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De.:t r Rt:-adc r. 

This is number 21 of r~IDO's state-of-the-art series in the fiE-ld of 
materials entitled Advances in Materials Technology: Monitor_ This issue is 
devoted to the "Sew ~atE-rials Technologv and CIM" (Cl~- Computer Integrated 
:-tanuf acturing). 

In each issue of this series. a selected material or group of materials 
is fea:ured and an expert assessment made on the technological trends in those 
fields. In addition. other rele\·ant information of intErest to deYeloping 
countries is proYided. In this mannet. m:er a c'\·cle of se'\·eral issues. 
matE-rials n-lE-\"ant to dE\"eloping countries could b<> co'l:c·rer: and a state-of­
the-art assessmEnt made. 

The main arrich of this issue 1"":.ts ,.-rittEn b,_. Prof. Pablo Spinadel from 
the Austrian Research Centre. Seibersdorf. 

:.:e in\·itt- our re;o;ders to share i..-ith us their kno1""ledgE and experiEncE­
rc·lated to ;rn\· aspEct of materials dfl·elopment. production. processing and 
ut i 1 ization. It \-:ould greatly help strengthening de\·eloping countriEs' 
.'lwareness of 1.:orld-'!.·ide achie'\·emE-nts in science and technolog,_.. 

:.:e 1o:ould be gratE-ful to recei\·e \·our opinion on possiblE- subjE-cts for 
our forthcoming issues and \·our ideas on how to increase thf- \·alue of 011r 
:fonitor. 

For the interest of those of our readers 1.:ho mav not kno1.:. r~IDO also 
publishes n.;o othE-r :-ionitors: :·licroelectronics :ionitor and Genetic EnginE-ering 
and Rintechnologv ~onitor. for thosE- who likE- to receiYe them please i..-ri!e to 
the Editor. :-ticroElectronics Monitor and Editor. Genetic EngineE-ring ;rnd 
BintE-chnolog,_. Monitor. 
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I . Hllll(l[lW Tl flt I 

A npw inrlt!">trial 1·p·"1lutio., beaan with th;c 
dPvelnpmpn• amf rfifttr<;;.,,, nl oraani~iltioo'll ch.1naF< 
.111.t modern ;wtnm;ttion te•:hnol(laies. :.1tho11ah the 
I ir·<;t impilr:t n! thi" •1pw in1fu-;trial revt:1lut i(l•1 '" 
alrpa.tv beinn felt it wil 1 herome increasinalv 
">tr(lnn. in the ve~r" to rome. . 

Alter the middle ot the 1970s the demand t.,r 
milss-pro.tucPrl yocd" hpgan to decline and many 
ma,.ut.1r:!t11·i11'1 indu<;t1·ip<; wore f(lrced tn pr·nduq• 
•u">tomi:ed rrorl11ds. The new mai·ket requirements 
il'>~Prl fr>r mprli:im to smill l hatch product "eri""· 
i.P. for flP•it•ility in produ•·•ion. lhus. oni:<? 
aaain tf1p , .,,,fl id bet .. t>eri fle<ibil i ty and 
rrodurtivitv had tn hr nvercome rthe last time thi"> 
rnnllirt ilppearerl. thP <;nlution ~as found in ma"" 
rn•rltrr! inn I. 

! 1 ~~•;1 ·~f'~.,- f!~rl':.!~~r·l.~~ .1utnmJ:tiO!l has, ~~v;alnrprl 

•Pr~ fa<;t and therefPrP in a very chaotic wily. 
r IF• il•I" a::tom;it ion r!.''ltri res a "complete svster.i" 
!dP.:t. t"loryinninc '1t th? ~lrnl'? procfufti<"l t~"-~ .:tnrl 
,.-. .,,ti.:q{ffn11 tn th~ olnh.:tl rnnrpp~ Of thP plant f.._lVOUt. 

H;i•1y i· ·f.,<;t r·io-; r·eal i :ed <;tudie<;. <;howin•J th;it 
th• he~ef it" r~•airi(l~lp throuoh technolooiral 
;rirrn,:11!1'IP.f"'~11::_ nr ... r:-rl t"-1~ icuial i:ation ~r-p reitChi:"•J c1n 

.1~wn1pt£lti~·;tl ...-,111-.1_ ·;:i-; mprtns tf·.1t in tutur·.c rtr-1ly 

·• <H"ea'. techriul..ioical j11mp c)r· >tr·uctural refo,-.11 will 
p~a~le a nF. increilSP in produc•ivity. The success 
r>t •hi-; rnnc»p'. r.>l lpd •:ompute1· lnteorateri 
'!,rnufart-Jrir·n i•:IP1!. wil' depend on the way in which 
~11 •hp serar;itp ~erhnolngies will he connected. 

!hP ~,,, to rrH and le reac~i~a economic 
~""Plit• liP~ 'n •he ~nderstanding of the rules of 
'"" o,JmP hP~wP•n pr·otl•1rtin11 ohJertiv.~s. terhniral 
rnmronPnl~ ~nd the nro~ni;;itional stru·ture ot the 
T nrl•r-:• r·,.. 

! : . S Tl<'.!• TtrfH Of THE J.'f,PE R 

This p;ir•r in,Pnds •n give an introduction to 
<;nme basic rnnrepts invnlved in the (!H idea and it<; 
infl11t>nre iro •hp dPvplnpinq ;tnd i~dustri;1l;zerl 

rn11ntriF<. Tt dnPS nnt '}ivP <ill the <;oltr'.inns and 
''"'""r<;. h·1• h"pPf11l l, pr.-.<;ent s <;nme of th• m(lst 
~11Jnifi1"•i• J'"ll"OhlPm'; ;tnrf 'l'IP\tion~. 

... h:, ti 1i,...,,,1» n1, "' ,-~rf it' 
n~~1·vi~~ nf ~omP rf1~nqP~ 

th.,;;. 1 nrlu~t r '"I 
µf\,.tJ"rn.m.1n• ()\l'f'r t:10 --~;tr; anrl tri,:)i; ~,., 

~' .• ~ T ·;it t ~ th~ 1 n f 1 t 1 Pr' r ,~ th~• .,, i 1 l r rt 11 <; ~ th P 

:r1 trnrf.irtlnn nt f),·q1ni:;ttin·\~J rh;tnri~I'\ ;trHf 

'1"10rfl\rT c1tltf}'11dt irin • •. r~1nl"'ll(1(')iP<; olnhrll 1 'f', 

rrtrt , r,;V;.l~ ~1\ n.~rvi"'·,. rtf thP h~c;;1 

... p-r,1'. !,,rl 1 n-np11•nr ,1 irfr1d tprhrii'11JPo; 1 1 f,_'t 
f •'l hf'\• Tl"'"· I .... hf"I ... ' nr1 "h.; 11' • 1J,, 1 t rPnrl; .:tr~rf 

f11~•:f"• d•1 .... ior11~rd. nf th~ .. hnlP rqrfq-;.•ri.-t1 
(Ip•; 1 f H•ft;•'I' ~ 

f'~rt r, i ~ P , Ar\ n • P r ~ 1 P"' n f t t1 P -;. fl f t """rt r P 

dt'>1t•'npry1p1~•,, ,-,·1'1t••d tr1 th._, :f,-X ff>1hnifltiP'",, 

i.,, .. 11n•11n~ "'•tt• •ti,, '",t,1nrf:trrl ([M '".nf•w."\rJ.J, 

tnll"',..•'rf h~ th~· .... ,~'""1 ~nnl-; f=''Hf •Ji,1-:,P rinff,;..­
rl..,,.,.1,,pm"r1• f.,,. th•· rliff"t"l!Dfl' ~r,,1-. rlnrl flr\rli11·1 

_.,•~ ·'"· 1n•r·t"'tf•1r~tnri tn tu•urP f'in,,•lnp'11,.,n''"• 
.. 11 •,• ,..1!~ 1 ,111·~;i ,, ,,, .... r"·.1f"'l11t1n~1 1n tf\~· 

'•1:! J, I I i ,11 f"l. if r)'llTh•r\t 

''''r •'.'!I" ... ,1rirnr• ... ~ ...... m .... 

1. 

J.'art -1: The first threi> parts <;..,n,. thP ~P• 

rnl<? thilt comriun;cat ;on<: wi 11 t'lay ;n '-" 11 
appl;r,.tions end new de•elopmPnts '!no th;s p,.rt 
i<; rl"'~oteri then> 1 rrre to tho int rod"'• ioo1 of 
"Compt!ter [o;peranto" and p3st. pn»ent and 
futu1·~ stiln1f,lrdi?a• io•' w<'r~. 

Par-l 5: Gives i! short overview ol thi:> in1n.:irt 
nl CHI comp•ments in industrialized :ount.ries 
~r.d also shows the advJntages and possibilities 
•hat well planned 1·rganizi1tional change" anti 
1u•derr. automation tedrnolo".lie<; f(ltilrl ir.tn:>il<'CP 
in the develcping countrie;. It ends ~ith so~P 
per~onal idea~ ahout this introJuc•i(l~. 

PART l 

illl' indur.trial environn.ent and '":!M 

The real histcr1 Jf automatio11 i,-, thl 
mani!f<'t(lt•rinr, prnress begiln in the !'arl v f')',ns .. ; '·" 
thf introduction of num"r;ral r.rintr·(li !W 1 ju-;• at 
tho point where many rising :nrlt1str1~<; in ~cvp:ClpP~ 
rnuntrieo; were ron1:<>rned ahn"t thr> lite~ of .. od 
forces. At the silmP time a lot of population 
development studies, speci~lly in Japan. beaa" •n 
~d•PrtisP the need for preparing altern;iti~; 
solutions for the faLt that in the lJQOs the 
increasing young wor~ers will not ~eep up w;th 
industrial require~ents. fhese studies indirate 
that industrial automation co~ld solve this problem. 

Starting from the applic~tinn o' numerir;1l 
C(lntrol at the sinqle mach•1e tool level. ~he 
dev~lopment continued with the inteoratian ot moro 
than one machine and au• i 1 i ary support dP• ire:;. ,.,rli 
as material handlina systems, tool hilndl;no svstnm<; 
and so on. The dev~lopment of ·ndu<;trial iob~ts 
ouurred pr;ictic:ally simultaneously with thi­
computer based~( (C~C•. but although the first 
industrial robot was deveioped in 1061. they only 
bPoan to berome important to indu\trial proressP<; 
to•ards the end of the 1170s. 

With thP introdurtion of the mirrClrrorps<;or· thF 
rl<>p1>ndent situation hetween proqre·.s in cnmp11•Pri1Pri 
man11farturinq ;ind advancP<; in iriformat.inn l.f'(hnolrro~ 
h;trdware (st~rago raparity, data pro=t><;<;ino 'imP, 
rpliahility. rost, Ptc.) chan1Jed ronsidpra~ly and 
intPrP~t heramr> focu<;Prl or. r!PvPlopmPnt<; i" <;nftwilrP 
and rommuniration u5pl'cts. 

fflp logi•;il follnw-•rJl of thP "'-:l"ular!1Jrinq 
rniress is the use of rcmprrter· tPrhnology b.-.ginni"'·' 
fro<n thP moment nf prodorl rnnr.opl;Qr' ;ind <l<>vPlopiwr 
ar•nrrfinr1 to mar~el inform'!! i(l:·. 11p •o i•<; f;nil: 
rleJ;,,.,.., to the <11slomer. 

In rnntr.:J<;! In traditir•n.:!1 .:111tn<natinn. iP .. h rh 
r11,11r.<; nf inflf'viblP, ~p .. rii1l-p11rp'1~P !''Jt1ipmpn• h~~ 

!n dPill .. ith th" mass protlud.inn r.1 rPl~!ivr.fy 
hrin1riq~nP01J', prn<fur:ts. the PPw rt11tr)n1.~~ion ~"'hnn 1 n<i.., 
i-, ri~·ihle and applir<shll:' tn ii wirlr ranoP nf 
<n;irhi"" h11ildinq npPration<;. 

I .. :. Comp1Jt.er integtdtd manuta.;turing 

!hPrP i<; nn of'iriill 1 IM rfpiiniti"n hi;• th• 
•hrhn(J r,ro11p nn fnqinPPri"q lwf11.t ri"'· ilnrl 
f,11tnm.111on. ii soh~irfiarv hndy of lhr fron<'lmir 
'n"""i~~ion fn•· f1Jrnpr, -.PlPrtPrl th.-. ,,,11fl ... i1"J 
tonr'-'fl'-1"• t cff'\i;rrihf' (fH in thPir ,-,.rnrt rJ'' ~n(tl'll.tr'' 

fnr !nd<:;tri,.il A11tomi1IJ')1•: 



A llo~ed-loop feedb.ld. 'ivstt'fl' in whilh the 
prime input-; ;ire p1·od11rt requirE'mPnt> (need-;) 
;ind produrt concepts lrreativityl and the prime 
out.puts a1·e fini'ihed prnducts ( hlly a'i<,embled. 
inspected o>nd ready f 01· use:·. It COlftpri ses a 
combination ol sot twan• and !lardw;ne. tl;e 
el...,..ents ol whit h include prodl•cl desi-Jn (fell' 

prociuct ion). production p Ianni ng ( programmi •19) . 
produciion control t leedb;irk. supervi-;ory and 
adaptat ive opt imizino). praduct ion e11uipment 
{intluding marhine'> iools) and productior 
p1·oces-;e" (removal. fo.-mino and ron.,.ol idal ion). 
(f1·om the Pr<H£>edinqs of ti1e UN/t.CE: Semin.lr on 
FHS in Sofi.l. Buloal·iili. 

It i" not easy to eva 1 uate the influe~ce 
that rapid technclooica! chanoe introduced 
hy industrial autom~t~on will.cause. it is 
only possible to point out sol'le of the 
element~ that 1t will change: 

flumanization: Individuals will be repla•:ed 
to do unpleasilnt and bori"q work suth as 
chemiral prnd11ct<; h<t'ldlinq: envirnnment<tl 
problems (r1oi ... e. sPni.-ity. etr.). repetitive 
work. e~c. 

Q•t<tlit.y: tint only will a r:on>tant ;1onrmpnlp:I 
quality level be reached. but also some work 
whirh is imp'IS'>ihle to do manually will be 
re<tlized. i.e. p1·e11-:1on. miniat1.1ri~ation. 
cleaning. etr. roul1I be reali;ed. 

Redurt.i~n of raw mil!eri.lls and in-prnre-;<; 
.. ',,, ~". 
Re1fort inn of prnrlurt inn lead I ime. 

Improved control over the fulfilment 01 

rontr<trts anrl meeting nf de<tdline<;. 

!rrreao;ed rle~ibility in meeting market 
rlemilnds. 

1. 1. rlexibility and the organizational structure 

The most import;int factor in in,iuo;tri<tl 
rpsrarch has been to rea~h higher productivity. 
flpwibility il'> an inrl11stri<tl f<tr.lor has •1,uied 
1y1lir;il1y nvpr the y•ilrs, arcomp;i,1il'd t>y a i:nn-;L1nt 
inr.rea'i• in productivity level-;. W1 thou! an 
incrPasing flr.~ibility almost no industry will be 
ahl~ to rParh ii new inrr•a<;P in productivity. 

ltowevpr it will OP ve1·y rliflirult t.o inrrPilSP 
thP inhrrent flpxihility of morlern in!lu<;tr·iill 
rrsources which are alr·e<tdy very f lexiblr.. 
lhrrrforP thr m.lin pf fort must be !lirPrterl toward~ 
rPMf,ino ii hP!ter synrhr·nni;il!.inn hetwPP!l the 
PlemPnt•, lhpmsPlves <tnd hPlwePn tne plPment.-. i111r! 
pro!111rt.-:. In thi-; li<>lrl an inrrea<.ed flpxihility 
o;rrms to hP pos.-.ihlP (ii be!lPr interrnlationship. 
'oul1f be 1·e.tehed i>y thanqinq the phy<.iral ilnd/nr 
trnpo1·al rli.-.trihut.inn nf re<.nurres). 

f'ARI 'l 

;>. r A->< rrnmIQurs 

/.1. lntrodur.tion 

To!l.ly's Poterprise~ arP "forcPrl' to rlPvPlnp nPw 
prr11l111 I ion <.!rittP9irs ii<. ii 1·e.-.ulf of Qrowinq 
rompelition on nationa: and intPrnational markPI<. 
p.1r.illel to chanqe•. ;n m.i•1'.JIMturinq ronditions, 
fn1n1 ntil'» p1·n1l111linn to 111-;tont<>r-<;pprifir 

production. Thi main ,-.,1ui1·en1.,nt-; are umren~r·a~»tl 
on a higher fle~ibility of thP prnd11rrion prnr<>><;. 
i1i9h<>r pr·ndu.tivity and hPtte1· p1o•l11d q11.•lit~. 

flew developme1ts in semicnndLrtor ter:hnoln9y. 
enabling a broader application of computer .-.v ... tPm<. 
and a•1tomation ol the enti1·p pnJd111tion p<o•.•"i<.. 
were a preco11dition for· many enterprises wher; 
appr0Mi1 i nQ these requi rPment o;. 

The rapid o:!evelopment of automat ior. rnnt ml 
techniques ~ithin the manularturinq prnre•<; a<. well 
a> the ir.tegr·ation of corr.putfr» witli milrhinP<. hil<; 
lerl to the application of nrw :na:mfarturino conrrpt<. 
and strategies inrorporat ing "fA-X tprhnir111Ps·· to .1 

wide range of induitries. Th~ main charact.,ristit<. 
of these techniques will be outline!! in the 
foll~wing point-;. 

2.1.1. CALI: COlnpute: aided design 

The design process 1an be regdrded <t5 the 
starti'I~ point within the prorlurtion proce<;s. 
Sever.11 o;teps in thi~ proceso; (froir. .llternativP 
concepts and evaluations of solutions to the lin<tl 
design of single work-pi~cesl. result in the 
preparation of ..:ata for manufar trrrino ilnillyo;is ,1s 
th.' .ubsequE.>nl -'\rea of prod<.1rt dPvPlopntenl. 11-. ii 
rulE.' the design process is interactively 
i\1.complished. inteqratinq econor..ir questions a<; wE.>11 
dS technical alter~tions-to arrive ii! <tn opti~al 
<;olut ion. 

for the presentation of geometrir obJerts. 
different models can bE.> identitied. St<tr!inq with 
two-dimensional forms of objert presentation. <ln 
inrre<tserl ten!lency towards thrPe-r!imensional 
prespntatinn (solid>) prevails tndily. duP to the 
limitztions of t~o-~imen<;ioral modPls when 
inteqr<tting new manuf<tcturirg methods. 

At the us,,r interface of a CAO-syste.n t.hP "'n;·k 
of dp-.;igners is supported by several "comfnrtill>le" 
instruments sur:h as tablets. I iqht pens or mou~'? 
tech~iques combined with high resolution screens. 
At the beginning of CAO. >epar~te workstations wrrP 
introdured. mainly for technical r~i\'ions. 
frPquently these stand-alone ~ystems are conneL!Prl 
to ho-;t romp11ters, whose functions arl' redurPrl tn 
the m<tnagement of qeomPtriL data ilnd piPrP li-;t 
inf ormat.i on. 

i'.1 '/.. LAH: Computer ai!!eti manutacturinq 

In (On!r.lst lo r:onvpnt ir\llal prodrrr• ion where 
marhinr'i arf' operate!! rnanu;il ly ;ircorrli1.1J lo ,,.,,.k 
plans an!I drawings. comp,•ter contrnlle1I 
m.lnuf<tdurino works wi~h proqrams, funrtio'lino as 
information ra1·riers for joh instrirrtinns a111I 
'nnt rn 1 mea.-.urP<.. 

Thp prr.reding arPil of design !leterminr-; thf' 
mrthods for machining and <tssemhlinq wnrk-pieLP'; nr 
piNP parts. Ry tran~latinQ inst:111.tions into A 

form understandablr to controllers of sperifir 
mar.hinPS, robots or conveye1·s, ii continuous f lnw nf 
information from prorluct developmer.l to 
manufarturinq r;tn be p<;tahlio;he!I. 

NC-marhine~ can be reqarded it'; thP first 
ri.rnponpnt> for thr introrlur:t ion of CAH-mpthnd<;. 
heqinnin<J with pur1r.ned tapes for infnrm,Jt.ion 
transf r. To attain more flpxihlr metho!l5 of dalA 
I ran ;f pr, OIC ( r:omput er i 1.Pd numrr i' it I r onl ro II ed I 
machine~ werr rlPvPl~pP!I, Pn<thling !hp direr I 
lrarsfer of m<tchine proqr~ me5 and their vilriatinn 
or rorrrrt io.1 at. thP marhinl'. 



A more advanced form of machine orqaniz3tion. a 
Ofl( (direrl numerical rontr·olled systemi. has a 
numher ot advan~ages whe•1 •:ompared lo r:onvenl ional 
fl( ;rric marh i nes. hut it ii I so has di sproport i onatP 
r·pquirements of tiie conln.•l system and o;oftwar·e. At 
ii OtK-solution several NC/CNC machines an• directly 
controlled h) a central computer which manages 
Nl-programs and ilistrihute<; them to single 
niachinPs. rroQrilrrn:inQ and correct ions can be 
ilrr·ompl;shed ai u,;, c~omputPr, as well as 
insl.r;irtion<; am .•. .-quisition function<;. 

Z. I. l. CArP: Computer aided prq-~ess pl~nni_ng 

CAPP can ~e defined as the process ol 
determininq the method~ and sequencP ol the 
manularturir.g operatians necessa.y to produce« 
finished part or component. according to design 
o;perifiration<; and within the available 
manutarturing facility. Procpo;s p!anning is usually 
carried Jut by qualified and exoerienced pro~ess 
plann~rs or machinps. The cr~3tion of a good 
optimal prorPss plan io; largPly dependent on the 
inrlividu;.I '>kill of a planner· and his ap•.itu:le for 
the planning task, his knowlPdge of manufacturing 
pro1:osse<;. equipment, malerials and mPthods whirh 
are in particul3r available in his production 
environmPnt. 

HC-programs Ciln be regilrde:oi as detailed 
work-olans combined ~ith instruction functions for 
numerically controlled machine •ools. Work plans 
describe the tr·ansformat ion of worlo:-pieces from raw 
matPrial to thP final product. including 
sppr it i cations such as manufacturing s!'quencPs. 
cper·atino mdterial and permitted times. A!i i' 

starting-point for the preparation of the work plan. 
qeometriral data from the design area are 
supple111ented with technological characteristics or 
the work-piece. As a result, specifir work plans 
(in thP case of conventional productionl or comruter 
programs (in the r.asP of computer controlled 
manufacturir1g) are devPlopc>d. e'lahl in!j a rnnsi<;IPnt 
linkinq of CAO and CAM. 

2. l. '1. CAQ: CClmpuJer iii det! qu~ 1 it.y 

Ho·~adays, 11uality is a competitive factor and 
ther1fcre decisive for the market position of an 
er.terprise. Quality insurance and mainten~nce can 
hp seen as an integrative part of the producticn 
procPss, from insper.tion of materials via ~onitorin~ 
of manufar.tu~·inq to the final inspection of 
products. 

Quality insurance proredures become more and 
more r.omput~r conlrollPd, allowing rational and 
assignablP associiltion"> of quality data to certain 
prnducts • .ts well as I.he det.ermina~ic,1 of trends in 
quality specification. In many cases monitoring and 
analysi<; hy means of measuring Pquipment surh ii'> 
sensors or qauginq machines is carried out 
auto'flaticaliy.· P~rallel to the hardware thP 
planning ol monitoring proces">es r.an he also 
opt1mized by means of computers. analoQous to 
manufadurinq phnninq. 

A number of methods have been !leveloped in the 
fields of stat.istirs and opprations re~earch ior t.:.P 
p Ianni ng of qua Ii t y i ns1irance tune lions. In r,ent'ra I 
ii leniency towards inteqration of quality insurance 
into the milnufacturing prorPS\ can he observed ( ior 
eKamplP, ii quality in">~iranr.e consists or r.heckirg 
wPi9ht~ ilnd Cilpilcitie-;). If computer aided 
planning of measuring and tPstinq is r,upport. I hy 
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administrative issues. the t~st program represents a 
part of the work plan for production planning and 
scheduling. for the storage ot test programs. 
separate systems can be used, 01· the'>e phns can 
form a '>eparate cycle within the manularturin9 work 
plan. 

~.1.5. CA~: Computer aided pla~ning 

The dpplication of produrtion plann;ng and 
srhedul ing . ystems (such as mate1·i,1ls managPmPnt or 
calculat·on) stdrted when other l- technique~ such 
as CAO-CAM were still .it the development stage. 
Although they can be reg~rded ar, ~classical field 
for electronic data processing within an enterprise. 
a numner of ohstaclPs still e~ist durinq thP 
implementatio~ phase. The req~ired co~~lex 
structure of the syst.ems. as a consi-quence of demand 
to cover the entire product inn proless, frequ~ntly 
nPcessitates company-specific solutions. 

In general thP concept of production planning 
and scheduling >ystems is based on singlP plan,ing 
staoes succeedinQ one another with a temporal and 
logical termination supportPd by basic 
data-manaoement tools. These tools supply material 
and time management with master data. permitting the 
working 0·1~ of manufacturing plans as a ba .. is for 
the contrnl of the manufacturing process. .he 
managment of parts lists and work schedules, 
combined with (groups of) o~erating material, form 
not only thP basis for planning and control, but 
also for the calculation of products. 

2. 2 . Ai; tu_a 1 t r_en~ s 

Within a computer integrated system two 
fundamental types must be defined, those where a npw 
de•1elopment could be made on-1 ine (using simulation. 
automatic program g~neration and others) and those 
where it could only be done off-line. A third 
possibility could be on~ where the tasks needed for 
nPw flevPlopm,,.nts are planned and scheduled as a11y 
other job. ihis means an "on-line off-linp" 
development. This normally decreases the 
fleKibility of the system, because although the 
proless is not stopped, the resource being 
progranned has to be disconnected. For tne 
system it resembles a total breakdown of this 
resource. 

Industrial systems vary continuously and 
therefore the de·.·~lopmetlt and application of OYnamir 
Control Optimizalior mechanisms (OYCO), and not 
statir. ones, will he necPssary. ThesP systpms ran 
control on-line manufacturing sequences, paths and 
duration of cycles, while previously determined 
sequences can be correctPd as manufacturing is in 
progress. ln addition, error dptection and 
correction is a necessar1 feature of the control 
systpm, 

Different control levels of a system may bP 
d~finPd as follows: 

(~} Electronic control: This is the level whPre 
the direct control of the electronics is 
realiied. !t has no intelligence by it~elf, 
but ~ ~igh rea:tion velocity, meaning t~at as 
murh a~ po~sible must be controlled at this 
IP.vel. Normally this control is done by 
tievice! S"Ch .;s PLCs. For eKample, i'l a robot 
thi~ iev~l would control the motors and 
input/,utnut iignal~. 



!b) Hai·dwa1·e control: B;ised on :.o l;m;•ed luuit 
and a oroup of rontrol aluorithms. the flrst 
decisi~n will take pl~re ~t this lPvel. The 
most important featurr of this lrv~l is In 
rpali~~ a onod f ilterinq ot variahlPs 'n order 
to let only that partic~lar one pass whir~ is 
useful to the upper co~trol level. Normally 
t~is control is done hy dedicated co~trollers 
built intn earh mat·hin~. 

For e~ample. with a robot where the point and 
way to reach it is ~nown. the controller must 
decide which movements have to be done bv ea~h 
a•is and introdure this to the necessary motor 
_ iqnal. 

(cl Data transf~r rontrol: lhis is the first 
level wherP some intellioence is needed and 
also the ~irst one af ferfed by produrtion 
planning and ~cheduling. At this l~vel there 
i<; a 9r·eat deal of f Je,ihil ity in the system. 
Tiu> function of the u >tr·oller at this point 
i<; to c~ntrol resource<;. Jhis me·ns. for 
example. to load and unload programs from 
lo~al memories. or <o follow the element; 
being mnved ;ird se1 •ffP a rorrert tr-.'lno;fpr· of 
infru·mation without rnllision or t_imp pn .ilems. 

For the controller t~e elements will no more 
he robots or· tr.;nsport systems or· some other 
specif!( devire. but '.hey "'ust only be 
resounes or nbj('rt<; ,..it'• " determined groap 
of characteristics. Thi<; will n~t define 
hardware details but a set of programs that 
ran Ile done. the time 11eeded to do tl·"m. how 
much each co;ts, ~ Normally micro- or 
mini-computers ran . found at thi<. h·vel. An 
example could be a micro-computer which 
di<;tributes programs from the central memory 
unit to 1111 I.he machines without rol 1 i5ion, 
or by requirement of the upper level showing 
th? stilte nf e.-srh r<•<;nurrP and each jo!- being 
dor.". 

(rl) lienera! control: This is the fundamental 
level of t~e system where functions such as 
the control of a consistent functioning of the 
resources (each one must have whil t is needed). 
dynamically re<.olve the f;iil problems that m;iy 
appear, realize the ~ltern;itive analysis in 
case of a variation on the goal schedule and 
rontrol the rommunic;it.ion of a cell with the 
""orld". fn onler to <;pr_ ore the rearline<;<. of 
all elements it will neecl to continue 
f11nct ioninq. 

Mn<.t of the parts of the cell. <.urh a<. expert 
<.ystems. simulation modules, management 
deri•don 5upport<., .,t.- .. will be lor.alerl at 
thi<. level. fhi<. io; ;il<.o the level at which 
all <.y<.tem functioning mnde<. difrering from 
the automiltic modi', surh as the c..tartinq mode, 
the rlegr;ided mode. the ending mode, the 
debugging mode. etr .. m11<.t be analy<.ed itnd 
"we 11 done". 

(Pl A numhrr of <.turlies hitve <.hown the enormou<. 
int.erdependence h!.'lween system funrt ioninq ;ind 
the ~xlernal world. Long-time suppliers 
wi<.hinq t.o sell their produrt5 r.ould wipe out 
all the effide111:y of .on industry. A larqe 
stock is not a solution hecJ~Se its LOSt would 
itl~o e~ting.1i~h thP Silving<. achiever! by the 
11<.e of orr1;ini1itlional rh;inqe<. ;mrl autom;ition 
tPrh11olnr1iP<.. 
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Perh;ips the only solution in the futur·p will 
1-e to qener·ate a hiuher· level whnh i111 ltalr-<. 
relati~nships amonq-the industrial 
p~rticipitnt<;. The fut1ll'e will mo<.t pr·ohitl>lv 
require a JIT-pr·odu(tion and m;inaoement <.y<.tem 
which i~rludes all parts and even-r;iw m;itprial 
5uppl iers 1 ink!"'d toq@tl1e1· by .1 romrrumi1·;it inn 
network. 

2.Z.2. Robots, transport and stock management 

In a similar way a'> CllC/Otl( machine ... ilr<' 
controlled by computers. robots or transport and 
inventory systems c~n Ile integrilted into thP 
product ion process. In manv instance-; the u<.e of 
robot" within a CAM- syo;tem i<; 1 imited to mai.hine 
loading/unloading or t~e repetition of ii rPrtilin 
o;equent:e •f operatio;1o; (P.a. welding in the 
automotive industn). Solutions whirh utilize tt>P 
full flexibility ot a robot, combinFd with sen~or 
applicatioris, off-line progr;1rm1ing il•Hf ;irtificial 
int el I igenre methods al lowing the P•P1_ut icn nl 
var-able/new ordErs, are still only rPalized at 
litboratories or a<; prototypes at some larqe 
fitc:tor·ies only. [specially in the as<.emhly sP1lnr 
ha~p <;ophisticatPd robot-svstems havP bepn 
intn11hred, where prorlurt-; wi!I• ir.ilny var-iitn!<. in 
small bate' e<> (but at the same t iml' of a hiolt 
tt11alit.y) are to be assembled ;iutomatirally. 

With reqard to computer aided t1·anspurtation 
and stod mana9ement_. some industrial appl i rat irin<; 
hitve reached a high level of intPgration. 
Combinations of automated transpcrt and inv0n~nry 
syst~ms can help to improve fitrtory logistirs. 
directed at a reduction of transport anr! h•iffpr 
times. As a result, the flow time of ordPrs 1i1n Ile 
reduced a great deal. 

2.2.l. fM~: flexibl~ manufacturing systems 

Development<; in the N(-f.prhnittues sertor hitve 
heen mainly concentrated on the machininq (rutting) 
sector. resulting in the introduction of flexible 
manufacturing systems (FMS). This can he sepn in 
an early definition of Kearney and Trecker: "FMS 
combines the exist:ng technology of r1c 
manufacturing, automated material handling. and 
computer hardware and software to create an 
int.egrilted o;y<.tem for the autom;itir r;rndom 
processing of palletized parts ar:rnss various work 
stat ions in thP. syst'!m". 

Today. many researchers con~ider that FMS is 
;in itpproar.h to a partirulitr set of manufilcturinq 
problFm<; rather thiln a single technolnqiral 
ronf ig11rat ion. Thi' [conomir. C.omm:ssion for Europe 
itt!.empted to define it in 1986 as ";in integriltPd 
romputer-cont.rol led complex of NC m;ir_hine tools. 
ilutomated material and tool-handling rlevire<. and 
automated measuring and testing equipment that with 
ii minimum of manual intervention and short 
1hanqe-over time can pror.es<> ;iny produrt b@lonriino 
t.o rertain specified families of products within 
its <>lated capability and to a predetermined 
srhedule". This definition includes th!' hum;tn 
element, although making rlear the tl'ndency of 
the international effort_<; to re;irh ..t rl'rilP 
uomilnnPd fMS. 

Although the idea of FMS w..t~ •reated almost 
20 years aqo, it only <,tart_ed to hi' of sirinili1;ird 
intere<,t to the r@search r.ommunity in the p;irly 
JllAOs. fhis r.an he ml'il<;uretl by l11e numher of 
hooks ;inrl pilpers puhl islierl amf fhP ronferPrHe<. 



!· .. \'d 1 ;r'\ r\;bi ;..;blpu [ .. ,~- .~''t! rinr·th Hp1 ld 0 1d 
r;if' ~ f o;f1 int: ~ n. h,l'. ("'. .1n~'1:-l::; r·rh i ~ °'~'(':t: rr·,-\1·~,"".ri t PO" 
0t •hp !r~•r:r1·;1•T11ri,".1:1 nn~~,-~r;,;;--. on fM~·~ <\!fli"f:". 

l lq.~ '. 

FM\ 1 ,'uir-0" t, ... 1·.:::11.11·dcr~ .1c:; .1 np'"' ~~' h'1f'.llrinv 
..,.:1~rl· •.,\I\ ti1:.· :.,..;.~~11.:'.! ,l'ld n~hlt,~t-:....,,! r1'. ~,.,1l!'";•"l.~~ 
n•~11 h;.,..~ to·d· .. ;.Tmin1J .1+- rl ,.':_ldlJt ~ T1,~~ P: '(ll'!.l!;r· 

11iod• •. fMc-, !" 1·n~•,~1 .~ nt!~ rh\lp,eph·.,.. tr~;ll:!ri•! 

d;.t,1 ~,r·nc·~~.c:;~ .. :J mtit'n'd'l. ~.P ''tr·~nc;ti:-1·' •.hi? 
,"11f..;pdnt1•·<; pf ind11c:;~r·i~l c::rnlt- r1·odurt1rw •ci 
·~m.1 l l - ! n~ nr .~ Pi'-rn.,d·11· t l nn al 'n. The. d.:-01 T "1-. ""· 
frl1•_pr· "'fT...,~Tt·ili•,·• .·hrlr·Jc·ter·lz,;.c:; tbP cl!1 llit .• r_;f 

"""' "'-'.;-;.t,:m tn h·· ,111•nn1.1t;,~11~ .~tfart~~lc:. ~'l 

dtft-.·r·f'lnt rn.:tn•1ffl1tr,rl;l•l ··nrHfltinn~ 1 prndr:rt~\ .-~· 

m; •1 ; r'tlrl i ..... ;: ~ - 'Ir ~ i m~ •, . 

: . .,,·~·~·! 1 b~. ·,·~-:.'t·:n·~ ~v1d ,.~.11 h!ntnu ·-..,-;~t·M~ h;.i. ... ,~ 
rr•.n··. 1·_1:~"fl~n·~ ~!!·P!·~~~:-1 ..... -.11•!· .i~, 10•-.~r·ri~ ,plf: 

• l,..;d11' i11u ,.1 1"""rt'~-r T,1i 'lo-... f'.'r· th,::;. T:1'pn1-~?.n1·p nf 

if=~~r-;bu~~rf ~tr11·,1uc 0t ~nr·k-ir1-or·or:e~s nr· ·~'F 
rl; t' i 1 i; l ti,_-:.." i •1 in·~d' '· ~; r111 pPr f ~,r-n'CH~c,.:;... ;-, } t h0un'~. 
'!·'°"'• '"'Tu':f f1~l .~-~~1l·;;-1! ·~~1pr;r·2•eT·, ~,,rf · .... ~~;, dlt~cr·~nt­

~!~;-:r.1·?~~ flPrl ·1~,;•!-~';Hil~rri-:;: t1i:1 ~!f<::,:,:.l thPy 'f~.f- ·1 

,jlfl••!P·r1t t j,T• .. ·. ·111'.t ~n,· "fie ~..,;•prn .:ln:~l·r~~;. 

llnt:1 ·1n, .. rr-.-H~:f".ll:·,- all ~hP FM\ r.inrlP!c:: >nPf"F 

tf•·- .. ~lr.pi.:fi fnr m.1°hipinq -~ ... ---tP'f''"•. pr·ob,-:it,1, r,,:,-~·:"'f:. 

•he. h!:J~; 1 q•.t; nt 5u:-h --:.· .. ~tPm' nn~hlt-'.l f ln.1nr 1rt1 

;T"P~' ,.f •t,,. r1·1·!· 1 .. -:":;~ •;·,.•·~~;,~.:l·Od. ;.!Jffi .~t:; '1!;1rf··~,,. 

;·:' ,1 ,,. ' ,,','~'. ,1 ·;'':.;;:·;:r~: '- ~ .,:; ~ '~"'.' ,: "'i;., ::: ··~::~', :: • :: '. ~ "r ,'. ::V: . 
r• ; .. ~prr•.1-·" ~,., dit•.-.,·~ntT.1tF- hi::-'.· ... ..-'J•~-:' tr•~'":.. 

h·· ~ i'·•:. 1 f•.- •!•· •. Jpp~~~'it ,,f fl~-... "1;tt_h~1,f P'J f "-ri~ I~·., 

11-t •• ~ .~d·r1f]r•:d ·,q rr:1;1!i t 1·, .. 1 ... 111 tf1jo'.:1 rr-l: ..,.,~,-:. t; 
~olfll p;-,fd..., tl1.., ;';~,trf·~11fnq •pn•r·P.-,, rfl:·, tr,or1~t<"':l1 .. , 
• ~ .... • ,;. 1 i ('Inf, 1,·r:--. ~ ·" n ; •1t ,.,·~1.1 l rn,.1· I,; n'-:. t11·nb ! . ..,,.., .. 

;",,1trn1'.·~·;, +1,1r1·~pn1·• ,)pf't h,•ridllnq d~"'.;c', 

'ri1· •nel·~ --tnrl .. ,nr~~pi·~,p~, 

M'"·.l';11rTnq,n1rq,Jtnr·TrHJ ... ,;c;,tprr> 1 •nt:~qi-~t•,-,rt or· 

~le .. ibie ~r·an<;'flr l!'lF: 5i·~ilar to 
rnr1~Fnti~r~l ~ran~fPr linF' np~r~~~"""' ~re 
J<"r:cmrl f~"°'ecd a~ rt ' 1 rlat~· 1 str ~.·•. ~r t_n ... dtno "n 
a fi-~d ~equenl@ d'ld ~ppl~iria c;peti~~ m~1f1~·1~; 
.1t rliff<>rr.n• ···'Jdtng pl.111'~. [liff<>n•nt !tJ 
fnfl'.,P.n~frnJ:l c;ol·1t;on~ .• 1t ti~wit°'1P tr·~nc;•cr 

line\ ma1hir1-? ... ar·~ r: 11mer·;1i1ll..,,· r.on~rol1Pl~ ,111d 
l lr~~e-d tn .~ ct?n~r-~l (('l'npu~_pr·. 

i.~, f.'.S: tle·ible assembly sys~ems 

;i_,o:;.::mhly ;;-; cl r?.r·• nf th~ pr·od1Htln;- ~1r·nr~"--:; 

C)t'tain, ,J 1:€-nt_y·~l ("Q~.l:i1)P i•1 J,'f'OdUf·t_ipn i~ ·~f,r_irf 

pro1p,~ir'g tfm~~ ~r1d !orl ir1-rr·r~.P~~ ~t1ppl;P~ ar·~ ~11 

~~ r<>ali;rd a+ thP samp •imr. 

Terhni1·~1 condit~nr1; for o~t~if1ir~ theo;c .tim~ 

.d~ bP vrGvidPd b1 mran~ of f ;e•ib!e a~sembli th~I 
1~1r~ h~· r·':"1Jnn~ed tlS r:-n~ o•. ~h..-. .,~a~n hr:ttlPT't: 1 ~·. lp 
~hf? mani:f~rt•;ri;~o cr·or.P<>'l. Av 1nteara+.ino flp.lblP 
a~~~mbl~ ir1to ~~1~;· pro(ess. o~a~r1~:~tlon~i 
·onditiOn~ ~1·e pr·ovidFd by !Tn~lnG areas ~ur~1 as 
r_CnTipu~-er· ~ldP1~ d~sian, or·ucfin:t;Qn plannino. par•-:. 
~a~~tartur=nn and a~ali~y (0"trnl to th~ ~~~rnbl, 
~·-~rt. 

The man1 r~qulrf-irtent for tl5.;.Pmhl ~. i"'r l11dlnr1 
.. ,·,p1o;r·or·t nf rs~1·t-=, t~ ~nci t1-orn thf 'Y"'t,:..rp_ fc~rlinri. 

ino:;pe-c~;on. etc· .. r:an he ontl;ned ;,~ foJln· .. ~­
f1p~;b1lit·1 ~1a.-; ~o bp Tn,r·pit-:rd in ~~o-;r rl11P11.bl·, 
r.:·.---.:t~ ·..-h;r_~~ arply -;p,.::•.lf:( '"'~i?+hodc; o'l!ld tf;rl·r·,11;n~·. 
1 1·t· •Ji'":" :'PiH>dd~ t:H"f'."· of d~ffi:-r•-::1t p1·rid:_;1·t·. ,-:~i1rh Ar-~1 

•·r·• fl·:~;,_ tr.at~rl rtl tf~P ~lan--~"'1 ~.t -lCTP ~;f • ;,.: D~ lnt. 

lt~f,~,- ..... ;c::.E .1n rts~r:.m~l:, ,-~-1! ~-.1--;. oril).· 1;rntt.-.1'. 
!j, .• ;t.1Jl+y ~nff ~·(\n ~'f° U'>.:id fn1 ..1 ,i;:.,·•~ir' ,l."lo;:r.f 11' 

'o1,lr~rtri•5 nf :1 rer·t~iri pr0c!H1 t tPii·,-. 

fhf· rnnf;'l'!r.1t!0r' nt ,l';,'",•~~'hly (f'!mr.iv~t··•r .... ~., 

f!;r:-ft ron~e11;fr:r.p r,, thr r·pn!7;atlnn of •1>:·. 
nr~··1 ~plr .. ~~:P •,~rhnr.1nqy nr~r-ritfld ~•at.;11;1-. 

··nn1f'.·Pt. ""•il1.h m.:iv h:.:. fn1~~1d Tn tt1p nr•ir1~ :~H• 
~·i1h~1ri~r~'Ji ,HJPJ"(l,:tff' ~f1 f1i'""l"';b!r rt .... ,t.e-mb!-.," '.f)d~l~ ; .. ,l,~,; 

~f1;•, ~·f)f';tqr\. ,·cpr·f·~~1:~· ~qp r")';}ihlp 
1 •inf 1o~;r·.1t u1r1 nt th"· ,:p,(.,oinbl v t'lnionnµnt .. , ;11 ~1· :.(._ 

,1~ ... c.rrl!·,t•ci l'T.:lrl-1in-.l~\ rn ~hr• !t:i frllP Of tf:e lr)]Or, mrtr•.._' . 1 ~prl0P""J1 

J,1\ 

( h \ 

'ontr,\l rl'lf'T'p•r"Pr fnr ~11trirnrt~l1 1')ntn1l n~ 

..tll fM~,-rnrnprJFH'lr·~~ tf~U·fl. lir·Lpf! wi•h 
r-n·rr,-,rfi:"o .lrr•.1-: · tJ1. r J\r .·i.:l l nr.-11 ,~rr.l. 

,,,.t.,od-. 11 :.r1•. 

~ . l , r f I" , rJ ~ f r1~ 

f 1 f' • ; fl J f' 1·1.tr\' If ,1( t I fl T '1 (f f P 1 f '. : .-JP _,pp,,! "1..tf h j r,f.• 

fnnl"': ·''" ird 0 1 linL. 1 d .1r1d "Pflrr1t1-d ,1•11•1dlnn f11 

;1 ti •f•:I pr·nr f'"," ... ,f"lrp1+•n<f·. 1~1', .1 --.lmplr· ·~f"r·,..,1"'· 

.t -.inril" ,•q,•1ir11 tr1nl 1·~ link11rf .,..1th .tn 

1nrf1t",t1 i.11 tnhnt fr, tq,lfl rlrlfi l!rllO,ld ~-.'I(~ piPf(l'", 

~rrnn .1 •1.1n".pnr 1 11.111. • ''' t!ip 111.1r'1ir11·· f11r1l. 

f I ,. ' i h I ,. ·'~~ q • 1 f ,i • t 11' 1 n q ·. ·~· •, f ,.m ·• : flu·--." -:. y •. t ,,m "". 
,,1..-,n 11m·.i·.t nf · .... ;1•r,1I ~1.Hh~ri'• tnnl--. or 
m,11h1ni11q 1 ,.rd r 1·· •• ,., it h '.rd t w,n·i-~ 1 .1p .. tr 1 t ! ~)-; 

....,f,j, h ,11 '''"' .~ •1,1' i.1hl,-. r1nd npt ;r.:i,~1 1 d f,- .•. rfir~'J f)f 

'vlOt'~ __ ,, i ,., ,.,.. . f ,.," i rr•·f~ "rli It. ~ r flnf r.1 I ( nrt1p11~ Pr 
.tnd ,tlqr111•h"l'. for· f1,1rf-. 1d1-1 ntl!tr~tiori, 
.111fnm,1fir .. ,,.t--11p. ,,,, .. ..- hiqh clflqJllfl nf 
r Jp .. thi Ii t 'f r ,p1 hf• .it!,, nfld Pfl,.thl Tnq thr 
,.rnnom11 prorlirr';onr}f -.m.111 lr;t• .. 

rnrnp~ni1·~ t1~c:~·1 tn P~p~rim~r! ~tt~1. ~nc! Acfnpt. ~ 

-...h'llf· r,H1qr- nf r•€lw rn,;,r1•1frlr.!11r'· ri,:inn:r: ....... mront .-lppr-._r\rhP\ 

fffP\.Plnpf·'1 ;n th0 lr"Jf~n-.. ,t th,. :"ny<1td rr.mp:;;p:v 1p 

;,10,1n1. tn l'flrrn•Jt' n.:'-r,1il prrvt•1r~l,:lt! ;,rid 
,.Jimln~t, .... ,.:(l;t~ 1 • f•iir, nf·..-. rlppr·o,.\1h • .,;t~. fir··.• r,1ll1-d 
• •H· "nhrio S,. ·, t ,:.m'' .. , !in1·•J·;r • r~ Lt; T, hi 'H 'l(J •• 

0
p1 

"1,1 ... ~Prminr~·-rl ~h~· T0yn•,t ,,.(".tf•fTI'. r}f" ... imply th:. 
'lovntrt M1'n1.1fr1r t111·1riq )'1'",tJ'rt1''. In •···1irHJ ~n t ir •. t ,-

"t•••~tpr" fl,.1fil'1, tfip :d•1 11 ..... 1~. mno:...~1·; mi<...r1,1111i-d. ·1n1~ 

nt thP\,:. '".-i~p1P", .=trP thr· 11 l",1nb,u1 )f":.~~ll1 1 
j ,.,,,,.,rr1r,,i 

•11 nnf' nl tl:P r-llt'l 1;lrir.·rf.•nt..-. nl thp • .. , •• t,..m tl1r1• ..-,l'" ,\ 

r· il 1 ·~rti.-.r1., 1 inn•_ •. ,., ·.i,,t,,. "·,ir•f) ··~dr1Lrtno:",·. rnri.1•1; 1,1 
"rf)rit.11n('lr" Tn L"tpr"tnt~f·l. ",,.f\r·n !1 .f'•drrir·'-' nr 
"':,t,,, ~~p-;·. f·rnd11! ~ion" 'rr.fr·t t ino •o th,.. .. ,.,, 
,.,·rl11c ti'"'!'•, h11t ct r.,~ ",n•1mrir ~.,, ,,, ,, 'HJ pr·nr , ...... , r1ir1 
.-1itl1n·1• ,..,tor~I. "World 1,, • .,-, n.1rn;f,11t11rit11i'' .i·1r! 
•·r nnt ;f\11011'. f 1n.,.. M;H111f,1r !11,·Tnq". /,, t11"111 y, tl,r. 

1or1r·r~ t('l1·m vih11l1 '1:1 ... h1'rnriP mn-.t wfd"l; 11•,,•rl i·-. 
1·r·,1-in-lim•·/Tnt-il f)11,tli'y 'ontrnl rt<>rmi11nlnr1> •rnl1' 
r~·. 1. '11 11onhPl"fJl•r'. 

fl11ri11r_1 thP fir<;! h.ilf r;f thp ;"0th"'"'''"'! 
r•r-;loll'Pr~ P>'JlPr!<•d In P·'Y p;f•·.i fnr rpr.1lity, 
tlowr•v": in thp fQmp(1 titi·1P ',u .. l1nf•" .. "• r1im,1f;· n( thJ• 
l,1tr• 1r,irn• .. ']11illdy ;., nn lnnq<'r an rtptinn; it i•. ,, 



- ·~ -

nn"'-it:•.t-) l"t-)r~•1lr·'-~~p• ... l!hn·.~ .... h;•h .""?'' .,,·11.;n;:,-:•:,,., 

t ,1r~nut 'il~r·v;v.--i. 1-,,.··;'.lni .. ~o.;. (~ ..... ;dlP•! ~fl ,..,,,,b,lr·I., '!J'llT1 

th~· "fnt .. 1l f~11.1llt\o t:n.td'' .... 1rl 1·~.1r ~··p.1t r.-. ..... ~,-d~ 
"11ch cl"- 1,,..r,-,,._.,:1 c' r1·nr.t:··•1 .. : .. ,_ <C'rr.:'";tt;d i·:!"~"r-~~·ro::.. 
, r lmpnl·.-prf ,-~1·•.1;,.t \ 1p L'rt?Ll~ ;.,""- ~•, .... ~·-~r. ''"'l· 
,,, "h~ tlt-rl"ivt' tt"lf ~t·r·o::.. •,, tl1 hT"?-vt=- r·p..,1:1 to::.. 'ti' h A' 

~llt"'.1- jo..;, thr·p•.Jr1J1 ._l r·•-1'~~ ~~~:nt ~'\. ~he r1l._Hl,J.)~~'.11t','~. 

·~t~r-tin•1 irn", tJ,..-.., ,h."l;n'r,,:ii,,_ Tntet' f1t1{11itv ~·1..::.• t,.~ 
~,<lPitlJf"fl!t-1flt-lt.,d. , PnTPtl:l't-,,.;die in ~rPplt'm.:>nt,1~lon. 

1'~""'dl1 "~'?d ~n r·nr't i 1 ~qp11<, l~ttrt''-t"?~~nt .u~d t~w 
, .• ,~pnn"'-lbil1~" •lt ~'".-::r··, f-1mrl1,· • ..-::i::. 

ThP ~~~ ~ .1~ ~'1i1·~~ '~~~ P~~ro~d ~1~~ "hr·pg 
~1.~f.._;, t~(1•11r·t>-..,_: tir"t ··1-n<:.t1 .. mflr·~or·1~nt~d··. 
; ... ~. t~verythlnn !" rfr·lvr•n ~ ... cu5"nmer· n~frl~. th·1

"". 

:t rnr··fln~r-.l~•-:-; 0·1 m.1r~,-·v!?n1 ~h~ 11 r•·ec.:'! .. ,<." 1ri thi· 
ll:1,lnr3<:.'"'. whl1?: 1t.:it; ..... p.r· •n thp<;~ ru"'itO!TI~r 'lt"Pr!.r: 

· ~·:f'h ,"l<:. rrPdtlf '"-. ·.;er··. i r f-c", ~t t". \. ft•l r·d. ; ' 
tro• 11<:.•'"- Orl tfl•• ··rF<'rlF"' .... hr · ... ri.ri tl1•_• rr·,_,1·f' .;• .• 
in·q·tir·iqq rtrHI ~·nrn"""'tJ"'! ~:)~"1 •p pr0d•11·o-'.l ,.:i.,_..=.:-th~+t...-:r 

,-.,:.-~11lt"'~ f•'t" th'"1~1· 1;;-;'n"T•'J.1''.;. lh•Jr.. totn1 J~1,1l!t~ 
dpppndt; nr• "o! ,11 nn1.1ni:.1~ ;f"'1 ft r~""'l ;F., c1n ;-.·.:.r': 
lriffl· .. ·lrlnril P•l"-<:.~P'l n•o •,, tf·~ P~•t ~r1dl\·ld:r,1l 1'.1~i T~. 
r.1rt• ... qt1.1ltt\, -; .. :;· ... i·•1 ·-. ,tnrl rtu.1lt·\ ~nfpp';':,tt_ipn. 

Fr1 ~o .... lnn •fl~<.~ -;:t.1•prno.ln~ ~. f·nmp11tp,· lnt..-,,r-;lt.-id 

flliclllt't - '._,'\(' •• l~ ~l1~.1dr Otitt;~ptf - 'rHl ·-;,t:"ll.,."t-' .1-; 

~h .. 1 tp(~Hiii·.il rr·••-";'!PJl""';+Trin '"n mPPt tt,;-. 
r.-~q11i1·Pmt3nt<; n• tpt~l qt1--llit\. ~h .... in~1>1>lJf"iitlp~·1 ,,~ 

'ht=><:.f· tv-10 ,..,,.l\'~ nf <1prr·n-'•hln~1 hT·1her· q11.1f;•,. frpri 
th .. ,, tP.r~nir~l -;ld~,, c1r'd frf1,,, th~m.:\n.=ta.n""'t•llt -:-~1ch~. 1rtn 

~fl- r·po"r·rl~d rl-:. tbP ~.,,..,. ~n ~ (TM-nrTpnr~rl f111~1l~t, 

~t 1·,tteq,. 

;~ _;· .·1./ . .J11o;t-Tn-t lme 

Hw h>v ph 10',ophie' of J!T ilrP simp; i; .1.1t ion 
;inc! rnnt in11ill .mpr·o·.:»mpnt. l' i> ;in ilppr·o;irh fo1· 
ti" ro>l-Pffer• ;ve pro,ft,rt ion anti dPl ivery of onh 
thn neressary quilntitv cf pilrts. ;it the right timP 
.1nrf plilrP, .1t tlw rioht quill ilv. whilP w;inn;, 
minimum ;imo1111t of f;i; i I itiPS, f'<p1ipment. miltPr·ials 
. ind humiln r·p-;ourr:e>. 

J!T i-; dependPnt nn the hill~nce betwppn the 
suppl iPr'<; f IP• ihi 1 it y ;inrl !IH' llSPr' s ff<» ihi 1 it y. 
[!is Mrnmplishpd throuuh thf' applir;ition nf 
••lPmf'nts whirh 1·eqllirP tot;il emplnyf'f' invnL•-IT'nnt 
.111rl I n;imwnrk. 

Pr·ot. (./\.Vos•., in the fH'f'filr<' nt "Ju;t-in-lim1• 
M .. H111f,.Ht111·P ... r·rtnkPd thp mrtin h~nPfi•(. nf ,~l(T 1P thP 
llnitf'cl ~·.in<Jclom .i:;: w<ll'~-in-p1·oress r·Pd111 t ion. 
in1,·f.-,.1o-;.Pff f1P·ihilitv. r,1w m,1•.:-r·i.:1l:-,/p,1rt rt-rlu1t.in". 

i '" r·1'il""'' fltr•• ii t ~-. ; nr H'.l'"d prOrfll' ti' i I y. rPriirr Pd 
'-;.JlrHf• rPf111l1Pn1pnf .. , rlflrf ln~j':'·J· nv.=.orh"',..rl;. 

lfp ill";o or111rpPrl th<> mn";t impnrt.lnt •prhniq""' 
;ind .ippro,lr'hes ,1~>o<i.itprl with .l[T intn thl'l'P :;•.1111 
rlrf",l";: f11.1f1t1fart11rlna tprhni'11Jf1'"· 

p.-r1rf1Jrlinn/nt.ll<'r·i,tl rnnt1nl .inrl intf'r-"·111p,111y ![!. 
'hr· fcllowino point·, qiv<'" '>ilor·t de•,cr·i1;tion nt 
thPsf' m.lin arf'l~. 

i.i.·1.i.1. Manufar.turing techniques 

la) 'iPt-11p til'lP rf'rf:irtinn: i ikP 'ihinq<'o )hinrro'o; 
<;MHl >vs•.Pm (";i11qlP-min11tP pvrh;inq<> of rfipl 
that introrlurp•, thr rnr.rf'pl of Pd!•rn,11 
(ntl-linP) ~Pl-11p timl''; 1n nrrl<>r tn rPd11rP th<> 
inlrrn.il (on-li11P) sPt-11p timP',, 

( h I K.inhiln nr p1111 ";r hPrl111 i nq: fly i hf' Kilnhan 
'V''""' th<> prprrrlinq prorlurtinn ";lil<•f'' <JPnf'r.1tP 
nPw mrln11fr1rturinq nn1rt·c;. _ju~t wfH1 11 it-; r;lo1~ 

p! t;,1;.-.~-.~d rr·rid1.,~-: 1r;:-:. rnm·· .!P"'f' ..... ~ ·.;1•.-•. 

·:..pr· i,li tr·~1:1· ... prn·• ~.,1r>r.1:~-i ~'"~.11·,r.-r--. .. ;.,, ,•:pr!. 
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:'df_.0.:. 'l~!<.l'lt;t\. r. J1<lrd; .. ,: •.'··-r· q ;...;. lr·~ ~I-. 
~'l~11·~;~l':l pr··.l'.-:.l'-;', '•"'" t\-~ •"•!-l;;:•,'d. in 1-i.;"' ... -t~ 
tht· la.-;~ produr t 1r·., 'tl1\!t=- lf~~ .... n ... ;·,p·, ~h...:. 
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IT'd~~t1t...1:1·tcr·Tno. fh .... "':r··o.-:;,c::.~· 1 in•r-,·.~·1· •::, .. ,,t 

l--.-H'~'.H1 l-; j·ln-.;p1,_. 1t'r'!'i?:~tPd -...1t~- •.,._r, 
r·~"!t:;r·::--m~nt<; t-o ('r11,f·.,-~;nr·· ~-:tih :•.t~,., .•. 1''" 

rrPd•11•ipn .,.1 .. Hl~;';F..,_ iPI~ :-;qL Tl·1~~~. 

o.:.Lt~Hfani"-. 

(ltt,.:.1· ~11-ini itd~..:. .1lt:.·~· .~'"t'' ~.~"·'d .. ~ q, P"
1 : 

<:.•..t>~d.d ~r 1 u 1:·~- ~1J(:1-~ ~=:•""J. pr·•n1 ;r·p p~ q.... ,,. 

·~'."~ s:-ri.1 11 .. -.;t p·);·:,~!,lr. n•.,i'·T;·~- ti:t-· ··pr·•· . .. i; 
r:•rt;nt~P.:n1;.::.' 1 • th..:. ··rnL.-"'-!f't .. -. !.4p..;·_ ... , .... '·" 

rront-rri1-; .. r.Lp_ 
~1_;.- ~ ~"- ,1 ,_flt"-.- L. i ;-:;:~. ~" pr-.'"l.._.:n• i!:· ... H~-..--:r·• 1 ·:.-.d 

:nio;•.;{_~f?~ ;:p1d d~t.-:1·•~, .. tho.1 ,1::'nr-1:ii-'' -:..•1\pr·n 
·~! ~l~t-' t•r·odui t 1.y• t"rJ:1it1 ti'P·•t •. :.,·.·1 :1!,r·pr.,.,,., 

r·t~nd ~" ~ 0~1-; :tr·t" ·~·.1-:p·"" • 'd 1' r· n 1 1:1· 

fl' l 1 ~ 1 • rt r· ~·rt r111 t 111. t t • •• ; :' tl : 

t ~· i1n1~ l f'tt]V. 

1,1) JIT-MRr: MRr 1_.~1.l".1=-r·~,i~, r·r-,rp1~1·p~-~'"'~-; ri,"l,,r,~n·,!\ 

anct .JIT 1_;u1, nlth -;011,e r.hfl.not·c:;. r.'1,t•'.rl 1 r.., 
~11prort Pach othe1-. 

<ii' orr •optimic!'d pr.oriu.-tior t»rhnolna.»: .• 
schPrlul:nu ter:hn;'l"" rte·,pJopPd i·1 i'f·,1pl to> 
rtil0w JIT prorlu~ticHl in .=tn ~~rp;lronm,}r~t 

(Jl(lracter;:ed hy f(lmplf"l•;tV r1fll! ~nn .. P 

bottleneds. 

(r) SLhedule balance .ind ~moothinu: usinu 
~_p(t'nl'luP<. <.ur:h c1C) "~:nrlpr cArrtrl~y C)ri1Pd1J1in.:'' . 
"vlc:;ihlP prod:1r'"lon 1·f'n~n1l" Pr ''ln~d-0rf~ptpri 

rplpase ol orders" ( b.1serl on thP prinr ipl" t•qt 
rinly ;i rerl . .:iin .lmn11nt of !ho~P or:, r; ,.,.,, 
rplf'i1SPcf whirh r,H1 hP m<tnuf<trt!J?'Pcf within .1 
cprtnln ppr·iod. t~-; a rP'~111t .1 mnrt· 
"anti r ipat ;n~" rPlP;Vi,P ot orrl'1ro; r·;tn h•· 
il~lilinPd. prevPnlina ~" nverlnad of 
mr:.ni;lclrtur·inu with StJb<;tlq1Jerit hinh irn1,:1r1~r·r·) 

rtnrf f1l'OfP<.,.<;.fnQ/m,Hf1i'lfflO tirnP~}. 

fd) Si111ultanP011~ m.1t_pri .. 1l .inc1 t;rn,. m.u·.rlunm,··r'' ,~.t 

t_r·.irfitinnill pr·0d'.Jrlion rL1•111ir•o ;ir·d srh1•c!•1l;,"' 
\yo;tpnVi. m,1t,::.1·l,1l <lnd ~ lmP .n,in,t•Jf""l.!lWr>t ,u·t> nnt 
"';uffir1Pntl•1r •nnnf'·r-~fl.rl. ;'\> rl rhrlJ';\lfPri-;ti( 0-

!hp sim11lt.1rH·O•rs nt<>t'10rl, rr·itirill nnlPr~ .in· 
rpleet\Pd tirC)t hy tor"':trd-t.Prmin.1t1 '''· "~ 1 •tir·.i 
rt J,j~lwr· pr·inrity in n>l;ition •ri n!hf'I- nrrt.,r-.. 
1-\ftfirw .. :u·do.;, flf1fl-<·ritif,t1 IH"fl•lf"'). rtrP .. tdj1,~,t, 1 d ~n 

f 111'.Pd tf't"ffi$ by "1Pfifl~ Of hclt.~Wrtrd trq·m1r rl' ;!H1. 

t1.l ,1 r('<;t1lt, t•lP PntirP flt"rlf"'r· -;y-~t('m rt1r' br 
""'rl111 o>d to m.i1111 t .i1 t ,.,. i nq orrlPr ~, pnih;ih 1 y 
inr.rl'.l'iinq ..ilre.irly P<i'iiir111 hottlf'r·"'~-·; ,111,; 
r.rrl1>rs to he .illnr;t!Prl tn 11011-rritir,il 

r.;ipM it i P>, 

,• _;>_.1,;·. \, lnter-rnmp;iny Jll 

(,I) .J!T-p11nh.i,i•111: .1pplir.llinn of !111• J[l 
prinriplP 'ln .Hl 1ntPr 1<Ht1p,u1y h,1~i .... , rPrp1irir1q 

t hill qnorl> .ir" '"Pl' 1 i "" in •,m,i I 1 ""'""it""·. 
l'•.l<t .1mo11nt•., .it fr·l'<fllPnt intf'rv.tls ,111d ,,t 
100 pPt' r rn! <Jll.I 1 i I y, Thi• Irr hn i fliJP', •r' i 1 i /t'rf 
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Numerical control of machining paths do not 
account tor· the posit i:rn of the part on the mi<chine 
tool. fliio; mec1ns that the part must b<> "locked" in 
a specific position by the fixture unique to the 
part. To meet thes .. req .. irements. product-spefifir· 
Ii" lures have to be dr:>s i oned aml manu I act ured 
parallel to the products-to be clamped and 
oroanized as specific tools ot the marhine. 
ri~turinq has to be inteqrated with 
tool-management. with similar monitoring and 
identification rlevices. The development of 
"fi,turing-standards" for work-piece families could 
help reduce the high P~pense combined with 
"UM-oriented fi~turina" _ 

2. ~_ 1.;•_ Machine tool managment 

Critical to unmanned machininq is tool 
manaqemenL IJr1mann"d machine tonls r·equire a 
consirter·ablP n11n1brr· of monitoring system-; in nnler 
tn 11perate effert i,cly. This is the 1·.1<;e i'l .nP;i:­
su.-h a<> t.<Jol wp;ir· mnnitoi·ina. irlentifi(al.iJn nf 
t.nols, set!inq tool offsPt<>~ error rorre 1·tinn 
cilused by thermal dr·ift. eli:. Some fo.-.11 of sensc;r· 
has tn be inrlud~d in th" ~v<>tem. whate~er the 
monitorPd funrtion requirem~nts will bP. 

As one answer to some of these requirements. a 
~o-cal lerl "intel 1 ioent" t.ool ing approach ha' beP:i 
introduu'rl lly the appli(,ition of mir.-orhip memcH·ie<> 
!as J rPad/write farilit_y\ emheddPd in the lonl 
hnlrlf'r. The oruaniz;it.ional inli>qrat ion a> wpl l i1'> 

!hp f11ll 11tili;ation of th<> Mlv~r1taoe' of thi'> 
approarl> for an opt ini.:il tool nranage,;;ent ha<, not yPt 
hrPn optimally .-ralizerl. 

2. ~-1 .~. Monitoring, sensing and ~ontrolling 

Adaptive control is another fipld of interest 
rPli!ted tn unmannPd machine tool systems. It 
dpscrihps the in-proc~ss adjustments of operating 
raramete1·s, su(h as spindle speed, or more usu;illy, 
fpecl ratP basPcl on the a(tual procesc; 
ch;irarlPristics. Two main adap~ivp control systems 
r;in he dist.inq11ished adaptive rontrol optimization 
and adaptive (Ontrol constraint. There arP somp 
;idvantJges in the sernnd. the so-called "tongue 
rnntrol lerl" •y<;tPm whi rh ma~Ps a feed-had loop 
wl•ere rontinuouc; mnnitorincr hy sen>ors and updating 
of the (N( 11sir111 arlap•ivP ront.rol produces opt.im;:il 
rutting ronrlitionc; for th<> (nmhination nf the tool 
wor·k-p i Pre. 

For any 11nm;inn<'d m.irhining operation it will 
t"' e~-;ent i;il to pro·,iriP .rn in-procps; tonl hrp;i~.;iqe 
q•nr,ing .,y•t"m. Tool hr<>ak.1qf' rletec!inn 11-;ino thp 
anrn-;tir emi-;~inr. prin· ipl;> whilP ;ipplyinri thr 
rli rf'rl pie10Pier•ri r "' f<>.:1. i ·, now em!'rriing a• ;i 

rel i<1hlP mrt hod. 

It i-; .ill vr>ry well to hilvf> a -;ophist.ir.atrrl 
rutting ton! monitorinq •ystem, hut some ~are has to 
he ta~en ovr-r work-pi Pr" icfpnt ifirat ion, <;pt-up ;,nd 
r1a11qinq. U11rio1J marhioinq t imr> there ar!' ii numhpr 
of way< in whi1h the pi!rt·,' qui!lity c.u1 hP ar.ses-;Pr! 
r,urh a~ in-prorer,<; q;i1Jqin'J lmainl1 ur.r>rl in grindinq 
;ippl ir;it ion<:! or in-r Y' 1" qaurting (on t.urnioq ;incl 
m;irhininq q>olrP< within fMS). One method u>Pd tn 
ovrrrom" Prrorr, in !he m;irhinr tool hy way of 
romppnr,;i!.ion, is t_n 11-.e thr -.o-ca11Pd "fontprint." 
mPthod of p;irt. inspprt1on. Another method, which i~ 
-;till controv1>nial, i., the "detnminio;tir mptroloqy 
techniquP", which prpdict<; and correct~ for error<, 
haspd on tryinq to anl.iripiltP mai:hininq error~ in ii 

r·pal-time <;iluation ancf thereby ror·r.,rt i.,g th,.,m. 
This technique is still 10111 inrd to thP laboralorv 
!>~rt wi 11 have a considerablP imp.1c• on wor·~ 
measurPmPot and its control. 

Apart from all the diagnostic r,e.,-;ino rlevi1PS 
usecf to monitor a marhine tool. there are a •ariPtv 
of other sensors to mJintain a slat~s q~o ot 
consistent part quality. for e•arnple. thermal 
SPfl<;illO iS U'ioerf lO (0!11pPnSille "machinP CTrOwth" "ill><;Ptf 
by heat in motors and bearings. It i> poo;>iblt> tn 
r.lose-thP-ioop by fepding •hese prrors intn th• 
marhinP tool. allowina for more consir,ten• part 
qucl 1 it y. 

Monitoring system<; such a:; tho'>P 011•_ lined. co~• 
a <.onsiderabl~ amount of m1Jney and ;u·e ar: inclir·e<.t 
production cost, but they are necessary lletause ot 
the lad, ot human involvpment in !hP m;ichininri rvrl". 
in order to achie"e hioh quaiity p.-odrir.t<> ar~rl .-is«• 
-;tep in the direction of ";pr·n clef,,rt q11:ildv' 

~-~-~- IR, ftSsembly and sensor terhnolog~ 

~ .. L:'.1. !ndustric1l robots 

The lnterndtional Oroanizatio~ f~r 
St;indanliz;ition proposed the frd10·,1ir10 op!ir.itir,n: 
The industrial r1Jho! : Hn is an aui.om.1!_i,_ 
position-contrailerl, reproarammable, m•Jlti-func!_io:iill 
manipulator with sevPral cfpgrees of freeda~ and 
capable of handling materi;ils, parts. •no!<; or 
o;opri(ll i;erl devirps throt1nh v;u-:;iblf prn'lr·a:nrrw·d 
m~tions for the performan~P nf a var1Pty of t;is~'-
lt ofter. ha-; th<> appea1·;i11c!' of "''" nr 5P·1,,r;il ;in:v. 
ending in a wrist. It.s rontrol unit uses~ 
memorizina device and sometimes :~ can u~r sensino 
and adapt~tio~ ;ipplianr.e<> that take account of 
0 nvironment and circumstances. These mul~i-purpo<;e 
machines are generally designed to carry out 
rPpPtitive functions and can be adapted to nther 
functions without permanpnt alteration of the 
equipment. 

Industrial robots were oriqinally rfpvPlopPd for 
handling and process applicatio~. The control 
principles used were pure po<>itional or path ranlrnl 
from taught or prP-programmed ad.ion p;ittern;. !hi-; 
concept has demi nated unt i 1 today. 

~.l.2.2. Assembly proress 

The final result of an a'.semhly pro,_,,s~ r!Ppend<. 
on the quill ity of thP p~rt; 'o he a>sr>mhler! and of 
the correct perform;ince nf all oper;:itioos. fvPry 
part must be grippPd, t_ranspr.·• ·rl, fed. insert,-.rl ;inrf 
joineri so that_ the final rrsnlt fulfil-; ;i oi·1r•11 
function >1ithin it.~ toleranrf>•,. It i-; of """''­
importanu· th.it !hu p;irt'. ilr•.' po-;dionr~ i• thn 

qripprr wit.hin qivcn pi>rmio;r,ible loleranrv, to pr·rn.it 
the r.onsecutive sub-operations t.o be rorrf"•t.lt 
pprformrd. Evt>O if r.1rt_r. to he i!'.;Semhled J.;iv(' lhP 
correr.t quality, .in unf;ivnurahle t11rn-out ,.t tl1P 
dimensions may ma~P thP fittinq imprJ~.~.ihl,o or oi"" ~ 
faulty rPs1ilt. 

7.1.7.1. The IR in the d'>sembly proces~ 

A rollrit wnr·~ <t.:ition with m;rq;i;ior;, fi,t11rin1 
tool'. and wor~-piPces ir, not allowed lo v~1·y onl•;irl" 
givrn toler;inces. Thesp are given hy. fnr exilm~lP, 
fixlure,, i.e. maq.izinp-; d!'siqnerl to eMh '.pP•.ifir. 
work-piere, or tools and work-pipce~ whirh havr to hP 
manufacturer! with r.lor,e tolPr~ncPs to ~voirl 
uncertainty of part positions. UnexpPclf'd o;tatP'> 
durinq proqram execution arP not allowrd at ;itl. 



Robot·. h<tv<' .1 lintit••rl ~""iti•1n.1l •PPPitlill•ilitw 
and rnulrl lrP "''"'•.Pd hy """"'. , . .,.,.,1 I inq in 1fr·i ft. 
ThP ">.lmP thinQ hold-; t nu> 101· nl_f..,r· <;y<;tPm 
rompnnpnf-;_ ihu• •hPrP i<; it oppif for ~upPr•i-;inn .11 
!hp dil I Prent <;l.lll~' n! lhP prorP<;§ hv m•.ln<; nl 
'Pft";nr tpr·l111olnc11p~. 

Tad i le <;ens i n•J 

Opt imu.,, .,.,n,or· r nmp l i anr P i ·; .1 -;p ... pr·p pr·oh l Pm 
•n l.•dnty flnor ;ipplir.1finn<> nf far.tifp '""'>°' 
.1rTilY'· Tho.> hun1..1n din h.1-; lfH• ability In .-tcfilpt i•., 
• nmp! l~rH P wfu.,,, ~u-.1-;riru1 .ln Pct•J c:l";. wpl l .. 1-.;. tel th~~ 

ol ii l>1·i1 ~. Ir mimir thi-; 1·<>m.-tr·~.<thlP pn>pPr·I f in .i 

t.11tiJ,-. ..-,Pn"o1· impli•l•._ hloh 1nmplP•lty ~" wt1fl ~' 

hinh 111<;1. In ind11-;~ri,1l »pplir.lli<HI">, diffPtPnt 
li!rti!P ~pn<;nr arr.ly<; h~~" to hP u<;ed with ditfPrPn! 
OP(Jl"''P"> nt I nmr l i ilnrP t "' "i II Pr·Pnt I ii"~ ... i.". OnP 
typl' for llu• »•111. .1nntla•r· !;PF for· tho> hrid. 

fnr- .1 fnt11n:., P•tPn~inn of thP r~nn~ of 

.-tppli1,1•ion. 1.1rtil" '-<'n<.inu :;lurnld bP rombined with 
nthnr· ~Pfl";P~ - -•. J ... ~ion .-lfl1f .-li',.() pro:wimity c;pnt;IJHJ -

fl thP fu,l'fi1H1 pf~ · ... .,.n,nr-fnritrr>llpd .ltfitptivP 
rnhr1t i·~ ,,, flp opt.imi:Pd. ft1p ~pn•.cn· 11nit~ mu--;.t flp 
r•,1-;i ly .1nrl r·.-ipirfly int..,r·rh.1nuo;ihle. ThP romhin<ttion 
o! ',,PVPJ"rtl '\Prl'.P' l'i,F-fl,'H.,). ,.P~tdtc; in ~vn·~n1~ti< 

r·f fpf t.,, ....,hPn • nmpitr-~cf ~n •hp u~.,,r of a .. .,,!nQlf· ~.pnsr. 
r·vf"l if tlw l.1t ,.,, ... nt !11P rn1tmll';t o;opht <;I ir "'inn 
f P.fJ. "lP-v 1-;.inn \. 

M.111y lat•nratnrrrr. wod ino ir> the f ir>lrt of 
.l·.~"mhl v .111tn;n~t inn ~r·p tod.-ly Pnr1.:t9P 1f in th~ 
ff,..,..,..Jnpmf·Pt ,tru! .1prl ;, .it ion nf Sfln .... or· tPf hnr.l04y_ 
In ·~pit,-•"' •hi<. ~ntJ.HJ"mPrtt only .l f~w ";Pll',or·-h.P.PCf 

·.nlut iono; (•.inufF '>Pll\in'll sufh .lS vio;ion-<;~·,l.t>mc, 
,,..,, .tppli,.rf f11r pr·..irtir . .ii 11<;!' in ind11o;l1·v. 1\5 ,1 

"1.1in 11ho;t.11 lP l<J .l h10.1rf.,1· appl ir·ilt ion of 
·:i·no;or-tt°'fhnnlorilPo;. th~ l;u~. nf t:ommunictltinn 
o;rrpport ,1·; w•" 1 ,1~ <;•1i t.1h I P/<;t;111d.-ird r 7Pd o;enc,or· 
in\Prt.ir!'o; to rohot rontrollPr-; .lnd u<;r>ro; should hp 

nu•n t ton Pd. 

Futur" dPv!'lopmrnt•. in I.hi<; .lrPil o;hould 
rnnrPntr·..t•P on: 

ThP imprnvpmPnl of n1hr1t ront rnl c,yo;\'.·mo; 
rcJr11Pr·r1ir1q ~F·r1~r1r ~icJn.11 pro(P~~inr1: 

Tiu• imprnvPmPnf of intpqration rilpi!hililiP'. 
nf """~or; ilnrl rflhot <,; 

Th" r!Pv,olnpmont .,f t,1·.~-nrinntPd <;trillf'•Ji'"· 
for P11..il11..itinrt -;Hi-;nr o;ionill> for· -;y;IPmc, 
proqr .1mmi nq ;rncf pr· or 1•·. ·. -1')11 i tf,1111 ". 

Th•· intr>r1r·.1tio11 nf ·.f'W,rJr·-quidPd rl'.'.f'mhly with 
inrlu".trl.11 rnhnt•, fnfn .i rfH-i·nv1ror1mf'nt i-; .. ,till 

.,.. ,. y f .. ,. I I ""' ,. "·" i I..! I i I) n . ( I w i It t ..! ~ p •• I 0 II I' l ,. " • 
y ",ir· •• I " ..,,,, r h •• t ,rn rl ill cl ·• 'l l 11 I i n w. . w h " h p 1• r "' i t ti'" 
ir1'1nd11rtin11 nf -;.tnJrt"'"'"· ,,, thp .1 ... ,"'.P1l1hly ,u,.,, "t ~t 

'.i•1il.1r fpv•>l Ill tit.it .1lr»..1rlv .1rhi1""''' in""' 
m.Hhfn1rHJ ~~"'tor. 

l'l\fll 

',()f TWMH [lfVf I ()l'Mf rw;: l'l\')T' l'RF >rnr Mf[I fllllJPf 
, .. 

lftf' opt 1m.1l -,,.1,., t ion of ·.ollw.11·" 1•lf'•u·nt ·. for· 
..111 inclw.tr·y i· .• 1 ll'rhnir:.l JlrPl.P<J11i-.il<' for· !111• 

"•"', '"•",ful Tn1p1r'"1Pnt,1f irH1 nf intpqr·Atrd .. ltJtnn1rt! rnn. 
[I i-. c,omf'tin11••, f'vPn mon• import.int. lhiln 'h" 
in-.l . .11 l.11 inn of powPrlul l;;irrfw..irl'. 

I ih• mo·.t nf fhf' (!M n.J..it.1_.d fP1hnoloqi1•<. <1111! 

loo]<;, .1 -;oflw.11~ ·.ol11finn 1·NJ11irl'; ,1 prior romplr• 
.in.ily-;i<, of fhP indu~lry. Omitl inq thio; o;fpp wi ti 

- i l -

t"P~uJt ir1 thP inr·{)rpnr·~ticr1 Qf P•i~tin9 

on1.:ini:atio,1al rlefir_iPn• ie<; ir•to th<> sofl•ill"I' 
-;ui11tior; to bl' plahorat!'d f•prno;i·,p trial" on thP 
c,l· >p tloor ran b!' minimi:eil hy I.ii~ im1 full ..iil•.1111,111<> 
of ~hf' opportunities of model 1 inq. 

lhP ;pl@rtPd <;oftwarP mu~! he •ilpi!bl~ nt 
opPr.JtinQ under hoth reqular milnuf.l(t•irinQ 
··onditinn~ ~n\~ .;ltf~ptinq ~o P.rt1r-r9PrP tP~. ft-tP c;urfP~ ..... 
of int••uriltPd automat inn d£>pP11ds on t.hP r '".-t.-1-; 
rl•·fin!'d hipr.1nhir,1l da><;ili1.-tlion of 
r·p<;pon<;ihilit_ip<, and'""~" in lhp m.lniluo>mpn• 
pr or t>'\<;. lhP t..1-;~.~ .,:,nultl not b .. i11li•1~tprf In thP 
P•i';.tinq m~n;tc1~mpnt. ""'°tr·•r• •1u·p_ ~ut ~~rP 'JtlJ--.,tl. thfo 
m,-tn<HJPmPnt "'-~'-t" ttirP ·~fu)l1ht h ... .1d,.ptPtf ~o thJl L:t\~·._ 

~. l. Fle•ihilit1 and software 

In tho> last fe,. yP.lro; it hi!; '•PPr. P<'>v to ·"" ,1 
r·c-d11(tlon in lot-,;;-r- ..... .1n inr rr·:t~f' ln thf' 
r nmplPxity of the rP'l:riro>d m;i111ili1rli;rin11 1.Prhrti'l""" 
and .ti th!' samf' time in the numhn of prorlur t 
variant<; and the nPe~ for .1 ta;t rPa••inn In m.irk .. t 
f h11nueor... '' 11 thPor..e ( hrH1'.JP-:. c 011 I tf h~ '"''Jmrt'..-tr·; .. ·~d hy 
o;avina *hdt. pr·odur:tion bPuitn •o tu, mt')r·,-. .1nr! JTmr~ 

f 1 ~vi bl r-. 

The tuni:ep•. or fh»ibility i; ll'>tJ·.illy 
.1;<;01 iiltPd with th!' rap.ir ity of a prnd:v'ion -;·r'·'•'m 
tr> ··.nnPrtly and ""id.ly" ;irf;ipt In ;,flp1·11,.1i.P 
r.cn<;telli!fion>. f,,o typf-" of f]<>.if.ilit, may t>.-. 
dio;I irn1uishPd. dyrr.Jmir f '"'ihi 1;~1- wh1rh 
prrnr ip.11 ly rieterminP<> the ~<>rm ··ri,,irU y' .. rnrl 
<;fillir fle.ibilil.y. m.1inl; r(-;prin•,ih:.-. fnr· t.f,.. I"'"' 
''<nr·rp,•ly ... :. produrt.!~·\ '",y'\tflm r~-tn d!'o'.lpt ~t ... 1 :t 
In :,P11P1·al pr·orlrir.t v.11·ia;it·. hy me.Jn'> ri~ th" rr•nl•ol 
s,o;t,.~. The gredter the numh@r or dilt.,r~nt 
va1·i,lrJ\<;, llw greater wi 11 l•P the r h.lnr" Int tfu· 
<;y>tPm to ar.ftiPv.- l'COnomir <;ofut •On'> for· .,,,., 
products. r~us fle•ibilit) Ciln hp reoard!'d a~ ..i 

dimpnsion of different v.lrianto; CO-P•:<;tinq in a 
pr·odurf ion o;y<;tPm. 

A(fOrdinq to thfo tPnet-; of rontrol thPnry. th<> 
compl ~xi t y of a syo;t.Pm, anrl thuo; the t imP nPro>-;;~1· 1 
for thP computati1,11 of a nPw o;ol.ition. inlreil""' 
e•ponentiillTy with the numh@r of i!ltPrn.ltivP<.. Thi~ 
m••ano; that the conplf'•ity ot a soft,.ilrP s!rrir.:111·<>. 
11<.ed to .11:hievP the dynamic optim.11 solution, 
incro>a<;P<; e><ponenti.llly with I lP•ihilily. l\lthn•rrth 
mo-;I of thP o;yst.pm; m..iy .-ir tual ly h<> gr1idPd to ;i 
dynamic npl.imi!l solutinn with tr..idd i•111al mPlhod·. 
(ii; <;y<.tf·m llPwihi!ity 111rr<>il<.P<.), ~oltwi!rf• rnn•r·'ll 
·.•rccr !111·e-; bprome morP .ind mor<> th" ~f'V In ttw 
opt im.11 f.,nrt ioninq of !hp <;y<;t""'· 

ti ·.t~tit prnhl~m in th~ p,.-nf111,tion ".f~.t,.m lfo,.·. 
nqt ,,,..Jr.t. WhPn tn< •t•,t-:.1nq pr11tl1, ~ iwity ht ~.ol·.·,ricJ 

.1 prohlern, t.hP ;t.rr1r t•ll"" of rhp f.u tory rh.111qr-· .. 11 
tho .... ~rt·P tim,:• .:\nrt '";fl '4 flPW .... y~tP"1 ti~'"',,, t'P 

ill•ill1<>f'rl. !hi<> m"""" thPr•· i> 110 -.ol11tio11 that 
.1lln ... ; thf' rP.t1'11n'l nf a hi9hp1· prnrt11rfi11i•·r 1, .. ,pf 
without tlt thP .... ,lmP ~ir'll•-i tu•inq rontrontpft ,.,jtf, ., nF•w 
prohlf'm lo hr> rec,olvPrt. 

A -;t.itir inrlw,try i'> .l !lP.ld indw.try, thPr.,forf' 
thP only ".olution io;" rontinum1•, "'"1rrh for n"w 
'.nl11tio11<.. rhPrP i<; no <;urh lfti'lq ii, ..Ill 

"off-thP-'>h"lf" r,oftwilrr• p.ir~illJ'? unlP<;•, f11p1·p '" .i 
-.1.indard fart.ory, hPrausP lhi" doe-; not. P•ir.t. 

fhprp i<. nn -;en<.e by tryioq tn f in!l .i <.tanrlaril 
-.oftw,trf' p.irl<11qe for C!H. llif.h Pnouqh money d 
r.pl'riill ilrvPlopmPnt ;irt,1pt1>d for a f..irtory 1011lrl hP 
m11d1> iloil it will he ao optimal <,olutinn until it i<; 



instillled. be1·i1use for that moment thP <:tr·urture 
will chanoe and <:o i!l<:c will the need tn chanae the 
software pil<laoe. 

fhe problem will alway<: be the same: to 
operate a lle•ible prC'dud ion -:ystem that r<>ad" 
rlynal'lically to the market requirements. a fle,iblP 
-:oftware pa,lage and no' a static one is necessary. 
flu! .. hilt t!oe'< it meiln tn hilve a dynamir. flP•ibl<> 
software systf'fl'I? It means that the system wi 11 onlv 
be a decisions support. onlv a tool whereby one ma~ 
find the answer to que-<tions taster or inrrease the 
worling speed in some special area of the industry. 
rhese two possibilities are given by decision 
support systems for· the f int and spPr iall y 
developed software tnol" for the seron<l. 

~- '· Soft.,are tools 

[t is not within the scope of this paper to 
m;ile a survey of soltwan~ developments for 
;nd11str·ial arJtomatior•. Only a 51.rvey of the area'\ 
where software tools owlr1 be appli(able will be 
aiven (based mostly nn the document of thP [cnnomir 
Loirmission tor· Europe: "Snftware tor· !'.ldustri~ 1 

flutomatior1"). 

l .. ~. l. tK tools 

The numerical control (tt() programs prepared 
milnuillly in production plilnning are very rarely used 
nowadays. (onsiderable importance. especially with 
r[spect to unattended manufacture. is being given t~ 
the computer-aided NC-program generation. 

The m~ 1 areas of software for computerized-tt( 
((U() ;11-f". 

Function data bases that permits a gevmeLric 
information processing for iln easy use of 
complex work process~s (e.g. given only two 
points and the ratio. generating the 
rorrespondina rirrle sector); 

User interface software that could guide the 
operator in the conversational mode using 
windows arid menuinq technique" or symbolic 
proqramming and als'.l a (Jraphic suppor-t as a 
hPlp in understanding the "'Ork; 

The service software for support of 
diilqnosis and maintenance of data 
input /011tp11t rontr·nl; 

The adaptative control software for 
rontrolling the infl11~nr.P of r:ontinuou~ly 
varyinq prorP'.;s parilmelers (e.g. temperature 
and forr.PS) and alr,o for tas~s such as 
prPdir:I inn of ton! failurP. 

The rtevPlopmi>nt of Direct ti( (ONC> was 
initialer! to milkP posr,ihlP the control of milrhine 
tools 1rom ii r.entral romputPr usinq t.hf' time 
~h~rinq rapacity of diqital computPrs. The most 
important PlPmPnt of thl' [)fl( -;oft~are is the data 
tr;ino;fer. This trilnr,fer ro11lrl take plilc,. between 
the rnmputPr, the tlC-mad1i11I', the progr;iirming devire 
.ir11I nther diff PrPnt 111111 t ion;il romplexes of thP 
'; y •, f Pftl. 

futurP rt<>velopments irr this fiPld will enable ii 

het.tn utilization of the !.MJ/(flM systems for 
Uf-mMhines, it better intprn•lationship hetwpen lhP 
II( -m,1rf1 i np ilnd t hp en! in• prnd11r ti on · y an nn-1 i ne 
rommunirilt inn anrt the interirat ion nf 
prorer,\-ilrrompanyinq mnnit~rinq systems. 

The ne•t stt>p in thi" fie,·el.,pment i•. ,,.. ha·,.o 
aro•JPS of ti( mar·hines attina ii\ 0'"" nptimi:e!l 
i1_..ible machine ilnd r.ontroll<?d ao; r, s•nql" .,.,;•. 

' • ' - ;.> _ IR tool o; 

Frnm the (liven definition nne of the mnst 
important areas for software dppl irat ;on by the IR 
is the progrilrrming of the rlo>vire. rrn9ra"'"'i"'J .-n•;lr! 

be d~ne manually with the help of mechanical r,tops 
or hard-wired control. or it could be done with 'h• 
help of mirroprn,es .. or t>ao;ed o;ystems_ 

Uo;ino mi•.r.:;proceo;sor ba'<etl cc •!roller<;. 
proqr3mmi~q •:ould t>e done in the fr•rm of •ea1fi_;,, 
prooranwni nq .. here the user mo·'"" the p:; to ~ ''"" 
suciessive.wanted positions ~hirh ~he '<vstem 
memorize. or it rould he dnne b~ a rla.,~iral 

proaranwnina method o;i!lli l;ir t.n thilt 11'<ed hv 
gen~ral-pu~posP computer<;. for thi" kind of 
rlaso;ic.ll p•·ograrrmin~ s?veral languages h.;vo> hPF" 
r:levPloped lalmo._t fver·y r'!bnt ma1111f.,r!un•r· ha<; n,, .. , 
with some adilptation of P•ist:no 1-lnauauf"·~ 'e.o. 
Pa5ral or()_ Some of those alroarly P•:'<!ina arP 
a I so us1>d I e. a. ilssemh I er· I ana.,aues 1 _ 

The actual trends in IR-.>pplir.>tinn <;nftwarp 
are hilsirally: 

Rational program gPner?tion through th" 
utilization of high-capilrity computer 
techniques; 

Reduction of unproducti~e idle time of the 
IR; 

Intpgration intn (AO/fAM systP~.; 

Au~omatic program yeneration; 

~elf-optimizing IR with the help of sensors 
(e.g. vision systems). 

Special problem-ori.,nte<l progranwning languages 
are designed to minimi:r.e the demando; of progr·amminq 
using high-level conwnands or mar:ros, simi Jar to 
those normally used by a man durinq assembly, and 3•_ 
the same time to retain all the powerful properties 
of high-level languages. Different approaches are 
ha-;ed on operator/system dialngue with ii sper.ial 
operator panel and it can be supplemented hy ii 

camera and scree~ for object identification. Thi'> 
kind of language requires further development in 
fie 1 ds sur.h as end ronment description mndP 11 i nq or 
dPcision-making methods. 

The current highest level on rohot proqramming 
is represented hy off-1 ine p.-ogr;,mming lanauaaP<.. 
They may hP seen as the tao;~ of techrrologiral 
plilnners usina techniques for the desrription of 
manufarturinq systems. The aim of these 
developments is to transfer the prograirming 
artivities t.o the technoloqical planner· anti ensurP 
that t.he proqr.1m-; thus dpvolopPd riln run in the 
produrtion process with minimill rhanges. ~raphir 
simulation when used with i\ mat.hematir;il rtevription 
of the rohot environment ilnd the kinematir of thr 
involved elemE'nts, is a tool whirh ran hP .1ppli<'rl 
PJIPrtively to f'revent rolli<.inns. 

A.A. I. Material handling dnd transportation tools 

Thi< field includes autom.tli;. guided vehir.les 
(flf,V). i111lom<1terl o;I orilgP systems .tnd inteqrillPrl 
stora9e and inventory ront.rnl. rhe milin rnnr1>pt for 
lhosP kinds of tools ilre: 



- 1 ~ -

To 1 .. , Y 1 ~t t .Hi~ "'Min~ .1 ~ n 1 n t ,, r·ll'A t i fH; 1''' th.: 
m.> t n·; .1 I I 1 n .. : 

J~ ... -H'" .... ~r· '1u•1~' ;nn<C;. fl'" th..,. l('l,·.1t '"""· 
I):r.tll~;t.._ 1ir· <;.•,1h1<;. (lf tht' "1<.tt•'r-1.tT'- in Ui..1 

•.11 t .... , ... : 

To "'''"l.itP .tnd t•rti,..i.:p th• "'"t"r·i,11 
,- (l!I t i ~'ll . 

Th.,l ci ... T~c ti.t_1 "• <;.tHh ~\11-c;.lt>!n'C;. ;,.._ mclir'l'w t1." 
r.-.1-tnr"' .\ <.<'r-. ;, " !nr· n!lu;•r· <.t'f twilrP pa• ~-i\Ut'S it'1d 

•r,tn<.tonn 11!.t•ir•o>d "'.t'o>•·i.11 mo,·!'mPnt<; at thP m(ldPI 
t., ... ~i rr~•n m..ltPrT.ll m•lviil-rf!lf"'lf<;. at thfl' r·e-,11 ""orltf. 

T~~ tfT~p•1<;.it'n~l 1 ~r ~y .... t€m~ pPrmit th~ tl·~~tion 

rt dra .. i"Y" nf "nth primiti~P and paramo:'trit objPtt<; 
u-;1n~ hro~"" lint'<.. points. circles and ellirses. 
f1-,,,;._inn ,;in hp m,11!P t<' in1 lmfP srPfi<ll attr-ibute<. 
rPl.ltt>rl '"tho:' nhjPct-;_ llith thP')e ... <.tPm<. i· i<. 
JW<.,ihl .. lo <.<•ht: pl;,nP •1e1•met1·ic t.;5i._.._, .. (H'~ .. ith 
~·""•~ 6 ....,ith li.,r~rip-c;._ 1..:.r·r·y fl11:t nrch1virto .lrlcf 
1,·,1,,<.lnrm.1tirrn<. -;·re"_,, <.hift. rot.ltion .tnd .1tlinity. 

""' .. orlrl I rend i<. tr ... .trd<; systf>m'> 11<;in9 lltlIX 
,\-; .1 t:ia~t'. bt'r.1:1'>,> it pPrmit-; '>imultanPnu<. 
;,,tt't·irt1 ! ;._., ,'\,.,,. t•! inn ,,f p-.fpn~ive tas~.<e;. ancf .11~o 

'•''""nl<. ! hn•P-rl imt>n'\ i n".t I "VS t <>ms wh; th ppr·mi t the 
P•e•utinn nt 1al111lation'> .tnd plottina tdsks d'\ well 
"" a11!!lmd~ ion of r'""" and -;pee i.tl gpom .. tr·ic t.i'i~.~ 
h~ me.Ml'> of tlw volu,.,.,._.,,,,mPn!<; method. 

An important romponpnt of CAO softwarP ;s to 
f • .-,,,,llp rl.tt.\ b.tsP mana11P111"'n•. In thi'\ reg.lrd, many 
•nmpl-'• '>Oltw.1rl' "r"t"m<. ar·I' beina devPlopPd on th<> 
hao;is nf lhP 11<.er's nwn (A[l <;nftwarP. Such '\y'\tems 
~Pnrl t1• l:iP '\pl'ri.tli;prl lnr rPrtain produd an•.l<;. 
lhP '\ystems havP the .tdv.tn~age of beina compact. but 
the rlisadvanta9e of incnmp.ltibility and narrow 
"PP• i.lliz.ttion. 

Artu.llly. thP main <>lfrrts arl' bPing done in 
makir three-dimPn'\ional sy'\t,,ms faster and rhe.lper. 
with 'pecial req.irds lo lhP required hardwar•. 

L I. r._ (AH t oo I s 

ThP (AH '>y'>tPm'> 11'\e ron'\trud ion and 
IP• hnolooir.11 rl.lt.l tn prnrlurP nrdPr-indepl'ndPnl 
nanul.tdurinq rlorumP•1t ~. Protlu(t :on organi;al ion 
rlald .trP also Pl.thoral<>d on thP b.tsi'> ol 
nn'ilrurtion .uul tP.-frnolo!lir.tl requiremi>nt'> to 

providt' onlrr· lorm'i 0•1 !hf. duP date. '\pecifirdtions 
n11 .,.,1trri.1l dntl m.tnuld< l11rinq l'f!UipmPnt at th" 
prnpPr timP, ,H wPll .\'\ othpr dn1.11mpnl'i rpq11i1·pd 101· 

'"" pl.tnninq and dispn<;il ·,,.,or parts. 

ThP rurren! cfpvPlnpmPnt plf 1rf<. .tr"P rlirPrtPd 
fnw.lrdt; 1mrr·oviru1: 

ThP .tcldptability or [AH soflw.trP to v.trio11'> 
1omp11t1>1· .tnd 11<;f'r l'nvironmt"nto;; 

fhp r.tp.tr i ty nl <.Of tw.trP for thP h.lncfl in9 Of 
oper.ttino rlata: dnd 

lhP -;trurturp .tnd QPOer.ltion of rPntrali;pfl 
.tnrl rli'\tribulPrl rlai.l bao;P o;ystPms. 

In thP la'\t fpw yPar'\, thP intl'rartion hptwprn 
!Alt .tnrl (AH oi;oltwar~ rP.rP.iv~rl .t lot of .lllPntion .loci 
!hPrP .trP .t lot nf prorl111t' on thP markPI whirh 
pPrmt! !hi' rlirPrt qenprat ion of marhinp proqr.tm'\ 
usina rlcsiqn rlilf.l. This kind of tran<;rlurer i<. 

"flYl't'l,l' l ~ ( it TT ti"d .l ros' -·J'l"O(t1~Sl't fltld ; t ~ 1 "'' A 11 (\-~ 
t"" u'\.e l'! me(hani1 al <.imul,1! ion 111(111u 1 <. on th<> r":.[1 
~p.,rif ir harrlwar-e. 

Tht>re ... -.. lw<' ..,,.;., appro.tt hp<; tn n ••. autnm.;t ;,,,, 
ot proLess pla~n1nu. !he vdriant and the 
ue"erati•P- The variant approarh ran be defined .l~ 
tho> p.-ppar .tt ;.,,, •" the pnll-PS<. pl.1n th.-ough th~ 
R.t'lipulation ol .t st.tnda.-d pl.ln l'" a similar- p.1rt ol 
thP rl.ln. On thE other hand. the generative 
apprnarh i~ the loairal rreation ot a prore<;<; pl.lo 
'r·oir. ;ntor·mat inn ~rules I avai I able ;n a 
~.lnufacturinu data base .. ith little or no 
intervpntion hy a plannpr. Thpy require the use of 
a set of inf Prred and/or heuristic rules which. when 
applied on a factual data basP. enable the solving 
of problems (e•pert knowledge< .stem>). A 
u~mhnation of the oenerative and variant approa•:he> 
mav .tl'\O bP found. -

ThP .tpplication of fAPr softwar-e can be divided 
into threP principal .lrP.lS: 

rrodu~tion-prore-;s de<;ig•>. workina eHher on 
the basi<> of type or 9ro11p tpchnoiogy or on 
the prinrip;e of multi-level synthp<;i<; from 
t>lo>mpnt,1ry '\tanrf.trlf t>lemPntS of 
technoloait.tl prori>'\se<;. 

Progra111111in9 ot tll--machines usina spe1:ial 
languages for the technological 
rationalization or the production process 
with graphics to spei>d up the work anrl for 
<;'mulation purpo<;e'\. 

Automated dpsiqn .lnd terhnolooic.11 
preparation of-thP produrtion-of spP(ial 
manufacturing facilitiPs. where prac.ically 
all types of tools are designed by compute~. 

~.J.7. Data base managing tools 

CIH is a concept that relies o~ ~ conwnon 
m,~nufacturing da•.a base for production planners and 
>ChPdulprs, shop-floor worker'>, accountants. etc .• 
and a rle.;rly structurPd information >ystem that 
effectively link<> all main functions of thP factory. 
i.e. engineering design, manufarturing planning .lnd 
rontrol, anrl f.tctory .lutomat ion. 

The data ba<;e is a rentr.tl elpmpnt within .t flH 
sy,tPm. Oiffpr·i>nl typPs nl data (qrom .. tri1. 
technoloqi(al. orqanizational. elr.) u>ed hv 
di f fprf'ni modulPs to ~olvt' qiv"11 prnblem'\ mu<.t hr 
<.y<;tematic.tlly rl.t'\'>iliPd a~rl rontrollPrl. 

lhP ~.tta base <;oftw.lrP controls lono-term 
rero.-tlinq, managpmpnt and h.tnrllinq (!oral .tncl 
rPmofp) of all rla!a. Dat.t lr.tnsfpr betw•en thP 
funrlion.tl morlulP'\ of lhP '>yo;tpm i'\ pPrformPrl via 
the system interfarpc;, The rf'>ult i-i; thP lo9ir 
i .. ti>rlinking of communication module-; and data 
filPs. Thesp -i;y.,tem intPrfaces .tre of p.trtirular 
importance for integration mpa<;ure<;. 

The actual trends are concentrated into the 
relational and object-orienterl approarh to d.tta hac;e 
man;iqement. 

~-~.A. CAP tools 

The tr~ditional CAP mPthorl is to alway> 
r.tlrulate .t goal sr.hpdulp. This goal >chf'rlulP ;., 
normally of high romplP•ity and u<>ually arrivr<; at 



c;.11t'-t-<'.'J'lt;m~? solntlo.,~ r·-=-'1~rlr·ln<: "1r'\ pnnnrtl 1 r .. , 
,-nmrut.1t i('r•.11 < f fort. !hi" L_ i;1d of ,,..»hflr! rrf'rlu• .,.._ 
~~1 inh.,:.rpn• ·,;..,.,ftat;r,.1 ln 1ndu~tr-?. me.J.~nirHJ ~"·'~ •h~ 
U"-'1 -;chrdull' ,.;ll no!, h•0 ,-..,.-.,1r111.1tprf if lhr 

"'.:tr; .1• ;or, '°' .,...-:.,··; hl rJ 

ThPrPll'~P th" tr.:trlih"""' "''tPm nonn.11!~ wnr~.-. 
;at ~,, "adr1,:it_p~" ; tnf~r1or \ ;P .. ·Pl of o '"-.uh-C'ptlm(1l 

.... rlut :nn: tJ· '"' "'hrw' t~; n~e...·•' . ..-~it" ('If ~1t-·"" rF.S 
"'t t '" t urp~ . 

r ... o tvrr-s "' "' fwrhd i;i•J n1ay bf' d..,r ;,,,-d lnnu 
I im<> .-.rhPdu' i r.11 fl.'". and "''"r! • imP <;r hPr!t11 i ll'l 
I <;I<; I . 

lnnu timl' sr:hPdulino: fhi<; ~ind ·1f <;rhPdtJliP'l 

i" u""a Ii y ba'>"d OP t ""' r»qu i P'd wod. wh i' h t'1" 

Trufu"'~r·y '"" '1.w.1r·~ ·~f. Thlo;:, r:omf'<; fr·om the 
h.1~r·h-~t\ ?p o;·;~t_n~<: i,-.hfl.f"t"l thf' Jlr·nd11rcr f i ""'' thP 
m!nimtrm tlmP ~pfru·e ;p1 nr·rfor· mu<;~ hP ~0111 it~d or 
ol-;~ h .. -..nr·~-"' nn ~tnr ~. 

l'11>r>' .11·p ii lot o• rli t f Pn'nt pr(lrl'l<:t onn 
pl;1nni'10 "YSl<"m< th.1t fT'nr.:> 'Jr lr-o;o; allnw an IT<:. 
R!lt (lllf- nl ~he rhanGPS '_!1'1 mu'<t introrl11r"' i-; tn 
rlra"lir.:tlly rerl~re iha timP periods involvprl. lhP 
uni~ of I TS muc;.~ ho r·..:.rlurPd from yP.lr"i .tnd month,. 
In wPP~" .:tori dilv~. 

rl ft"1~t ,-.~ .. l~tTr"r~ i~ :lP·~rlPr!·,,..hpn jn~Prn.11 nr· ~'!lten,.11 
~~ri~l·lP~ (hd~O~ nr ~h~r1 P~en thP mcJ<f~l r~rrlm~tprc;. 
,f•;t.HJ"- Th.:i !'rdv w;tw tn 1·..>,Jr•1 tt·~ "fJ~'.rticH1 q11ir~1y 
;c;, n,,t to tJ<;F ;tl} f\f "h""· o_ ... ;-;t Tnf] irif1_.:·111.ltinn !n ~ 
"""tr·;ili:<'rl w.:tv. hPl,111<•" thP romputatinnal pffnrt<: 
.. ill nr'lt o;11tf;rD. [•1 m·i~t rrl<;P~ thp ;nfo1-mrl! inn 

that r~n h<> 1.:tlen r.:tr1> nf lorallv i.-. very limiter! 
!u-r·.pr~P !t ;~not -';tt;•,, to ~ind out how ;t .lffprtc;. 
nth"r .1r""'· ;\ pn··,,ihl~- <nl11•in11 r:o11lrl !-<> thP u•,p 
r' P11prirt ~ ... ~tpm~. ff,o<",. .. -. ,,1 lflw t\ ri?.pirl ;~dr·111 nf rt•• 

t 0 1fr11·m.1tir1n ... ~n1r.~urP .v1rl pPr'Tlit ~,.,,,, rli-;tin,·tion 
~-w~.,,.,::.' 1 ''' f1;ruf.tnt•"l'l•.1l · .. ar;.ltlfp-; "'h.lt 0111-c.,•. hf- <;pnt fnr· 

,l 1 .. •ntr~1' ;u1,1l·p~l~ trn'TI thn~e wt1ose lnf l11'='n• fl mc.y t-·i::· 
<ln..:tl~-;.,,,f 11<',.'nfl lo,,.1 hPi;r-i~ti.- ~.nowlA>dCJ€' ln or<h~r- to 
~nm! .111 "h<;fr·;ir!Prl vitri;ih!P nn1y tn th<> '"'ntr·i!l 

rnnlrPl. '"" P•p<>rl "Y'IPm<; ~l-;u <>nahlP thP <>itrly 
rl<-t<>r t inn nl f.1i l11r1> r.:tw,P~ r for e•ampl<> f inrlino i! 

rfPr,r.11!.-.rl rnh'lt f11nct inn. h.:t'<<>rl on ~hp powPr 
ro•l~nmrt ?nn nf ~ mntnr' . .,,,..t,ir-h Pr~tl.t·dfo .l rPrt,1rt ion 
ln tfu,, n11mhPr nf Prrnr·~ tpnct;nq to thP idPill ; .. '"\rfl 

'1"•11itv rnntrol. 

,\n in'PJrf11itnr;· irfp,1 to ,rn STS <;y,l••m 1 ooild hr· 
fn11.,1f in th" ;1rt i. 1., "Th<· t_<>rhnnlosy nriPnfPrf 
.1pp.-.1 .. ,fi fn fl<>•ihl" .. ._,,.mhlv'" (p11hli~hprl in thi·; 

Mnn it nr I. 

flrlifir i;il int<>! io<>nrP m;iy hP r!Pfint>rl ii'- th" 

''•1rly nf rompulPr lerhni'J11P<; tn "upplPmPnl lht> 
intrllPrlu.:tl r.1p;ihiliti<>•, nf hum.m-; in nrdrr to 
,-,.,11 i;P .1 mnr·,. "' fprf ivP ••'·"of rligit;il 1nmp:r!Pr•. 
•hrr>11rrh impr·nvPr! proq1·,1mminn mrt.horlr,. lf1p tollnwirHl 

"''' v "i "n l•t> <.ti r1 t n , . ., 1 "t" n f ,\ l "'": I hr ;ih i Ii t y 
nt ""' m.1rhinl' or ro11tin" to fp,.rn i!nrl improvP it" 
pP.-tnrm;irHP "' ,, n•<;ult nf th•• f"J1Plili·1P I'.•" ution 
nf " r1lvP11 "'' t ivi t y or· -;p,..,-, h fn1· ~n1ut ion~ t 1 ,.. 

•1i1l'n '"' nf prohlt>m,. 

'nnvrnl ion;il rli!la prorr-;r,ino t1>rhniri11p<; and Al 
f Prhniri11P<; '''" romp!Pml'nl;iry in ihP 11.:tn11f;irl11rino 
firlr! ;inrl th"Y ;irlrfrp-;" rliffPrPnf rl;io;\P'; of 
prnhl"m". llnwarf,1y~ it i" ~nnwn that .iny ;ir '""! nr· 
f11!111·p m.11111f<1rl11rino fill i I ii y wn11lrl rol lap-;•• witho11I 

(1 I~; qh tif'or·pt= ot c;..uppor • t r·om 'n~,, .. ~11t i nri.l l t!.l•.1 

p1·n;·p,-;l 0 n_ r()o:."";h1 ·~ in ,; 1, ....... ~.u·~ th.: "'-.11T',C:. .. ;. ! ! 
ti .. -:. v£t1 :d tor A! tt1'(hn~q11f?~. 

rp.,p fnlt ial purrr~,::. nf (fc...,f-lnr.n•t rt '"~"··~'·"'·-;~ 
'"")lhd•:l<"i.m '4nd tbpur-T ... " of in~._.: Ti lco ... _.~ fri,- prot~J,,,,. 

~~Jv;f'G ~~~ ~~Ptl P0~tpnnPrl. at 1p~;t t~mp0r-~1-1l;. 
f(lv•r11--tlf c;.vsl~r-t" th..-~ f1: 1Htinr ;,, ·1~r111 ... l·. 1h-ti .. ,..,~ 
-lr-.~~·. w;th \.tlr·v r••o;tr·11 tPti t~·-.L ·.pt-'r ;• !1 l.r:·1..,,.it-·~u~· 

As ~nnwl~dar- pro•P~._;.,o dP•"'"P"- .:tr''lir•al 
; '1 t ~ ~ ~ ~ Qerl ,· ~ m~ ., f~o 0 f Ju;:. 1 r l fl fl .. PI I fllf'I i fl IJ '"-.,,rt'':- '"'f 

thf rft~ft(ult;P~ P11rountp1·i;d in ~h~ 1lrn.1 .. ;:.-,•:n;~.1• 
;tr·r-rt. tiy ruilrfino ,..~n~npri~T ~~r-;~~n,, -;nrrnr• 
""V'"'-tpmc;, ~nss.1 _ Ttu:irpfnr·~ th'? f,;p.i· rrn1 f'~'-f·'" ~'·'··· 
tn l•p •mder·stnod .:tnrl rap.:thi 1 it;,-., .1r:rl • 0'" "P' i•1·1·. 

hitv~ to bP Pv.:tluatPd. 

Ha!''V rCH'!~ul•_.1nt-; tori~\ .. Hr hi)l'":l •:~.r-d .1-. i .. 

t=-..-rl.J-;r. t;, ... rH_1t talo:in~ thf- ~~~J:'.lll';ib!!;~'f 
cf.,:., tc;l(ln-m~l..inq. fhe1·e :s n tfanr1.>r f_hr1• .~1:•nr,1t .. -,~ 

c-,y<;~Pn1c; <o•ilrl hF u~ed ;n ttitl oe;~rr~ .,.iJ.,, it •Ii~ r~i, n' 

c-,;1prr.r·t ot thp DSS i ~ not wF Tl u••r!Pr-~• ~'nd. r .1~; • ·: 

thp pc-r·t f ~n ~:o-p'?'t t in ;=tUtPm~t ioP-~-,1.,::i: 

r:nn:;.ultc.'-ions. th~y cr.n nn1y rl~ ... l.,_f .~net ,"ld· .. i ... '". t' 1
• 

u<;Pr in prohipm solvinu. 

'-~- fxpPr' systems 

p,-,,ff?<;~or r. rei'":lenbrl•!•n. -l r•: 1 ·~~ .. ·r· ·• ....... :.: 

fi~ld. cJ,-;fine<. rtri p-.pt1 rt -...~:-.•, . .,,.:,, .. .._,... ~r·• ... 1 •· 1,_ • .a 

rl)mput.pr· proor.im t~,1t uo;~· ~~~,,l">li~dq• ,-lr:·f T•\'•r.-· 
rr·o1.Pct11r~<; ti, '.)01·~"' rrnt'-~t'l'1l'; •!,,~., ~r·.::. d;ff~,.,:• 
t=-n'"ll'lh to re'luirF <;:r]n1f;r,1nt 1··:'1~..-''I .. l•f''·:•:-_.-. •·1r 

thPTr ~.,li•Jtion .. '\ P .• pc.rt t:;,-:_~o!'!'! ·~; ~:rt ... : .;:i 

((Ir)<;,'#'.~'; 0 f: 

•' kr:OVotf Pdor· bt1<;f:· or Lnn·..-l•-r:ri.-i '-.r·:r·· ~ 't 

dom~i:~ fart-; tlnd hr1ir·i~.•t1·· .1·.·.;·, i.t'•rt •. ,:• 1 

tfu; prr>h~t·m: 

1\n inff·t·enrt) r1n1Pdnr-.-.. ,,,. •nn•1·n1 ·.•11:• 6 •t1-

frir uf.illzinrt t_h~· :.,nr~""lc.cfq,-. h~ .... 1r? .. .r, .;"!J 

th" p.-riblem; ;ind 

~ workin~ mPmnry ~r oln~~l rl~t~ h~~~ '"' 
>Pf'pinq tr·ad. of c;,o pr·oble"' -;tatu-;_ •!,,, 
input rl;it;i for th<> ,,,.,.• inrlar prn!-'"m ~nrl 
thP r"'!Pv.:tnt hi<;tory ril wh.1t ti;" t1f'•-•1 dnl'•-

f .. pPd <;y<;tPrn" .:trP r!P<;;or<>rl fnr ;lor'nm.1•r.,! 
oroh1Pm -;olvinq in >pPri;il .:tppJir;itin"~ .,..1,.,r,. •hr 
-1pplie1! '._nn·wlrrfup of e .. pPrt" in ,1 ·.pe•_ili• f;,1,! '·-
tr.in<;frrrrd to ~omporting <;v'<'Pm' .. ,,1<.o. ···P"'' 
sv<;tp11o; in thP form of OSS. woulrl frp~- h,,,p,.11 "'P"r'•, 
from thPir routine johs ~nd i!llow them !o 
ronr<>ntr;ifp on thP mnrt> rlif t ir11lt ,,,,,.-,, .. hi 1., .1• th. 

<.ilmP : imp P•panrlino thPir P•JlPrf i>t•. lf1Py I n·1fif 
,1l~o Jll"Ovir!P th .. p;,., •. ihilify ,,( Jll"'"·Pl"•;iJHl th•· 
~ll!lw-how Of .1 h11m,1n Pvpl'rf. ma~ in'! it .1-,,1i l.1hlr- .1' 

al I ! im""· 

R,J<;Prl nn !hi' f;irt lh,1• ~nnwlPrloJP ,,,,,,,;-,;1,.,., 
vPr·y rliffir11ll. tirnP-rono;uminq .,nrl •·•JH·w;i1•·, q,.. 
m"i11 pflnrl<; .. ,.,. dir·Prtl'rl tnw .. 11!> lflf- -.•.,rfy .rnr! 
dPvPlopmpnl ol v;irio11" ml'l.hnd~ f,11· ~nowl<'drw 
ar11ui-;ition, ;,,, lurlino i11rl11rlin11 hy ob•,p1-,,.ti11n 111 
An~loqy, cfic;1nvPry hy 1nn<,tr11rti1H1 ,trul thP ''"°'"lirHJ 
ol l~•t frnm hiohly r,p,.ri;ili:Mf """'.'"'· nf 
~nnwlPllOP. 

In lhP inrl11<;tri;il •,prfnr, f'> fnr· rli.111110•.i•, h,11r 
Pml'r<Jnrl ,.-; thP mo-;t rommnn .:trP,1 of appl ir.it inn. 
JlrorP"<. rontr·ol, (A[I .. rHI (flM rnmpri•,p ,, •,i•p1irir.1n• 

pPrrPnlMIP of inrl11<;tri"l ;ipplir .. tinr1". 



Wlide <ome •onmt>rri;il ES l"ffPr 1-e;il-time 
1·.1p;ihilitie<.. the Al 1mm111nit~ in C)en<>1·dl l;.rk.; 
e•pPrirnre with <ensor interfarinq_ data 
interpret;ition. real-time control ·and other 
n1;in11fart11.·in9 spp1·it ir ;ire;i.;, For rec'll-timt> E:S with 
" larue "umlier nf rul•<. rurrent proce<;sino speeds 
M~V ili<n be tnn sin •. An approalh to r•du~ino the 
m<J1lel 1omplr•it~ anti •emputat_iondl time ra•• l>e fot.nd 
in t_hp art;, l" ;,!h" • e~hnolro,· approc'lch to I lp, itl.­
·'"'!'mhl;' (pu!>l ;,1,.,11 ;n thi-.-Hnnitorl. 

\.• .. Deri>ion support _s 1 :;tems 

The <equenrinu,;rhed~lino prnblem •an be solved 
h, ·""rrhina '"" m~thema!i1al.space of possible 
sol,,• ''-'"'i ir. 'l·e f;ir !rnv. .mil o•ily whe-1 the sEo<arch 
~p.1,·F ,~ 1 .. H-a""' enouu!· d0P~ .1 tif:,_io;lon c;upport 'S',"ilEm 
hc,~~~r impnr·~~nt. 

.'\n n11tnm.1~;, rnnt.rrl ls not ~l·...,n:--; t~~ mnst 
nr' 'rn.1l. ,\11•nm.~t fr ront,-,,l alwr.yc; ~as bl'11.-.d.·u-~· 

,fl•H!itinnc:::. ·1~·-·ln•1 H ~ 1~r-'i4ln riQlrlit\.·. Fnr· 
,,.,1mpl". l•" -,~ 511ppo-;(' that ;rn industry 1·e,·eives an 
''~r1r •. -;-; nnfrr ... hirh .. -"''~i::~rl-; ''1'" di;ro(',.rlhlP 
r,:::.,... n, .,- , ~"' . [ t i ~ JHl •, -z i b 1 ._1 t h .l t t ti P ii; yr.. t Prn i '; 
,.,.,-~·'"':1 .J!I "'''' ',n doFr, not ha·1!' the pos;ihility o! 
in1·?urlino .HHl~l1".lr- nnf,11· ln .:t '~'?...,. ~,~hPd!!~P. ~11l ;' 

t~ .. -.1,n p,,-;. .. ~il,lP th,."lt ';t)~lP f..1r tor ( 1 -~- gr:f"tnnm11 rr· 

<;t rall'Qi•.) ma~.PS it_ '1u1vonie11t fnr· the int!us 1 r;- to 
p;>; ""' pPnal it ie'i for ! inishin'! ntf•er wor·~"' later 
;., nr1le1· t'l ',rhed1,lp tl•P rww. mor·e pr·of itable. 
.- .. rr·e-;~ nr.IPr. In rorljt1nt_t ion .,.,i th thfl mar'!tH1em•·nt. 
tfu 0 ''fr·or~•if-r<; rd ~111tG:'J1,1"ir rlErl~Ton" l"'IU~~ h(J 

rfr>termi<'"rf. i ·"· irfPrrl if vino !IHViP !>011nclary 
r.wdi'illn'i wf.i1fi r'l11lrl I•._ rha11gprl a11tnmat_irall) and 
tf.n;~ whi(h have In he a'i~P~ for. The definition of 
pr inr·ity levPl'i lnr jnt. d1;irart"rist ir'i woulrl h<> 
,.,,-~ helrf•.l. 

,\ ""''·-fr·i<>l'dly •nvininmerit i<; r'.erPS'iary 1.o 
11••~ •hP ~anrloement an ""'V comparison of 
altPrna•ivP p~<;<;ihilitip~ and also (JivP lhpm an easy 
rhanr1e nt ~l l !hp p.uamplpr·'i that th"Y m~y rh.:1nge. 
Thi<; al Ir.wan•~ <>st;il'il i<;h<:>ri by the 'iystPm milnager 
P"•·mi'"' .1 hi<>rilrrhir.il ~tr11r!urP of dPrisions. 

(n order •o ill lo"'" rnrrPct analy';is of thP. 
inrfivirluai Jl'l'v;ihi 1 it;,,., f)f th!' <;y~t!'m. it "'011ld he 
hPlpl11l tn h<t•P a ~im11f<1t inn mnrl11lP. to mil~P ari 
aP.1ly'iis nf "'" •1tili<;itinn nf n><;ourlP 
pp•,•,ihiliti"'· ;1-; wplf "'• lf1"ir· P1onomir~. 

r I\ ! ll f" d ; <,. I 1 11 1 ' n .If" Y' W fJ f"' t (} t r V t 0 f f)fltt'l i 0 p 

" ... ;-;,tJnri tf':h11i'111fl'. in rl r.n•:pl wi4y rtr~ri. 1t 11Pt?rfP.ri. 
f1l flP'1Pinp n...-.-. ,,,,,"··. 1·, ,, n,..(Pt;t;rtry prPr·Pqi1i-..i~P for· 

,1 n"ntl O\~. 

'·" inlr·orhrrt inn lo thi'i rrinripll' riln hr fo11nd 
i11 '"" ,1rlirl" "lhl' !<>rhnnloqy ;ippro;ir.h to tle•ihlr 
......... mhly" lp11hl i·.fwrl in •hi·, Hnnilor). 

f'llP T tl 

·l. (omm11ni1.-.1tion 

l;,rh tim" rti9it<1l ronlnil for" m;trhin" nr 
prn•P'i~ i-; in,tallPrl. ii ~n-r<1llpd "ilutomiltion 
i-;l,10.-f" i•. rr1>;1t1>d. f111ri11'1 normal oprratinn~. the 
rnrdrn1 <.y<.ff'ft1'", nf rtfl 1r:rtu;try h,.VP fn rJ•(pjyp ... lnt 

,,r rfi11it i:"rl ;nfnrm.11 ir111 ('.lad inQ fr·om !hp l•"1Pl nf 
',N1•.nr-; "Jl 1 n !ht> 1,,.,,.1 rif ron1plr·tr .J,1t ii •,hl'rf-;). 
l!ti·. rl;it,1 flow mlJ',f hP m1tlti-rlir,.rtion<1I, provirlinr1 
I hr who'" r n.npar"( fl rom I ht> •,poi or m.inaq.,mer.t 
tf11·011r_1h 11,,, rll'Jlil.-lmPnl·. nf '"'1.,, ;rnd rli-;!r·ih11!ion, 
h.tnrllinq, wan•hf)11-.i1111, ntalPri"I p11rrh;i-;inf), rr·'lrlurt 
rt"" i 1111 ilnrl rfr•v<' l opmPPI . anrl ~n on down In I lu• 
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machine operator on the shop floorl, with the 
n"'ressary information and all ne,.ded parts. to,,ls 
and materials. at the appropriate plitre and at the 
ap~ropriate time. 

The first approach to a CIH oriented 
co""'1unication systems is intended to nonralize 
fartory data communications so thilt information can 
be networked rapidly and reliably within a shoo 
flc-or tc-nvi moment. It tries to ma~e q;mpat ible all 
languages and protocols used for the inoustry, by 
usin9 bridges. gates ar.~ converters. amalgamating 
them all into something l ilo.e "lomputer [-;peranto". 

As a result of this approach. a lrt of new 
"computer Esperanto" systems have been de~eloped. 
but ;;s no o .. ir:ial 1· ·c.tocol e~ist. none of them 
rould communicate. Before continuino with !he ideil 
of tryir.g to combine all these systeri'is into a 
"11niversal 1;ormalized compute:- [o;per.;1nto•·, it is 
important to point out that such a o;olution "'ould 
involvP a lot of overhead'> b~ tcrnino th• •y<;trm 
mor" nr lPso; into a batrh o;y.,tem an~ thPrPf'lr~ 

inaprropiate for real time comrmmir:ation. 

t.;'. l. The ISO/QSJ 1!1.Qdel 

The idea of establishino a univPrs~l 
cn'Tll'unication protocol began to be ii reillity with 
the publio;hing of thP Open Srt 0 m lnterronn<>rling 
(OSI! model by the lnterr.ationa~ Standards 
P.rganization 'ISO) in 1Q78. 

This ISO-OSI model ha~ been almost univrrsally 
acr:epted as a pattern for local area networ~ ILA~) 
developments in both the factor~ and the offirP. anrf 
so the first steps in the direction or 
.;tandardiziltion of the communication l;:nguage hav<:> 
bPen made. 

11, 2 . 2 . ~p and rnr 
The second step wa'i completed in 1980, when the 

ln.,titute of Electrical ilnd ElPrtronir: fnginepr" of 
thP USA (IEEE), created the projer:t 802 (nmmittPP to 
start work on LAN standard" while the (,eneral Hntors 
Technical Center estahli.,hpif an int<:>rnal task forrP 
with representatives from seven rlivi.,ions in orr!Pr 
tfJ develop a communir.ations standard r?nahl inq 
rnmmuniration" h1?twe1>n rf.,vice~ from differ·ent 
manufar.turero;. The ohjPrtivf''\ of !hi"> task forrr 
wPre to develop a rommunif.ill.il'ns "tandard from 
e•io;tinq standards and prorPdurPo; tor diver<;e, 
intrlligent c!P.vicps ;ind tu Pnrouraqe vendor~ to 
adopt the standard. The fir"t reo;ult.s wPn~ th1> 
ifP.velnpmPnt of a <ipPrifirat ion hit<;~d .,,, the P•i<;f inq 
ISO-OSI seven-layer model as a fram1>work for man1 
e'itablished and ~~erging networking standards: thi~ 
development was called Hanufdr:turing Automillion 
Protocol (HAr). At this eill'ly "t:lgP. GPneral Motor•, 
rPr:oqriizerl the need for oth<>r romp.:1nie< tn support 
thp MAP spPrifiration. 

In l'lA2 GPneral Motor-. formally adopt.Pr! Ht.P ~" 
"romm11nir<1tion 'tanrlarrl for ;ill ito; pl;int~ "''"' 
'"'lll•''ilP.d lh<tl. equipm!'nt s11ppl iPr•, fol lnw fhP H/IP 
"tandard'i for interr:onnerting. In l'lfl5 thP company 
implPmPnt1>d thP first pilot HAP i,1o;tall;ition ill !hi' 
!JPt.roit.-flamtrand plant, and toqether with Bof'inq 
and lhPir Tprhnical Offir:e Prnlorol (TOP) thPy 
ro-'\pon\orerl .1 milJOr demoo.,t.r.ltion ;it .hP /\ufnfart 
·.how in 0Ptroit. ThP rP~PltinQ HJ\P/TOP nPtwnrk 



detnt•nst.-ated thP reasibility ot a 111ultivendor. 
c0tn~·ut~r inle9r·ated manufactur·ing racility. ~..it a 
problem appeared at this staoe 'hat tf>e '.'f'r'iion 2.0 
'Jf HAP wa"i not cnmpatil>le with the Version !.O and 
so a lot of deveioped products were no longer 
usable. When the new Version 2.1 appeared and for a 
second time the upwards (nmpatil>ility was not 
g••aranteed, some of the participati::lg companies left 
thf' project, resulting in somP speciaiized magazines 
writir.g articles with titlps like "HAP is DEAD". 

This problem did not stop the efforts of the 
HAP/TOP users group. end they prepared a Version 1.0 
which gave a new impulse to the standard. At the 
same time a working group in Europe began to develop 
the (NHA protocol which ditfers onl~ hy a few points 
f,om the ~.J. 0/TOP ideas. 

r. po"isible conceptu;il description of HAP would 
be to say that it is an enabling technology which 
only specifies standard protocols to facilitate the 
connection ~etween equipment from many different 
vendors on a network and without the need for 
customer developed co11111unications hardware and 
software. This s;tuation gives the manutacturers a 
choice or the appropriate manufacturing equipment 
vendors. without having to be concerned with 
compatibility. 

;"or time-critical c011111unicat': .i tasks, two 
add it i ona 1 standards have t-een de· ed: Hi., i i1AP and 
Enhanced Performance Architecture MAP-EPA. These 
two standards bypass som~ of the layers and 
therefore some important limitations, not only from 
the compatibility :ide but also from the technical 
features (e.g. message sizf', guaranteed message 
delivery). are introduced. The irlea is to reduce 
overheads and give a faster p~;~~nnance in 
situations where speed is critical and full HAP 
features are not required (e.g. in situations where 
operations do nat need to communicate with a wide 
variety of other devices). 

The HiniHAP standard is not a HAP node because 
it is not ISO-OSI c0tnpatible anJ can only 
communicate outside its own sector witl> a gateway. 
The intent of this standard is to allow 
non-compatible equipment to co-exist in a HAP 
environment at the early stages, but it is expected 
to be phased out in the future. 

The actual situation shows that the HAP/TOP 
standard proposed by General Motors and Boeing is 
being accepted by leading United States firms and 
some European firms such as Siemens. Although not 
all of the functions of the protocol are defined, it 
is developing into a de-facto standard for all 
manufacturing industries. In 1988 IBH gavp a new 
impulse to this standard by announcing a PC-Card and 
a PS2-Card which allows the PC to connunicat~ ol the 
HAP protocol. 

The HAP/TOP Task group standardization work 
allows a multi vendor co11111unicatio11 between different 
hardware elements, but it does not represent a 
complete solution. A lot of work has to be done at 
the higher levels, where the application 
communicates with one another. It is very i~portant 
to have a normalized cOtmlunication so that one 
application software can communicate with ariother 
and exchange information at the program level, and 
not only through a "file transfer managetnent 
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system". Using ~h~ idea of I.he •:omputer Espo>r ;rnl_o. 
the dCtual statE is lhat the required words hawr 
already bepn detenninpc! anrf ah" ho.- thi:y will h,.., 
tran-;;nittPd: t>o.,ever· the irdormation on how 1.o 

construct a sentence and transmit an idra :~~nut 
v~t been ~etined. 

PART 5 

5. 011 ~net the ~~or:ld 

from the mirldle of this century the der..·.,d 101 

mass-produo:o>d man~.filcturing yoods l>egan to t!Pr I ine 
and m.;:iy manufacturing irid11"itries were o:il i?ed to 
produce customizl.'d products. The nPw mar~et de1t1anrl 
was for !"ledium to smi'lll batch series of produ•.l'. 
which mean a flekible production. 

With the introduction of the microprocessor. 
the situation changed considerably and the bulk of 
interest ~ocused on developments in software anrl 
conmunicat.inn aspects. Th.:> logical follo .. -up of •he 
manufacturing process will be the use of 
computerized tools from the moment of the concept of 
production according to m,;rkPl information. to it"i 
delivery to the customer. 

In contrast to traditional automation, the new 
automation technologies are flexible and apoli<able 
to a wide range of machine buildinq operations. 

Until now the development of industrial 
automation was fairly fast and rather chaotic. 
Automation requires a "system idea", be9inning at 
the sing!~ production task and ending with the 
global concept of the plant l3yout. 

The key to the successful implementation of ClH 
is to understand relationships between production 
objectives, technical components and the 
organizational structure of the factory. 

The io.troduction of CIH is;;ues, like most new 
developments, was mostly done in such a w~y that 
none of the expected results were reached while new 
probll!tlls have arisen. 

The fast expansion of the area and the many 
general information articles representing CIH as 
"The Panacea", or "The solution to ;ill your 
problems", or "The factory of the future", and the 
marketing statements of industries (which always 
involve the main idea of selling their own 
prod~cts), have developed a lot of "wrong concepts". 

Some of these are: 

The concept is CIH and not CIAH (Computer 
Integrated Automated Hanufacturing). 

It would be better and more realistic to 
refer to CHIH !Computer and Human lnteqrated 
Hanufacturing) and not to CIH. 

CIH is a concept, its applications are 
different in each enterprise. 

The first effect in introduring CIH is 
always an increase in the production cost 
for a short time. 

Two steps mus• be taken into account on the 
introduction of CIH technologies: 

I. The first step must always be a thorough 
study of the industry's structure and 



topm fh'- tr\r df'!....,nw..l .. tf;;;:. hP,:innfrin rlt thp 

.,,c1n.1~Jf"'!'ft•n ~ J ., .• •• ! ;Hlrf p1~d i lhl :in t ht· ~hpp 
t ; rl•' t : 

'hp o:.Pc"ond t;;,t~p :-.fll'iil(1 f-.e the 
.lr<r·i~iti"" ot .'! cf,,cision ~uppo1·t 
~1lf ~~~,·c ,,t ~fl~ ma~~OP~Pnt ~r1rl 

if'tp1·m:·d;.t~P ;,·,el~ . .;.hid• will tie 
,-,1~Jl''!"';.d'l~ fl')r· "h: ;flff'rmrtt ;t'~ f h~w 
;.,,lrf,::: tt·'-1 fn1fn<;~r-w. ~,,rl tr"· ~11rp0r~ ~nr 

~hi! n1f?dli_~f11- ~nd ;('FHJ-tent~ rr-QdlJt f it:ri 
pl .-lnn T no. 

l'rdnr•'.r·i~tPl~. '" 111,~,~ 1~~€-S ~''e •tr-,t '~i:?r .,..:le:, 

th" lr1tn'tf!l,-t inn C'f ~·rtn!"ln .. ;~P plptr.i?r'~-~ rt~ ~hiP T~w,:"Jr· 
J..,i. ... ~l • .,,..ftht~!t• , rinc;~tf.:.r·~· ;t·w ('If !utnrP 1h1 ·~Piorm,;:nt 

,trtri t!•p ''Pf.•tf tn.· rn~"l'T?-.t~~f,,1~ ;"~l -....:tf1 ,1 1t'lntr~l ;.-.";."F:rt 

pr·. 1 n ·· .l~ .. 1 ..--.. ~~· .. • r·t., t J,; .-. • n-r.mu•i l r .1~ ~ c;i ...... '-t-:::. 

"'lfhn11t ~nn~l·t~r.ltfnn nt thtl ,-nmrrttlhilt• .. nf thfl 
diff~t-pnt ,-..J~m,ait"· Tf1io;, ~l .. ~\.C:. l,:-~d'°' tn v .. , ... 
... -.,,Pn·~f-.·,1 '''rjo.l• l.~ll·. r~t3·-~lnrt>d ~0lu";')n" ~·11'l ~-: 

(lJl'tOrOl .-l!ff"lrtpr··~. rp·;,t-JlJ"fl1~~·.nr·c;,. ~'1 

r._ '. 'IH ..,l•1rf 1nrl115tr·f~l t .. ·erf (filJPtrlp~ 

'-f~n11f4,-ti11-Tno c_l-:. ~ '·F hnnf0())" ~nrl il'S .:1n 

lnduo::.~ r·., ~-,, 1rntlPn1ninn "'"t"t~t~nt ;..11 ;tnrf -;.J,1nl f ;, nnt 
rh .. 1fHJ''~ in ;,,rfuo;t,-!~li:~rt fOuntr·ip~- Thc-c;.e ,-hclO(JP~ 
"'"'' "" -. ipw<>d rt' tioth rt ltHJ;, .'ll P•len~in.n nt thP 
'rP•1c1~ .:trtd inr111v.1t iopc;;: Tn metn•·f~r·tln·ino c;inct? thP 
;ndustrial r<>volut ior•, r<'<;ult 1na in a ,·,ew -;t~le of 
"1 .. tr11Jf..trt11rina CJ'"r~tion.-. a:nd .:t nPn role for 
'IMnufrt1·tu1·i11t1 rt'.· rt rn..,pe!; t ivP we.'lpon t esper i.'ll l, 
.'l<i.tin<;I deveinpina rount,-ir-s\ and 3n int.Para! . 
,·,,mporwnt of •h" !i11<;inP<;<; ~t1·atPoy. lhpn• an• t<'cf.'ly 
l.l1-1·"'"hin11 d•.lruJ"'> t.'l~ ;.,<J pl are ;,, tl:p aloh.ll 
m.'l,.~Plpl.'l·P whirh will , . .,,ult in thP r·equirement for 
'!M-hao;;pcf fl•,.itiility ft'r m.'ln) Pr.tf'rpri<;f'<;. 

~.1.1. CIH-components in industry 

ThP ha<;ir f !H-ronrppl of .'In PntPrpri<;p i<; 
dPterminPd hy it<; oro.lni;ational <;truLlure, the 
prnrl11(!-mi•. m;mufaciurin11 oroanization and 
tPrhni1.'ll pt·f'\uppo<;itinn<;: Ti1u<; no standill·cfj;pcf 
([H-snlution c3n he cfPveloped or analy<;ed. It<; 
rlrurPP of rP.:ilizatio.1 in an pr;prnri<;f' will liP 
rlPip1·minPd hy !hP n11mhp1· of 1(HH1e~!ion<; hf'tweP11 
rliffp1·p111 r IH-lPvf'l«. /Vror·d'ngly, two oPvPlopment 
;t.111"; nf t !"1-;y~tpms mav hP rla<;<;ifiPcf: 

Id\ ImplPmPntation of LIH-componpnt-;: ronrPrnino 
thr rP.lli:<ltion ol m.lin romponpnt; a; r~P. '~H. 
Fl(-p1·011r,1rnmi.tr1 nr < AQ, mo>! of th<> invP<I iriiltPd 
~rr.-.11 ,1nrl mpdium-<;i;prf Pntl•rpri<;p<, m.iv hr· 
.:illnr.if<>cf to thr ;;r<;t :aQP of C!H. M lnPir 
plant·, IMJ. 111-proqr.imming.anrl m;irhinino 
rrntre< ilr<• rPali.:Prl, whil" prnrlurtion pl<lnninn 
anrf ;d1.,rl11l inq <y<f Pm< .'Incl ,.AP .'IP' on! v 
rP.llt;Pcf tn '~"'" P•IPnt. A< pnint<; of m~ynr 
Pf tort. thp areits nf ralrulJtion. ·.i:hedulinq, 
pl.1nnin9 nf mad1inr •.:1p.iritip<; .lnr1 rfpfin1tion 
nf m.lrhinin1 ~PQ11Pnn•·. m.'ly hP rfpfprminPrt. 

011(-•,y;!pmo; with rlin•it. 'ortr•Pd inw. '"''"'"'" 
Plf -p1·oqr1mminq .lncf m.irhin" tnol~ ;irp not 
rP~l i;rrl tn '1.fiPrJr'~P worth mPnt innir~q. 

A <Prnncf 'lH-<;l,iqn rfrff.,r·r, from th" li1·s1 hv 

f "" ""'"' 1 nyml'nl n i r ,,, .... ltd om.:11,,,1 ~ t 01 .... ·"'" 
.i11tnm..1lpcf 11-.insprrt ··v"'"m' .'lnrl .ilr.n hy fhp 
r.tPn•.ion of pl.irmin11 ·.-,;tpm<;, !hi<; pl.'lnniw1 
rnmprti;p .. , rtf"Pill~ ·.1rrh At; joh arrn11nt inq, 
m,.1tpr·i.•I n1;1n,Hlfln1~nf. ,,,f,111.,tinit ,,,,ff wnt~ lo~tl 
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pl.•n•ilqa. u,,., r·t'tr~ri in...: ot ~~~ ... t1r·in;: ~.yc:.tp:n', 
...,tfh ;~(l 1~ ~tii' ~ 'u;,,,., riryt>,tivP. 

•!•• int<>rrPl.'ltionsfiip (11 r !M-rompr-••ent•: RPIPrrin1J 
t<' t~"iF- 1. ~O>nF .-.~pP.1 tc;. n; rf~t~ rPl..it ton~ 
between C IH-compor.,nt ~ shcu ! d t>e .. u!l 1r1ptf. :., 
tar.'!<; isolated <;olution' arf' rnnrrrnPd. ~"•I 
pnlprprise" have so f;ir onlv •t=.'lli:f·rl p,,, 
in•eoration of Cf,fo-PI( sv>tems. Data 
transmission from CAP ~~ produrtion pl.'lnni"~ 
.Jncf <;checfulino <;y<!Frr.< i<; donp manu.'lllv. 
i.e. data fr~~ piece 1 ists. orders or wor~ 
plan" are trans~it•pcf •o the plannina <;vstpmo;; 
~v ~:iv prorltt<tinr1 pr191neer. At ~nme 

F~terprises. technoloa~ data ~~;es arE u•f'd. 
rr.ainlv rplatinq ~o mari>inina rl.:ita • •u1·ning. 
rr.illina. et1.1: Ry mean< oi the i~<•ail.'ltinn 
of [1Plr.:_5y<tFm5, 1>per.'ltin11al d<lla (oT'.'l1hi11<> dat.l. 
orcf<>,. cf<lta or per,o'lnF- rl~tal can ht= rnllprl1d 
Pronomirally. In m~ny 1a<;p5 thn inlror~tirn ~· 
thPse sv>tems is reali;prf •ia nrrlpr <Fl•d\P. 
wor~-lo~d plar.nin'ol and s··hedul inu . 

Tahle 1: Degree of CIH-realizations, ba<ed on 
conncttions t>et~een l!H component•" 

(AO-rlC 

CAO-CAPP 

CAD-CAO 

CAD-CAP 

(APP-rlC 

CAPP-CAQ 

CAPP-(AP 

Cf\l'-CAM 

CAP-Cf,Q 

C·iH-tlC 

rAQ-tlC 

geometry-data fo;· rlC-programmino n~ 

geometry data for ~or~ plan 
generation •• 

geometry data for measurino 
<;ystpm 

piece li~t x 

tool<; and technoloqy data •• 

workplan for integrated 
tf'st cycle<; 

workplan mana9f'rr.ent •• 

order-release, av.:iilabil ity, 
raparity ,,. 

c~ntrol data of in-proce<;< 
mPasuring 

ON(: program relPa~e and 
tran<;fpr 

tlC-test program for 
(tl(-qauqinq m.'lrhinP 

,, 

(F. l.iu and A. Hoot;, ''1118. FPdPr<ll RPp~rhl ir 
nf 1,prm<1ny I. 

'•.l.i'. ([H ~entres 

fontr.lry to lhP ;ncl11<;lrt >il11.ltion, <;omp <!H 
1·.,.il i1ittion<; with a hiqh cfPCJr<'P of inti>or.'ll ion rlo 
P•i•I. l>ut thPsP are in most r.asPs r.nnf inptl tr • 
prototype<; installed at <;o-ralled f!M ci>nlrPs. A• 
i1n P•itmple for <ur.h ilrl ino;tal lat ion, a 'IH rentrf' in 
';wPdPn i ~ nut I inPtl l>Plnw: 
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.... .,unbt.'r or ;;..,edis'l co:npanies lO··l'P!'•-cJte 1n 
this ( lM project ( ol le~I C!HFUTURAI. rts eim ;, to 
prc.irie the meano; of !inl..ino rnqether inforn1ati;"1n 
and prcouction systems to ciPdte effirient fatturies. 
A unique ~,rnti!c t ni>twnd ot companies hao; been 
d•'v• I l.'l'ed throt1oh to-operation i o the C IHFUTWl•' 
pr.1j:.>•·L Hew softw,ue h.h b<'en prod:.;ced that ca,1 
handle the di! ficult intf'daces b!i't.ween the variouo; 
system'>. The softwar~ i' entir~lJ application­
oriented and independent of equipment pertonninQ the 
machinin9. triln5port inl] and so on. Test inl] 
proredur"'o; that brir:o l !H ino;tallations ;nt(l ~en.ice 
by staoes have also been de~~loped. CTHFUTURA's 
tir<>t r'!fere .• r"' installa~ion ha-; hePn '-el •;p ;it the 
IBM plant in ~weden. 

It ~i!S been intr11rated into the f;ictory t low 
and manufactnred part~ tor IB~ printer feeders. 
Curn•n'.ly :IJ•ir different parts are beino 
manufactu1·ed ctnd informati()n flow has been 
inteoraterl b~tween orders. planniny. desion. 
pn•p,Hilt i(l1l, mi!1111fad11rinQ ~nd <!el ivery. 

At the st»··~ of ~he system, '"aterial is 
manuall) loaded onto pallets which are ident•fie~ by 
bar rodeo;. Informal icn from the plannir1a 5y;~f>m 
di reds an indvstrial rohot, mounted on ~n I I-metre 
tr;ick, to load the corre(t billet into the ti,ture 
ul a machinino centre. ~f ter debarrinu and wa;hinu 
at another <;lation the finish~d part i~ lrancfprre~ 
tc> the maqa~ine store. t'a. ts arP call Pd-on from th!' 
store as required and loctded into an assemblv 
station which incorporates a SCARA-robot (it i5 also 
poo;-;ible for part-; to pil'i> dirHtly frnm macl.ininq 
to aso;?mhly. hy-pas~ino the store). The 
cuh-assembly is t~en mu~eri an~ forwarded to another 
fartory lor final assemhly. 

In this project, design and manufacture are 
integrated by lf!eans of an HRP-type s1stem. based on 
a relational data base for fle•ible data access with 
a simplified adaptation fc>r new information needs. 
rt works with finite cap~city loading and 
order/operation network o;cheduling. However. an 
operator can interject into the system with an 
express order. The system w_Jld then be rapidly 
emptied to make ..,;y tor the new on-demand sd1edule. 

fnp C~O--system can p.·oduc£' NC proc:ira"11tling 
functions and .,;imulate robot motions as well as 
generate a parts list (parametric designs are easily 
rrPated). The CAM-system of the project is a 
so-railed fME type (flexihility. Modul -ity an~ 
Eronomy), which i-; claimed to be a major advancP (In 
normal l"/1M. It 111i,'.ertakrs informal ion processin9 on 
the shop floor and is 5aid to be a new enoineerinQ 
philosop~y which ran Plectronically dpo;rrihe 
manufnr tu.·inq 01·oce'iSP> >11rh as opf'rdtnr 
i.1<;trurtions, llt-mMhininq or automatPrl materials 
handlinq. II is a lonlHi of PC-has .. d proqran• 
moduli"; ior comm11niu1I inq belwet>n th» rel I rompulPr 
~nd lhP man11fart11ring enqineer. de~ign and 
plannir.g. (IMf1J11fRI\ has <tli·e;irly rrf'ali>d f11nrtiono;, 
intedatP'> .rnd rommunir..it.ion protorolo; for -t variety 
nf de11ir.es, inrludinq rohol'>. ilulomatpd storp<; .1nd 
ma(hininq crn•res. · 

fhe Swedish ftM-projert ran be regarded a<; onP 
ot th£> most intP.grativp arproarhes in thi\ 'ield. 
Its mo<;t importont achip·1pmP.nt has bern to qive 
other 1511edish) rompaniP~ t.he bovledg' and 
motivation to carry thro11qh thPir own project< .. 

'•.i. Cl~ ~nd. developing c.ountrii~s 

Considerable garns in eff itiency could be 
obtainP.d by thP adoption of contemporary methods for 
factory orqanizatio'I, plannioq and scheduling and 

oroduclion control. ~s .,.ell as appropri~te 
~u!•1·(11:tr,;ctin9 poHry. 

!n the l~s~ ft>w years. the developed t~untrie 
ha11e been 'nvolved in ,·onecti.io ~ict<tl\eo; in 'h< 
chaotic intn"'uctio11 ot utomation. •\ctually. most 
ol the ind~~trips in develop•nq coun~rie~ ~re ~till 
involved in thic correction . 

This is the reason why it is the best ~~ment 
now to try to learn f1·om the<:P en·o1·s aad 
perhapo; tnroul]h tt>chnical l"oi:ncel 1 ing n' t orly 
avoid the widening of the t"'chnolo9ical uar. but 
reduce it. 

The key will be to optimi•e er change the 
organizational 5tructure of the industry. trying in 
the one side to stimulate the introduction of 
ca-operative systems and avoid tierarchical 
~tructures and 0:1 the other to understand the 
industry as an entire and complex model. when:' the 
bnttlenecks and possible deadlocks have to he 
determined. 

S.2.1. ~ome ideas on the introduction ol 
organ\ ~at"i();;ai r,ha,;g~s 3~ii ·a-u-tomat i ()'1 

t~chr.ologi_!>s in ~_evelop_ing co_1•n•ri.-:; 

With the above-~entioned ~On(Ppts in mind, some 
import.mt elements to be a"oided at the prepa1·;,t_ ion 
phase are listr-d belo .... together with some nereso;arv 
pre1ious ~tudies and project step5 (the pv1nts 
outlined here only represent a general direction 
because pvery countrv ha<; !<' carTy Ot•I thes!' art ions 
atcqrding tu their own socin-cultural conte.t): 

(a) Do not simplify the prot>lem by a 1'machi•1e 
purchase". this will never be a solution but 
will or.ly present a bigger problem. tr one 
introduc~s a computer int~ a chaotir system. 
01·,e obtains a "computerized chaos". If one 
automates the produttion of a bad product, one 
obtains a fast production of a bad product. 

(b) Do not believe that all the increases •n 
productivi:y are caused by automation - most of 
them nriginate from a change in the 
organizational structure required for t~e 
introduction of a flexible automaticn. 

(cl Avcid a confrontation betw~en capital and 
labour by trt>ating awarenesr. proqramrnes with 
tradP-union leaders, progressi11f' entrepreneurs 
and governmental politicians. 

Ir!) Avoid bad n•;1dions r.i11>Pd hy the 11<;p nf wrnnri 
l!'rminology. Ito<! of the rorrPrl e•pn·-;•.ion-; 
<;·1rh a<; r !M, ilutnmat ion. -;t rurt11r<1l diitnrw, 
Pie . are ·hargerl with a negittive 1onnotation. 

(P) Avoid <;hort-tPrm rrogrilmo; that will brinq 
"o;pure.n" r.ompe!. it. i ver.ess based on f i!r t.1r> sue h 
a<; 1 ow interest loans. tax benefits a11d so on. 
Tho> proQrilm must. be b;ised on tf'chnoloqi(al 
c h,rn<Jes .~ "rl .. t t ter work i nq i:ond it ions t.hrouqh ii 

brt•er distrih11~ ion ,,f the rp<;ourr.es. 

To study: 

~nalys~ th~ produ;tion market in order tn 
select spPrific ~reas and try to: 

(a) A~surP a "rasr.ade" effert in produrtion; 

(b) Introduce advances that cnuld act as a pull-up 
or mot.or for the ind11~trial system; 
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I<:) Ma.imi:e the oi1··-'!\ .. ntf i.11~ir<'d h'!'nefib in 
lor:a! o;oriPty: 

('1) Pr·onm!» .1 loral '"' hnnlog• devPICj-1~' it ~hro11qt. 
<;PlPLtPrl import~. 

~o do: 

(.:I [n.n•!l·HU? bilater·;il t1.rno;fe1· ;rnd •:o""'1unication 
llet··epP Tnrfu~triP~ .:tao universiti~s: 

lh 1 ,_-,p_,,,._ ... t., i.11wst:·1 rli:b> to '>upport !oral 
t"•~,~loq~ lransf•,· rentres which may he 
imp1.,.,.,.,,,....j ·'' p.lpn1al 1n<;titutP'> of !hP 
univer~i t l?t;.: 

(ti) t!<;e p1·artii:al 1lemon,!r.1tioHS of nPw 
!Prhnnlooie<; !vidPn. Pfl: 

!fl ::.-eat.- ~ reuion;il information . 1stt.m to enable 
better ront;icts hptwpen !hP e~i<;ting 
institutions ;rnd prnjert<;. 

Im!ustry t:lu~: 

:ome ot the characteristics of sur:h ar. 
"industry r:l:.ib" o;houlrl bP; 

(;i) IndepPndence ot t.he product. i.e. the syste.n 
mu~t hp r:apable of arlaptinq itself to the 
manulMture of di f !"rent types of products with 
very small modifirations; 

lhl IndepPndenr:e of the hardwarp and <;oft~are being 
uo;erl: The <;ystem >hould he independent from 
software and hardware elements with whirh it 
intPracts. This mpan~ that at thP system level 
only resources with determined economir: and 
temporary charar:teristir:s and not detPrmined 
Plements will Pxist. This requires a 
definition of clear interfaces enough simple to 
be able to r:onwnunir:ate with el'!'ments from 
diffprPnt suppliPr<; without too much extra 
effort; 

(r) Practirally d!'mon<;trable: The sy-;t.em must he 
in a podtinn tn manufdcture some kind of 
pro•lurt. llf!Pr st.urlyinq thf' sper:ifir. nP!'dS .if 
thP m;irkf't, ii prorlud must hf> sel1>rterl whir.h is 
fleYihle l''.1ough t.11 hp Pasily prod•;r:ed in 
rliffrrPnt tvpes ;rnd diffprPnt v~ri.ttions nf 
this lYPPS; 

(rf) flP>ihle softw.trf': The software must. hP P.~sily 
P•pilnrl~hle to ;illnw fnr ii step-ly--s!pp 
introd11rtion intn !.hr industry. II.~ rll'~iqn 

must thl'rPfnrf> h .. mnrl11l;ir; 

(I') f lr•ihl,, h;i.-dwilr•·: fhr ·.y~tPm tn hr rnntro1l Irr! 
r· 1'.t hi' p,1-; i 1 y f••pilnrf,1h 1 P. 

111. row1 t1srm1s 

f\ •wmh,.r of polrnti,11 field~. of r.onfli<t rxist 
(m;iinly ·.orio-r.11ltural nnrs) in r.onnP.-li1Jn with !hr 
int rnrlurt inn of modf'r-r, inform;it ion tPrlmnlnqiPs. 
The ;irlopt ion of f!H r.nulrl hf' a m;ijor hindr;inr.e in 
h11i lcfinq up ;in Pronomy if it i ~ not. ha~r·f on thf> 
>pPri;il nPPrls ;incl pP111li;iritiPs of;> rrrnntry. But 
C:M .nus'. not hf> r<;>9c1r!lrd as the "ingenious solution 
for· prorlurti1Jn" - thi<; i<; st.ill ii <;loq;in 11riqin;1tinq 
in thP m.tssivP interPsts of f!H rompnnPnts 

suppliers. to eHabli~h n .. w markets for t"ei1· 
product<;. 

:iuch has bl'en virl and written ah;iut th!' 
"wod.place killing" effP-:t of organi.:ational r:hanyes 
and modern autoP.1atio. te~hnolooies i:. industry. In 
my oi;inion, •.he main problem "'~st not only be in ~ow 
to protect the work place, but morP importantly on 
how to inL1ease the "qualitv ol life". 

like to use a mf'del of mankind's future, 
;hawing a man walking along a road scattered with 
stone<; he has to avo~d. Referrinq to this model, 
inlPrpret the "sciPntifi•: spirit". as follows: Our 
responsibility lies in supporting ;ill activities 
which could help smooth the roarl so that th;> miln ran 
walk without problems and raisP his head. 

The developing countries <;per:ially have tn bp 
;ir:tive in this process. then this "smoothing 
procedure" will appear sooner or later all over the 
world, with or without their help. But if ttis 
ocLurs too fast, without allowing the man to adapt 
himsPlf to the new e~vironment hv makinq a orad~;il 
>t1>p-by-step development., hf> m;iy possibiy not bP 
able to walk at all. Moreover, nnt being prepared 
for such smoothness, the "developing country man" 
mav only walk with rlifficulty or Pven fal 1 down. 

Similar to the industrial system, the human 
system is dynamic and so it is impossible to havr ii 

rmique, permanently val irl de..rription of what this 
"hedd raising" mea~s. But this is not really so 
important. because in "dyriami.: hum;ir. systems'' thP 
only solution is the r:ontinuous se;irch fnr new 
solutions to increase the "Productivity of Lif1>" for 
every single person in the world ;ind not of every 
sinqle per.,on in the world. 
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'l. lttrlU'l:NllNG INTfGRJ\110 HCllNOLOGY 

1. The potential of computer-intLgrated 
m;inufacturing 

There is widespr•ad anreement that <1d•anred 
computer-baseu svstPms h~ve considerable potFntial 
for improvi,g manufarturiny operations. Rate~ of 
dilfusion of ter~ ·Jlooies su[h as computer-aided 
desio~ ((AD'. llexibl~ manufarturinu svstems tFHS 1 

arn! romr11te1·-aided prod...:t ion manaqpme;1t l(Af'Ml 
s1slems althouuh ,till slow. are b;oinni~o !o 
accelerate as iirms rernoni.;:e the benefits tl:at ran 
he obtained in fpr·ms of rpduced inventnr·ies. 
shorter lead tiwes. tiuhter production rnntrol. 
'iiohpr <Juali+y ,Jnd OvM·all i:TIJ'l"OVPd re<J'!H15iv10n,•55 
tn thP market. T~hle 1 whirh draws on the 
ltlSEA:J manutarturino tut1Jn? s111···ev of F111·ore<ln 
manuf art uri no e•erur i V!'5 ind i r .1tp~ th!' rano" nf 
tvpii:al manufartu. inu r.1rnrPrn• anrf set• thosP 
aaainst the ~ontribuiinn• ~hirh r~mpufPr-ha•erl 
lorhnolnoiPS Lil11 offer iceo raoP =71. 

rtie trend ir' UH' arrl irdt ion ol 1.nmr11!.e1·-hrt~''" 
systems i< tow.1.-rls t'lmpu'er·-int<>orated mrtn•Jlar,.,,.;,,,1 
((!Ml. Thal is. the 11rnvc1·or:11·e of !he. ,;ir·inrrs 
~ystems associated with rlitierPnt <1spe• t, n! 
manulacturino around ;i 5inqle data h;i<e ;uul <har-~rl 

communication"<. Surh rPnvPrrJon(p contin11e5 rt \n>nrf 
po;t.•f>l;-;hed for -.ome timP within thP r.ian11fa··l11rino 
pror:e_;c; wherf there ha~ he"n orowina int.!''lrJt inn. 
first within and then bPlw~en tas~:s. 1\ uuod P•a'llple 
i-. the ra5e of marhinP tools, where thr vrtrinll~ 

irr<liviff11;il o;iPrat ions .. hi rh •r<Prl lo he r;it-ri I'd orrt 
hy different machines a.,,f oper·;it_ors i•dVP •Jl"ad,,allv 
converoed into sinqle o;orhistiratPd marhinina 
r:.,ntres and wher" muc•1 of the orio:iinal craft s>. i 11 
of the oper.1to1· •:an be l'mhodie:I ;,; the lOntrol 
rrogr;im of a OJC cfpvice. 511ch machine-; ran al-;n 
t•"' r0111hinerf with rohot manipulators, romputer-
cont 1·01 led tool rnanaoemenl and par-t.s handl inu. ;rnd 
linkPd tngPth~r with othur marhi1es capable ~f 
di ffpr·Pnt types of opPrat ion. c;uch as r:11lt in9, 
1h·illinu or grin.ling. This has made it p<Jssihle l!J 
creal!' an int!'oratPd man•rfarluring eel 1, ur•rler some 
form of direct numeric;il ront.rol (DrlC) hy rompu•er. 
ilnd behaving in many way> as a single r:o.;,ple1 
marh i ne. f i q11rP l i 11 u<t.ra t.es lh is r:onveroenrP 
(<;PP parjP i'R j . 

lhP prPsent st;ige nf rnnvorgence i~ for 
inlPqration hPtwoPn the<;µ npPrationo; ilrrrf thP nver;ill 
rrod1Jrt inn plannirHJ <lnrf -;rherf11l ing <;y<;l.em> in,) 
f1P•ihle m.11,,rf;irt.uri:::; -;v-;tPr.i. r.IH tah>o; tho 
prnrY',', a <;\pp f11rt.h1·r·. hy nlfPr·inq polPnt.i3l 
link.Jq,. ,dth ;ill PlPmPnt·. nf thF rni1nuf..1ct.11rirH1 
rrnrP,·,: rfp-;iqr., ro-nrrlin;ition .rnd p.·nflurtion. It 
i-; ;il~o worth nnlinn th,1! lhP patlP··n nf intPorat;nn 

doPs not """" t.o stoo at thP houndar·ie<; of tltf. 
firm: linkilqe5 hetwp"n firm> - on rfe-;inn. 
p11rrha<;inri. r!i>lrihntion, P!r. - arf' a1~0 pno;<;ihle 
viii •.lmi Lu· r.nmp11tPr rnmm1rn; r,it ion nrdworJ.:~. 

flirii t.il fr1'1ipn11>nt, fnr C•i1mpl1·. in ;i rNPnt rPpnrt 
rlP-;rrihirHt lhf'ir Cln11rnPl f!M f;1rility in fi1·e point 
nnt that thro11r1h the'''" of the romp;iny'·. worlrl-wir!P 
romp1.rter/romm1111ir:atio" rrf'lwor~ lhP plan <.iln arrp~·. 
11r to 1r1,000 romp11t"r -;y•.t•·m· •. rnr a t.1·.~ l i~P 
rlP<;iq11 thio; "1Pi11Vi lh;it ,1 ViJ<;t l"f''.OllfrP nf 
'·P"' i;il i11•rl hrnwl1•rlrw rlisf rihutpd 9"oqr·ilrhir;il ly 
throt1•tho11t tlH· world - r.i11 IH• h1·011qht tn frp,1r on thP 
prnhll'm'. nf ,1 p;11"tirula1 pl.rnt thro11qh ,, <;inqlp 
rnmprrtPr tPtmin.il ;11111 ilpprnrr·i;itp rnmm11nir;i! inn<; 
<;nf!war·o. f iq11rl' "/ ill11;t1.il1>'. Uri> edpn'.iO;r nf 
intPqrat inn (-;Pl' par1P ;1n1. 

Fr·rur. t_h1c; it ~rperlre"\ "1' ft it'"" r·'-rr-.:.~~p~~ ,1 

''uolrleri kt->y" with ,...11;,,, m.1n;,:f,,, ~•:t•t\ "'ill h·· .1'·1.­
to unlor~ •heir prod·~•li,it:- ,>rri qn.1ld:; Prrb1.-.~<. 

And rlt tlr·c;t al .. trH~ thp c1itf;1,lnr1 pf ,-1(~\,~lt\<Pf! 

~"utorr~tlo11 •.er·hnolf'lgy ,1prf:!rt~<t ~0 ~1rr"r" ti,;".~.-.,,.. 
-...·lt~ market qr·owth r.l!~~ ~'1 p(1,·•1ri:lar 'J tr•r· .. rf•c·· 

1n~'l(tPS,nf-~Oper-1ent p.,:.t v,.:.~r-. E-l·!t ;,-r,~r•;:~. 
rt I thouoh ther·e has h»en , o"' i rlo0r·.1h 1,, r"I' l i'; •, l•·d 
-;trong.mar~et pressure trom th~ sur~l1 s'~c. ~ 
nrowino "100ri (."lt dl~t?-nrhdntm ... , • .,.itf1 rr" :-l~·nn•:,• 

U5Pr·-; ;~;in he dEte<.. tf?d. · ... l ~ti '"la;P• n·=d 1 •• ;,,,? H·~; ~ 
lnvP<.~mt:.!nt lntiPri•-~nn<. ~P'i ';'.!-<iL1n1: r;;~r!c~- ,. ... ~·.•ir-··· 

tn thPir· :n;rn11f.11·t11rino p.-r.bl""'··· 

fl rPport for th" fh·itish !·><•:•::• •. •1t 

,.~an,1ot)m~nt_ m~~P' tfH .. pn;nt ~h(t~ .1l!•·1_' inh ~ =.-r•", l· .. 1"~ 
mtlf!F--in·.·Pstr.ipn~s ln -.\r..T th~s~ h.1· .. P 'i<,t tll .. ;.=tJ'", !·.·.· ... 
:-..1_1r(ilit:::o;t11T. In on'? c;;\Pl~,l~ nt ,._,t rf.1,.•~ ... !·~,h h1-.' 

in"e<;.t_ed in som~ fl1rm nt fMS p·,P- •..,q •i·;,-d~ hrld '•" 
f.:l:r· f)P}'f ,;rh~PvPd lnw prlyb~r~. t·l!.-t •itJ •• -..,., ! .•• : .. ,~ 

··t1[l .:tis:' fplt tht=tt U1F•1 .,,.prP r~n• u~ttino q,~ t':-~1. 

n:it 0t thpm (~t:1"· t~~lP ~· nn p.:tn.i:. ,:.,'.?. {,,.-.~!'-.~~'!;. 
•hi"' tiao:;. 'Prl firm,.. tn r·~ .. i<;,~ the-ir· i•h,:J.<;t"i~rit 

intrntlCln.;; downwrtrd<; rlPd in pa,rtir1rlrtr f'l'.<i4V fr-11n1 tf 1 .~ 

mflr·p ··nmolP• ~y~tPm<;, t~r-hnnlnrri~~-

Ton rn11rh ~houlrf 'lot_ hP rPl4:f ;,,tr ! lc:•!r·iJ,~ of 

thi~ Lind, but. th»v ch riFmor><;tr·,;tl tf,,1t 1'1Cv'na •., 
intr-C1r.1t.:r! ronfiou;;it;nn~ of •a,·hpr,100> r·.;is•'~ .; 
n1:Mf,.~,. of '1UPsti0n<:.. 0Pc;pitP '1ptinii.;;t;, ""~,-~,.t 
fo1·etast', and the promi>e of ronsi•f>'rilhl• i,.,,,.,f;t· .. 
a arn~ina mood of r;rution is rlP;irl. da,plnpin~ 
<lmo,.ost_ p0tent ial user-;. This i?mP!'"QP<; ir •-",• 
dppa~Fnt -;low-cfo.,..n in investmPnt. i~; r1~rnr:it-n~ ·• In t_h.-­
tr;ic!r pre-;s anri in a growing ryniri<;m .iho•it m11rh n! 
lhP s11pply ind11stry. it reflerts. ;rhrrv" ;ill. il 

cfis<>nrhilntmpnt wit!' AMT's ability trr deli.,i:-1· •hr­
bpnpfits promi-;ed ;inrl t.h•'r<' ar·p ;pvf'rill (•,1mplo-; n! 
rosily failures or nf sy-;t<>m< tt·~t ilr<> •11°1., wn1hnn 
at a frart ion •>f lhei r true potential. 

fven whprp syslpm; do work it may l<1ke >evpriJl 
years to learn to use thPm well eno11ol1 t.o P'ploit 
t:,,. sort of q<lins the <;uppl iers ~U<JOP<;tPd w<>r o 
possible. 

Althou<Jh th!'re ;irp rlparly <;PvPr;il m..ijor 
l_erhnolr•qirill p1·ohlpm~ tn hP n11Pr<nme in .1rhiP•,irir1 
f 11 l 1 i n t P qr il t i on , i t. i <; h"' 0n1 i n q r l r- .1 r f 1· nm r l '""' r 
;i;1;ily;;s of the. P•fll'•·ienrl' nf tirm; .. hirh h,1"f' 
implPmP11tprf part.ially intPrp·iitMJ -;ol11tior" (·;q1h ,i•, 

((lf)/(f,M 01· fM)) th;it r.on-;irlPr.ib],. nn1;iniz,1tio11i!1 
rh,H1U" i-; ;il~o 11PPdPd in onl<'r· to ,,,.(,i""" th" 
<>•pPrtPrl hPnPfits. ?nrlP'rl, i11 <,Pvl'rai ril;"~ 

firm> report lhilt ll1P m,1_jnrity nf he11Pfit-, 
arh1PvPrl dPrivprl from !hf;~ nrq;ini;~ti0n;il rh<lnnµ~ 

rath<>r· than t11e tPrhnnlnriv in whirh thr-y had 
inve<;tprf. 

An i ll u \ t rat i on n r t h i -; r .111 h P f 1111 n rl i n t h ,. 
P•pPripnr<· of OicJ' ~;il in impl•·nlf•'ll inr1 a m;ij!ll· lfM 
I ii< i lit y in r: l onme 1, f i rP. A It horrrrh this w.t~ 
rl;irrnPff "'• il tPrfmoloqir,11 innov.1tion ,jnrJ, fivr• 
yPar"', on. i> <JPrrprally r·egilrrf.,rl .i-; hilvinlJ mi1rl1· ,, 
siqnifir.;1r1t ror1t_ritJ11tinn to improv.,rf prrfnrm,111"' .rt 
tlr ... pl<lrrt .ir.1·0',\ ,i r.inqr• of inrlir.ito1•,, "'"" ,,., 
pr<Jrfu(tivity 'l'·owth, ·.tor.~ turn, inv••11trny 
recfrrr t ion. 1 P<1rl t i "'" rN!rrr I ion .inrl '1''" 1 it y 
improvpmPnt., t.he plant rlirprtor views tlrf' m.ijnr 
hl'nPlitr, ;J> h.1vinri rom<> frnm nn1.ir1i;;1tinn.1! 
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The move to FHS and other integrated automation 
technologies also poses questions abo~t 
organizational structures and partic~larly about the 
traditional pattern of functional specialization. 
For example, there is the need - itself facilitated 
by moves towards CAD/CAH linkages within firms - for 
the design and production departments to work 
closply togPther to devPlop produ•:"s which are 
:uitable for manufacture on an FHS. Such a "design 
for manufacture" philosnohy is of particular 
significance in thP fle>ible assembly automation 
field where small modifications to the design of an 
item can eliminate the nepd for complex manipulation 
or operations within an automatf'd system. 

In one FHS case that we examined, for example, 
the redesign ot the product led to a reduction ~n 
the number of operation~ {handling and machining. 
from •l7 to 15, with significant implications for 
cost and 1 ead t i~e s,w i ngs). 's one manager put it, 

"fMS is going to drivF the shop, but it is also 
going to drivP the people who design the 
product and the production engineering ... 
those parts have qvt to be made if we are to 
justify this investment." 

The essence of Su[h functional integration is 
not to eliminate specialist skills but to bring them 
to bear in a co-ordinated fashion on the proble~> of 
designing, producing and selling products: creating 
a single system view of the process rather than one 
with many parochial boundaries a~d little 
interchange across them. Another good example of 
this can be found in the area of financial appraisal 
of FHS, where the integrated and strategic nature of 
the technology is forcing a major rethink about the 
traditional role and perspective amongst management 
accountants. 

In the same way that integrating technologies 
require closi:-r functional integration, so they imply 
shorter hierarchies and greater vertical integration 
in the organization's structure. In order to 
exploit the full benefit' of a rapidly responsive 
and flpxihle sy,tem it i' necPssary to create a 
managerial llecision-making structure which is 
closely involved with the shop floor and which has a 
high degree of dPlegated autonomy. In this 
connection it is clear that the pattern of 
devolution in the use of FMS and in the wider 
factory context is much more developed in Sweden 
than in the United Kingdom with few level' in the 
operational and decision-ma~ing ~iPrarchy and with 
[Onsiderable rP\ponsihility pa,~ed through to the 
operator' them,elves. 

lntegratinn also has \ignificant implications 
for the pattern of work organization. With greater 
reliance on a \mall group of workers and managers 
romes thp need tn look for models of production 
orqanizat;on which have less to do with task 
fra'lmentation, divisir~ of labour and ontrnl by 
P•tPrnal rf''lulatory 'Y'tem'> of sanctions and rewards 
and to evolve alternative\ based on small autonomou\ 
working groups, with hiqh_flex!bility and internal 
ron!rol. ThVie movPs (whHh, 1t should he "trPs\ed, 
wPrt> n:it ob,er11Pd ir1 all the pli!nts vi\ited) can be 
\ePn as attempts to movP towa•ds a more appropriatP 
form of manufacturing organization to support highly 
integrated technology. Whereas "traditional" 
produrt ion organization often slre,ses factors such 
.H functional spPrial iz.-ition, division of labour, 
pror,,dur.-il rontrol and ot.hpr component~ railed 
"mrrh.ini\tir" organi1ation, it can hP. argued that 
more "orgt1nic" forms that stres<; iritpqration and 
more :lewible rontrol~ will increasingly be required. 

4. New. fQrms of organiz;:itiQn etnd management? 

The prescription for CIH appears to require the 
presence of an integrated organization. It is 
important to recognize that this challenges many ot 
the uasic assumptions about the way in which 
manufacturing is organized and managed. Al the time 
they were working their approacn - based on the 
principles of scientific management - was highl; 
effective. It is instructive to rememb,,r, in these 
days of discussion about lead time reduction and 
just-in-time production, that Ford's plants were 
ab 1 e to produce a comp 1 ete Hode 1 T from raw iron on' 
in five days. 

The basic pattern is sulm'arized in table ; 
{~ee page 27), in which the For·d/faylor· ..ipproai:h i<; 
LOntrasted with the kinds of model which milv be mnre 
appropriate for supporting CIM. 

S. M~chanism~ w~reby int"\Jration can be achieved 

As we can see from tabl~ 1. CIH cuts arro<;s 
traditionally recognized and accepted foiru:tional and 
hierarLhical organizational divides. Thu<; in order 
to gain Sl'ccessful results from ClM applications. 
some corresponding integration of th<' organization 
·1eeds to take place. For e~ample, in a 1·er:ent 
survey of CAD/CAM users, Voss found that thos~ 
organizat'?ns achieving either business or systFmc; 
success had undFrgone some form of organizational 
ir.tegration. 

There are a number of potential alternative 
mechanisms, whereby integration of the technolooy. 
strategy and structures of orgilnizations r:an be 
achieved. Inevitably there is no one "be,t" 
solution for how to integrate an organization, sinLP 
each one has its own history and set of 
characteristics that shape the choices and 
constraints influencinq its integralion stratPgy. 

Structural reorganization is often sePn as an 
essential key to the success of an integrated 
system. Various meth~ds for integrating the 
organizational structure have been developed hy hoth 
organizational development consultants and 
academics. One such form of organizat;onal 
integration is that of matri, management. In a 
matrix structure, represPntatives from different 
functional disciplines arP grouped Logether on a 
team basis, usually to tac~le a specific prnjert. 
The physical integr.-ition of the qroup, i ·'". thF 
combination of different functions such a~ 
engineers, designers and mark~ting people, rombined 
with its geographical integration (usually in t~e 
same location), fosters team spir:t. That tht> group 
is also directed to achieving one ayrePd gorll. 
appears to pay off in terms of lilnoib'e benefits. 
such as reduced lead timP,, de-;iqn for manofart<Jl"P, 
Ptc .. although usi;ally a sho1·t-term, projNt­
specific approach a miltr·ix strndurp Ciln bP a 
pprmanent arranqement, t>nahl inq multi-fund irnal 
teams to work togethFr. 

To paint a glowing picture nf the matri• 
management st.rurture, howPvPr, may bP mi;leading. 
Cert;iinly it dops have advilntages in terms of 
maximi1ing rommunirat.ion hetwpen funr.tions on 
specific projects, ~ut it also has drawbacks. One 
problem often confronted is what might he termed, 
the "servant of two masters" issue, i.e., whpre an 
individual is part of a project tPam b11t also part 
of a functional dppartmP.nt. Potential ronflir.t 
exi">ts, for example, whpre rommitmpnt to ii projl'r.t 
may be Sf'en to det(act from rarper pro9re~~ion 
within the funrtional dPpartmPnt. It i~ thrrpfnr" 



essential to ensure r;early dPfined authority line~ 
and maintenance of profession<1l links. sur_h ils 
throuqh frequent meetino~ or rirculation of 
prole~sional maqazine~. -

Although a matri~ approarh can be sePn as a way 
of integratino thP oroani7ation. the ~tructure means 
that the oriuinal functional labels are maintained. 
Thus the extent to which radicai inteorat ion u~rng 
this fonn of organization can take place is 
questionable. It can be aroued that matrix 
management in fact only represents partial 
integration, whereas integrating technologies are 
re-,olutionary and therefore demand more radical 
functional change. which confronts from the accepted 
wi~dom of set format. 

Restructuring the orgilnization in such a 
radical way may work within a small, organic 
organization; for larger. relatively ~echanistic 
oroanizations such a change. or simplification of 
structure may not be a~ easy to achieve. 

In severill cases -t had ied to the desiqn 
functions being hived off allo~ing a simplif lcation 
of the stru(ture enabling the function to respond 
more effertively to the demands of the new system. 
This may also be seen as ii way of defu~ing thP 
political resistance to integration. 

The emphasis of these studies is that 
integrated technologies require a simplification o' 
structure alono horizontal levels. i.e .• between 
functions. to ~nable fuller integration. The need 
for similar simplification of the organizational 
structure on the vertical aKis is given weight in a 
study undertaken by Haywood and Bessant of Swedi;h 
firms successfully employing fMS. It was noted that 
the organizational structures in Sweden are 
considerably flatter than their equivalent in the 
United K;ngdom (~-4 levels in Sweden compared with 
6-10 levels in the United Kingdom). Haywood and 
Bessant assert that this structural oroanization has 
significant implications, increasing communication 
and enabling managers within the organization to 
have a greater overall knowledge of the business as 
a whole. This increase in integration appears to 
redu~e the progress-chasing role of middle 
management. although it represents a potential 
threat, in some cases by making this level ~f 
manaqement redundant. 

Research evidencP also suggests that 
organizations may have to undertake changes in 
organization~! roles and skills in order to achieve 
further integration. !n a study currently being 
undertaken by Winstanley et al. the introduction of 
new integrative technology for CAO users has 
implications for the role of the draughtsperson. 
!his task can now be undertaken by a design 
Pngineer, but this implies a change from the 
multi-funrtinnal pnginPer who might operatP within a 
miltrix strur.ture, to the multidisciplinary 
enqineer. Thus thP enqineer, instPad of beinq ii 

development enqinePr or a dPsigner, may carry out 
both tasks and perhaps work directly on a CAO system. 

InterPstingly, Haywood also quotes Swedish 
manaqers who suqqest that_ the traditional 
delineation het~een blue-collar and white-collar 
staff may be w~akeninq. (om~uter-driven companies 
may rausP white-collar -;tall tn ber.nmP more involved 
with shop-floor work ilnd ronvPrsely the new 
intr.grat.Pd tPr.hnnloqiPs may r.a1"P shnp-flnnr workers 
to do morP indirPrt wnrk. 
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"We would rather get the person with the 
111achine or manufacturino knowledoe to acquire 
computer or electronic skills rather than ~et 
the academically more qualified to acquire 
machininQ knowledoe, since it oenerally takes 
murh longer to Mquire machining sblls." 

We have already irdicated the need for higher 
levels and greater breadth of skills required by 
organization<> implementing (fM applications. for 
example. Swedish companies adopting FHS increa.,.ed 
their graduate level from 3 per cent in lq81 to 
10 per cent in 1986. Moreover. these grad•1ate.,. .. ere 
spread across functions in the organization rather 
than being in the traditio .. ally accepted positions 
such as R&O or production engineering. 

With the increased use of CtlC machines, for 
example. the emphasis changes for the operator from 
the manufacturinQ task to tasks associated with 
programming and maintaining equipment. Workers 
without relevant skills can cause expensive downtime 
and repai~s. Integrated technology is requiring 
employees to move beyond narrow job definitions and 
functional barr;ers with the implication that each 
worker will be responsible for more jobs/machines. 
The advantages to the organization are that it 
should increase integration. more pPople will know 
what is going on, and delays in the downtime of 
machinery will be reduced. 

Such shifts in the skill profile of firms will 
require eKtensive investment in a programme of 
training and retraining for its employees. However. 
this shift_ in training emphasis may prove difficuit 
to achieve in the current climate of retrenchment. 
where training needs have been increasingly 
undertaken by consultancies. or have been sold as 
part of the package for a manufacturer's e•planation 
of how the machine works. In future. internal 
training may well become a key mechanism for 
ensuri~g full organizational integration. 

rurther integrating strategies for the 
implementation of the technologies may come from new 
methods of working such as just-in-t;~e and total 
quality control. For example there is growing 
appreciation of the capability of such approaches 
within CIM systems. Such approaches enable the 
worker to become more conscious of his/her own work 
and to understand the whole system of organization 
and production and his/her own part within it. Thus 
the system is philosophically a more intPgrativr. 
on~. although in practice it needs to be combined 
with the removal of restrictive pra~tir.es. 

So far we have discussed various strategies 
which potentially could Le employed for increasinq 
integration throughout th~ organization. In 
addition wP h~ve to consider the ways in w~ir.h an 
organization can best introduce new technologies and 
work practices. lhe 1mport;inre of implement at ion 
strategies and the subsequent approarh taken by 
management to the installation of UM systems has 
been an area of considerable interest. It would 
appear that where participation in the introduction 
and implementation of the .-.ystem has been evident nl 
each stage, issues of organizational change have 
been anticipated and, consequently. ownership of the 
system has been spread across the orqanization 
allowing for a smooth implementation. Thi<. is 
rnnsistent with t.he "participative desiqn apprn;irh". 

It would appear vit~l wnPn implemPnting 
int.Pqrat.P!I tPr.hnnloqie-; nf any form that thp 



organization has an un~erstanding of the process and 
reasons behind the inteqration thrust. This 
understanding will pe1·haps mon~ readily allow 
orqanizations to adapt their structure create an 
atoosphere of functional change and skill cham1'i'. 
which should in turn lead to better use t:>~;.10 .rtade 
of the systems employed by the organization. 

6. Cond us i Qn 

Technical inteqration 1n the fonn ot a CIH 
system is highly complex. As technology allows 
tasks to be increasingly combined and functional 
harriers to be olurred. its success appears tn 
depend upon a correspondingly integrated 
organization. Therefore, organizations have to 
undergo an extensive reriod of organizatio~al 
learning and adaptatior. to enable them to exploit 
the full potential of these systems. Suo.c:.ssful 
organizational implementation strategie, appear to 
involve a recognition of the need to change 
through an initial simplification of the 
organization's present operations. In 
addition there is a change in the skills 
requirements. with the need for increasinq 
breadth of skills and consequent flexibility of 
deployinent of labour. Such skills changes occur at 
all levels of the organization frOll shop-floor 
through t.o highly skill-'d "professional" 
occupations. The c0111b1•1ing of skills and 
integration of functions in turn can lead to a 
flatter organizational structure. 
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Var'ous methods b~ which this oroanizational 
inte rati~n can be ach~eved have been-exami"~d. Th' 
S.?lt ng-up of new str ... ctural arrangl"ftento; ""(h a" 
matr ~ manacement can be seen to have posit•.~ 
etfeLts. H~wever. it 15 reroqnized that !reatinn 
the issue of strurture in isoiatio~ i<; li~it•~ :n 
ito; help in understandinQ the proc@ss ot 
inteqration. Further re~ear·~ needs to e·a~inP ~he 
reiationship~ ~nd impact of the different variable'> 
that make up the process. 

In addition. the ques· ion is raised of ho~ tar 
an integrated technological syste~ demands 
integration in the fonn of central i:~t ion. 
Parado~ically one o' the ~ey features contributino 
to greater fiexibility is the ~~~~ntralized 
o~eration which ([H ma~es possible. One 
reco.,cil iation of this apparent contradiction ,., .. y 
lie in some fonn of oroanizational networkinQ, 
mirroring the distributed patterns present in modern 
computer systems. 

In the final analysis it is instructive to 
remind ourselves that technology refers not only to 
physical equipt11ent and computer software but also to 
the various organizational COlllPOnents - such as 
skill. structure and culture - which go to make the 
"useful arts of inanufacture". With this perspective 
it is easier to see that a successful systems change 
such as the 110ve to CIH will only be possible if 
there is simultaneous technological and 
organizational innovation. 
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J. THC T£a.IDLOGY APPROACH TO fl£XIBL£ ASSEtlllY 

A tle•ible a'isetnbly teli test bed has b~en installed at the 
Austrian Research lentre in Seibersdorf. Work is progres;iog 

to <;olv!' ct>ll control and <O'it accounting problems. 

IP. Spinadel [al<;o the Technical University 
of Vienna and Buenos Aires] and E. Fugger. 

Au'itrian Re"iearrh Centre. Seibersdorfl 

Today. market rf'q1J i ri•ment s demand hi ghPr 
fle,ibility in the produrtion process. especially 
<1so;emblv. Hodern induo;tri,11 elements liJ.e robot'>. 
tr·an'>O<'~lation systpm-; and monitoring syst»tns tan 
,1lrea.!y ho> :1St>1I individu.111~ ;., a hi9hly !lt»iblt> 
•av. A. !u.-ther inc-rt>a'ie in th<> flexibility ot the'it> 
•''emt>•1ts d""" ""'- promi<>P hf>Uer result<;. but it •s 
• 1·11· idl to utili:e llu>ir high tle•ibility within a 
pr·oductio•• or .l<;Se'llbi·, <>vo;tem. Better "co-operation" 
he! .. PPn e.pntPnto; ro11ld h<' the way to incr·ease total 
llPoibility. In th., !nllotoinQ d 111ethod i<; dPvribPd 
inrliratino bow thi<> ohje•tiwe can be reached by 
rh~nginu: thP physiral ronfiguration of a 
S)'i'P~'•P'I and ~he orQanization of the work flow. 
The "Tprh.,oloq, Orie~ted Station" ronc~pt (TOSI ha-; 
bPe•1 •f.,>.,elopo>d for the former. a.,d the "OYr.amlC 
'nn!rnl nr•i~i~atinn" merhani'im 10Y(Ol for the 
1 at t.-r·. 

The•e ~e~ aoroa•hPS in •he field of tle.ihl~ 

a<>semhl1 are rlosPlt relilted to the EUREKA project 
Flll2 ·•r,\!'f)S" a• the t.uo;trian ResParch •:entre. 
~PibPro;rlorl. whPrP a pilnt il'i<.Pmbly rPll was built 
~r,r t'>• pr.1•ti·.1l .lppliriltion and test of TOS-OY".0 
• f "'1"'" l <.hn~' thP la•'>"' of the lei l) I 'iPP 
pa•J" l;'l. To .vhieve i.igh tle•ibility for the total 
«<.'.;>ml>ly •e!I lnot jw.t tor the individual units). 
•wn mai~ rriteri~ li~d to bP •on.-.idered: 

T~P phvsical ronliquration of the cell; 

~nr~-f low ora~ni:ation and r~ntrPl. 

•onv•11uPntly. in th"; (ell. asseinbly 
IF• liilcln'liPo; -trP arranoPd in o;ingle o;tation-; whirh 
•an h~ npera~ed independpntl~ tT05) and as<.Pmbly 
~"'l""n' "'· pi!lho; and d11ratior.o; of as<;embly ryrle"i 
are rontrollPd on-linp and optimized ~y means of the 
(,'((0 mPrh.lnism. 

As~P~bl~ d\~umt•\ ~ rpr 1 lr~l po~ition irl 
prnrt11.-tinn ii it ha<. t,, •npP .. ith small batrh si.• 
"'"'f r~pir! ,.,-41lcJto>\. Clt p,-n,f111• typ-.>~ or v~ri;tnt~. wit .. 
.i 1,;,,~ rt.-•1rrr n! PfiiriPnry hein1 reguirrrl at the 
"··'"~'' t'"'•'. fr) i\rhie,,p thf .... h'':1t-; pffiripncy, the 
.. >11 1or.lir111r.1tit)n ;.,_ !n be nr iPntPcl arrordinq tn 
thP In! lnw1n1 r,,J.,~: 

f\-,• • .-ml>l 1 r ornp11n1>nt ·, ar .. <.it11atPd in <.••• fi a 
.. ay !ha• a<;V·IT'l>l f '.Pq•1•'11re •,in be P•'.-lnrmi>d 
irufl"pt'rHfrnt "If •f~Pir 1o,.l~inn ... ;thin th" 
r "l 1: 

Thr l.iynu• nl th<> (pl I '" to al low ,,.rta•n 
A".·.Pmh1.., '••rh·1f)lr'rJtPt;./,Prhn1quP', tn !if' 
rrtnrllnf_r~tPtt ~1thin it~ OpPrtlt;nq r..tn<JP. 
prn..,;-f<>rl thry r.in bP 11tili11>rl in~ f1.,.1hlP 
w, .. f: 

fl~~Pmhly rnmpnnPnt~ drP tn bP npPriltrd dr,d 
rnn!rol!Prl indPpPndPntly trn111 nthpr 
,_,. J 1-r omponPnl.,, and .tr,. Ii o~t'd hy mP~n-. of d 
I IPwil>IP t rdn'Sport •,y<;tPm. 

ThP TOS-mP!hod w~\ dPwelopPd auordinq to the\P. 
rult'\. It npPr~IP'i in rnn111r.-tion with d dyn.-.mir 
rnntrnl <;y<.IPm (0Y'01 fnr optimiratinn nf thP 
a-;<;rmbly prorp<;<;. 

An a<;sembly rell with lP<h<'o 1 09y-oriented 
<;tations allows the u<;er to m.-.nula1ture new produrt 
variants or new product types nnt known at the 
planning stage. The fle.ibilitp or the cell permit<; 
the rapid ad.-.ptation of assembl> lo '-.pecili1 
customer r-equirements. without having lo sohe 
problems of <;mall batrh <;izes a"d .:tlteralions in 
product de-;ign. 

The prinripal functi~n of the TOS-method i<. 
e•plained with referenc~ tn fi~1re~ ~and 1 !see 
pagP 11). figure 2 shows. in a <;implified way. the 
arrangement of assembly stali.Jns in a "riaid" 
.-.ssembly line. The individual asse<nbly ta<;k-; arP 
aHocnpl ished in <.ertain predetPnnined "iequPnrf's and 
cwr.les. The stations are arrana~d one after anoth,.r 
anrl repeated: Rhere r.ere<;sary. thrPP <;crewing 
<;talion<; or threP qluein'l <;tatinn<;. Hnreover, the 
stations have to b; plan~ed in a ~ay so !hat thev 
ran be synrhroni;ed arrording to the ryrl~ t;~~­
Minor alteration'\ nl the prorlur• nr thP prr"e'S<> 
nt>re<>o;Hate nU111erouo; .ldji;<;tmPnt<; of the .lSSPmbly 
• nmponPn t <; . 

In r.on•.ras~ to this P•donple. fiaure 1 <;ho· .. s • 
.:llsn in a simplified ~a,. thP funr.•i;n of an 
as'Sembly rel! ~it!> terhnolo9y-or-ientttd 'Station<;. 
Several stations are connected by a flttxi~le 
transport 'iystem. The arrangement of the <;tat ion<; 
is deri<;ive for the funrtioning nf the rell: 
'Stations are "dockPd" to the transport <.ystem in a 
d 1uble ring arrangement. The re<;ult io; a fie• iblP 
c .. l J whirh r.ln .lssemble di fferPnt prod•Jcl'S in 
!ndPpendently working station<;. The component<. arP 
conveyed to the station<; O<' part rarriPr<.. rrrtdin 
;i<;o;embly trchnologies/terhniquPS (<,.urh a-; alurinrJ nr 
measuring) are concentrated in each <;lation. They 
are ron"itrurted and controlled in ;uch d wav a<; !n 
i!llow high versilt1lili of the a"S'Sf>mbly prorpo;~ to 
rover a wide ranlJP of prnd11rt,./var;'tnt<;. 

Part larriPrs are ronveyPd to a <;talion it~ 

frpquenlly as the <;pecili• t.erhnoloqy ino;L1llPrl 
therP i" .tppl iecl tn asv•mblP •he prnrlurl. ThP p.tth 
witfiin th<''""" io; nnt prPrlPtl'·rminerl in .lr!v.1nrr: it 
dPpPnd<. on p.t1·am"'~"ro; Ii~" p1od11rt type, ritt11l.ltinn 
timP<. or e.t,.rn.11 prioritiP<,.. Fv<'ry p.ut r.irri.-r 1·. 

!'quipped with" riot memor; •,toraqP. <.o thd' f>vPrv 
part r irr•1la~ in'l in thP r t•l l ••, .u-rie'>" .ll 1 lhp 
informal ion reg .. ired for ''"' d"i<.emhly pr•Jt .,.,<, -
type. o;taqe of il'\\Pmbly. qu;ility data and -;o nn. 

A<.,. rP<.ult. tlw l'lS-mPlhort, •,uppor!f'd hy lflf· 
d.,n.imir control op: imizat ;on Sy\! 0•m. allow·. rlilf••r1'n' 
prorlurt<; to bP manufarturPrl ">imul!an,.ou'>ly. \tattinri 
with d hat(h-of-onP. Thp ""''l"Pnrp of part<. fpf! intn 
thP rplJ i<. irrrlPvant to thp opPration nf thr 
il'S'iPmbly prorP<.<.. 

AlC:Qunting 

lost arrounting 1111>thods appliecl tod;iy cannot 
address the special economic questions of fl ... iblr 
a<.">Plllbly, such a" how can the "trurt•1re of d 
production progra111111• btt adaptttd to ,xistinq 
r.apacities or botth• ocks, or what additional cost<; 
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will arise for the production of certain "e•otic" 
parts 7 To gain optimal results of the assembly 
planninQ process. cost accountinq instruments ha·.p 
to be applied in a modi tied way. -with respect to 
costing objectives ar.d •omputing result'.i. 

Based on the ovt>ral I tloal of a company to make 
profi l"> (and not to save e•pendi tures). the ao;sell'bly 
celi as a means o! production has to be utilized •n 
a way that pennits high profitability- By nu>ans ot 
a modi fie~ direct costing method, not only the 
rriteria cl profitability. but also spt>cial 
requiremeats of f le•it-le assemt>ly can be taken into 
account simultaneously. A pre-supposition for its 
appliration is the data Pxchanqe with the control 
rollip11tpr ''' the ,.,.,I_ The (haracteri-;t ic featuri? ot 
the planning precess (for products to be assemb;edl 
is not only thE technicalh optir.tal .itili:at'on of 
the assembly roll_ but alsr. the con~ideration ol 
cost accountinu rriteria during thi-; planninc 
prOCl'S">-

In intPuratino thPsP rriteria into TOS-DiCO hw 
mean~ of dir~rt co~ti•HL pr·oduds to be assembled 
withi" ,1 cer·tairi perio~ are listed hito'rarr:hi(allv. 
a•tordinc to sales prospo>rts. The resu'tinc 
objective hndion is ror.tra">ted with ~he objP•h1.-e 
function !!f the OHO-module (fi.:iure JI tsee p;iqe \I· 
with reaard to the a•aiiabl~ capacities of sinqle 
tprhnol~gy-orieoted stations irPpresentin~ oroups ~f 
resources! of the cell. The production process is 
simulated bv means of ovro and. as a result. 
bottl£·nec:ks

0

and frt'e c.;racitie"> (cl" bf' detenrined. 
In approximating the two ~bjective function"> - the 
te(hnical one of ~YCO. which i"> based on the 
production oossibilitie"> of the assembl~ cell and 
the fc~nomic one representing mar~et requirempnt"> 
d" optimal gro11pinrr nf pr·orfoo:~s to be <IS'\f"!lbled i'< 
romputed- flirect C:ostino used in this form allows 
optimi:ation of medium-tPrm planoinQ. wherf'.lS ClYCO 
p~r ~~ is an instrument for short-t~rm planning 
••ontrollinQI of the a~semhl~ process- in this way 
t'1e a">sembly cell can he utilized t>rono111ir.1lly. 
9ua~artPeing high profitabili•y. 

!~~ concept of lle~ibility i~ us~ally 

a•sor;ated with the rap;icity of a production systPm 
•o a.!ap• rorrP•tly anrl q•iirUy to alternative 
">ituations. l/ Within thi<; •oncept. two t1pes of 
tl->•ihilit:; •a.1 hr di.-.~io'}ui•.h.,.d; djnamir 
fle•ibili•~. whirh determirie"> prinripally ~now 
qoiid". it"d static f1•,,ibilit1. mainly respon">ihlp 
tnr '"•nrrP.-lre,~··. '' prnct"' t i'ln '>y'ltPm ran actap! 
; ~·,p! I '" ·,P ... r.ll prrrl•" t .,;iri;in!'< h:; means of !hp 
•'lnlni~ .,,.-,t .. m. ThP 9r••.\t .. r Uu- numbPr of differer•! 
~drian!s. !he nrrater '~" •hdnre will he for !hP 
";v""."Pm to .=trLiPvP Pro~1wr.T1 or,ol11tion<. tnr ,,,...., 
rr·<11!1::-t-;. fhu«. flp.ihilit'( ritn ht> req;Hrlf'd AS .l 
r!lmPn<,;O,, 0f difff'r·prd · .. Ari;tn~ ... ro-pwi-;tinr in ,t. 

pro1!11rt inn <;yst1>m. 

Arrorrlin•, to rontrnl th1>ory. th!' (O,,.plP•ily n' 
" ,, •• ! .. m anrl 'hus the I imP n<'<l'<;\ary tor tlw 
, .1mp•;t;it ior. of ;i op·., snlul inn incrpa•,o><; ... ponp•1t ial 1 ! 
· .. i~h ~:~,., numhrr nf i'l~rrn"'t1 ... rr.. fhi" m~,1n~ thrtt 
tt11• rnmplpvit'( nf;, <;11f!w.:irP str·u<!t:r". 11">Prl for 
,,,t,:.,.;,.,, th .. rfynamir r1plimAI "' 11tioo, i•111Pit~Ps 
··•p"nrn• ial ly with flpvihil ity. Altho1111h thr <;y<;!M1 
• n•r l <' .tr I 11,111 y hP rm i ct .. '1 ! n .1 rlynami r npl im,o l 
-.0!111 inro .. itl; trad~t i"n,.l n1rthnd-; '""' thp »·1'>\Pm 
~IP<ihilily inrrpa•.r•.). ·.of!w,\rp f('n!rol .-.1n11t11rr<; 
h•1rmp morP and morr lhP kr~ to thr optimal 
'°"" ! inriirHJ of ""' <;y<;!pm. ln!Prdi<;r·ipl in.:iry wnd 
•ryin'l In rnml'rine P•i<:tinq tprhni'lllPS in it nPw wa1 
.:inrl. d nl'PrlPrl. In rlrvrlnp new or1PS. i~ a no>rr<;sa "f 

pr·rr1'q ! ; "'•; t" 

OYCO 

The requirements for 0Y 1."0 ,an b~ ?e!llinPd ;., .. 
short des(ription of the corif igura!io~ of the us£r 
intedace for a flp, it.le assf'Clll>l) c .. 11. Referri"'J 
to figure 5 (see page .Ut. thio [l\CO p!\viron..,,en~ ra~ 

bl' divided into two · .orlds": a real orie ilnrl ii 

pOS<;ible one_ {., the "real worl~" thPrP pvistS 
o;t.1•u'> information 1 ilo.e work-ir-t>rocess. <;tati<>t ;r,11 
;rfonnatior.. work plilris. or nf'tw~r~.s in usf'. Thr--.f 
are tre structures altually used Irr ci;str1'.1m '>":! 
downstream resource relationships. pr,,da•:~ llo ... b:;~ 

al.-.o includir>g specified i·dor--r.a!ion li~p; ;iver·ao·· 
co<:ts for product type A. •driant -:. dtJr·ino thp ;asi 
t"o da,s and it.-, relation to planned tO<;l5.~ !n !h~ 
"ross·;de .. orld" diflere"t pr-odci•:t rn1.,,.1;,.:~ ""'!'! 
bP analysed; the syste~ coulct "'ear(h its d~•a 
!>""'""· loo~ino tor relp,a,,t rl.1•:1. If thir. <.Parr>, 
shows that th~ produrt is a ne .. on•. '~"' leas'~il•t, 
of ~ts produttion raulrl t>e t,sted an<l a rr~Ti~'n'lr: 

rost analysis be rnade to arrivi> at ,1 dFci">in:-. !' 
the se.lrch s'1ows that prorl11ot rlata ;ilre,-.r!y e•i<:t<; ;., 
t!1e- d~ta ba~e. the tontrni dnd ,i~t-f~;nr· '.Pppor! 
"1oduli' (.lo start workin<l. Thi<; r.iodt.:1€ ta" al<;e 
"t•rrn act i•O?" i I the de,";el.lp"'e"t ""rl test i·::1 p•·'l·,, 
LJI a ne" pr·oduct ,.., fi••isht>d. 

Ir is also the ta<;~ of th1s ~od11le !o ma~E ~ 

qairlect intelliuent .-.ear(h cf pcss'~le insertion 
pl.ve< for ao;<;~blv product<: -..1tt-in "" alrrad) 
planned ,.3rking queue. Thi~ analyo;is shn ... ~~"'" 
the rroducl could be fini">hcd Jnd •hir~ cns•s. 
side-nffects and ronsea11en(es ~nuld resJll. 
Tl-1~ aralysi:; could gi~e the operatl'.'r infrynn,,~·on_ 
lile "the required prodt.:ct could l>e rea~y in 

two hours at costs Ct and side- 0 1 ~cts fa. or 
t()l!l')rro~ af!ernooo a_ rosts (~ ~Cld 5ide-p•rp.-ts 
fl>" in one we,.i.. at cost' !., w• ~hClut any 
s1de-effeo:ts · -

This m•,dule will al">o t>e "'"d for •ru•di;i:n-t.,r·m 
plannino of assembly by an ana 1 1o;;5 of a pr'lpn<:Pd 
grouping of product-;. to be aS<:Pmbled -.. ithin d 
certain period. figure •I <;h;i~<; ~he in'egratir.,1 n! " 
dirl'ct ro;ting interf~cl' 'o the OV(O-environmenl. 

At thP present development stage. -;om~ of tht-
dP">cribed functions are do"t' manudlly; th"" it 
tould be saict that a UIIH (Computer a~.d tlu,,.;in 
Integrateo Hanufarturino) o;trur t.ire ;ind no~ .:i 'll'l 
onP w.l'\ built. 

(omhined with thP <;f''l11Pnr ing/<,rhedrrl in'] prnt.!"m 
it is a rrit iral poio• tn rle!o>rminP not j,1~! a 
fp;isible <;PquPnrP, hut the t im1>-opt im .. i """· , ' 
So the main ta'i~ io; the redurtir.n nf thn !i~P ""Pdr~ 

to ro>arh an op! imal ">ol•JI inn in ,\ dynamir ""'. 
T .. o appr,,achr~ C'."1111 d ht> uo;<'rl Io red111 1· ! h•· 
•nmp,•t<ttion;il l'ffort: th.- r"d11r;' ioro nf •l,f· 
andlyt ir~I modPl romplo>oity. anrl !hp use nf """ 
math1>mat1ral methorl'i. 

Reducinq miodel ca.ple11ily. (ji., .. n d ""'' nl 
,.triat.JP; and "'"' rPlat ion-; het.weP<1 them. th1-
nbj•rt ivP of a m;ithPmatical mnrlPI i-. to nh•ain d ~·t 

or '"1l11r<.. whirh ro•il<l he rlPfin•rl i\', sol11tin"': ••r 
rp<,pOn'iPS. Ta~.ing intn "1r11 .. nt !hf' prnpn•,prl 
sol.,tinns and "10dPI reaction~. it i': po~·.ihl•· •n 
rpralr.•rl.ltP a •,pt of .. ;iriahlpo; th,ot 'lPll(·t",\tr a "'"" 
~Pt of <;0111! ions and o;tar' the r yr Ip d'Jitin. 'I••' ,ol I 
vAr:ahlPo; .UP inf luf'n• Pr! hy i:ilrr·n,\I rhanr1r·. - ·.nm•• 
of thPlll arP rlt>!Prminf'd in a r,t;i! ir or '4yn;imir ...... , b, 
Pl!'m.,.nts "'•tl'rnal lo thP mllrlt>l. Thi<; h.:io;i, mn.r,.1 
s;iti<;fips !l.P pn•rPqui<;ilP nrrro;;;iry for !hr 
'io-r;illrd a11tot11atir sla!P of thP o;yst"m !!h;i! is . 
for .o •.lat ir 'if'>trm, .. hPrP "nly 1>rn1 "'"" rlrll'rnt•, 
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•h.lnQ,.). In dny 'l!hpr· work-"•l'OP ot thp <,y'>tPll'. 
dittf.r·er•t frntn the automat;, une. it i-> ne1P"'<ilr-; 
to creatr" ,;iri.ltion oi the modFl. This 
vilri.ltion doP'i not rPfPr to internal variilbl("> of 
thP '>Y'>letn - thPp reprp<,pnt the s~cce'>'iive 
tPmpor;iry 'i~-'!tP<> 1! plpmpnt<, p»O<'i'"'i<,P1! i11 the 
mndt>I - but rathpr· to thP p.1rdmelPr<, wl•id-: r·PliitP 
the individual variable<> 

To anillv'>P t"i.- in. luenct> ol dt><Jl"clded '>~'i!em 

1n111ple•it~ "" ead• ryf thP rararneters (ilnd ato;o its 
tFlllJlt'rary var iat ic'll t•J pPrtnil the return to tho? 
autOllL'ttir '>tatr in an optimal way•. not onlv are 
'ipeci.-1 .-lut>rithm<, for tran'ili't inQ thP a• tual 
'iv'itf'ftl reaiity to thP "'athpm;iticai model nePdPd . 
but al'io hf'u:·ic;t ir· knm.lPdQe .md dat.1 'itrurtur"" 
tl' gPt lhP hP'it po~<,ihle return. fhi'> new 
IFedl>.11 k n;11lrl hP idrnt; f ierl "" a !ll01le! 
fFerfh,1d .. 

It ,.;11 allow on!~ t'•P c!efinition of ;i b;i,i1 
model of the cell and io rapresenl it'i vari;ition• 
with U1e ho· Ip nf I le, ih!o> p;irall'eter'i. • b;;nqed in 
!hi'< hty. (I .. ill pe.-. .. if the""" of .1et-lhPory 
,;ithout rf'dr·hinu fl'111ple•ity leveic; whirh c;:nnot bP 
analyo;ed. 

Reducing an.tlysio; ti-. The o;equt>nrin<;J.' 
'irhedul in<;J prohlPm mu'<I he '<nlved hy '>Pilrrhing thP 
sp;trp of pn'i"<ihle ">Olut;on<.. ~1en thp SPilr1h 
spa(!' i"> 1,.rqe. ii deli'<i•m <>upport ">y">!f'!ll t.e1omrs 
impryrtdnt. ~ · RPrpntly. many rec;earchPF'< hdvP 
u<>ed a speri;il kind of nPt lo.- tno<!el:ino and 
represent ino tho> searrh c;pclCe ol product ion 
sy .. tem">. Mo<>! nl thPsP net'> are based on thp 
rffRf-concPp!. f'fT~l-nP!<; Coln he rPgarded a<; a 
r.ombin.itio;i of Pert .rnd ">late/transition 
di dgram-;. So"'P import i\nt f Pat ures of e• t endpd 
PffQ[-npl<; (lPHt ;ire par;illPli<;m. ronrurrpnrp ""d 
'<equent i.11 ity. 

,\model nt fl!'•ittlt a">'>emttly rPll •ould hp 
built u<ino .ln fPll conct•pt. Refe1·rin9 to figurP •I 
('>Pe paue .. l. ronrentr;iting on a pJrt ol thi"> 
<,tr11rt11~". d•' intPlliqent transil;on C:dn be seen. 
wl•irh 1.omhines eliement-in-work tokens. ,.iii t ir.q di 
plMP Wl ... ith re<;nurrP to~pns waiting at 
pliirP R. MdtrhinQ thP element-in-w·1··k tokPn<; with 
thP resour·re to~.eri queuf' i-; the key tn systM1 
oplitni:;ition. It wds prnpO'>Pd to olve the 
tndlchinq in "rPdl-time". 11<,inQ d dyndmir prinrit~ 

Pqu;if inn and evnlut inn •,trdtPgy for '>nlving ti 
1J11?11Pin'l/mdtrhin11 prnhlPm. But tl•i'< i'i not 
o;11t:iri,.1t. h"C.W">P the nptimi;ation of this 
priority eq11dl inn. wh;rh •.oultl have .l"> m111.h as 
'"10 t Ann~ or mor·p in c;,nmp < -'.._,P"". nPP~" rtn ~nnr·mou" 

rnmrut.lt inn.ti rf lnr·t. 

lhp F IP• ihl<- 1\11torr.ilt ion r1roup ;it •h;- Aust r·idn 
J(p•,p;,nh (pnl rP ill S<Pil•Pr"<.dn.-1 is inve'<I i11ilt i!HJ 
tl1i< priori t 1 "'I""' ion 11sinq <P•Prill prilct ir ,11 
t..\~~~ ..fnd p.l:·ti<11l..tr·ly invP~tiri,•t;no th,1 'l'•P·.tion. 
i-. th" "P' imi:,1! .nn of .ii l p.1rdmPt,.rs fe<trh ! im" it 

rh,1nrw nfl111·•. i·: ti·· <y•.tpm\ rri1!1y nf•••rff'11' rt i•. 
,1•,r,11m1•d lh<t! only,, fc•w '"rm\ h.wr !o IH• rhilrHJPrl. 
hat in ,1 rlvn.11ni1 "•'V· II thi· •• 1s<,ump!1nn 'ii" lw 
vPr·ifird. d roir.pl.•!P -1•1<tlyr,io; 'lf th1· p1·inr·i!) 
f•rt11rtt1nn will hrtv•' tn h•• mArit> only OOfP • ..-.t ttu) 
pro•f'•;-, r.!.t.-1. in .t •,!<ttir w.1y. Tho> _.,·tu.ii p.irl 
hf'inq rfp,elop,.fl dt fhi~ projert r,l.1qP i~ t~" rfdld 
·.•nrr!11rr nf ii q1·r111p of ,l\'<Pmhly prndud'.. lhi< 
i•, import.mt for the r<'rlurt ion of comp11t.1l 1oni1l 
Pflort ... ilr, wrll ,,-, lnr thr re-ut ii i;d! inn Of 
o nnw l Pdr1e. 

T tw p i I o t ii r, r, <'ml• I ; ' ,. l I I f i 911 r r I l i no; I d II P ti 
ill !hr rnho! ir ~ ldhnrilfn1·y d! Sriherr.rlorf i'; hrir111 

uc;pfl ior anpliration. tpr,tr, ;tnd ftptimi;ation of 
develnpments in the field of as<,ernblv aulo'llation. 
lhe cf'll wao; ronfiqured accordinQ to criteria. 
deduced I r0tn the TO~·-lllE' t hod • It -"11 ow". th i o; 
method to l>e demonstr·ated and the dynamic control 
optimizdtion 111echanism tn be applit>d. Tht> 
lollo .. iny main-r0tnpor.~ntc; ielPft'lentsl have hePn 
ino;tal lt>d in the eel I: 

Industrial robotr. IASEA IRh ~O. Bosrh 
SI< 800. 
Berqer Lahr cartesian R.). 
r.en~or-controlled orippPr. qripper 
chan9ing de .. ices: 

Vir,ion sy'>tem (to bP installed in 
l•Jf;'l/90). tneasurinQ uni to; 1rol'lur and 
rli"<lanre rpcooniti~n). bilr-rode readerc;. 
dot mf'll!ory data cdrrierr. (R kBl: 

Senr.or-controlled prPss. flexible conveyrr 
<;ystetn. flexible leedinc; syo;tem, automat ir 
stora~e (to be inr.tall~d in JQR1/QO): 

Host computer and PCs. 

The a-s"<etnbly cpll ronr,ist-s of four stiltinnr,. 
which are ;,; i! poo;ition to Mromplish a-ssembly 
operations ind!'pendpntly, romhin~d ~ith ft>eding 
'iy'>!Ptlt'<. for the tranr,port of a">semhly partc; to 
anti 'roM remol,. ar1>as. suth as pal lPts and 
m.1•.1a.:ines f1·cm an aulom.1ti1 o;toragP. automated 
uuided vehicles will ht> usPd. [xampl!'s of 
operations, concentrated in lechnolooy stations: 

St;ition 1 - 11luein11. coatina. r,rrewino. 
pi (k-and-p 1 are: 

Station 2 - r.ensor-rontrollet! prer,s 
(pr~ assembly); 

Station 1 - mPa"i11rinu c;yr,tpmc; (quality 
cherking). 

The product to be ar.o;einhled • .l prec1<;1on 
uearbo~. is heing regarded as a oilot-product. for 
tP'>lin9 the cell .lnd demonstr.1ting itc; operation. 
fhp produrt it'>elf is not thP central point. the 
a<;o;emhly "'ethod is. Gearho~es have bPen (ho~cn 
ber.111\P they are p.lrtirul.lrly '>uitahlf' fnr· 
devploping new assemhly mPthod'< and control 
<;yr,tpms as well ac; for ~Pmonr,tralinq result-;. 
The geilrbo~ m.lnuf;irturp!f ;it the plilnt in 
Seibprs.t!orf i<. assemblPd with Ill vdriilntc;. 
inrl11ding the followinq: 

Ge;;r whr~l<, - I trdnc;mi'i<.ion ratio<;, 
Sh;ift, - ~ t!iamt>lers/rnrl~. 
Ru..,he<. - 7 m;i!eridl'<. 

r 1 "'"'""' - ;' 'orm .... 
rJPrirnmotor ... - ;' lyp('~. 

Out of thP<;P diffprf>nt rnmpn.1rnt·. tfnqr!hf'r· 
with stilnrldrd pilr!'< <,urh ii' srrl'w<;, pinr,, 
hdll-hP<tringr, .lnd '<O on). thP differpnt vilri.1nf<, 
of thp oe,11·ho• c.ln be .lS\emhled d11tom.1t ir.dlly 
( int!rpM1dent of b.1!.ch <,i;p anrl '•"'l"f''" c-• 1 hy 
<tpplyinq the mPlhod of lerhnnlofJy-Orienf Prl 
'.°.!.1! i On<;. 

ThP inft>rtli <;r ipl in.Hy nat11rP of thP prn~Pr!. 
01111 inrd in thir, papt>r. i<. more nr ,,.,, thr kf'y 
lnr fhP dPvP!npment of ql'nPrill ly val ir! r,nl11I inn~ 
Speci<tl knowlPdQP of thrPP rfi<.riplinPs -
tnf'rh.tnir~l rnginPPrinq. ryhernf't irs dn<I prod11rt inn 
rrnnnmy - w.l<. hrought •oqef~Pr .ind ronrrnlrd!Pt! on 
!hr romplr• fiPld nf ,.r,,emhly dutnmiltion. fhr 
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results which have been achieved with TOS-OYCO up to 
now are pr<>111ising. They shou'd contribute to a 
better understandino of this field. both for academic 
research and potential industrial users of thP method. 

The ne•t project phase will concentrate on 
il!lplementing the OYCO-lllt.'chanism. further ;ntegration 
of sensor-guided systems and the development of a 
cost accounting model. based on TOS-DYCO. 
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4. COtl'UlERS INT£GRAT£ D£SIGN ANO PRODUCTION 

A r'!'(ent ;"-t<-pa~JP study "ComputPr lnte9rated 
Manufacturin9: .1 S~rategic Manufacturing Impact 
Report" trom international business and industrial 
analysts Frost & Sullivan, states that robots, 
machine vision >vstems, automatic identification. 
and other devices must be viewed elements of a 
broader strate9y, that o! Computer Integrate~ 
Hanufacturinq (CIM). 

It observes that it is not only engineers, but 
also accountants. who must broaden their view if CIH 
is to be accurately evaluated and effectively 
deploy'!'d. Traditional cost accounting methods based 
on internal rates of return tend to in~ibit this 
adoption of new technologies. whereas CIH can lower 
thP rost of inventory, labour. and prototype de\ign 
and C'lnstruction, besides reducing plant consumption 
of ener91 and raw materials, while eliminating data 
re-entry and processing duplication. Some of its 
most importan• advantages relate to enhanced 
quality. flexibility of design, product mix and 
production. sp~ed nf new product launching, and 
one-time delivery. 

The ab•ive view is large 1 y supported by Bu 11 HN 
Informa~ion Systems, whirh observes that 
manufacturers are now settling for a less 
i11111ediatelr ambitious but more practical approach to 
full CIM. Rather than all-in-one solutions, they 
are now see~ing to link their overall bus!ness 
systems ir~cluding HRP II to specific shop-floor 
elements such as CNC devices, robots and workcell 
rontrollers. Systems to provide these connections, 
hithPrto the "missing link" in manufacturing 
automation. ar11 now becoming available from leading 
supplier<>. Bull for example having launched its new 
AHIPS (Advanced Manufacturing Integration Pr.iducls) 
library of software packages earlier this yeor, to 
offer m~nufacturers a structured approach to 
intpgration. 

The increasino adoption of JIT (Just-in-Time) 
te(hniquts is prod~cing an emphasis on "Supply Chain 
Hanagetnent" with manufarturers now looking heyond 
the hounds of thpir own production farilities to 
link key suppliers into the manufacturinq 
information syste~. This has inrreasPd emph;i.-.is 
both on flprtrnnir Data [ntPrrhange (fOil and on 
those HRP II systems which .-.upport J[T. 

J[ T and HRP [I have <;O'"Pt i mes been pres en t.ed ;is 
oppo.-.ing leLhnique.-.. Lut leading-edge manufarturers 
now arrept that MRI' II •.hould form tht> basi.-. for .Ill 
prov\dPd thP HRP [[ system i.-. 'Ihle to qive "instant 
updat inq" of al I infnrm.lt inn, i.e. a Perpetual HRP 
facility - and on" of thP options within Bu •.-, 
ttORHS park ;irrp. 

Automatl' now 

Hor!' dnd more companies now have both the limp 
,1nd f inanrP to embark on major manuf..icturin'.) 
.lutomation pro_jer t~. Aul I hPI i1>ves, with indw,try no 
lonf'}Pr .-.o prPoccupied with industridl relations and 
thP prohl•Jms of rerPs.-.ion. Instead, it is frprr to 
rnnrPntrdtP nn raisinq .-.tandards, and on winninq nPw 
m;irkPlc; rathPr than s~mply holdinq on to e•ic;tinq 
nnPs. !hi•, f'}rowinq intPrPst in autom;ition io; 
drromp;iniPd by d more raut ious approach tn supplier 
~rlrrtion with stronqPr emphasis on visits to 
rpfprenre -;ites and c;uppliers' dpmonc;tr<ltion 
rent.re<;. Although,, mort> rdlr.uldted and in-drpth 
appraisal whirh may lengthPn thr selection precess, 
it prorhrres syst.Pms whir.ti .irP a surPr fit fort.he 
u~Pr and providPs a o;trong ront.rihution to hi•. 
husinPH from day onP. 

The basis of CIH, namely compt>ter-aided desi9n 
and computer-aided manufacture !CAO/CAHl has of 
course now been with us for a long tim11, but there 
is still continuino innovation in this area. 
Typical is the wor~ done by Schlumberger's CAD/CAH 
Division whose new Bravo3 NC syst11m, the result of 
years of mathematical research and the company's 
extensive graphi~s and machining experienre, is 
claimed to set improved industry standards for ease 
of learning and usabi 1 i ty in comp le• <:urface 
machining. 

Engineers have been fed a diet of (AO/(AH for 
so 1009, says Schlumberger, that it is tempting to 
assume that parts designed on computers are always 
machined easily from a common data base. Attr·arti•·e 
examples have even been presented of automatic NC 
prograonning which could release companies from their 
dependence on part proqrammers. who are often in 
short supply. 

But researr:h shows the reality of t.he situation 
is far different - there is still a technolo9y gap 
between CAD and CAM. Graphic interfaces have 
superf ician y changed NC progra11111ing software but. 
the underlying software - Automatically Progra!lllled 
Tool (APT) is nearly 30 years old! 

APT systems al low users to d11velop Pl( proqrams 
for complex surfaces but only one surface at a 
time; their use is time-consuming and prone to 
error as the programmer· has to r:ont i nua 11 y interact 
with the system to define surfar:es. 

Concluding that APT technology with its 
inherent drawbacks and difficulties in learning and 
use has reached its limit. Schlumb11rqer decided on a 
frrndamental 1 y different approarh. . 

Th11 result is Bravo N(. The user has to 
id~ntify all surfaces of the part to be machined, 
then with !_his information and the tool d?•Hription. 
Bravo NC calculates a surface, or set-up surf;ices. 
r.alled a lattice representing all possible tool 
positions relative to the part surfarP. The 
software then examines the tool path and tool 
geometry, pliminating all invalid positions from t_he 
lattirp to revpal all dr.ceptahl" tool positions on 
the '>urface: no tool motion is r.redted until the 
correct lattice has been calr.ulated. 

With the fin,.1 lattice complete. tool positio11.-. 
ar" calr.ulatPd. \ '' direr! ion i<; indic.:ited rin thP 
lattirP, thP sof··.dre talculating th" end-points nf 
thP projPcted motion. Any direr.lion can he 
>pPrifiPd so there arp no limitation<; on r.omputinq 
<;inql" mot ions ovPr -;inqlP s11rfarp.-,, and thP 
programmer is no lonqpr confinf'd to cutting alonq 
surfar.e flow-line. used in defining the part; Pven 
spiral or ldr.P '"'-" m..iy hP ralrulatPd. 

The lattice beinq a single item off~et from thP 
entirP p.trt, multiple >llrf-4•.f'<; and qouqe-r.hf'rkinq 
dre no longer a problem, and dre handled 
automatirally hy thP ~oftwarP rath~r than the 
prof'}rilmmPr. 

Fnh.:inr.PmPnts and refinements to P•io;tinq 
systf'ms r.ontinue to hP developed and la.mrhed. For 
1>xampl1>, Hannt>'.Smann Information Syst.f'ms' new CAO 
parkage with the ~110 pPrsonal work-;tation, ii hPavy 
duty o;ystf'1TI havd on an advanr.f'd '{A6 works tat ion, 
incorporatPs Concf'ption ID (C.IOl which holds 
~O per cent of the Fr1>nr.h micro-CAO mark1>t. 
00 inrlud1><; far.ilities for 2D drauqhting and 
de-;iqn, 10 viwalization, data has!' and parts li<;ts, 



parametrics and macros. It also allows for data 
exchange with any other CAO software supporting OEf. 
oxr or IGES interfaces. with facilities available 
for connection to any CAO program. to offer a full 
CAO/CAH solution. Available in both UNIX and 
HS-DOS versions, a typical single system 
configuration including an Al vector plotter will 
cost around il8.500. 

According to HO Phil Claydon the CAO market is 
polarized. with high-cost systems at one end of the 
spectrum, and under-powered pac~a~es at the other. 
"OD is aimed fairly and <;quarely at the underserved 
middle sector". 

New software is also announced by Matra 
Oatavision (UK). whereby any user ?f its Euclid IS 
CAO/CAH system can access and modify designs faster 
on several workstations at once, greatly shortening 
lead time from initial design to completion. 

The EOHF (Euclid IS Data Management facilities) 
module is the first to he developed under the 
(HP/DOS Co-operative Mar·keting Pragra11111e agreed with 
Digital Equipment Corporation, to provide for joint 
development of systems and sale by either party. 
[u~lid IS being DEC's preferred solid-modelling 
software. 

With EOHF, a design can be prepar~d for 
validation and the model placed u~der control of 
Digital's new EOCS II for sharing with other 
departments. Engineers at different workstations 
are automatically notified that designs are ready 
for scrutiny; modifications are advised by passino 
the model and instructions back to the design 
environment. 

Widening its PC hardware platform, MCS has 
!aunched its ANVIL-5000 version 2.0 which extends 
the capabilities of the ANVIL 30 CADO and CAM 
software modules beyond the area of workstations, 
<;uperminis. mainframes and 80386-based PCs to over 
100 different personal computer systems such as IBM. 
Compaq and RH Hachine. The subset has been 
restructured to integrate easily with most operating 
system'> including MS-OOS, umx and VMS to further 
HCS pol icy of hardwan· independence. 

The software features a double precision data 
hac;e with all function<; fully integrated. and 
modules including 10 design and draughting. surfac€ 
modi>lling. Omnisolids, Omni fem. 2 1/20 ~IC machining, 
'-awis NC marhining, Graphl-IV. the graphics 
applications pro9ra11111ing language. and Extended 
Graphl-IV. Versi'ln 2.0 is available with special 
int~rfare<; and appliratinns parkages fnr a wide 
·1ariety of reriuirements. Alc;o, third party c;oftware 
developers are now writing specialized appliration<;, 
with HCS support, usin9 Gr;iphl-IV. 

Taking on ArlVIL for tot.al solutions, 
)ymo.ids OHS, a division of RH Symonds 1>ngineering 
qrnup, has romhined ArlVIl.-~10000 PC 1(1 ~oftwarP on to 
its own llMS (llesign Manufacturing Systems) to tarkle 
thP most romple• (A(l and CAM problems for rlC ;ind ON( 
i!ppliration~. The combination r.overs the entire 
~pertr11m from ini t.ial desirin and drauriht inq to fi.,;il 
m;inuf;icturing, inr.l11din9 mar.hinp t.ool prnqra11111inq, 
,mrf rl";ults from ;i joint MCS/Symonds m,1:kPtinq 
;iqrppment. 

A vers.-itilP soft~are parkaqe is offered hy 
RPnishaw - MAE ltd .. whose newly launr.hed P11pillon 
is ii f11lly integrated CAD/LAM c;yc;tem developed in 
r.oll;ihoration with ~[RV! of France. 
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Off-1 ine pr:og_r~!l)llling 

Based on the Sri ti sh compciny' s HAECllH •I. a 
versatile, flexible and expandable (AH/Inspection 
pack~ge. and SE~VI's Conception ]0, a powerful 
30 CAO system, Papillon is claimed to be ;>otentially 
one of the most powerful CAO/CAH tools yet. 

A new specialized software program specifically 
for sheet metal-working equipment accep~ing 
!SH-compatible off-line progranwning. is announred by 
Copypress Machinery. sole UK agents :or tlisshinbo 
punch presses. 

Initially. the job parameters are set out in 
the program. the first task being to work out t hp 
material utilization to determine optimum sheet size 
required. The program's sh~et library or various 
oauqes enables the operator to choose sheet sizes 
~nd-different materials. and either the operator or 
the computer can make the selection. The. computer 
then permutates the operations required to achieve 
the workpiece shapi>, before calculatinq the 
percentage utilization of the sheet seiected. The 
geometry of the job is then computed. the e•islina 
looking is overlaid and the existing machinery 
entered in the program which is then created hy the 
computer. The most cost-effective method of 
manufacturinq the part is calculated before the jnb 
begins. -

The software can chanqe variables and can 
create any shape of tooling to execute any joh with 
optimum efficiency. A violation code warns the 
operator of going out of range. particularly uspful 
whe~ inspection checks need to be made before each 
oper·ation. 

Claiming a new concept in product <;upport and 
as an invaluable aid to the design engineer, is 
Kosma Pneumatic Products. a division of Orallim 
Controls. 

No longer will the designer have to laboriously 
reproduce each pneumatic part onto his CAD systi>m, 
says Kosma. Selection from the extensive library of 
diskc; will place any of its range of actuators 
directly onto the basic machine design. 

An example of the potential huge savings in 
time, the co~pany claims, ic; a typlc;il s11h-~;semhly 
compiled from three main standard items, namely an 
AHS single-axis robot unit, a pnevmatir slide table, 
anrf twin rorf cylinder. 

By using the CAD library system, this could hf' 
arcomplished in ten minutes. (lrawn line-~y-line, 
says Koc;ma, it could take up to three days! 

Hanufart.uring r.ompanies inst;illing shnp-flonr 
rf;ita r.apture c;ystems can now extend the work nf the 
terminals, to link to CNC machines. for example, or 
to given instantaneous validation of d.-ita. says 
Source Computer<;. Its l;itec;t termin;ils inrorpor;itp 
new features providing the intelliqente and 
f lexibi? ity to arfapt io such future trencls. Anrl in 
so rfoinq, the company claims its new AOO Serie<; 
bridqes the qap between thi> ronvention~l termin"l. 
PIC~andPC<;. 

They earl he prn9ramm1>d in high- l eve 1 I i:lngu.tqP 
sur.h ;i<; "(." anrf Pa-;ral, and thP prn9ram-; writ ten on 
" PC and downloaded to the terminal<; for p;i<;e of 
updating. They have nPtworking rap~hility, 
integrated bar-code readers, ~ f11ll ri:lnge nf RS/17 
serial r.ommunication~ and dioital input and output 



IJrilitie<; and other advanrPd features. l\t fl.Al~. 
tfwir pril>'/ppdormanr!' r.1t io i.-, <,aid tll hP twi1·p 
thdt ol product'> with 1omparahlP facilitie"' and 
f le~ibil ih. 

lhe lat!''>~ l in~. in the Pathr·ace (l\[l/CAH rhain 
i<. P;ith .. ,1y. a '"'" inrl11o;tri,1l networ~inq and llllt 
"-Y"-tPm. It ;.._ ;iimprf at Pnhan.-ing <,hop-f lollr 
romn:unir'llions ;ind mar .. 1qemPnt information. 

linking up 

Hi .. tori1ally. lin~inq computers with mat-hin:o> 
too!.. h.;s 1re<1ted diffirnities in term<; of ovPr.tll 
intearation. hut Pathra1e claims to have overcome 
thi> problem" with a Drl( • ontrnller and industr·ial 
n!'twork. It not onl~ provides effective links 
between different ma~hine tool controlc and CAM 
terminals l>ut r·an aho prov;de acces<; into other· 
network<;. 

It is suitable for a -;pread of applir~iions 
from a <;inalP machin1> link-up to systf'tlls with 
100 r.ontrollPrs. In it<: most basic form, it 
rompriseo; a small rugged industrial terminal sited 
adjacent to the machine control. from which cabling 
in twisted pair, co-a•ial or fibre-opti~. ronnects 
1 he tenninal to the CAM sy<;tem, enabl ii''.} OH( with 
capacity to store and edit long NC programs. 

fnr more r.omprehensive arrangement>. a slightly 
larqer. more intelliqent terminal is U';ed but with 
thP -;ame -;implP installation and operation. In this 
in<,fanrP, P.:ithw.:iy form<; what i<; re.:illy Oi<.tributPd 
tlumer·ical Control. with te•t and graphir:s displayed 
on the shop floor. It also allows tool presetting 
and the easy integration of other o;ystems. And. 
although it is less expensive, it can integrate with 
other powerf u 1 networks 1 i ke Ethe met. SrlA and HAP. 

Indeed, the UK market for ON( is expected to 
qrow to around .f.~5 million ovpr the neMt ten years. 
says Oavid Wpl-;h, general manaqer of Symonds OHS 
which markets and supports a range of CAO/CAM and 
ON( o;ystem<; - with the ONC business gr~wing by far 
the fastest. "the growth of DNC i> undoubtedly the 
future in UK manufacturing". he obsprve>. "a<; many 
romp.-nie-; havP alrearly inveo;ted in stand-alone 
rAO/CAH >y>tem-; hut an• fnrstratPd by thi> automation 
gap between these and th1>ir shop-floor machine 
tool o;". 

With ito; "[I rlet" mil -;ystem, the company is 
movinq fa<;! and .tlreadr ha.-. ino;tallations thro11qnout 
Ill< man11fart11rinq inrluo;try inrl11dinq Rollo;-RoyrP, 
l11r.1<; l\pro<;p,:ire, ,rnrl f,f(. It i<; a fully inlPqraterl 
o;yo;tem hao;erl on thP fthr>rnet protorol whirh ran hp 
intpr·fared with all popular fl\O/CAM and part• 
proqrarrminq <;y>tf'm> for rlirr>rt marhine tool<; ronlrol 
at o;hop--flnor lr>vPl. 

lhe .-.yo;tem fouio;e.-. on a central Pf --ha•.ed 
,.,-oqr·ari l ihrar·y and o;hop-f lonr-b.io;ed "nptwork 
>lati;ino;" intf'r-f;tCed to tliP various m.1rhi11e tool'\ 
rontrolo;, a prooram library allowinq machine fool 
prnqram\ to he loaded or down-load1>d at will. 
fontinuo11<; monitnrinq io; ;mother fcJrility enahlinq 
largpr w;ero; to monitor lhPir m.:ichine >hop 
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H.Hhine Data Capturp (MClCl and Shop Floor 0,1ta 
l.1pt1lrP t"-HJC) trp to the l11ll <;CrPPll <;y<;IPm wi!h 
ahilitie.-. to transmit uraphi( files from (AO .-.~'t"~' 
to the o;hop fioor dire1~tly. l\lso in the prod111 •o; 
inventor·y and inteqrated with the [lrK i'> 
~anulacturinq Hana~er, a finite '\thedulinu <;oft. orF 

<;y-;tern which ran be conli9ured to atrept ;nput •rom 
an~ MRl'-type <;ystem .tnd output<; liriite o;1hp1f11lP~ lnr 
inwnediate <:hop-floor· use usinq n•al-time rlata 
rollpcted from the SFOr <;y<:te~-;. Uo;er inlerar •~n 
via a qr·aphics inlerfat:e malo.P" it ideal for· tnda•''­
implementation requirement. 

From Tetra ~u<:ines<; Sy<;tpm<;. Cha~plPo~ in 
Manufacturing is a fully integrated soft~arP sy~tem 
in1orporatinq manutacturinq control. tfi .. tri~utio~ 
and ac~ounti~g modules for-operation i11 a wirfp 
diversity of industries. Prrytfuction motfpo; ~upportprf 

include "make to -;tock". ";,ssemble to order". anrf 
jobbing environments and hand! in9 ever·y staqe I rom 
forecastinq and planning, through prorurement. 
produdion and completion to di5pati·h and invoir•no. 

Contemporary features like automatir 
backf lushing, bar-codeJ electronir data rapturP and 
bottleneck analysi~ ensure the system's capal>ility 
to operate JIT and Opti~ized Produrt Technology 
techniques as well as the more traditional MRP ~nd 

H.ster Production Scheduling. 

Claiming to make ([H affordable for rompaniP'­
wishing to implement manufartur•nq •:pl!<; with few 
rf'sources other than their own production enoineers. 
i<; CIHPICS, a computPr-based rontrol o;y<;IPm ~a-;erf on 
a single cormron data ha<;e, from ReflP• Manufar luri1111 
Systems. 

Configurable to suit any level of ta~tory 
automation, it is claimed to make CIM economi<ally 
effective no matter what the scale of operations. 
~hether batch or sprie_. manufacturing for individu~l 
cells or complex machining areas. Unro-ordinaterl 
manufacturing processes can result in Work-in­
Progress IWIP) items spendinq ronsidera~lP time idly 
waiting, but the Reflex Area/Cell control eno;1rrPs 
that all the short-cycle bPnefit-; of thP J[T 
approach can be applied within an overall HRr !I 
plan to cut WiP time to a minimum, rPducing orrlpr 
completion times and unit ro<:t<; and yiPlrlin~ .i rPal 
advantage from more effertive use of reo;ource<;. 

H.tinten.:inre i<: a previo11<;ly -;omPwhat nPqlprlt>d 
area now being recognized at last ao; an p<;5e11ti..il 
pfPrrient in the pro:furtion -;uppnrt arP.l. It 
therefore nPeds elfertive rontrnl to obtain thP t-,p"t 
rf'l11rn on inveo;tment, and spPr iall y rlPvPlnpt>rl rnr 
thP purpo<,e in MAHIPA( from ( nrirL"h.111~ H.in.iqPmPnt 
RP">011rrPS. 

effirienry .111d whethr>r machine<; ,ire .irt1i.1lly r11nnin'l-

A mPn11-1frivPn rompulpri1Prf maifl!Pnan .. • 
management systpm controlled hy multiplP levPl 
passwords, it incorporate-; thP •onvention.11 fPat11rP'. 
nf Plant Register, PM S1hedulP'-, Wor~ Orrler<; pfu\ 
lnvf'nlory Hanaoement, Condition Honitorinq, '.">h11trlow11 
Planninq and a range of separatP utiliti<>o; Pmi,rarinq 
rfownlime analy<;i<; io P•port of data. The 11;er r.in 
sr.hedule maint!'nance based on calendar or r11ntimP. 
Areakdown, repai~ and modification work a-; wrll a~ 
plannrd maint-nanrp ran he rontrnlled, r1ivinq .1 

romplPtP pi.:ture of t.he work requiremf'nt at ..iny timP 
anrf a full joh hi>tory. The Kit l i-;t and Plant 
Spare-; facility integrates thP m..iintf'naoce .i~perl 

with the Inventory Hanaqement moduli', whi(h a" well 
a<; stor:k control inrorporat.es purrhasing includin,1 
automatic qeneration of purrhase requisitions. 

For RWI alo;o, ON[ io; 'np larqp-;t growth market 
amt the rompany i<; ronr<>r, r;it inq on >hop-floor 
>ystems integration from simple; two-way entry-level 
["!( through to full FMS r.ontrol pMkaqe> for qroup<; 
or tells of machine tool<;. 

Produrt<; range from h~<;ir <;y<;tem<; hao;Pd on PC 
equipment throuqh the (1000 <;Prieo; inrorpnrat inq 

The Condit ion Honi t.nring module for prerlirt inq 
likely hreakdowns autnmdlirally qenerates wnr~ 



rord .. r·~ witt1in the mainten<rnce module when an alarm 
1nndition i~ rea•hed. Data can be readily 
transferred tu uther as~nciated systems, for e•ample 
prodJction plannino. so that time for maintenance 
ran he ~llorated within the production plan. 

•_"nmprisirio seven inteorat ·d modl!les which 
ro01hi•:e to handle all the maintenance requirements 
for site, as •aried as manufa(turing plants. 
oetrnchemical comple•es and electrical and oas 
ut;lities. MA~IMO. PSDI's computerized plant and 
facilities management system, provides preventive 
and correcti•e maintenance. 

Easy integration 

Runnino on IBVM PCs and compatibles and 
operatino on local area networks (LANI, it includes 
data base rnnfi911rations. screen editing, 
ro11111unication utilities. security systems. inventory 
controls, automatic work order trackinq and 
i'q11ipment history. It easily integrates with many 
nther automated applications and software packages. 

lnmar Systems ,-Jrope) claims to he the first 
UK company to develop maintenance manaqemenl systems 
for P(s. 

!ts Delta provides for wor~ schedulino and 
rontrol. resources control. defect analysi~ and 
store; and purchasing. It also includes a limitless 
asset of structure •nr detailed preventive 
maintenance planning and a menu-driven report writer 
that allows instant access to any information in any 
format. Alpha, d~~igned using the same powerful 
data base. gives the smaller maintenance function 
the tools necessary to get started. 

Liaisons with other factory floor systems have 
resulted in interfaces with condition monitoring and 
plane monitoring systems and hand-hel~ data 
collection devices. 

Several major Briti~h companies have invested 
in the specialist information technology or 
Osprey's MAP !Maintenance Administration and 
Planning) package for IBM mid-range equipment. for 
example, British Aerospace at Filton, one or the 
first to adopt the system. have found an increase. 
from ~5 per cent to 81 per cent in completed planned 
maintenance. coverina almost 100,000 hours of 
maintenance in the y~ar, douhle that previously 
controlled by the department. with rlerical wor~ 
red11ced by 50 per· rent. 

fl romputPr-hased ;yo;tem fnr monitoring mad1ine 
tonl pertnrmance addo; little to the roo;t of a 
typir.al installation, says Clover Computer Systems, 
h11t has significant impact on ito; value if onP puts 
a price on the cuo;lomer's peace of mind! Its Infact 
system. already proven in applications from tan~ 
lPvel monitoring to energy m.:1n;11:iement. io; now 
en!1anred with a new vero;ion developed o;pl'ci f iral 1 y 
for lhP machin~ toolo; se(tor. 

rJ0•11>r hPliPves it li;io; hiq polenlial ao; a 
o;ervice/maintenanre aid t.hrouoh its ahilily to 
mor:it.nr remotPly. The o;y;tem rrimpri<;PS vario11; 
P';<;pntial plempn!_o; - Ml (fl!-: f.T romp3tihlp f'(, 

.1ir111in(J mod11l.ir· o;oftwarP ;md ~11pport. inq lAtl to 
rnntrnl mirrnprnres-;or-h<t~f'rl 011tst.:1tion-;. It i-, 
within thec,P that. it'. m;iin intPlliqf'nfP is loraterf, 
provirfinq ii capacity which. it ;., (l;tim(•d, has so 
far only hf'Pn avai lahlP on ~yo;tpm<; dependent on murh 
l ,1rq,.r romp1Jtero;. 

It•, rnnfi!'Ji;rat ion ;il lowo; reo;ponse to a 
hre;ilqtown very !'j1Jirkly, o;ayo; (lovf'r, somet.imeo; even 
hPfor·e the uo;Pr has reali1,.r1 a fault. exio;t.o;! Also 
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its data-loo function for analysis of previous 
readinos of-analoo values. counts and times. tan 
track ~ sequence ~I events leaclino to a brea~down. 

OesiQned for maintenance departments which 
often have little or no ~omputer e•pei-tise. Mercia 
Sol tware has launched its Mainsaver/DEC and 
Mainsaver/400 computerized maintenance maraoement 
systems for the OEC/VAX and IBM AS/400. 

Described as truly turnkey solutions in the 
minicomputer range. they are menu-driven with easy 
access to a relational data baSl'. require minimum 
set-up time, and have their own e1£-ct.ronic sen.-iu• 
and support to minimize user staff requirement. 

Six basic modules cover Work Order. Bucuet. 
MaintenancE History. Inven•ory. Purchase Ord~r and 
Preventive Maintenance, ea(h operat;nq as part nf a~ 

integrated system and created to cove~ specific 
problems or maintenancp in cost reduction. rontrnl 
and cost avoidance. Monthly reports covering 
~tatistics, graphs and costs for the maintena1u:e 
manager are also provided. 

Said to be the first system to ~e developed for 
all project managers. whether for small. simple 
projects or large comple• ones, PLANTRAC II from 
(omputerline i3 claimed as the most versatile ornjert 
management package ava i 1 able. l t incorporates over 
20 years' experience in project management software 
across a wide diversity of industries. 

Three levels of operation - Easyplan, Guide. 
and Direct - provide a comprehensive operational 
style to suit a variety of industry conditions, 
management style and expertise. 

Distributorship for tlucleus Software Systems' 
specialist supervisory control and monitoring 
software package, Dexterity, has been awarded to 
Superv' 'Ory & Industrial Process Control. S11i tahle 
for a range of industrial environments su~h as 
process control, automation, materials handling and 
prnrfurtion line control, Dexterity is a i:onfigur·ablP 
system with proven communications protocol between 
FLCs and computers from the Commodore/Amiga to 
OEC/VAX, plus communications with S & !PC's Mir;cn 
ranae or process controllers. 

A t1tal solution which inr:l11rles a GA romp11t.er, 
shop-floor data collection terminals and PM Plus 
software. is General Automation's production 
mnnitoring system. Modules inr:l11dP mar:hine 
monitoring. labntJr tracking, jnh tr;ioing, material 
usage analy;is and quality analysis. 

A wide range or intelligent mac~ine status 
terminals for different manufaLluring processes arP 
available. Linked either by cabling or fihre-nptics, 
depending on shop-floor conditions, lo the GA 
comp11t.er, they en;ihle instant ilnalysis of currpnt 
job o;tatus, shop-floor prohle~s and conditions, 
facilitating malhine alloralion pl~nning and joh 
scheduling, and data on produrtinn rates, cyrl" 
timeo; fault analys's .:ind work-in-progre;';. 

l.ocal area network; (I.Ml) havP al rearly hf'Pn 
ml'nl.ionerl, and Soft.klonP IJK ha-; j11~t LJ1JnrhPrl it.•. 
Mirror I.Ari verc;ion of thP Mirror Ill rommuniratinn\ 
pa(kaqe. 

~ it.h the program, usen (an MrP~s lor~l or 
remot.e mainframe or miniromp11tpr·s, View-rlat;i ,1nd 
mec;o;aqing c;ervirPS, Plertronir mail and many of 1o<>r 
on-linp sf>rvic!'c; without the ne!'d for~ rlPrlicated 
modem and telephonf> line for Par.h worh~;.tion. 



As a auir!e. prii-es start at £.b<lC, tor ;ln 
"ioht-worl..station vero;icrn. but individual cu.,tomi:>r 
n•quir·ement-. '""be pr·ir"d either· by p1Jd or· 
wor••t<ltion ronl iouration. 

As to the future. reter Horris. director. 
H.1nutacturino Autl'm;;tion Group. Bull Htl lnlormati1'•1 
Syo;tems. lor·l>rasts that with the demenn tor Open 
Systems aLreleratina. it seems likelv to become a 
11ni,·er<;,1l rPquiremc;1• in the l<l'JOs. ·l\ey conn>pt~ 
.. ithin thi<: apprnad1 ,.ill continue to bP thP n<;I 
RtO!IPl for 10mp11lt'r· (Olllll'IUniratiOilS and the U!l!X 
nperatinu. two lev ~rPas "'here Bull h<l"' a 
lon11-sta;1di1111 major· 1ommitment. 

The need to linl.. M~P II svstems to the slrop 
r lnor ,.j Ii oive a tu1·ther boost to Open Sv«tem<. over 
tlte '"'' t Ii"" vedt·-;. with sit es -;uch a<> '~mmi ns 
F.noine<;. tor· P•ample "'hPr" Eb!! sottwarf' i-; JinLino 
an IBM host to ~hop-tlonr robotics based on SiemPns 
and oth.-r -;upplier"'>' equipmPnt. bei:omi1H1 common. 
Al•.o. todav'<> manulart11rina systems demand far le-;s 
in compute~ 5hillo; than those <;ystems of just 
fivP years ago. and by the mid-JQOOs even less data 
pr·rcessing P•pPr·tise .. ill be needed. partly due to 
inten<;ivP work to rreate u<;Pr-triendly interlaces hy 
the •omputer industry. and pa• tly because a ureater 
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prore<;sing power at all levels wili promote/enablP 
u<er-triendly software without draining prore<;<:or 
re<:ourres. 

Morri~ <tlso foresees a qrowino number· of 
m<tnufaclt;ring data base man .. ~ement systems 
incorporatinq core tunctions.surh as MRP but -ith 
many applications, e.a. punhao:in9. sd1ed11l ino. 
hi .. ed-off into satellite envi ronmenls as "'i •h Bul 1 '< 
mini-computer-basPd HOMS Hllr II system where thP 
manaoement ~odule ru~s on a Pl linled into the main 
5¥<tem but supplie; such clas<:ic PC facilities a< 
spreadsheet and graphic•. He also believes •hat 
re-usable code wi 11 prove vi ta! in lo,.ering 
development costs for bespoke projects. and Bull in 
fart rlai~s a significant advance in this area. 

or slr.ti1ar importance in C..erp?ng r:~st_s do"'n le;. 

thP -::oncept of increased modularity. Bull's 'lew 
A~IPS set of ~odular pac~age<: for ewample. off Prino 
users the ;ibility to build what is. in pffert. a 
bespoke solution. 

lncreasina resistance to the hiah cost of 
customized projects looks set to force such 
developments over the nP•t five years. (Source: 
Metalwor~iny Pr·od1.1~tion. Uovember lQ89) 
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5. HOW TO SUCCEED AT Clft 

le-s., than ten ye<1n. ano. colllJlutero; w'!'re thou'lht 
to be the cure-all for laqqinQ pro~uction and nther 
._ho rt comi nqs o t I'S i ndu" try. Oversea.. rompt>t it ion 
""" rapidly eroding o~r manJfacturing <;uperinritv. 
and we were <;•:rambl inQ to reqain lost momentum. To 
reversP thi<; t.-end and keep the US 1·omp!>titivP in a 
global economy, a tpw hold industry leader<; 
altetnpted to meld computer •echnology with 
manufacturinQ technoloQv. lite result is a new 
ilpproach to thP t<1ctor;· r<1lled romputer-intearated 
maoufa~turing. or CIH. 

Though hardware o;vstems were easv to construrt 
and ._oftware system., wPre easy to wriie. serioqs 
interfare p.-oblems of ten arose when tho two were 
intPgrated <1nd appliod to a real plant. OP~pitP 

diflirultie". o;ome tompnnies man.:iged to a·.se:nbl"? 
o;urcP<;'>ful man11f<trturino rells. while a f£w other<; 
ilrhieved tot<1l company-~ide CIH. Signifi1ant 
prouress ha" been made over the pas• two 1ears in 
the terh•.oloqy a1;:! in understanding requirements •r 
ilrhieve succ'?<;Sful [TH installations. 

What is Clt1? 

In its broadeo;t interr:~t~tion, CIH •s a 
totally new way of doir.g ousine;s that chonges 
way people work. Hore '.han a tedmology. C!H 
rombines every .element of a comp~ny's buo;ine~; 
with the production prJcess in a ~pecial w~r­
order entry. through design and ma'lufact•:.-ing. 
th!' <;hipping dork, th£ transition from lactory 
automation (islands of a1Jtomation) to CIH i'> a 
change frolf, the contro; of machine"> to the 
manipulation of in format ion and data. 

thF 

syteir 
from 
to 

Major goals of CIH include max1m1zing 
auto1rated prcduct design and assembly, t~~I 
reduction, 100 per cent •Jpt im"' of produr t • '"' 
machinery and pro(esses, and minimu~ product 
handling. Additional goals arp redu(ed in,Pntory. 
just-in-time shipments, hioh-quality produc''i. 
_ d a papprles'> factory. · 

A great deal of experimentation and heavy 
inve'itments in manpower and facilities have beer. 
undPrtak"'n hv sev,.ral companies to bring indu.,lry to 
thP present <;tatP. Th~ lqAO<; was the decadP of 
distov"?ry and enlightenment, and CIH project'> 
prnducPd a wide ranqe of rP'iult.s. SomP 
1r;rn11lartur11?r5 <1rhiPvPd larq'? rost .-edur.t ions and 
hiqher profits and throuqhput, while others oot 
liitJp irnprOvPmPnt, nr WfJr5P, Jo5t mOnPy. 

In many cases, succPssful rompaniPs enjoyed 
bPnefit<; that P.roPdPd initial ri11als. fnr· "•.lmpl,., 
P pert5 ~eport that produrt lea~ times frpqupntly 
dropped by nearly 50 ppr cenl, product delivery 
improved from SO to 10 per tPnt, and invpntoriP; 
shrank morp than ~O ppr rpnt. 

The rl i ff erenr1> h"'t w!'F·n suer es<; ar'rt failure (or 
mortpst hrnpfit) did nnt dopPnd on ccmpany <;iZP anrt 
rP;ourr,.;, but. 011 r.hP .:ipprnarh t~~en to plan <rnd 
impl,.mPnt CIH. OvPr t iml', SPveral kpy fart or·. ;rnd 
quidel ine; hav"' evolvf>d that must hP oh<;!'rvf>d whPr 
ron<;iderinq a CIH in<;t.allat ion. 

for a truly s11r.cpsor;ful integral.I'd C.!t1 '>y'>tem, 
onP v"'ndur cannot do t.hP ,.ntirl' joh. A prolitahlP 
f IH installation rl'quirp; a team or vPndors. Pach 
"'xpPrt in somP ar .. a S1Jrh aor; control.,, ;y<;tem 
intPgration. computers, and third-party application 
~oft.ware. All venrlors need to work toqether lo makP 
t.hP rustomf!r or;u(cessful. 

$()111eti,,,..or; an 01t.,ide t:OlftPtl"Y will aqPtrbiP th" 
tea'" and ass·..rme tOJta 1 respryn<; i bi lit y for ~he 
in<;~al lat ion. Thi-; take<; pre'i'>ure ot ! t_h,. '"">tomPr 
to en<;ur"' tha•. tlie four or liv'? diHen.•nt ,P•Hlor·~ 
are interfa(in.J without probretn'i. firioer-point_i.,u 
i<; Plimir.ated if onP or rnor"' of tho ,endo..-; do nnt 
oet thei.- pi!rt in .,,,st-. The team work., t_oo,.thPr 
under •he tlrotrp 1Padp,- for the t>onefi• ryf ;h .. 
··us tome·. 

Setting up a ·~IH system 

£.pprts daim at !eas'. •our major >tep; a.-.' 
involved in the strateait plannino pro~eo;s to 
;,,5t;tll (!"1. S·-~ch p1a~nf•1~ l~ ,,~ sm.1Tl jtJ~ a!1d rnr1o;~ 

be done t>~ top manaaom£nt. Han~aemPnt mus• 
realio;tically addrP~s majnr ao;pech of the huo;ineo;<; 
~urh ilS prR~~ct (Ost. margin, quali•y. s•re of 
product f,1miiy. and -;imilar i;sue'>. 

l~~ lirst step requires P'itablio;hing lono-term 
goals. Heav, investm<;>nt is needed in the technology 
to c1rry off a CIH prograM. Return on in~estment 

(~011 compu~ed from short-term goals cannot bP 
j~stif ieA 1n traditional ways as wa<; done with 
~achines. long-tenn qoalo; are essontial for some 
c~mpanies jvst to ensure they will rPmain in 
business and be competit;vp over the ne•t five to 
ten years. 

The second step requires an art ion plan. Bot'. 
~hort- and long-term goal.,. are m<1naged over a time 
frame that will not seriously disrupt established 
day-to-day buo;iness. The people needed to help 
create the functional spPcificalion that determine<; 
how the plant is run can be reassigned withir the 
company, or outside con'iultants can be used. It is 
fr"?quently difficult to .-eas">ign personnel to the 
planning phase (or even ;mplementation phase) whPn 
they a.-e n"'eded to run the daily business. Thus, 
con'iultants can bp used with thp added bPnet;t that 
they may be more objectivP in ra.-ryino out the tas~s 
than th~ full-time Pmployees. 

The third st .. ~ involvP"> selPcting thP data 
>plem arr hi ter.ture. One of th,. most i"'portant 
elements of C!H is the system's ahility to roller• 
and di<;tribute information anrl rlata thro•1qh th .. 
entire company. A completely syf\f.hronized 
communirat 'ons o;yst.Pm depen::!s nn ;t<1nrlarrt r·:lP\ '" 
ens11re romr•at ihi 1 i ty amnn'J tho vario•1; ao1l'lm.:i'•"I 
operations. and hardware lrom di ff Prf"it v<>nrlor;. f,., 
oyamplP of surh a standar<l i« th<> Man•1far"1rinri 
l\11tomal.ion Protorol IMM'I. 

ThP fourth •,lep i•. lf'l infnr"' tl1P pr,• irr. 
t"'rhnicill .ind m.inaq.,ment ;t~f I of th" •,! r·a'•·oir 
plan. Th~ir commitment ,;ind •.uppnr'- ,HP ,...,.,,.,di,;il ;i 

•hP plan is to ~ur(eed. 

Task levels 

rtH ran bP viewed ii~ thp in:<>~ralion of ~v.~r~I 

lPvPls of attivity t~kinq pl~~P in~ ~in1lo pl~nt. 
f.irh lPvPl provides a uniquP lunrtion tl1.1! in~"""' 
way dPpPnd., on anoth~.- levPI. 

Therl' arP m;Jny w.1y; tn r!eor;rrihP thP rliflPr•·•' 
level'> and t.hP rel at·· iship~ amonq them. 
Allen-Bradll'y, for example, uses a sysl"m~ <1pproarh 
that combines five operatinq level~ into a ~inqlP. 
seamless automation system. A standard 
(Ommuni(ation network ties all levplo; toqethPr, from 
th1> n.ainframe (OmputPr to the lowe;t J,.v,.1 
r.ortroller at the fartory floor. 



The hiohe.-.t le,»i ;., thP hier.irrh-; i.-. th~ plan• 
1 ..... 1. It<; ftrn•I. ;On i.-, It' har.,jJp ()ver~J l Slt.lft'QH 
planninu a~d f'•l'Cut•on nl •he plans usin~ tht' 
m;lfnfr.l'"f1 f nrnrutPr. J;..1"'1-,.,l._ t'ior";tdhand 
t ()r.'W't\.1r1ft '1t ior1s T inl. !hP lftclirtf r;uro. ..,; th ;t} T To.,,,. 
lP...,·12i~ u~inu lnt~rn.1t i,,n~l T'Y ar, PptP.1~ .;.t',andan1~ .-..i·ch 

"'" Hl\r. 

Pie•' i·. •he < ent re> le..-el wt.ere in~PQrat i"r. 
t.1~.e-; r>lan• bntwe!.'n i"d""~rial (o:itn:d.-. .:ind 
lfttlnaqpmf!•lt ,-tltnp•r•er·~ - I.I~ ,·p. rrnd•Jf"~ inn ;~ 

S<.hedult>d . .tnd 111c1n.t'_Jf"lll'"t i-s ~rov ided .. ; th 
infronn,t~ion •rom lo .. er 1 .. , .. 1 .... <;urh a.-. .-ell 
,,,,,t,·nflt:-r·,_ Mandtlfur...,nt :·.,.,,rtrt~r~ ~1,r1 '"0~,;~.,., ~rd 

-;urer ..... ise lf.:'w.:tr le·..--1~ .. ~nalv~P d~ttl: ... ~ntf r.;.ot:'r~ tt" 
hfoh~r ,.._\.t:J 1'0:'Tlp1t•Prc;. 

The •!.'II pr sup,or. i -,or; '"•e 1 ccnn<>• t .-. <la~a 
prn.·p~~i·10 ~l~h rf~np_fTn~r rn~!rnl. ~Q~in. ~it~ 

!h~ •;~!p nf :·nmp•1!Pr". prn<f•r· t ion fln-. ~"' 
'fl-or·dir;.,.4t.:-d nmnna .. ,,p. · .. H ;(HJ~ ~t .. ~: '''""· H..trri .. ar-p 
~· t~;..-. l~·r1e? ;~. i 0 :r!c-;. • .::.ll-,.-nntrnl ~~·-;.t~"'-:;. 
(Hn•:r~:!Wn~t't~~ lf"lu;, 'pntr·1111F-r-;. •_Jraph~'" ~.'stpm';.. 
.H 1 f~ rflr1T•.1l ·•11-niPr·Tr.1 1

-i nr;tr·n1 •Our_·) ~.·..-. 1 ~m· .... 

ffl1:r·•h ;., th,:. -;t~•,nn lF·.1P.l .-hpr-p •r'Tfr•1t~r-" 

,,,.d,r·.il'"~T., monit1:ir the rrr~l·hrner·y.rr·('rP~S lF._FJ ;tnri 
'''·H"l~ ri11tr··t" .l11nr·rt;n,.: •n rn~anrl"- frrm hTflh~r· 

~ .. , .... ?""- C\·~~;rn-lP.~1 rl~-,,;,~-;. ro.,~rnl ~nrl '"O~~~t,1r 
rr-f"l(~:1r ! inrl :..hi l.::. rcprrt ;no ~n •hp np.~ f1=-..,t:Jl. 
rr·r.tu-arTIT'l.1~t T .- r·f'ln• r·n 11 '-r-<:.. ·- i ~ T f'n ~ \-"- tet'T1 ~. 
n;~r-1 l ~u..-:•1• m:}• ;ryn , r~1trol !pr-~ • ..trtd ,.f,-f._p ·~..,o::.t~"""l"­

·"l•·· a~qno •f·,. ,-f"'-nr1nfl'q~--.. ~rnr.rt t; • .,rf:. 

!t'if."- tt••I~ 1~·.;t?l. ~h~ !T'fcl:r:hini-ry.prr,ff·(,r. Tt~•Pl. 

··~ ... ~1 .. -ir,:. fho.J. Pnrl pr·odurt '~ ar•~~ll"tf marl·. Sensnr~ 

":,•1•fi ~°' f1P"1it ~-i•rhiP~. rr-,_~°'°'~ff"i· ~ncf t~'!!r::lrdtlH"P 

•Pn•r·ol". ~nri .~nrodPr~ r~"i.p'lnd to uppPr 1PvP1 
, '1iTWi~nd-;. ! nolr (onte·0T~ ;tnd indirato.-~ inrl,rde 
p1;•.ht"1!t1Jn.-.. mnrl11l,1r .:111''lmi1tion ron•rollpr·"- ilntl 
l rd Pl l i (J•~n t p,tnp l ~'I~ f Pm°' . 

f•prr•~ nb .. pr..-P fhat ii profitahlP CIH '>y'>tem is 
1nmpri<;Prl of .-it lpa<;t fi·•e m.tjor ingretliPnt-;: 
pPnple, infnrm.ttion, prorP>>e<;. marhinPry. and 
romputer-;. The order does not nP(P"<;arily imply 
rank. nor i<; the list univpr ... .:illy ar(Ppted. And 
~~rh of the milj~r element<; contains <;ub ... et<; that ~re 
rP•noni1ed in nne form nr anothpr rl" ta .. ~~ or 
'""' t inn«; in ttu> orqrtni;~t ion. 

People: Host expert" agree th.1t the mo<;t 
import;int PlPmPn! in m.:i~inrt (!M wor~ i<; thP 
unrompr·omi•.inq invnlvpment aad romrnitmi>nt of top 
m.:in;iqrmrn•. ihi.-. i<; P"<;nntial to provitlr npw p.:ilh .. 
lie! •PP11 tlPrMrtmPnl <,, rut 11nnp(P<;"t:ry p.iprr wor~. 
<>•pP1fitr t.1 .. ~· •. ;ippro·•e hudgPt>, anti ,.,. ... .,._ion 
f""·.,nrrne 1 . I he"p m.:1n.:1<w1·<, .:ire rpspon.-. i h 1 P .inrl 
.llfountilhle for th" Pn! irP prnjPrl. 

~ t.:i<,~ lnrrP with a <;trong 1P.1der i-; al~n 
flPPrfPrl. Thi<; ;._ ii "'""P nf pPnplP who a1·1> 
-.i .. qlP-mind,,tlly dPdirilfpd !o !hp ([H orojt>rt. ThPy 
are dr.:iwn from within the orq;inization anti arP 
"killPd in thP diviplinP'> nPPtlPd to ,i<;<;i"t thP !Pam 
of vPnrlnr.... fl i<; import.int thil! thp<;" proplP 
rf'm.:iin -;pp;ir;i!pd from lhr m~111 .. tream of evPrytlay 
p.-ohlrn1-;, nvPn if 1! 1·eq11ire<; movinri thrir nrtirP or 
wnrkplarr tn a new lor;if ion. 

Information: The nP•f PIPment, inform.ti ion, i<. 
"'" ~l'V rP-.011rrr in the .iutom(lf Pd f.1rt.ory, ranqinq 
Imm inp111/n11tp11t {l/0) •,iqn.:il" to romple!p 
•.rherlulr" rtntl pro<"'•'• pl.1w .. Thi-. infnrm<llion ;iho 
inrlurlr'> thr !r.:irtition.11 m,1nrtelPmrn! inform.1tion 
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.-.ystem !HIS1 ard the data ~a.-.p manartP111ent <;y<;tP~ 
I [l~H) 1. 

"11 S a,,d Cl6HS <;h('u 1 d he "'ade ·h.:I i I ab I"' to a 11 
I •1n• t; ('nil 1 department" .. i! hi" the rn<npany. 
~ .. Pptions. '' ccur.-.P . .tre (frtain personnel re~ords 
r1nd payroll data that ran be ea-sily re'\tr'cted to 
thnsp •ith a ne!'tl to kn('w. SettiT'Q Quid.,linp<; and 
providinc 111er1ns to in~Purate depariments. """allv 
at fir'>•: allow eas¥ transiticn to integration ('f. 

mArhfn,.'.)~ ~,.,!f c0tnputpr;-.. ThP p;itirp ~y~~Pft'! r~r-i ~·'~"' 

bt> networ~ed with electronic data hi~hways to 
pro,ide real-time intnnri.i~io,, ~o an) department ~hat 
r~qu i r·p~ ; • . 

PrC'cesses: ~ Cl!'! manufa(turi~a pnvironment 
ron!aino; ffJ•Jr ~Py hrnrtional Pntitip"' th.tt '"P<l tt.,, 
prod:;c• 'on p:-oces·: CC"'Jluter-a;ded de<> ion draft;,.~ 
,,-,\OCl1, :omputer-.:iidPd lftilnufa.-:turin(J 1'AH;_ "'ateri.11 
n•vi""' rrnrPdure.-. 1MRr1 . .:irrl tl;ata l>.:i._., 1'1iln.:l<J""'""" 
"''"t""'"· The .. <lv th-:-H· te.-hnoloait''> are r.r)mbir.ed. 
h~we·;er. is 'iriq;e ~n •h.- •ompa"·• anti tlep<>:id"> nr. 
l>f'th the product an<' thP .ulume. for e•.Jmple . .:i 
~anulacturer of printed-•irruit board.-. .ill hi1v~ d 

d; t f!'rent CO'lf ;<Jura! i'.ln •ti.in ,1 rompilr.9 that 
1T?rtr.<:li1• tun><; QPilr pump<;. 

A wide variet:1 of (.'l[l p.:11 ~'\fl"S i<; .:i"ai 1.:ible 
tnd.:I). The joh of <;elPrtin9 the rioht nnp n•quirP< 
a rilrPf.:I :in.tlv'>i"' of individ11al nPed.... r:_o 
<;oftware price; ran9e from sevPral hundred dollar~ 
In Sl million • .tnd vary just a<; murh in rapabili!~. 
Some c~o pa(ka~P .... for e•ample. havp special 
lp.:itur@" and oiher proor3ms such a'i finite-PlemP~! 
analy-;i" that ma~e tho?~ a powPrf•11 tool. 

CAO ~ystems are not neces-sarily fa<;~er than 
ppncil and paper, but their value lies more 1n 
for(ing the des;gner to adhere to a set of 
'itandards. The st.tndard' are u'iually part of the 
dat~ base and free the des;gnPr from alway' startinrt 
with a blank <;hee~ of paper, oftt>n <;pending time 
drawing a n.,no;.tandard part that mu<;t he reworked. 
Perhaps the most important featurf is beino ahlP tn 
download d.-aw;ngs to the CIH sy<;tfm for 
manufacturing without the need for paper .tt all. 

!11!P software is available in ... tandard parkaqe~. 
nr it can be cu<;tom designed for an oppration. for 
an HRP system le be successful in a CIH 
in<;taliation. it must fir"t he suueso;ful in thP 
prp"ent hu<;ine"s- If matPrial flow i<; a hnttlPnPr~ 
now. a com?uter will not "tra~qhtPn it out or handle 
it ;my beHer. 

The factory floor must he thoughtfully 
or11ani11>d. -:ti1nd.1rd prorPrlurp<; mu"! he followrd l>v 
pv~ryone. and the data ba'ie ~'"' he up to di1tP. 
Though thi" may o;ounil ohviou'>, tl•f'se ba'.>ir 
req11isite" are overloo~f'd or ionorpd all too 
frequPntly in factorie" that have qrown in mod11li1r 
fa<;hion over the years. Hanufact11ring pro_e ... 'iP'i 
mu-;t he completely rPI iahle in lhP w.1y thPy il'"e donr 
milnual l y bEi>fOrP lhPy ran hP automilfed. 

Almost the same ran hP <;aid of the ORH5. Some 
ORHS" havp hpen u"ef11l while other<; havp ra11'>ed 
.idditional e•pense. The data ha'ie must contain 
reliable and arcuratP data. Information ;inti dilta 
m11<;t he imrnediatPly .iv.til<lhle to the u<;Pr . .ind !hey 
must. be continuously and automatirally on linP for 
the ( IH 'iy'it.em. 

The (AH syst.·m mu<;t hi' flP•ihle hera11<;e 
dPmilnti'>, prorluct._, and rP'\011rres wi 11 rharHJP, and 
product lifp ryrlf''> will shortrn. All thP'iP nprrl<; 
mu-:1 quickly adapt to thP miln•ifarturinq r,ystem. 



The .1m0unt of flexihility depends on the nature 
of the manufactured prnd11d. for examrle. a 1 ine 
-.Pt ur to -nular:ture as 111any as _H5 different 
printed-circuit boards with an averaae lot si:e ol 
Z5 will he different fr()lft one that p~odurF<; 
10.000 part'> ot only three different 
configurations. However. both lines need 
f 1exibi1 it y. 

Machinery: Analy'>tS have found that a 
workpiece spends only about 5 per cent of its 
production titllf' in a inachinP tool. Al-.o. most 
ina~hine tools 4re used only about 6 per rent of the 
ti111e. furthennorP. 'lS per cent of production tilllP 
is -.pent just inoving part'> and raw material thr&ugh 
the factory and wa;tin9. Thus. there is great 
int"entive to incr·.·.1se lllCll"hine uptiiae. [llperience 
has shovn that :.n ... teoratPd systl"ll that ties into 
the H[S can increase inachine uptine. reduce 
ir.ventory to nearly ;ero, and meet just-in-tine 
111.lnuf act urinq needs "i1au 1tahP'IUS1 '1-
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~omputer: (oinputers u'>ed in a ([H installation 
are placed at al 1 levels ol the cianufadorino 
operation. Elllhedded 111icrl'proces<>o1-s arP '"'';"' at 
the factory level in intelligent drive ... Pl(., arP 
used at the Station level. and P( <;y<;t!'tnS arP 
managed at the cell or <;upervisory level. lhP 
111ainlra. computer at the centre le..-el inte~rates 
planning and scheduling frOlll the plant level with 
infonnation and data fr,,.. control and •anaoe-nt 
COllljluters. However. intell iaent control<;. Pl(s. and 
PCs of vari'luS (Olllplexities can be fnund at allllfld 
all of the lower three lpvel<;. 

These computers 1110n 1 tor pror:esses and t 1·end'<. 
iaa~age al~nns and dat~. and generate reports. 
Process variables are 1110nitored continuo~sly. 
c0111pared to set-points, an~ set off alann'i if li111its 
are e~ceeded. Application program<; 111ake appropriatP 
adjusl111ents, or alert operators or 111aintenance t~ 
correct 111alfunctions. (Source: Machine &esign. 
26 October 1989) 
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6. RFS£ARCH ME DfVELOPft[llJ 

lmpl;ration<; for developing Lountries 

(IH te<hnolnuy offers a powerful weapon for 
tarklin9 the rarge of challenges facin9 
lltdnufa(turers. Fin1ts in developing rountries (and 
in many dPveloped countrie<;I have to overc!lllll' 
"iqnif i rant di ff i cu It iP<; in inov in~ away from 
disrrete applirations of progr......able autoration and 
towards inteqrated solutions. These include 
problem" of hiah cost. la(k ot skills. lack of 
suitable terhnolo9y (or. often. suitably confi9ured 
and packaqed technoloqyl and a supply inarket that is 
<;till .. .-.turinq. 

For thi<; rea<;1:m. it is argued that finns ..,;th 
li•ited resource<; and e~perience - surh as are 
likely to be found in developing countries - should 
concentrate at the technological level on 
well-proven progra~ble automation applications 
(such as CH( machinery. low-cost COlllfluter-aided 
design. lov-cost production management aids and 
basic •icrop~oLessor controls for process 
operations) a.id •;se these to enhance fleidbi I ily. 
quality and productivity. 

In SOllle cases. the technolo9ies will prove 
iinportant in removing several production 
bottlenecks, in saving srarce natural and energy 
resources and in making up for specific skills 
shortages. In the long tenn. it is likely to prove 
essential that finns in a wide range of developing 
countries adopt S()jll(' of the technologies. First, 
the technologies would help finns advance along the 
learning curve. S.:_ond, the technologies would help 
develop local capabilities in detennining the 1110st 
appropriate applications. thus contributing towards 
the developnent of national technological 
capabilities. 

The adoption of such technologies •ay, however. 
carry social costs. Job control, job boundaries. 
skill require11ents and emplo,.-ent levels are 
altered. Adoption of technology in any context •ust 
take into account both the market requirenents and 
the social costs. 

At the same time, attention should be paid 
to the range of organizational innovations which 
•ay be 1110re appropriate to the constrained 
r.i rcU111s lances of inany deve 1 oping country 
manufacturers. The contribution of such 
innovations - vhir.h rPquirp primarily investmpnt in 
training and reorganization rdther than in new 
technology - can be significant, especially in 
dealing with some of the funda•ental problems 
confronting developing country •anufaclurers. The 
following table indir.ates how just-in-time and total 
quality control approaches might address •any of 
these problems. 

Table I. Potential contribution of organizational 
innovation 

Problem 

Under-utilization or 
workers and equipment 

Just-in-Time and Total 
Quality (ontrt1l Improvements 

Hulti-functior. workers take 
responsibility for several 
machines and move to where 
the work is. When demand 
is ~lack, workers r.an -•rry 
out maintenanr.e or r ,1, ty 
improvement prnjech. 

Inferior quality 

Unreliable and long 
ti-s 

High scrap rates 

Poor and inadequate 
maintenance 

Shortages of raw 
materials 

Shortages of skilled 
workers 

lack of appropriate 
supervision 

Poor quality control 

Low productivity 

TQ( progrannes ai• to 
improve all aspects of 
quality. The low 
inventories in JIT 
prod•Jc ti on 11ean that qua 1 i ty 
becomes visible and problems 
are picked up at an early 
sta9e. 

Hulti-function workers and 
short set-up t iines smooth 
flow and r~duce lead ti11es. 
TQ{ :neans fewer stoppac~s 
for quality-relat~rl · 
problems. 

TQ( and -orking in small 
batches •ini•ize scrap 
production. 

Hulti-function workers 
include eaintenance as 
part of their task. 
Planninq allows for SOllle 

production ti11e to be 
spent on preventive 
maintenance. 

Scrap •ini•ization helps 
conserve these. 

Si111pler .achinery. quality 
and production management 
reduce dl!Wlclnd for high-level 
skills. In addition. 
11Ulti-function workers will 
acquire different skills 
through training. 

less supervision is required 
with sinoother flow and 
sinaller batches. In 
addition, responsibility for 
production .anagement, 
quality. etc. is devolved to 
11rJlti-function workers. 

Small batches expose quality 
proble-s; TQC tackles all 
aspects of these prohlems. 

Better use of resources 
(space, inventory, 
labour, etc.) together 
~ith stable or higher 
output and less scrap, 
results in higher 
productivity. 

The key then h~re is that in each area of 
manufacturing activity there is now a range of 
choice of improvement opportunities. These range 
from predominantly organizational changes - where 
the investment is in hutnan capital, via training and 
support - to different lPvels of aut.omation and 
computer support. 

For example, an activity like '!!AJJlttn~n~e can 
be i•proved by: 

(a) Reorganization of production and training 
of individual operators to carry out basic 
preventive mai~tenance (as in the just-in-time 
approach). 



(b) Investments in !llclintenance craft trainino 
tn dPvelop and au(Jllt'nt skill'<. 

(cl Use of a sil!lple c1>111puter syste- 1rC-ba<;ed' 
to il!lpn:.ve m.!intenanq• •·e::Jrd-kPepina and '<upport a 
taraetted preventive in<tintenance p1ogranne. 

(dl Install ~or.puter-based 1110nitnrina 
equipnent to 1·ecord inlo~t ion about inachinery 
status. pe.-fontant.e and utili~ation tn iinprovP the 
m.tintenance d.lta ha· e. 

(e) Intearate re~l-time condition 1110nitor1no 
of key par.1111eters 1suth as t~nl wear! with 111<1rhine 
and prncE'SS control nst...,.s. llllfllicit in thi'< 
aprroa1·h is .l gradual in<:rPa<;e in CO'>l. roonr-lpwity 
and inteqration b~t with a correspondina incre.l'<P 
in the le~Pl of ~on~rol nver the activity. 

Simi hr choices "' i<;t. for exalllJlle. in energy 
""1.'agement. HerP the '<tages might i nr l 11de: 

(a) Use of si111ple mit.rcelectrcnics-based 
mnnitorin(_J eq•-:f>""'nt to record E'nergy C<!nsumpt ion 
"'' vario11'< it_f'll''< cf plant ard equiptnent. 

!hi Ilse of computer rontrol s1stems to 
•T<;pond mon> arrurate I y to vaq.- i ng eneray d~and 
.tnd or>t i111i ~f' their "" .. I hrouah aet:urat e and fa'< t 
•nntr~l of plant anrl eq11iJ'.'fllent. 

( • I 0 i .-. tr i hut inn f1 f "'"" i tori no 
t!it> entirP manufacturino facilities: 
tot.;! pirture of enpray.r:on.-.umption. 
•.omputer-based analy'>i'< ran c<!lculate 
r<1n tu> 111tre evenly b;1lanred. allowing 
rPd~ctinn'< in co'<t'<. 

<,ystetn ctr rn'<'> 
to providP a 
Ilse of 
where loads 
overal I 

(di Integrated energy ~anagement '<ystem'< 
whirh use a rentral r.omputer linkpd to su<h a 
monitorino and analvc;i'i network and which 
ralculate control i~structions for individual 
plant controllers '<O ac; to optimize energy use. 

Once aqain. the patter .• is of a step-by-step 
approa(h to the problem using a combination of 
hardware. software and organizational r.hanye - in 
thi'< ra<;e. in thP way infonnation i'i ,-ollected and 
IJ'iPd. 

ftp same approarh ran he applied throughout 
thp manufarturing far.ilities and in all arPac;. 
f nr P•.lmp IP: 

I a) In marhini•,g. whPre the progrpssion 
n1i11ht hP from rPtro-fit!inlJ miu·of'lHtrnnir 
1o~trolc; to P•isting m<1rhinPc;. thPn invP<;tment in 
fllf. th"'n int.o linked 011( •.yo;!P~'i ~nrl finally 
flr.ihlP manufad--rinq and rnl>otirc;. 

(hi In proceH ronlrol, whf'rP it miqht 
involvP rPtro-f ittino ,.J,.r.trndir mnnitorinq. thPn 
rP!rn-f it!Prl rontrolc; nn ~PY pilr.tmPtPr'i. t~en nPw 
pl.tnl with in!Pgratpd monitoring and control loops 
.tnd finally intPqr<1tPrl nPtwor~ rontrol arrO'>'i !hp 
••ntin• far'lilif'S. 

(r) lo produr.t.ior. manaqpmpnl. whPrf' hac;ic 
rPorqani1~tion anrl rPthinkinq rould ne fnllnwPrt hy 
infor·m.ttion <,uppor·t \y'<!Pm'i i1asf'rl on lo, -rost. 
romputrrs (for e•atnplP. in stor~ control) ~nd 
IParlinq qradual Ty tn intPQiatPd 111nrl11lar c;yc;t,;..dl .. 

·.urh as HIH'. 

In Pilrh rasi- tl1P prinr iplP ic; one of 
~!Pp-hy-c;!Pp proqrpc;c; within an nvprall stratpqir 
rr.tmf'work. farh inrr,.ment of rhange is important 
not only in provirlinq rlirPrt hPnrfit'> l>ut in 
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establishino the foundation'< loraani:ational 
learnino. inf~f'W!Jtion availahiliiv. skills and 
P•perience. Ptc.I for the nP•t. 

This is not to '<~ooest tha~ dPvelopino 
countries ~hould not b~-aimina for lull ~I~ in 
their strateoic planni~q. Rather. s~ch stralPqi~s 
s~ould be ba\ed on an incrl'lll('ntal proores'<·Jn fr""' 
organizational integration with rplativPlf lit•le 
1."91Phasis on technol •<Jv. ~ow .. rds more adv.tn1 ed .l•a! 
integrated technological solL!icns. fhp dear~,. nl 
( IH requir._.d w;11 depf'nd upon the nar~e"'< in whirl­
the tinn i-; attetnpting to sel:. thP (Cll!J'"'t•ti•P 
presscres and the tr~•~-nlt .. ith factcr pri•P'< and 
<;ocial co'<t<;. 

This prescriFtion i5 .,;.,;Jar to tha~ 
advocated in the indc~trial rountriPs. fhp 
111essa9e of nsitnplifv. integrate. tber. 
tcmfuter-integrate" retain-; its .. alidity .tlth.,:mh 
it .. ight l:>e slightly aitered t'l "simplify. 
inteorate then. if necessarv f'r if aitvantaaP'lu'< -
comp~ter-inteqrate". The advice aiven b-; eMly 
user.. of advanced and i.1tearatPd ~"!stems. 
<;tressinq evoiutio:t rather.than re;,ol•rli•m. 
fert;1inlv ha'> aiuch t., c~nd it. 

Thi<; rec()!Slendat inn is l!"rr1p out 'n th"' 
foilo .. ing figure which derivP'< from the P•J'"'rip,,," 
gained in impletnenting 111any arlvancPd and 
inteoratf'd .. anufacturina terhnolol.!iP<;. lt 
illu~trates that the deoree of ri5~. ro· land 
po.,.sibility of failure increa'>es consirlerably a" 
finns move towar~<; inteqrated fOnfiaur<1t:on. ThP 
message is again to adopt ar. in•.rl""ental .tpprnarl1. 
buildin<_; upon orqaniz<1tional i111prove111ent•. and 
proven discrete applications of proara111111al:>IP 
automatior. and gradually building towaro; 
fu 11 C IH. One advantage of sur:h an approach. it 
successful. i'< that thP <;avinn.-. qener<1ted hy Parh 
staae in the proorannP. car. be used to fund thP 
inve<;ttnents necessary in the next. 

Figure I. Stepwise approach to advanced intPgraterl 
111anulacturing 

CC,...~.J!oe-• 

1n1•; ·a~f., r 
mai,,i-~.ac .. · ~i; I 
a...: e .. ,~·" i 

I 

~ 
I ::r~~ ~ '~·~ ~c:: = ~ 

______ _.i e; CA~ :-. .1 1.f 

'"••~r~te:r a;.;.!~-~t·o., 

. •; FLIS 

_____ ,___.. 

(E•tractP.l'l fro111 a UHIOO dor.umPnt [IJ'CT. 70. 
l \ CJr.tohPr l'JAR! "lnl,.orat"'rl Hanufarturinq" writti-r. 
hy .John flp<;<;ont an!! lloward Rtr\h f rnlf! thP ( pnt rP ,.,, 
!lur.inP'>• Jlp<;parrh. llr"Jh!on i\n<;inP<;<; Srhnnl. IJI<) 



UtHOO report 

Senel its of Cil'f 

At fir"t siQht. thf' f'~peripnre of early user<; 
of even partially inteQratf'd systems - islands of 
rfl't - appPar to ror.fi.-. the promise of <;ubstantial 

'"'"'"' it .. -

(a) In research on flexible manufacturino 
"Y"tl"ll" (cfJlllbining produrtion and co-ordination 
"phere" in the .,etalworkino enoineerino sectorl. a 
"tudy of 1110re than 50 ca<;e~ co~erin9 a wide size 
ranof' hi¢ilight llliljnr benefits for all users. as 
Tahi,. I inrfiratf's_ 

5i:P of tir-.. leAd Work-in Hac'·,;ne 
lflo- of etnployef's) ti..,. proqres'i utilization 

(WIPI 

(Percentt'9e) 

1-500 -66 +45 

r,01-1 .ooo -1f> -63 •50 

I .000+ -10 +s~: 

Average -68 +5? 

(~) In the Rolls-Royce Advanced Integrated 
Han11farturing Systl'tll (AIHS) project for the 
111anufacture of turbine blades. benefits included a 
red111: ti on in lead t i .,e from 26 weeks to 6. a 
reduction in overall inventory of f4_6 111illion and 
an increasP in labour productivity. The whole 
systet11 cost 14 111illion and w~" paid for out of the 
inventorv savings achieved in the first year of 
operation_ 

(c) Onp lartJe manufarturer of men's c;hirts in 
the United States r~portP.d total savings of more 
t~an SIO .. illion in seven years as a re<;ult of 
int rodud ng (AO/CAH for qrad i nq. marking and 
rutting. tlf'arly a third of tht>se savings came from 
a reduction in dirP.r.t IAbour, another third was a 
n•-;ult of the inrrp,..sed 11tilization of piece goods 
and the remain;nq third rame from a combination of 
rPdurtions iro indirpd labour, tranc;portation, irflP 
'ipMP utiliz;ition and various 'iupply ite111s. 111 
J•11eral. ii wil'i found that firm<; in th@ clothinq 
inrfuc;trv that had 'ntrntfur,.rf (AO/fAH P•pPri,.nrprf 
hPtwf'"n ;,•r, ""'' ·10 pPr ,,.nt rfirPrt l"hn•1r rp1fortion. 
1-2 per rPnt sa~ing'i on fabric. 10 per cent 
rpriurt inn in trdining time and throuqhput o;;i.,ingc; of 
r,o pf'r ,·rr.t. ';innifirant tlown.,trPam """in9<; in 
,:i<;·.emhly timp ,..,.,.,. .. 1 .. n rppnrtprf a'>" rp'>ult of morr 
"'""'ate •.u•ting. 

It is .iisn important to r·pco911ize that othPr 
h,.nefits .-.ruue from in.,,,.stmpnt.c; in AMT which .,ay bp 
int;i1111it>IP hut whirh 'it ill ma~.P an import;int 
cn11trih11ti1?n !o rompPtitivenP"'>- for nnP uo;er of a 
l;u·op intec;rat.f'd <y<;tP111, thPV inr.ludPrf: 

(al [mprnved rontrnl and •Pduced disruption 
ur>r,tl"t>am anrf rfnwn'itrpam of thr FH~; 

(~) Ability to react quickly to required 
modifications or product chan9es: 

(cl Ability to handl~ pre-production !Rand 0) 
b.Jtches under praduction co.-.f'\.1Cms: 

(d) Improved control over materials handling: 

(e) Improved company i•age; 

(f) Enabled introduction of •ulti-:killed 
working. 

However. a nuin:~er of pr!!b l f'lllS mak,. t hPse 
benefits difficult to achieve and their incidence 
rises with the level of integration attempted_ A'i 
has bef'n <;een, thi'i pushf's finn'i towards <;tratPgiP<; 
looking towards investinents in discrete rather than 
in•~~ratetl 'iy~terns, at least in ~hP short tPn!'I. A 
recent report for the British institute of 
Hanagetnent makes the point that although f inns have 
•ade investeents in AHT. these have not always been 
successful- In one sample of 64 plants that had 
invested in SOlllP fonn of FHS • .,ore than l•o third~ 
had so far only achieved low payback, while Gthers 
using CAO also fell that they were not getting the 
best out Gf them. !able 2 presents s0111e of the data 
frOlll this study. 

Table 2. Payoffs frOlll 3dvanced manufacturing 
technology (Base: 250 finns) 

•echnolo9y Zero to low payoff Moderate 
(Pen:entage) 

(AO 4f\ 

CAM ·lfi 

HRP IQ 

fHS 67 

Robots 76 

(Source: British Institute of Hanagemen t . 
(ranfif'ld, l'l86) 

to hi:Jh 

54 

5•1 

81 

11 

2·1 

Inevitably. this has led firms to rpvic;e thPir 
inve~tment intentions downwards and away from the 
more complex systems :erhnologiP"- Too much should 
not be read into fiqures of this kind. but they do 
demon'it.rate that moving to intP.grated configurations 
of tPchnology raises a nu111hpr nf questions. OPspitP 
optimistic market forecast<; and the promisP of 
rono;idprahlP hP.nPfits, a qrowin9 monrf of r;iution i'> 
"""rly d1>vPloping ;imon9 potf'ntial uvn. Thi" 
pmerqes in the apparent slowdown in invP.stmPnt, 1n 
rom111ents in the tradP prec;o; anrf in a growing 
qnir.i'im about much of thP 'iUpply induo;try. rt 
rpflects. above all. a di'iP.nchanlment with AHT'r, 
ability t~ deliver the benefit .. promiser!. There .lrP 
'>PvPral Pxan1ples of CO'illy failures and of <;yc;lP111'> 
wor~inq al a fraction of lhpir true potential. 

Althouqh firms would rathPr not p11hliri1P thpir 
failures, il is instruLlive to consider them since 
thPy confirm the view that realizing lht> potential 
benefits offerPd by advanr.Pfl aut.omatinn i'i not 
alway~ a simple matter of makinq thP. decision to 
invest. 



EKainples of lllcljor projects gone wrcng ~re: 

(a) The GH Saturn project. where perfonnance 
expectations have been dramatically revised 
dowt1wards despite massive invest--nt in 
technologies and the acquisitio~ of a key 
syste111s house to provide the necessary software 
'iupport; 

{b) The Computer-Aided Production Hanagetnenl 
facilities of the bicycle lllclnufacturer TI-Raleigh. 
where the changes in computer control systems not 
only failed to produce i•provements but caused a 
serious loss of production efficiency. 

E1en where systems do work, it lllcly take 
several years to learn to use them well enough to 
ex~loit lhe sGrt of gains the suppliers suggested 
were pco;sible. for example. in res!!arch on CAC, it 
.. as found that it tcok firms an average of t"'o 
years to achieve "best practice" productivity 
gains. In another study on 44 robotics projects. 
half were abandoned before completion. A study of 
CAPH in the UK pointed out that "eve11 a1hanced CAPH 
users have difficulty in understanding how best lo 
u-;e the nUMProus CAPH cont ro 1 vari ab 1 es ( especi a 11 y 
in cOll!bination) ... thus. they are not getting full 
bene f i t f rOlll CAPH sys te111s". 

These appear to be sy111pt0tns of a negative 
reaction to the lllclssive inject'.on of AHT, which was 
supposed to lllclke the .. anufacturing "patient" 
better. One of the most significant points now 
beginning to etnerge is that technology alone will 
not solve lllclny of the fundamental probletns present 
in factories. It is argued strongly that there is 
no point in putting in sophisticated c0tnputer-Dased 
systems into factories that still operate 
inefficiently. As one interviewee on CAPH put it, 
"When you put a c0tnputer into a chaotic factory the 
only thing you get is computerized chaos!" 

To add to this criticism, thr evidence from 
those finns that have implemented organizational 
innovations such as Just-in-Ti .. e has been that they 
not only improve perfonnance in areas like 
inventory reduction and quality management but they 
also help reorganize and simplify the overall 
operation. Careful analysis of the root problems 
and the key areas for improvement have shifted 
attention away from traditional targets like direct 
labour costs towards materials management and 
overhead reduction. It is argued - by users and 
r.onsultants alike - that on the back of such 
simplification and organizational improvement, 
advanced technology stands a much better chance of 
surceeding. 

An illustration of this can be found in the 
Pxperienre of the Digital Equipment Corporation in 
implementing a major CIH facility in Clonmel, 
Ireland. Although this was planned as a 
terhnological innovation and, five years on. is 
oenerally regarded as having made a significant 
(nntribution to improved performance at the plant 
a(ross a range of indicators (such as prcductivity 
9rnwth, stor.k turn, inventory reductions, lead time 
reduct ions and qua! ity improvement), t~e plant 
dirertor views the major benefits as having come 
lrom organizational learning. He identifies 
sPvf'r11l key lessoris which the company learned 
intlllding the need to "simplify before automating. 
Host people who get into difficulties with 
invPstments that do not realiz~ their potential do 
so because they try to automate their eKisting 
operations. Information technology and automation 
permit new and simpler ways of doing things". 
(rxtracted from a UNIOO document [IPCT.70, 
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n October 1988] "lntegre< ted Hanuf actur i ng" written 
by John Bessont and Howard Rush from the Centre for 
Business Research. Brig~ton Busines~ Scnool. U.K.) . . . . . 
ESPRlr's news on CJH 

ESPRIT (European Strategic Pro9ress for 
Pesea1·ch and Developinent i" Information 
Technology), thl' 1 arges t research and deve 1 opment 
progr~e sponsored by the European Conwnunity. has 
a~hieved a reasonable degree of success in its 
first five years. ESPRIT Il, ~~ich follows 
innediately, will place more emphasis on the 
development aspect in order to help the industry 
get product; for the 111arket in the 1990s. The 
fundin9 for ESPRIT II is 3.2 billion ECU for t~e 
five years - a little more than double that for 
ESPRIT I. The progranne is likely to achieve 
significant results. 

One of the lllclin areas of concentration for 
ESPRIT II is sunnarized below: 

CIH is a potentially large lllclrket area fer IT 
not yet dominated by overseas suppliers. CIH 
repres~nts a challenging and comp~ex test berl for 
IT in that systems must operate in real time, cope 
w1th hostile environments, and operate for long 
periods with minimal manning. 

Activities include advance design and 
modelling techniques, unified strategies and 
implementations of both logistical and physical 
control of lllclnufacturing processes, robotics, and 
other shop floor systems, and the connunications 
systems for the shop floor and process plant 
environr:>ents. Key targets such as flexible 
autOlllCltic assetnbly and the high throughput, 
fail-safe operation cf modern process plants will 
provide test beds for these activities. 

The tendency for new projects to cluster 
around sucressfcl ESPRIT I projects is encouraging 
and is an ~arly in:ication that vertical mass is 
building up. 

The CNHA Project (2617), with its parallel 
action on lest tool development (22~2), will allow 
communication vendors lo movp into a leadino 
position in factory and plant coirmunications, as 
well as fueling the provision of future conformance 
testing services in Europe. 

Project 2277, led by the German sy~tems house 
Actis, offers a promising approach to the problem 
of direct far.tory-to-factory coirmunication in 
multi-supplier operations. 

The area of product design and analysis has 
evolved rapidly in recent years as minicomputers 
have become viable possibilities for CAD 
workstations. Project 2590, led by HATRA, is an 
initiative to strengthen t~e European position in 
the CAO/CAE field in product and produr.tion 
modeling. The partners involved represent the 
strongest European CAD-vendor team. They wi II 
develop a new generation of CAO systems to allow 
the integration of modeling fu1ctions which ~re at 
present separate and sequential. 'hus the currPnt 
overheads for manufacturers which include high 
costs, long lead times, and compleK organization 
~tructures can be reduced. This i-; a project which 
could build market share where there is now a gap 
and bring direct benefits to users. 



A par<1lle1 project in t f,e s.llll!' area U lf,~,i. 
led fly l\rupp .\~ 1.,.., ll.1tt>n<;y<.!P'l1P, brin~J<. tngplhf'I· "" 
impn><.si..-p tl'""' .. hit!• will ,lp!'l~ the r·t?<;ults ul lhP 
A5• aroup !ro.., thP r:;!'rm.w and llon•t>gian n.Jt ion,11 
p roor .;rrmp o; . 

Mobil" r·Clbot" ,:ind prc.:PS'i industry topit·" art' 
,:t!'nOrlfl t hp ,~~ .... it '2-ffl~ i,. the 'WOr~ rroor·~l'!'m~. Mrt-. i 1 ~ 
r•.•boi:;. h.;.-e ,.,,,..,y potential i!ppVication<> ir,cludintl 
torestrv. J~r;r:1:lt~rc-. m::"ler·al (''Ctra(t ton. rlo.,~t 

~•.1intp;13•11P. <;r:,:io·p Ol·t'r<1tions .. ~ .. ! df'fen•e. for 
ll'anufacturir·u.· ,:i,ai l~bi 1 i b of mohi 1t robots wc11ld 
].,ad t'l r•;>w ro"< ep~s in tart<)rjl la yon~ .1nd thr-
i!hi 1 it y to .-..nlvt> thP prohlPm<> "' lf!<1nr.F11veri•,<: in 
·in.,t.t·ur:tt!rFd en'-"l ronm-:nt_°' _ 

rr.:_lj~rt .._'.l?l cn"'..=-1·-; thi~ are~- Th~ team .,.jjj 

de.elop an advan(ed per•aption a"d nJv~oation 
~v<>tem for mobile robots. appl;ed fir"t tc tbr 
•nrt'<>l•t domain. Jhp f inni.-..h parlnPr<. ~ill dFwPlop 
'""' pr'Jiotype with rc.....,,.,nit; 10,.,p.wies taryt'tino 
thp comprnent mdr~pt lnr •hi~ and othpr tYP"' of 
mn!>i l;-. n1h'lt. 

Robl)t; .me 0H1r1· tyr,::o; ,.f mattcri;il tr·an<;p11rt 
'¥~tP~' ilrf alrPady .Pll dP~PfupPd. A-; mPtho~" and 
•onl). to?- int .. ,or~t ;nr. lr11pn1v,.<i. thp rlE-rr:~n,i tnr 
tl~·~billt 1 ic; b~cnm;"o c;tt-Ofl'J"''-- ~ie-n<.'?. ~h~·ri? 1c; 

rln incrr·n~Yr11_1 mw ... P tnw~r·d; ur-P~~er 'i.Ophi-;t i(af in;i. 
;,~ SfiOp-flno;· rlf-.ifP.5. r1 1hf tfi..-: empr·QerH·p Of Jl~~'f 
t'.IPf" of rJp~iq>. fhi-; prt":ide-; '11.Jny opp'Jr·tunitif'S 
fnr- (otl'munity ,.,.:i<lnr·'-

ThP ;tutom<t~Prf ft.wHH'.: i~ .1n al~Prn<t~_i".IP ~O tht:· 
""tnmi\tPd q11i,f.in1•' ~phir]P a~ a fnrm of trdn,port 
nn thP -;hop floor. ThP topir ;., addr"'""rl h) 
prn]"•:t ;>;'RO. l>'rt h~ ,,ff,_ Th.- appro.1.-h ro11ld oppn 
ii 1,:irue n.-w m;irLet in manuf<1rturino. crr.str11.-t inn. 
5h i J)O:J i 1 ding, olflfj hiltJ l ilOP POV i ronmen t S. 

In the process induo;try. ESPRIT Project 2&71 
i!ltark<> ii simil;ir problem by ~o;ing knowlFdgP-b~o;pd 

<>ystPms !n gather sen<;or information. [r_J, o<>e of 
thP m;iin usrro; in the pro(P'>'> induo;trv. io; 
involved, •bu~ ;io;"urin~ th;it •nowleda~ cf th" 
pro(P"' ~ill he ?roviderl for the proiotypP. Th" IT 
m.c>d·P! in prorP-;s rontrol io; largPly dominated hy 
forriqn cnmp~titors. fbis propoo;al i<> ? liro;t r,trp 
towardo; opPninq thP mar~Pt for f11ropPil'l ""ndors. 
lfwtr;irtpc! fro~ European Scienc" Hotes Information 
Bulletin. WJ/l) 

lithography LIM cell dri~es re.orks do~n. feedback 
in les<. time 

'n irotpor;i!Prl ph11tnlithorrr.tphy r.dl ;it 
tfP.ilPtt f'Mk;irr! (ttP). (nrv;illi<., OrP<inn. IJSfl. 
;irlrlrP<;<;P; thP philoo;rphy of 1omp11tPr int1>qrat1•rf 
m<1nut;ir t•11·rrHJ (f JM) .t<; !!1111.h ii'> ilufnm.rlP!I 
'iPmir'.lndur.1.llr manufMt1irinr1. 

Al thf' ln!prn;il inn;il SPmir nn<111rtor 
M;inuladurinq Sr.iPnCP Symp1J'>i11m, it was st<1trd thdt 
thP photolitbnqrdpby rPll allow; onP opf'riltor to 
P•H11IP .. 11 opPr<1tion" - from rP<;i<,I r.Oilt thrn11qh 
in<;pprtion - ill il Sinq]p fPrminal. ';J'( rPill-t imf' 
rpport ing oivP'i Parly warning nf prohlrmr,, and 
inl .. r;irlivr> ilnillyr,i" tool• hPlp<i a o<;Pr lr;irn morP 
;iho11t thr prorr;-;. 

Thr workrell u<;P<; 5: 1 o;tPppinq projpr! ion 
illiqnrr<;, in-line lrar.k Pqoipmpnf. <1nd i; hPilvi ly 
dPpPr1dPnt. on automiltion r,oft.ware. fl io; ilrl 

interrh.1n')Pi!blp O.A, 1.0 and 1.:1 mir.ron CMOS 
prorP<,<; with onP re•i•t rhrmio;try. 
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A key benefit i<; thr e~~ironment in ~~ir~ a 
"in<:lE> operator h,15 ownpr~hip - ilnd ,:ill thP tool' 
r~quir d to be su•cesstul - for all ;ispPtt<; nl t~P 
p!:otol thogr.c>phic pror:ess. Br·iptly de<;cribac!. thf' 
f Sr ;• !M o;~<;tem uses a 1>RO:'ll-hil~t>1f fW lOO Ser;.,., 
~orhs'ation. Wor~stations tonnetl lo a s~ared 

re<oun:e manaaer t~ilt is a LMi-hao;ed Iii"' o;er·vrr 
~itt1 rerir~eril ~haring ~@r·vit.~~- f~·'· ~t~·i.,,, 
r·ur~ in tho:> Rod.~ Mountain f.las;t f'nvir·'J,.-."lo;>nt. whith 
a~ona other advant;ioe<; enable~ ~iean handlino of 
:rrul 1 iplP interlar.es: 

!t ..,,H deridPd <'ar·l v that the rd 1 mu"+. ha·,., ii 

•Fntr.:1! u<;Pr intprfare o~ .. or~rpll rnntrnllPr that 
r·.,pl.1ces thp orioin;ii eq"ipmer.t interfar eo;. This 
~a~P'i the linled."t~trm <1ppear a"> a o;ingle ~achine 
<!ut •n~ ~~tup. ~i~plif ies op~ration ~'l~ miflimi?e~ 

Frr·or·. 

Ttii.-.. 'IP wndr.,11 has n•1l11red rP .. nr·~ rilto> fro'!: 
11 ppr tent. to 1 ess than 2 pf'r .-ent. t ii'> imror11vec: 
th.,_ f Perlbi!d time on Joto; from R h•J•ir' t11 
•~ minutP'i. and has rP~!JCPd 'hP averaQP <1rtiv~ t;me 
ot .. ork iu prnore~<; in the phololithociraphy ;in·.~ 
f rnm ;'•I hours t 1J R ho·Jr'i. 

Rppor!Prlly, thi<; (IM '>y;tPm fo•usn• OP lh£ 
hao;i1o; <1•11! p.-.1·,ides a hioh-qu.:1lit;. low-ro<;t. 
U~Jl~t-~1 c;.o1utlCrt tn he1p f'rH_J.;rH•·f'f"~ it:"lfi OpPr·;it"nr°" t~ 

~P mar~ pr~ducli•e. 

~ivino aP~Pral ;idvi(F on ~rM dPvf'lnpment. 
lhe'e ttr enq:neer' state that i"[M engineers should 
e•pert chanqe ;;ind ii <;ucres<;forl appro.c>rh to •. !"1 mu">t 
hP ;ihle to dPrll ~ith it co<;t-pffartivPl,. Thi-; 
req11i r·f'<; chO'l<;ing :.he 1 orrP1 ! Pnvi ronmr·nt f11r 
o;11ttwilrP devPlopmeot and producino reu<;ahl~ rodP. 

SRM filP 

CIM Lithoqraphy (pll 

[

fiPrarr.hical filP o;ystf'rr. 
'if'rvf'r•• Peripheral o;pooling 

. High caparity disc<; 
Autom.1tir b;irk11p 

! 
I • ·~ork o; t.at ion 

Workstation r•pand;ihlp 
F 1 Oil t i no point 

hardw~rr 
ti r·esolut ion lOlor 

monitor 

Hrwlptt. PadMd'<; UM 1 i!hoqrilphy rPl 1, in "'" 
ill '"" r1nrthwP<;! !( Oivi<;inn in rorvillli,_ 
Or.,q11n, i-; bao;pd 11n ltP ;oo w11d,t.:1tion· .. 
('in11rrP: Semiconrl1Jrl11r lr>tPrn;it ional. 
)Ppt.Pll'h!'r l'lR'l) 

CI M 1 n C 1onme1 

A rol l;il>nrilt ivP prnjprt invohin<] lliqit.;il 
fquipment Int.ern<1tional RV, Clonmel and UnivPr~ity 
(ollpqp G.1lway h.1~ put !rPli!nrl on thP m;ip ;i-;. ;i 

rpntrP of PKCPllencP in roll'putPr IntP(jriltPrt 
M<1n11f;irt11ring ((JM). 

RP">PilrrhPr-:. at Oigif;il'; (lonmpl filrilily 
rPrl'ntly condurtPd il pilot implement;ition llf il novel 
product ion rontrol o;ystPm whirh w;is dev,.Joi•Pd ii'> 
prtrt of t.hP furopean (ommi•,o;ion's FSPRfl proqr.tmm:'. 
lhP Production Activity (oolrol (PA() o;ystem i~ 



dPsiQned to providP plannino and control of worlo. 
c~llo; and Jpvi.P'i on thP factory lloor. and 
c.-u,,;cate'i produrtinn and material 
r·t>quiremeuto; from hic1h-lPvel Hanufacturinq 
f<esourtP Plar11 .. :l(J \HRPl 'i~'item'i. 

A illodular ar•:hi tPcture of PAC ><as propos 0 tl 
hy th" project i="a111. fhio; io; based on five 
distinct buddil'<J blo,lo.s where it was intPnd!'d 
that the architecture would be 1,1e•.11;"ric and 
c1pplic.1hle to rnoo;t discrett> part-; m.•:iu!acturing 
industries. O•Jrin•i th .. projed. sophist_i(ated 
.tpplication <;olt,.;re wao; "'ritten t.o s:rppor·t the 
PAC arc:hitertur!' anti tht' inter-modul>' 
1·onwn11nicat ion. :, 'iim:rlat ion 'l"ol wao; alq1 
devt'loped to enable the verifi(ation of t~e 
protl'tiPP <;y<;f Pm'i in tarqPt manufacturing 
~ ! t ipo:; -

The (lonm,1 pilot project took place during 
H;irlh l'·lf3'l and wa<; SB(< Pssfutly reviewed by a 
European panel of CIH experts and officials from 
the European Corrmi ss i en. (Source: f.d_vi\n<;f>l1 
Hanufar:turing Technology. Au(iust/September 198')) 

M,ua~ urwei ls new CI"f-based plant 

l'fa;ak forp (Florence. 11.entucl<y. USA\ gave 
pres<; and customer tours ol the machinino 
system<; portil)n of ito; impressive $50+-million 
plant expansion~ Expansion ot the machining 
lines i~cluded the complete replacing df an r~S 
that wa<; only six years old with three 
completely ne,. fHS/cPlls tor machining 
medium-size prismatic. laroe prismatic. and 
cylindrical parts. Shortly the entire plant 
wi 11 be a true CIH-plant, control led by Oigi tal 
~500 Vax computers. Those computers will 
schedule the machines and material, control the 
inventory of the automatic storage and ret1 •Pval 
system, and deliver siK-Sigma quality parts via 
automatic guided vehicle to the machine a'isPmbly 
area. Total Hazak investment in its US 
ladlities will be close to $110 million when 
the present expansions are completed. And 
another phase of expansion is in the planning 
stage. (Excerpted from American Ha<;hinist, 
r !'hruary l'l'ltJ I 

- ·lfl -

([H interfa(e pr~vtded via H1perlab 

Sortware enoinepr<; at thP ,-.,,.tro> tor !n!f>t1ratPd 
Sv'item'i, Standfo~d Unive;·<;•t•. h.l·.-p dPvPlnp<>tl ,, 
proto~~pF interface tor ... ..,,.,,tlnnd·Jr •nr c1}11r·~t.;1· 

intt>oratPd manuf.Hlurinu 1 1·1~1 t.lllPr! Hv1wr 1 .1b. 
Hyperlab provides a(rPS<; to a t!H •v~'""' wia a•ti:~ 
le•t and Qraphics !Jr writing prO(P'iS spPrili1~!inn~. 
facility tontrol anti mnnitor·ir1t1. and dorw••<'nt.\!in•L 

Hvperl.1b runs on an •'pp le '4acintfl>h •""'put er 
usirv;i ityper(ard. The systPm c:ouple<;. thr'l:u1h R'>-/ t;' 

lin~'i. to an e~ stino data LasP sPr~f'r on .l 
[lfC Vlll(-11:>00 r·unnin'.1-Uni-. Thi~ tf.lt.l t>a·,,. -.,,;'!':::"'"'~ 
thp pxi~tir1Q (IH sy~te~. Th? Pr'g~·lP~r~ tiP~~ 1 ~,,;n~ 
Hyperlab ar~ con>idering an Et"er~Pi link .ln~ ~ill 
add it whpn tht: nt')::~s':ar; or:n!~war-P hprom~-; ..l.,..'411.lhl~. 

Reportin~ at t~e recent general meetinu of the 
Ele~trochemical So··iety in Hnllywood. Florida. llS·'· 
Er~est Wood explained. "Jhp ~ystem is a prolo!ypP fnr 
testing the use of hypermedia concepts in at(t'Ssinu a 
CIH data base supportinu nur research iahnratorv." 

In use for ~ritinq a proLess sperif;cation. lor 
Pwample. th!' int.,rfa((• rlosely ro11plP<; thP pro~P~s 
steps in a o;pPciri(ation with thP phy>ir;d laril ity 
required and all of its associated rontrol and 
oo;upport functions. To ~PPP a u<;Pr ori,.nt.'~ -.;ith the 
system hierarchy, tlyperlah usPs eq11ipmPnt_ aPfl 
facility graphics and careful 5eledi<"' of ronwn.:mdo; 
ano menus. 

Wood said, "The goal of this project ~•"' to 
develop a conc:eptually simple, powerful. f~;t and 
llf'•ihl" user-interfacP that i-; ea'iy to 1Par·n and i:se 
by laboratory ter.hnicians. fhere is n~ functional 
capability, such as scheduling, relational data h.io;P 
and equipment control. in ttyperlab; 'hi> edernal 
server, whi(h links Hyperlah and the CIH '>ystem, 
supplies t.hese components. 

According tQ Wood, a negative aspect brought out 
in this ~ork is the difficulty of connecting the 
Hacintosh environment to the Unix operating systPm. 
"A future possibility is to transfer the essential 
hypermedia components of the interface to an advanced 
X-Windows toolkit, thus making the entire 'iy'item more 
portable," he said. (Source: Semiconductor 
lnternati~n~l, November lqR9) 



~.H·i·•,1° •nr·Tritr ,.-t-.·~ ·~ ~~1 11 f·r·n.lr. ,.f,rl<f)r~ 

·•·.f·f i·11! "":.::t ~ .. :t f!~'J l"•''·•·.)f r h .ltP! .j~1,, .. !~rrm•·nt. 

t·1~·P·~ .1~11~ •h•! r·1;·fl·: .. "'1·~ ~'-l!11;f,l, t•ir·ir,fJ ;nrlu» .. {r··. 

1. 

J•i,\1 .. 'cf 1•~. !lPit! .. ·,r.pf•.i"T·~ P~! rr·1·dn1tifH1 .~;th t_h•' .ni,... 
of r·• 1!n• i:·,: ~t~t~ · u·~~ rtf ,,,.,,,f.~,·t inn thr·ri:1oh ~h~-

if.-• ._ ... ,f,l"'"Pn! 11f th.:i .1:1~".,.,'-•~··d m.l~~-prod11,-~ ifttl 
. ,, .... tf!!1~. fin·.;_ ~hp m.1raut.u tnrlrHJ lndu~trv ls 
•;r1tpr-;r,tJ .1 •H~ .... -=.'at.~,, ¥1.h•:•·•, ;tn ;nt.eor·f4~..-i.rf pf f".'r·t t<". 

r·~l•p11r·-.·,f fn1 m.11·~,.,if lnq .Hlff I ?P-ih!~ J:ltrdur·t i(ll'l (lf\;; 

:;~~i.t-.. 1! ,.,,-;.;._ :ind ; :~:!!r•!• ....... ! !~'!~.:::l~~-,~•!'--! m.1nt1f€?•·~nr·lno 

~i !r-n fl.~·. • nr.:P n11t .1-. .~:1 ~r i ~' li;::."t tp:1i ~" h·f· 
.-rnrr 1y•·d i~1 ~ho •tr,-,.,,.,, .111d f;1ti1r·p l'll.tnuf~i turlno 
? 11d11~t , . .: . 

'- Traditinnotl &1nufadu..-in9 industry 

l l' M.iss pr·odur l i lHl '•er;u5 new pr·od•ri: ti un 
-;ystem• 

With P•tPnsivF Pffnrts rfirPrted tnwi!rds thP 
rf.,vPlopmpnl of milss-pr·01f11r t inn sy<;!Pms l>iViPrf on 
r·nhol irs ilrHI ilulomill ion. thP milnufacturing inrluo;trf 
"·" 11'l1fpr~nnP " n>milr·~,1lilF •»pi!nsion rfurioq !hp 
ppr·iorf hP•wPPn !hp l'lt.Os .mrf the l'l70s. ThP 
m,1111rfilrlurin11 inrfuo;!ry h.:t• hf'nPfitPd murh frnm thP 
intrnd111.tion of the mils<;-pr·odurtion •yst"'m. Some 
nf U1P import;mt acr-ompl ishmrnts inrludP: 
hir1h-spPPd prorfurt inn. hi11h acr:urar:y in prnduct ion 
pr·nr.-s". Jpss r.ost. il•HI 1mHorm ilnd hiqh 'Jlli!lity of 
I ini<:hPd pr·odurl•. 

lh., r 011<.Ppt of milss-pn:>1l111 t io11 was h.irdware "' 
wo>l 1 ilS milnufilt turPr-:rri<'n!Pd. CustomPrs wprp 
.-..1tisfiPrf with <;l.1nd.1rdi.:Pd product• thus <;uppli"d 
under m.1ss-production systPmo;. "' lonQ as the 
prndurts mPt thPir· rP'luirPmf'nto; for quillity ;md 
pri rP·;.. 

[n the Jattf'r pilrt of !hp l'llOo;. lhp 
manufilrturino industry undPrwpnt a chilnQe in 
rhill·ad er· I r·om n1ass-prn1lr1r ti on to producing a wider 
'.ilriPly ot p1·orfurt<; in <;mall lot.s. mainly to rope 
with thP iorrPdSPd di~Pr~ilir.1tion of rustomers' 
nPPd•. fprhnoloqiPs w~rP alsn rapidly advanrin11 as 
i ! l uo;f rill pd hy th!' appParilnrP of <;Pmi r:ondur:t nr .1nd 
mirrnPlPrtronirs terhnolooy. S11rh a r;ipid chaoQe 
in IPrhnolnqiP<; ha• m.:tdP lh!' life-ryrlp of ;i 
pr·n1l11rl <;linrt. Tl1p m.:tss-produrt ion i!l'>n invnlvPd " 
ri·.~ of nvpr·-prorlurl ion. 

"fhP ju~l-in-t imP pr·oducl ion <>y>!Pm" rff'vPlopf'rl 
hv Tnynl.1 Hotors prPSPnf<; ,1 typir;il example of thP 
prorlur I inn prores> nf p1·01l111 inq i\ widP v.lriPty of 
pr·nrturt< in "m.111 quit•ili!iP>. T!1p hilsir roarPpl of 
lllf' ".iu>t-in-tin1P pr·orfur 1 inn <;yslo>m" w;is lo .ivoirt 
,111 possihlP "w.:t<;IP>" qPnPrillt>rl rlurinq th!' 
p1·orfur! ion prorps<; >11rh .i>: 

! . OvPr-rrorlurt ion: 

., w • .-.1,, f imP 'P""' '''· "'" mi1d1inP: '. 

L Wi!>IP i nvo I vPrt "' 1111• -.hipmpnt nt unit<; 

""' t •; : 

'1. Wi!>IP in J'IYnrP>>ino: 

'•. Wi!>I P In t ilk i nq invPntnry; 

r •. w,,~,,. nf mot inn: 

I. Wi!>IP in""' to1·m or rfpfprtivP units. 

ilnrl 

- . l'l 

1Rr,.1s 

F:1rtho:>r !mpro-.,,.:irnf'nt~ h.~vu <:.} 111 f· hct-""'n m.,rh; ;n •'~._i 

";·1-;t-;n-t irr~ proriuct ion <:.y~t~m". ip(lrfin 11 to the 
o.'.)"t .. 1hl i~hmPnt 0f cl 'prncf1u-t <:.11".tcrn .... tthp·•t 1n~~··. 

The ~f4.:;,;, l<'Tl(PJd (~t cl thi~ ""~tP:n "'.1" ~, .11 hT····" •f;,-, 

fPl lnl.otir~u fp pr·odurtion p1·01·'-'''"~~: nn ,:f'f~:ct i· .. r­
prritf·1rt..;,. rHl m;t•:hine ftlllurP. 110 np.:acf fnr· ''1~ 

~,-~.,~rQrf of p~r-•.<:.. f~omplPtP ~~nrhri,ni:il" ;t•P nf T ini 1 

"Pt"•)d ~nrf ma(hinP tvrle~ .. u~d tull-,1:rtrim,1~!11n tn 
p•rmit "~-:-hour unm.lnn•d oper.:ition . 

Roth the "iust-in-t inte prorhr.-t.irin ''"t"~r·· a11rl 
H1p ''rrntfu,·t Ton ~y~tem wi thnut lns~" wPr·.., m~:u-~ ""L 
f •1c;.ftl!'n~r-\.1r·ipntf'rl ,"\nrl 't"_oftw_.::tre-o!"'tPfl\f'tl. ~l:~ Mu..llrt~' 

tt1~ ~as~-prorlu~tion ~y~!em w~ti,·l1 ~~~ 

manof3rt11rer-orirnterf .ind hardw.ir<--or·iPnff'rl . 

(Zl Conventi9nal _technol9gies versu~ 
srienrP-based technologies 

Ter~nolooies can be ~la<;sifierl into th~ 
fol lowino two .r:iltPgorif's c:lrcorrling to their n.:itures: 

(a) Conventional technolooies whose melhilnism 
<1nd performance are -.. el 1 estalil ishf'd. E•ampleo; 
include ronventional mf'chanical enqinperino. rhPmiral 
Pngineerinq. and electrical Pnoine~ring; 

(b) Modern hioh terhnolo11if's whirh .1rP h;i<;ed on 
science and are in ihe staqe of constant 
advancement. ExamplPs include high-temperaturf' 
supPrconduct iv i ty. semi ronrfur: tor<;. mi cro-e 1 Pf t ron i r>. 
O~A recombination, new materials ~nrl ilrtificial 
intel 1 igent:f'. 

Re(ently developed hiqh technoloqies are all 
h.lsed on 'icienre. In some terhnolooiPs, both 
merhanism and theory are not fully ~l;irifif'd. fhpo;e 
technologies are fPatured by thf' need for highly 
sophisticated production Pquipmf'nt and farilitiP<;. 
Oftpn super-clean labor;itorips ilre nePdPrl. They ,.1.-.0 

are highly capital-intensive, anrl a l;irgp ;imounl of 
invP>tmPnt is rf'quirf'rf for Pquipment and filrililiP<;. 

(31 External elements 

During the period of mass-prorluction. the 
man•rfacturing industry ar:terl h;iserf on thf' followinq 
t1aditional a>sumptions: resourrP is infinite. 
energy supply is infinite, production-re 1 aterl spiH e 
is infinitP. m.-.rket expilnsion is infinite, 
roosumption is infinitP. ilnrf pPople'• rlPsire is 
infinitP. 

Tnese a\sumptions, however, have loo;t their 
l!'Qitimacy for the current m;inufitr.turino industry. 
RPrenl rfPvelopmenls indirilte thill thPrP will hP 
shorlaqe of n•sourr:e• anrf Pnerqy >upp I y, spill P i .-. 
limited, market expan<;ion will not l;ist forPver, 
consumption wiil also hP SilturiltPd, ilnd pPnplP'• 
rf1>sire is ill>o limitPrf ilnrf i<; flPttinq inrrP.lsinqly 
<;pprifir. 

To ropP with thP npw ~ituiltion'>, thP 
mar111filr:tu1·ing inrluo;l.ry IM• heen taking mr;i<;'"•p•, in 
pl.:icp of the old a~o;umption>. SomP of thr mea~urP'> 
.lre: high functional pprform;ince fnr ii limiter! 
•.upp 1 y of r·e>ources; enrrgy r:on>ervat ion dr11I 
'iilvinqs, ilnrf rfPvf'lopment Of altf'rnill ivl' pnl'rqy 
sourrpo; for ii I imit.ecl Pn<>roy supply: romp.:ict r!P,.ion, 
miniaturization and hiqh density for a sparr 
problem; flPxihlP proclurtion for a limitPd m;irki>t 
pxpiln'iion; rnn">umpt ion-oriPnlPd produrt ion for 
1 imilat ion in con<;umption; .-.nd devPlopmpnf of 
proclurts whirh ruo;tomPrs wilnl for lhPir SJ"Mifir 
n!'PdS. 
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In addition, there are also some external 
elements which stand in the way of the linear 
expansion of the manufacturing industry. These 
e~ternal elements arose in relation to limited 
capacity for waste treatment and disposal, 
environmental pollu~ion problems, and safety of new 
products or new technologies. Processing and 
disposal of industrial wastes present a serious 
problem in the industrialized nations, as the 
a1110unt of waste exceeds the capacity for dispos~l. 
Environmental pollution has come up as a serious 
problem, as the manufacturing industry expanded its 
production and consumption by humans increased. 

Typical examples of such environmental 
pollution are the de~tr~(ticn of ozor.e layer by 
fluorocarbon :ompounds, and the greenhouse effect by 
carbon dioxide. Safety of new technologies and 
products also presents a problem for public 
acceptance. It requires long-term effort to prove 
reliability and safety of new technologies. 

2. Global business ope•·ation 

( 1) 'lerti ~~1-. .... l!.PM:~li!>l!_'.'~!:S .. Yl... hQfi NOt~l 
!lll!.at; on 

The manufacturing industry ~snow ~o:ng into 
global operation and there are four main elements 
responsible for the manufacturing industry to go 
into global operation. 

1. Political element as represented by trade 
frictions; 

2. Marketing element such as diversified 
customers' needs; 

3. Formation of regional economic bl~cs; 

4. Techr·ological element which focludes needs 
for scientifi~ research, sophisticated 
software, and co-operative development 
projects. 

With regard lo the marketing element, there is 
recently a trend in which products are being 
produced within or near the marketplace because of 
diversified customers' needs. The terhnological 
aspect is also an important element to be considered 
for the global operation. Because of sophisticated 
nature of recently-developed high technologies, no 
single country can fulfil all necessary R&Ds ranging 
from science to software. It has now become 
necessary for the manufacturing ir.dustry to seek 
technological expertise and skills on the world-wide 
basis. 

In the 1960s and part of the 1970s, all 
functions of manufacturing industry including 
marketing, R&O and production were performed in one 
country and finished products were exported to world 
markets through overseas sales offices. Offshore 
production was carried out mainly for economic 
reasons such as modest labour cost. Only 
standardized products with established production 
processes and market needs were transferred to 
offshore production. later, production technology 
and some R&D work were transferred to offshore 
operations. The manufacturing industry was operated 
on the vertically intergrated scheme. 

Hark et ing ) 
R ~ D Country A 

/'"'"'u'" ~ 
Offshore prtduction Offshore production 
Country B Country C 

Now that the manufacturing industry is operated 
o~ a global basis, all the necessary functions are 
scattered world-wide with equal participation of 
each function in the business op~ration. 

R & D ~ - > Design ' ; Software '- ·, Pro duet ion 

Country A Country B Country ( Country D 

Present glohal business op~ratio~ is ~~seri on 
the horizontal scheme. The manufacturing industry 
in short has shifted its operatic~ from a vertically 
ir.tegrat~rl sr~Rll~ cu~ hcrizontall7 inte9rated 
sch.?111!'. 

Taking a close look at the history of science 
and technology, one can observe that there is a 
sort of technology sharing among countries. 

European countries and the United States have 
been playing a leading role in the field of 
scientific research. Many new technologies based 
on science were first developed in Europe and 
brought to the level of engineering in the US. 
The US effort has been featured by the 
development of super-high technologies and 
ultra-large scale engineering projects, while 
Japan has been active in improving newly-developed 
technologies and production processes. Japan also 
devotes a large amount of its efforts to applying 
new technologies to the consumer-oriented 
products. 

(3) US versus Japanese__technologies 

Technologies in the US and Japan present two 
extremes. There are reports comparing 
characteristics of the US and Japanese 
technologies. Following is a comparison of 
characteristics of technologies in the two 
countries. 

U5 

Basic research 

Breakthroughs and 
inventions 

Defence applications 

New product design 

Systems integration 

Software 

New architectural 
design 

Custom-made oriented 

Japan 

Applied research and 
devell'oment 

Incremental improvements 

Commercial applications 

Production technology 

Components and parts 

Hardware 

Mini aturi zati on 

Standardized, mass volume 

Recently-published reports point out the US 
engineer~ and scientists think in terms of defence 
applirations first, while the Japan~se 
rounterparts think in terms of consumer 
applications. For example, in the llnited States, 
a large amount of carbon f ihre was consumed hy 
aircraft and defense industries, whereas in 
Japan they were extensively applied to sporting 
goods. 
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tdl rroduct innovation 

There wa<; a belief that markets ior 
ronventional ran<;umer products ~2re alread~ 
<;alurat~d wi!h no more or little pos!ibili•y tnr 
e•pan<;ion. Ma1·le!~ tnr ~etriqerator~. washina 
"1il(hine<; and ramer·as nen> bel;,..._.e:! satur·.~'"''·. Thi<; 
belief, however. proved inrorrec~ when a 
retriqeratur with a new donr-npeniny ~~chanism, a 
quiet washina maLhine and a di5posable tamera have 
u>ntril--11t•'d t,1 qener,1t_inu marked demands for them. 
Thi"' irirlir:ate.;; that there >till remaiP"' poso;ihility 
for- tuture lnn..;v~"lt ionc;. in thF co1.v11?~)t i~~~? rlnr~~lP 
tlHl~U!Ti~r goods. 

1. lurrent and future 111anuf acturing industry 

I 1 l Changes in market and technology, and 
measur·es ta ken 

It i"' important to review once aaain rhanaes in 
market trends and technologies. In t~e Jq60s. the 

T<tblel. 

\l.11 kl'l lll'l1d 

\l,·1 :-1111·,, !;1kt·11 

1·1 .. d11111 .. 11 li111· 
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\ 1·1111 .di\' 
111lq:1o111·d ~-· 111'1111' 

manufrtc turPr-or;.-.utpd ;..,1prO.l.f·h W~~ p•·,1r:~ ~o;~tf ;.1 
manufacturlnQ indu~tr·, c.nci ;~rlndclrrl= .·Pd pr·{,d·.: •<;, 

were "'ass-prodw<:J for ~J-:s sale-; hy emp!n,i•"! 
~oP~e~tio·!~; tP~hno1oaie\ ~t1ch ~s m?cf,ar1:~~· 
enqineer;;HJ. elt.,(tr·ic31 rinof:,~er·ln~~ ._fHd 1 h~fT'fi 1 ·,1T 
~nginpering. Int~~ l~/Q~. rl~ed~ ~=1 tt1~ mar·~pt 
h.-id ~eQl!'1 to divero;ilv and 1::>wl~ dP•,.,l'Jpr-rl 
technoloaies had come to be adorterl e•tP~••.2! 
1·e<;ulti11~1 in tui-ther· diver'iit' .-ti•.011 ,.• ""'·~~· 
11ee1is in.the lfl80s. a!ona wi~h .-c.st:;;r.,..,--.· ~.1.;;i•'' 
directed towar~5 'u•Jrv :~ud~. ~e~ 1 v-develored 
sclefl..-c- -~;-"'o::..:iC: Ctr ~nftw~r'?-b-'c;ed tPfhnolnoie<;. ~~,,ti 

.>-~ 'iew P.:,;t,;.rials and-":~; fi,:ial intell iat'·· •• h~·"' 
begun to be dpplied to the :~no;;umrr mar'•·~-

To meet such .:ha<'O· •, i .• ""' r·~el ~ 1·pn,J<; .1nd 
cuo;tomers' tastes ~s y~!l a. !• •.•re with rapi~!v 
advrtnrir~:; technnl11gie~ •1-;t. '-~\:""- --r•urinQ inrf~ 'i.~ ,-., 

has b~en ta~inq a serie'i ol ~~a'~'~. whiih t~ll 
for ope1·ations-on the ~loba·· l.··i~ fabl" • shl'"'~ 
the summ~ry of mei'o;urp<; ta~.~-• b; ~'le 1r..,n;ifrti"t111·in11 
industry. 
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(21 Computer integrated manufacturing 

Computer inteorated manufacturinq (C!M) is 
defined a> an inte;rated c:yc:tem of mar~e~ina, 
produrtion and delivery to.meet hiohly dive~sitied 
1ust.omers' :;-~··ifi1· needs. Ac: m.irketina. R&D, 
prndurt io:1 anrl c:;ile<; are pprformerl on ii. nlohal 
hasi~. CIM is cPnsidered to c:erve as the.mo<:! 
power·ful tool for· qlC1bi'l operation. Today'<: 
manularturing indu;try require> world-wide efforts 
not only for marketino. R&D and production. but 

Sal1·~ 
I 
i 

' 

also for purchase of ~rtterial>. employment of 
sub-rontrartors. finilnf'inq ;ind rern1itment nt 
per·sorrnel. The whole CIM operatic" is ba~t'd C"' 

data base. In purusing (Omputer in•uura!Pd 
manufactur'no. a carPlul step ~u>' he t?Le~. 
First. produ~tion CIM must he f'Omple•Pd. •ullo~~d 
by tl-ie e>t-lblic:hmerit o' larton \IM. Th!' L1-;t 
step in CIM operation ts thF ""'.ahl i-;t.~'""i r1f 

LOmpany CI~!. The f o 11 owi n9 f i uurP -;be"'> ,1 

>f'hematic diaoram of thr r1M. with !hP d~ta ba~a 
at the centre: 

:\L11 kt"! 11t·•·<b 
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i11~11tuti111b 
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l'111d111 11 .. 11 
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( h1·1cc·;1:, pla11h 
S11li1 ·1 .1111 .ii'!"' s 

Fi11.111.-111g 

l't·1,;11111 ... 1 lll<lll<l):l'!llt'll( 
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;r~~-: '-1.1n .. ~1·-·r.1t-·1• _'.:q·~-·. \:'!. ,·-.. ri•. !. 
'. L· ~- i' '1 T ; 10' 
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• ·1 .,,--r~·: •ir~" ·~1Jr; i' f· a·· ... f ,1 l·r·ri-ld~r· 1,.~1·lety ~;f 

t'1,11!·1·t· Thi-• ., (\t• 1 f.,,-.~11 n:1 r~11r.-'.."lf'f;{ll 11H1 t111: 

r:,l '; :-"- •. T-.(J1:;~, ~.,: 1···.tip•• •• r, ... r•1 1 Pl-.;l'"," i;~~d 

·.i·H1 ,t~·i! ·~•.1c·:',lr•11r ~n·t ',!(..,''-'"!''. <trn! ·~ i<•!,1 1 •,1 tT1t 
, •.. r1 ·1n~~Tr1·1 rl(lvf,r·· .. ~f1 -:J,'lr". tt:.~t ~r·..o vTt;;1 ft'r 

ii., t·:t:.i-~1 r1• 1~-.rf,,, .. , ... -.·-.r'f "."r1:1 1 11r·..-,1 lr!j~,,~m~-,~· (\~ 

ti.. i:t·.,. 

T 1 .~ r-i11.rh~r 'lf r~1 o')fJJ·~mm~c. 1;-;i~a thlf''l\P 
·~- 1-r ~·ttJii:~ 1 d~v ... lr.l(l'n~n~" r·pl 1-=ctS thi> trPnd: ~he 
:-1~'"'''"'-'· J!l''[Tfr; r1·1Hn-1nWl'e. the tr11ited Stiltes l':t.M 
· ~ntPt!rd~_~d r~rJmpt:til'.-1·_,\;rl,...J ~~d'l~1:a,_tur·inu) .. .r1dr:r· t,_,e 
fl,_~!pr·r.E- D .. :p:~r-~_n1-..---~t nf ~hQ M.\F rrojP(t ( ~r"1Jnr.hed by 
·,:--.~1r-r·,1l r·•0tl)r"\ • ~h~ r1~Pl"Cl'1 J'rl)()r~fllf'Tle 

fr>rligw1rJ>techni~. romp'n.tec in l'JA1, vilriou<; 
· 1!1-p11.jf'--'> •1nt!e1 fl'RF~A. RR!Tf ill'd ESPRIT. ;incl so 
r.;1. Mri;t 'lf thf~5'"' .=tlm tn lmpro-1•j thP d1ftu-;inn nf 
~"'' .1pplir.1•ion> whil,.. rif',plopinq ii >p<>rilir 
11,11 i1111,1l il~>"t. The tNhnoloqii:ill leild of the 
\lndPd Stilt"~ ;ind .hp;in is h<>inri m.Jtrh<'rl by t.he 
f"...,P""" -;tr·;itpgy of .1llidrH_Ps ;rnd qrooJping-; with ii 

vi"'' •n r•··"·••n'.inq te·fmoloqir;tl dependen<:e. In 
""'',t EuropP;in rour1tri!'> IGPrmany. frdnce ilnrl the 
llnit!c'rl f".inqdnm in pi1rlir:1JLH) rPsearrh i-; being 
>11pp 1 r·n1e11t;,d hy p1·oq1·;io1111es a inied at promol i nq I.he 
rlil lw;irin ol the nPw l<>rhn11loqy. ([xtrarted fr11m 
fhP 0(((1 Oh>erver JC,'). l\r1qw.t-S<>pl!'mhl'r l"lll'J) 

Mt1nufdrl~.r1n9 

A miljnr shift in rp-;ponsihilitie'> from 
m'lnulitdur·inq r.ompani"" t_o vpndor industri1>•, i" 
pnvi;itgl'd in thP 1990<;. Mitjor manufit~turinq 
r on1panip•, i11 thP t1ulomo! ivP anrl iterospace indu<;lries 
ilrP rhanqinq thPir wily of doinq hu•ioP<;~ with 
vPndor<; io heroml' mor~ prof 1li1~le and to overrome 
thp <;hnrlilql' of l'xpl'rienr.ed proress eoqineers. fhP 
prnrp<;<;-rll'siqn funrl inn of thl' tot.ill miln11f;ut11rin<J 
prnre~• mu<;t i1••11mP qrPil!Pr importanrp in 
P<;fithlir,hinq litstinq rplillionships hPtween vpndors 
rompitniPs (r,uppl ipr<; of milterial~. componPnt'>, and 
ll'rhnirill <;l'rvir.1><;) ilnd thPir r.u~tomer<; 
(milnufitct.urpr<; of goods for the global market). 
Worlrl-wirlP opportunit iPs will bP greitt for vendor• 
who r;tn rl'r,po11d 1111idly to thP demilnd<; of potl'ntiill 
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r '-'"tn"'"''" in t;>rm<; nl quality pr·odurt<:. dt>l ·vrred n" 
t imc. . .lnd ."\t ;t r.lmJ'h---:t i ~; vP ro"' t 1 t)(t1 ~. 
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'll'oldu~te le~els, i111ii~ate fp,..,r "wt0 !!-prrp,..·;i1 
r.andid~te-; will be Jvi!il.ci!:le . .lplLo:c•;•a'"'! 
erir1Tnf'pro; who are clwdr·e ot tlnd ~!nd~r~tJr1tf •hr 
~(J~ple~;t~ Qf doing b~;ir'P~~ ir\ tt1e qlnt>~T ~~rL~· 
~ill he requir~d for rompani~-; ~~" wa~t t' ~a 
rompptitive in the lQ10s. 

ro become an eflprt 
0

VP inteor.1t_prf mi1r•if-l1 t.,rpr 
of hi~h-quality produrt<; in th<> il10<;, m;it•r=~i<; ;ind 
romponenl <;•Jpplil'r> must train their wor~.lorrP to 
hPcor.ie more prnfi ci nt in thp u<;P ni r1Jmp1,1_pr<; ilr'd 
rpJittl'd manufacturing tools ilnd ton<Ppts >urh ;i-; 

faguchi methods, just-in-limp (JlT!. romput<>r­
integrated manufa~t11.-ing !C[H). <;tilti~tii:;1l prores<; 
rontrol (SJ'(), and advanred prores5 modelinu (~f'H•. 
fpw office or 'actGry work!'rs will P<;Capw Iha 
requirempnt of usinq a r:omputf>r. if thPy have nn• 
;1lready been introd1Jced to rompu•er t1<;P i•> !hP 
l'lROs. 

Being computer literiltP will he ahsolutPly 
p<;senlial in thp l9')0s. 1-ierau'>P ma11ufarturi11r1 
involves not only the tran<;fnrmiltion of data intn 
useful information, hut al<;o the need to crl'ale. 
'>Ort, tra<;mit. and analyr,e datil. Manufilr.turinq dittil 
are both textural (alpha-numeric rlata - number<; and 
letters) and geometrical. These data forms must be 
elpr.tron!cally integrated '>O thry ;irp availahle frnm 
produr.t and process design, to manufarturinq, t.o 
field ·.ervic.?, a!; wel 1 as hetwePn cu<;lomer" and 
matl'rial<; and parts suppliprs. 

Process design by r:nmpuler simulation of 
unit-manufact.uring prore<>sf's will becomp morP 
important in the 1990<; for ef f irient inventory 
control as a result of the concept or JlT 
milnufar.turing introdured in the l9AOs. J!T however. 
ml'.1n<; more than simply inventory control. It. 
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rPquires that m~•erials suppliers havP a romplPte 
tH'tfPr'it,u1dln·J nf ma!er·l;il bPha.._ iO!Jr" ur'!der 
~ar1~:tactur-itlll ror1di~i0r1~. ~r1d tha! ~or·p be ~r1Q~n 
abnu' P,lfh 11~i• pron•<.<. ihan .. as previou<.l; krinwo. 

l! will he nrces<.ary tor US mater'als and 
•nmr0·,.>r1t <.:iprlio>r<. to "trnnt-load" pro~e<.<. 
d~.olnp~~nt lo be Lompe!ilive in the world mar~el 
d:irinc ~he 1Ql0s. Instead of passina ~he desia~ 
frflm ~u1~ dP~,u·trnent ~o a!1other ln se;-ial ta'ifii~n. ~ 
ne .. s!n.:Ltured de<.ioo pr·ocess lal led ..::.lobai-de-;iun 
~~thodoloo~ ,.ill ha~e tn be used. Gl~bal desion '~ 
Hu:: r nl" ~f ,·onr:-vtTent ~'H1in1=erino: ;tn !nt.~ru·tlt~c! 
ap~rna(h to enGineerin~. ~anufact~rino. ~nd ~upport 
rrnressPs. Global dr<.ion applied 'o the Pntire 
r.".v11:t'1rt1;r;n~ prnc~<;-;: i ....... ~ comrr.1u~;(at?on ~yt:;tem 
~) .. -.t .. Pen -.·,1r-lon; t11·1r:~lorin ' ... P;k~ re-Quir·e~ to prod1~r·e 
,; '1Uil Ii Iv rro•lur !_ f'o'• i rHt I h<' requ; rerl 
rhrlr·"'' ~er!c;~;f~-

:.Ti 'fl~"~:f .. 1•t•.ir~nr1 rli::r-~rt_ .... Fr,tc; rnuo;.t wnrL 
•,,,J ..... Ui~r· ac;. ~ ~"""-,.,_ fr11,., •f,,;:. bFalririlno l!i 1oni:u1·rpnt 
~ ... ·:q!•·-,:.rfPn. :.Tt_hc•.J1..:i. [·:r("pPa~' ar'ld ]apcP:Ps~ 
~.-t·; :t,'lr •1;rlnrJ t~a.,,c; t"p;, .1l It ._,, .. fi::l' a lf'nQtJT" {Tint=- tt' 
'f_'~H'•lt:-t_.._. th.,:ii,- [Pr:d•J'··-rl~·.:€'10pm€'rlt ancf d.;.c;iQJ~ 
•1;·':1 t!nr,<c. "hari ~~~Tr· ~15 r:OJ"1ti'rp-1r~s. ~'i~ tOtcll 
rr·n•~'.I' ;rr·n,·.:.~'; tii:..'.F 1,.,pl'f' .... n• r·;rlP ;c:, .1l!TIO'C)t ~1,,.;tyc; 
-;;'iH-t_;.r· t;c;in.-1 thp c;tnz• t.!rFrl < 0"1(ur1·p,,t-t?nglr.Perina 
,lppr·n,•t ~;- f r.r· i'•rt~p1 .. - _ ~.:lpAn~-;t- a;;tOl'!',1~.'·r~ f;lf\ 

i~)t-rnrL;rt-l .1 n,:..·,,.. model '" thr·pp y~;troe; nr· l@o;.c;, hut US 
.td0m.l~er-; freq•lf'nt 1 1 rf0q11; rfO fivP 'Jr more ~;ears to 
ir1trnc!u.-P ;i nf>·,; morl<'l. Wh.orea> .l protot1Pe model i<. 
t··.-?•. "o vn:l!•!ttt~ t1 fipc-,.i,1r~ wh~n r.On(urre•lt. 
t--":i:n':·Ptin1_1 i\ "J\'":d •. :. pr·n•.'ltyo£ is 1J:.~d ~.o dlsr.rJ·-1Pr 
pr·r.t·l .. m; 1~1 the. :n-;L~r("F ot ll'Tl!~(\d trnnt .. pr:d die-~;rJ~. 

Comput"r ~imula';"" al read) i<. state-of-the-art 
'~·(hnolo<Jy fo:r a ,.;dp ranoe "' i:idustrial 
prorr-;<,P<.. Hn<;t rnmrqtt0 r-aidPri too:<; aJailahle .·;in 
hP u<.ed tr. ;n1plPf'lent prou><.s d"sion. offerinQ a 
potPoti;ill) rompetitiv"' .-idv;intaqe.for !JS <.upplier~ 
;n •he 1'l'llJ;. 

5Pvl'ra 1 larc_i" !JS •0·1ndrie>. for e•.lmrle. have 
~'Pu11n to u«;.~ · nmput .. ,. -. llT!111..1~ ion m~t hods tn dP~: ']1· 

pr·p<i<.ion 1a-.tin'l> f11r· ~h1· ;iutomotive and aero;pace-
inrl11stri('<.. bpPr•er.re '·"date indirates th;it 
mi 11 ion<. o• dollars r.an be saved annual 1 y in 
l-iuh-vol•1mP pr·odudion of~ <.inole r.astin'l duf' to 
inrrf'-'l<.Pd (a<.tinn vield ;ilone. !Source: Advanced 
M.4teriah ;ind Processes . .Jar111;iry l<l'JO) 

'. tM ~er_hr•oloyy rPntrP<; 1n the Feoeral Repuhl ir. of 
'Jl' nn~ri'j 

Tr-rhnnloqy tr;ir•<,f->r- <,•1rport<>d hy fp<lpr;il 
M1"i'.•_r-·1 1,.,,. ~:p.-,p;i,-,!1 anc! fprhnoloqv. r1M land<.1apP 
r ""'Jl ! "' ''"; ;if 1 .. ,- , nn1p 1 ~1 ion of the rrnr·t hf'rn 
nf'ltwnr~. rnmp11•Pr-;ti''Prl mitn11fitrt1;ring .-ill"""" hP 
f!Pmf)r, ... ~r..ltPfi 11ndPJ" 'r'\f1rlitinn~ tipprovim..ltinq rlftlJ~l 

<;.P ln 11, lr1rittlnn<;.. 

0nP nf I.hr- nhjPr I i,,,r, of th1> rf''Pnt founc!inq 
.. ~f\rvi,·q ,.. .. , ru1 ir1t,-..rfttt Fi hPtwPPn thf' uni '",--;it / ;tnrf 
th" r<·r1in•1.1l r-rnnnfl'; i. tn h<>lp thP lat•r·r rhnirP to 
l•<' th<· ~ol11t io•1 r.I th., .1hh11 .. ,i.4I ion. lo • • .ti ;,.fy 
th i ·. , l ,, ; m ,rnrl I" pr11·, i rl1· ·.uppnr I wl11•rP 1 I. 1 ~ PPPrlf'rl 
lnr· •nmp..tni•» in t.h· introrl11rt.ion ;i.1c! implPm!'ntation 
nl nPw ff'• hflolnq!f" .. thP (IM l•·rtinolo<Jy Ir·<, .~fer 
(,.r.fr,. will provirt.• infnrmation rf'q..trc!inq t.hP 
introrf11rtion nf ([M ,l'; a <;.)l11tion <.lr;il_Pqy ,lnrl will 

'1"''' i I y ;inrl ,ldv i "" 11H n. 

fhl' •lnivn~ity initially pquippPrt thP UM 
ldhnr;ilnry in lhP Hr1>mf'n ln"n~at ion anrt TPrhnoloqy 
r Pntre (Eli t_1). Fron1mi11 inq aluminium to turn in•; 

§teel. nibhlina and reshapinq aluminiu~. weldinu. 
(lfttir.g of thi(~ sheet metal: up to and ir,,-1::.-Ji·:c 
robot asse~bly and stPreoT;th~urarh~. ~1! 
ranufacturina method<. applirabie 10~ \~P r"oior n 1 

Rrt>men are air·eady represented hPno' ;,, the ~.1d 
proCP§S w;th CAP. Ml\P and (~P !inL<.. StFrPn-
1 i•hnc_iraphy intenc!~ In prndtrt" ~ tf·rP<'-r.im""'•inn.l' 
~r·tual-s~:ed sol.-' obler·t wlt'1r"'1Jt e•pfuls:..-~ 
irtermediate steps. The UIO r.>odel •)f ,1 prnr!u.-t l•J 
hP iretnufar"t'.Jrt'ld T~ u-;Pd a'\ th~ ln1!'j,"ll b.-l;l'\. 

Man•Jfarturiro is basf'd C" s•1it<1t-le pnlf'"'o?r~ 
th;it_ <1r·e .:11red sPierti-,elv ar'1! p•·f'rl•Jl"inM1tl; '" 
lavf'rs alona o:alculateri 01>ometri1 <:ont1Jcrr·s h• "">'<!''', 
of-rn;,,,ericaily ccntrolled enerr.;, l>Pilms. In•:.:,,•,.."" 
to machini•g methnd<.. •hi-; np~-~r1Jrlurtinn r•n,e•• 
lir.s ~h> advantao"' tha• it cpf'r·ate< .;ith a .,;,,,J~" 
t_oo1 - th~ eporO\i beafT'I - vir~·1~li\· wlt .. aut 3~1·, 
f,,rre<. ;n a r•ireiy 1 iquirl raw materi;il. ri-:< 

Ell~;natPS t~t:- 1ono-ter-m~ e•pEP1~i·.-~ prod!'~ inr· n~ 
~or:l~ ~1;.d !i•t11rec;-•_h,a~ ~u-;~ t--~ a .... (1i~.lb 1 P r. .. ..,',"lr-· ~i ... 

I f)f'troJ ir.fonrat if'fl Can be prcdur:eC (()r ~-"'' rP!l­

.r.il•_hineS lrom the •:AO da•;o. f:i! lowino ~h •. i··· • 
completed se•-up period of thP ~r~ 1e;h""ln~ 1 
Transier Centr·e, the additi1Jn.ll ph3-;f0<. rJf 
de.,.elopmer.t .,, 11 CQnn<'rt the individ:iill 
manu•a(turino prn<e~>P" to a ri;it;> •1.ot .. or" _,,.,: 
finallv 'nteor·a•e mater·i;i1 flo .. <.o that 
C:O""'fl"~pr·-aidi:id plai1ning an~ rie~lg.,. r.1~:i if--lr•i,,-i:. ,:-7· 

<1<.<.emldy ran !>P r!Pmon~trat"c! in ;i <,;n,J'" pr"""'~-

CIM is a terhnoloov th~t ;illow<. f;irtoriP' 'n 
adopt to rhanging requ;~ements. ~o~P~er. o~e ra~rn' 
buy (!M "ol f the rac~". !:>·it r;tl!•er· one PePrfs 
<.olutions ~ailored to thP t;irl~ry. fhp'e <.nl~!'ors 
m•1st rf)r.sidPr the entire m;in;Jl~r t•,ring prn'""' ,,~ il 

far:tory. Thi-; ma~es th,o 01·ien•_ati1Jr! ar!.,i.e t_t • .,1. H,. 
(!M rentres are to pro~ide all •he ,,,ore importan!. 
lnday, nne <.ti 11 hao; thP rh;inrP of rtesianirq r ("1 

ooest>lf. The reople .. ho p;irtiripate new dn no~ nP•rl 
to have a foreign ([M c·nr.ept forred down thPir 
t~roa~s later. Ea(h of •he 1~ CIH Terhr.oiogy 
Transfer Centres focuses on a di'fPren~ terhnir;il 
area. "ClM i·: <.inole-serie'i manufarturino ;i"t1 
a<.<.f'mhly" ;., the bianket thefT'e of I.he P.ren;Fn f!M 
fer.hoology Transfer Centre. This theme is 
particularly important ;n :he region of Bremen 
bp~ausP the rrodurtion of single-serie'i is very 
;mportant here in plant, ship ;ino ai1·craf! 
construction. The Coilege Group 0'1 Manufarl1irin9 
[nginf'ering !today: Scientific SociPt) fr.r 
Prod•Jcti~'' Terhnology) provided the impf'L,s. 
St;irting frJm thp potPnt;a1 ;n emrloyee<; and 
pquipmpnt already av;iilablP ill thP. m.1"JI rnllPOP<.. 
<:IM Te•::.nology Tr;insfer agpnrie'i have h"P" 
constni(tert at 1,; lorations. ,; ~tributed nv<?r •_he 
pntir~ fPc!eral Rep1Jhlic, 'iinr_e the bp9innino of the 
proqranwn". ThPnewpst lon1tinn ir. 'he(!M 
ff>r.hnolngy Tran<. I Pr Centr<> .<t thf' l\iPl ln~t i •_ 01•(· nf 
ff01hnoloqy. l'iel i.; the only ln'i' i' Jlf' o! 
TPrhnolf)qy .• thP SP.-iP-. of l'lriltirins. r;, .. l\iPI 
Tran<.fer (pnt_rfO provides the r;irilil "ps to rPprP~Pnt 
all fartnry opl'ration'i from nrder <onfirmation with 
'hP rw.tol'!'IPr lo delivery of p;irt'i m;i•- •art11rnt1 on 
r_111_ ((JmpJJ!Pr lh;nPrri;il Control) production marhi""'· 
from 'itart to fi;ii<.h. WhPn dP<.ignin<J thf' (!M 
rompnnpnl<., it war, impnrt~nt that. in arfrlitin:i •o ,, 
•OmprPhPno;ivf' linking A~ a ((M total r, <,IPm, 
f1111rtional part_i..tl o;nlutiow; or· inte.-fdrr· •.t'l hf· 
dPmlJn~trated. 

"fhio; ;ippltes in p.utirular to the transfer f)f 
data from thP (AO r,yst~m all thP "'"Y to thP m;irhinr 
too lo;". <.ay<. Profe.;<;or Mart in Storm, leader of lhP 
Institute for CAO/CAM Applir.ations, the agpnr~ 
rp'ipnos1ble for the Tr.-insfPr Cer.~rP. On MrnJ1nt ol 
hi.-.torir.-il t1PvPlopmpnt, thP fAO .1re;i is partir11l.-rly 
hro;1d in Kiel. An additional foc.:il point wcVi 



li-t•.tted in thi' "re<1<; ol 1·ompater-;;iderl pl<1nninc 
(tl\r1 .tnd 1on:;1Uter-;>;rl.,ri m<1nul.1durino l(AM). 
!!•i; .. or-~ an·,l in.-!ude; intor111<1tiw1 ir1tecr<1tio" on 
the <,hop floor. In tr.linina courses. pd~ti<u 1 dr 
imocrtan.-• .. .l .. ~!t.lcherl tn ihe total e•ploitation 
nl thp 1·a!.inr>;ili:;i•inn pntent;al of a•1 op1?r·.tt.i1:1> 
levpl _ de•.itJned to !-;· tr·<1nspar·e:'t due to .,•,op 
i,,formatiO'' ~y~~~m~. ir~ r~r1j~r1Ltion ~i~ti 

rlpp:r--J~,,-:~~~ 'tRP :·1~tn..1tTTPnt~tlC'r. 

ihe UH (en•rp in ~.iPl will <1lso d"m0n;tr.tt!' 
start-t~-•inis~ initial <,olutions within the 
frame~ork of its events. ~bove and beyond this. 
ho·.,pvpr·_ .1 p:.rtir111ar lrr;.1 pnint i<; the thF..,atir 
1 (?nr~ptuc1: i:at inP nt f·onvpr·s;OP d; ffirul· le~ 'Hl 

thP path ln ~IM. ~erdu<,e ol this. the SEmin<1r<; 
m.1inl"· de;-il with irc.Ji·1ir!11i1l C!M r:.irrpc~ents and t'1c 
anpr0priatm interfa(P<, tn ?djarent element5. :n 
a.r0rdan~e .i!h lhp projeLl plar of the Federal 
Hinis!rt !or ~FSPdr(h ard Technology. the C!M-'f 
n' ~1pl i-; '1!.tlve Tn •hr·.:p .:H-EJ'i: d~m•)n'itr·tl~:1H~ 

1Jf the va!·i''t!'i. 1. lM rnodu1~s. p1·0·,,.;sitJ:1 o• ba~if_ ~rid 

~r~·:i:tl tratn;nn_ t'riFnf"t lo:i lnfo~3t ;on. 

C!M fe(hnology Transter Centres and their 
areas of e'"phasis 

Shop-floor information systems in the CIH 
network (!\iel i: HllP-centered interia.:i•:o of CIM 
mnd11les n101mburtJ): datot basps for UH tRPrl in!: 
otnaly<ois and r·ear·r .. n11e.,,ent of factorie.-. 
(flotno~er): f°AQ-u-ntr·;enl ir1terfa(ino of CIM 
modules !Rrul'swid): 01ssembl7 plan~inq in CHI 
([rle1ngenl: CAO/CAM-centred interfacin<_l o! r:M 
modules IMunich); person!'Pl develapmeot and 
qua! i ficott ion: r.etwor~'>. rorrmur.icatio·:s 
tprhnology (Stuttgart): e~p!'rt systems in (IM 

(Kaiserslauternl; interfare<; (Karlsruhe); 
procedures for CIM planning and introducticn 
(Oarmstadat); CIM strategy as a part of the 
company strategy !Saarbruc~en}; simulation in CIM 
(Aachen' - CIH mail•Jfacturino islands (Bochull!); 
CI~ definitions and CIM basil module<; (Dortmund); 
CIH in single-series production and assembly 
(Bremen). (l:xtracted from VDI tlachrichten. 
5 January JQQO) . - . . 

Switze.rland tQ step up CIM R&D prograP111es 

Profess1Jr Michel Po.:het of the Ecole 
Polytechnique rereral de Lausanne, Switzerland. 
has ur9ed the count~y to offer totally inteorated 
<;olutions to manufacturing problems and 
productivity. Otherwise. he says. Switzerland 
will have purely a servicP industry, importino 
romponent<; and software. HL.-.<Pver, the Swiss 
Government ha<; announced its intpnt1on to spend 
millions of Swis'> francs to promote computer­
integrated manufacturing (CIH). The initiative 
follows four sucr.essful "impulsion" progr01P111es 
promoting manag•"'ent- information systems, 
CAD/CAH, sen~or· and building technology. 

The decision follows recoP111endations by the 
so-called "Cimex" r.ommission of expert.s created 
in 1987. This reported in IQA8 that Switzerland 
was falling behind its main trading partners in 
CIH R&O, technical applir.ation<; and the training 
of speciali<;ts. 

The Cimex programme earmark~ SFr rlO 11!1llion 
or the total for the crPation of six regional CIH 
centres as "pillar~ of progress" in this field. 

Where possible. each lentre would interact with a 
lolal ~nivPrsity or polytechni~. lach will bP 
responsible tor appliPd R~O. l!M traini~o <;rh~mP'>. 
.J'.'d tech.,ology trd"5!er to sm<1l l a"d medium 
.-omp.-tnies in it-; reaion. To the federal and 
pri~ate f~ndino w;li be added subsidieo; frnm t~p 
Lantons. At t~e end ot th~ s;•-year period thP 
(!H centres will pas"> to cantcnal ron!rol. 
(E••erpt trom FI~T[(H-Advanced ~anul~(turing. 
~q January 19Q0) 

IlYCI~ v;, 1r.a - t. l!e!" !'l~er_-~~i'!'ersit1 Jentr., for 
Compul~.f-ifl.te!IfaU"d _Manaufac~\Jr~ng i.-; Vit>!'rna, 
t~ustr·i<t 

Vienna University of Technology and Vi.,nna 
Universit1 of Economics are co-operatively 
establishina a centre for CIM I Iucr I~) - ~bout 
ten di!lere~t divisions of the two uni~ersitia<o 
are joining the centre coveri~a all '>P~tors of d 

virtual model en~erprise. fh? endeavour is 
s~pported by Digital. IBM otnd Siemens as motin 
sponsors contributing hard- anrl sof lw<1re and 
academic <;taff in an amount of about 100 million 
Austrian schillings. 

The main objectives of IllC([M are: 
l•ostorarluate anrl continuino erlucation as well "" 
researLh and development a~d lOnsuJtancy for 
industry and small and medium-sized enterpri<;es. 

The most important and ambitious first 
activity is a two year/16 weel inter-universi•y 
sandwich course in CIM starting 1 January 1 oq1_ 
The main target groups of the course are graduates 
of engineering or economics and managers from 
industry with res~ertive professional experience. 
The course contains in i~troductory modules 
fundamentals of engineering and industrial 
management. A r.omprehensive coverage of 
(Ax-components form the core of the cour~e 
followed by modules on techno-organizational 
integration as well as marketing. PPS accounting 
and controlling. Project management, assessment 
of investments and - last not least - human 
resource management are further essential course 
modules. To train the participants in "real life 
situations" projects and case studie~ are integral 
parts of the course. 

The involvement of the two 1:nivers;ties 
brings IUCCIM in the position to offer lo industry 
holistic solutions covering all range~ from order 
to delivery and from development to production. 
IUCCIM combinPs the technological aspects or C!M 
with all the. •cessary industrial management and 
organization p•rspectives. The heart of the newly 
established centre will be situated at a new site 
of the Department of Mechanical Engineering of 
Vienna U~iversity of Technology. All divisions of 
the two universit;es forming co-operating parts of 
the centre are elements in an electronic network 
linking the lorations in different part~ of Vionna. 

(Manfred HORVAT, Director 
University Extension Centre 
Vienna University of Technology 
Gusshausstras<;e 28 
A-1040 Vienna, Austr'a 
Tel: 43 222 58801 Ext. 40~1 
Faw: 41 l22 5054q~J) 
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8. APPLICATIONS 

C:IH for head_l i_ner product_ion remove f ini-;hed <;tor~ from the rel 1 .-nd d"l ivPr it 
to a finished-'itock warehouse. 

In order to improve quality and reduce the cost 
of manuf.-cturing ~~ad:iners (the lining on the 
ino;ide roof of a ::i.lr). foro Hotor (o.''.i L;tic" Ti·im 
Plant (Uti::". Hi::h.) i'.i developi'-g a CIH approach 
that ties individual flexible m.lnufacturina cells, 
automat;c-guideti vehi1.l.?s (AGVs) ar>-l overhead flow 
s ystewis, f ac t'>ry-miln.J9ement cGmputer!', and a 
connunication network into a totciily a;;tom.-tecl 
•Hhetne tha~ begin<; with the n:stomer order •eques~ 
ar.d ends wil"' fir.<11 shipm~nt. The system will be 
two to thr~e years in development and coo;t is 
estimated to be in the $8-HI million r-anoe with a 
three-year ROI expected. , 

Th:> UH-design 'icheme will i:ontrol earh 
con.ponent in pr·oi:ess. know its e":;.ct location. and 
rerord and react to SPC data. Accuracy will be 
maintained through the <ont;ol of c~p·1ters 

directing the mechani..:al components of the sy~te'll, 
thus el imi nat i ng manua 1 and human dee is i cr.-mak i nq. 
Hardwar·e consists of four p1·imary components. 
( ll iour line-process control and diagnost'c systems 
perfor~ing SPC and pro~iding production. 
build-schedule, and process-pro(edure information. 
t2) Two cell control It." that co-ordirate and 
supervise line control, co-ordinate the line with 
m~terial-han~ling, download and store robot 
program'>, col led and manip1.:late rfata, distribute 
build schedule and proje(tions. and art as a 
diagnostic system backup. (1) One fav.ory­
management-computer srtem that eel lect: and 
supports information of the manufacturing-knowledge 
dat" base and performs shop-floor scheduling. 
inventory control, ~uality control, production 
analy'>i'>, engineering analysis, maintenance 
m.Jnagement • .Jnd overail supervision of prnrl11rtion 
operations and assembly-plant data. (4) OnP 
coll"lllunicaticn network that ties all of the 
automation components. assembly-plant data base, and 
comp11ter workstatior~ together. How it all work'> 
~as described by Jim Gould. Senicr Process Engineer 
at the Utica plant, during the February Socitly of 
Automotive Engineer., (Warrendale, Penn.) Conference 
in Detroit. 

The process begins when the factory-management 
sy5tem receives a customer order (schedule) and 
forwards it to all suppliers for the required 
material (either fibre-glas~-. polyurethane- or 
styrene-~ase sub,trates; bnrlytloth with fodm 
hacking coverstod. and hot-melt~ and late• 
adhesives) . 

lJpon arri.,al. stor.k qets an item number and 
pa~ses throuyh a bar-(ode scanner which alert<; the 
factory-management C1Jmputer to register the stock 
and pass the information alonq to atcount~ 
payable. 

Stock is then transferred to a holding area and 
nnce again pa~ses through bar-code scanners. This 
station serves as a cherkpoint so if material 
registere~ at receiving does not c,ter the holding 
area it will be identified by the factory-mana~ement 
computer as "!est sto(k" and tagged as a "red" item 
for 111atrrial-randl ing dep;a·t:nental investigat. ion 

AGVs remove stock from thP holding area and 
deliver it to the manufarturin9 area. lach 
manufacturing are<1 ha<; ;i stock warehf'uSP, and t.hP. 
Ar,vs will loal' mJtP.rial here in the off shift for 
neKt-d"y production. Ouring actual produc~ion, AGVs 
transfer stock from the warehouw to the cell ani! 

;1,e maoufa~turing are.-. contains individual 
production lines or cells. Each cell i-; ar 
individual entitv and incorporate~ a flexibility to 
change to a desired style. colour. mi•, "nd quantity 
required by the r.ontroll~r. 

Also. each cell ans~er<; to the same factory 
romput?r. 

As the substrate enter§ the cell via pnwer 
conveyor, it is again '>canned by a bar-rr.de reader 
to alert the cell contro'ler to index appropri~te 
tooling and program pre-5et parameter'>. The 
ll'ater·ial E•iters an unlo;id en.-elripe wherP a robot 
locates it to an overh~a~ pick-and-Larry syste~ for 
deli~ery to ii~ ~dhesive-spray 5tation. 

At the next station. the substrate will ei'~er 
be ~re-cut by a robotic water-jet c~~ting ';yst·~ or 
inrlexed lo a bottom pick-and-carry system fn• 
pao;sage ti,r'l••gh a rvring ovl?n. 

The ~ubstrate ;., then transf1?rred to an 
overhedd pi ck-and-c;ir:-y s vs tem for transport_ to •hi? 
cover-stock loau station where it is married to the 
cover sto(k. The cover stock r"ck~. with the 
Slheduled cover material~. are plared on po~er 
conveyor and fed to a shi>eter. The mater i a 1 is 
thPn cul to the size of the substra!P as determined 
by thr fa(tOr!-managemenl computl?r §Chedule. ThF 
tarkiness of the adhl?';ive will retain the •O~Pr 
~tolk until it reache'> the lamination -.tatinn. 

Two laminating pres5es await the covered 
substrate from the bottom pick-ilnd-carry StStem. 
The use of two preo;seo; al lows the '>ystem to make 
carline and model changes wilh~u~ interruption in 
the fiow of stock. The press not b~inq used ~i It 
have d tool posi tior.ed for the ne~t model, srh1?duled 
by the cell cont1·ol ler, to be run on that I ine. and 
each press will include an automatic die-change and 
die-prep~ration station to facilitate quir~ die 
ch~ngps to min•mize downtime. 

Afti>r lamination, the ~eadliner is in1IP.•"'d OtJt 

ot the pre~s to an inde•-holdinc; stat ion where an 
overha3d pi•~-and-rarry system will !r~n,port the 
head! iBer to edgefoltl. 

At th~ edq~'nld station, " robot dispen•es ii 

head of hot-meit adhesi~e to the backside nf the 
pre-rut ·u~strate and turns the (Over materi"l ovPr. 
fol~ing it tn the hacksidP of the substratp. 
Gripper-; hold the substr~•p in ~osition durinq 
edqtlfold to avoid any mi sai i9.1mPnts (;r 1no·1en.pnt of 
part during the op•ration. Once this operation is 
co~nleted, the headlin~r will be inrle~ed bark~~ to 
thP

0 

hottom pick-and-c"rry '>ystem idr tr;in~pn•t to 
the final-trim stal'on. 

~inally, ii gantry-type robotic wdt~r-jet 
cutter, knowi~g which part !s bting cut through 
fP.~dhack from •hP. rel! controllP.r, t(im~ thP P"rt ilS 

pro\jra"1111ed. ioH? hearll ·n1•r is then placed in a 
pai:k-o"t co1.t-iner (actually the saN; •per.ialiy· 
designed shipping cont .:1 i r.er) and moved ( ~. rouq'1 
another bar-code ~tation situated along the power 
conveyor line. The stock will be reqi~tered with 
thp cell controller, ~nd this information will also 
be forwarded to the factory-man.:1qem!'nt syst!'m tor 
inventory, $hipping, and billing purpose~. After 
(Ompl~lion of bar-ro~;ng, the pov.er conveyor ~ill 



mnvP thP p.1ckecl cont<1inPr to lhP end of thP convPynr 
<1nd posit inn it for AGV pirk-up. 

Thi• A1;1J ,.; II tr.1n<;f.,r !h;> pilr:kecl st.,d i1'10 
~riln<;fpr it t_o pithp1· the f inish-stocl wareho•1"ie tor· 
:utun-' 5hipment._ 01 1!i1·.,,_~ly to the c-utgoi11g 
~tnrl-holdina area tor final shipmpnl. In PilhPr 
ta<"i.P~ the ~tOt k t~ enlf>1.:rid Tnt!l in' .. 1ntor\i iinci 
l1Jr.atio·1 f~ iffPntifi~tf. 

fhp t!H cfpsion utili_;p<; di5tributiv" rnntrnl 
<1nd n:odu l ,1r deo; i 11n approaches which a 11 ow for 
flr.ihility. Future ([M e•pansion capaJilitiP> 
in1 ludf- m;tintPn<inCP cli<;p<itching. dPrio;ion <;upport. 
make/buy too;t an<ily"iis. <1nd supplipr quality 
t r<td i n9- Tht> f <td ory-man<tgPment-c omputpr sys! em 
'""''' po1.,.-.t; .. 11y s11ppJrt shop-floor sd1Fdulinq and 
inv<>ntt·r~·-1_ont r·nl fur11_ t ion<, for othPr .ireas of tfip 
rlant. and in combin<1tinn with the automated lines 
dnd the m<1teri<1!-h<1ndlino sy<;lem, increilsed 
produttion. rPduced l<1bour. scrap. and enoineerinq 
•n-.t r.1n be arhi,'vPd. ISour·cp: American Machinist. 
.\rri I l'l'lO 1 

Usin:J ;:IM in engint> repair fai_ility 

,\t tl>p ~-'Jd;ata 1·Ppai1· pf.v1t. computer·<; nniani;:P 
,-veryU1i•"I - tstimate"i, ;upplyino of p.-irts, ..1nd 
mrP - fro~ the mo~pnt the jel engi~e; arri~P. 

fhe ((M ( • ompulPr·-int1>grntPd mM1lrfil<:t11r·ingl 
rnnippt wao; fnrmprly re;Prved lo m,<;<;-produ1tinn 
pl..1n!.<;. tlnw th<' r>'pai1· ~Prtor i-; in on thP f11n. 
)n,hat<t. a Stlf'"MA ;uh<;idi..1r·y. has ju<;I_ in;iu911r;;ted it 
~H-,..lnd new frl-:lltty in 5~int-QuPntin-£'n-Y...,p 1 inP~ for 
r·t-irr1Trir.n .1ir·pl...1np PnoirH"~ ln wh!rh (Omp11t~ro; ;trp 
:Jli T q11 it ou· .. 

Th" !M.ility i!lr·eady h..1', 1'10 rrinsole.-. 'h..1• 
.-0mn111n:1..1!" with Pi!rh o'her in i! nptwo•-~: t_herP 
.;11 he /00 between now and thP e~d of thP year. 
fwo ,-omp'ltPr~. tJne of · .. hid1 is a Elull Or'.:, 70•10, 
s11pPrv i S" t hP who I" opPr-..1t ion. wor~ i nq in par it J J,, I 
with ro"'p"tprs of thP nttwr Sorh..1ta f<trtory, in 
rhatP11Pr..1ull, if nPPdPd. ~ ;pecifi~ prngr..1m, 
1hr -,tel"er! Br.n;IP1· ... ii<; dP·o>lnpPr! t'l m.1n;ioe all !hP 
t,t·l~..-.,,. Thf• frio;pPrtor·~ IJ ... ~e it .;c;. "i.oon ~"i. fhf'\ Pr1gi11P-; 

.ur·'v•'l in H1P ln()pPc.tion c;hop. whPn th~y Pn~.Pr, vlit 
t fi,. t r·rm in,\ 1 ..... t hp l i ~ t f) f r·Pp,11 r·; ~ o hf· m.1~ff""' ,\nd 
the· 1·eff'r-.,,,,-p n11mh,:>r-; of th" p;i.-1<;. The '""'P"'"r· 
imnwrfi.-tt,.Jy f i1J•ll"PS the ,-o·,! of the di fl"r•'llf 
npP1-.lt 1 f•'''· .1'1d hon-;p-;, h'1-tv1f'Olrt i-~p.1 i ,. ~nrl 

r<'pl..11 Pr:.>nt of t hP dPf "' t ivP 1 omponent ·, Thi" ,.; I I 
·~ptimi;P 1-><;tim,1!P~. (f .-! part is npprfprf, fhP 
..,,lf·phn11 ... ,,·. whlrh tl1Jtnmr1t ir"l 1 f m.tnrt'~P ... /.ROO --.•nr~ 

httw'•',, ; ... , infnrn1"rl tfu·· -.·pr··y n""' min11tr·. 

o,..,.,;d.,~ hf\;nu t,1-;t. tt 1 i ....... ,,..t-qp ..... ,hf,-h '"' 
J;,,~,.rl to lhf' r;p,\O irnmp•rt•·r·-.1·.·.i·.tf'rl prnrJ,,,•i1v1 
"''"'·"Jf'mf'•dl, 1·limiri.-it..-. ,.,11 P·•r•·r·wrir~. \.litl: jw,t 
th1•, in mir,<f, <;,.,rh.-it.1 i•. pr1•p..1rinn. toqr-thr·r· wdl· 
'fM !nl1>rn.-1t ion.ti. tn •In ,..,.,..1y .,iff; tlu> •,om•· 
~ . I' m i 1 1 · .1 n p .i • w <; I h ,, t m.-t ~ " up t hp ! H. ht' i 1 .-t I 
dnrumPnfat inn of ffM ',f, <'nqin,-.-.. Thry wi 11 m;i~.e w.11 
f ,,,- "i • ni:mP ,- i' ii I opt i "" "" ~ ... r hP 1 "ft" r w i I 1 hf-
_,.,,., to hP 1 on-.11lt••rf vi,1 •,.,-Ppn<; p:.ired thrn11r1h1i•d 
thf' diflr·r·r·nl >hnp flnnr• .... hirh ,1l;o m.1~,. Pdr>n·.i~r· 

11',P nt 1f,1t;i-prnr<><;<;111q; !hf' w.1-.hinq and p1r~lin~1 
1in". (<11 ,..,,1niplP, i•, "Jl"'<ltPrl hy rt lo,ufinq rohnt 
th.-it ,111tnm.1ti1.1lly lift•. tlw 11.irt'. frnm ho• In ho•. 

I h i " 11 I t i ntil t P i n • nmp 11 t ,. r i 1 ;i l i on w i I I 
·.11l><;t,inti,1lly r<•rl11rP lhf' ;imnunt of limP """'""'•will 
lw out of '.Pr·1i<••. ()r111r1 .. ; I 'Usine Plo•iv••I '" 
r "'· hno I OIJ i ('',. H.11 '" I 'l'lO) 
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The "(imple" apprgao;h ~o CIH 

Experts at General Elect1·ii:. Fanuc Aut.om.itirJn 
Div .. claim that there are two maj"r rP.:t'i!HVi why th> 
1 allory automa•. ion market has not orowr. I aster· in 
thp last few years: the perceived high cost o! 
intpgrating systems and the fear of failure. ~ut 

h<to;ed on more than IS yei1~5 of e•prrienrp wnr~ino on 
lan1e and sma1l ilutomation projects. GE ranui:: has 
buiit a cache of systems know-I.ow that provided t_hp 
~Jo;io; tor their (implicity systems for fartor~ 
automat ioti. 

Hodular h<irdw.ire allo ... s initi<tl 5yo;;te"'" ro<;t tn 
be minimized by using only those modules that 
~atisfied inwn~diate requirements. Then. the 
(implirity architecture can be e~panded to inrlud• 
npw ful"ctions hy adding module-; to the e•io;ti:>u hu>. 

In addition to modular hardware. GE Fanuc h;i<; 
introduced applica~ion-specific software modules 
that link factory-floor controllprs to DE[ and 
IRH-comp<itible industrial computi>r<;. Gr claim<; that 
they provide the advantages cf customized o;ystems 
wi~hout thp high cost associatPd with cuo;tomiI<ttinn. 

Tw:- IOM-hased produr:ts incl11de the Syst_pm ~COO 

Hodi=l I and the Cimstar I/386. Hf)del £ is a 
monitor·ing and control '>ystem for o;m<lll lo mPdiu"' 
taLlory-floor applii::ations; Cimst<tr :;;R~ i• for 
largpr factory-floor ap•il ic<tt ions at 1:-oth thr rpl I 
and area IPvels. 

Hodel I consists of the C1m<;t;ir !/ZRf· 
IBM PC/AT-compatible industri<tl crmp11tPr and 
Cimplirity applicati?n sofh•ilre. It conwn11nicat_p5 
w'th factory-floor rontrollero; for monitoring. ;ilar~ 

pr1cessing. and datJ managpment. It al>o rontrnl"> 
ind'vidual manufacturing linP'i, cPlls, <tnd arf-a-;. 
Proce'>s variables are monitored continuously and 
displayed on colour graphic t_erm:nill'i. The Model I 
'iy"item includes an 8028(· proce'isor. a l-M!>ytP P:.M. ;i 

'iO-"fhyte hard dis~. and a l. 01-MhylP <.r, in. cli'.~ 

drive. 

Thp (imstar I/1Rh rontain"> a 11-hit AOlAh 
processor opPrating at 16 Htlz w'th zpro .,...1it 
\t<ttPs. An R0817 math ro-prorr~o;or r<tn hP addPrl tnr 
""<:n"\ivP floating-p'lint appl irat inn'>. Rr.:-1 m"m"rv 
itvi!ilabl:> r.ingp<; from I to H1-Hhyte\. Thi'> 
,q·rhitecttffP handlr'i dat.a ar.qt1i;ition. 
~rn<P'i">-vilriahle monitorinQ. anrl hioh-'ipP•rl 
qr·ilphir_<,. It is fully r_omp.ll ible with .-t wi.t1• 
v.-iriety nf !OM rr_;r.J harrlwill-P .1nd ""''ft•H•'. 

'hP pro•.P"\'.nr hn;ir<f conl<1in\ a r.,ntrnni•' • 
p;>r·'ll IPI printer por·t ;ind 1,.11 ;pr·i,11 pnr-~ ~ 

1 nnf i qurPrl ..1', PS-21? or PS--•17:·. Opt i rJn•. : '"I ·1rf" .111 

npt ir.11 Iv i~ril..11Prl RS--1;'.' p11rt. n1f'•,• .. 191> I i11ht, q;im" 
pnr•. nvrrt1>mprr<tt•JrP •.Pn~nr. pnwPrf;iil ,j,-.t,.,rtnr, 
.mr! ,1 ·.nftwi\:·r-rPi!dabi.-. ~.Py-•.wit1h. Thp b;i-.r- •init 
rqr.t,iin""-. rt '10-Mhyt_p h.1r·d di't~ riri·11\ with :··J1 m·~ 

.1ver.11JP ;trr,,•,<; I irr.P .• rnd a •.<>rond npt in11,1l r.f).Mb1t1 
rlr·ivp tlqt lit> !hP <;ilmf> ho11\i11ri. 

fh,. Cimo;tar (Jl( i<; thp [lfC--ha<;rd ind11~tri,1I 

•ompulPr for lar!ory-llonr ilutom;iti,,,,_ fn11r 
prn1P<;~nr opt.ion<; ilrP av<1ilahlr: Mi1 roV~Y. 
~Pill-timf' VAX, T'OP-ll/R1 and POT'-11/~1-
Applir.-it inn"> <;oftwar·p inrludPs MirrnVM'., llltr« .. tnrl 

V.-t•Pln th.it ilrf' i111i1ili1hlf' tn ~y·.trm•, i11 1 P111.1trtr-., '" 
w.f'r', who JlPPd thr;r •.pPri.-tl fPill.ur11•,. St.wr!.1rr! 
~nftw;irp mod11lP<; i!Vili lahl;> ilrP <;fill i'i! ir.-tl p1·nr p•,·, 
rontrol. t.ool manaqemf'nl., ;ind maintPn.tncn 
m;in.llJf'ment. OthPr <;O? ut ion~ i nr 1 udf' !lrlf • mnn it nr i 11r1 

.-tnd ~1.-trm, .-ind rPll rontrol _ 

r im;tar [l)( romputer<. intPrarl with prn1Jr.1mm;ihlr 
rontroflprs, [IN(, ilnd ol.hPr in!PlliqPn! ronlrnllPn 
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(111 th"' fartory t lo'1r. s .. rial ! ;rt~<; in·· llJllP P5-.: :~. 
~s-~.:1. or RS-•:.:. r.o lo~al-area net-ork opii~n~ 
in1 ludP (tl' nP! '[t!,t'n•e• ;ml! th .. H.'\P .,t,>ntf;in1 .. ; lh 
o>ithpr· hr";i,ft>awl 01· •.>trio'r·-haNl ir.·;rJ.,ms. Ha<;s 
"St.01 aoe avai lal••e for th 0 OX ((Hr.f'uter is ei th!c'r 
a ·I: or 71-"1byt'° hard dri ..... and a 1 . .:-Hb)!.F floppy 
dis~ drivP. [Sf>P li~rrF nn p. ~IJ ISourr•: 
1'4ad•rne Design . .'!• o;_toi,"r 1·1w11 

From ':[H to [;iS o;pel l'!'d SU(Ct'SS at 3H 

.:\<; pi!r t ot it-; efforts in the lif'!' ;(ie,..(e~ 

s~ctor. ~~ over~te<; ~ pla~t in Brookino<;. 
';rw!h [l;tl..nt.l. us:.. tn -;•1ppiy prnrlurto; tc the ;,., .. 1th 
: .... ~ i•:.Jn>' r·f· T!1is plan'. e<Tiplovs 700 p~•Jpl'c'. h~<. 
T ! .irr·c-; w1'l1>r rn.-.1. and ((1'1trib11t!'S 5i.;nific~.,11,, 
•r. ~H ~;~.-ll!'f, ~~r~ 1 ~ '$.1 '°';ll~nn in g~ob.1i -;~l~~-

Rrrp~";,,u~· r-ipt '"'~' pr-')rhJt:ts ..lrP '1:.JYO!td' 
t~p~~ dr1d dr~p~;. m~s~~- p~st-operativ~ tap~~ ~~d 
n>lnt"d prorlu< t<; ,;.,,;,1ned to save e•pensive ~n<;pital 
i~f,~,,,..- ,-,,').t~. "r~eri h~;.1 inf] or· improv~ rat ig,r:' 

~PlfarP. !he pl~nt mdn·••a~tures about 
1.n11n !liflen•"t pror!·.''> . .,;1h perhap< !Of};,.. 
rrorlurt Ton ~~ ;tr'f nn~ • lmP. 

rOr.'l'l~o,.. •n .:ti i prorltr-:.t 1 !ne'i l(j. b~t(h prr.r.;;r;. 

!1'1..:tnu?~t ~nrinr:r. 11s oppo~i.r~ to di>t:ret,:ii a'~~Mhl..,. 
Arrl'Jhn<J<; ron·,,.,r~<; bulk l'"il• ll'--'lt1>riais to b11H •'.>ll1>d 
~r11"Jd"". ar;rf •it1H1 rrv~vPr~-; ~']~;n tr. tndi·wldua1 
ra•~.'IU"S. <.•r•.h ·;i-, r'lll-; ot •.arP or 'lDera'.ino roorr 
drape<;. 

Ke .. pin'l up with th1> cr1rrpetitive pressure~ in 
the industry require< a const3rt flow of new 
pro-111<.t>. rrodu(t l tfe ime io; now down to t:.oo 1<>ars 
~" (j.rym~ itPm;. Han~a~ment (~nnot h~ ~l1r~ ~•1~' th~ 
product •i• will be in thr~e or four years. The 
imp Ii ~at inn f nr management . ·iowever. is ' 1 e .H: 

!le.•ihilily lt ev,,.ry ''"'"' oJf the opPrd~ir,· ;._ 
rr.mdatcry. 

F,-.,M r.w to IH~ 

In •hP early 19~0!. •h,, Brookings plant. 
d l rPddy i1•1• ,,m;il .. d at • '" pPl• P";<. oper;il ion l """'. 
tu>qan fn·1e' .. ~i·1t.=ttinq dppr"dr.hes to tomr·1•.f?r 
; n • .... '1 r it t :ul m.1 n lJ f ~, t !Ir i n a ' r_ ! M' . ! u (j. ~ - ; ,, - r ; m~ I J r r } 
.,.,1 T0 t;i 1 :;,.;ilit, r,,,•rnl riQ" \,.pr<• ;.,.plem<>nte".! ii' 

,1iio11• 'l1;i• ti"""· .otn:l .~ fl'.1<.ibilih; sL1dr fnr ,, 'P'. 
;ippro;i•h wil~ und•rt;i~""· A! thi~ poin'. th• prciec! 
Wi1<.. -;.ti 1 ! fO,.iJ";f•rf n~ ~hf- Pnqln~Prir.g ~irl~ of rTant 
infnnr.~t ior1 prnrl'c;".,i"'l. c.;l",Pn~ irtl l·.,. .1 filQher f,,,..m r.~ 

pr-ry,p~·. 1·orl'r·nl. 

;\ro11n:t ~·1~v,. l'T'~·~-r·11vr;er 1 • • .,-idf'nert tJ,e hr.ir' ,·f')r·'; of 
th.-. rr"j.-ir_• "'"' "'nrr-,mt1,i-:'. •t.,"1 '">~-~1 1ntoarttt in,·.,,: 
..\11 ~_hp infnrm"•ion tp,..,,,,.,t,,\Jw l?; ~hp ('i.1~.·- •• 
1.t..it time. "(IM" rea~Pr! 1 ·1 he ;..,ff "i""' Iv 
rl••";r:ripti.,..P rd •hp rlr"i·.1itlp; m-'n.-larun,pn• t'rlr1 T~\ 
r.i1nr1: thP prnjprt r->1,t)i 1Pd .:t n~w n~f'fl'"' -~ !~tP11r·~tPd 

"1.rnuf;>d•rr'"'rJ '•y•.lpm•. 1 JM';I. 

! ,., jw. ·ii t hi' "'P·•••rlerl ~cnr'" nf f><:'), • •"')' 
po·.;ihlf't. .. 1r'?'.:l n~ .. .,,.,~rH)", ti .. :~ ,,,.:1~ h'· rlrr1 .... r. frnrn 
.,A irlPnlifi.,ri. Oppnri11ni•i1>> ;ippP<lrP..f p;irtir.;l;irly 
prnn1i-.in<J iri H1P ;,r.,d> nf wil~!<> r!'cl11ctinn, i.1tr<>d·,orl 
mrtrh1nP 11ff;;;r1t1,Jn, 1r.vf\ntt1r·v ,.,. .. if11rt.Tr.1. 
,-1f'f:t"1fif"1'tinn C)f 'hi> m"fllJf:trt.urinQ prrH.,"."'01 ;rnpt'l.1Prf 

~o~I il(Co~nlinq, hotter lot 'rilr~in<i. ~nil f~~lPr 
in>! .• 11 lilt ion of o .. w m;in11fart11rlf1<J ·.y;tpms 
',iqnifir-111!. prorlurlivily impnJv<>mPnt; werP ;il;o 
pr~ jPrt<>rl for hnth ho11rl; ;in!I ',dlilriPtl l;ihn11r. 

P.iyha•k projPrl ion• wPrr orPsenterl to rnrpor;itp 
rn;in11qem,.nt and approved, ,1nd. in l'JR7, thP 

..,,.~-.l· Tti ·a~;ori; -~"ti pt:t ~-?fnr-~ p'l'~··!!' ·:i~ ~•(j."°'"" 
,~,,d·J"~ f".'r· biJs. ~-""r't~1?!1t~" ·"."P t°·~o.::tn •··. 1 ·•~·t-" Ill·~~-

... ;·;, Ar1J.:~nr"'t:-r..~1">';. !<. f;n,,,. ,lt' •••"·1'":':•? rr·,., ;".~..;_-

~no th,:i '"-:tP~ priorit1~~- ~~r~! ,,n.f :nr~:r-....,"".• 

""'"" ~ir.al(--:::.;.·1.-,·e dat..l. £n~r'I. Th1:- d.1 .. ~;. "~·rt' cir T·.~·-
thei hu.,.;rt~'.S. ~Frhr.ir.a.l .-_ _,d· .1rll'!';r~T~tr'1~ T •" ~ ... ~,.t:~' 
;i~ Brookino; o~erla~<> hy Wl-"'><1 p~:· '""!.; •t:.,rt>f~r~. 
no data -;hou 'd ever n"!o:d to b" en'er<:-d :P.<:P? ~h.;i" 
or,(~~ arpj ;ali data s!1')1sld bf- d..-a;1Ab1.-. ii• rno:.-; ~'i' 
.lppl irat ;ons . 

Othpr prioriti~s inr1ud"1 ~ ~im'lar "'·~~ ~"~ 
tiA:.~l'' for .ll1 ~pr1tr~t•rn-."'-: ~.:r -;flrt;11-?-~ .. -=-·· 
tr:~€'rfate;. to tnetL~ •_.,~ CP'='•·a~~,-.,,. .... a~:t ~;-. '!~.;. ,..,~ 
-~~~~~ ;n spi~e- of t:°"'.:l:rtf.H~tlr.r; r·..:~p..,:-i~~h~T;~;::.-:: .1r.--! 

"~~-1'1n'- ?'h:--::;;tit-,.'. so ~r ~'p~r-J"or in tt-." ~:rl:~i~ ·f ·'"' 

prC"Lt!'.S up'?r<ft_Ton do~ir; r!')t fl1af l:~"~ . .-hPr';o?•t .1' ~ 

!n~~ ~~ ~o ~hat to ~0 n~~t. 

To <;;~mi;lif~ tiroj~r.t m.1:"'a~'?:nr-n"' ;t~r~ c-.rrrpr;rt. 
•._frHJl~ ha:-""d-..~re "t:''lri'lf" '1"11-l"i. ~l')'J(} 1'': r1tilC ... !•1_1 .. ~·. 

~trc~o ir the ~rea nt indu••rv-<>t~~d;i·~ 
"."'"'""';~'ca~ i en~ a~1J '"'"o """.:t ~ • ap;tt• ~ 0 ':i ~ 
1~t~or~•~r'a'ron~~~ti~u .... ~~ o~t·~·- ~~~~nr~· 
in.-;tf.1Fn~nt~ ;)nrf 'S't';.t~m(",, in Ii~~ ~.i•~·1p ;tr-~ ~•""•""""'f 
r1nfin~> of •he pi~~'-

Tt-.p software oer.r!or ~ad 'o rrn,i,1" 
f)tf-t~·f?-~.t-.~lf p.:tr~ag~~ r.~t~..:r "' 1 -1:· ~-"l1P'"nr:-:...-.·-
assi";~anc~ tor tarn-~?• tlppl 1,-,1t i:!n~. T!1..::. l"i."st 
important at~ribute o? t!1o;e L~!~J~~s ~o~l~ ~~ 
their abilitf to b,; ll"'Jdifiec ~.ni!f. t'•"!ir 
con I igura~.; l i ty. Ii ~~ wils •o hil"" q,., ;ib': it 1 ''J 

111odif)" it<; plan~ S>Stems to meet rC~·St'1r•i. (h.;-.'Ji:'o 
t:Ofr.petTtlve enviro~rnP:1~~. ~hP -;of~-... .lre h.i:! ··~ b~ 
in«i.tant_ly rpt:or.fir_:ilrr·ahlP ''"' rc.f 1 "-r·• tt·.:. ,,.~,. 

i:onditions. 

Other ~oftware vPntlor >~'Prlior rriteri;i 
in<:l11ded packa?eS thilt. ·~er·~ !'d~) t•: 11~•>, wi•h !o•·l-; 
in~tead of applira!ion~ that wnulri Pni!bl" i~-hnu~e 
pPnpl" to builrl wh;it '""1 no>~r! .. d .:t~ •.h··~ ~''"" .dr,n•1 

Given its remote lo'.ltion. pr~jo>r' m~n~gP~P~' 
wrtrit.~cf ,.omp1Pt.~ owr1Pr""'°•~ip ;tft."-r <;!<;t.:."" -'''" -r·~r.r~. 

Tho:y thus de~idPd •.o as~iu" :n-pL~·1t pe·1r'" •,; 
m~in~rtin both th~ h;trd~.1r~ ~nrl tho ~0''~~~~ ~'•~r 

impl9?'ment~tion. 

tran<"..f er ~~,~~e ; 
manilol'm"nt. 

F'Jr thrt• rcD.:t-;')r .. t . .:ar:h' (':tr.r1·. 

crt•ir ...... 11-; lr.-p(lrt-,1n~ ;':. .... !~,;, 

r,,, lr.twinrJ it r_;ep~hi' ~ t ;~-; tJ~"'qn;t :-~t i•1n "'~rl '1 

~horo•1ah r-'-1:~-,. r"!! •hr- pr 1')1!ir• ' . .-1r1rf P'·r·v1·,- :· 1 
in·;f"lv~fl, t!1n fJr·()".l~ f~HJ~ tP;trtl r,~lefteri 
H,_:"#l':?tt-f'-l-"~..;,-d ~nd ~ 1 :1:-.11 r'!r.'1'"1'Ji:Jay rr ·~·. li:.-:;·~ ·'" 
j ~ l r\ t h d,.. :f-.. ·"l r '.:" i ~ o f t "'..., r .-. .... ··pr. 1 i r r ·. ~ ~ rl i ., • r-:· •• • • 

1 
, , ·-

HP ..:..!d,-~,:.orl ~ht>, b 1 :.-~ir•F- .. ,; .-tr.'~ r.rl!'nir·1<"..tr~ 1 
, •• -11-,·~--. 

of !~S u·;ina il'i ~/rr-t '.ll0f1 pr1)(1.J'~-"i. tt'A~1~,t.t"•·1r·inG 
M..\r.~"_:Pmij:.fl• ..Jnrf f'rorl~!~ttnn M'..ln..lo~mPnt. ,..,,,p,.,,• ,.,, .. : •· 
r .r,nir""~J (1') • .,IP HP ·r~nn "'''11 r_f•n1p1:t•·i \ fr,r tJ., 
fnu•1rl:l:1,,n. H;irn 1'lnffn•r·d•.'1rl :"lr •t-6· tpr1.!'".·"",1l 

,p·p~-:_ ...tt•h ;•.-. Mnn;~rf")l pr-nri·1r•, ~n .1pp!i'r4"'on 
rfti1P!oprrrnt p..1(.i,..:tq,-;. r:1•H11nr1 nq u:· 1fl(ln ··,,i:.ri i.()('1 

.., .. 1 '100 '·1mp111.rr· •. 

Mri11ilr111 hil~ '•""' .. p~rlir11L1rl1 Apl 
rhAr..lr_tori~.t.;r~ for ~M'"' n,.~Pd .... It 1·. -t 

f01uth-<Jf\<ir·r~• 'on. m"" 1-dr1 ""''", :1"' • .,,_,n··f io .. J",it•:µ 

;oflwar<> 1.ool !hilt 111n h<- ""'"' h·; pl-111• r•·r",•1'11'"1 
from ripo?r.it.,r-. lo m.1n,1•1,.r·.. ft do~nlri-lrf·. pr'lr.··.·. 
inform'ttion, o;.Ptpnint ... ~nil <"..pPrif1~A•inr1~. tr, tf,6• 
plilnt tlo'lr ;ind prowiclP". fnr rl.,-.erl-lnop rnntrril ""d 
i111!omdl<>rl ·.t;ili~tir<1l pro•p•,<; rnntrnl l'il''l. ft 
allow-. pror,..,~ ~r.'lphits tn hP rrP.ited ;ind .;il•rrPrf 
eil-;ily. It ai:resse:-. do>siret'I dat.i, rn.toipul;ite-; it .i; 
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n~.E·s~ry clnd displays it 1r a vari~ty uf desired 
tonn.ah. - a' 1 •i thout th,. :•eed for prooraft!ling. 

fle~nnd nrnfi,1u1·.thility. Ho:.itr·ol enabled 1H to 
inteqr.ate t~• Brookino<; process lines ... ith the 
bl1<;inP55 and .ttlri•ini.,tr.ative syst"'ll!s, ~hrouoh t!le uso 
of 5<''ieral ~~:; ind;.r,try <;tandards. includir~g Uni•R. 
ll-!-1; r.dc .. "e:·~ i or 11. SQL. and iEEf 1!02. 3 
r08'!U:•ic;it1on j;:-otocol.,.. Honitrol cJlso orovidf'd 
lt;lly di.,,~rib..te<i data ha:>.? and proce~-.incJ 
cap~'°' i l i t 1.:-;. 

IHS - Bey<md f unc ti ona 1 boundaries 

Ver-, ie ... compani<>s even consider tyin9 their 
adminis!ra~;vo sy"'t""'"' into their CI~ s~ructcre<.. 
fypical!y. CIH proj-:ct.s involve engineers. 
produrtion planrers and inventory ~ontrol p~cple. 
.\t Eron• ir.os. huw?v!'r·. IHS al lows ti.e plant 111anag"'r· 
thp tunran r!'souri:e manaoer. the cos~ aClountant. and 
anyo1€ els~ wit~ ~he appropriate clearance to access 
thP ir.iorwl.l~inn they need. 

[n mAny (!H environments. maintenanre is not 
irith·d~,,j ;,,·the sy5tem. .\t Broo~ings. equipment to 
i>!' lake•' C'Ul of service is pl;in .. ed out 1n the 
fonte•t of produc~ion srheduli:io. moved o.-.-line. and 
perfonned to the greate<;t e•tent possihle by the 
operators themselves. fhe result is a sionif icant 
i!llprt"e~ent in m<irhine utilization. 

rn the -....tnuf;icturing area, recipe"' can now br 
do~nloaded a~tomatiLallv, eliminating the prror~ 
prPv1ously r~used when operators loaded the wrong 
t~p~<; into the Pl(s. a <;ource of waste in the past. 

Training and education is now an on-line 
function c1t Broo~ings. so manage~ent knows wht(h 
people a1·e train~d on .. hi ch e11uiptnent and to what 
level. 

D"slributed proc~ssing 

It is importan~ to note that applications 
running on one computer may actually be using a data 
base residino on another. In other words. all 
Honitrnl applications are fully distributed. In 
additi~n. perso~nel can interact with an application 
running on tho> administrative CO'lputer in cl window 
IX-Window) whilP sim1:1taneously nonitoring another 
application on a proce">s computf·r. This means 
•1rPilter rlt»ihility in f»tendini: and intpgrating the 
:n~nut 11r t •;r i "'] pnv i ronmpnt. 

ThP ,.,,;il y<;i<; o! dat;i/informat ior at dny t imp 
du1·inq thP pro< PS" .md at tPrwc1rdr, is e;1si l y 
;irrompli<;hPd Irr~ ~ny terminal or PC nn thP 
ndw'lr·k. lhf- )(.Wir.<low t{'rminal<; and lJni•-h<tsf'd 
:trvi•PS .tl,o n'fer lhP mo'.!. r.omprphe:i">ivt> 
c.tpahil itie~ for 9r<tphil, <tnd rl;ita manipulatir~. 
p!'r,..itt inq mu:t iplr appl irat •on" to bt> ., •wPd .in:! 
a• t ivt- -.;.-... ,ititnPou-.ly. fhpre arP o•er 
;~0 l@<~inAlS. rr~ tnd Pngineering workst~tio~'i 
rurren! 1 ·f 011 t Iii> netwod .. ~nd earh onp ha<, 1u11 
rffirP sv;tPmS funrtion~ (ele~tronic m;iil. word 
pro,(''.">inq, Pl<.\ whirh furthPr romplPml'nt. the 
~n,dy;i•, ,.,.p.th;litiP; nf thp ~y.-.tPm. 

At th(' Rro~~=ng<; plant. IHS is d pror.ps<; whirh 
ront inue~ indpt initf'ly r·.tthPr than ;i prnje1 t. wi•h .t 

hl''I i '"' i nq "'"' "" end. R1·ook i "9'> peop 1 e 1.011t;nud11 y 
add nrw Pnh,.nrpmf'nt<;, .inrl thP 1ntrodurt in, ol n• .. • 
product<; con·,tdnlly drive"' th!' ;idditicn ol npw 
rapahilitie.-. to thP sy~tem. Thus, the terhnoloqy 
tr;in-;fer that '!lilnaqempnl initially in<;i.,.tpd upon h.:is 
indeed tdkPn pl.icP. 

Betause it was i"stalled in 111odular fashion. 
benefits became apparent early on in the 
i111plementation. For P•~mplf'. Brookinos ha"' alreadv 
.tltained a .113 per cent red;.rrt ion ir. r·eject'i on n, .. 
first of the plant's three princi~al proces~ 
111.trhine"'. 

In addition. managem1•nt origirially eshmated 
th<Jt th!' IHS system would ;Jay for itself ont> year 
after i"'Plementation was COt"fllete. However, thP 
syste~ had already bpgun to pay back within a year 
of time i111plementation was in:tiated, with about 
10 per cent of the annualized ~·rojected sav;ngs 
showing up at that time. 

Hanage-ment alsQ points out that the procP:>~ nf 

ir.plemPnting the [MS nas brought ch~ut critical 
insights into the manuf;icturin~ p•ocess. ThesP 
in~ i uh ts 1 ead to i inp rov emed s wh ' ch • wh i l p n, t 
dirc.:tly relatP' ~o the mana9eme1t system ito;tlf. 
111iQht never ott•er"'i ;e havP rome a;·mrt. ( E~trad"-rl 
f,·0.. In!lustr_ial F"nqi.n.eering. ~ebru.uy l'l'lOl 

Sot t~a··~. I or. CIH projec ~ i n'!"esj.ment 

~software p>c~~ue c31 1 ed 4cto~an allows 
inve,.tors tJ i,clude ~on-linancial and e'en 
non-quantitative criteria in their analysis. rar 
this rea<;on it i5 rxpectPd tD bi> helpful in 
1>vali1ati•~g majcr investm1>nts for automat<>d 
m.anufacturing where suc'1 factors as throu9hput. 
lead ti~e. quali~). and fle~ibility are part of :hi> 
picture but do not fit in (fJOvedinnal inve<;tir<>n~ 

analysis. 

AutoH3!• wa•. devf'loped t>y the rl~l.ional In~titu•e 
of St~ndards & Technology Center •~r (omputir~ and 
Applied l'fathemcitics. under sponsorship of the AHRf. 
:ind with MANTE Of support. The Navy, CAH-1. and a 
c~:.o;ort ium of 111anufacturir.9 firms were also in,,-oh"d 
in the developtnent. 

It use~ four steps to mea·. _,, e the ill'pac t "i 
pot<>ntial investments: (1) define the decisian 
111odel by ident;fying the impact criteria; 
(21 establish weight> for the (ategorie'i and 
rrit~ria thrnugh pairwise comparisons; l]l r;itp 
inveit~ent altf'rnali•P~ with re~pert lo ear'1 
criterion; and \~) compute a weigh!Pd a•,raa" 
ratinq tor e;ich inve,.tmPnt altPr~ative. lhPrP r1r 
hP 11p to seven rategerif'~ of imp;t(ts ilnd <;Pv"" 
rri!~ria per ralegory. 

For <trlditin11al in1ormation, ront.art 
o~. StPphen r. wehPr, AHRf PrrJjPrt. BJilrfino 101. 
Room A-·llC,, PIIST. G.-.itlier;hurq. HO 20WY1, IJS·~­
(Sm.rre: A"1~rir;dn r-!,1d1ini-;•. ·rlo.-i>mh.-r l'l~')\ 

Unmcclnricd ~!M 1-:i9ul1ting shop >·Jpp! i~" par~" 
ju!'· t_ i n t i 1•1e 

fir. ei'}ht-mil1.hinP inj,•rt ion f"Ould;ng prr. ,;! in:. 
rel! de,i<;pd by Klijrkn~r fprrnm<tt:h nr-.m;i 1¥fOI for 
domestir. appli.tnc"' mannf•,tun·r· AE(i'; plant ill 
RothPnbun;, fedl'rdl Rppurilir of (1erm,1ny, .. ill hPnin 
produring p~ ·t~ on d ju~t-in-!ime ha-;i<; for f\f(j'~ 
vdcuum rleJnf'r .t<:<;embly operdlion, !orated "" th~ 
solmP <;\le. Th.: syo;tem i~ rfp~ignecl to operilt~ 
JnmannPd dround lhe rlork. Aut.omatir rnntrnl of all 
f11nrtions, 1ncluding dMnqinq of materi.-.1.-.. mould~. 
a•i.1 pla<:tir;ifi·,g uf'il.-.. i<; fully intrqratPrt with;., ,1 
rompulPr network. 



Control systpm<; for the eGuipme.it <tre I inked 
via a hitbus to a HewlPtt rac~ard cell suoFrvi<;ion 
n>mputer ... hich ;s intearated throuah a local area 
np•.,ork llAll) into AfG's e•i<;tinq fth<>rn1>t romputPr 
,..,1.,or~. The r·omp:itPr-intearated lllitnufil• turi"u 
f(IH• concept was lhosen by-AfG for it-; ab:lity to 
r:ut required manufacturing capati•y. :raterial 
I o·,.;e<;. <; t od. l eve I~. ar.d I abour requirer.tent<;. anrl 
to increa~e operat!nn flexihility. whilp deliverinu 
hiuher quality parts on a just-in-time ba<;i<;. · 

[ell computer handles data 

The •Pll rompu:Pr i<; respon<;ihle for 
'<upervision and control of all functions in th~ 
produrtion rel!. It enables the cell to opera!e a-; 
part rd Af(,'<; ( IH <;y<;tem. or fully indt>pPr•dPnt I;. 
'~"es> to the compu~er i-, uained !hr·ouuh liv" 
•enninal-; whirh are loc:ateri at ~PY p!'int'< in the 
f ,1( t Or\_ 

Information on how many part-; of ii partin:l;ir 
•yre .11:d ii pa.-tirul.>r 1nlnur are rt'quire.: i<; 
recru 1 nrly dnwnloilded int_o ~he cell computer from 
f.£G'<; ··entral r:nmputer. The rPl I computer t'>cides 
whirh ma1hinp<; sho,.Jd hP u<;ed. on the ha<;i<; nf thP 
.:1·,,.,,,, .. ul the requirement. availabilitv of ma•_hine'< 
.1111! 111n•rl1h. lnwP<;I rhi1'1QPOvPr t imf'. and lowp<;t 
m;itc-1·i;ils ln<;',. Whpr. a·r_h.lnQ(·OvPr i<; r!>quired. t'1P 
rel! rompu~~r do~nload~ dal<1°nn the ne~ ~ould nr 
rla\•:tati"a unit •o the r~levant moulding marhinP 
~nri rohot. ~nd to the prPheatina <;tat ion .. It i<;<;uP'> 
'r.1~.,1 ronwn.lnd<; to the tool-.:hanoe wagr>n. and it 
p.-rwirte\ in\tru(t ion<. on pn>dryinr1 anc! tlel ivPry r I 
!"lal!-ri,11 •,, the material<; hand! ing '<ys•.em. 

p,., rel 1 romp11t.Pr 1·01 l<>rt ~ <1r1ii <.tore\ 
oror,•,-;;mt ci.lta (prore<.<;ino param<>ter<;. numhl'r of 
r~rt~ madP in ~ run, ~dter~tll t1saoe, dn~ntime. a~d 
r·e,•<;w1; lrnm earh nJpmpnt in •hP produrtion rPll. 
;\ny ,11!jr.tmen!<; mad" tn ma< hine<; by operat.or<; .lre 
f .! 1 ! , ~ rr11:.iP'1 rtrcrJrri l no t.I) t imF- . .l'''f numbPr of part..., 

!'!'1 .. lrJf·. IJ"°"Tnu U1l-:. d..1ta. ~.ht1 rnmpqt_f?r- talrul;dps 
np~r;itina p~ototol<; for anv period from the current 
•.!1i q 111 a tu! I yPar. 

,\•:to1natinn of the r.mulr! and pla<;t iriltinq unit 
r h.:tnfJPrl'.1Pr.:; Prltlb 1 e-; rl m;t-; o;. l-. P rpd1Jf ti on in proriur t 
:f•,lr•rJPnvPr timiP". Pr·rufurt r·h;tnqP[lvPr nf all ~i,ant 

rl''1J1:l,!ir"J m.:trhinPs r,an be rt.r.hif-vPd in onP A-hour 
.... ~;;~; - .. 1 ,·on'iidrr..l!hl1o or;.~lv1n'J ov~r m;Jn11.1.l t:han1_J~011"r 

·._, ... •.,. .......... Thp c;.lnr.if11~nt r·Pfi11r~ion in ,fnwntimP 
•1-.l• !_hi•. p.-n,,id<><; h,;i•, P11ahiPd AfG tn r"rill<P !!'f 

'jmh•·r· ,.,f l1HH1:rtirHJ m.ilrh:,.,, ... .., ;t rH"\~rl .. frnm nin~ ~'l 

f·lrJt:• 

Th> prod•id. i ori "" 11 r.1mpr i <;p•; t :..o ''100-HI 
1··· """ mo1ildinr1 m,.,·hino-. . ..111d ~;, ilOOO-HI 1Jr:I!-.. 
•,. .. pAr,;ill .. 1 line-; of 1,,.,, ... \II •11.it-; .11·.-. 

•'1•.1prr·r! ,,,jti-, r·nhntir p .. 'lrt rl\mo· ... t1 ri~·virl'·. th .. lt ln,Hi 

,,., t·• .u1 01,;.r•rhP1H1 rnn·.;iP~·or ... .,~ti:t1"11 r11ru,1nr1 hpt.,..,;lpn 

•to1· ~ ... n tl1 ... \. f,t r1rr!11nff lf·','''· ..tr1 ..t1Jt0mrttir w.-u5 .. 1n 
,_ .. 1~. •r..tn'.JOrt", mn11lr1r, Anrl pl..t-;tit..t"1nq 11nit .... 

~,, '"'·"•'f\ ,.1 r,t 01 rHJf' 1Jr1 T t, ,I pr·Ph'-"'rlt 1 rHJ •. t ,tt j 0'1. Anrl 

• J11 1 mq1; 1 ff i ~HJ m .. 1t:h i nfl .. ,. 

!hi> mitl~·ri.ll•, h.1nr!l ;,,,, <;y<;tPm. ~11rr' •Pr! 
l>y r nlnrtrnnir RPinhitr1, f: rPdrirh<;<'orf. 
i .. ,!_ R"f'- nf r,,•rmany, inror·por,;itp•, a <;f>r·ip•, of 
.,.,.1,·,11 i;"'l ·.iln<;, fPPriinq tw;n hnpppr-; nn P.lrh 
m,1rhinP vi.1 .1 v<1C1111m li111> (Aff, prorP<;-;I'<; aro11nrl 
··"""" -;t,;i11ri.1rrf rololur> . ..1nrt a hi<JhPr numh.-.r of 
; nw- ro1r> "-;ppr i it l" rt) 1 our-;). ThP mn•il d<; ,;inrf 
pl.1·.I ir.11 inq unit-; itrP fillprf with Stii11hl i 
1f1.1yrf'ul.h. fPrl. Rl'p. of r,erm,;i,..y) multiroupl inq 
"V""•m•, for PlPrlrir<;, wilt"r ..1nri hyrfr·a11lir<;. 

- &O -

The rob.,h. suppl ietf hy l!P41.-tk. a <>•.rh<;itliar; ot 
KFO, are ~ervo-driven. and have an advanr~d tParh-in 
raci l ity and movement control: the operator· PntP1·-; 
ro-ordioate<; for each of thP threP ... .,..,. h•rt <11"1 v 
onP veln•ity. relating to thp rP<;nlver! r1;r,. •i"~ "' 
motion of the robot. Thi" rontra.,ts with ''"~em., '" 
whi:h velocity has to bP rP<.ol~ed alona ear~ nf thn 
il•P'> ot mo·.-pmpnt. tqually. tliF <"oho•. m11·.-P<; 
-;imultaneouslv alonu three a•P~. redu(!nn •i~e taLe., 
to achieve a Qiven movement by •Jr 'O •10 per • P•lt. 

Ro~ots remove the sprues from th., "'culded 
part<;. lhree parallPl ronvev::·- helts nm h"'"""" 
thp marhinP.,. lhe rohr>ts pl~1·0 ~hP p .. 1-t< ''" '"" ""'' 
of the three. A series of sensor<; crevPnt •h" 
roht>!_<; from pl.1,-;,-g p.-.rts on tr,p .. i 0"" .-.·:,,th;-1 

One waor"" runr1inu C''l a tra(~ ~~tween th~ • ... :i 
rows of machines chanap<; both mnulrf<; and 
pl.lstir·atino unit<>. it ha<; ii ma•imum lnarf-h<'ar';c•: 
capacity uf-6 t. and ciln hold two moulris. whi<h . 
Pnahle<; it to c:hanQP moril11'> ;it !hp ma1hirw wi•hn11t 
h.lving to return to the <;tor·aaP b.ly hiill ""• •hr•i:H11: 
I.he prcr.es'i. Hawever. it accep•·. C'nlv """ 
pla<;ticating unit ;tt a time. 

All moulds and pla<;ticatinu unit., h.lv~ 
rlrr•ronir id.-n• itv t;ia< that ;irP rf'a<I hy ;iri 
indur.tion u"it on i_h,, .:.aaon. The rf'll.1 or tl,p t,>'.I 
is .:ro-;s-thecked ... ith !he data in t'ie produi:• in" 
program to ··onfirm that the -.. agon i-; pi•hna :ip 11,.­
corrert unit. fhanoeable arippPrs for th" rnh~'"'· 
<;tt-red ahove th~- mo~ldina ir.a1hine<;, are o;im:l.lr·l; 
roded. 

The .. clQOn ha; two oe;.pPt::"rf(j, - ~ nor '!':c' 1 r11nr T rl!! 

<,peed <1nd a o;Jo ... f'r. ap>rnarh sper-rl. S;it.,• 1 !~.-.'-·rr-•. 

inrJ11rJp \nfritr!'rJ \PO\nro;. t!i,ll tri(](]PI" it flC.ft,,_r 
r•1t-out if factory p!'• ,onnrl i:i.1rf.-i;.rtent ly rnm•' 
w•lhTn fl <;Pt rlic;t-tnrP of thtE .,.,1,_1nn. f11rt.t1Pr -;..-'~"• / 
ft'Jturp<; irrlude tourh-<;<'no;.iti-,p b11mpPr<;, nl·.n 
<.nnn:-r.ttlri to thP r11l-01d t;t,.;~;~y . .-Jnrl ~mi?r•1~r1,_, 

Jlqp hu•.t_oqc; 0" ...... 1.h rf'}rnfl~- of •hp .... ~qnn. if •iu. 
waoon o;.top'i. through a tr;uoerinq nf il"Y ol thP~e 

alarms. t_he prnqram <;t.nrer! in tnP .. aqon is no• lo·.• 

Ourinu normal rur inn. thP waarn i<; in d r~;t 
po~ition. ;Lnnertprf II) •hp prP•.lrminq <;t~tinn. !~~ 
rr..ll rrunnatPr dr,~nlott.1'. 1n<;tn1rt ;,,r~-c: n'1 tn'l' 
chanaeov~r<; to the witqon via ~hP prew,;irmina 
<;~.1tinn. ·'\; it -;;tfP~y mP;t~urn, th~ w;t(J()n r~pP.1t~ 
h~r~ tr th.:. rnmpufPr •h~ ;n~nrm;t"inn ~t r1=-,ri..•."- .. ,. 
Th»n. ;it d timr· r.llcul.i!Prf b:1 thP rPll rnmp•1'<-r, If·.-. 
.... 1:_1on fptrhf'~ i\ •nol frnm thP ·.•nr,lr~~ ~,.• .. ~l. rlt1rf 

10.HI~ ~~ lntn th~ pr~hf"~•lr111 ~t..ttirl•l ln rPAdln1o•r, ... 

, 01" ~nP prorlt.: ti O•l rhanu... Th<> rr .. hP.l! i nq pkt'." ; ·. 
r,llr1datPd !0 run ~fl th"~ •hp trJnl 1~ rp;u11 '" h .. ~ 
in· ...... r·•p.,f inti) thP r.rt'''in, .. 1~1 ... t ..'.\' .. thft mrt1hin~ 
fin i ... ht"\', it ... 1 nr·r.=-nt jnh.. 

fhp .;rtQOn ln~rf') ..\r~d tir1lnrt'!'l. !'T'11 1;ld-; 1li rt·• t ! I ~! 

thir•:r ..... tflf"rHJP pn<"titir,,1 •. f,f(1 "~"'. rl~f .. ;nrf /1 ·TH1•1ld .... 

tnr 1,or;f'\ in thP rf"l; . mn .... t ff')r ; .. 1,·1riq-; morfpir. nf 
.1rtr111Jm (fPrtnrr. p1!1· . ..1 !im1t1·rl r··;rr.tu·r nf mnqlrf·. •n1 
ovrn-; ..tnrt nthflr "fr, produrt-;. hut only 1·1 pri·~;' ,,,,., 
,,rP rtin·rtly .;r1e•,•.ittl•· 111 1:.,, .... 1,1nr.; tnnl•. h"lil ·1· 
rPmOtP rtrPitr, drP hF'OlHJfi~ ,\)()nfJ•,if'1o thp tr~r;.. in 

..tdvnrl(P Of\ d too1-rfi~nqf' tr•hfP. ror· tfip 
pli!>lir·.ltinq •ind-;, tt1r1·" ilr<' !011r ·.tn1·;1r1P pl.1r ..... 
fhp pl,1<,t iritt in<J 1 1 ni~·. arP t.;kPrt from thP w,•qn•; Oi'l•! 
put into ... trJrflqf> hf .. ,.,H'(·, r,irlff'l "'.p..trP ff'!l'-.tr..\i11t" . 

rln not pPrmit ;i., it1Jlomat1r r,;idinq •.y~tPm. 

Altho11<Jh thP •y~tf'm i•. thl' '"O"t hi<Jfily 
,;iutomiltPd yPt r!Pvi<;('ti hy lo:FCl. !hp numiln elem!'nl 1•. 
>till i~rti>pPn<;;ihlP. All part> itl'I' rhPr•1>rt ~, "Y" 



for o;urlarP impPrlertinn'i. before th~y are o;ent to 
.t'i'>l'"'.'!Jh. lhp •11.1<1lity ronl~ol per .. Jnriel have 
i Hlividual ten:·:n~h ir.t•J whi1..h th-•y report on ea. h 
item ino;peded. Pata io; IPd into thr ClH "~ste,,.. 

AuloMati•. and manual Quality control measure~ 
arP "'Pd. It 'h" ml)uldiri·1 machi..,e reqio;ter<; a 
part t!iat i< O-'t nl "P"'·ifira•inr. - o,;,ing ~o 
proceso;inu parameter" f.lllino outside set 
limit<; - ihP part i.-; alltrima•ir.llly divPrtPd to a 
o;rrap bin. lhP dptail.-; ~I tne inrident are 

- 61 -

automatirally iouqed in the cell romputer. 
And al :.he manual.pa1..kin<1 <;lat ion, penonnel 
enter data on reject'\ th~ouuh individual 
terminals. Regular quality (Ontrol reports are 
pntPr<•d by the QC stall. !II.lo• kner fprrom.lti~ 
Oesma Gmbtf. ~ieoeler Stra'ise ''· 
[l-7~ll Halterdingen. Fed. P.ep. o• ':",ermaro11 
•')n•ir·re: Modern Plastics International. 
Apr·i l t'lQQ) 

GE system 3000, model I 

111- 111 I 
~ ~----- - _______ n .. 1-------- - ------" 

Graphic display termanals c ... star I Graphoc dtspa.y tennin.as 

I rm· u:.I : 11 I • 

SenesSr• 
Pl.C 

GE Cimstar 1/306 

Cm slsr 
llllf 

._ -~Cimster DX J 1 '. Jlkrowaa 

'.l 

Gemus.CCM 

1· ----r-
[i!fl Qiiiii ., 

Senes Frve Ser,.s One 
PLC PLC 

r-- T 
6 QO 
Senes o~ 

90 70 PLC devoe•s 

Fact0<y level 

•r•••m• Factory LAN (Ether-I. MAP) 

Gemus 110 blocks Robot 

C1ms1ar 1/386 provr<Jes cell or area levdl control II t1c1s lhe sp11dd 
and capac1ry 10 handle mull1pte tasks m real 111nd It c11mm11rucates wrlh 
other c1111rrnllers al lnwer levels ot rt1e mformat11m t11dt .1rc:t1y. 

a1111 w11t1 t••<Jf•t'r level s11p111111:;ory compultus 

~ 1 · h i n • I 1 , • l, i ~.: '! , . '~ 1 ' 1 r · 1 t., : I ', .4 · ~ · 
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9. "'51CET ING 

LIH systt'ft' integrates fattori 

Work Cell Ha~aoer provides real-time operatinq 
infflnnation frorr p~-~durtion eqt•ipment o~ equipm,.nt 
~tatus. acrept an~ rejert rates. produrtion rflunt~ . 
.tnd qu;ilit~ measurem?nts. fac•.ory man;ooer<; (.tn 
arcess an overview of the entire factory and zoom in 
ma particular machine or operation. Hach::1e 
:oerators can arcess rFal-time ~tatistical 
~rocess-control (SPt) functions and are notified 
.. hen a prob 1 em occurs •Jr i"' about ta occur. \.io;-k 
,_-,, !1 Hanager commun i (at es cl ired 1 y ,,,i th programmah 1 P 

lnai• contrcllers and other third-party devices and 
•onr.Hts with other plant computers via lt.rls. The 
(!H -;yo;tem consists of nnF 01· more Hicro'!AX 
cornputers. a software core. ;tnd up tfl 12 optio.1al 
<;tandard software rnodule->. and is av?ilable as a 
-;t,rnd-alone pt"oduct or p;;rt of a turnkey package. 
Wod Cell Manager price> start at SUS lS.ClOO; 
t,_,rnkey system prices ronge I rom SUS 200, 000 to 
SIJS •100 .000. ( tlorthern Resea1·ch and Eooi neeri no 
Corp ... N Olympia Ave .. Woburn. HA 0180l, USA).-
( Soune: Ha•:h i ne Design. z;;: F ebru .. ry 1990 ! 

CAO path~ilY to CIH 

A new version of t_he CIHCAO design and drafting 
sort~ore pockage provides a low-cost approach to 
full CIH. Costing less than £1,000. it is available 
under Unix on the full range of Son. Hewlett Pac~ard 
and Solbourne workstations. The manufacturer's 
pri(ing policy enables CAO buyers to look beyond 
ha<;ic re-based S)Stems to a comporobly priced CIHCAO 

padaqe -..liich ;:an be e•pi.'nded. with ur-1"''"' 
applit<itiOr"S. to (At'_ intellio .. nt dt'~ument~t_ion 
pr'>durtion '"'d lull rrH. ;;o;:r·rp: '1et;il,.;or>i,,'.J 
Productior", mid-H;i.-.1, !CJ-'..10) 

Integrated bench-top machir~s aime~ at 1 ow-cost ':IM 
training 

Bo.ford's new 'le•ible manufaLturinu ~.~~P~ 'or 
training applications is clai~ed lo !J'•F-full 
lacilities for introducing (OmpLter-in!P!Jra•~d 
mant:facturino with bench-l'-'P "'a(hhe units. ?.: a 
starting cost of iZl.000. 

The Boxford 160 TCL CriC si.-int hf'tl lath•'. 
l~O VHC vertical marhining rFntre ;in~ ii <;i•-a·'~ 
robot whid·, make •ip the sy-;tem ra•• be oper;itprf .,;1~ 

central control or used independently. !Sourle: 
Ha~hinery ?~Q ~roQ~cti~n Engineering. 
:_ fehruary l'F!Ol 

R!".lrl~r.!L H_acing_~~i::-;; is investing •n a 
comp1Jter-inte9ratPd manufacturing <;pstem frnm 
CI!'1lINC . .'-s a first -;tag". three S•in Spare 
·11110 worh tat ions. runn i no r I Hf AO and C !HCAH 
software ha~e been install;d and evPntually there 
will be link:: to computer systems lhrouohout the 
f;ictory. (Source: ~~~hi_i:ier.x !Jr~d PrQduct iori 
Engineering, 2 February lq90) 
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10. MJOLl~AllONS 

!frl ![l(I 

i.;ppu!>l ir· ot ~orPa. Repo.-! of ! raining in 
lomputer· aided c!esiyn tP•.h1iqu~s 

Sn•rPn~•n. M .. ~ienna. l~Rh. ~R pp .. gra~h<;. 

di;igrams. 11!11£l0 r•1bl ir:ation. [·~ert r·epod on 
tr·ai in9 or·m11·.-ir111t1<'<; in <nmr:Jte1·-,1ide<I rfp<;ion h<>lr! 
in R-"p11h11; .,f l\nn'.l - ••»er·s ll) lt>•l111"p<; and 
f1·;tf1 1 ino t1i· .. ._:.n tlt .'l tp1f,n{'lloc1lr_~l ;,,.,.!f~~?'€' t• .. \f)T1 
ron1Pt··1ir,~1: 11(..c. ,~f .:l(fltiir·~d (\..t,,ftwatP pa'-~-Ci•JP: 
"•r<>rt <;;<;tr.,.<;: 1 ... 1t11r" tPrhnnlo~_li: "'" inteor·.l~ed 
11r.1phl ,- i- ~' h,1n9.r. -:;\·<i;t pm 1 ft,F ~ \: f ;.'\(l .1r.rf • -'~~ 
:'l"ndr.!i,.Hl t"-rh•lTflu~-;: (.'l •f"l"1J1utPr- lntPorettr.:ri 
m.lrnd .H ~ !!f l T'fJ f !lflf ti nn~. ~P1 ommPndn~ inn~. 
tlln•_?r.-.~~. lT ... • nf dn111m-=-11t...-•. Adrlltion.11 
f"t f ~l"Pll(•H'-: 'tlPlr!lt t-}I" J"T"fll1'·~m..._. t omruf ~J--.l? rfPI! 

IT!,1r.i1f ,lf • ur·p. m11rfp 1,. 

f tlf 1<1 OW:i!'t I. ft!;f <.( I·~. Ir ,\t_ I 

P-f<1nufaduring systems engineering prnyramme at the 
~<;i;in ln~ti•ute 0t ffrhnnlngy (All). R~nqln~. 
Thi! i 1 and. 

l.'il"•rn.1. l'IFI~. ,,, pp .. tab I<>~. dicor.lm . 
.".•,<;i<;I"'"'' In il !P•hnolf'!11ir.ll in<;tit11t<-.?11 lh<1il.lnr! 
!n ~tlt tin~ 11r .1 proar·amm"' for '?•1ginPerinc; r!'1~~.J'" 
_,; 'f1 '•r"r ;;ii 1·pfp1·p11cp ''l romr11tPr-3irfprf 
"''.lr.1d~rh;r•· - rro.~fC::: ,,~ rr·nji:-rt nt..:~tti\,'~"'- ,.:.!1rf 

T1t·p~ ;, ~· i(H1(,, fn1· , ...... nion.:.l dP-..·fo~opm~nt_: 

, : ' P·.1;of1;t fp•, 01 thr. Tnrl1:~t r·i(1T '?fHJinePr·ino 
df~r~pj jqp: 1 '11'flf1!1f Pt°-fnt~(Jr"_.l~Pc1 mitflUf,,lf_t1JrirH) 

~v~t''n!"' 1' IM)~: •1) frt1tory ~n~ornatinn .:.nrl 
inrfw,tri.11 <'noi:iP•'r~: ~ 11 thP in-;tit1J!ion;il 
~r.1nH"',...nr·~: prnj•"'rt ,1rt!·.ltiil-; rtnri OUtp'lt': 
,rt~ pr·nipft 1npr1t'" •. Ynt' 11'·~1r·fptinnc;. rfietar~m. 

h11cfflf'f t rlh 1 f";. ~r1nPvt~~. 

Vr.l11m,.· t: fJM - Ri0·/ol•1tinn fn J1r·ourPc;.":. 
R. II. .\ 'i r"". 

':n hmP 11: r l M . f pcl1nn l nov 51lrvr y -1ncf 
fnn'1,i-,t. !Lil. :.vr-.,·;. M.f. MP11h;1nt .. 1nrl J. 1<,1nt.l. 
Prlf",. 

'!'ll11ml' ill: !IM .\rfnpt;on ,111<1 [lillJJ<;inn. 
J<.11. ,\yr"~. W. ffaywnn<f. ,1prl I. 1d1ijn,_ P<l<. 

\;'nlumP !V: ,-IM -- F rnnnmir ;tnrl '7,n, 1,,1 
lmplir,1tinn·., R.lf. fiyr·p·._ P. [lnht·in<;~y. w. lf.iywnnrl. 

tJnn ,inti f /11-:.rnvitrh, '·rl~. 

( r·" Id i r ,1 t i n,, r ' :\fl-. I n I v n l 11m<- '.' : ' [ r I : 
M;rn,iqpri~l ,1nil Orq.1ni1'll in11,1l Imp! ir,it inw,_ 
1. r1,.., ••• H1!. l.f. ftllir>. P.. J;11~11mar. :. f(n;.11 ,rnrf 
l. li.1nt.1, •'<I· •..• in• 1•>! In lw f",1.lhl io,lu•rl.1 

ffH• fj,\'l.''\ rtOJf''t nn tflmp•1tPr-ir:t1•1Jr,.\t_pfl 
n1,tr111f,,, •11r·f11q w; 11 '1.tvl' hf'''" oru1niru1 fnr fn11r yr-.11 ... 

dt tlu-' '1n1P nf thP ,l11ly ITJO ,011f~r-Prui·. lJ11rinq 
thi'. t 1nu r11-;,f•,u·1 fH·t· ... ft nm ,u·p11nd thP wor'd h,1vt• 

i ,,.,..,., t i q~ I •'rl ,, l I .1 ·.p"' t •, n t I"" pnih i ""''· .111rl 
pot1111ti,'1it,1··. nf tfu· rnnr11pt 

[hi' prn_jl'd h.l~ hPl'n I nil y intPrn.l! io11,1J, 
rnv<'rinq fllllflfl"il'~ frn"' ""'" f..t•;t ..tnrl w""'· with,, 

particular emphasis on coun•rip., wi!h fairly 
well-developed industrial ercnnmies. It is hopPd 
l_h.-.t future worlo. at I!ASA will ,1l<;o inrl11dP ar 
a11alysi., of how '~IM is affedinu. ,,,. i-; likelv to 
affect. developino or 1 ess-deve~oped cnuntries. 
Ir 11h Ii ~heo hy Chapman f, H.l 11 . t ondo". · 

T1en~s and impacts ot tomputer-integrated 
rT"Jr~uf d(tur·i fl':J 

J. l<anta. [ddo1· • .J<1nl'a•·v l'lWl, \.lr-11'1- l. 
rrnteedi~q• of the ·~Pd !!ASA Annu~l Work,hop on 
(IM: ru•;rre Trend'> ;inrl lmllart""· IFl-:O .!111., 11RR. 
)t utt g.lrt. f edera 1 Repuh 1 i; of (~er·many ;1nri ;,Tt>" 
1u:5:, Wor~->hop '"' T<>r_IH1ol•1gir:<11 ra1·to1·" in tlw 
r!itlu<;io11 of UH T<:dH1oloui10s'". ~·.1 .. ;7 Ha> !'}RR. 
l'r·auue. CSFR. . 

Internat io11al lnsti lute for Appl ipd >v"t"m' 
:-alvsis f !IASAJ. A-2~~1 la•emhuro. Au5tria 
F;i•: (0??1~1 71~11. Tele•: OT'l1~7 11a<;.l it 

PCs for engineering 

Simulation anrl analy<;i<; tool~. P]prtrir'll 
C~E/rAo softwarP. plotters anrl rligiti:Prs. 
rlat<1-arqui~i~ion anrl control d<>virPs. and <;oltw.lrP 
rlPv~lnrment tool, itre ..1tr.n'lll t-h~ t"'~tnrPrf pr-,,1li1i t<.. 1n 

thi, cnmpr~hensive SZ-pagP 1 ilt.llno~P­
!n<;trumentation. siqnal-pror"s<ing <1nd an~l~"i' 
rlPvirP'>, r!.ltil-rommunir.lt ion<> !inarrl<. 1101rF 
<;;nthesizers. •Jraphir< anrl m;ith,,m;i: ir_<; <;oftwarP. and 
prnjPct-m;in;ioe~ent ~y<;tPm< .l!so arP '>hohn. I i<tino<; 
ui•P in-d<>pth applir;itinn d.ltil. selPttio~ 
rrnirfPlinPS. anrl priLP<,. rri<x. 17.<0 s. Amphle!! 
R lvd. . $;1n Mateo. r r. 'ltf·IO;'. l IS·\. 

Pl share source 

A 1:-PilOP brorh1irP rlP<;(rihe< sev<>r·al <;h<1rPw.lrf' 
prnrl11d< .lv.li lab le for rr -X T ;rnd PSI? <y<f Pm<. 
Introd~rtinn Pwplain• sharPw.lr~ roncPpt of tri;1l 
r""' and In· .. rPoi<;trat ior• f""'· I i'>t ino< c1ivp hri•·f 
rl<>~u·iptinn<; aml nper,.ti11q rNt11irpmenl<; fnr· rf.[1, 
rfr·.lwinq. r1ir·"> diqi!i;inq: m0rlPlirH1, d.il'l h.Vif'. 
•prParlshePlino .lnr! word pro•P~~inu prnqrdm~. 
M.lth»m.ltir<,. ~t;iti<.t.ir-;, tin.lnri.-ii pnirir;imminn. 
<nmm11nir;ition<;. anrf 11tiJi!ip' af<,n ,JrP rn·1p1·iorf 

r'rf'fp·.., .. ~iorial ShrtrPwrll"P r)fH1r·r "· Ao .. ;'/RT. f rt\f 

h•nri..t. II f•lhl I. 

'IH produrt5 guirlp 

·rrHrt r. hera11>f· : !M '"""'d "';'~-i> thi11q~ •,i..,pJ,-." 
ptP~Pnt-:.. 11~ hoo~'l., 1our·".P~ ... ,jrf,...nt"P""). ",1•mi11.H' .. 

.. uHf ,nnfF>rl"nrPc;. rPl;ttPd to ,nmp11tpr·-int•·orr1t,.,f 

m.1111rf,1r ft11·iny. ln!rn1lu1l1on p..t•~.-lrJI', 'll<Hl.HJ"m""' 
qn111p. <1nrl pl.1nninq <,ert ion·. rd f Pr ·.pf'• i.il; :l'rf 
intnrm"t ion"' "qi..tnrP. Oftu;.1· ~P.t inn~ rf.,,,., · 
fAIJ/rt.H/tM. f.lctory--flom· romp11t,,1• •. nPlwndinri. 
.111, ,1nd oth11r pPrtin<'n! tnpir•,. '>nrif'ty nt 
Miln11f,.r!11rinq FnqinPPr<,, fln• 'HO, fl<•,Hhnrn. 
H l ,fA 171 . tJSA . 



(ompute1·-i ntegrated testing 

[ditPd by AllPn £lu1krnyd. tlY: Wi!ev. l'li_l'L 
l'M PP- - USS~·I. 'l5. "70 - .1:. l rs 1 i;•, -" R'L !O<l'lO. 
l SBN 0-·171-•,0·IRf•-h 

Contents: lntrodud ion to CIT. Computer-aided 
design. (ao;e o;t_udie<>. Miscellany of extras. Inde><-

Note: Computer-inteorated testino ((IT) is 
viewed as an eo;;-sential aspect to computer-inteqr<ltPd 
manufacture (C!Hl_ Papers are i~••nded to aid. 
senior enoineerinq staff involved ~ith CIT to 
ma•imi:P hPnefits.of implemPntation. fhapter 
references in1luded. Appropriate for academic and 
researLh-level enoineerino collections. 

Software and rrH module 

Set nf brochure<; nn application software tor 
11o;ers of !EIH mirlr·anqp 'omputpr<; in.-lude<; inform,1t ion 
on buo;ineso; plannin~ anrl control system tEIPrSI. a 
rompletely int.,gr.1ted HRP I [ o;oftware o;ystem !hat 
performs manuf;trl11rin~. finanri.11, d;it.1 coll!'rtion. 
distribution. and ilerio;ion functions. Al<>o co11er!'d 
is SSA's CIHPath support module that allowo;; BPCS 
:ippliration ">nftwar" to bP liHl dire.:tlv to 
machinery on the plant I lnor vi<t CAO/(A~ equipmpnt. 
System Sottwar·e Asst,ciat-'s Inr... 500 W. Hadi>on. 
Chicago. IL 60606. USA. 

!ntelligent design ideao;; 

Systems for design. en~ineering, and 
man11fart1J1"inq integrate the product cycle and ;ire 
said to >ave time and money. A rolourful 20-page 
brochure concentrates on information manaoPmPnt. 
specificai ly t~ o~gh integr.1ted automatio~. 
mechanical de'>ign fun(tions, drafting options. 
testino without prntotypPs. and analysis modP<;. 
rartory-flonr ;tut.omat.ion. factory planning, .rnd CIM 
integration also are strP'>sPd. Integraph (()rp., 
I Madison Tnrl11strial P;trk, Huntsville, Al 15807, lJSA. 

1_omputer-integrated manufacturina hand_bo_11k 

Hunt.. V. [l;iniPl, rl'r: '.:napman & Hall, 1988. 
~n. pp., IJS$S7.50. f,70_.1;.:•7 TS155.6 Rfl-2575. 
Vimi o-o11;·-o11,r,1 _r, 

rontpnts, ahridqed: The need for computer-
irotPqr,1tprl man11f,,, t·orinq. fleo;cription of (ft-f <;y<;IPm 
pJ .. mpnt\. Appl irat ion of r IM. Plt1nnino for UH 
implPm .. nt..it ion. OpPr at i•H1 nf CTM. Comp11t.er-
inl1>q1·at"rl m;inuf.1rt11rinq 0 1'rhnolo9y ;i-,o;e•,<;ment. 
Projer.ted trPnc4> in flM te(hnology. !JS industry 
performanr.e. A~sessment of world-cla;s 
rompetrtion. Ind!». 

tlote: f'rovidc>s "" <Jv .. r·vi•!w of thl' field of 
romputer-inteqr.:itf'd m.:inuf;irhorin'l in an ac(e~o;ible 
f.ishion. Orqani1erl in f1111r p.:irts, dis•u•;o;inq '>ystem 
f1rr11l.imentals, 'IM .:ipplir.ition, terhnoloqy 
;i~seo;smf'nt, and wnrld-wirle rompetitivene~~. 
ln1 lurles a qln•,o;ary of terms, namp<; ;inrl addres>P> of 
CIM/CAD/rAH or!J<tni1<1tiofl';, l,ihlioqraphy, ;ind Ji•.t nf 
Mrnnym> ;ind .1bbreviat ion~. Appropriate for p11bl ir 
;ind ilc<trlemir lihr;iries. 

Lomputer and irlformi!•ion science-s - .~: p1·oleFding-; 

EditPd by E. Gelenbe. E. Or~un ;tnd £. Ra<;Jr. 
•ormiatk: tlov,1 Sci Pubs. 1•13·1_ l~: pp. s1:·c:,_ 
00·1 QA 75. 5 fl<L I!• 1'10. I Sfltl IJ-'>·117'1.l-!• l-.' 

Contents. abridged: Computer networks. 
Hodellino clnd simulaliC!n. Artifici;il ir•telliqer,,:e. 
Computer-applications. Pata base systems. 
Robotics. Computer· architecturP. CAD/lt.H. [n:Jitl'>-

Uote: Contain<; paper"' from around thP world on 
a 11ariety of current issues in computer and 
i•1fnrmatit111 s<:ienre. The prim'lry Ion;"' ;, th" 
application of lOmputer~ in Pd~ratinn and th" 
"applicaliC!n of artifi~icll intelliurnle 
te1.hniq•1e'S ... to bui Id kno1ol"dgP-bi1so>c! 'ystP'""'" ,,, 
<1rea<; as diverse 35 medicine. educdtinn. imaue 
pro(essino. pattern recognition, dP(i>ion "'upport 
and sim•Jlation. lnrlude"' numP1·011> gr;iph;_ ·hilr·t, 
;ind diaqrams. For "'perial anrl re<;Pilrlh lihrari~•-

AutoCAD: the complete ref eren~e 

Johnson. Nelo;on, Ber~eley: 
1Q89. 817 pp. $19.95 620. 
ISBU 0-07-R814h1-d 

Oo;!>orn<> 11,_r.,·;iw. 
f\B'i Wl-151 t;'n_ 

Contents, clbridqed: Orawinq. Editinu. fP•' 
clnd fonts. Workinq with menus. Introduction tn 
Autol!SP. Prnorams in AutoLISP. Autol!Sf' l11nrtinn 
reference. A•JtoCAD command reference. lnde> .. 

rlote: A comprehen"'ive guide to A11toCAD 
(Release 10). Autodesk Inc. 's computer-aided desiqn 
software. Cover"' fundamental<; o;uch as in.,.t;illino 
AutoCAD and learning program b;isir>. Also e•plo~e"' 
advanc~d features like writing your own proqrams in 
AutoLISP and customizing AutoCAD for individual 
applications. Appendi• A includes a rompletP Ji<;! 
of Autry(AD cormiands for easy reference. For 
ar;idemic .1nd public libraries with collertiono; in 
computer o;rience and for individual user> nf AutorAn. 

Bnwermar, Robert G. ;inJ D~vid (. GlovPr. UY: 
V;in r•.is Reinholrl, Vi88. ·102 pp. $1'1.'Vi. 
006 . .1'., QAlfi.7'. Rl-1129'·· !')fltl 0-•M;>-/OR·l;'_J 

Contents: Unrlerslandinq P•pert >y .. t.em~: 
technoloqy and capabilit1e<;. why Al P•pPrt sy;!Pm5 
do not h~vP intplliqence. Retnoni;in:1 ~.nowler!qP in 
nrrJPr to <;PJerf Ml ~pplir;ition. r,1,-;iie,1iP<; fr>r 
;elertinq e•pert ;y·.tnm<, t.onl;: feati1rP<; ""rl otlwr 
rPquiremPnt',. E•pert <;;<>tr·n1 -,hfll tool.,. - prnd11rt 
rinalyo;i<; hy fe;iturP. Sp•·ri.1liH•rl harrlw.1rP .rnrl 
prngr.1rmiinq en11irnnn1pnt_-; fnr P•pPrt. -;yo;tpm-;. 
Know1edqe cdpture anrl corlification. [ntPora~inq 
ewpprt <;y>tem> into HIS anrl fIH environment.,.. 
PPop IP 1·01 "' in c r·e.it i "'J t hp prorl•u.' i nro e 'I'"' t 
sy-;tp~1. r_onr.lusions .ind f11t11r .. trPrHh. [nrle•. 

rlotP: Go;il io; to prtivict" prnr.tir;il 'P'iilanrP 
for thP implementation of P•pert ~y>!P~\ rn twn 
type' of r~rpor;ite PnvironmPnt': m;inaqpment 
informal ion 'Y't.em> ;ind romp11!Pr-intPqr.1t<'rl 
m;in11f;irt11rinq. Stre,o;eo; ~tr;iteriir rlPo;i<Jll .111rl 
pl<tnning r.ithPr thiln M<tdemir prnqr;imminri or 
reviewing current imp:emPnl;it ron mf'thorl>. 
Conr.entrates on general f1>.it.un» of prorhrd ion 
~ppli~ation of P~pert o;y~t"m' t.o Pn<tble rf'ilrlPro; to 



apply principlrs to nrw materidl. Discusse<; 
rfPvt>lopmf'nt of P<pe: I_ .,;y<;tpm5 chaptf'r· !>v (f1,1plPI". 
Wr·it1.,., for· "'"'"liv"'· pr·ojert maniHJPr·'· ,wri 
s~ft~are enaineers. rrerequisites a~e bacluround in 
r<>mm!'n:ial or· industr·i.11 r<>mputing and <:<>me 
lhpon•lical knowledgP of e'pe.-t systpm-.. [r.,:ludes 
biblioaraphy. For resParrh lPvel tollections. 

CIM - lhe Data Management Strategy (in 'I part<:) 

Olin H. Bray. r11lishPd by Oioital Press in thp 
llS. arul distrih11ted in the u~:by .John Wiley and 
Sons. I Olrll.-inrl" Witv. Boonor· Reois. Wt><>t ';11~-<e• 
ro~, ,~ (lS!\ _ ~ ·l,". 50 _ 

r.-irt onP P•aminP5 thp importancp of CIM in ii 

romprehensive n1.-in11fad11r·ing strategy; part two 
arldrp'""" rl.-ita m.-inagPmpnt terhnology; p.-irt three. 
thP rorP of thP boo~. describPs individu.-il (IM 
f11ndion<; and h11ild5 a oenpr·ic in1.onn.-ition model to 
support Pilch funrtion: .~nrl p;irt four discusse<; <;ome 
•Py intPor.-it ion is<;uPs. 

lomputer aided design in comp_os1 te material 
t. e1: hno logy 

Edited hy C.A. Brebbia, W.r. de Wilde .-inri 
W.R. Rl.-iin. NY: Springer-Verlag. JQR8. 
'i60 pp. llS$DR. fi(0. l' l8'02R'i. 
T~41R.a RR-10lll1. ISRtt 0-1R7-Jqoz4-4. 

Contents: l.amin.-ited analysis and design. 
SnftwarP for romposite matPrial technology. 
fomputpr· simulation of filament windino and other 
processes. Tht>rmal analysis. Structural behaviour 
and identification. Manufacturing processes and 
qu.-ility cnntrol. Impact and wave propagation 
prohlt>m<;. Numericill methods. 

NotP: Puhlishe<; 1A of t:1P papprs, Pdited and 
with refprences, presented at the 1st I~ternational 
Conference on Computer Aided Design in Composite 
MiltPri'll Technology, April 1988, Southhilmpton, UK. 
Main th!:'me the appl ii:at. ion of computers to the 
analy•i<;, de<;ign and manufacture of composites ilnd 
st.r11r.t.ures. For research levP.l collertions. 

(omputer 7 integrated manufacturing: current status 
anrl r.hallenges 

NA TO Advanced St.udy Institute on 
fnmputPr-lnteqratPd Manufacturinq: CurrPnt 
St.>tw; and rhal lPn(jP'\ ( l'lll7: Isi.-inhul. 
Turkey) 

f.diterl hy I. Rud1an Turko;en. NY: 
Springrr-VPrlilg. l'lRR. ~ihR pp. $101 .50 (NATO 
AS! SeriPs. $Pries f, Computer ilnd Systems 
Sciences; Vol. ~'l). h70.47'7 TSl!i'i.h RA-7Rl6l. 
ISON 0-IHT-50720-1. 

Contents: rurrent >tat.u<;. rlPw direct.ions. 
MilnilqPmpnt of uncert..-.inty. MorfpJ<; tow,ird 
int.Pqration. lnrlirp~. 

Uotp; Puhl i-;hps ;!l papen ~hilt review thP 
1.urrPnl status nf f IM ((ompuf.pr-lnl.Pgrat.Pd 
M.inufctrluring). Sppr.ifir topics consirlP.red inclurfp 
romputer-lidPd dt>sign (IAO) rohotirs, .-irt.ifiri.-il 
int.Pl 1 i11Pnre appl iral inn<; in ind11<;try. MJgrpg;it.e 
prorlurt.•on planninq, funy ~Pl ,rnd funy loqic 
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methodologies. and fle,.iole rr.Jnufacturing :;1stems 
(FMSl. For graduate and resPard1 lrvel collection<; 
in mdnufacturing engineering. 

CIH - Technolqgie im Has~hinenbau - Stand und 
Per5pek~iven_d~r ~etrie~!iche~ l~tegration. E~pert 
Verlag. Ehningen bei B~blinoen. JQAQ. 

(Book written in German dralino with thP 
"'factory of the futur·e" whPreby thP.Plllphil<iiS i<; 
being put on CIMl. 

Research Centre~ Directory 1990 

14th Edi:ion, Peter D. DressPr and Karen Hill. 
Eds. 

A guide to more than 11,700 university-related 
.-ind other nonprofit research oroani~ations with 
continuing research programme<; in the srienre •. 
medicine, humanities or technology. 

Indexed by research arPa and title. Gale. l'JQO. 
2 volumes. 2.062 pp .• hardcover, $~QO.OO. 

The GEC _r~ean:h_ laooratories 1919-1984 

Clayton, Sir RobPrt, and Joan Algar, 
Piscataway: IEE. 1Q8q. 438 pp. $80. 
(Distributed by PPL Dept/IEEE! (IEE History of 
Technology Series; 10). 621.11'042. 
ISBN 0-861111- 146-0 

Contents, abridged: Origins, philosophy and 
organization. Six decades ot research. Lighting. 
Communications and electronics. Semiconductor 
materials and dev;ces. Engineering and technolo~t­
Heating. Glass and refrac•oriPs. Metallurgy. 
Chemistry and materials characterization. The 
1939-1945 war. Statistics and quality control. 
Indices. 

Note: After the first world war, determining 
that British industry should never again be 
dependent on German science, a group of British 
industrialists set up the GLC Hirst Research 
Laboratories. Originally est.-ibl ished to do research 
on lamps and gl~ss, programmes gradually expanded to 
rover electrical applir.ances, electronics, and 
telecommunication5. An in<;titutional history for 
libraries supporting programmes in thP. history of 
tPrhnology. 

The McGraw-Hill elettricdl engineering materials 
reference guide 

Edited by H. ·laynP RPaty. NY: McGraw, Jq'JO. 
Various pagination. $18.50. 621.:\ TK4r.11 
89-12554. I SRN 0-0 7-004 l %-{ 

(ontents, abridged: Material~ resP.arch. 
Carbon and graphite. General propertie' of 
insulating materi.-ils. Insulatt>d conductor•. 
Insulated ga,es. Hica and mica products. 
Plastic-;. Insulating v.JrnishPs. Coating powd!'rs. 
Wood products. Index. 

Note: DP f in it ions • formula• , ph y' i r a 1 
properties nf conductor, maqnPtic, insul~tin~ and 
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-;tructural mdlerials f rpm thP new interdisciplinary 
!ield of materials S(ipnu>. Inforll';:ition rirawn from 
McGraw-Hill Standard Handbook tor Electrical 
Enaineers. For workina electrical engineer~. 

Electroai~s_ resea1·cf1 centrgs:_ a worlu 9;rector_y_of 
orga11izati911s and p_rogrdmmts 

2nd Pdition. Es'ie•: Longman. lll8'l. 5;::~ pp. 
SlZ5 (Distributed in the USA and lanada by Gale 
Reo;;>an:h Company\. f<'f.{81'07;' TK7855 
I SBtl O-<;.<i;:-O~l;O,l-b 

Srcond edilin~ list' appro•imatelv 
1,000 reo;Parch and tpchnolo~y laboratorieo; in over 
7'.; countries. Include' indust1·iol cent_r·es, oft ir:ial 
anti university labor;ito1·ie-; which cond11rt resPan:h 
in -;urh areas as elertronir enoineerina. 
teleconlllluni,_ations, anrl co.nputer· si:ienie. Listinus 
arranged by country provide name of rPsearch centre. 
address. telephone, director. activities. and 
puhlications. I\ suh_jeo:t inde• as well as a titles 
of e>tablishments indP• provide access to lio;tinus. 
Fnr· -;.-ienrP ;ind t_pchnrJloqy nriented collections. -

Material_5_re5ear~f!-~entres;_ a wq_rld_ !lir~~~ory q_f 
org?n i zat i_Qn_s_ '!n~_pr_ogramme> 

~rd en it i O'L Es-;!'>: Longman, 1989. 7'10 pp. 
$125 (Distributed in thP US/\ and Canada by Gale 
ll!'SPilrch). 620.1'1'072 TA404.Z 
ISBN 0-582-01682-8 

Contents: AraPntina tf.rou<Jh Zimb;ihwp. Titles 
of establi5hments inde•. Subject inde•. 

Note: Provines n!'tails for over 5.nnn r&~earrh 
and technology l~bora•nries in 80 rountrie' 
Prnfi les indu-;trial rPntrFs. official lahor,.tories, 
and major university and IPchnical rollegP 
lahor3to1·ies irwolverl in rPsearch in indu>tr i.11 
rhemislry and chemical process engineering, 
hydrocarbon proressing. refining terhnoloay. 
metallrrr-ay. synthetic mat.erials and fibres. 
cnmposit~ materials, and fine ~hemical~. 
Arrangement is alphabet iral by rnuntry and 
,1lphabetiri1l by organi;atio" within •n1111t1·y. 
Fntries qive title in original languagP and fnclish. 
adrlr~s>. telephone numher, tele• i1ddrP;s, far;imilP 
n11mber, produrt ranqP, affiliation or parent 
nrgani:ation, name ~f rp;earrh dirµctnr, rlPpartment~ 
.rnrf rlivi-;ion anrf respPd.ivP hF>;ins. nrrmber of 
or.-id•J~tr rP>Pal"Ch o:;taff, ;innual e•pendi t1Jrr. >cnpr. 
ot Mtivit.ips, p11blir,J!.inn-;, ilnrf liais'ln•;. Inrl!'•P'. 
iHP providPd lnr orailniz;ition n3mP and •;rrhj .. •.t. 
lntPnrlPrl rtt; r\ -:.n11rc~ tor ;Hlm1n1c;t.r<tt'lr'",, -;riPnti",tc; 
anrl enriinpr1·-;, terhni•;d row.•rllants. m;ir~et 
1P~earrhers, anrl other~. AppropridtP for re5ParLh 
lr·vel rollertions anrl sperial libr;iriP',. 

Ferrou~ phy~ical metallurgy 

Sinh.1, /\nil Kum;ir. Bo•;t.on: BuU.,rworth, l'lfl'l. 
Alli pp. $'15. 6h'J'.l TIJ6'1.1Af3-lr)llil. 
!SAN 0-~09-gO!l1-l 

fontent,, ?.hrirJg.,rf: [rorr - r.;irbor1 alloy>. 
Rerovery, rrrrystalli1;it.ion, ;inrl gr;iin qrowth. 
Pe;irl itP anri proPrrtertoirt phi4~e~. fl;iini '"· 
J<;olhPrm;il a11d (Onti111Jn11<; r.ooling tran~formation 
di~qram>. H;irneninq and h;irdenabilily. 

Thf-lrrtHJm~1:hCtnicdl tr·e,'ltm-=nt .. ['l~fo:-1t" in h 0-.1•.-•1t:_0.'\t_...-d 

p<11·t-;. !ndex. 

Note: A monooraph tocusino on the~reli1;il 
aspeds til physic;ii metallun_J;. -..i•h i11-dppth 
covprace of lerrnus alloys (nnnfPrrou> ;illn~s ar• 
gi,en iess emphasi>I. A;ms to int1·onu<:<> ·1i1e s!"'fv 
of the interrelationship> amono phase diaoram. 
free-erergy-tompo~itinn r!iag1·am. l.i11et·c5 nl rh-15<' 
tr,11'sform;ition. mirrostrudiire. r1·npe1·ty. ,1nd 
p1·oress i ''!l I or bpt ter under• tanrJ i "ti the beha-.·; c·:r ,..,. 
metallic mater·ials". Ass<:mes .;n intrndutl•J•-f 1.,.,.,1 
1'nowledoe of materials >CH'<'<"· m<>tal 1or11·.1p11,. 
crystaliooraphy and physit,. '.ntended a~die~·" 
includes p1·a1:tir:ina enaine!'r-" rifsi'"'"rs. 
l"t'>P<Jr( hp:·s. upper 1e.·e1 •_1r,ne1·or;Hh,1 •es .ind 
t-eginning graduate >tudent'.i st"d1ir"J ter·rncJ> 
rhysical metallurgy. pha5@ t.l"illl'dOrmatitHl'.' !•" 

501 ins, or heat_ treatment ,,f fp1-i-euo; al ln••· 
Comprehensivp r:haptpr ref!'ren•P lists ~11rl riP'~il~~ 
subject. indPx enhance usetul11ess. Fn1 ,-.,-3demi1 ;rn<' 
research lpvPl engineerina (oilection•. 

The beg_inning of the use ot metals and -311.Jys: 
P<!per·s 

International Conference on the BPoinnina nt 
the Use of Metals and Alloys l~nn: 1gBh~ 
Cheng-chou shih, China) 

Edited by Robert Maddin. CamhriJoe: Mlf rr. 
1988. 391 PP. $5;:. hfi'l' . 00·1 rn i 6 q: -.'·1 '.·11 

ISBN 0-262-132\Z-X 

Contents, abridg~d: Early metallurgy ;" 
Mesopotamia. Ea.-1 y copptr mpt all uroy i r. nrna". T"; 1 
Erlh-Dhiba' i and the southern H!'ar Eastern 
metalworking tradition. Early met;illurgy in 
Sarninia. Early nonferrou> metallurgy in s~Fd!'n. 
Prphistori( metallurgy ir: South-f;i-;t Asia: -'°'"" """' 
infnrmation from the e>r<w.:itinn of fl;in tla Oi. 
Archa!'oloaical inve>tioa~ions into preldstori• 
copper product;on: the T'1aila11d 1"11·ch;ieomet,,1l·_,,-·11 
Project 198·1-1986. E.arly f_;ist Asia" n•eti!lluroy: 
the southern traditio11. Scien(e and maaic ir: 
Africa•• technology: t1·adi•_io11al iron smelt_inr:i iri 
M;i!awi. The metalluru•, of the iron bloon:e.-, in 
~frir;i. Charart<>ri>l:;, o' r;i~'ina •a~p;iled hy thP 
<;tudv of ancient ChinPSf' brnr1,·r..;. netrl! 1 11r·(1y nf 
ancient we'it Me•ico. Tr"ditinn'i ann stylp-, ;., 
rpnt_ra1 Anne;in met;ilworkino. lnde•. 

tlote: A fc=ti;rinrltino r·,··--!"'f"' of mpt;tll:1r,;l1,11 
history frnm its p;;rlif>~~ r11,11i11nina•. pr.ori-;orir) fl' 
f1v U'",ing 01";) nqmh"'r Jf r1!.f\.=\~ rf t•1,:i. wf'lr·1fi ;rr J·:rlfr·:: 

f_.i>tr-rn ""rt lo/f~t"rn E11r'lp•·. ~h" Middl" F_ ,t_. 
So11U1-Ea~t r.si.i. •ti;nd. J.w.ir,_ M('Yl(O 3nrl th'· 
r.ndP'" .. Ir1t.:.r-;·-;~inq ;~1•r:lrrli-;r111linMry fl~; .. ol 
·~( 1 pnt; ... .. Pnql r1Pf?I-;. CH. '1nP1, 1 (l!Ji '; t <, c)r•d hi-;. nr 1 -ill', 

prf!";er·. tJdpf•r; or1 S'J'.h top i r '• n ... , nrf- dpprr. T ~ .-, rlllC! 

minl"g, the hPglnnin0 0f mPt;-t~lui·qy·, anflf·ri~ rt~'~1~ .... 

. 1•irl il 11 0 y rlrve 1 opmer: t_, t lw •t~ .. " l oprnP11 f of <",H: y i r•1•1 

rHHI ',ff:P1 ttnd rtrr_h .. u:.·omptrir t.rrhniri11P .... R~ff'fPfl'fl 

hihlirigraphie~ and int 0 r<'~tinq t;ib1es .1nd ph11•n<, nt 
Al"tif;irf<, ,111r! .,,,-_Aviltirin•,. llr:i·.'·r·.it) ,111d rr•,n,irr!; 
1 PVf'] S, 

PrPpArPci '"'nPr thP di rPr!. ion of t.h·. ASM 
Int emit! i ona 1 lfan;1hoo~ r.nmmi t.t e!O. 'Ith 
edition. Metal•, f';irk: ASH, 198g. '1'1 Jlp. 
$111. 66'1 T/\~5') 7A-l~'l1~. ISRN 0-1371'10-02?-0 
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(ontO'nts: fundamentals ..,1 the marhinino 
prnre<;s. ~utt!no tool mat~rial<;_ Cuttinq tiuid<;. 
Tr-aditional machining rn'reS<;e<;. Grincfin9. honino_ 
a111I lappim1. llon'radition.11 m,1chinin9 p1·nce<;<;'O'S­
tti,1h-prnd111·tivity m;id1ininq. Ha1·hine (Ontroh ancf 
rompufpr application~ in marhininq_ Harhinino ot 
<;pP(ifir mPtals and allnv'i. HPtric convPr<;inn 
•111id». Abhr·<>v iat ion'< anrl '<ymbol<;_ Incle•. 

Note: Updates the 8th edition ( l'lh7) with 
romprehensivp inlormation on current machinino 
terhnoloov. ~!so provides a comorehensive 
de'irription of the evolution of ~achinino 
•er:lrnnlooy. Seventy-ei(Jht a· •.icles, (lf which lO an> 
nPw to thp prP<;ent edition. ~over all aspect<; of 
mat.,rial removal. Hea·1ily illustrat.eu <1nd including 
d detail~ri s~bject ind<>•. ~n essential referenre 
•nr ;tll m;inur;irturinu rnll!'ctions. 

C<1st reinforced metal composites 

lnternational Symposium on Advan•Ps 
Reinforced Metal [amposites (1988: 
Ill.). 

in Ca<;t 
Chic<1go. 

Edited hy S.G. rishman and A.K. Ohingr.J. 
Metals Pad:: ASH. 19flfl. •111 pp. $135. f>fi'l 
T MR I Ri'l-0 71 71 7 _ I SBll 0-R 7170-1.l'l--1 

lontents: Fundamentals of cast composites. 
Squeeze castino of metal composites. 
Hicro-structur~/property relationships of cast 
compo<ites. Mechanica:/thermal behaviour of cast 
rompo<;ites. Triholony, dampinq, corrosion and 
erosion of cast compo<;ites. 

Note: Puhli<;hes 58 referenced papers pre~e~terl 
at the Sympo-;ium. Re•.earchers and technicians from 
academe anri industry discuss cast composites. The 
initial overview arti(le reviews historical intere<;t 
in metal composites. For re'>earch level collections. 

Proceedings 

International Symposium on Advances in 
RPfrMtnr-i!'s fnr t.hP Hetal lurgi cal Ind11stries 
( l~t: l'lnl: Winnipeg. Manitoba) 

frtitnd hy M.fl.J. Riqa11d. flY: Per').imon, 1'188. 
l".:l pp. $h0. (Proreedino~ of t.he.HPta"tlurgir:al 
)nript, nf th" '.111arlian !r;r.t.itutl" of Hinrnn and 
M"tall11n1y; Vol. ·1). f,fi'l'.82 Tm17l.'i 87--ldAA. 
r:;m1 O-O'l-O~~·A7'1-'l 

'n<di>nls, ahrirfqPrf: <;tePI inrlu5try 
rrfrarlrrips ... whai nP•t. 'nmparativP !hprmal 
•nnc!11rtivit•P-; nf -;i!i,·nn rarhrc!P rrfr;i··tori;>;. ThP 
t1•;ri nf t.,1~;c 1·11 fr·~rt~1ri,,. .. , in mnrlPrn <",tP~lma~.;ri~ 

pr.H tic"'•· ""' appl i"d ion of cfolomil.f· 1·pfr·.vto1·;p-; 
in lartl" r"f inin9 furnar<>~. Refrartorv ~Pl<>rl irrn 
for 1u1•1--fprr·n.,-; <;mplfinn appliration-;. RPlr;irtoriPs 
IP<>f inq: th• u•.Pfulnes<. of t.hP rotary sl;ig tf'>l. 
fl,.vPlopmPnt of ntonolithir ''""' ladlP at. Gi!ry 
wnr~~- The c!PvPlnpm"nl of •he rotary valve tunrlish 
llnw control -;y-;tem. lndic2s. 

Note: 1'11hl i<;he-; / l of the ?~. paper<; presented 
.11 thP fir5! intf'rnational -;ymposi1Jm on the 
-;uhjM!. T ivP m.iin theme~ arP covered: 
refractorie<; fnr iron and <;feelmakinq; hasir 
refractorir-; and ladle refractories;· non-fprrnus 
~mPJtinq refr~rlorie;; relrartory concrPtP~ a~d 

testino; ladle and tunish refractories. For 
re<;ear~h and level collections in m~tJll~roy. 

Metal forming and the ';nite-element method 

Kobaya~hi. Shiro. Soo-Ik Oh and T<tylan Altan 
llY: O•ford U Pr. JQl'.l'l. U7 PP- $r1<;_ 10, fnrrl 
Series on Advanced Hanufacturino: ·II. 
bll'.07<'.'•I rs21~ 813-li'l'JS. !SBrl 0-l'l-50·1·!02-'I 

Contents. abridoed: Metal-Iormina processes. 
Plasticity and viscoplasticity. The finite-PlPmP~t 
methocf - Part I. Plane-strain problems. 
Sheet-metal fanning. Con:pact ion and forgino of 
porous metals. Three-di~ensional problems. !"rl••-

Note: fills a gap in the bO~j of literature on 
metal forming by focusing on the application of thP 
finite-element method (FEM) to model forming 
processes. Emphasizes applications based on rlow 
formulation (as opposed to solid form•1lation). 
Intended for use by graduate students and 
researchers. Will also be helpful to pr<1cticino 
engineers with a background in f[H who wish tn apply 
it to the analysis of metal ifeformation pro1·"~'""­
(hapter references. For academil libraries. 

Strengt_h 9f m~~~l~ ~nd al loy_s ( ICSHA 8) 

International Conference on the Strength of 
Hetals and Alloys (8th: 191313: Tampere. 
Finland) 

Erlited by P.O. Kettunen, T-~- Lepisto 
M.E. Lehtonen. NY: rergamon. lq8'l. 
$400 (set). 620.l'fi TA4GO R8-l7862. 
ISBN O-OR-034804-1 

Three-~olume set publishing 210 papers 

and 
!SOI PP-

presented at the conference. Technical in nature. 
the discuss;ons cover dislocations. plastic 
deformation, strengthening mechanisms, cyclic 
deformations and fatigue. plastic deformation at 
high temperatures, fracture, modern strengthening 
methodJ in steel~. and boundaries and interfaces. 
ReferPnce~ included. For re<;Parch level rnllPrtio~~-

Handbook of pol1mer science and tech~ology Vol_ t­
<;ynth~:;i-; _and pr:opi;rties. _V91._2: Pnfor'!'cH1ce 
pr:Jper·t ii;s of plasti~s ano ~la5tomer·5_ 'Jol. l: 
Applirations and processing operations. Vol. 1: 
Composite<; dnd specialty applications 

Edited hy llicholas P. theremisinoff. HJ: 
Dekker, l'lR'l. /8.l pp. f·I' pp. r,1,11 pp, (-Al) pp, 
re<;peclively. $185 each. h~0 .1 Q01~R i'l~-/q~1. 
ISBU 0-82'17-8ln-2. IJBrl 0-8~11-817'1-:J, 
ISBU 0-11247-A00:-1, ISRN 0-82117-80?1--i, 
re<;pert;vely 

A four·-vol•Jmf' comprehf'n~ive anrl aul.hor-itat.ivf' 
source that unifies the theory of polymer S(iPnce 
dnd practical mdnufacturinq concepts. 
Pol)m~rization kinetics, reactor design, and 
analytical m~lhods u'>ed to study and ch~racteri1e 
polymer molecular/chemical structures are discussed 
in volumP. 1. Physical, structural .·nd composi I ional 
properties of elastnmerir material<; ~nd plastics are 
emphasized in volume 2. The 1'1 chdpters of volume 1 
con<;ider end-use processing operations employed in 



the handlinQ and m.anufadurinQ o· rubl:>er and plastir: 
articles us;d in cnnsumpr-nriPnted applir:ationo;_ 
fhP final vol1~e is devoted lo end-use proper~ies 
;md applicati1ms of en~ineering plastics. pol1mcr 
I> I ends and .a i I oys .• uid ro I yr.e1· t ompoo; i tes. F 01· 
s.-iPnr:P and enoinee.-;nQ -nlle<.lions <'It thP 
11nivpr-itv and rPsearch :evpls_ 

functional poly111ers 

[dited l:>y Oavid [_ Berobreiter and 
Cha.-les R. Hartin. PIY: Plenum Pub. JQ8Q. 
;: It• pp - $5Q - SIL (·hll. 'l r P 1081 8'l-1'H;'.. 
I SR•! 0- lOl·-'nzo ~-X 

Contents: lontrol of phase structure in 
polymer blends. function:.! uses of styrenic blo(k 
copolymer·. Electrochemir:ally controlled release of 
iono; from polym!'ro;_ Rer: .. nt advancf'S in self-dopPd 
i:11nd11ct i ng po I ymers and a ry I enev i ny 1 en es_ 
Funrt ional polymers. Fune! ional i.<:ed 
poly(.al~yl/arl~hospha.<:!'n!'sl. Synth!'sis of gold 
r.on~ainino fun t ional ized !)ol ymers. Ar: id-base 
r:hemistry at polymer-solution interfaces. Inde"-

NotP: Represents the proceedings of the Sixth 
Annual re,.as A & M Industry-University Co-operative 
fhemio;try Program Symposium on funr:tional Polymers 
held nn 22-24 Harch 1QIJl3. The macromolecules under 
discussion have properties significantly dependert 
on the fi.Mtional group o;uhstituents. The paper<; 

- t>8 -

reflect new developments in the field and the 
potential for industrial appJ;r.ations_ Photo­
nr.pons've l)Olymers. polymer blends. eJ .. , t.-onii:.allv 
conduct ve poly ers, ;rnd biomedical pl'lymers ;ire 
amona topics rons i de red. for ur11 VP'"S it v I eve I 
•oliectionL 

~e:char:iic 1 _b~havi~.ur of m.Jterials-V:_ proi:eedings of 
the FjrtL l!!~er:.national (onferente, Beijing, (hina. 
~-b June 1987 

2 vols. E~ited by M.G. Yan. S.H. Zhang and 
Z.H. Zheng. 1st editinn. llY: F'ergamon. 11)88. 
Jll51 PP- S-115 (set). t>;'0.1'1 fM17.h RT-70~'1. 

r5sN 0-08-034912-~ 

Publishes papers presented at a forum intended 
"to bring together r.nntinm~ mechanir.s specialio;ts. 
m~=~rial scientists and engineers to discuss ~urrent 
engineering problems, thereby gaining a mutual 
understanding and promoting and enhancing 
international co-oneration." five themes are: 
mat~rial aspects o~ fracture in engineering 
practice: fatigue r.riteria and material 
characterization; environmental effects on frar.ture 
and fatigue; high-temperature det.•rmation a!"'.d 
faiiure; mechanical properties and engineerina 
applications of compoo;itP .and non-metallir 
materials. For research level collection~-



II. rASI IVfNIS ANO FUIURf l"Llll~GS 

OH ::nt AKI 01i!fR l'MlfRIAI S 

Tfu-- ·'lftOf.lf t '}_-\·J I tHlft,,r-ellf.f!' (tJ~d t?,._pO~it lQ'I 011 

• On<pu~e1·-intey1 . .tt-:d m,>nulallur i·1y \(IHI 
f. q ")dol>pr : tl'.h Pml>c1· I 'IR'l [let ro it, IJSA I. Hw 
P\·ont 'c;, nPw•'lc;,f .ltt1·.l1 t inn wit' ••J•;.,-t,,~rc;.hip tnt· 

i f1 t t'l(Jf ,J f i n;1 '" • ,1 ·• ~ ._\ t ._. ··U f - f h~ - ,o· t mu 1 t j V t,,llillll- ._i-" fi j bf t 
f•"·•tur·ino , .• ,,,1l t.11 tor·;· p;·o1ftp t ion r,t ,1 port io~1 ot .t 

[t,. • ..,,..'I '·'"'" (r.1nfPn f ···" t ,,, ~ It t .1"-rr .. t llfl. rnutur ti fHl 

p. nr JP._-;, t r·nm .,,rH1i "•'•'t" i nu rft"'·;. ion tfu·ou,Jh 
m.1n11f.1;·t;.11·ir111 •. t~';._.mhl1· .• HH~ ~n~p('1 lion. Dt-lt"'t .. "' fp, ft 
~···r·vi1 p·:.. ,.,,.,j i·1p. Il _. ,,, t••tl cl~ thP -.:,.y•,tpm") 

rrit~111~t1u· tnr P.t1tru•1· ... hip. JP..-tm lp(l1h:.1~ int ltuf~d 

[•i,1lt,tJ f•~11fp~•)n• 'n1·p .• M.u·lh1''"· tt.\: lftH. B,_,~tl 

R.»on. fl: l'nm•• '·''"'JH1t.-.1·. ~lit! ir~. H.~: <;"'' Hi11·0-
'-."W"':.t~"'' in1 _. McurnLtfn \.'t.>w. r ,.\: ..tnrl r,.a'1s 
[n~lnrm»nl·. In ... [l.tll.t~. IV.. Tt'•lm mPml><>r·~ 

p1·1l'o.·trfrn1t •~'fl!IJ'l:nPnt ,1n 1 f ;pr··, ic p..- for· J',1r·tnPr~hip 

.... l1·•· :,r;.f. Ht id~1·· ... 1t•-.,. rJ.l: ft,,.-,--Brnwn. Tu, ~nn f,,""': 
<fH ... ft~.,tr·nnir· .. ~t;1t .... rnJIPUP. PA: timlin1 In~·-. 

~ I~- •,n1v•"' '1.; TI .HJ'". 11 : 'ornn; Sr-or . .,, In1 . , (at n,.,,h.1. 
J-.•.: ff t ... t i·o-' M.•u;,1qern,.,,nt \olut ion ..... Hi lwcl11~P~. WI: 
r~•·r:••r,ll Tn-..t?ttmt•~,t. rJ,.)mino!on. rlJ: lnt...,1·m('1 '1u·p .. 
, .,,,.,.,.,,nr1tl. W\: ti• I<. Widttl.t. ~·s: Oi-t.11 'nrp .. 
M•H!lll.tin \'i•w. f ,\; Opt irJr,tphir ~. San [lit'OO. f •\: 
.lntf J'1·itc:..~ ... ,- 1 •11·p .. i"1ffi.--1nilpo' i~. lrl. 

Hnn• !h.111 !Oil • nmpanif''> rfi,plilyPrl pr·n,i11rl~ in 
:•m.oon "I· rt. nt P•hit.it >Pit"" .1f Arrtnf.1d. .\n 
P~timalPd ;G,0011 pnqinpprinq profP~<;ionill~ ~PrP 
,: .. pP1 tPd t11 '-'if'· .. tf·p l.1tpo;.t ~dvitnfp~ 1n 

rnmfa!pr·- !nfp,,,-.ltt"l:f Pl.lf1trf~;·t11r-in1J. 

r onf Pr••111 •· ""'' t-1nP: ThP ''utnfttrt 'R'4' rontt'"'rf"lorH f'I 

rJllt>1·µrf fol ,,.,.,;on; ( ;,,, luclinQ ~hf' rartnpt ~:,;p 
P"'<;Pnl.11 inn>) •h.1t ln111·,.•d 011 intpqr.it rn11 for· 
~nnr"titfv•• .11-...lntacJfl" for th" fir-;t tfm••. tht> 
~P\~~nr1~ WPJP \Al~Pfl!~tf into c;.i· ~rp~~= 

t':.u1tJfc)1 ~11:-iP(J •>nr.inP~rin•t. prnrfurt t-nqiru=-t>Jr·inq? hfrJh 
~ ,., hnn I cl·ly • f° ompu ~ ,..,,- -; ,- ...... t Pm;. man.J~JPITIPn t anrf 
f ;niln,.P .• w.-f <;nf t !PchnnlorJf. Thirtv-th1·pp 
t~rt1r\ir,1l JlJcJ~r~m~ rnvPrPrl tnp1r~ from wor~~t~tio11~ 
~n rr~n11f.1rtu~ ~n1J-rP ... .,onr1 P pl~nninq (HRP) tn ~pn-;.nr·t",. 
n \r hfrr. vi,.~inn .• 1nrf robot i1·".. fwf'nty-f lvp t1;tnri~l-; 

.. i~h pr·.t •. t ir.11 'llQ<:JP~.t.ion~ delvPd into topi(~ <;11r.h 

.1~ .1.-tTI i1 i.11 1nfP11 iqf1Juf'. ~i'l'lu1.1tiori, nPtwrir-kirHJ. 
<;nlirt mnc'""llintt. rhanrre. ;tnrl ju-;1-in-timP I.Ill). 
Thn•p l111·.1n1, ~·1 11rJvp1·nm•·n: qlnh.11 rompPfitivP•lP~'· 
,lrHf tht• r.1rtn••r-h~fp ••.-:1ihft flllV(l ~lfpncfPPC-. 

,uf fl i ~ i n n ~ I i n ... l 1 rh • i n i n 11 \ i n q f IM. 

rhp l(H1f11r·t'111P Wrl'• ~pon~r:r·~!"f hy t.hP SO( Jf\ty ot 
rf.1111rf,t< fltr"lll!J f n'ltnPPt"', f Sii[) .trHI fhP f nmp11f•>r· .11trf 
,•11itnm,d1•tf '";y~tf'nt .... f,c;.'.qr i.tf inn nf ~Hf (fASl\/'\Hf). 

l'l,wninrJ .111",lff: ',MF .. ; 11 hrn.1rl.-r1 •lw '' npP of 
.'',utnf,;rt in i'l'Hl. fhr· J1ofHlf\. J.t 'nntPJPntP .ind 
\'f'.ion ''lfl 'nnfr·r·Pnt •' wi f I join /'.11tor.1r t wh,,.n it 
rrH\Vf'fll•t;, f.'.jr! rJo-.,pmfl•)f" f'>'H'. -lf [lf•tr·nit'.-. foflrt 

I"" I •• , ••flf •• /r wh i hit i Oil ( ••r1t ' •.. 

fif",h••,. 'nnt1nl'. (nt1nt,1finn .. ~l ,uut th•• f[Hf1-:1f1•r 
nl 11.t•.hinqtnn llniv••r<ily •nnr!urlPrl .1 '.r1mp11trr 
!nt1,.;r-.1!r·1I Hanul.>rt111·i11<J (' !H) '.onler·enc(' 
··· .'·1 M.t•1 f'l'JIJ in',! [n11i~. 11',A. lh" prnqr.tmmP 

Ari.ti I inn.ti inform.ti inr. 011 !11" P<h;hi I inw. ,1111! 
.ill ronlrr·Pnr.> .tr livitir•·, .ti Autnf.ut i~ .1v.1i t .. hlr· 
f r·nn1 '>Hf , flow 'I IP. flp,~rhnrn, HI •l>l Ii' I 
(lll-/fl-l'101J). (f•lr,1•tp1I from HMhinp Oe~iyn, 
;•r, Ort nhrr I 'lll'J) 

dJ~, u~°'e-d itutf'mat inq and intt'llJrat iru..: rhp 
n1,rn11f.J• tur·intt pn•u''>'>, I ;.,L_;.,,, l.ntot y r l(lor· 
opPratio'1'> to a romp.1ny's <;tratPoi• pl.1nnino. 
m;u ~-Pt 1 no. f i n;tn1 P. di"- t r-t hut ion. irlnrf p111·,-ha~ i rHJ 
lurutior,,. For· .i .. taiis. umt.•<I tl1» •n11-.,,.1 .. r .•t 
W,t·.hin11ton Univprsi t v in S•. l n'Ji s .tt 
i ll ·I I 7 .'1·-·J.l·l·I. 

'~IM· RP•olut ;on 1n i'r 0yr e.-..~. J _.J .lnl ¥ I 1'111. 

• .1.Pnfl1rr-,:1. ,.,~p-..tr T .. 1. 10111.H1i: .. -d hv: ![.\');, 
IntPn1a•ional ln'>titulP in1· Applier! '>r•t»m·; 
llnalyo;is. A-;: I'd l.i•enbun.i. -\u-.tr·i.1. 
1"1: p~;.:'r" 11<,:1·0. 1.1•: 1o::u,1 nn 
fplp.: Of'll 17 i i.t<;.l .. 1. 

lhi< ronlPrPrH·P '"'"" thP nrlminat ion of ,, 
fo11r-ypar rP<,Pa1·rh pn1or.um1p o;hirlyinn tour 
~l••ment .. ~ tlf ttu~ ct11·1-Pni indu--.)' r i.ll , .... .,,oluf inn. 
Th~'~ 'hanq~-:i.~ h.-tvP bPPn •.(u-r·iprf fnn ... ud hi; ,-,1pid 

d••\1P l .1pn1r-nt c; 1 n mi r. r1Jf' l pr t ron i r • •• • omllo!..->r~ .uuf 
o;oltware. with ronr:omitant rh.>nQes in m.1n.t11Pri,.l 
ph 1 I nsoph i ,., . 

lhf> rP<;P"r·rh ha'> P•ilminprf '"" imp.tr!, nl 'Ir-' 
i~ lhP followinq arpao;: 

(1) Jprhnnloqiritl dPvPlopm,.nlo;; 
(:') The rliff11<;ion pn1rp-;5; 
( 3) H.rnaQer· i .1 I ,rnrt rJrQ<Jn i za ti nn.i I i '.>UP~: 
l·lt ThP Prnnnmir .inrl o;nri;il in1pli1·,ttion•,. 

The work within IIA51\ wa.-.. primdrily fwn.fec! by 
!hp tlatiorMI '.}cit>nr.-. r<l11nrfati•1n of Ampri.-.1. lhnrrqh 
in1li111rf11al rPV'iln:h prnjP• f<; ,..,,.,. •.1rr·iPrl 011! .1ru1 
l11;ufp1! hy diflpr·pnt ur·uani.:atio'l". in I~ rorrntr·i.,-,, 
lrom hoth fa~! dnrl Wpo;t. 

'·IM fdu~.Jt ion 

lflH r·<>rPntly <;11 lPrtPd thP lno;tit11fp of Advan•.Pr! 
H;tn11farturinc1 SripnrP~ (!AMS) and lhP Univero;i!f of 
Cincinnati'<; College of AppliPd Scien[P .io; thP 
'inr:innatr (IH centre, onp of !RH'.-. ttiqher frlur;o!ion 
l!M 'PntrP'>. ll!M'<; f!M in frluriltion invnlvP'> .1 
•'lll';nrtium of /IA <OllPqes ilnd 11nivPr·sitie-;. which 
.1rP rommi !!Pr! tn ( IH Prl11r it! ;on anrl to rP<:!'!rinq 
llni!Prl '•!.11Po; inr!u-;triill rnmpPI it ivPnpo;•,. 

lhe 1:11iver-;ity off inri'1n.tti '·. (ol!PrJ•' nf 
/,ppl iP1 jf iPnrP wi 11 1 1;P thP nflw r omputPr hrtrffw,1r1-• 
from lflH lo off,.r· f!M .,,.minM··. ,1111! rnrrr···•'\ In th•· 
m.1n11l.1r!11ri1HJ rnmm1111i•y. whilP !hP rnffPrff' of 
frll!inPPrinq wi II p••.-for·m RP.(I "'·' j·,if i"'·· rf •11.1•.f••rf 
rrrin1 Amer ir,<'n ll<1r.hini,t. rl•r.·,.n1hPr l'IWJ1 

Ad·~nted produtlion te(hnoloyi~~ in merh.tni~al 
engineP.ri•1g 

)ho.-! """riptinn: fiP•ihlP .111tom.1!inn in 
m.rnuf ,;r I rrr i nq; manaqer i .i I appr·o.ir hp<; to .irlv.inr "" 
!Prl,nolnqiP•.; phy~1r.1' f'l,rnninfJ .. rirf df'<;ifJll Of 
f l"•il1lp m.1n11f.tr!11rinq ·.y'.lf'm~; morlPrn 
m.in11l.11.t11rinq f.Prh11olO'fiP<; .tnrf orq.1ni1at ion; 
"""'"'ion and tr.ii!"linq fnr pr·of Po;.-.,ional ppr•.on11PI; 
nrw .ippro.irhp' to flP•ihlP m.tin!en.1n(p in 
Pnq1nppr;nq. CommP.nr.ir.q rf.ilP: SeptPmhPr l'l'JO, 
l'l'll. IJ11rAfion: ? wPPk<;. QuAlifirA!ion<;: 
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Hanroers. enaineers: ~a"ter'" dearee. pre•era~lv in 
mPchanical. electriral en9ineerin~. rroduction 
p•·onomi(';; ilt least r; vt>ilr'i nf e~pe1·it>111·p_ fnqli<;h. 

Orq.1. i;:er: UrHDO-C;:e1·hoslo,,akia Joif't 
Progra111ne !:or Co-operat itJn. Metallic Indu">trieo;. 
[11on1a In-;! ilotP. lelPn<>~.3 17. llR 06 PraQuP i. 
r:er.ho<;lova~ia. 

1990 

::'O-.:;~ Jun,> 
Am<;terdam. thP 
lfplhp1·J ;md<; 

.:~ .)une -
10 .July 
~ hara~pur·. 

!ndia 

.'0-2 l Auqus t 
ScJn fr;fnrlsro. 
llSA 

;:'1-7f. Augu<;t 
';ydnf'y. 
Au-;traliil 

Hl- lfl September 
Mont. r,.;11. 
r ;rnada 

18-ZO September 
Vienna. 
Au<;t ria 

/'1-2A ')pptrmher 
',! 111. I riart.. 
FR•; 

/!-/A SertemhPr 
/ilorPh. 
Y1u10~ 1 C\Y; a 

i'l·-1'1 ';PJl! PmhPr 
~.t.ut.!q.H! 
fl/r, 

;• ... 1 Or·t.ohPr 
51ut1ri..irt, 
f Rf, 

InternatiGnal Conference on Advanced 
Aluminium and Magnesium Alleys 
(organiled by the ASM European 
Council and its Techr•ical Co11111ittee. 
rue df' 1 '0rmP, l'l Olmstraat. 
fl-10•10 P.ruo;seh. Beloiuml 

QUIJl Short T"'rm CourSP on Principles 
and Terhnology for Proce\sing ot 
Advanced Materials (orqanized ~Y 
Materials Science Centre. Indian 
In<;titu!"' of Technology. 
Kharaop•i• 721-302, India. 
TelPM~ 071-27~0 IfKG Ittl 

Third Electronic Mat~rials and 
Proressing Congress (sponsored 
hy The Eler.tronic Material-; and 
Processing Division of ASH 
ItlTERUA TIQrlAL. Nateri a 1 s Pc.rk. 
Ohio ·MOn. IJSAI 

19~0 Australian Space Development 
Conferenre (National Space Society 
of Aus~ralia, Parrish Conference 
Organization Pty Ltd., P.O. Bow 787, 
Potts Point USW 2011. Australia) 

International Conference on 
fabriration of Particulates 
Reinforred Metal Composites 
(Sponsored by ASH INTERUATIONAL and 
the Uational Research Council of 
Canada) 

EUROl'A-SEMWAR - "Produdion with 
Precision" (yearly seminar organized 
hy Oipl. Ing. G. Menzel. 
Europ~ischf's Informations Institut 
fiir r .. rtig11ngstedrnik und 
A11tomat ion in Wassf'rb11rg. FRG) 

Eurorompos it.es and llPw H.:iteri <". i '>. 
e•hihition. Contact; Europear. 
Association for Composite 
Materials. 2 place de la llourse. 
-~ rn ](, llorrleaux (pcfpx. r ranr .. 

fonf.,rence, "Reartive production of 
rolymerir goods". Contact; 
Hrvnje Marakovic, Society of 
Plastics and Rubber Engineers. 
fiaricgrarlska fi, P.O. Rox 1Pl, 
~1001 Zaqreb. Yugoslavia 

f11rocomr9silPs •qo, E•hibition 
of f.d.,anced Composites and Nrw 
Hat.,rials. Contact; 
Hr. frkhard ~rhlpcht, Stuttoartf'r 
Messe- 11nd Ko•~gressge:;ellsrhaft mhlt, 
Am Korh.,nhof 16, 7000 Stuttqart I, 
fpdpral Repuhlir of (1Prm;iny. 

Rf'liahility of Arlvanced MatPrials: 
Uesiqn and failure An;ilysis 
(Sponsored by ASH EUROPf ;ind 
VOi-Wi 

·:-.t Octo~.,.,. 

Kens i rn;i •J'1, 
t ondr.n. r~ 

':1- l i Oc tnh.,,.. 
Poliedro. 
Caracas, 
Venezi.ela 

".l-9 Octr.ber 
Pala'-; des 
Conores. 
Brussels. 
Rel11i11m 

8-10 October 
Clet.roi t. 
Mid1igan, llSA 

~-11 October 
lletroit. 
Michigan. USA 

8-11 October 
Detroit, 
Mi rh i gan. USA 

16-17 October 
Kongresshaus, 
Baden-Baden, 
FRG 

17-18 October 
Brussels, 
Belgium 

17-18 October 
White Haven. 
Pennsylvania. 

18-19 October 
Opatija. 
Y111JOS 1 av i a 

22-26 Or. tober 
flirmioqham, 
UK 

25-27 Octoher 
SPat. t 1", 
Washington, 
usr. 

{"}-ll Octoher 
Manrhpster. 
IJK 

i"J October -
I Novpmbn 
Sydnf'y, 
Au<;tral ia 

(onler~nr~. "imp~ct of Plastir<; 
Technol~u• on rackauina". tonla• t: 
rr. B~ia;1·S;ITl'"mn..,. ~e-s~arrh "1;tna'-'f-r·. 

l'arkaqino Glvis'on. fira. R~~d~li~ 
~oad .. !.Pathe1·i.,>;d. Sur·rey n;:;' rn•:. !)t. 

A··iplast "JO. Pi.<\tin f.hi•.i~ ion. 
Cu·,tact: A'!IPlA. Mnlticent,-o 
Macara.-u;iy. t"isn 7. Of. 1_ 
1060 (;;>-aras. Vt>ne:u"l.:i. 

Compalloy Europe 'QC, Congress on 
compatibilizers an•! l""E-activr> pnly,..Pr 
allo)ino. Contac~: Schotland. 
Schotland Bu~i~e<s Researrh, lnr., 
Confer·pn(e <_;ervi1.es, Pr·irHeton 
Corporate Center. Three IndependFn[f 
Way, Princet"n. Pl.I OfiC.,tO. llSA 

llear !let Shape Hanufatturinq for 
the Automotive Industry tSp~nsor'd 
bv the Material~ Shaping lpchn. 
Dn·i sior. of ASH IIHERllAT!OtlAl \ 

HATERIAIS WEH ''10 ISponsorr-r! h, thP 
Technical Divi'Sio~ of ASH 
IllTERtlA TJOtlAl ) 

Si"th Annual ASM/ESO Advanced 
Composites Conference and Expositinn 
(Sponsored hy ASH IllTERUATiO~AI anrl 
the Engineerino Society of DPlrnit) 

Conference. "liquid Crystal Polymer~ 
in Practice". Contact: VOl­
Gesellschaft K11nsl\t~fftechnik. 
l'ostfach lJJQ, ~000 Oijsseldorf 1. 
Federal Repuh:ic of Sf'rmany 

Conference, teropla~ '90. (ontart: 
Anne Weston. Corporate Development 
Consultants Ltd., 1 T~e Plain. 
Thornbury. Bristol BS12 2AG, UK 

"Plastic Waste Management - Rpcy•ling 
and its Alternatives". Contact: 
Robert Zeller, Akzo Enqineerino 
Plastics. Woodfern Roan, 
P.O. Box 625, Neshanic Station, 
llJ 08851. USA 

CLnference, "Poly~eric Material~ of 
Peduced flammability". Cont.Ft: 
Hrvoje Marakovir, Snriety of Pl;,st ir.~ 
and Rubber En~ineer~. Garicqrar!~ka 6, 
P.O. Bo• 119. 41001 Zagreb. Y11qo~lavia 

!NTERCERAMEX '90. International 
(Pramir Plant, Machinery anr! Supplir~ 
fxhihition. !UTfR([RAHEX. 
P.O. Box 107, Broado;tone. 
llorset BHl!l 'llQ, IJO.: 

41rd Pacific Coast Regional MPPlino 
of the Amf'rir.an reramir SociPty 
(Uepartmpnt of Materi.:il~ Sripnr" and 
Engineering. University of 
Washington, FA-10, Seattle, 
WA 9A 1 'Vi. f "'': (?Of,) '111""1- l100, 

COMPEX ''lO - Seventh APF RrinforrPd 
Reinforced l'la~tirs (r.ngre'~ 
(Interbuild, 11 H;inrhp~t.rr '>'l11arr, 
London WlM 'iAEI, IJK) 

A!JSPLAS - Au~lral ia s lntern<1t.ional 
E>'hibition fr,r the Plar,tir a11rl RuhhPr" 
lndust.ry !Exhibition tlousP Pty. lt.rl .. 
191 Rou~P. St.r., Port M"lhourne, 
VIC 100~ t.ustralial 
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[';ff ,ri.< TntPr n~' ion.,l C)yrrpn·~ i 1 1m fo1· 

'""' i1•1? .111rl I .1i l•rr·e An.-ilv<.i<.· 
f•pn,.ition (5pon<;nrerl bv 
A )M IrlTI Rt IA I I m1AI I 

r~fltlll lrildP fxhihition for 
f n:1i llf'l'l' i nr1 .-ind Hilt er iii l <. of th,, 
l l~r t .-onir. 

0

lndu<.t.-y { ~'.15•'· 
~5 aw. ldoudrd-Vaillant, 
f_o)/100 Bnul1•1111>' Bill<1nrnu1·t. 
f 1·;tn1·~\ 

Equiplit-;;t "10, rlastirs E,hibition 
I nnt.lft: f Pria dP Bilnelpna. 
Avrl~- RPin<t H.a Christin<t -;/n, 
OROO•I fl;u·n• l nna. Spain 

tonfer·en~e. "Injection mouidi119 
for the JOnO<.". [onlact: Boh Hunn. 
UnivPr<;itv of Lowell, 1 Univer<;ity 
Avt>n11r. I owel 1. HA 0185•1, USA 

lntrrn;ition;il Plastic<. and Ruhbpr 
fair 1rentre "Skenderija". Ul. HirP 
Sokolovia bb, YU-71000 ~arajrvo. 
Y11uoo;l;ivia) 

IPITERPLl\S - International Plastirs 
and Ruhhf'r bhibition !Pla.-.ti(o; t. 
Rubht>r Inst i lute, 11 llobart PlacP. 
London SWlW Oltl. 111<) 

Jr'lO, 1 Ith Plastic.-. and Rubber fair 
Contact: JP Fair Association, 
Ginzil-Yamaoio;hi Bldg .. Z-10-f. ~inzil. 
lhuo-ku, lokyo 10'1, J;ipan 

International ConfPrPnce on 
rompoo;ite Matprials. fontart: 
Nl!Gr;ifit 2, flectrodoaya St .. 
Mnsr.ow 11152'1, '.JSSR 

lntPrplas '90, Plastics and 
Rubhrr lxhibition. Lontact: 
Richarrl Uuckptt, lnterplas •ao. 
Sales Manaqer, Reed [Mhibition 
Companies, Radel i ff e llouse. 
fllpnh,,im rorrrt. Solihull, 
Wpo;t Mirfland<; B'll 2BG. llK 

MPt1lAsia - Ao;ian lntprnational 
Har~inP Tool and HPtalwor~inq 
Show (Singaporf' Exhibition 
$ervire'> PtP. Ltd., 
II Ohohy Ghaut. 15-09 tathay 
Ruildino. Sinoapore O'lZ71 

fXl'OlltfRM .. lotPrnatinn;il b:hibition 
of thr )ciencoo; aorl TedmiquP<; ol 
fnergy (Sf Pfl, flJR[l(!'ll, II.I'. Al. 
f -f,'llifl l Cha-;~iP11 { PrfP>. 
franrPI 

Thirrl lntPrnational "nlymer 
Conf Pr'PllCP I Irr SerrF't..;riat. Society 
or l'olymPr Sr.iP•lfP, •,-1;'-A r.inza, 
r l1110-k11. r ok yo IO/i, .Japan) 

l'l'ln 'it r;io;bourq fal 1 HPPt in9 of 
ir-nis; F11ropean MatPriah Re'iearrh 
Sor iel y - ( .R.tl. fl.P. l'O, r-r,70·17. 
',t r,1-;bo11rq-(Prf P•. r ranr,.) 

Ofltll\PI 11'.i ·· lntnnat. inn<tl f•hibi t inn 
for thr R11h!Jf'r ;ir,rj Plastir lndtVitry 
(1,d•.;ifp f•hihi1i11n SP~vlff''i, 

fl/f 1 lw111W;,y r.ommenial Flui !tiinq, 
1011-111 rilo11rt!'.trr Ro;i1I, Wamh.-ii, 
lf:mq I' onq) 

1-'1 {lp,-pmbPr 
Bru<>~Pl<., 

Brlq•11m 

l- If. Januar·y 
~.h<1ra9pur 
fr•dia 

10-11 January 
Binninaham, 
1)1( 

f.-10 Febr·u<ry 
1'; tanbu l . 
!i.rkf'y 

20-21 F ebru.nv 
Bn:'>o;els, 
Bel qi um 

1,-10 Hanh 
Hani la, 
Philippine"> 

12-11 Hanh 
Ziiri ch, 
:lwitzerlaod 

1.1-M Harch 
London. 
UK 

21-·10 March 
Wanrhai, 
Hong Kong 

10 April -
I Hay 
l1Jodon, UK 

1-2 Hay 
Ann Arbor, 
Ml. USA 

fi-11 May 
Ii> 1 ;in, 
Italy 

l.'l Hay -
11 .Jun;> 
Oii~'iPldorf. 
f Rf.i 

11- T Junp 
MontpPllier, 
fri!nCP 

(IJRrt<'A - lntPrn<tt ional I air- fo1· 
Innovation<., Research anrf lnd11stri;1l 
Renov~tion lfoirp InternationalP riP 
Bru•t>lles A.S.B.L., Par< dP<i 
E•po<.ition<;, R-IOiO Brus""'"· _.ploium) 

Winter sdiool on "fle1.tr·onit Hillt>ri.il, 
i;:>chnolo(;y'' (01·':1.tni;Pd by M<tler i;ilo; 
Sr:ience ;.entre Indian In'il. of 
Technolouyl khitraqpur, 721 102 India 

Conference. "is Plastirs Parkaqino 
Rubbish?" Contatt: Kay RoylP, 
Rapra lerhnology ltd .. Sh;iwbury, 
Shrewsbury. Shrop<;h ire SY'1 •INR. IW. 

Plastirs-Turkpy. [xhihition. Contact: 
Ph\ lip Hc~pan. Overseas f•hibition 
Services ltd., 11 Hanche<;ter Square, 
Landon WIH 5AB. UI<. 

Compounding 'q l, "Pol ypropy 1 er.e -
Plew Oirections in Compounding for 
the 1990s". Contact: Anne Weston, 
Corporate Development Consultilnts 
Ltd .. ' The Plain, Thornbury. 
Brisl'll 8512 ;>AG. llK 

Asian Ceramic'>. Ceramics h~~ociation 
of the Philippines, 2/f Standard Bld., 
151 Pa~eo de Roxas. Hakati Metro. 
Hanila. Philippines 

Bondinq and Repair of Com~osites 
(RAPRA-Tech. ltd .• Shawbury, 
Shrpwshury, Shrop<;h i rP SY'1 '1tlR ll!C I 

Conferen<e. "Plastic<; Recycling -
Hreting the Challenge". Contact: 
Hrs. Sian Tanner, Conference Dept .. 
The Plastics and Rubbr.r Institute, 
11 Hnbart Pl ace. London SWlW (,HL. UK 

lxhibition, Ir.terplas Asia '91 
Contact: (ahr.ers Exhibitions (HI<) 
ltd., 2808 Office Tower, Convention 
Plaza, T Harbour Road. Wane ha i , 
Moog Kong 

High Temper;iture IntPrm<>tallics 
(Institute of Metals. l Carlton 
House TerracP, London SWIY ~OB) 

16~h Annuitl Automotive Material~ 
Symposium by the Hatf'rials Society 
tHPtallur'}y 0Ppt. GH RPsearrh Lah., 
10500 Mounrf Rd. , Warrpn, Ml '1flO'lO 
USA) 

Plast '91, Plastic-; and Rubbpr 
Exhibition. ContaLl: fnfiplast, 
P.O. Box 7'1, 200'l0 Aso;aqo Ml, ltiily 

PaPro '91, lnternaliGnill Park.:iqing 
Trade ta i r. Contilf. t: tlOWf.A. 
Po~tfach )2 02 01, Stockumer 
l<irLh~trasse &1, '1000 DUssf'ldorf 10, 
FPderal Rep11blir or Germany 

Second furop<>an fpchniral Symposi11m 
on rolyimides and High-tpmpPraturP 
Polymers, CORUM. Cont.tel: 
Pf. Hare J.M. AbadiP - lfMP/HAO -
University of MontpPllipr II, l'10~~ 
MontpPllier (pdex 7, Francr 



Report on P~rf !l"'1c)nc~ and Resu 1t s of the Science and 
IHhnology Workshop tlAOI) 

This is an e"cerpt of a re~ort based on the 
animatl'd discus">ion that took place in 0">lo. florway 
O•l 27-_lO June JQ90 a• the Six~h Gen~~_al ~on!erence 
of the ~uropean Ass1.;ciation_of Developmei:it Research 
and Training In5tit~teJ- The ">ubject chosen by the 
lonvener "as: AOVANCEC HA TERI Al S. THE RESTRUCfURillG 
OF EllROPEAPI ItlOU~TRY APIO DEl.'HOPHIG ECONOMIES. 
Ofticial participation ca11te from thl' European 
CollllllUn it i I'S. uPICTAO. lltlIOO. 0£1:0. ACP group of 
States and other institutions-

Particip3nts tried to examine how the new 
tl'chnologies can be transferred. adapted, ori(Jinated 
and learned in a developin(J economy m;Jieu. 
Skill/knowledae and investment barriers have been 
noted perhaps- as two cruo:iaT i111pedi111ent"> barrina 
developing economies from entering successfully-the 
general ran• in new terhnology development. Wider 
i'tsues of rulturaT - roonitive resistance and 
political social barril'rs inhibit the possibilities 
of originating or rliffnsing new technologies. 
5uccessl'S anrl f~ilures in the acquisition of nPw 
technologie'< bv developing economies are the "'ays of 
huilding further knowll'dal' in this area. 

The main objective 'lf the workshop is to 
.lchieve an understandin<;l of the impact of new 
arlvanced materi;ils on indu'itrial developml!'nt. The 
SeS">iOOS dealt with the following issues: ( 1) t~e 
111aterial revolu~ioo; (2! the extent of influence of 
this rPvol~tion-on the rl!'structuring of European 
industry: (]) the impact of the materia1 revolution 
on the economies of dl'veloping countries and 
(4) specific policy recommendations linking. if 
possible. the first three topics. 

The ma_t~_ria_T_ ~voh.it!on 

A critical threshold of new advancl'd m~terials 
is considerf'd as a cruci<tl enabling tec~nu:•"JY in 
the competitive wish of nations to st~/ ahead of 
other nations. A related objective is the dl'">ire by 
thP leading industrialized rountries swh a<: member" 
of the European Cor.wnunities, Japan and the U.S.A. to 
reduce their dependence on "strategic" raw 
materials. A '>tudy by the IHF has shown that since 
1qoo with the exception of the two world wars. the 
quantity of raw material'> necessary to produce one 
unit of product has decreased on average by 
1.25 per cent. In the case of Japan. for the same 
~u;intity of product, the necessary raw material 
input diminished by 60 per cent between lqJ] and 
1qa.i. 

The incrrasing importance of surh an enabling 
te~hnology as new <tdvanced matl'rials in the world of 
the 1990s is clear in terms of its putative 
;idvantage in costs, performanc~. innovative 
capability, competitivenPSS and a whole range of 
cultural and political advantages. In the workshop. 
there wa> no dispute on the si~nificanr.e of new 
advanced materials for economic growth and 
rompetition. There were different view<; regarding 
the classification of materials as new advanced 
materi .. i... (rlAH). Which mat.erials belong to tlAH anrl 
whir.h rot 7 What is the taxonomy that would be 
useful in grouping certain materials as NAH? In 
what sense is the r.oncept nf the "mtJterial 
revolution" useful? Some strPssed that 
microcircuitry. photonir.s and software engineering 
are the three distinrt rievelopments whir.h have 
hplperl to bring about a mtJlerial revolution. Othpr\ 
stressed metallir alloys. advan~ed ceramics, special 
polymers and r.omposites - drawn from all of th~ 
others - to constitute or include the 
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•:OlllponPnts/a"perts nl NAH. ThP:-P """" .1ho 
discussion on whPthPr or not th" !'•tent nl the 
di I fus;on of llAH should not sen:!' as a more a•• ur~t" 
criteria than tne novelty oi the new material" 
themselves. 

The other critical point which emer':c«J in th<> 
discussion was the environmental ~c.nstraint '" 
developing new 111aterials_ Perfor111ante a11rl quality 
should include passin~ an env'ronmental te">t­
Haterials whose creati?n and use rl'sult in 
generatinq pollution should ~e regulate~. 

The r~~tructur~ng QI European industry 

Mr. lakis Kaoundes (University nf Sus'>e•. 
Bri9hton. 1)11.) gave a broad overview ot develnpm.en~~ 
in new advanced materials (llAH) and its i:npact on 
European industry. I 11 the 19 71}<; and l QRO,.. European 
industry has been restructurina and shittina tow~rds 
hiah-value added, inowledQe-iniensive produ~tinn_ 
At-th'!' same time. this re~tr11rturino prorl's" h.:i" 
been increasingly dominated by diff~sion of 
micro-electronics based automation technologie" 
across both nl'w and traditional or dl'rlininQ 
manufacturino sectors. The materials revoT~t;on 
affer:ting as-it does both traditional and monolith;r 
mate..-ials anJ new advanced materials is comir.a to he 
recognized as a major new technology of criti~al 
importance to European industry i~ the world market' 
or the 1990s. New advanr:erl 111aterials (llAH) 
scientific and enaineerinc capabilities can 
far.ilitate further technical changes in high­
technology sectors such as micro-elpr.tronir:s. 
telecommunications and aerospace. confer competit;v~ 
advantages in the glob~! mar~et place and influl'nrP 
the future path of employment. industrial '}rowth. 
trade and balance of payments for national economies 
and the European economies as a whole. 

Hence the issue of "AH and the strenathenino of 
domestic materials scientific and processing 
canabilities is emerging as a central determinant of 
the competitive position of European !is-~-vis thP 
Japanese and the United State' economies 'nd will 
underlie polir:ies in the areas of transfer of 
technology, protectionism and trade unions. NAM 
will also have repercussions in the economic 
relations between developing economies and Europe. 

Hs. H. Teulon ((ERNA. Paris, Franr:el att~mpted 
to J;nk post-Fordism to th~ development of new 
advanced materials. The old dynamism was cost-
cutt ing and price r.ompetition. The materi;il 
revolution has given rise to a r:ombination of 
flexibility and mass production and is characterized 
by contradictory developments in economies of sr.ope 
and economies of sr.ale. The movement from raw 
material - transformed material - parl - produr.t i" 
acr.nmpanied by increasing economies of scope anrl 
decreasing economies of sr.ale. Variety of funrtions 
of r.omponent parts improves qua Ii t y. Vol 11me and 
produr.tivity gains remain as in the ~ordist ma"" 
production system together with improved quality and 
functional variety and flexibility. In thi> r.asP 
mass production itself becomes flP•ihle. 

The primary objective of the sciPnCP and 
technology workshop was to under .. tand how dPveloping 
f~on'l1.1ies can insert themselve" in t.hP prorlnrt ryrle 
of interrelated clusters of new advancod m;itrrials. 
Once the point of whether the dpveloping Pr.onomies 
shoulrl ente1- the advancer! material revolution is 
accepted, thP nLxt crucial issue is to irlenlify 
po5sible points of entry from the researrh ph""" of 
the material cycle to the produrt. 
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, ....... nltr• f11ri. i!, .. , rrnt''•'"' irlf' 'h~rn t<:. nht wh~•h..:.r l"i·i· 
~111~"" •n ftf.q·' ;1 • ~fi .. h. ·' ;tn;n~ •'~ ~"'P~t ·;. 

' . ~ 
11'•-.lt~PI} rt(\•iq•t lfift .... r•""ri 1 ;\t1,.n . .,_. . .,. J.'l.lfftu~~. ,lf~:! 

•. t, '1~ ,,.,,u·i. .. ~~--;.- It •-•1."\f1h ... ~ !h~ i:f.·ve-Tcrii"..,-;.nt ~.,! 

r'•'·d~r.- · ... •·' ~ru~ .v11f • ,- ... ~t~<.. dC":o1Tund fnc o:.rt:-ri'1~i;..:rl 

r:nrui .... !t .1f·:..11 .. ~·t;11LT ... • .. •1,1in..;, ;,, pr·t'l1l11rt fJ'h1i;~;. 

rh,·r·, ;. . .., .l ".r1~--.d,,m i·~ ;Hi ·~~;,,'l oit:-.,Plnr.inc 1 fl;:•ltri~" 

• ~1 !u.r~ ... ' i • ~ r ~i:n t f,.- -... • •· • ~~!'" j rrJ i , .• 1 I {t•· ·.·•· l npr.trn t .... 

#'d:1~•ht·r· t!••· .. ••~t'(l1'1•? •"I Jlfl'lit!f•:'-. I fll'flfl fp •,,nt1·., ~!th 

;i or :~~:•. ~i.".~1 ... ~ ! l l•.td •,l ti~.~ ~':' '.•-.l' i~"! 

•. ,·h-;.~T•11•in•i ii• -:tr.-1t ... ,1f, rn~·nfittl.-:.-;. r.:-i.r1. ,-q.,.1~t. 

,J,.-,,"1;!1"1\_ i• 1111t1d .d•.n tf-rf111'-i. !hw ft1fp1p·,it\. i•; 

, . ._., ,Hu! • f1•· ti• rl~r:d f Pl I ....... rr:.1~ •·r i rt 1..-, • '-. rJ. 1 '-'Pl',.,,-. 
.11,,~,~11irr1111. 7'J;.r-t ... ;.•1 rrnt•,'lbl·, .t!f{'-rt 'hf,> •·11-·i11n 
•--r!j,~f'!I•' •. ,f1ni~:·1·~ ,-t f"'.ln. f!~.·• 1 flp1•l'l .i, /'\fl,'l"li~·. 

•h1nqqf, thr· J'l'r''''t'..' pf •t"•'1-·-pin•! rl~mrlt..-rl~li;"tT0n nf 
th,..,, t".l ... rT'.lt---r i.d r Ol'f'r.1'1fi?• f,.-;, ni th.-:i.r;.tl ,., nnnr11i,·--.. 

f,11-th1•mrU•. rJt,rf ..,;)f' •• ffprf ~ftp {'11(\f)nmTr .. ~tr·111•11ri-· 

tft, ... .f" rntin~r·T.- ..... hv pr·n,.-~ .. ~•·1·1 .Hv·! •~mr'·r·ln•r ,..Ith 
.,.,, r11:.1lT•·; r~f t!11 lri.111T.,,.1t.- .lr.d ..lnim.1fc. r·,:-'".n•1!·r···. 

11f thp 1n11n•riP"' .. lhJ.-. ·""n11lrl. Tn !ur-n. tr-an,J.1t,. 
tt•,,.Jf j,,,,, l•!r·'h~~, ._.,o ... TD:l nf !•1~ 

·.n• i.t1-in~tit11tion~l rnnt1 ·t Thu-:;. U1(-. n~"" 

trr~nnlo~Ji~~ ~ill ~mrir'q~ ~n tft~ P<t,nomip ... of 
1IPvPl,,pin11 •ountt ie<. 1lit"d Ty "nrl.fnr inrlir·ert Ty 
nh··•hpr· onP l j~_P";. it or no~. J~1t>-r·e ,,.,~~ not ~P~m t_,, 
lw ""Y .tTtpn1.tt ivP for· r!"vPTOpinq er;innmiP<, P>IPJll 
In prPp.trp .tnrl upqrad• thPir <,rient ilir ""d 
fPrhnnTonir.tT TP.trninq <";tp;ibilitips by h11iTrlinn 
innnv.11 ivP in<.! i tut ion<. in nrr!Pr tn try pi thpr to 
rPilp pos<.ibTP benpf il<. dnrl/or (opm with lhP neo.ttiv" 
ron-;NIUPnrno; nf t hf' llAM phPnomrnon. 

Po! i1_y rei:ommendat ion'> 

ll1P work <.hop re.tr hPri ii broil ii agrPPmPn t_ on t hP 
ml!DO .tpprn.irh of hPTpinri ilnd Pll.tbl inq d.>v!'lopinq 
1n11nlriP'> tri .11'111irP thPnr<>tir-11 .tnd p1·,1rti.-;il 

- ,, -

· 1-...t._-.d,,~ :n tl(l-w t""' h~F~~o11f~r~ ir, •t•'n•"'r·~l .lrHf t'1P 
~Tt-l:tf of riP·1111 .1rl· ... 1n,·prl rn.~,.~r!.1f";. :11 ['l.1rtl1!d~r. 

rut-li1_aticn>: 
dn•um,pr1t..-'!".io~ .,uid pu1'lf,_.1t!r.:in '-'~ 'H"" .vf·.:.lr't•··. tri ·~~­

.lt'Pil of .11!>.>n•·"rl "1,ltf'r i,11, • r-.11. :.(J'!MI' f \ Pl 
M.~l!t'IM<; ll•HtllO!fV;~: Hllrlllllt';_ 

r_entre'i of [ .. t:ei le·H ~ · Ti'~ ..;,cf :1r .~'1v-lP• ~rt 

m.1trorl.1l..._ :P'l~rP....., ln 1iift ... --~·;• rF•l;f°'n"-. nf th~ .. ,,, 1,f 

.1nri t 0 flp l r j Of rf?a-;~ Jl,,l t ; on.1 l r- .l~.lh f J 1 t 1 P .--. t ~1.1 • -.l i 

t"-wf-:;t 'fr1 dfffPrPnt dP.-'6iorfnu rn11n•r1P",.. 

IntErn.:~;')nal :_entre for· 5cienr·e Jr'd r11-.. 
if:( hncio•Jies: To e~!...1h! r..,,h "' rr·n1}r-.um1.,:i. rr~ r~P ... 
!'tl,tf Pr· ;al~ .... 1·1 f; "1'i. ~tiFPT f On1fut t ;Vl t ~ . ...,,_n-,f r !'.'PfJ~Jt tr•r 

s:ipor'Citr·•J•"~U:-"P, (Ompry.-,.j~p mcltor!~J~. phn~n·.·n1~.\;t 

c'Orl·.1~1-'\jPn Of l ;ght "r11f ";() Of\ in 'H·dp.r t~ ,.,,~io;,t 

)t_;~ntis~°"' dritf '1ri·~in~.:-r·~ tr·om rl-:-v~T,pinu rr-••ntr ; ...... 
trt nht.-=tinl-q ~vppriPn.;:. ~nrf ~ru-,wlt=df'l'- ;r, f'f,p t i~T,~. 

H.,tP: i.1is As<Se-,~rrt~n! an1 appl ir-'• irn : ._,,. rf-: 
!hi-; f~ntr·,,:. f,ln r~r·r-.• f~'_Jt .tr' fn-dPJ'~h .t~~~l~·.f.-, rtf 

'r••r:d"', in "'.:1lPr·l,tl~ ~r_i .. ~n._.- ,-uld ~T\"..Jir1,·f1'r!1ui .... •u·i. 
'hf'· "1,l~t>ri.1l-;, r'1<~011r1'1<~ (If tfp·,('.ff,J"1i!H~ (f'J11n•r·1.·'. •,;;.• 

•1r tr·..t;nirHJ rrr>or;uT~f'""'. IH:i Id !!p-•n-tlrt'~ ,fdt~ nn ,,~ .... 

~J'l(f irnprt'vPd m..ti_~riai~ r~T~·1.tr~t t.t' d ... ·.-rlnp;tHJ 
.- · ·~!1rymi~.-. c:lru! -;ho"" ~h~ ;1i.;n1 t ii:.1•11 ,-. ,.,, uflinrJ lntn 
.,~ .. m~t,::i.ri-'lr._ In thi-; ront .. ~ ... •. th;:. ... nr·~·.tHlp ff~.._n',.._.,f 

th&. '1'1:",l;.th~i~hmpnt n~ 'f>JI[l()'..-. In~pr·r~ati,.n.~T H .. ,"Pr·i.ll·. 
f,r.·-.~~~mPr.f ..lnd :.ppl lr~~ :nn '~nt r·p : fM;,l.r' rl'1 

import.int f{'lru-r.. tor- o..lth.:.iinr: tnuPth.-.,- n•~twr1r~ 

in~t!tution:,. pr•JfP .. ~~ion.'ll '~'J' iPtiPir;. ..1nd '·P~,-~ .. 
trnm t~~ rl~¥Plnpi-.~ ~nrl<!. !t1i~ rr1~hl~~ ••1~ r1·n~~-

f Prtili~iltinn nf iJPa<. ;inrl prdctir~o; .tm~nri m.tn~ 
I OrrfltriP<, in thp m.JtPJ"i.tJ•, ( i•·T<f. 

londusion 

fhe work-;hop r"s:iTvPd th;it ~Jf,,_; would hPr_omP 
increao;ingly rritiri!T for U1o> Pconomie'> ~t both 
deveTopinq and developed LOuntrie'> and is hou~d to 
inll11Pnce policy is-;ue<: ;ind di<;r11<,<,;nn<; in tli<> 

l'l'JO<;_ It also ur.dpr<,rorPrl thp npprf to cont in11P thP 
"new technology and development" thpmp with thP 
nthPr opw tPrhnologip<; <;urh ;i<, biotPrhnnlogy. 
information technology ;ind phntonir-; tnqPthPr with 
the environmental issues of thP J~qo<;. It furlhPr 
r!Pcided to set up a network of rPSPilrrhpr<; in thP 
OPW lPchno 1 ogy ;ind dPVP 1 opmPnt .UPil'i -
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Advances in Materials Technology: Monitor 
Reader Survey 

lbe Advances in Materials Technology; Monitor has now been published since 1983. 
Although its mailing list is continuously updated as new requests for inclusion are 
received and changes of address are made as soon as notifications of such changes 
are received, I would be grateful if readers could reconfirm their interest io 
re=eiving this newsletter. Kindly, therefore, answer the questions below and mail 
this form to: 1he Editor, Advances in Materials Technology: Monitor, UNlDO 
Technology Programme at the above address. 

Computer access number of mailing list (see address label): 

Name; 

Position/tit le: 

Address: 

Do you wish to contir.ue receiving issues of the Advan·:es ln Materials Technology: 
Monitor? 

Is the present address as indicated on the address label correct? 

Hov many Lssues of this nev~letter have you read? 

Optional 

Which section in the Monitor is of p~rt1~ular interest to you? 

Which additi~na!. subjects would yo-.1 suggest be included? 

~ould you like to see ~oy sections deleted? 

Have you access to soae/most of the journals from which the information contained 
in the Monitor is dravn? 

Is your copy of the Monitor pa~sed oo to friends/colleagues etc.? 

Please make any oth~r comnaents or suggestions for improving the quality and 
usef1Jlneu of tnis newsletter. 
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Request for ADVA'.':CES I~; M...\TE!UALS EC~~CLOGY: ~CNITOR 

I~· you ~ould li;:e ~o rec·~i'Jt! iss:.ics v:· th·~ Adv..inc~s in ~~.1~e:-i.J:s 
Techno!o2y: Monitor in the future, plea$~ complete th~ ~0r~ b~:ow 
and return to: 

,'\J,..\\iE iur.derl:ne 'amdy r..amit! 

TITLE OR PCSITION 

ORGANIZ-3. TICN 

STREET -'="D No. 'ar ?_Q_ 6oxl 

CITY -3.NO STATE OR PROVINCE 

COUNTRY 

I 

UNITED NATIONS INDUSTR!AL DEVELOP~E~T ORGANiZA7!0'.'l 
Advances in Materials Technology: ~onito~; Code SC~ 
Editor - Room: 01950 
P.0.3ox )CO 
A-14CO Vienna, Austria 

Type or ::i"nl clear:v (one :ener per bcxl and ieav~ a sp.ic.e b<?r,..~e" ~ad\ N<:rC: 

-------' ' ---------~ 

-----------·--· ----------·-------------· 

--r-
---------------

PLEASE 00 NOT WRITE IN H<ESE SPACES 

S/A 
r-j 
' I 
__J 

11 
OISP.COOE ' 

: 
CQ\JNTAY ! 

~~_...___. 

CITY 

Reader's conunents 

We should appreciate lt if readers could take the time to tell us in 
this space what they think of the 21st issue of Advances in Materials 
:echn~logy: Monitor. Conunents on the usefulness of the information and the 
way it has been organized will help-us in preparing future issues of the 
Monitor. We thank you for your co-operation and look forward co hearing from 
you. 




