to

the bowrangs, It une position ol he coluwin no ool was ciiher

arawn Urow or roturned to tonk 2, oo thag the oll tomporaturce

in tank 1 was higher than that in tonk 2 unless the column vas
S

traversed from rignt to left and low temnerasture ol suppliied Lo
tanle 1, hic reculted ia delormaitions and an Lmpoussibility to
>

obtaln repecutable posationing ol the column.,

forence betwveen laboratory and_Woitrshop measurcments

) Pemperature changes in the worxshop may be exceosive
and overlooked.

b) I'n the worlushop ellccls o neishibowrong dwienanes,
cranes eblec, may be Ltruncmitted to 1hne Tfoundations
and afllect tie behoviour of o machine,

Vibrations coused by indlucunces mentioned wider b,

(¢
-

may alflect spirit level readings. Wlectronic levels

c
which can:.be danped and whose sensibility io adjustable
cnnl overcome il problem.

G ) It ilo dmporviant to employ expericucaed Locotors,

y cunclusions caused by lack oi basic kaowled:e

.

Pault
nnd the bhabildity of o sound analylical approach mays

prove cousntly in terms ol qoney, time ard cflort.
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2, dipgi, PMPixturep, Quality Control.

In the design, manufacture and application af equipment snccially
intended tor producing a particulor workpicce or type of work-

piece coertain considerations are importuant,

\

A specifticantion must be established, which considers the ultimrate
nurnose and tasks o!' the device in quostion. Thece must be re-
conciled with the availuble plant, the available power resources

and the cogt which can be curried by the project.

The purnose and tunlia mny cover one or several of the followiug:
Worknieco or muaterial handling, lovcating, clamping or piroducing
(machining, preascing, forging, welding etc.) These tasls must
be arranged in the- required order of impertance, so that it is
rossible to establish priorities. The necessary degree of
accuracy, productiviiy etc. must be definad. The decicion as
to whether a single purpose type of equipment is essential or
whether a more universal device can be employed will influence

the cost considerations.

Simple crst culculation for special purpose device (#K.Roe, Mech.
Fng. Fab.1941).
‘uaoationn:
1. How many components must be produced per annum to make
th~ special device (jig, fixture, machine) puy?
2. If a certain saving in labour cost is required, what
is the pormissible cost of ihe special device?
3. How long will it take Tor tie special device to pay
for itwelfl?
4. What will be Lhe profit carned by the upecinl device
for a opecitiic saving iv labour cost and a given output?
The various items to be considered nre:-
a = annual perca@ntiyre allowance for "intereest on investment”;
b = annual percentape allowance for fixed charges, such ug

tnxaes, insurance etc, ;

= nnnual percentoge nllowance for maintenunce;

o o
i

number of years &l lowed ior umortisation of investment
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= number of workpicces produced per annum:

-15-

= annual percentapre allowance for derreciation und

obsoleccence based on uniform deprecintion;

= ectimated toitnl cost or purchasing price of the

special device;

= number of workpieces per bhatch}

number of batches per annum;

/
u.n

= cont of cach setting-up oncerution including cost

of dismantling (in the cuse of o special Tixture)
in order to restore normal condition of the plant
for other operations;
{
annual. coast ol netting-up;
Yol = Yo o ;
saving in labour cogt per workpicee;
annual toteal saving in direct labour cost;
N.s;
overhead peércentage ol labour cost,
danual totel saving in ovorheadn;
< o
Agﬂt'

annual gross profit.

cide por uanium Debit side por aanum

el w No(1+t) = wune(1+t)

y.u+i(u+b+co%)

(4]

Ancwer Lo question 1. 1
vou + i(u+bic+=)
¥ g i
d(1+t)
Angwer to _guesntion 2.
[ & Ne(1+4t) - v.u
.= 1
aEbiet
[ ¥}
Anower to quenticn 5,
h 2 .
T u {na(‘l«rﬂ-ﬂ - i{nibic)
%gi‘- [ns(1+t)-ﬂ ~(a+b+c)
inswer to quection 4.

1’)

0

uns(1+t) - yu = i(a+b+c-i)
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Quality cnhtrol?must be becsed onithe requirements of the desirn
ac indicanted on the production drawings, These roquirements
ny bhe bhned on the product satifying ‘the couditinnc under
which it j:. to )be used, or on wmanutucturing needg,:uch ng fit-
ting Lntu’xl&turﬁﬁ, providing reference facen, boeres ete. for
Gub,Lqucnt oparatlonb otc., Qunlity cbntrol can be effected
by octuul «insp(;b tion opcerntions, by relrf-cliecking Tixtures, by

b4

in=procean neasurement ete,

.

Inspection equipment, guupes, compurators, curface Tinieh and
roundnes: measuring devices etc. are avuiluble. Advi:ntages
of "po" und mo go" equipment rather than measuri:g devices
civing ubnoluté‘roudinus. bHelective qﬁd non-seclective inter-

cdhangreability.
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Period

Oct., Nov, Dec.

1869 1970 §970
Average Average Average

Sales i 1-18 1-54

Total Labour i 0.95 0-94

Machine Labour f i-08 §.15~

Stock i 1.16 i-60

_;? Work -in- Progress § 0-81 0.-74

;;;}; Stock + Work -in-Progress { 0.91 0.95

«% Ratios

. & Sales/Total Labour i i-25 {-64

g Sales/Machine Labour i P-11 §-34

= Sales/Stock i 1.03 0.97

5 Scles/Work-in-Progress f 1-467 2-08
Sales/Stock + W.1.P. i {.30 .62

Performance Index Figures Relative To Unity In 1969 At The Start Of The
Application Of Group Technology

; Fig. 7 |University of Manchester Institute of Science & Technology 0136/6
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""NECESIDAD DE PORMACION DB RECURSOS HUMANOS PARA LA INDUSTRIA DE BIENES
DE CAPITAL"

Dr. Jorge Angeles Alvarez
Profesor,

Divisi6n de Estudios Superiores
Facultad de Ingenieria

UNAM

""Machine tools are an international commodity"
United Nations Industrial Development Organization

En este trabajo se propone un programa para la formacién de los recurses hu
manos que requiere el pafs en materia de produccibn de bienes de capital que

consta de dos etapas: 2

En la primera, a tres afios, se forman especialistas en las diversas Areas de
Ingenieria de Manufactura, a nivel de Maestria, con la intervencién de espe-
cialistas extranjeros en un 80%. En la segunda etapa, a cinco afios se for-
man especialistas en esas 8reas a nivel de doctorado, contando para esto con
la intervencidn de especialistas extranjeros en un 50%. A partir de esos cin
co afios el pais contard con el minimo de especialistas a nivel de doctorado,
requerido tanto para proyectos de investigaci6én y desarrollo de la industria
de bienes de capital como para la continua formaci6n de recursos humanos pa-

ra esa industria.

En la primera etapa se elabora el currfculum académico, dentro de los progra-
mas de Maestria en Ingenieria Mecinica existentes en la DESFI®; que tiene

tres objetivos principales, a saber,

/

i} Formar recursos humanos para satisfacer la demanda de personal docente
en instituciones de educacibn superior, que ofrecen licenciaturas en

Ingenieria Meclnica

®Divisi6n de Estudios Superiores de la Facultad de Ingenieria, UNAM




ii) Formar recursos humanos para satisfacer la demanda de personal de in-
vestigacifén en los centros nacionales de investigacibn cientifica y

tecnolgica.

iii} Fommar recursos humanos con un nivel de especializacidn a 1la altura de
los que se encuentran en aquellos paises industrializados productores
de bienes de capital, para la producci6n de estos bienes con la cali-

dad y costo requeridos para competir internacionalmente en este mercado.

NECESIDAD DE PRODUCCION DE MAQUINAS HERRAMIENTAS EN EL PAIS

La producci6én industrial de bienes de consumo, desde un boligrafo hasta una
flota de buques tanque petroleros, requiere el concursc de una amplia gama de

procesos de corte y formado de metales.
<

Para la realizacidn de estos procesos se necesita la utilizacidén de diversas

miquinas tales como: tornos, fresadoras, cepillos, talddros, brochadoras, rec
tificadoras, dobladoras y prensas. Las seis primeras, englobadas bajo el nom
bre genérico de miquinas herramientas (MH), son las que intervienen en el pro-

ceso productivo de bienes de consumo mis notablemente, tanto por su nimero

como por su costo. Por esta razdn, la Organizaci6n de las Naciones Unidas pa

ra el Desarrollo Industrial (UNIDO) ha realizado investigaciones acerca dc la
demanda, a mediano plazo, de miquinas herramientas tanto en paises desarrolla
dos industrialmente como en aquellos en vias de desarrollo. En este sentido,

UNIDO ha publicado las siguientes estimaciones para México en 1980 [ 1,p.67]
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TABLA 1

Poblaci6tn (miles) 70,664
PNB per cipita (ddlares) 751

Demanda anual de maquinaria industrial
(miles de ddlares) 998,500

Demanda anual de miquinas herramientas
(miles de dblares) 83,310
Las estimaciones correspondientes & Brasil, que es el pais latinoamericanc

con cifras mis préximas & México som:
TABLA 2

Poblacién (miles) 125,742
§
PNB per capita (d6lares) 389

Demanda anual de maquinaria industrial
(miles de ddélares) 490,540

Demanda anual de miquinas herramientas
(miles de dblares) 66,590

De las estimaciones anteriores puede observarse da influencia que tendrid en
los paises en desarrollo el consumc de miquinas herramientas en las economias

de esos paises.

En México, el consumo predicho de Mi para 1980 serid del orden del 30% del pre,
supuesto de la Federaci6n para 1975, lo cual representari una fuga de divisas

considerable si no se producen esas miquinas en México.

México esti produciendo miquinas herramientas; pero el consumo de las mismas
excede desproporcionadamente la produccibn, pues mientras que en 1970 exportd

100,000 d6lares en Mi, tuvo importaciones, por este concepto, de 65 millones




de Gdlares, en el mismo afio. En ese mismo afio, México ocupd el 29° lugar en <:>
la producci6n mundial de MH, y el 3oen Latinoamérica, después de Brasil y Ar-

gentina, como se muestra en la Tabla 3 (2,pp-16 y 17}

TABLA 3
1970 1971 festirado)
Corte de Forma Partfi Corte  Forma Parti-
Toat  Peteles f00% ClBe morat TS 2SS Cibeen
leg en la les 1a pro-
{millones de prod. {miliones de duccifn
dBlares) wmundial d8lares) mundial
Repdblica Federal . {3) %)
de Alemania 1,479.0 1,016.4 460.6 18.9 1,820.0 1,230.0 590.0 23.4
Estades Unidos 1,443.1 992.9 450.% 18.5 980.0 662.0 318.0 12.6
Jap6n 1,109.4 867.4 242.0 14.2 912.0 722.6 190.0 11.7
U. R. 5. 8. £,073.0 803.0 270.0 ' 13.7 £,160.0 865.0 295.0 14.9
Gran Bretafa 476.9 378.5 98.4 6.2  465.0 367.0 98.0 6.0
Italia 433.6  346.9 86.7 5.6  423.0  338.0 85.0 5.4
Francia 316.5 , 240.5 76.0 4.1 387.0 273.0 114.0 5.0
RepGblica Democr§ ‘ '
tica Alemana 252.3 185.7 66.6 3.3 260.0 193.0 67.0 3.3
Checoslovagquia 250.0 230.0 40.9 3.2 275.0 230.0 45.0 3.5
Suiza 242.0  206.0 36.0 3.3 266.0 226.0 40.0 3.4 (:)
Polonia - 123.0 212.0 11.3 1.6 145.0 2132.0 13.0 1.9
Espaiia 88.6 77.5 1.3 1.6° 98.0 83.0 15.¢ 1.2
Suecia ) 66.0 43.0 23.¢ 0.8 ¢/ 79.0  51.0 28.0 1.0
China 53.0 31.6 22.0 0.§ 58.0 43.0 15.0 0.9
Hun:rfa 44.7 841.6 3.1 0.5 47.3 . 44.3 3.0 0.6
Canad§ 34.9 21.1  13.8 0.4 37.0 22.0 15.0 0.5
Béigica 33.9 i6.3 ~17.6 ~ 0.4 37.4 17.7 1%.7 .0.5
Brasil 33.8 - 19.6 14.2 0.4 34.4 20.0 14.4 0.4
Argentina 33.4 °  19.0 14.4 ©.4 . 34.3 . 19.1 15.2 0.4
India 31.2 1 29,3 1.9 0.4 . 45.0 42.5 2.5 0.6
Holanda 29.7 18.5 11.2 0.4 33.7 21.1  12.6 0.4
Yugoslavia 26.0 . 22,5 3.5 0.3 36.2 29.0 7.3 0.5
Austria 25.4 . 1i.6 13.8 0.3 28.1 12.9 15.2 0.1
Bulgaria 23.0 21.0 2.0 0.3 26.9 24.6 2.3 0.3
Australia 22.5 6.2 16.3 0.3 23.9 6.8 17.1 0.3
Rumanta : 17.0 15.5 . 1.5 0.2 22.8 20,8 2.0 0.2
Dinamarca 24.7  .i9.1 5.6 0.2 15.3 ©  10.1 5.2 0.2
Sudifrica 7.2 '3.3 3.9 7.0 3.0 4.0 0.1
México 5.0 2.0 3.0 ) 5.0 3.0 2.0 0.1
Turqufa 4.9 2.9 2.0 e .ces -

. Portugal 2.8 1.5 3.3 8.5 T 3.1 1.7 1.4 Q
Egipto 1.7 0.7 1.0 cee  ees cee 0.3
Xsrael 1.3 1.0 0.3 eoe eoe ‘o
Chile 6.9 0.5 0.4 . coe ces coe
Otros pafges ‘ 1.0 0.6 0.4 ces .o. ...

Total mundiald,801.4 3,776.62,024.8 7,765.5 5,713.62,051.9



Se puede obtener una idea més precisa sobre los tipos de Mi de mis consumo en
<A> México con la siguiente informaci6n {2, p. 42}
TABLA 4§

Porcentaje entre manufactura nacional y constuo, por tipo de miqui
nas herramientas, en 1969.

Tornos - 15.6
Taladros - 12.5
Rectificadoras : 7.9
Prensas y cortadoras 19.4
' Forjas ’ 5.2
Miguinas para corte de madera 17.5

En la tabla 5 se muestra estimaciones de importaci6n, por tipos de
MH, hasta 1980 [2, p. 42]

O ,

TABLA 5

{Unidades)

19¢7 1968 1969 1970 1975 1980

Tornos . 2,362 31,685 {1,903 &,500 2,028 3,051
Fresadoras o 390 400 ' 526 365 500 734
Taladros 929 957 835 993 2,020 3,070
Rectificadoras 643 819 872 954 45 1,450
Prensas 540 601 790 543 1,105 1,558
Otras miquinar para

procescs de metal 1.873 °2,282 2,242 2,806 3,040 3,840
Mdquinas para corte )
de madera . 1,566 1,185 1,586 2,127 1,770 2,260

- Fuentas Foreign Trade SBtetistioal Yearbooks, Beneral O0ffice of
Btatistios.

<;> Seglin estudios de la propia UNIDO, ningGn pais satisface totalmentc su consumo
de Mi., No se puede esperar, por 10 tanto, que México llegue a ser la excepcibm.
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Lo que si se puede conseguir es abatir =1 volumen de importaciones, al mismo
tiempo que incrementar el de exportaciomes, con el objeto de obtener una me-

jorfa en la balanza de pagos del pais.

‘Las alternativas que se presentan para satisfacer la demanda en MH son:

1. Importar

2. Producir bajo contrato

3. Explotar una patente extranjera

4. Producir a partir de disefios propios

S. Reconstruir miquinas obsoletas

Desde luego que de estas alternativas la mis sencilla de realizar es la pri-
mera, que requiere una inversif6n inicial minima y no requiere técnicos espe-
cializados. Tiene el grave inconveniente de que, en primer lugar, propic.a
la dependencia tecnolégica del pais y, en segundo, desequilibra desfavoravie-

mente la balanza de pagos del mismo.

La seginda alternativa solo requiere la existencia de mano de obra b arata,
pues la participacibn técnica del pais es minima., Deja dividendos al pais
solo por concepto de mano de obra y, en grado mucho menor, por concepto de ad-

ministracibn. ' ‘

En cuanto a3 la tercera alternativa, se requiere contar con técnicos experimen
tados en procesés de manufactura y control de calidad adecuados para que la
compaiiia concedente de la licencia confie en que el producto que aparecerd
con su marca sea de la confiabilidad de aquel que ella misma produce. Impli-
ca la fuga de divisas por concepto de regalias pagadas per la explotacibn de

la patente extranjera.

Respecto a la cuarta alternativa, producir M{ a partir de disefios propios, es

la mis dificil y mis costosa, inmicialmente, de‘gealizar, pues el proceso que

O



comprende desde la conceptualizacitén de la mdquina hasta el desarrollo dc + di-
sefio particular es tardado y requiere del concurso de expertos con los que no
se cuenta, al menos en nGmero suficiente, dentro del pafs. Tiene la venta a de
que, una vez iniciada la produccién, el pais comienza a recibir no s6lo la uti-
lidad que la producci6én implica, sino ademds, abate la fuga de divisas porgque

no hay que pagar regalias por ningtin concepto.

La Gltima alternativa desde luego que fambién debe considerarse, aunque nc puede
esperarse que por si sola satisfaga unz demanda cada vez mayor. En efectc, dada
la longevidad de las MH, las miquinas inGtiles, accesibles para reconstruc:ifn,
no sbundan. La tabla 6 (1, p. 42) muestrs la distribuci6n de Mi en la Gran
Bretafia, por edades, en 1970.

TABLA 6
Edad (afios) Porcentaje
S 5 menos ‘ 19
& -9 23
10-20 37

més de 20 2

Excepto la primera de las alternativas anteriores, todas requieren del cci.curso
del personal con diversos grados de capacitacibn y especializacibn, aumestando
la demanda de personal técnico especializado en la tercera con relacidn « 1a se
gunda. La cuarta requiere, ademis, de la participacifn de expertos en di: cfio,
investigaci6n y desarrollo de Mi, con 1os que el pais no cuenta actualmerie en

n(Gmero suficiente, como ya se apuntd




ESTRATEGIA PARA LA FORMACION DE REQURS(OS HUMANOS

Como ya se expuso antes en este trabazjo, la industria de bienes de capita. re-
quiere personal capacitado a diversos niveles, desde obreros especialistas has-
ta ingenieros investigadores y disefiadores. Aqui se trata solamente de 1z pre

paraci6n de estos Gltimos.

Los ingenieros especialistas en utilizacién y disefio de M deben contar cua los
antecedentes académicos de una licenciatura en Ingenieria Mecénica. La espe-

cialidad que sigan serd de posgrado, a nivel de Maestria por lo menos.

El entrenamiento que se propone de este personal es a base de un programa de

Maestria que consiste en:

1. Cursos de formacibn bdsica: modelos matamdticos, teoria del corte de meta
les (mecinica de 1la formacidn de viruta, temperaturas de corte, potencia
requerida en el proceso de corte de metales), vibracién en sistemas meca-
nicos, andlisis de cargas en estructuras, métodos muméricos de tratamiento
de modelos matemdticos y simulacién.

" 2. Experimentaci6n: Determinacidn de fuerzas y temperaturas de corte, d:e
flexiones estructurales y desgaste de herramientas.

3. InvestigaciOn: Desarrollo de proyectcs originales sobre problemas no re-
sueltos en las freas de: procesos de forracién y de corte de metales y

disefio de MH.

El proyecto definitivo de estos programas se espera realizar con el concurso de
expertos en esta industria,‘procedentes de paises con tradicifn en produccidn

de MH.
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3. PDeoian Foxr Production

Design involves:

a) To establish a specification which tekes into consideration
the purpose end function of the product, performance rejguirsmenta,
tho environment o its opcration, servioce and meintenasnce conditious
production‘retes and comdt ossimates.

b) To explore those details which may determine wot only the
toohnical perforumance aad rcliability but also the competitive
valuwe of the product.

o) To produce the manufacturing spoecificaticis vhichn-in the form
of drewvings, plaaning ingtructions, control tapes, punchaed
cards eto., = form the basic fLfor making the degsirga a praciical

proposition.

Doesign 1is not invention!

The basic principle of a designer's work 1o, therefore, to
allow for and mgks use ¢ all thoso Tacilities which are aviai-
lable both for carrying out the deasign procoass and the aciuael

magufacture of the product.

The taalc of the, designer lics thus in converting idsas into
toohnological realitlies, and he must, thercfore, consider

i) Material selection (tochniocal and economic oconaiderationd

Examples i~ Shaeox pin'

Torgque = P , R

. G2
P = bal °qg;lt
4
2 oo AR
a ., Lult = const. = ;;

i

@ : o s g
EBither small d &nd high ¢ or vioce verca,

Weldod bonoan

Staal Plets with ascotfaced holao

Copy of casting with bososszs weight 20z
. Stecl plate alone 25kg
increasge in cost for Skg of stecl o

“ A
5 and walding (1 aouw ) =EZ,00

o

Labour + overhead cost for proparing booo

C.I. versus stool (etraength and stiffness)




1i; the manufacturing process and procedure are affected to a
¢ertain gxtent by‘i) in that the state and properties orf the

raw material may have a consideradble influence on tha mannaer

in wnich it can be treated during manufacturs. For example iIn

the design of cast iron parts the moulding procedure and the coa-
plexity of patterns has to be considered whilst in the design of
forgings or drop stampings batch size enters ianto the considerzuions.
When considering the design of machined componeats thoe availe
facilities, capacities and possibilities of location, resistanc

to clanmping and cutting Lorces (spo wolded bed plate), irapecting

(jig bored plate) must be borns in mind.

+1i) An important egpect is the fulleat utilization and explolitoa=-
1
tion of the advantages offered by stondardisation both in tho

dosign of essemblies and of compoaents,

The importance o variety reduction s an eid to ilamprdving thc
economiocs of produsction has loag beén reocognisad. Frcom tho
extrome applicatipn of the principles involved, e.g. when Henry
Ford offereé»"anx colour as long as it was black", to the intro-
:

duction of wide rangos of industrial, national and international
stosdards .o; algmenta, components and units, which could ba

appi ied to a variety of products, designers and production en-

i oﬁrs have endeuvou¢ed to reduce the times and efforts needed
for special sat—up requiremaents of machine tools and equipment

and to increase the guantitiea of products which could bse manufac-—
tureé in batchas, proferably in specially laid out workshops.
However, inepite of the undoubted economic advantages which can

be obrained,, one ofiten finds eithexr cpen or at lesest sub-coascious
opposition to standardisation on the part of decsigners who Teool
that it crawmps théir style. They do not realisc that by making
the fullest posaxble use of the avai wo¢e standard 15&%;0 They

can concentrate all thelr energy on the solution of new dosigzn
rovlems, witnout,having to waste time and effcot on thosce provlems
for which sqiutions are known oxr which can be more eillic

dealt with by specialists. Where would machinog design and con=
struction be if, for ¢xample, each designer had +to design, and

sach factory to manufacturs, its own ball and rollexr bearings?
]



el e

Thoe standardisation of pawts uwsod Ll wwall gquantitios fur aiilleo..

3 .

applications, 'and in different industriss, enebles menufachroers

who specialise in the manufecture of such parts to produce then

.

in largor bvalches than would otherwise be poosible.

Wailst etandordisation of time, moacy, weights and measures heo

oxisted for many years in various countries, the beginairnge of
<

standardisation in enginceriny date back o tho middlse ¢l tha

nineteenth centuxry. The mnost common c¢icuent of machinery, the
scrovw threed, was ctandardiscd by Sir Juseph VWaitworth in 1841
and wes followod by the standardneatioan of matverial cpocificationc,

o
wire and shcet metal sizes, roiikcd seciions, koys, scrows aad .

nuto, x»ivets, sto,

'

' '

or mechenismo., & very imporient applicutiss, howaever,

use of dimensions and other nuuwericel veluses, where siandardisation

can reduce &esign work and tooliing cad amanulacturing cost very
considerabl§. The standardisstioca of wi
covering co@posiﬁions, aechanical properiics, sizes and shapes
results in éimplified purchasing, testvang, inspection aand siorage
LLEuee s s Togehbor with the stundardisaticn of limits and Five,

i i
thehatanaarﬁisution of diamatoers end tapers leads to & reducition
necegaary stocks of asuch tools as drillz, reamers &ad Laugos.

m

andardisatioa of radii ia machined iic

o @

The s
duces the réguiraed anumber of profile tools for machining operaltica:

and blending tools used by pattern aalers. The ertendardisav.or.
of machine tTool spindle speeds ana of gegr reduction ra
oY only To.eimplify <he designor’c work but also to Lfocilivute

and to sBpeed up producticon plamndlor and progréessing.
- 1

Phe purpocoy’ of sltaadardisotion ise, thoroforo, on Tthe onoe aund

efrficiouncy and uéonom, iun the uiv of kuman time snd offorv, ou

[

Cteadardisciyion carn be divided into:

3]
3}
|
Y]
H

(a) Basis standardis
- [
Proforrod nuabexs, »rol
'3

3ia0w, Sceldes and weights, VveliTigos,
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~ar prescured in factory pipe lines, screw thread profiles, iimi
and fits, surface texture, teating procedures, drawing ead writing
paper sizes, etc.; in other words, standardisstion of items waich
are applied in all fields of industrial life.

(b) Dimensional standardisation of engineering components:

Screws, nuts, riveis, dowels, keys, gear tooth pitches, etc.

(c) Material standardisation

Types and gualitievs, sigzes and shapes of materials used for Tihe
nanulacture of vaxrious products, as well ss toolo. lubricants

and other consumable goods.

~ / . . . . « .
Gxroup (a) is based on general considerations of numerical itheorias,
An example is the usa of geometrical prograessions Lfor preferraed

. R & Wi 2ol P o
nunbers with ratios based on.ﬁ;[;fo ; ""'v' {3 ) —il0 @ Wi -—/jD
Another example is the standardisatvion of paper sizes in which

]

the length-to-width ratiqs are }ﬁﬂiv This results not only in
tne same length-to-width ratio of the var#ou& sizes but also in

standnrd sneats Lolded in half, qua s, etc., always remaining

rte
of standard sizes. It also makes Hossivle the photo-copying of
H [N

-

any sheet size on the same films and priniting papers, thus ascis-

ting filing procegdures.

Groups (b) énd (¢) reamlly represont the result of a suitable
selection from the full renge of eppwoved quantities and cquelities,
such asg the Internat;onal Standards in which all theore ally
justified and prgctically suitable items are repressentad. An
example is the I.S5.0., standard of limits and fite, waich allows

for eny appropriate combination of allowances and tolerances o

be selected. From this large group of international staundaxis,
national standards are selected for those items which are considerac
essential add suitable from the point of view of the indusirisl
and econOmlq roQuirements of a particular country; and from tTho
national oténdar&iﬂation the sclection ocan procced to oven smanliler
snd less varied groupings in different industrioa or othor ways

of life, Thus Btandardlsa ion nced not cven be limi
in common use in all Lields of engmnearlng. Groups of indusvries

or even sinyle fers can find groat &dvan»agas in introducing

their own standa;ds if and when required.



A fundamental condition of technically and economically effiIciant
manufacture and of the oeffective uss of st ndard components aad
mcdules is imterchangeability; or better, non-selcective inter-
changeability. This involvos eccuracy regquirementis in proauction,

~

Py

"8

gain

[0}

izkh the deslgner must specity, It must ve sitregssed
this counnection that accuracy for 1ts own sake must be avoided,
and that uacb part should beosproduced to the lowest and choeapest
quglity roquiremehts which produce a satisfactory performensa,.
On +the other hend the final coat depends not only on the cost of
the detail pafta but also on that of the comploete assembly and
if the saving in assembly cost, due T0 more accurate though more
cootly machining, results in lowexr total cost, high accuracy is

not only Jjustifiaed but economically essenitial,

The degreo oF accuracy can be dafined by the 'toclerance' which ic
the differentc be%weon the uppor end lower permissible 'limit’

of & given dimension. The tolcrance values depend upen the task
i

¥ p . . . ,
of the component in question ai’dd the re&u*rod Pfit' with the

mating part.” This may be either & ‘cloarancs flt’ﬂwmen the ma-
ting parts hgve t0 move easily in relation to each other, an inter-

ference fit(wﬁen thoe two parta must be ragidly comnected or a

- . . PN - \
‘transition fit' between (w) and (c).
t H
Tho bagsis for aclhieving a particular it beitwgon mating parts
* F {

'
)

may be aithcr the hole or the spaft, differeat fits Loing obtainod

éither by keeplng the limits for the hole diamevrer coastant and
varying those for 'the shaft diameter “('hoie baais') or Vvice versa
('snaft baals ). ITne tooling cost ig usually lower Tor the 'hole
basis’ eyste% bec&use, for examplie, only one size of reamer is
regquired for%finiéhing each dizmeter and the various sizes of
shafts can bg ﬁroducod by controlling the inTFeed of a grinding
machiney wnilsi the shaft basis dystem reguires & number of
reamer giz esjpcr dlumeter gqual to the number of fits used. heo
shaft basis éjstem is, however, applicablc in the manufsciture of
tranasmission nhufta, or in other ope;atlo“~ whora lavrge quantitiles
of bright d}awn matorlul can be used without further muchining

operations. = It Ls important to be aware of the influsnce which




the use of either the 'hole basis' or the 'shaft basisg® exerts

upon design deteils.

An example is a shaf* which is supported by itwo plain bearings
(running fit) and carries a gear block (keying fit).

e Y

The actual values:of tolergnces and limits can be found in =k

relevaent standard specifications. The applicetion of the variocus

=

Lfite which result from the use of these tolerances c.n be basc

on thne following considerations:

Cleswance fits are used betwaen parte which in service must move
nora or less easily in relation to each other, such as rotating
or aliding shafts in their beoarings e.g.:

a slack running fit for mechanicm levers and pins, long shafl%s
running in more tian two bearings;

& normal running fit for cranxohafts énd similar parts;

e close runnlpg fit for main aplndloa‘of maching: tools and
other cases yhero?minhum play 1is impért&nt;

a slldiné fitjfor parts which can ali&e without being actuzlly

B NN

locse, such 4 ocluich members or sliding gewurs oa shafts.

Transition féts age used between partis which do not necessarily
movae in semvice agd when essembly should require & certain smount
of force, e.g. for a

push fit: hesvy manual pressure;

light keying fit: use of a8 mallet;

heavy keying fit: light hammer bfgws.
Interferenco%fitsgare used between parts which must be rigidly
joined so thét loéds can be transmitted. The force required
for joining duch ﬁarts may be considerable, e.g. for a

drive fit: heavy hammer blows;

force fit: pressure exerted by a hydrsulic or screw press or

by shrinkingf

£
The force fit can [generally be relied upon: to transmit exial

forces and tarques. The drive and kcy*nv fits xroesist axi

’(

dipplacement but ébtation mnuast be nwaventeu by suiledls key

arrangements 1f td&ques are likely <o be con81de ~able.
; . .

O



O

Apart {rom ihe agtual Tunction ¢f the parte conocorned the problem
of &ssemblyémust be considored, A sliding fit ls easy tTo ussemble,
even in a rqstrigted space, e.g. inuside & machine body or in e
gesrbox Afpush”fit o¥ a keying £it present little difficaliy

when aggambled on the bench but may be awlkwerd when the purts

aust be asuembled in a space of resiricted accessibility. The

-

assambly oiwa dr+v1ng fit roprosents heavy Iitting work, whataer

inside or oq»slda a macnlne part, and the ascombly of force fits

T

czn only be carr;@d out under a press or By o shrinlking operation.

Whilst forco fita should be tight eacugh to tranesmit toxrgional

-

loads they mubt not result in the material being oversiressad
wihen the two pargb are being connoctod The wall thickness and

length of the make and female pafus,‘tha surface conditionoc of

s
i

the parts t% be %01nea » temparature vu"iatlons in service arnd thae
choicae of lqbrlc&nt uged for pressiagy thae parts together must be

consldered qprafglly, -

‘ Al

Machining aocu*aq1es obtainable by present day 'commercial' stan-
dards are oﬁ the order of IS0 qualitics LT 5-7. About 80% of
workpileces nanu¢dctured to this accura py‘B&tiny the conditiona
of intarchaﬂ&eabiiity, For non—ae*ecziﬁe interchangeability

to “be achievbd ir.e. when no akilled‘fitting operations are re-

quired, macﬁln-ng accuracies to highésr ISO qualities are necessary.

I N
[bY A

Dimensional;»oler&ncxng for obtaln*ﬁg the regquired fits is only

'

= ’J o 03
one aspect of enburlng accuracy of minufacture. The whole geometyy

of thc a631gn detall must be ana¢JLca ua¢a Sully dn thids respec

Shapse, flatnsss and alignment accuracias ﬁdat be speciilica o

i :
\ - . 7o
checked, in p&“thul&r cylindrical shapes messured axially (irroe-
gularity or taper) and radially (ovalness), ateppnegs of tapers,

-

symmetry and

e

concbtrxcxty of ¢ylindrical parts, parallelism om
i
parpcnd¢cular ty between axes and Fuces o deitwoen Two Or mors

faces, etc.

Whilst the errorsFin\circular ohape ¢t a cylinder muy be withia

the dimwasional tolerances, the rosulliing irregularity may nov

Xl

4

be permiasible and may nave to be lixsted iz deOunaenuLJ: a shait
whioh' ise vch accﬁrate as ey as tho circular shape of its cross

paction ia o?ncerﬁod may havo a curved axis; contrelcses grxinding

mey produce lobed'shapes, etc.
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Cost Increases

{b) )

Cheap, not vary Economic, easy Aore costly hMore costly - More costly

strong, danger location, fairly . than b, flush . than ¢, located - than d, but

of warping strong with one side - axially by . flush with one
, of plate shoulger- - . side of plate
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In the establishment of . manufactufing organisation the type
and marketing conditions concerning the product must be consi-
dered. Whilst many heavy enginsering produocts are produced
againat a specific order and in more or lese small quantities
(often one off) light engineering products may be produced in

small medium oxr large batches, T
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HERYY ENGINEERING LiGHT EwGINCSiWa

Costs AanNDd INCOM2 Vs, Tihe
( FROM C. ﬁLLJaZ:)

For the purpose of our discusgion we shall deal with the more
geoneral case - of light sngineering. In light enginesring, parti-
cularly in the manufasture of oconsumer goode the problems encoun-

tered todey are two-fold:-

a) If a standard product can be marketed for a oconeiderable time
mess production methods ocan be used, resulting in considerble
economio advantages.

b) The time when standard products could be easzily marketasd
(Ford's famous statement that the customer could have the
model-T car in any colour or shade, provided it was black)

is passod, - ,

In other words in most lines of consumer goods the demand for
specialised produgte and for Limlited life consumer goods ie on
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the inorease.

Thie doemand must ultimatoly be satisfied 2t the assembly stage
when the whole product ie esomplated, In the preparation of the
components, however, @ certein variety reduction can leaed to con-
siderable sconomioes. This preparation, the manufaoture of de-
talil compononte will now be disoussed., Cost is the deciding
faoctor, unless ;kes in some cases - safety, reliability or other
necsssities override cost considerations (e.g. space travel,
nuclear energy, mining machinery, transport equipment, ato. ).
Design of the product must meke possible low-cost manufaocturs.

Apart from well kmowvn principles oconserning gquite generally sim-
plification of manufacture, the corrcot sclection of materials, 1
the design to suit easy and low eost machining eto. are dmposrtant
pointse. Based on the design dravings the planning of the maau-
facturing prooesmes must include the selection of the most sui-
table mmohins tools and the doterminetion of their availabillity
gnd operation at the right time. (Gantt chart). In order i» de=-
] termine the manufacturing ocost it is necsssary to consider not <:>
only the rev materials used but slsc the cost of labour for sst-
tiqg up and running the machine tools and the overheada which de-
p@nd\upon investment cost, running cost of the fsotory,ap@oial
tooling equipment ete, If we take for & given component to be
machined the direct lebour and tooling cost this consistms of the
share of labour ocosts for setting up the machinas (CB), the luabour
coats per ocomponsgnt for operating the maschines (Co), the share of
the cost of changing tools (cct) and of speeial tooling squipuwent
(Ct)o C, oan be subdivided into motual machining cost (Cm) and

hendling ocos? (Ch).

Co o cm + ch = labour cost of floor-to-floor time

The cost of setting-up ocoure only once per batoh (batch sise A)

vhilat the changing of tools may have to takeo pliaoce after a odcrtain
numbar of componenis (B) has boen completed. The cost per mechined
component dspemds then, epart from the cost of ravw materiel arnd

the overheeds, espocially the investmont and maintonace cost of (:>
the manufacturing plant a8 a vholo)upon the coat of speoiasl tools
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( ) Bramplo from Brommer-Holmte, Formchung, Entwioklung und Konei-ruktion
in Masochinombau VDMA, 9.5.,1968, Hamburg.

!

ToTp+ Typ

Es@ » slacktime due to
Neo parxte
No material
No tools or inetructions
Machine faults
Plenning faults

The flocor-to-flcor time
’E; = TP+TE@

and the time utilisatiom faetor (efficiency)

AN
Coat Q o QP + QNP
<:> Cost por unit time at labour 4+ overheade =« PL
machine depreciestion = PM
P, + P
Pma-ll-—-—um
P %¢

Wiéﬁ‘multi-ehift production rm would be reduced in proportio.
to the nunber of shifts vhilst PL would temd to increase besari e ‘
hourly wages would probably be inscreased. Discusesion of pr:i.ciple
of premet tools which are eithexr positioned ready for amsetion :n
the tool carrier

a) multi-tool lathe

b) milling machine
or ready to be put into position in a rotating multi-tool holuer
fized to the tool cerrier, turret lathe or available in a tocl
nagasine from which they ocan be transferrsed to the tpol carriur,

machining centre.

Advantages can be obtained by combining the need for small guantity
<;> or batch menufacture with the @oonomic benefits obtainable from

large quentity produstion, if the "group ¢technology™ oconcept is

applied, Horkpliooce statistics hmvg ohovwvn that there is @ ocertain

l

t




regularity in the distribution of shopes and sizes of workpt.acos
which have to bo producsd 'ln the wachine shop® of the enginuering
industry, end hov these ocvupy tho aveilable time capmocity ¢« f the
machine toole, Foxr the example of turned components the r: tio
betvaon timo occuplied @ @& funoctiom of the total time avells ble
on all turning machines in & factory has beem plotted. If one
can bring similer compoments togothor, taking also into acciount
other operations, it is possible to group small betches of :ompo-
nents wbich are eimilar siiher by vhrtue of their shape and some-

tinmes sise or tochnologicael.ly by virtue of the machining op: rations

nosessary for tholir manufaocturse, cnd thus to form larger ba.ches

vith resulting toshnologicell. and economic benefits,

Ae an example, the basioc sluments whioch oococur in turned com .onents

have bwen &efin@d end combirned in an artificisl "complex® p r<.

1f squal or similer olemonte of tnis complex pert ooccur in . ffe-
rent componente these omn ber grouped together into batches -anich
can then be produoced on coryxesponding groups of machine tou s,

I order to identify the sim:llarity of oxisting parts and .
aesigt the design offioce in making use in thsir newv design .I
those e¢lements wvhich alrxreedy ocour in existing components, .lassi-

fibation systoms are often umed.

Here iy appenrs nocomsary ta stroea the following: the fact that
the slissification and codimp of workpicoes was conaidered . pre-
raequisirte for impleomenting giroup toechnology methods in prod .ction
result.d in many people cono@ntrating all their efforte on¥'oblema
connec-ad with the coding eyﬁt@m whioch after all ie only a .eans

to an =nd end not the end in itaolf. Arguments. arose ac (O

vhether the shape of componerts or the processes involved L., theasr

manufacvture ochould provide tﬁ@ overriding considerationm, o.:
whoethe: a system that wes tal.lor-made for sach specific ocas. was
preferable <0 @& universal one which covered, say, 80% of t-.

requirements.

All systems haveo their proz and cons and must be judged ir con-

- neotion with the needs for seoh wpecific epplication.

However, whilst the oapmoity and gquelity of this importent ool
have beoen extensively studicecd, progreses in the practical .r;le-
montation andapplicntion of the wholo concopt of group ted si0lo-

O

O
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gy in full socale manufacture appears to have been much slower.

The oriticismse of individual coding systems, whioh have been : on=-
tilated in the technical press, have diverted the attention f:om
the value of the whole concept $0 the dotail of one mesans of ¢ shie-

Vim i%,

Acoording to the requiroments of group manufacture machines ceva

be arrenged either in flow line or in cellas.

The fiow line layout is sdvantageous if the sequences of meck!.aing
do not make it necessary to ©end csomponents forward and baokwscdad,
whilat the celliular layout oan be more flexible both in the plan-

nigg and progressing of compomnent manufacture.

The benefits of group technology mevchods ocan best be demonstrs.ted
by the resulis of introducing them into two factoxries.

In order to oontrol the production wystem @s & whole, from susiomer's
order via design, menufaoture, inepuoctiom to despatch, the coa~

puter has been playing an eover inoreasing role, as & fovw GXAML.oI

will now showW.

Thip term is used rather logssly in that it is applied not orly
to' the actual design motivity, i.e. the conversion of ideas irxo
feoasible realities, but alsc ¢to the checking by calculation ard,
if necessary, modification of &xisting ocomponents and struocturas.
The former is dased mzinly cn & ator-e of aveilable data coneszaing
detail olementse (“Menu" Gy@tem) whioh are selected and combinad

by the computer (oftem in & dialogue with the designer) in suca

a mannor a8 to satisfy the speecified reguirements of the prodist
that is to bo dosignoed, whether it i a complete assembly or s ae-
porate, moro or less complex componant,

The first exemple concerns the design of & motor shaft by puttiing
togetheor throe olements, driving emu, middle (torque transmitting)
poxrtion and fam drive end, from & store containing ell possible
eshapoo and sises,; vhich has been eatublished feor these purposos=
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Tho rosult ie a working droving and o planninééh@ct. The storage
capcity winich is needed im ordsy to provides the means for s scarch
on wvhioch the combination of sultable slements can be dbased, and

the logino required for automatically preparing the production

pPlans nocessitate tho use of o very large and sexpensive computer,
Hovevor, by meana of limiting theso tasks through variety reduc:iiom
and & lLeas ambitious appromch, ®.8. by omitting the axtomatio sre-
paration of a planwing sheet, memnufwcturing dravings heve beer.
sugcesafully produced with reletiveliy smell and economiocally

viable computers,

As dax =8 the computer operations for establishing the geomet:y
of the draving aro concernsd it is necessary to distinguish b. -
twveen the descriptive input =nd the processing effort. If toe
informetion. desoribing the geomatric shampe is provided in the
form of co-~ordinates the input effort is high whilst the procr .-
eing offort is relatively low, If on the other hend the inm.-
consiots of a performence zpecificetion, such as for the exam ..
of a gear drivo, povor capeociiy and spoed, the complete ocorrei.t.ng
logio mumt bo available in the computoxr; im othsr words the ne-
ocoageary input cffort doorcemen vhilet the procesasing effort i~
orégaaea In practice thero will bo many ccson between thesa .o

oxtromes.

The deeign fumoction is not ocomeorned meoreoly with the determin.-.on
of goomeotric chapos and sisos. It meay sloco involve the optiu.sa-
tion ¢f funotiomal loyoutw for ocombinimng & veriety of elomencs

and componentd@.

In contrast to a »worl design funotion as described above the .om-
puter oan alco bo uwsed Lor carrying out & ochscking and corrav..ag
funoction. This 45 of considapable importance when complex J .. ub=
tural designes are to be opitimised end vhen sonvontionml calocu.a=
tion methods would be so involved that the time and effort re-

quired would wake them dmprastiosble,

Thie is tho cesc in maochime tool dueign, vhere etetic computations
are used for ocaloulmnting tho stetlis £lexibility of mn existiag
design for & strusturo, vhilot dyncals computations are epplied

O
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when not only the natural frequencls.>x and modal shspwa but wi-
tha tool/workpieoc dynamio characterintiocs must be determined.

In comparisom with the three-dimensional deeign requi.-ewmeéents f{ .r
machaniocal. parta the design of elsesot oniec circuits an: leyouts .
genorally a two-dimensionsl exercise and as such more easily p. o=
ned, programmed and transfarréd t0 & two-dimensional 'rawing.

This is purhaps one reason for eleot ‘onics companies being in

the foref.-ont of those who use CAD ia their everyday work.

The compuzer eaided design centxro of -iemome in Germsny employ.:
the "menu and dialogus” system toget er with & light i#n toon-
rigue as w.ell as & cheapser veraion » .ich uses a digs:.:1 plotta.
It was intereasting to note that alth.ugh the light pen wschnigy
indicated the lateost developmonts in this field the cost of iz
usea @mounté& to about £200 per hour, againat £80 per hour wit
the digital plotter. The rxrssults ¢ both could be transfers.:
to punched tape and utilised accordi gly.

I¢ i® of interest to note that the p. {losophy of the 3iemenas <«
gineers concerning the introduoction «nd application of CAD ap,:
to diffexr from that encountersd with engineers in Gromt Brita.:
vitere the Jirst steps are ususlly ta.en by manual design anu !
wofk ie then transferred to computer assisted drewing and pz s
ming. Siomens engineers believe in starting with the comp-:*t
essisted cdesign and filling in by bha..d these gaps which caruo
he covered easily by the computer. When the computexr is t-
uaed for controlling production the plannimg and programmin.
the whole .rocess must be even more «oocurate thamn it hLas to

with manuel production ocontrol.

For a give. design of a product the various operationn must .
course® fir st be planned, the most su.table machines aselsoted '

the manufacturing cost estimated,

If noew plant and equipment is to be .nstalled ¢to suit the re:

ments of a speoific ppsduot the esta lishment of group techn.

cells, flovw lines or other syetems w y be considered moet a;y, * .ate.

For the ocase of machine shop prooess a, 1,9, the menufacture . T
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detail componenig prior to sssembdbly cf the finished product, t
times required for cutting or forming the various pieces on . dlit ‘w-
rent machine tools, the setting-up, iandling and inspectiom tir:s,
eto., muat be cnlouvimnted or estimatod and the machine loading mast
be determined, taking into acoount tLe batch simes of each part

as vall an the totel quantity to be yrroduced per annum.

Theso oaloculations are uwasually based on an sstimatec of an exps >ted
sales demaand end it is part of the tusk of produstion control t.

be suffici.ntly floxible for adjustirng these to suit any develr)r-
ments or changee in demand for the produst. At the same time

the orxrdsring of rav materials, special tools, Jjigs and fixtures
eto. must onsure that thoe worksghops wro gsnabled to work to the
planned time mohedulo.

When the progross ocontrol is to be ocurrioed out by human operato s,
clerls etec. apparent emergenciee may .ead to panic activities.

One of these may be @een in the appo.ntment of Yprogress chaser.”
who = whilst temporarily solving dif_iculties by pushing e "deo -
perately urgent® job ahead oﬁ am “uryent® one may create furthsar

troubles and greater cheos later on,

In. the oase of computer control, over.turlitices snd esmergenocies
must bo takon into mccount when the ¢eneral programme is devels .ed.
A an oxample in the manufasctuxro of ¢loctric motors and pumps t .o
usual nranual cysteom failed to provide & ocleoar appreciation of L .o
basic problem of relating production commiitmente foxr & given po-
riod of time to tho production capoiiy that was available. Co.v-
saquantly tho ¢gvallable ocapaoity was rnot alloomated to the jobs La
hand in such & mannor 28 to maximise the completion of finishel
produocts in order of priority or to rrovide for the frequsent ai.
acourate fesed-bock of informstion, cuncorning for example over -
duo..orders, to the commercial departuents. It weas deocided, th.roe-
fore, to iatroduce production sontrol by ocomputer. Tweo soluticas
wore poesinlei-

1. The development of @ production control sysitem that vas

tarlor-pmdo for the Jjob in hand.
2, The use of & propriciary softwere peckage.

O
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Whilset the former would have been as near as poseible to an ide: ..
solution it would have required langthy development work which is
uwnavoidable in the implemontation of & new and as yet untried

RYySLOm., A propriotary softwvare paokage whisoh waérgnly availabl -
but mlmo already used in another factory of the Company concernes,

vas therefore acospted,

The package comprices e suite of ocomputer programs which ocan he
eplit into threo main programsz denoted by I,II end IV. RProgres
IIA iz opticnal and provides & metwork echeduling facility, where.
by, tools, parts, sub-assembliocs and mssemblies are linked toget.er
830 that their availlability ot the estimated times l1la aasceriaine?d,

Program I is the maintenznoe prosedure of the aystem, by which ca
"On Oxder"® ;il@ is updated with the addition of new inccming ite.us
and dels tions of complete operations. The input to the system

is in punchad ocard form, detaellimg control parameters, work centsre
deta and ‘order’ production data. When all parts in an order
have boen finished, the oomple%e order, inadluding part control
records, is erased. The output from thies section is: an audit

iist of the input, to facilitate correction of errors.

Pr6gram IT' is the scheduling prooedw.e whereby the latest start
end finish Jdates for every operation on file are determined.

This computation assumes an infinite resource availability, end
the ocutput report is & statement of the weskly machining load
demand on each work oentre, indiocating any overloads by compariton
with the actual capaocity. A further print-out is slso obtainec
listing the file ocontent by oxrder number sequence. Thus g vicual
reoord of tne oxder astatus is provided. Program IIA may be rur
in this section if reguired, to check the steatus of any batch 2a-
en order using YPERT® aneslysis technigues, but the network for
each assembly must be provided. This computeor run elso crealbes

& copy tape, on which the detall requirements of ths short term
loading pesriod are recoxded. The period cam be waried as regquirasd

but, ¢or economic considerations, is normally limited to 2-3 we:«s.

The copy tepe provides the data for tne Progras IV scheduling r =n.
The program sochedules saoh operation recoxrd on thie file, takin,
into =mcoount & numbor of paremeters suoh @63 work centre capscity,

tool evallability, and ocxrder priority. There are & host of p: tie




rity rulos, some simple, some complex, which reluate to the deg: -
of latoneas, oxrdor due date, numbor of oporations to be oomple ..,

director priority, added value, mmshining time, leongth of qusu.

ato, In between opsrations, the progrem automatically adds
transit time, whioh is governed by another set of ruisd. If
the batech is late, the transit time is reduced by astagee to br 1 g
the work bask on scheduls. This is s>ometimes further comyiic.. sa

if the batch aplitting and operation overlepping faciltities .-

exorciaoocd, The main output of this run is & list, in priori-
seguenca, of work to be procemsed et each work station. Othe::

optionsl and supplomentary reports are provided, such as = stat.
ment of capital tied in work-in-progresa, amnd & priority listing
of orders on file. If an underlozd ocourse, the program also p.°.-
vidoa the facility of bringing work forward, provided i1t is on

the short serm maohine load taps.

To improve control further, preparations were put im hand to .. ro-
duce an additionel computer program wnich provides ready acces.

to deta of stock lovels, gross and nett regquirements of parte
requirsd tc meset order commitments oi: market forecasts, produc: on
coBsts and engineering data. This aillows the manufacturing ma :.ge-~
me;@ to modify plens quickly in respcnse to changes of design,

market policy or out of peatiern domands of sales.,

¥ith computer numeriocal control (C.N.C.) a mini computer is pe.
manently connected to the mechine tocl, This allows cousider. ..e
flexibility becauseo changes in operational conditions can be i.
corporated at will in the program which can thus be varied in

eccoyrdance with spesific requiremsnit. zt any time.

The introduction of direct numerical ocontrol (DNC) leads to th.
poseiblility of controlling a group o. machine toelis from a ocen . =)
procassor via en interface at sash me chine. The individual c¢.a1.-
trol squipment situated next to oach maochine =2lso includes the
pover electronios for the f£eed drives, and in eome casses a dis: .ay
torminal p:ovided for meximising intcr-zotive gcommunication be-

twvoon the cemtral proccessor and tho ¢perstor. Alternatively,

O
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each machine tool ocan be controlled by @& conventional NC or CNC
controller in which oczse the DNC communication linke operats be-
hind the tape readexr,.

In order to study the problem es @ whole it is perhaps appropriste
to oonsider first ths maln advantege of using NC in gensral, be

it CNC or DNC. Harket research carried out im U.S.8., which

has been reported and discussed in Germeny, indicated that the
obteinable workpissce guality. acoursey and surface finish are

the deciding factors vhich infliuence the production engineer in
Tnvouz of NC, Bape of programming, reliability and consiatenoy
ere also important Lfeatures. The oase of setting-up, the pozgi-
bility of using standard ocutting tools and of producing spare paxrts
guiokly from ezisting tapes &es and wvhen regquired ars furither ad-
vantages. Ths provision of large steres of work in progrees
can be replaced by programmed and tapes-controlled intermsdimte

. Btorags. Modifioations in the design of the product ocan be

oatered for by quick ochanges of programmes pnd tapes. Variations
cf the cutting tool dimensions due to wear and/or regrinding can

be allowed for by moans of simple manuml iaput signals.

Althpugh some $xperts have stated that CNC ic more versatile and
cheaper than a hard-wired system, the Japanese Company Fujiteu-
Fenus eppear to consideor @& DNC instellation more economical than

s number of CNC masochineas. Sicomens have extended this concept

by orsating & system in which working end performance data of
differeont workshops and machines san be not only distributed but
also monitored,; using mesnusl or oomputsr-gssisted distribution,
ddministration and control. Their system can be applied to worke
shops equipped with both NC and comventional, msnually operataed
machine toola,

Moreover, Siemens have carried out a very thorough study of DNC
eoonomica. An importent point in this comnection is their didtin-
tion between quantifiable and non-quantifiable benefits. As fax

as the former|are doncerned it has been shown that an investment

of about DM1,000,000 can load to sarings of azbout DM250,000 par annum;

anongst the lattexr they ocount better deliveries, variability of
control information, acourate dontrol of machine loading, veria-

bility of inférmaticn oconcernimg progress im the factory, slimi-
' i
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nation of manual informatiomn which can 1lead ¢o human exrors, @

othere.

Two interestimgapplications of DNC, in which the human operato.
is practically needed only if something should go wrong, &re wo.,:a

mentioning.

The first is the control of 8NC lataees to which workpleces are
supplied by %robot travelling slong the whole line of the maclkirss.
The robot ploks up the raw material from conveyor belts, locares
it in the chucks @nd after ocomplotion of the operation withdrawe
the finished workplece from the chuck and pleces it back on ke
conveyor beld, One operator looks after the whole layout anc
supplies the conveyor loading stetion with the raw materiel
{camtings or forgings) as and when requiraed. The second exampie
is in the Diea@lcEngine Factory of Yammer (Japan) where five
machining centres and their meteriazis handling and transport
equipment (conveyors, etc.) are con:roliled by omp central compu cars
The workpieces are located on plateas, allotted and direscted Ly
the ocomputer to the most suitable machine which beoomes aveilibie
at the right time, The programming effort covering e varievy
of,vorkpieoes is olaimed to hove mmounted tc one man year (ascoual-

1y 2 won working for ®im monthae).

The soonomics of NC systems can be greetly affected by low utili-
setion caused sither by single shift work or by down time duv to
lack of reliability, breakdownsm, etc. The former iz a serious
problem because both in Burope and in Japan there is considerable
reluctance amongset operators to work outside the pexiod of a cay
shift. It would appear that the best which can be achieved us
two shift work, It is thus oven more dmportant to keep the
non-productive time during the svailable éhifts down tc a min.mum.
At the DNC plant of Yanmar (Japan), down time for maintenance
during the two shifts (20 hours)} per day is reckonad to be B8 :o
10% of the available time. In order %o maintein.such a very
good reocord the maintenance staff rast be highly competent anc
efficiont. In one perticulsr case it wvas montioned thaet the
supplier had & resident service engineer permanently staetionuc

in the customer's vorks.
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