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JExol•• na tory not e e 

The following abbr«viationy aro used in this documenti 

APT automatically proépramnied toola 

CAD 00i;.pi<tor-aided denigri. 

GAM computer-aided :tt-j.nui'acti:rinp 

QNC corcputer nur«rical control 

IPM dintrlbuted pVant nisjiugeraent 

WW Finito-element method 

HC numerically control3ert 

The designations employed and tlio presentation of: the material In thiu 

docuaent do not Imply the expression of any opinion whatsoever on the pert of 

the Secretariat of the lini tod Nation» ooncei-nin.^ the legal  status of any 

country,  territory, city or are:' or of ita authorities;,  or conoerning the 

delimitation of iti, frontiere <n- byurutarte. 

Mention of f'.rra names *nd :jc;wemia.l products doou not imply the 

endorsement of the Uhi ted Kations lîuiiurtviul I)ovelopn*nt Organi ¿ation (UNIDO). 
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Pro L'ace 

The  development of all  kimlr. of rri'xchino-manufaciui'in¿: indus trior, iti deve- 

loping oourvtrio:-, i.:: often  limited by a  Lack  of suffioiently qualified engineering 

and workshop personnel,   and a  lack of technical   support  for their efforts.     Tt 

in  possible   l.o increase;   /Toatly the  produotiv of a design engineer by provi- 

ding him with suitable,   relatively incxpensi       ,ni.nioomputer equipifiont;      Lho 

product::  he  i.: de signing can   be   Improved considerably by   I,raining Jtim  to use 

modern computer-aided engineering analysis;   techniques ; uoh a:;   the   finite-element 

method  inooi., i fuel ¡on. ,.-, tro;::: and displacement   analysis;     optimisation  techniques 

l.o  reduce  materials u;-.ed;     am]  value  analysis   to  improve   the economic::  of    the 

product.     Tt ?.:• al:;o possi bio   to  lower  the  qualification  requirements  ¡"or workers 

and  increase   the productivity of  facturier,   by introducing; numerically controlled 

(Nfl)  machine   tool::    (although  more-highly tfualified maintenance  personnel  would 

he needed).    The know-how and policio;' neoossary to introduoe «uoh equipment in a 

developing ooni;iry onvironni'.nt,     and   <-!*•?   technical,   economic and  ;;ooial  aspects  of 

the  nee  oJ'   lhi.se devises and   technique,   are  a  probJem oí' great   complexity.    To  solve 

this problem,  1'iuoli information   is needed from various uouroes - technical and 

economic knowledge,  data about practical applications in various countries, and 

other information. 

In the Polish People's Republic,   the machine manufacturing industry has 

been developing rapidly in recent years,particularly the  shipbuilding industry 

and the construction machinery industry (the  BUMR Union).     BUWLR specialists 

have a wide practical knowledge of the problems and needs of a rapidly growing 

economy.    BUMA.R íB oo-operating closely at present with large oompanieB in the 

Federal Republio of Germany,   United Kingdom and the United States and uses the 

most modem technology in practice.    It han also started recently to introduce 

computer-aided design and manufacturing teohnicpies into practical use within 

the company, with uomo   technical assistance  from the United Nation« Industrial 

Development argani /.at i on  (UNIDO) and the United Nations Development Programme 

(UNDP).     Thin proven that a transfer of technical know-how in thiu field is 

possible,  and BTJMAR can  be used as a "case-study"  for other developing countries. 
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INTRODUCTION 

1.      The Interregional Expert Group Meeting on Computer Applications and 

Modern Engineering in Maohine-Manufacturing Induatriee was held in Warsaw, 

Poland, from  19 to 29 September  1977.    It was organized by the United Nations 

Industrial Development Organization (UIíIDO),  in oo-operation with the Government 

of the Polish People's Republic.    The Polish agency responsible was the BUMAR 

Union Reaearoh and Development Centre.    The facilities provided for the Meeting 
included a computer terminal. 

2.      The aim of the Meeting was to promote the transfer of modern teohnology 

to developing countries by providing information,  studying praotioal examples, 

disoussion,  and the establishment of personal contaots on an international basis. 
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CONCLUSIONS ANI) RECOMMENDATIONS 

Conoliiaions 

3. During the Meeting, a questionnaire was handed out to eaoh participant, 

The following oono lus ions were drawn as the basin of the answers to the 

questionnaire i 

(a) All participating developing oouitries felt there was a need to 
introduoe oomputer-aided techniques for design and/or control of manufacturing 
pvooesseB» 

(b) The application of engineering oomputer-aided techniques ìB a neot)S3ity 
for improving! 

(i) The lovol of technological know-how of a country} 

(ii) Product design arid reliability} 

(iii) Production effioiency and coat effectiveness; 

(iv) International product competitiveneeo} 

(c) In order to IDO able to apply the techniquec, the developing countries 
need co-operation or assistance from national and international institutions 
that have already acquired a thorough knowledge in thie field} 

(d) Most of the participating countries found that engineering oonputer 
techniques could bs introduced '.successfully for the industrial applications 
that were di3ou3ised at the Mooting; 

(p.)   The introduction of CAD/CAM techniques in the manufacturing industries 
had important sooial and psychological implications.    The effects appeared to 
be beneficial but nee4c 1 nore thorough investigation. 

Hersonufiendatior 

4. fi t;et of joint reconanendatioriß was worked out.    Almost all participants took 

:<.i active part in the formulation of these recommendationn. 

The recommendation« are: 

forno training.    To introduoe engineering computer-aided techniques in 

the industry in developing countries, prior aoademic education should be 

provided at universities end/or engineering sohool« in thie field»  locally or 

abroad. 

Indnatrial training centres.    UNIDO should locate and/or create interna- 

tional industrial training facilities that can be uued for the training of 

pereonnel from developing oountrieci  each facility should cover apeoific areas 

of applica ion. 

(The Meeting supported the offei~ by BUMAR to aot as one of these training 

contres.;.) 
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Technical oo-oneratjon.    It   Li reoomnendod that f» ff orto  should be 

directed to in.-stitul.iuç intensivo bi- or multi-lateral oo-operation in the 

field of engineering computer-aided teoaniquos aelween oountries.    Go-operation 
could ine lu rio « 

(a) Exchange of technologiez 

(b) Exchange  of engineering personnel! 

(o)    Exchange of roftwaro. 

National irintifution.i.    Appropriate  institutions should bo created in 

each country,   to bo responsible  for the introduction and practical applioation 

of engineering oomputer-aided  techniques  in local industrien. 

International ai.:nor jation.    Exioting and future national  institutions 

should oonntituto an international association for the promotion of CAD/CAM 

techniques in tb^  devo loping countries with  the aim off 

(a) Carrying out a continuous assessment of current techniques and 
formulating the guideline:;    for future developments,  surveys and evaluations! 

(b) Exchanging know-how,  personnel  and experienooBj 

(o)    Providing mutual arjic+.anoo  in training! 

(d) Creating a Software library (on a voluntary baaic)| 

(e) Preparation anf oigf»ni/.in& relavan!, meetings at the  national, 
regional  and interregional levels. 

fiole of UMIDO.       IPIIJJO should  toko responsibility and play an aotive and 

leading role,  in order to achieve  the   Implementation of the recommendations, 

especially iowaiir th.: establishment of the international association. 

(During the.  :]?' .-.-.u .,-,[or, of the recommendatione, the Central Machine Tool 

Institute  (COT I) at Bangalore wan mentioned as a possible future training 

centre for 0AM techniques.) 
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Part one.    Iteport of the Meeting 

ORGANIZATION OP THE MEETING 

5.      Sixteen participants fron,   H developing „ouiitriua fro«, all parts of the 

world attended the *eting.    They were technical managt perenne!  (technical 

directors, chief design engineers) cf relatively large companie8 and inBtiiutioriSi 

The Meeting ¿ave  the* opportuni«,, for accumulating know-how beneficial for 

their future activities    They wer, ae.ooiuted with machine manufacture 

industries such a, shipbuilding, machine-tool manufacturing, motor vehicles 

construction and earth^oving n*chinery, and ,ni.nin, oachinery.    Representatives 

of gcvernaental and industrial research and development and/cr educational 

institution*   actively engaged in the practical application of innovative 

engineering and wnuflwturing techniques also attended the Meeting 

6. Papera were read at  the ifeetin*; by constants from the Polish shipbuilding, 

construction machinery manufacturing and other entering industries.    Consul^ 

tante from industrialized countries and representatives of BOM specialised 

industrial companies also attondad and .;poke at +he Meeting. 

7. Daring the Meeting,  a neries of lecture, and panel and small group discus- 

sions were arranged.    Visit, were nude to a lar* Polish factory,  the BUMAR 

Union, equipped with a considerable amount cf computer equipment and NC .achine 

tools, and to the Polish shipyards,  to ,tudy practical computer^ided design 

and manufacturing applications.    Discussions at these facto ier were aleo 

arranged.    A *sii war also nade   ro the BÍMR CAL/üAM oenure in Warsaw. 

Adoption of the agenda, 

8.      The following agenda was adopted: 

Election of officeru 

Adoption of the agenda 

Presentation and discussion of technical papers 

Conclusions,    evaluation and adoption of recommendations. 



Part two.    O.JIUMjr'-'. ^ r,;,_t_'q"iiaipa.l  v;,-..^: t,   niVdttod at the^Mee/ting 

Go :vut< r-aioed designi   _ an introducv;ory aurv^y 

The aim of  ¿he pepcr vas. to pre s am. a fondai overview  of the eomputer- 

aidad deeigri (CAD)  of maohireR,  a., <..n introduction to one of the two main 

¿opicJ of the Meeting. 

The nead in brechad, to ut-^-'op  •..j-.pat r •..óuijtjc' tooimiqasn in engi- 

•i -dring- in ell oouutoiet; t:ia<; cr: ->;VJ topi"1 , cr -'..trndLv; to develop significant 

potential in inaohii» nvj-iufi..^ -in/; \r.;\u-itriafi.    ITc-.--» uid mere -types of maohines 

marmot be designed -:-r r-:...:uiactr;->d    > :'• ::vt  ^     ; :>> •      .? íntico;    noglect of the 

need for oontpr.t;r-,'.ir<ed l;ohn:!.q  >   / ids to H. \ iC.L.a:'< nrj tacf/molof-ioal gap 

between the developed ¿'.ad th:» <•.•>?!   VMT.£I com-tri.?.}. 

The paper ."ivei-.  "•   ¡r..u. •-^\\   ;.• ' o ': r '.it    t,.---.,.  •  'n i.o.v.ut'r-'-aif'.od deuign and 

dr:.ws attention io  l.'t.'.  ",'.^ ^ v ' it--,*-re o1^.--^ in de tira t ichniqjes oaused by 

CAP:     (a)  new ir?thoJr. oí ds'i.'fTi .-.i'•?  j;.'-- 4 •-'.4.,i : • :.th ?r ati.-»l motfalling, 

optimisation ar.c, cn'irt"! a'I'M-   '.•)  n_j :-;K'.cl   J IO ce^.-n,   i.'3.   «."> transition ftPOa 

chocking dosi'-ns,   Ihrnu^h dr l-v" led rori-n .vi.?..'.y.i.ix,   to c :si¿rji 'jy.i thesis J     (o) 

the profesional rvu-r ••. :Ui -e »-f toAv?       10,.' desi,-;1;     (-1)    3p.v,ir]i¡aed hardware 

for design ( partiouVarly  r-.".Moo....  i;.vJ.r>r)r     (o)     Uteiaotl'-o technique« of 

-.lan-r.aehi"::: cc-r^-'icit^T    ;i    '•    ;>-rr;>,:i u-r.cs. 

The naper f'-^r.L.":!!  cV'j-'n eiv;::   îcin^ '3 cu  L.ifcr... ;tior* process.     It  is 

orncluc'cd thi.t    --.o mc   !   ' -,   :" it  r.: "-~'   "f?r "'.'"~  f;movi on (economically) 

if C\D io the y :. ''vaoi-    I   -.q... -i •. 1  -^ or th- pr J:
1
 'et ano fr re by ita optimization, 

"he rathe!.—tinaT modeljiuT >." I '-oct  i- dinc.u.: rJ :¡." mor-    --:'pil.    Particular 

.t-^vntion is given   lo   f.ù.: f- ut.- eleni-.ut r riho J. a; 'lei.rg of -mine importanoe in 

too aligli of mr ~hJ.' IF. 

Hard;'are pro'n?.-- .   -,oe rr tr. '?(J  rvieiiy, viti!    rrti.;uJ.ar attention paid 

to -.wo grruon of devices;     tie c^pu; ;• r g •aphio;; eqfui^.-nt  (g-aphioal monitors, 

plotters,  digitizer, uto.; an.-  tbj nrog.v/..r\ible desk, op calculators, as being of 

great importance  for e.Yeoutirg th? everyday tanki:  of the engineer.    Needs and 

problem area.3 in the CAD field are:    a  largì   ;uaou:iL of parallel work with too 

tittle information about acce'-iplit'hrrmtq no \ntc: •-ational standardization    of 

data structures and CAT) proble.n--oriin.tcd 1 .Illingen;     che strategies and 

polioioo to follow in a cV-.-jloyin^ cour.try to   ¡s^ibliah CAP/C/.M oaoabilitiesf 

the "í-ítíd for i.i^ irn.roir rJ  cD--cpera-'.5 in T>elv',¿i! t:r: d^vtloping and developed 

oountiiftst    aiid thu r.-^^d itr si,-ci"l^'ed education both a~~t:.orally and inter- 

nationally. 



Discussion 

The dÌECU3G..on or the paper WJ.¡-  ceri'.rod on -two prou'ems: 

(a) Where  the lar^.:;t  eoonoir'ie l'.iofil:. of introduc-nr CVD arv-  cxpecttid; 

(b) Whether the establishment of national  " or n tre. s <;f excellence in (¡Alf 
in essential for the introduction of 'JAL/ in a-dove loping country. 

It was ßonorally agreed  that the larg^-it benefits are obtained through 

product optimization.    There  was coma de.'ab 1" controvert y between those in 

favor of the "aiscributei" GAD effort .wo  thy uupportorr  ,if "ooncentratr.d" 

effort.    This problem wa.5 one of the mo et ocatrovtr:;ial.  subject- of the enti.ro 

Meeting and a generally acceptable oouoluaion could be reached on it. 

Computer-aided manufacturing in  ..he machine  !nñldin>» industry 

The p&por provided a brief introduci-.ion t>;   current,   trends in computer-aided 

manufacturing (GAM).    The  troiai toward;-. 'H¿ tribu'..yd computi?.;,' a-id control  system:-: 

was Btressed.    The author depcritied tro hi era. roh Lcai »truci-a-e oí' computer-aided 

manufacturing système, which lia., three ba-.jc control and CAia-prccea: ing levóla: 

the process level,  the data   level, and " h>. maus gênent l(.v;l. 

In the autlior's opinion,   this? type ..<r distributed ard hierarchical  system 

will dominate CAJW in the ne.'ir   r*f.urti.    TI 12 -dutuor reviewed briefly some foreca.-ts 

of tho future of OAK:    he er.^hasi^d  thai   by   l^ fall  on-line automation and 

optimisation of   -omple + e marni fo,;. tur in,? pVint.-,   controlled vy computerà,  will  be 

a reality. 

Mode Hing and optimization of  the dì f fusion or eoupuier   i.eohnolop-v 
W.I).  Per:.!": Lr.'M 

In tho first  pari, of   >.h«-; paper   the H.UIIüT   reviewed  nevera!   op.r! i er atteint;:; i; o 

measure the degree of ';o¡r.put e."i ,.•?.t.ior. in r. f our. ry,  and  òee:ne   to be in favour of tho 

classification confie, propone.! originally   ;>y  h lit: 'Jr.; ted Né« tient: Advisory Commi t+.»< 

on the Application of Science ani Technolo^-y (*:JV¡3''N   va 1971   and íurther developed 

by Baraui  et a!   ±n 1976.    ']>w  écheme i:i st ; ng.;i jher. feur levels - initial»   baaic, 

operational, and  advanced - ¿¿.nu detrito;'  the Gonfiaci, cf  transi .iona n^tween levels. 

In  th<  second part of r.Ko p.-.per, the author :-'.v>ì.,--!; tiv need for a systematic 

study of the diffusion of computer   i.eohnolofvy in various nocicties «nd sectors 

of the economy.     XÎASA ntudier, of   ..he problem arc   -'evit:^?a'Jt'i -..uly.   Their ultimate ' 

goal iö a quantitative modal  o/ the ounpu er diffur-.io») prooeeó.  no ¡VA to move  the 

under atandi rig of national develop-«: ni   Crom ;.-. statin ciarlìi fi cation  to dynamic 

o hange anu ;-~n optimization of rcacurce alinea! ion in computerization. 

Discussion 

The disoucôion wa„; centred on   'he prou]cí¡. of the economic faaeibility of 

introducine CAD/CAM in developing countries. 

• 



?h»-.    J)i!Vr>C  •"    ..i;    iju-    :;.¿;.r;jr.    W1?    (,0   ,,;^    ,,.    ,,,..,„-, .,1     y ¡_,,w    ,, ,-   ¿,0í.,t,   ,• ra<; t.i.Oíil 

•IPF'M OHI. ioni:   oí    Mi.    ¡'¡.vu.-    :li«„,il   1S..--.I..-.!   (WW)   ;,..   '.b..-   .•nh.itioi;   r><   c|.,.f,.-{ 0...Jr,.y 

enfjKH'ji-inp: iì~>h:t •.<<}.-,.    ri*i i.-.r ove   u:o.r--.-.Lì a.-   •;r.:vi.-,i t;>,  di' corani. • •••.  :'o.i   tau:Vi i .<¡¿r 

'tll[:;C    liiionfitì.   O1'   :',',;   .';';,   ,r..,,,     iliri-»:n,-..u-i' . pc:   ;   !„'.:-   ;¡y;(]e   ,/i    !'• -a:- i .,'[••   ' „   .:,, i; |  y;k 

tr oll-.'fiu;   IjiVwlVJ.Hf;  )>!•<:•, ii,u;-j,y j.roHhr'.iU^ T"unbt;:.":  of -lUh-c ' xoi i   s.n.,i\it: in.:.      Tri 

recen',  y<n,rL,   -ti,.   jvrr."io:i;;'!.y >•/' a-Miiif; ^ip between  .^."^war-   1 w j., 1.2 i r,tV .-mei  :.it.»f V-V/H? ü 

poter,ti;i 1  hi:' ì.'.ot! C.ìOìVM!. 

The paper utartod with .1 short survey of ita ctruotural theory as applicable 

to FEM.    A short description of an FEM programming system - ASKA - was given. 

Sinoe thiß paoka^e ir, widely used throughout the world, and war uned to solve 

the problem« do scribed, a short review of the problems wau given.    The problems 

solved included the following ütruoturesi 

(a) Thermally loaded components; 

(b) Planpc calculation of turbine | 

(o)    A    35000 MP preac.f 

(d) OmnlbiKi oarriage» 

(e) Tank; 

(f) The European airbutt; 

(g) Static and dynamic analysiß of a nuclear reaotorj 

(h) Dynamic? analyr,ia of a complut« aircraft} 

(i)    Longitudinal  dynamic.* of a three-otage rocket| 

(j)    lit!tailed analyuiet of a complete  ahip. 

It wan clear from the material presented that the techniques available 

enable the structural engineer to nolve complicated problems that may involve 

atatio,  dynamic and non-line ir effeotis.    The  limiting factor ie simply    the 

manpower   and sompuier costi-! involved. 

A paper by the nurhor, entitled   "Theoretical introduction to the finii« 

element method", war. handed oui  lo enable participants to familiarize t heme© 1 ve y 

with the theory of FEM. 

Discussion 

The disour.i.-.ion concentrated 011 how to introduoe FEM in developing oountries. 

One ohviouB difficulty w- .1 th    laok of imitable hardware and relevant HOftware. 

The largo-ßcule programming ayutems (ASKA, NASTRAN) need a larg« oomputer to be 
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run efficiently.    KOVK.-V.JX-,  thV.-e art   doveLopiDoi-.t;-; 1 hat may overcome the 

diffioultyl    a larg».  mini-ctHrintcjr oouUi h(   u:,ed,   Cor  o:.*mp.!e. 

Another   pfiii.-l   rait.cd   :as  f.h-  co;r. o.c . programing ] \C!:M^.     Many package» 

art very inexp<uu;iw;,  V^OìV.^ ouwn. oo¡t a ¿rreut deal.    The main  roason is 

that   eupport  viri ,,airi.i.ítíinre   irò uri   , n ;,c,->aj   pari, of   'ho eypönai-'o   ey-rteaa, 

whereaB the less expensive ^ytueniE haw  no „uippor*   and namtenanoo.     In the 

long run it io nafor   to buy  , widely u *-.<: paoKijo   :.b¡xl  u; propyl y maintained 

and supported. 

Trendü and  tendencies in rinitc-tdoiiKMit  method [IW) 
application:;   for  r:ompa|.rr-aided  do::.ifp) 

M.  T-ornak 

The paper described briefly the  pre-;<.:,t statut-,   function and  syatem 

aspects of the finite element method.     3omrs ¿;uideline:j far the cuooeBsfiil 

application of FEM at:«  the author»-:,  opinion:; on the  development  trends of FEM 

and related numerical  me thod.-i.  and development in-nno  of FSH software and the 

associated hardware were  o:'Fered.    The  need for a certain "critical  fuze" for 

the effort  that Ian   U) bo vai  into   ••,:tablj..:hin1r FÎ.V-   dr^i-n analysis  capability 

within an indusIrial  organisation W-J.:  enn>lw:;iBc<], as  was the neod   fur a very 

thorough training of ino personnel  who WJ : 1 no  ¡ho woiav. 

Discussion 

The difscuacion wat.  ccnlr.r, on the ..diov.: mention«: J "critical  i-iize" of effort. 

Some participant critioi"o . tha apprcxi. h io dim'.ouratfing „he application of FEM 

where   reBOuroea wert   îiikup,   oiiwr-:   ;;¡,¡'oii;ly supportf!    the cr-ncopt on the 

basic  that to,, small  ,->.i effort noe«  not   >-n  >0 prn.cti0u ,fc-i,• analysis capa- 

bility and «¡aults i« laiatruat of Fh?.' b/ ¡¡lanagKihcnt.      It wa- m-nerally agreed 

that   thf   "small" effort  may be ¿oui   for ...motional   purpose-.-, while   the "large" 

undertakings in FEM :.eem no oes ::'.-y an   the industrial   environment. 

Effective T)ai-t-prof-Ta!uiiiin/; -levelopinent 

The development and teaiin^ of part-profani a become moro and more important 

aa th(i uje of nuinerioally-controlloa machine tool..-, increase::..    The  paper describes 

oomputer ai:3s to irakin^ ¡»art-pi nr*i :itniai;' <v.wì owner '..   uni tending more effective. 

It ia haced on a hiera?- ohi cd. computer hardwire :,+i-.}cture. 

The accepted control  phil->uoph,y  in   Hie   Vp-O-.-t wac  the u¡.,o of hard-wired 

numerical control syt-: ; cm;.;.    Though  the  technology obi-jri^r! :i£^iricantly dui-inp 
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that decade, system behaviour did not.    The operational capacity of hard-wired 

oontrol systems did more or less stabilise at a certain level of sophistication, 

and the features available today are a result of what was found to be useful 

during the past decade.    The range of features haa nevertheless been restricted 

by the cost of implementation on hard-wired systems. 

The control philosophy in the  i970s was the use of on-line oontrol systems, 

where the controller is based on a general purpose digital computer.    The reason.;: 

for installing CNC are:    increased flexibility, a wider range of user function,-,, 

diagnostic possibilities, tape-correction possibilities    etc. 

Onoe a number of NC and CMC systems are in operation,  the need for better 

programming and debugging aids becomes clear.   At that point a programming 

centre equipped with graphic displays,   teletype, paper tape reader and punch, 

and disk may be bought}    at first,  the centre oan be run   separately. 

Finally, a behind-tape reader module can be added.    One or more alpha- 

nuaerioal soreens will then be needed in the workshop;    the system will then have 
reached the mc-level. 

The author introduced the concept of distributed cells, which may be an 

alternative to existing approaches. 

The size of firma in developing countries should be such that they can cope 

with the problems of product-development and marketing as in industrialized 

countries.    Produotion facilities can be divided into cells and can be spread 

geographically around the provinces.    Technology used ought to be workforce- 

intensive and capital-extenuive, and processes- should be designed to fit the 

existing level of skill.    Worker training is a critical problem. 

In order to handle the product flow between a cell and tho parent oompany, 

a well-developed communication system is needed.   A cell placed in a smaller 

society where people tend to know each other may be an advantageous environment 

for solving many of the social problems of today.    A small society might be 

expeoted to take pride in running the cell properly. 

Distributed plant management systems for computer-aided 
distributed plant management 

J.   Duch 

Until recently, if computerized process control and factory data management 

were needed, two separate systems had co be installed. The approaoh was neither 
efficient nor economical. 
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Digital equipment'« syntomu approach to the probi OBI resulted in the deve- 

lopment of diet-ibutod plant management   {WVl) eyetemp. 

System overview 

DPM nyßtenw combine factory data management and input/output prooeaaing 

into a single efficient plant management op ora ti on. 

The DPM ooneept combinasi    on-lin« prooeaning, microprocessor control, 

real-time dnta acquisition,  diatributad computing, and hierarohioal oomputer 

système through on« low-oost oomiuunioati.on link. 

A DPM faotory data management aubsyntem oolleotn data from raaohines and 

employees at interactive terminala.    An I/O subsystem monitora maohinea and 

prooeeneB with real-time digital and analog I/O interfaces throughout plant 

operations.    Sharing a common set of module«, the 1/0 mibeyatem oan funotion 

in distributed or looai modes.    The dataway linko remote I/O devioee to ite 
minioomputer-baeed hout. 

DPM ayatems oomponentu 

Host Computern,    Tbc   nPW-60-Berici, honIs, baBed on the PDP-11/34 mini- 

computer, are intended for entry-level «yétame or speoial-purpoae small système. 

The 60-Qoriee hoetij cupport two dataways, and have magnetic tape and cartridge 

disk devicefî,   192-kilobyte memorico, hardware floating point aooelerator, 
battery backup, and a conuole termina]. 

The WK W-seric-i l.osl.o are baaed on the PDP-11/70 computer. They oontrol 

four dataways, and have ^-kilobyte memoriae, magnet io tape and oartridge disk 

devioee, hardware float ¿tig point .w^Lmtor, and a oonaole terminal. 

Any hont oar be equipped with a FORTRAN TV-PLUS or OOBOL language prooeeaor. 

All run ander roal-timr-,  evauUOriven operating Software. 

gommini oat Ion among oygfcfim componente: 

The system components aro tied ».ogothor with the dataway link. 

The dataway i.i a multidrop communication bue using a twisted-pair cable 

to link terminals, ho,4, ,  an| T/o ^b^^-m, into integrated management „yate». 

The dataway ia microprooeaeor controlled  thus relieving the host of oommunioatione 
handling load. 

It reduoop plant wiring <;os^ bei-h initially and in modification and 

expanaion.     It allow«  ¡he manager to nooou:i the pyt-.teir»« unified fiata base. 



- r 

Up   to 4\ .,cVir.o..   r^v  or-  r.^K :,.:>,([   by Cecil  d^iuwiv  stroller   in  a  BPM 
iîyiii.tiin  hof/t. 

K*cì, ru- ;ay cv,   h      -,      .   ,,,0O0  iVoi.   ^ • -^00 ,)-^r,)   ],,nr.     Aj.y devino 

alonfthc  run cm ho rt-wu/rrl .n,< r^luc-d Ki^out d.i.,; • • urtine tito ^.ttm. 

Faotory  gaia i¿ .ito-reTi^ni 

Tn  prim^pU 1*,-,  *rr.   ..:;..•«:.,   typa,; „f termina];  odiable  Tor p,tUi,í: dvU 
into DP/i  caia t,;<;.'>: 

Timt-.iild-air.r,iriAT,;Jo    ern^i.   '.:ith t,^..  i o^der  arri   tim- -of-day di.iMay 

take j.l.^o  (iMO.iu.Jj.ri.«: t->.d<v  r«i»d-.T,   ti,-m   dloiàny and WO i .-h^d 
no,:.a,v  pa>,;::   ,;   iumcvdmj  i^dur,   -,  im-.^li.,),.  :^y.   and •:»! alpK- 
UUI.M:-;   a.i..T> i   ./"  Cu :ri   r'.f,y¡),v(j,? 

A"«;.. w-'   :,< •--i.^.,1  Í *: riój.a-- ^,¡u   client;; 0»   t}v-   ..T.--.-/0 n1.1- *irht 
tra¡i:.'..io-¡:.i.o:'  n.:y.: ) '' 

A   WTÌLÌ..V    oroti,-,-    I..SV-¡.„¿.h-    c:?.r.   ,,LClply    ¡, , ,.crftl0,;     ,o    li,;    „l^y   -lim£h   the 

four-port Ao'Jn   t.iiniiiia.l   mul.tipi.-; ,vj.. 

I/O   ••iun^,.rlv,.',;j 

1,0  r:.ub.-,y-f.•.-•..   ..-f.   imi.,.    ..l0U1;;1   x o,im!;i0ri i,K.oh,i>iim! approach  MIù common 

out   of pr.>)ei.,  i/o „wi:ili.:i,.     Tvi<:y tlf¿!  öior,W;e   ,„r  ,,lllrollod ancl  iriolude 

power «uppiy,   ^s..ìtJ::.-   T/0 hvadl.r ^d   ricld t,,ruina:ion for  iuU-vfacing 

industrial  fjold  :-i^.;..a..   a,,   .•.•¡.•lr¡:;,1!-a  :-nr«.w   U-i-t],,.,i :..-. 

The   di-xi^-ion ':oKoont:-;ied nrim wily or, •!.},<:  ,;o::t,; of Introducine the DPM 

óy-òtf..« iMto , o-i-^i.,.-   f:.e',:,,   a,d U-   love!   .,<• k,ov-how nec^ry   to a^uro 

of fedivo   .j.rv.t ef )ri.t!¡iin   v.'-;.:ft;. 

C:>inpo,-nt ¿r^-^^i^njatmiVi.-.b'iia u.:jtV: ,.-.CMnp;t.ori..i     the present position 

The   p.n.po,,o  ,r tl»,   ,,.;,,;• ;.-4B   Lo  ;!t+.  oo,  „„a  •;,  „anUy avallale  in  thr,. 

area:: of   the d-,<iA a-1  rr^u^rtuHv   indu^ryi    ;m.'.ylical,  ¿raprucai, and 

minio r A ou M y ooir¡-r-..U-; rKxruf.^turi^ . 

'•he   term ira],y!. VC-;.I   i.: ,;..ed ir the   pa.,r}).   i0 i^^r,   lh<; -lxv:i of ^^ 

whore  in  tho p,,,t ii;-iriual   o..   ¿Ude-nU«  .r...lulHtiuu-. «erv   i^oived.     This i/ 

probacy  th, ar.,:t  i.: »!„,?. :.,o-..   dev, , 0|-B,:-.. ^  ^xv,  taSr.„ piaoa.     Amiytic.il 
teohriiqui•.; itci>vle: 
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(a) A one-to-one t rane lati or. of algebraic design routines; 

(b) Handling tabular and graphical  data; 

(c) Using principle  from code of praotice,   but redrafting method to 
suit computer; 

(d) New analytical -techniques for the computer,   especially the   finite 
element method.    The finite element can he applied to many engineering problems 
and results in a degree of understanding and Knowledge  of structural  and 
component behaviour previously posible  (¡sometimes) only with experimental 
investigation.    The  fact that the method is embodied in a common philosophy 
and approach makes it an attractive tool for the design engineer  to  study and 
use; 

(e) Three-dimensional spac. ¿nd mapping,   including orthographic and pers- 
pective projection; 

(f) Data structures for building and modifying drawings; 

(g) Menu système for assembly drawings; 

(h)    Analytical solution for geometrica]  problems. 

The paper giver- a review of the numerical control production phase, mentio- 

ning in some detail the following topics: 

(a) Part-programming (with an example).     The first step consists of 
writing a series of statement;:; about the ¿hape of the component and instructions 
about the movement of the cutting tool.    A number of language?  have  been developed 
for this purpose;     the best known is probably the APT  (automatically programmed 
tools) package; 

(b) Post-processors are usually necessary when converting co-ordinate 
values into control países.    Unfortunately,  thore are a number  of different 
codes for this purpose; 

(c) Organise). Lion  for automating ^ he NC process ir: r^ucussed,   different 
ways and means to achieve   '. i    purpose are   jtated.    T>ie problem of three-dimensional 
surfaoes is covered,  and concepts   for   integrate I  GAI» avid nianufactaring are 
introduced. 

The paper includer' a liai   of reference5:. 

Discussion 

The paper initiated a prelude discussion concerning education  in the GAD/CAM 

field.    It wa.î stressed that too i¡:ucl¿ attention war given to concept^ for indus- 

trial training,  while the concurrent ne e ci for trainees wilt, a basic  training in 

the relevant  field wa;: not mentioned. 

A computer-aided ¡rianafac taring ::y¿tem applied to batch manufacturing 
!1.F.  Pu iíiia»i 

The paper wa.- devoted   lo  the  de:•.•criptica of  the  CAK ¿system developed by 

the  Illinois Tnrtitir.e of Technology He: -arch Institute ana applied at a United 

States governmer'  manufacturing facility in hock Island, Illinois.     The author 

makes a clear  distinction between the  term CAM and the GAM system:     CAN means 

a combination of computer technology with manufacturing technology      while 
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GAM ayatem (aeoordir,g to the author«, définition) moan« that the entire manu- 

facturing process and the ~o,t important associated functions (planning, 

scheduling  loading,  management   etc.) are computer controlled.    Some GAM 

systems under development in Japan  .•;„„)  ihn United lítala are described.    The 

author conclude« that,  althou,), 0AM untemi, carry out very complex control 

function* thoy are riot  null the "ultimale" „olution  to manufacturing problems, 

manufacturing iu .till   too couple* an activity for «total« answer,,.    The number 

of variables involved i« typically very lariPl and it ia ulmont impocsible to 

exercise effective and simultaneous  control over all of them. 

Discussion 

The discusión concentrated on the economic agpectü of the approachea 
presented. 

Applied optimisation!    a review 
K.   Urbanieo 

The paper introduced participant* to the fundamentals of mathematical 

optimisation techniques and thei,   practical application in the GAD of machines. 

The author diocusned the structure of optimization problème and the metho- 

dology of aolvintf them.    Available  mathoinntioal method, and aaoociatcd computer 

software were  described,    lavami  practical cnmplec of simple,  intermediate 

and complicated probier,.» w -o Jinouuned.     In hi, conclusion,,   the author stated 

that oPtimi,afcion meihodr. wer, a very powerful dedalon-making aid in engineering 

design,   the allocation of economic resources, production scheduling,  and the 

control of complicated cynte•.    Tn ±hv author's opinion,  decitùon-nakerB 

trained in disciplined   thinking and Hided by computer methods can approach even 

the most intricate practical problem.; and »olve then optimally. 

Pilous oi on 

Tu?. diucuOTiori started with t;ome  controversy between participants who were 

in favour o." detailed  engineering design analyair.  technique;.;, auoh a«  the finite 

element method, am! there who supported,  the idei of optimal rteùgn synthesis. 

After the disousuion  it  become olear  that  the lwo approaohe» to GAD are comple- 
mentary rather than contradictory. 
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fei      nU']K-;VÍ,.,V|. i.   '¡O'i 1.1" •'I """""" 

i'--'-   '>.-   H'u'!- au-i A.   ¡fhôXv.: 

The paper  desoí-iberi ;i  PTOCí.I prnour;ior rir-igram dovciopod by  the Machino 

Tool Indurvtry Woneurch A.^cií-M-r,  in  t.he Uni t, d Ki..U iam for economically 

feasible prorrammiu;- »f    ;,i ,;.,    ,,   ,.,. t!aili  ror  vtj!.y. ,;maU  nun,ÄrR of parta 

manufactured (ovcm ¡.•.ingle pari;;  j.M (»ertcm. ou.,o:;). 

The progivj»,   writ turi ir. KWHAiO ..inri running on a  nmall   aomputor (}? k otore), 

allows t.he rr-orr-amner  f.o rrtpuro  ih.- f.- pro.-rarr.  Ir, a munii .¡hortor timo   than 

with manual programmine ard it  „i,,..-^ .. (J „,,.   tKu, larRe Nc  pr0grrimming syBtenB 

available through IT bureau service a. 

Some  .teai^a pri.noi|il«i.i   io.-p.offputor-TmqieT-ioai-control  machine toola 
R.L.  Palmer 

The purpose  of the paper war. to cteauribe .-nei an.-ily.ic problerno aasociated 

Kith the change  of cl.ur.iioal numeiioal contro]    (un)  Tor machine tools into 

oomputer numerical control  (i'JN(j). 

Flexibility iy i. tr«-y word   for  tre   ru Iurn  manufacturing industries.    Mioro- 

prooesooru,   the  heart, of  the OHC,  •.îy..tein, arc-   inking r.vcr motsi   control  function» 

in tho nyanufarHuring proci;ne,  and a^mring 1 ho   dcuii-ect flexibility.    Thin  in 

tarn ia widening: the capable tv  ,,V ito.- manu lao+mmg ayntom   to cope with 

increasing compi »xit.v of m. uf,,- '.r.roci m. jhin«^-.    The  foaii   eu of C3ÍC machia 

toólo are increasingly Vein^ api.-roHaW, - they  «noludc   '.ho ability   to carry out 

onloulation,   to ;;tor« data,   to mo«j,fiy,   :,,].  whw.: ¡Hoooury-,  oroae-jheok and 

oompare lir.tr of information.     The :^t inpori-i.i'. ol,.,r-a«;tcrj utic of CM iu  the 

ability to inU.xv.ct with  the ma,-h,nfi -vprr.-ior.      TI  «an augment  the akillu, 

experience and underRt.inding of   the machia.- operator,  and   l«  an M'ii<k<-niíWrow 

and a rnentoz'  to the uiiiiki.Uad. 

Beofiune of all ih««« prop-rt to.;,  CNO i.nclm.o  tool a should bu  oeriouuly 

considered wherever im^troent  i..- m-i-io   in <hr- machine mam;.f.-ioturin/ç industry. 

C'iH^-atu^y fur  t,h«  in'roduriUon of f.omputor-^aidad  il«nign  (OAD) 
M.  .JoYoiTcñ • *—*  

The tipeakor  doncribii«   the  UNITO-Funded CATi project  at   MMAK in Warsaw. The 

main topici cowrod weroi 

(a) ütatynont of work» 

(b) Workshop.",  uom morti '¡nrl  training; 



(c) Problem;- oí hardware  election; 

(d) Sol'v.,»re ^valuation; 

(e) f\:l.lov;r;hi¡.<  ¡Uüfj-^i..... 

These top:-   ." ¡.-.ovtittl  ín*-  following fiùldu of engineering! 

(a) Applicai ion of lîomputor method.;  in rsiruotural  engineering; 

(b) Application ot  uvunericul  control; 

(c) Í'l   rminr- ;un; '•.ouí.xoi : 

(d) Modern .ic^twaru "í c<:h'ralary, 

(e) Simulation oí' dyruMnic and hydraulic .;ys!.cmcj 

(f) 1!k.rdware • n.î .,y..ttr, /off./aro; 

(e) Computer-ìonwollcd toriliri£. 

Pir.ouutiion 

The main topic  x° t. he di ecu-¡-.i on   wua how to assure the aocpiir;ition of good 

software that could be maintained and u.:or  jupportcd.    Some particularly important 

points identified were: 

(a) I'ii. uianoc  of fulfilment of the iwer'ü real nee du; 

(b) Contractual ai-j-a tinmen tu; 

(o) Compatibility with ether activities; 

(d) Proji-arr.-teohuolo^y and program-jocumentotionj 

(e) Implementation  support; 

(f) Educational zuppartj 

(c) Mai;   (ìri'inw and up—dates; 

(h) Credibility of aoller. 

The produotioa-oontrol  ;;y:-jton¡  lieve lope ¡ at   Iho Pidroma iVatory 
 WM)i) by mÂ, Wrooìaw  

Va.•.   M'U/.ynzkJ 

ZCTO is; a profesional   IP service organisation equipped with a Polish-made 

ODRA   IjO'j covj.'.'¿r rryatem  (ari ICI,   Ì900 ¡jorie:; compatible machine).    The  :;yrvtei;i 

can be used in verno te  job ontry modo from many 1 ormi naif,  installed in the town 

of Wroclaw or it.i neighbourhood (thlr. tele proco-jr.ing network io called POLRAX "). 

The Kadroma factory,  which is also  located in Wroclaw,  uwed the ZlîîTO cervices 

through POLRAX 2.    All baric product Loi, control  funotionc are performed by the 

system dcvolcpcd by 2EM'0 for Fadroma. 



Economic aun ^toc-unoioçi:o.l .^pe-riò oí corrmute;' appliou't.-.ons 
in g.rt^i.neoriu,;; •> ndu.-.trii-r; in India """ 
co7" V-ïsanfhä" Kurar' 3.;'.d ftpTS".   fyoi 

The aim of 'he pape- wa.-;  to ¡rivo -.r ovrrview of the p osent  status of CAD/CAM 

in India.    The author;; point oui xiu- ne  lor CAD/GAìì,   if  Lne technological gap 

between the developed and  the ¿nv*Loping coun:,rie..; j ;.-. not lo becowe wider. 

The pape- describes work on CAJj,  particularly    in the field of structural 

analysis aad in electronic integra l od circuit design.    The work on CAM include e 

computer-aided soheduUi.,: a+ Hindustan Machine Voois Ltd,  NC menine tools with 

computer-aided programming,  and s-mc  ,/ork and WQ and  ffliC.    Tne work on computer- 

faded NC programming it-   Scribed ir   dotan.    Thu author« .vtr;,-;.;   tiio need for 

post-prooocsorr. to be prepared locally,  rather -.han purchased from añorad.    In a 

developing country onvirorunenl.  this;  seear  to he cheaper and faster.    They also 

advocate concentra lion of programming effort upon one programming language (in 

their oase an APT language).    The parer arguer, axvongly in favour of establishing 

at the Central Machine Tool Tn^Ltute in Eanfïiloro m "centre of excellence" for 
GAM and CAD in India. 

èBgìicat.i_ori of -oifpu-.er-aide^  techniques in engineering 
iaùîurtriei-: in La tJn-Americar, count/'ier. '""**' 

ft.iT.   Aposto ff 

The author described ;,cU«.t:Let  of the «• search neutre in Cordoba, Argentina. 

The  purpobc of  the written p^en^ „ion way  to stio* a synthetic plan of the 

application of e. .¿neoring con.putc.T-*'iid(?u technique,; in industry in Latin 

American countries   ;5o ^  to five •«; idea of the  current  situation.    An estimate 
of future  developments './as alno ¡ávr.-n. 

Kqri£:3bQr¿ Vaapenfabrikk 
Mv."K.aa;-a 

The  speaker described hit- company's prodvota,  which included a.o.   drawing 

tables,   numerically controllo;! sy.;tena anr'  «as turbines. 

He   then concentrated on drafting jy^tcüi,;  that  were particularly suited to 

CAI) and   the preparation and checking of numerically controlled paper tapes. 

Discussion 

Several  participant,: *ere interested in the economic aeptot of introducing 

such sophisticated   hardware and rols^xvt   aofU/are.    The oosto of suoh  tools were 

founa to be quite high.    What would 1,,  the benefit  in effectiveness by intro- 
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duoing such tooln,  und would this pive a uatiafactory return on investment. 

No general answer could. ì e (;iwn to  the intention of the cost-benefit relation- 

ship when auch toóla wert  introduced,  Hi.nce ronulto can  vary widely fro« 

oaae to caco. 

Pyno^Ujtr.-üjon of t-o^ectçd..engineering, software 
Univ. io 

ÜILÜL 

ÏJN1TÎ (Univac Industrial rtywtom) it! a production planning and control aystem 

that i ¡J adaptable  to existing factory »structured without deop changes in the 

organisation.    "It i.; a i-iycti>i;i that brinai  the right material in the right 

quantity to the right placo at the right time at the right cost.    UNIS oovera 

noverai tanks,  e.g.  product structure,  material planning,  noheduling and 

loading,  and ooat acooiurling.    There  is a data bace  included in the  eyutcm that 

provides for:    no redundancies,  multiple USCB oi' data items,  independence of 

proteasing mode,  integrity,  flexible data ntrueture,   intugiation, and ease of 

U'je. 

The ayatem has many poaaibili tier, for inpub and output.    There are paper 

tape,  punched cardi; and video for  input, and paper tape,  mag-tape,  discs and 

printer for output. 

Vari oui: data are stored in the   UNIS data baao,   for example : 

Product  structure 

Operation plant) 

Alternate operations 

Work centren 

Altornate work cantre» 

Toóla 

Customer and vendor data 

Cuetomer ordert; 

Manufacturing ordern 

Purehaae orde ru 

Ordor networks 

Material  requirements 

Ma -erial rean rvt11 ont.i 

Wo ri', in proco K."j 

Accounting data 
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UNIS oonaint,; oí  a  M,\. of powerful building blockt!.    Eaoh building blook 
JUWi: ;i Partioulxr «"unction withxn the production control   .:ytem.    The.  building 

blockr. arc* classified accordiv  to  their level of ;:ophiatication as:    model 

Installation pro. rams,  extended fanions,   public  function.,  privileged functions, 

and. software too.lr.. 

UNIS offer.--, the  user coinpH t.e  information,   quick  r-6.iol.ion for chuinte;; of 

product; ,   loworinj of stock cost:;,   boUcr  utilisation   rate,   and a  reduction  of 

run-ii-rou^i-tirnes.     The user o.m write hie own •broutiner„ whioh ian be included 

in   the   :ys+ein. 

WITH i.' ba,.eu on an inte^-rated data bare,  an-; is maintained r../ a  st-ndurd 

uata inana^riteut system  (based Oü  COTJASYL repevt).     It, is modular  n. u  true i>em:e 

and is on-iine oriented. 

Another Univao  syatein,  A3ET,   is an e ducat, Lona]   .-yp-tora.     It i a used for 

training people  in computer lan^-ua^s such as JiAUIC,   POHTKAN and 'JOTiOL.    The 

lecture.- aro written in .»my different  ia^-uaros.    The  person who ic ¿ping to be 

trained ait« in front of a video di.---.play an» reads lecture after lecture.    He 

ha,;  the chance  to H witch back  if he  does no!   under;, Land,  and to do examples« 

where  the system controla hi« answers and o >rrocts lu m if nooosr.ary.    The  subject 

oí' the  lecturv  can be almost anything,  because   the system is not  a set of 

courses,  but a   tool   for the author   to write  lessors when,   the  person to bo 

trained has to answer special  questiona.  The  use of  the  system at a school in 

'ihioafto had j'howr   thü.1   lessons  in   front rf  the video we:re rr-'c!   ir,ore efficient 

than norm),   teach in,-- methods.    The  uyntcu- rosis ^L..o he  ased for tmininr 

in:; true tor:;. 

There w.i¿   i demone tra ti on of   the sy., ieiii.    Onu Um scope  video was connected 

\da a telephone  line   Lo a Uni vio computer m Warsaw.     The participan'• s were able 

to  try out courses ana Linguali;;. 

Discussion 

In the discussion it was mentioned  that   data base  i;-. noi, a new development 

Of data management,  because enpiaoai -- had  kno.m the idea for   IS year t..    The 

efficiency of  the oystom depen.ts  on  the  si',e of   fhe   factory ana the number of 

different products.     Smaller factories with  few product.; cannot une the gotera 

because it is too bif: -mi. n«i;dL-. 1 oo mucn save.     IL was rantionud that  to choose 

tlie UNI:; .-.ye tern hinds  r,ho user   ' o Univa:; OOì;ì,^, ter,;,  because   there   :*ro inany 

difficulties involved in ohan¿;iri,<;   to other systems on other conpuiors. 

f 

9 
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Tart three.    Visits  to factories and installations 

StaStowa Wota 

Huta Staîowa Woïa is the largest of the RiJMAR faotorien.    It manufactures 

heavy crawler tractor:*,  oranea,  loadera,  «-¡onorate mixers    etc.    It is looated 

at the town of Sta?:own Woia, about  300 km from Warsaw.    The meehanioal manu- 

facturing factory and the associated rteel mill employ altogether about 25,000 

people.    Several hundred of each type of construction machinery are produoed| 

the output   of certain subasseinbliea (e.g.  gearboxes) is in the thousands. 

The programme of the visit inoludodi 

(a) A general survey of one of the meohanical manufacturing factory 
department (gearbox and axle manufacture) with partioulur attention paid to the 
operation and use of ÏÏG machine tools installed there  (almost  100)} 

(b) A visit to the heat treatment line  (computer controlled) and to the 
orawler tractor assenbly line; 

(c) A visit to  the oomputing centre equipped with an IBM 370/l45 oomputerj 

(d) Lecturet; by the chiuf nf the computing centre and the ohief of the 
manufacturing engineering department. 

T,ho qhfo.vard computer ütmtre in fidannK (8TTQ) 

United Polirli Shipyards desired and developed ASTER,  which ia based on 

the Spanien ahipbui¡ding c/si tern üT»RAT¿.    The ¡software in written in FORTRAN IV. 

The primary fui otions of ASTHR aret 

(a) To represent digitally the nhip'a hull configuration, to facilitate 
the design of lengthwise partí-,  uhell pJate expansion, NO "burning" tapes eto.» 

(b) To route cable throughout the ahip in auch a way as to optimize the 
total length of oable to be used; 

(c) To aid in detailing the piping configurations to be used in the 
oonr.tiuctiori of a chip. 

The following: hardware ay;tomii were demonstrated in action» 

(a) ICL 2y03 - for running basic ASTE» avutemi 

(b) Koftf.reberg 3M4 minicomputer and drafting table  for fairing,   line 
drawings    etc.? 

(a)    WANG Mini - for engineering design calculations» 

(d) Two ICL System 4 computers (4/l30 and 4/70). 
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TR>  ¿hipear ù ut  Gdynia 

The following facili tie:, were visito i  during the  tour: 

(a) The MOLD loft, where a  few liera:-, require drawing in  the conventional 
way (by hand) -   io;:t o^ thc:;e tacita are   lone \;ith ASTEK; 

(b) The plate shop,  where multi-head NC flame burners out the various 
steel plates; 

(o)    The atee! pJate  r^oragu yard,  which ics being automated to plaoe the 
following function« under computor control; 

(i)    Plate storage; 

(ii)    Plate selection; 

(iii)    Inventory control; 

(iv)    Plate cleaning and priming; 

(v)    Routing to the  flame  bui nera; 

(d)    The plate rolline and forming ¿hop; 

(c) The automated welding ¿hop inhere hull ROütions arc automatically 
"butt" welded and ntiffencru ars automatically welded to plate «octionc; 

(f) The  steel   fabrication shop; 

(g) A large r.ewly-constructetl dry dock, which lias capacity for building 
ships at onr.e.     It handle:.; about 20 new ohipt. a y-ar.     A 000-ton gantry crane 
(the world's largest),  built  in Finland,  v:.ta observed  in operation lifting 
huge  hull sections in place prior   ¡o fir.nl  ship ao^embly. 

Tin.  Vpi'Àfi CAD/OAK cen'.n.' in War.viw 

The BUMAP CAp/CAÎ* centra  WUJ established in   197?,   with the aim of developing 

CAD/CAM capability and introducing the  leohni-.r1^'-  into the Folich construction 

and eartkmoving rnachinory indur-.t^y,  group'«*--'  into   ¡iv  R1MAP Union.    At present 

the centre employa about vj0 people.    The  C'ïU'pro ;nt nonfriai,,: of i.  Digital Equipment 

PUP   11/70 with  #4 kbyte coi e  ..i^e and a   l.'.i gï  :ct of r.-;ri^her':l,;,  *. B¡JN?OrT ?.?? 

flatbec off-line tlottor,  and a rewr-  ,ioe ». r.try ÏT>M  Y/PO tern.itjHÌ   linked   in pr 

IBM  3?0/'i4v computer    ,7. ten.. 

The ac-iviUo..  of •' ^  cei .re aro ma-!-ly on -il';  design :.,r."5lyjin side,   .ñ'h 

finite element iechiù'i'ae,   simulation und  0|..tii,i>.?.:•..tiJJï  of fienili being th-;  prime 

direct ont   of i-eseavc1' rn:d pr.mtica;  CAI' .ipp' ¡.cation.     Jr. ran m factoring,   the r:.ain 

direction ia the comp.'. U-r-a^-j.:!.-!+...-d progio/'i, ui,» of Ï.Q n:nchu-e:\y» using various 

fioitware arri  ey^icr. coiv.eçt:.;.    ?ho '.¡entre  -tlau work;'! <-n  i ": 10.'nation sycienr 

for .ir.g-.n; er»;     one   ot.-ing denigri' d a''  presort ia f ' v •• r.glneering drawings and 

other doc-JJiientation .:tcrag.:  aim re .rievul. 
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The ooMpttter inutallation war, demon,tratcd in operation.    The oapabilitieo 

of :hc PDP  11/70 lAii opomUtjp Ky,t«,m wor, dfimona1.ra1.ed, particularly for ¿ho 

interactive  typ-, of ww-niaonine communication from vnrto*.B typon of terminal. 

Some simple engineering ,„aiyi:lif, procreo runnin« on a Hewlett-Packard 9a?0 desktop 

oalculator „ere preoentod, ao war a lur,^  r-ynt^ for NC Ham, cutting operation, 

running on the name typ* of ,qnip(ilen>..    Som* remili., of larfip-Boalo finite 

«tenant analysis of stature, (orano frame) «am« tho A3KA syotem were alan 
demonntruted. 

I 
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