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Banl natorry nates

The following abbreviations are usud in thiz documenis

APT  automatically rrograumea tools
CAD conp cor-nided Jesim.

CAM computer-aided manufacturing

ONC computer muncrical control
PN distributed plant msnugenent
FEM

Finite-element method
NC numerically controlled

The desigmitions employed and tle presentation of the material inm this
document do not imply the expression of any opinion whatscever on the part of
the Seoretariai of the United Nation: concernirg ihe ilegal -tatus of any
country, territory, city or arca or of its authorities, or concerning the
delimitation of it frontiers -1 Loundarises.

Mention of firm mames and scrrercial produste doss rot imply the

endorsement of ihe United Nationsz Industrial Developrent Orgunization (UNIDO).




Preface
L

The development of all kinds of machinc-manufacturing industrics in deve-
loping countlrics in oflen limited by o lack of sufficiently qualificd enginccring
and workohop personnel, and n lack of technical support for their efforts. Tt
in posnible Lo inercace preally the produetiv of o design enginecr Ly provi-
ding him with cnitable, relatively incxpensi anicomputlcer equipmenty  Lhe
producti:: he i desipning: carn be improved conuiderably by bLraining him to use
modern computer-aided cngincering annlysic lechniquers cuch a5 the finile-clement
method inooritrue!ionswbres: and displocemen! analysisg optimivation techniyuen
Lo reduce malerial: wseds  and valuce analysis to improve the ceonomics of  the
product. Tt i also porsible Lo lower the qualificution requircenenl.: For workero
and inocroiace the productivily of fac Lorics by introductng nuncrically controlled
(NG) machine tool:i  (wlthoupgh more=highly qualificd maintenance personnel wonld
he needed). The know-how -ind policie:' neceusary to introduoe suoh equipment in 2
dovceloping acoundry envirorme vty and Lhe leschnical, ecoviomic and oaial aspect:s of
bhe e ol bhese deviess and Lecimigae. are o problem of et complexity. To wolwve
ihis problems much iutormation i nceded Crom various sourses - technical and
economic knowlcdix, dita nboul practical applications in various countiries, and

other informition.

In 1he Polish Peoplet!s Republic, the machine manufacturing industry has
been developing rapidly in recent yoargyparticularly the shipbuilding industry
and the consiruction machinery industry (the BUMAR Union). BUMAR specialists
have a wide practical knowledge of the problems and needs of a rapidly growing
economy. BUMAR is co-operaiing clesely at present with large companies in the
Federal Republio of Germany, United Kingdom and the United States and uses the
mosi modern technology in practice. It has also started recently to introduce
computer-aided design and manufacturing techniques into practical use within
the company, with some technical assistance from the United Nations Industrial
Development organization (UNTDO) and the United Nations Development Programme
(UNDP). This proves that a trancfer of techuical know=how in this field is

possible, and BUMAR can be used as a "case-study” for other developing countries.
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IHTRODUCT ION

1. The Interregional Expert Group Meeting on Computer Appliocations and

Modern Engineering in Machine-Manufacturing Industries was held in Warsaw,
Poland, from 19 to 29 September 1977. It was organized by the United Nations
Industrial Development Organization (U¥IDO), in co-operation with the Government
of the Polish People’s Republic. The Polish agency responcible was the BUMAR
Union Research and Development Centre. The facilities provided for the Meeting

included a computer terminal.

2. 'I'he aim of the Meeting was to promote the transfer of modern technology
to develop:.ng countries by providing information, studying practiocal examples,
disoussion, and the establishment of personal contaots on an international basis.



CONCLUSIONS AND RECOMMENDATIONS

Coneclugions
ot qugigBrutes % Uil SRR

3.  During the Meeling, a questionnair: was handed out 1o eaoh participant,
The following conclucions were drawn as the hasis of the answers to the
questionnaires

(a) All participating developing countries felt there was a need to

introduoce oomputer-aided techniques for design and/or control of manufacturing
DTO0CBECH;

(b) The application of engineering computer-aided techniques is a neocesasity
for improvings

(i) The level of technological kmow-how of a country;
(i1) Product design and reliabilitys;
(iii) Production efficiency and cost effectivenecssj
(iv) International product competitivenecsj

(¢) 1In order to he able to apply the techniquec, the developing ocountiries
need co-operation or assictance from national and international institutions
that have already acquired a thorough knowledge in this fleld;

(a) Most of the participating oountriec found that engineering computer
vechniques could bs introduced sucsessfully tor the industrial applicutions
that vwere disoussed al ihe Mealing;

(¢) The introduction of CAD/CAM lechniques in the manufacturing indusiries
hia important social and psychological impliocations. The effcots appeared to
Y2 enefiocial but needci more thorough investigetion.

Resommendatior

4. h set of joint recommendations was worked out. Almosti all participants took
“a active part in the formulation of thece recommendations.

The recommendation: ares

Msie training. To introduce engineering computer-aided techniques in

the industry in developing countries, prior academic education should be
rrovided st universities end/or cngineering sohools in this field, loocally or
abroad.

Industrial iraining centres. UNIDO should locate and/or orcatie interna-

iional indurtriwl iraining facilities that can be used for the treaining of
pereonnel from developing countries, each facility should cover specific arcas
nf applica'.ion.

(The Meeting supported the offer by BUMAR to acl as one of these training

coutres, )




Technical co-gperalion. It1 i: recommended that offoriu hould be

dirceted to institvling intensive bi- or mulii-lateral co~operution in the
ticld of engine.ring computer-uided tes.nigqucs oaiween ocountries, Co=-gperation
could includes

() Exchange ot technologie sy
(b) Exohange of engineering parsonnely

() Exchange of roftwarc.

National inutilubiomi:. Appropriate inctiiutions should be oreated in

each country, to be responsible for the introduction and nractical application

of enginecring compuler-iided iochniques in losal industrier.
& p

International avsocistion. FExiuting and future nationnl institutions

should constituto an intcrnational assooiustion for the promotion of CAD/CAM
techniques in tha developing countrics with the aim oft

(a) Carrying oul a continuous ascessrent of ocurrent techniques and
formulating the guidelinc:  for future developmenis, surveys and ovaluationss

(b) Exchangin,: know~how, povaonnel and arxperiencoss

(¢) Providing mutual accigtance in trainings

(d) Creatirg a voi'lware library (on a voluntary basic)s

(¢) Preparation ane orgenizing velavant meetinge at the naiional,
regional and interregional levels.

Role of UNIDO.  UNIDO :hould ‘oke responsiblility and play an aotive and

leading role, in order 1o achieve the tmmlementation of the recommendations,

especially towar d¢ the eniablishment of the international association,

(During the 49 cuign of Lhe recommendnione, the Ceritral Machine Tool
Institute (CMPI) at Banguiorc waw weniioned as a possible future training
cantre for CAM tcchnicques,)



Part ons. Report of the Mecting

ORGANIZATION OF THE MEETINC

Se Sixteen participante from I develuping countrics from all rarts of the
world atiended the Meeting. They were technical management personnel (teohnical
direotors, chief decign engincers) of relaiively large companies and institutions,
The Meeting gave threm opportunities for accumulating know-how beneficial for
their future zotivities. They were associated with machine mamafacturing
industries suek a. shipbuilding, machine-tool ranufacturiug, motor vehicles,
construction ang earth-noving machinery, and amining mechinery. Represantatives
of govermmental and industrisl research and develcpment and/or educational
institutions actively engaged in the practical application of innovative

engineering and manufacturing technigues also attended the Yieeting.,

6. Papers were read at the Feeting oy con.niltants from <he Polish shipbuilding,
consiruction machirery manufacturing and oiher engineering industries. Consul-
tents from industrislizeq countries and representaiives of some specialized

industrial companies also atiended and poke at *he Meeting,

To During the Meeting, a ceries of lestures aud panel and smali group discug-
slons were arranged. Visits were made to a large Polish factory, the BRUMAR
Union, equipped with a considerable amount of computer equipment und NC machine
to0o0lz, and to lhe Polish shipyards, to itudy praectical computer-aided design
and manufacturing applications. Discussi~ns at ihese facio ier were alao
arranged. Awzil was also made rto the BUWAR CAL/CAN cenire in Warsaw.

Adoption of the agenda
8.  The followirg agenda was adopteds

Election of officers
Adoption of the agenda
Presentation and discuesion of *echnicul papers

Conolusionsy evalaation and adoption of recommendations.
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Cu putir=aicnd desigme: an introduoiory survey
T Azor Lk

The alm of the peper vus to presant a genevel overview of the computer—
arcad deoign (CAD) of machires, a. «n iniroduction to oae of the two main

sunicu af the Meeling.

The ncad i siressad *o Cevelop nompatod -sulotad loehmiquas in engl-
vaving in ell oourteien thae wre devsiopin, cr fiteadiory to develop siznificant
soter.tdinl in waohine mazmfio* ~lme irfustries, Ueon waod mere types of maohines
sannet he desigied -1 ruoutactnral oot Lo e tuptonees naglect of the
nced for comprtor-cided tiobnig ce < ads o 8 i itcaine Lachmologinal gap

Yetween the developesd ¢ad “bn Covol suny covrtoing.
I O
The paper miven » wuapowy ¢ et Ao Tn oot cutee=21cad devign and
Ar-ws atteniion 4o 1o vola mooiidntive atac-an in desira tachniques oaused by

AAD: (@) new w2ilicdr of deaiym nees lntod i cokuoratisal modelling,

s

optimization anc orymwdation: ‘) vy ioreel 5oty deston, 1.3, Wwen tranedtion fren

welyiie, bo ¢ralgn uyathesiss (o)

ehrcking desimma, theoueh dednilad coeds

o

the profesionn! rwonfturce of a2 yvoor dcsivs (3) spoeirlized hardware
for fegign ( partioniariy 7 hLaow ovariz)e (e)  iateractivo techniques of

caiemannivie oc. okt oy o T et L0008,

The paper A'.ovvots ¢oomm o rering 23 oo taluraibion process., It is
aancluced thet T2 me 1 o, oot a2 oo affe st Tes faraion (coonomically)
2 0MD ig the ro coonul L wenn! e ool the protost anc i reby its optimization.
Mhe rathacctien moceliine o1 act it discasid it more “nteil, Particular '
sttention i given o e £7rits elemsut meihiad as helrg of nrire impertance in

1pa drsir of mohio aey

Hardiare pronl« . ~re rc too) briciyyy viia articular attonilon paid
tn wwo grewps of davicest ®le coapuiin grephings agquine ~nt (g-apniocal monitors,
nlotters, digitizers ctol) and ths neogetanable desl.iop calculators, as being of
creat importence [or evsculing tlo everyloy tasce ot tne engineer. Neede and
problem areas in the CAD Tielc aras & lacyce mmowse of parallel wvork with too
tittle inforration about acecmplishrrmtg no snterrational standardization of
data structures and CAD problen-ori ntcd lavpurgen; che sirategies and
poliocics to follow in a developiny country 1o .s'blish JAD/CAM ocavubilitiess
the m2¢d for Latirmavic 1] ca-opeira’dom het oo the dov:loping and developed
oountiiegs and “ho raed for srecinlized cducriion both satlonelly anl inter-

natiorally. f



Disoussion

The diesuss.on ol the purcr wur cer‘red on twe prob’ems:

(a) Where the largvst esonorie beaefiic of introdac.ng CAD are cxpected;
(b) Whether th: establishment of naiional "eentres of excellence in CADM
is essential for the introductior of JAU in a.dovelopins country.

It wus generally agreed that ihe lavgest “enefits are obtained through
product optimization. There was considerstlo comtrover: v between those in
favor of the "aistribuled" CAD effort snc the supporiers of "ooncentrated™
effort. This prollem was one of the woet ccolroversziol subjects of the entire

M:eting and a generally accepilalle oonelusion could be reashed on it,

Computer-aided manufucturing in ihe machine Huildin:: iadus Lry
R. Zielinck’

The peper provided ¢ Lrvier Introdushion T curront trende in compuier-aided
manfacturirs (CAM). The trond towards distribeied compnbins awi contrel system:
was ctressed, The awuthor descrived thn hierarohl.zal structure of computer-aided
mamifacturing systems, which ha. three basic centirsl and data-proces: ing levelss

the procecs level, the daia level, and ‘h. mausgement ievel,

In the author's opinion, thiz type o distribouted ard hierarchioal systeu
will dominale CAM in ihe near tuture. The aulbhor reviewed briefly some foreca:ts
of the future of CAM: he euphazined thit by 1955 fail on-line antomatian and
optimization of -~omplete manuf.:iuring v'ants, coatrolled “v computers, will be
a reality,

Fodelling and optimicition ol the <’vau.,u n_of coupiiter iechnology
W.h. Percimn

In tha firsi pari of Lhe paper fhne ailnor roviawed severat arrlier attennts to
measure the legree of cowputerization in o coun rr, and seemc to he in favour of the
ciassificatinn schene proposcd originailyv by *the United Netionrs Advisory Committac
on the Application of Science and Tachiology (LAY in 1971 and further developer
by Barqui e 2i an 1976, ‘ne scheme ustinguishes feur levels - inivial, basic,

Operational, and advancel - una dessrites the condaci oY tpansi.iona hatween levels.,

In the recond part of the niper, tle anthor A te-n the necd for a systematic
study ot tre diffusion of computer weslnwolopy in various sosictier #ng cectors
1 i
~

of the vconomy. TIASA studier of “he problom are reviewsa vriefly. Their uliimite ’

roal is a quantitative model ol the compitler 0if
4 %

funisn prosecs, s0 ag 10 move the
understanding of netionl developnent Jrom w ztatie classification Lo aymianic

change anc =n optimizetion of wegcurce alisen'ion in computerization,

Discussion

The discussion was esrtred on "he probles of tue econsmic Ffazeihi lity of

introducing CAD/CAM in davelopular cowtrie..
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The pivpece ol ihe puomr wa2 ho stue w nenei o]l view o) aeee pracstbical
applicalion: of P (abe Yonoat monhe D (EEM) W the colatior o o=t o Iy
engiacoving problione, e e e i mpnity of compotoee for bmattlng
M st o st v by e Loriededig cped e mide b e iote g onnl e
Drobboms Sovetring prec Lowshy prokibitive toamboos o ammer Lo cpsra b, i
recen’ yeart, tie prorionstly JUdeming gap between hoovigars Uapazihy and sofieire
potertial T Yecw clopod,

The paper started with a chort survey of the structural theory as applicable
to FEM. A short description of an FEM programming system - ASKA - was given.
Sinoe this package in widely used throughout the world, and war used to solve
the problems described,a short review of the problems was given. The problems

solved included the Tollowing :truoturess

(a) Thermally loaded componenis;

(b) Flange calculation of turbiney

(c) A 35000 MP prescs

(d) oOmnibus oarriages

(e) Tanks

(f) The Buropeun airbuus

(g) Slatic and dynomic analysie »f a nuclear reaotors
(h) Dynamic aralysis of a complete aircrafiy

(1) Longitudinil dynamics of a three-ctage rockets

(J) Detailed analysis of a complete ship,

It was clear from ihe material presented that the teshniques available
enable the structurul engineer to rolve complicated problems that may involve

gtatio, dynamic and non-liner effects. The limiting factor is simply the
manpower and compuler coste involved.

A puper by the author, entitled "Theoretiocsl introduotion to the finite
element method”, war handcd oul 1o enable participants to familiarize themselven
with the theory of WEM.

gsouasion

The dissussion conoentrated on how to introduce FEM in developing countries.
One obvious diffioulty w-.: th- lack of uuitable hardware and relevant woftware.
The largn-scile progrumming systems (ASKA, NASTRAN) need a large oomputer to be



run efficiently, lNcwcvor, thee arve davelopner ti that may owercome the

Jifficultyt a large miniesorpiicr could be nnedy, Cox cxample,

Arother poinl reiced ms bhe cont b o programming jelim,.  Many packapes

are very inexperciv., witiuas oliore 0ont a greal deali. The main roason is

that eupport wud wadr icoance ire un rweeal parlt of the oypeonsive oyotems
3 1 o ]

whereas the less uxpersive syciems hawe ng support ind naantenanoe.  In the
long rau it is mufer to buy o wideis u

and supported,

do packye Lhal s properly maintained

Trends and tendeaciss in finile-cloment method (FEN)
application: for compuicr-aided de:igm

M. Pogosak

The paper deseribed brieriy the presont statux, function and cyatem

agpects of the finite wiement methot. Some gutdelines far the cuceessfal

55
application cf FEM aii the authort': opiricn: on the development trends of FEM
and related mmerical mathods, and devilopuent lecnas of FEM coltware and the
associated hardw.re ser: orfered. The necd for & cortain "eritieal nize" for
the effor! that has Lo be vatl into matabliching Pl desimn analysis capability
within an indusirial oreanication wa . envdhsized, an was the need for a very
thorough tiraining of tne personnel who wi'l no ‘e worr.

Diccous:ion

The disecuscion war conlria on ine whove mentions J "eritioal size" of e¢ffort.
Some purticipanis criticive. the approu.h oz dizcournging he application of FEM
where vemourses were Izcki g, obper- suronsly supportoe! the arncopt on the
basic that too small o2a af*ort does ret Lot ‘o practiecal deriym analysis capa-

bility and resulte in mistrust of W b youasnagement. It wal penerally agreed
that the "umull" etfort may be sout For cauedtioral parposes while 1he "large"

undertakings in FEM neem nesescury in the induririal environment .,

Bilfeotive purt-proseaming devel opment,
U. Bjdrie

The developmert and tesiing of part-programs bocom: more and more importunt,

as the vse of nunerically-controilea muchine 4ools increaso:. The paper describes '
computer aiide lo making par L OST AN LIS ACveTonet Y i testane more eftfective.

It is baced on a hierarshie:] cumputer hardwire ntracture, |

The aceepted conirol phi Iywsophy zrn e 9005 wiie the uwe of hard-wired

numcrical contvol sys.cms.  Though !be technology chinged cimilicantly during



that deoade, system behaviour did not. ''he operational capacity of hard-wired
oontrol systems did more or less stabilize at a oertain ievel of sophistication,
and the featuras available today are a result of what was found to be useful
during the pas. decade. The range of features has nevertheless been restricted

by the cost of iuplementation on hard-wired systems.

The control philozophy in the 1970s was the use of on-line control systems,
where the controller i: based on a gencral purpose digital computer. The reason:
for installing ONC are: increased flexibility, a wider range of user functionr:.

diagnostic possibilities, tape-correction possibilities etc,

Onoe a number of NC and CNC systems are in operation, the need for betiter
programming and debugging aids becomes clear. At that point a programming
oenire equipped with graphic displays, teletype, paper iape reader and punoh,
and disk may be bought; at first, the centre can be run separately.

Finally, a behind-tape rcader module can be added. One or more alphaw-

numerical soreens will ihen be nesded in the workshop; the system will then have
reached the INC-~level.

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

alternative to existing approaches.

The size of firms in developing countries should be such that they can cope
with the problems of product~development and marketing as in industrialized
countries. Produotion facilities con he divided into cells and can be spread
geographically around the provinces. Technology used onght 1o be workforce-
intensive and capital-extenuive, and processes should be designed to fit the

existing level of skill. Worker training is a critieal problenm,

In order io handle the product flow between a cell and the parent company,
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 =ocial problems of today. A small society might be
expeoted to take pride in running the cell properiy.

Distributed plant management systems for com uter-aided
distributed plani management

J. Duch

Until recently, if computerized process control and fuctory data management
were needed, two separate systems had to be installed. "he approach was neither

efficient nor economicali,
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Digital equipmeni's syntomu approach to the problem resulted in the deve-
lopment of dist-ibuted plant minigement (TPM) systema,

System overview )

DPM systems combine faclory data managmment and input/output prooessing
into a single effiocient plant mamnapemnent ororation.

The DPM ooncept combinest on-line provessing, microproocessor control,
real-time dnta acquisition, distributed computing, and hierarohiocal computer
systems through one low-ooat commmiocation link.

A DPM faotory data management subsyatem collecin data from machines and
smployecs at interactive terminals. An T/0 subsyslem monitore maochines and
procesnes with real-time digital ang analog I/0 interfaces throughout plant
operations. Sharing a common set of modules, the 1/0 subsystem oan function
in distributed or local modes. The dataway links remote I/0 devices to its
uinicomputer-baged hout.

PM gystems componends

Host oompuiera. The IPM-60-serie:. honta, based on the PDP-11/34 mini-
computer, are intended for entry-level sysiems or special-purpose small systems.
The 60-geries horlu support two dutawnys, ond have magnetic tape and cartridge
disk devices, 192-kilobyle memorics, hordware floating point acoelerator,
battery backup, and a nnnuole terminal .

The DPM Y0-werics hosis are bascd on the FPDP-11/70 computer. They control
four dataways, and have 256-kilobyle memorics, magnetio tape and oartridge disk
devioss, hardwarc floatitig point acealurator, and o oouiole terminal.

Any hoct oan be eqipped with 1 FORTRAN TV-PLUS or COBOL language prooessor,

All run under real-time, evernt-iriven operaiing soitwars.

Communiocation among systom oomponenic
The syi:iem components ave tied togother with the dataway link.

Tho dataway 1o a multidrop communication bus using a twisted-pair cable
to link terminala, hoot:, ant I/0 subsyetems into interrated management nystem.

The dataway i: microprosensor controlled thus relieving the hosi of communioations
handling load.

It reducee plant wiring cog'. bolh initially and in modifioation and

expanaion. It ullows the mamsger to nooou: the syvtem's unified daia baae.
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() A one—to-one tranclatior of algebraic design routiness

(b) Handling tabular and graphical datas

(c) Ucing principle rrom code =f practice. lut redrafting method to
suit computers;

(@) New analytical techniques for the computer, especially the finite
element method. The finite element can he applied io many engineering problems
and results in a degree of understanding and knouledge of structural and
component behaviour previoucly po:ible (some‘timea:) only with experimental
invectigation. The fac* that the method io enbodied in a common philosophy
and approach makes it an attractive tool for the design eugineer to study and
uses

(e) Threc-dimensional spacr: 4nd mepping, including orihographic and pers-
pective projection;

(f) Data ztructures for building and modifying drawingss
(2) Menu systemc for acs.embly drawingsi

(h) Analytical solution for geomeirical problems.

The paper giver a review of the rumerical control production phase, mentio-
ning in some detail the following topics:
(a) Pari-programming {with un ezample}. The first step cousists of
writing a series of ctatement:; about the cshape of the companent and instructions
about the movement of the cutting tool. A mumber of lanpuager have been developed

for this purpose; the hest known is probably the APT (automatically programmed
tools) packagcs

(b) Posl-processors are usually necessary when converting co—ordimate
values into control pulses. Uniortnnitely, *lhore ace a nurber of different
codes for thiz purpose;
(c) Orgar.izotion tor automating 'he WO process in discusced, different
ways and means to achieve ! i jmrpese are stated. The problem of three-dimen=sional

1

surfaces is covered, and conccpte for ivtegrate i CAD and manufacturing are
introduced.

The paper includer a lizt of relerences.
Discussion

The paper initiated a preiigic disoussion concerning education in the GAD,/C.AM
field. Tt wa. siressed thal too nuch sitention war given io concepts for indus-—
trial training, while the cencurrent need for trainecs wilk a bavic training in

the relevant field wn:z nol mentioned.

A computer~aided manulucturirg: sys!em applied lo baichk manufacturing
TP, Putman

The paper wa:s devoied o the deccription o! the CAN system develoved by
the Tllinois Inctitu‘e of Teshnology Re: curch Irstitute anda applicd at a United
States governmer* manuiacturing facility in kook Island, 7liinois. The author
makes a clear dictinction between the term CAM and the CAM system:  CAN means

a combination or computer technology with munulusturing technology  while
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CAM cystem (according to the aulhorte definilion) means that the entire monu-

facturing process and the ro.4 important associated funetions (plann:i.ng,
soheduling, loading, management  ete.) are computer contr.lled, Some CAM
gsystems under development in Japin and the Thited Siales are decoribed. The

author concludes that, although CAM aysiems arry out wery complex control

functiony thuy arc not siill the "ultimale” solution to manufacturing problemss

manufacturing iz still too complex an activity fos "{otal" answer:, The number
of variables involved is typically very larm, and it is almont impossible to
exercise effective and simuldtaneous control over all of them,

21_' scussion

The disoussion concentrated ori he economic agpecis of the approaches
presented.

Applied oplimizationt
K. Urbaniec

The paper iniroduced participants ‘o the fundamentals of mathematioal
optimization lechnique:s and theis practical application in the CAD of machines.

The author discussed the siructure of optimization problem: and the metho-

dology of wolving them. Available métthewstical method: and associated conmputer
software were described.  [jevaral practical cxumplec of simple, intermediate
and complicated problemu we ~o Jivensnad, In his conclusions, the author stlated

that optimization methods vare a very vowertul decision-muking aid in engineering
design, the allucution of economic boeusources, production scheduling, and the

control of complicated cyitome, Tn the author's opinion, decicion-makerc
trained in disciplined bhinking and aided Ly compuler methods can approach even

the most intricate practical proliicms and colve thoem optimully,

lacugasion
R

Tua discussion tarted with some controversy between purticipants who were
in favour o° detailed engineering design analysic techniques, such ax the finite
element method, and thoie who cuppor bed the ider of' optimal design synthesis.

After the disousuvion it became clear lhat 4he wo approaches to CAD are oomple~

mentary rather than contradictory,
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folo e e et Ay Hredon

The paper desoribed n eponisd procestor proagram doveloped by the Machine
Tool Induatry wenseurch Acaneisti-v: in Lhe i ted kinglom I'or economically
feamible prosramning: o “ui.l.. . oot fop very cmill numbers of parts
manufactured (evon single partc in certain cue:n),

The progrom, writien in FORTREAN @nd rurnsng ob a small oomputer (3?2 k ctore),

allove the proscammer to pore dhe MY opreceoam din oomash ahorter bime thaw
with manual programmine wd je chienper Gg noe bear larpe NG progrimming system
available through IF burcau servieces.

oome desigm principles vor sorputer-numericil-conirol machine tools
W.L. Paimer

The purpose of ihe paper wac to dewcribe ~nd analy.se problems associated
with the change of cliunuical numer ical conbre] (ie) for michine tools into
computer numerical control (iN¢).

Flexibility 49 1 kev word for tre fuinre mannfacturing industries., Mioro-
prooesuors, the heart of ithe V¢ :yitem, are iakinge cver moist gontrol functions
in the namifacturing procens, and acruring the desived floxibility, Thie in
turn is wideniryr the capability ot the ramtactnring syslem to cope with
inoressing compl :xity of mroufasired moonine:. The featt es of (G machin-
tools are incrc.singly Leing appreciated « they inelude the ability to carry out
caloulation, to stare data, to mod . iy, oule wher iBoenary, orois-check and
compare listc of informatior. ‘I'he mewt imporion. characteriatic of ONG 1y the
ability lo interscd with the machine spercior. T can agment the skille,
experiange and understanding o1 the machin. operator, and s an "itde-m&noipe"

a

and & mentor to the unskillad,

Bacrnce of 111l thewe proprertoacs, CNG wiehre tools chould be seriously

oonsiderad hersver investment i miuie in ihe machine mariacturing industry,

GCorwe=atuay for the introduction of computer-aided design (GAD)

M. Sf!l-cn.tczu

The speaker demcrile ! tha UNINO=~Fundcd CAD project 4l DBUMAR in Warsaw. The
main topics coverad weros

(2) Slatement of worky

(b) Wockshopsy, saminary <ind training




(e) Problem: of hardwarc suluciiony
(d) Sotivare evalusbiong

(e‘) fetlowahilpy Mop e,
Theoe topi o covered the following ficlds of enginee. ings

(2) Application of computicr meihods in sirustural engineerings
(b) Appiication ot wwmerical conirolj

(¢) 1 amipg ang conlrol:

(d) Modern coftware facrralory;

(e) Simulation of dyncmic and hydraulic aystomsy

[f) Uerduare - ni oy.toem softiares

(¢) Computer-sonirolled toating.

The main topic of ithe diccucsion waa how to assure the acquisition of' good
software that conld be meintaincd and uwecr supported. Some particularly important

ointe identified weres
P

(a) nourance of fulfilment of the user's real needus
(b) Contrasctiual arrangumenty;

(6) Compztibility with cther activilics;

(d) Proram-techuolopgy «nd program-Jjocumentations

(¢) Implenentation supports

(f) Bduca“ional :upport;

(¢) Mair enance ard up=datess

(n) Credibility of seller.

The prodnction~oont atem develeoped at the Fadroma fuotory
4070, Wraodaw

“:. o Moo A:ﬂ ki

vol

ZITO i a professional DP service organization cquipped with a Polishe-made
ODRA 1305 cony or aystem (an ICL i900 scriews compatible machine). The uysien
can be used in remote job emtry mode from many termirals installed in the town

of Wrocluw or it.: reighbourhood (this teleprocessing network is called POLRAX ).

The Fadroma factery, which ic alao located in Wrocfaw, used the ZETO services

through POLRAX 2. All baric production control funciionc are performed by the

system develeped by ZETO for Fadroma.




Economic and techuwioriial .opeais of computer applicut’ons

i englneez{n\: tnductrics v fndis
e Vasaatha Kwear ad NP5, Tyer

The aim of "he pape: wi: to dve “r owiview of ihe r 2zent status of CAD/CAM
in India. The author: point oui ik new. ror CAI)/CALE, if lhe technological gap

between the developed and the dove lopiug countries i ot 4o hecons wider,

The paper describes work on CAD, partioularly in the field of structural
sndlysis and in eleclroric integralcd ~ircuit decigne The work on CAN includes
computer-~aided sohedulir,: af Nivdusta: Mecbine Yools lid, W0 machine tool:s with
computer-uided programmin-, and sowme work ond RO and JC. Tne work on computer-
#ided NG programming iv Jescrited ir dotail. The auihors sSroo.s the need tor
posti-proouossor: to be provared lociiaid Yy rather ihan purchased from aborad. In a
“eveloping country cnvirommeni. this seems 1o be ochanper and faster. They also
advocate conceuiralion oi programming effort upen o programming language (in
their oase an APT language). The pape:r araues stronyly in favowr of establizhing
at the Central Machine ool Tnoiituie in Dangalor: a M"centre of excellence" for
CAM and CAD in India.

Application of ~ompuier-aided ‘ech iques in_engircerine

industries in Lotin=-American Corisiens
R.3. Aposioli

The author deserated wotivities of fthe research centre in Cordota, Argentina,

The purpose of the writien precenizuion was 49 show o syrithetic plan o the
application o1 e rineering compuicr-aidec techuiques in inaustry in Latin
Anerican courtries, sc as to five s idea of the surrent situation. An estimate

of future developients was also aivern,

Korgsber,r Vaajenfubrilk
M, Kaaro

The upeaker described hic company's prodrets, which included a.o. drawing

tables, numerically controllod systems and oug turbines.
He then concentrated on arafting systemns that were particularly suited to

CAD and the preparation wnd chucking of numericallv controlled paper tupes,

Discussion

Several parlicivant: were intercs*ed in the egonomic ugpuot of introducing

such sophicticaicd hardwars and relsvand soituurcs  The eosis of such tools were

founa to be quite high. What would b the benefit in c¢ffestiveness by intro-




dusing suoh tools, and wvould this give a vatisfaotory return on investment.

No general answer could te pgiven to lhe question of the nosi-benefit relation-
«lip when such to0lus were inlroduced, since remulis can very widely from

caze to canc,

Demonstraiiopn of selected engincering software
Univie

UNIS (Univac Indusirial System) ic a production planning and control system
that i adaptable to exicting {faclory siructures wilthoul desp changes in the
orpenigation. T is a agysten thal brings the righl waterial in the right
quantity to the ripghi place at ihe righl time at the right cost. UNIS ocovers
veveral tasks, e.ge product stiructurc, material planning, ncheduling and
loading, and cout accounting. There is a data bace included in the system that
provides for: no redundancicc, wmultiple uses of data items, independence of
procegisin: mode, inteprity. flexible data structure, integration, and ease of

UsO.

The usystem has many possibilities for inpuv and outpui. There are paper
tape, punoched cards and video Cor inpul, and paper tape, mog~lape, discs and

printer for output,
Variouu dria are utored in the_ UNIS data base, for examplet

Product siructure
Operation plavu
Alternate operations
Work suntires

Alternate work cantreu
Tool:s

Customer and vendor data
Cuctoner orders
Manufaecturing: orders
Purchass ordery

Ordor network:
Materinal requirements
Ma‘terial rceservetiona

Worl in proces.

Accownting diuta




INTE congists of 2 sut of powerful building block:. kach Luilding block
serves a particulir Yurction within the produstion contrel cyttems The building ¢
blocks are clasaified according 10 their level of cophictication uss  wedel

e

tetallation pro, rams, extendocd funztiong, public function.., privilepged function, !

ang. sot'tware tools.,

UNIS offers the user cowmploine information, guick reaclion for changes of
product:, lowering of stook cccin, better utili-alion rate, and o raeduction of

run=throurh=tim:s.  The user san write his own subroutines, whish 4sn be includced
in the y.tem.

ONTS 1¢ biaet on an inteprated data bace, il iu maintained neoir sloandard
wata managsement syclern (based on COTASYL report), T is modular in u true sense

and i on-iine orienteg.

Another Uniwveo uysiem, ASET, i. an cducetional cystems I 1o used for
training people in compuler lanyunges such as BABIC, FORTRAN and CONOL. ‘The
lecture.: arc writlen in guy ditverent Lwngraagone The person who ic poing 1o be
trained sits in front of 1 videe display nu reads lectwre after iecature. He
hao the chance *to swiich back if hoe docs no! understiand, and vo do examples
where the nyctem controlz bhis unswers and eorract. him if ncoesrary.,  The subject
of the leclure can be alwoul any.hing, beciu.c the system i not o net of
courses, but a tool for the aultor to write lessorc wherc the percon to Lo
irained has to answer speeial gquestiong. The nee of the srelem at a scheol in
fhicago had chowr that levsows: in fronl of Lhe viden were meoh nore eftficicnt

thun norimd leaching: methods., The syctew conly wlio be wed for Ariining

inslructor:s.

There wie » demoncitration ot bhe sveiem.,  One Uniseope video wis connecled
via a telephone line Lo a Univie compuler in Warnw. The participant. were ible

to try out courses ang Yaugungni.
Diccnucion
e

In the dizeussion it wir montioned that datia bioe is not o new aeve Lopmnrit
of dirti manasement, beonuse engines s had keowun the idea Tor 15 years. The
¢ificicncy of the systom depemt: ou Lbhe sice of bhe tuctory g the namber of '
different produsts. Smaller fastaries with few produnt: cannol use the nystem
becawse it in too big wnd necds 100 much S0eG.  Lh wae Gonbioaed that 1o chooue
the UNTD cyoter binde the oo to Univee soiyacbers, hecaase there are nany

difficultics involved in changing Lo sther cystem: on other compulers,



Part thiec. Visite Lo factories ond installations

Stalowa Wolr'}"

P

Huta Stalowa Wola is the largest of Lhe BUMAR faotories. It manufactures
heavy crawler traotor:s, crouca, loadera, concrate mixers eta. It is looated
at the town of StaZowa WoZi, about 00 km from Wargsaw. The mechanical manu-
fuoturing tactory and the associsted rteel mill ewployaliogether ahout 25,000
people. Several hundred of cach type of consiruotion machinery are produced)

ihe output of certain subasseublien (e.g. genrboxes) ie in the thousands.
The programme of the visit inocludedt

() A general survey of one of ‘the mechanical manufacturing faoctory
departments {gearbox and axle manufacture) with partioulur attention paid to the
nperation and use of NC machine tools insetallcd there (almos't 100);

(b) A visit to the heat treatment line (oomputer controlled) and to the
orawler tractor amsenbly linej

(¢c) A visit to “he computing cunire equipped with an IBM 170/145 computers

(d) Locturos by ine chief of the computing centre and the ohief of the
manufaoturing engineerin; department,

The ghipyerd computer genixe A0 Gdangk (ZIPO)

United Polish Shipyards deniemed nnd developed ASTER, which is based on
the Spanich abipbuilding cyutem TORAN, The woftware in written in FORTRAN 1V,
The primary fu, ctions of ASTER aret

{a) To represent digitally the nhip's hull configuration, to faocilitate
the design of lenpilwise parts, shell plate expaneion, NC "burning" tapes eto.}

(b) To roule cuble throurhout the ship in suoh a way as to optlmize ihe
total length ot cable to be nuseds

(¢} %o ald in detalling ihu piping configurations to be used in the
constiruction ol a chip.

Tue following haruwere sy:stoms were dewonstrated in actions

(a) TICL 2903 - for rurnming basioc ASTER systemy

(b) Kongeberg SMA minizomputer and drafting table for fuiring, line
drawings eto.s

(o) WANG Mini - for engineering denigm caloculationss
(d) Two IOL Systom 4 computers (4/50 wnd 4/70).



Th2 shipyara ot Gdynda

The following facilitier werc visited during the tour: '
(a) The MOLD iofi, where a fow items require drawing in ihe conventional
way (by hand) = oct of these lauks are lone with ASTER; i

(b) 'The plate shoyp, where maulti-head NC flame buruers cut the various
steel plales;

{¢) The steel plate siorage yard, which ic being antomated 1o place the
fallowing functions under computer controi:

(i) Plate storares
(i1) Plate celection;
(iii) Inventorv ceouirols
(iv) Plats cleaning and primings
{v) Routirg to the {lame burners;
(d) The plate rolling 2nd forming shops

(¢) The automated welding shop wiere hull sections ure outomatically
"hutt" welded and stiffeners ars 2utomatically welded to plate sectionss

(£f) The stcel fabrication shopj

(g) A large rewly-constructed dry dook, which has capacity for building
anips al once, Il hondles sbout 20 new hipe + yuar. A 500-ion pantry crane
(the worid!s large:t), btuilt in Finland, was observed in operation lifting
huge bull section:s in place prior o firal ship assembly.

Tin, VLOER CAD/GAM.oanre in Warsaw

The BUMAR CAT/CAM cenire wos estublisbed in 1977, with the aim of developing
CAD/CAM capability and introducing the leatriyes into the Polick construetion
and earthmoving machinery industry, srooped inte the PUMAR lhiion. At present
the centre cmploys about 50 people. The cqu’pmer?t concisic of « Digitnl Eguipnart
FIE 11/70 with 34 Rhvte core Lire and o 1oz ot of povdishernlas s BENION 222
latbes off-ling rloltar, ard o semeis joc ertry "B 3700 terniual linked io ap
THM }70/14; compuir g ben

my, .

2oser . e e masily on Tl

¢ actviidies of dezign p2lysia owde, itk
finite elemont iechoigie, simuiatior upd optimisation of desigw being tn: prime
diveciions ol researsd npd prasiical CAT appticatien.  [nomoiufactuaring, the rain
direction ig the compnhler—acoisted progrom iy of KO machirery, using various
roftware acd syuten concernbu, Whe deatre aldso works on Purocnation syctear

for orgncere;  one vcine desigroa at pregert is foo ¢ rgioeceing drawings end

other documernlation storage ana rerieval.



- ;"(‘ g

The oomputer installation was demonstirated in operation. MThe osapabilitiesn
of The PDP 11/70 1AS oporating systam weore demonsirated, paciionlarly for uhe
interactive typ: of man-nuohine commuinieation Trom various 1ypen of terminair,
Some simple engincering wralynis rrograms running on i+ Howleti-Packard 9820 deskctop
calculator were presented, as war a lurpe cyntem for NC Mame culting operation:
running on the same type of cquipment,  Some resulls of large-soale Tinite
element analysis of stiuctwres (orane frame) using the A3SKA syctem were alan
demonstruted,
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