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3 
1.INTRUDUCTiuN 

Computers are playing an increasingly important role in all stages 
of product design end manufacture.The development of the CAJJ/CAM 
technology is already influencing design philosophies,factory techniques 
and management attitudes to enterprise organization and staffing. 
CAJJ/CA1'f. incorporates substantial elements of the so-called •micro­
processor revolutionn and "robot revolution",which are taking place 
in industry of the most developed countries. 

The te:rms•computer-Aided Manufacturing" /CAM./ and " Computer-Aided 
Design•/CAD/,in a broad sense,denote all the relevant activities in 
the manufacturing environment divided in four principal areas: 

-collection of data ; 
-control of machinery ; 
-control of processes ; 
-6omputer-aided design and drafting,and production control. 

By the end of the 1970s,CAD/CAM methcds had been profoundly established 
in the aarospace and aircraft industry,shipbuilding,civil engineering, 
electrical and electronics industry.There had been a growing number 
of integrated computer-aided design and manufacture systems in these 
industries invariably connected with application of highly sophisticated 
software implemented on mainframe and/or minicomputers.The integrated 
systems included:computer-aided design and graphics,customer order 
handling,production control,numerical control of machine tools,robotics, 
inspection and testing,automated packaging,and auto~ated warehousing. 
Underlying most of integretion efforts is the development of common data 

~ bases as lin~(S between the design and manufacturing functions,and it 
makes comprehensive CAD/CAM systems very expensive. 

In the early 1980s new microelectronics developments,particularly 
the development of standard software packages and the emergence of proven 
microprocessor-based hardware,have opened up a new range of possibilities 
for CAD/CAM technology.Fourfold increase in number of CAD/CAM systems, 
betwven 1980 and 1984,illus~rates the worldwide impact of microprocessors. 
This dramatic growth of CAD/CAM applications has been coupled with a new 
approach of small and medium-sized enterprises to computer-aided techniques. 
It must be noted that the major users of CAD/CAM are the large companies 
in high technology,but the situation has begun to change with the intro­
duction of less expensive microcomputer hardware and flexible modu~ar 
systems.Adopting a step-at-a-time,modular approach even small enterprises 
can benefit from CAD/CAM. According to estimates,between 1980 and 1984, 



I 
- 4 -

more than three million new microprocessor systems were installed 
in the industrial application field,and these systems can be viewed 
as CAD/CAM components.The microprocessor applications in the industrial 
fields are distributed as follows: production equipment/ 30 per cent/, 
prvduction monitoring/ 25 p~r cent/,test and inspection /10 per 
cent/,factory data collection/8 per centf ,electrical test and 
measurement/5 per cent/,process control/3 per cent/,and others. 

As a result ,there is increasing pressure to automate production 
functions as the most cost-effective first stage in factory 
automation.The past three years in manufacturing have been character­
ized by the maturing of technologies for factory automation/ including 
cost falls and performance improvements/and the growing trend 
towards convergence with the CAD/CAM technology into the so-called 
computer-integrated manufacturing/CIM/. 

Application of mini-and micro-computers to manufacturing 
processes has made economically feasible and justified the following 
trends in factory automation: 

- a growing number of flexible manufacturing systems/FMS/.Unmanned 
operation of small batch production,increasing flexibility 

of mass production; 
- development of automatic assembly systems.Introduction of 

industrial robots,increasing flexibility of automatic assembly 

lines; 
- automation of materials handling systemb.Introduction of auto­

mated warehouses and automatic quided vehicles; 
ThE vlue of computer-integrated manufacturing.is that it brings 

all manufacturing industry,even the traditionally batch-oriented 
industries,close to the process industry like petrochemicals. 
Important characteristics include continuous or near continuous 
operation/hi8h plant utilization,high levels of contr~l toproduce 
high and reproduceable quality and tailor production to specific 
customer needs/,high re!iability,improved utilizatiom of inputs 
of labour,energy,and materials. 

Whilst the development of CIM is well advanced,there are major 
problems involved in linking up the various components of CAD/CAM 
and flexible manufacturing sys"tems,inclading software and hardware 
cvmpatibility and organizational problems associated with the need 
to move to a radically different philosophy of production. 
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Nevertheless, in the last two years several thousands of C4JJ/CAM. 
systems and flexible manufacturing systems has been ins~alled in 
t~1e 'Jni ted States,Japan and Europe. 

In the decade of 1970s,the CAD/CAM technology was economically 
justified only in design and man~facture of highly sophisticated, 
complex products like spaceships,airplanes,computers,vehicles, 
ships,colour TV sets,etc.,therefore it could be viable in developed 

countries. 
At the present stage of the CAD/CAM. development ,there is deep 

conviction about the ubiquitous impact of computers on all industry 
sectors. In whatever industry sector ,it is under.::;·;,0od that enter­

-prises are unlikely to survive,in an increasingly competitive 
market,unless they understand how the computers can aid their 

product design and manufacture. With all of the attention being 
p~id to the computer-integrated manufacturing technology in developed 

countries and the resultant dramatic successes in an ever-increasing 
range of aryplications,it is little wonder that developing countries 

want to exploit the full potential of this technology to reap 
the full benefits. The question is no lo!lger 11 should'' the developing 

countries become involved in advancement of computer applicati:ns 
in domestic industry,but rather "how" to best utilize available 
resources/such as manpower,capital,and equipment/,to most effectively 
enter the field of CAD/CAM and FMS technologies,and gain control 

of the direction the technology takes in the country. 
The importance attached by each country to being self-reliant 

in the use of the technology will de~ennine whether or not 
adequate and timely support of this new field will be giver. 

As a rule,the main point of interest for developing countries are 
mini-and microcomputer-based components of CAD/CAM systems. 

In countries of the ECWA region,the efforts are being made 
to accomodate advances in microelectronics and computer applications 
with national development programmes.Recently,a number of countries 
in the region/Egypt,Iraq/have initiated the applications of CAD/CAM 

technologies. 
The paper is a result of a UNIDO sponsored ~ission in the 

Republic of Iraq,which was conducted in December 1984 I 10 days I 
in order to assess the experience gained in the ECWA region so far 
and to propose ways and means to develop tec"mical capabilities iu 
regard to applications of the CAD/CAM technology. 



• 

- 6 -

2.0BJECTIVES 

The UNIDO mission on the CAJJ/CAM. technology in countries of 
the ECWA region was formed to identify technical problem areas 
which are essential for CAJJ/CAM applications.In addition,the mission 
was to recommend possible actions at the national and regional 
levels,including actions by ECWA/UNIDO and other institutions. 

To this goal,the mission had two primary objectives: 
- to evaluate the diffusion and advancement of computer-aided 

design and manufacture in the region; 
- to establish a framework and propose necessary steps for 

the UNIDO/ECWA plan of action related to the development 
of CAD/CAM technology in the region • 

3. CAD/CAM TECHNOLOGY 

Despite the relati~ely hesitant approach in the region,as in 
other developing countries,to CAD/CAM possibilities,there are 
abundant signs that both governments and industry are becoming aware 
of the latest computer hardware and software potential in this 
field. The development of CAD/CAM technology in the region can 
be described against an overall background of CAD/CAM applica­
-tions in manufacturing. Manufacturing can be broadly grouped 
into three activities: preparation,production and management. 
In the first group are those activities like design and pre­

-Paration work /mouldmaking,toolmaking,etc./. In the second are 
the actual production operations:machining,mould.ing,heating,etc. 
In the management group are the operations necessary to manage 

the process: etock control,production control,planning and 
scheduling,etc. 
Much of the early effort in automation has gone into these areas 

to produce a wide range of automation technologies for discrete 
elements,eg.computer-aided design /CAD/,process controllers, 
handling robots,etc. The trend to computer-integrated manufacturing 
/CIM/ essentially involves integrating these discrete automation 
technologies into com~lete production systems. 

A good example of this can be seen in the metalworking sector 
of the engineering industry. Here the changes have been from 
dis~rete manual machining,to automated machining on NC and CNC 

, machine tools, to multiple machining on CNC ,machining centres 
I • . 
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fie.able to carry out several different operations on one machine 
instead of passing the workpiece amongst several different 
machines/,to direct numerical c~ntrol /DNC/ with a supervisory 
shopfloor computer running several different machining centres, 
through to flexible manufacturing systems /FMS/,comprising of 

machining centres with handling systems /robots,automatic quided 
vehicles,programmable conveyors,etc./ and warehousing systems. 

The whole is under hierarchical computer control and is linked 
to the computer-based management systems for stock control, 

purchasing,production planning and control,etc. CAD/CAM system 
adds to it the preparation stage and integrates all elements 

into computer-integrated manufacturing. 
The broad CAD/CAM categories of activity are shown in Fig.1. 
The latest developments in linking up the various,factory shop­

-floor elements into flexible manufacturing systems are leading 

toward fully automated factory. So far,there are around 300 FMS 
in operation worldwide,mainly in the metalworking and other 
industries including aerospace,automobiles,electronics,and food 
processing. 

It will be usefull to look at chronological development of 
the flexible manufacturing systems,as a new,rapidly expanding 
part of CAD/CAM tecnology. It is shown in Fig.2. 

A col!llllon approach to implementation of CAD/CJJIJ. is t~at at 
first installed are some elements of the whole system. 
As a starting ~oint,computer facilities are exploited in selecte~ 
areas of design and manufacturing activities. Hence,practical 
CAD/CAK systems never include all elements given in Fig.1. 
In addition,it must be pointed out that in most cases elements 
of CAD/CAM systems can be run as a stand-alone subsystem. 

The Arab countries follow this pattern and enter into computer 
assisted technology by applying microcomputers and computers 
in separated areas of manufacturing. 

Therefore,it is worthwhile to profile the current spectrum 
of CAD/CAM applications on worldwide scale and in the region. 
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3.1. PRODJC~ION CONT10L 

ThP. aim of ef:ective production control is to optimize ?roduction 
efficiency,cutting out bottlenecks,wastefull investment and any 
other inefficient use o: material and resources.To this end a wide 
range of software is now available and individual pack~ges can be 
implemented as module~ in comprehensive systems. Co~nputerized 
production control represents a heavy investment in the manufactu­
-ring environment. It is worthwhile only when due attention_·.is 
given to all the relevant factors. 

Many manufacturing organizations have decided to computerize 
oroduction control in a piecemeal way:for example,fac!lities for 
shopfloor data capture may be introduced before further investment 
!s authorized for such functions as estimating,inventory con~rol, 
and comprehensiv~ manufacturing resource planning. 

A ~iecemeal a~proach has the advantage that individual system 

modules can be tried out in workshon conditions before management 
makes an irrevocable commitment to a completely computerized 
-production control configure.tion. 

Again it is worth em~hasizing the growing role of microcomnuters. 

The diminishing cost of computer hardware has put computerized 
production control within the reach of many small enterprises. 

The microprocessors have opened up a new ~ange of possibilities 
for :he pr)ductiOnengineer to monitor and control processes,machines, 
sections and departments-on an hour-by-hour cycle;if required. 
The monitoring of shopfloor activity is one area where micro-based 

~ data acquisition systems are facilitating production control. 
It is in the areas of production scheduling and capacity forecasting 

that computwrs have a particularly important contribution to make: 
it is very expensive,and often inefficient,to carry out manually 
the necessary mathematical procedures. Today,even a smJll 

enterprise can benefit from using a microcomputer for these tasks. 

A minimum-cost strategy could involve a relatively small system 
with t~e capacity to store ,for example,1 million characters of 
inform~tion on a floppy diGk,a visual display unit,and a printer 
capable of operating at speeds of around 40 characters/second. Such 
hardware is likely to cost about 3000 dollars. 

It is increasingly clear that efficient production control depends 
upon collecting and organizing data. Monitoring systems,often based 
on microprocessors,are finding increasing uses in the production control, 
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The inputs to a data acauisition unit may comprise hundreds 
of channels of production signals,its outputs rangin~ from a simple 

strip '\)rinter 1.i. sting to o. long-line interconnections of data 
summarizing activities over preselected time intervals. 

The development of new software ,much of it packaged and offered 
on a commercial basis,has helped to make the app:ication of computers 

to production control a practical and cost-effective solutiom ,even 
on mainframes. COPICS of IBM is a modular system: each of the modules 

has standard programs th~t meet 80 per cent of requirements, 
allowing the customer the flexibility to introduee specific instructions 

for exceptional tasks. COPICS is introduced to around 80 medium to 
large companies,including a small car builder,a maker of motor 

accessories,a chemicals manufacturer,and an aerospace company. A typical 
~ installatiom has four software modules and about 20 tenninals. 

I 

Hewlett-Packard has introduced s:~stem /MM-3000/, suitable for 
assemblers of electronic components,fabricators of light engineering 
products,and for the management of larger projects. 

To implement a comprehensive, closed-loop !)reduction control sys-+: '"'it 

it is necessary to pay attention to technical aspects /hardware and 
software/,provision of data files /master production schedule,bill 
of material,inventory,etc./ and trained staff. It has been observed 
that a 15 to 18 months is needed for implementation. Implementation 
of large systems on mainframes usually involves a fundamental change 
in the way manufacturing activity is organized. 

The production control systems are,according to estimations, 

the most cost-effective first Qtage in factory automation. In the USA, 
Europe and Japan computerized production control systems are 

implemented in enterprises,as follows: 
Inventory control 
Bill of materials 

in 75 per cent of all enterprises, 

Material requirements planning 
Production cost esti~ation 
Production scheduling 
Shopfloor reporting 
Process control 

65 
61 
53 
49 
33 
26 

" 
" 
" II 

II 

" 
/Source: IDC / 

These different tasks ~~y be carried out as separate functions, 
thus como·u ters can be used ti) cover the separate functions only. 

J, 
? 
J 
) 
, 

This is also a prevailing pattern for the Arab countries. Many separate, 
but not inttrconnected yet,aspects of production control systems are 
initi2ted in several countries in the region,eg.cable,steel and electron~ 
industries in Syria, engineering industries in Iraq,steel and iron 

industry 1n Egypt,refinaries in Kuweit,etc. So far,there is no fully 
cornouterized nroduction control system implemented on a mainframe, 
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3.2. COMPUTER AIDED DESIGN AND GP.APEICS 

Current integrated CAD/CAM systems tend to b~ specialized, 
developed by large companies that ~nvested early in computerized 
design and manufacturing and developed their own applications, 
eg.McDonnel Airc'!'aft,Northro;>,Lockheed,etc. Significant productivity 
gains have been achieved using the computerized ~yst2ms. ?or instance 
!forthrop estimated an HOO per cent increase in productivity 
for the process of designing,manufacturing and testing the main 
structural box skin for the vertical tallc.of the F-18 aircraft. 
Stand-alone,not integrated CAD systems are capable of reducing 

design and drafting time at least 75 per cent. 
I According to estimates,ln the USA,Japan and Europe in 1983, 

stand-alone CAD systems were in operation in 9 per cent of all 
enterprises,and CAM sy~ms in 14 per cent of all enter~rises. 

Comprehensive,inte.~rated CAD/CAM systems are seen to be still at 

) 

the stage ,where the cost of hardware and software precludes using 

it in the developing countries. Nevertheless, it is worth mentioning 
that key objectives of newly developed and imnlemented CAD/CAM 

systems are to: 
- define a CAD/CAM system framework that is as independent as 

possible of present or predicted computer hardware and software; 
- establish a CAD/CAM system framework capable of orientation 

to an individual enterprise; 
- provide a means whereby users may evolve at their own pace 

into CAD/CAM facilities; 
- develop specifications for a generalized geometric modelling 

system throu~h stepwise formulation of functional specific2tions; 
- evaluate and disseminate related technology developments; 
- develop and implement new automated tool path generating techniques, 

usir.6 three-dimensional ~eometry for the part description; 

- crea~e an advanced numerical control proces3or which will 
interface with other syst~ms; 

- improve reliability and accuracy of tool control; 
- automate the fabrication process; 

exp~nd processor applications to embrace such areas as,inspection, 
robotics and materials handling. 

But even the most sophisticated systems have not achieved all of 

these objectives,eg. CADAM /Computer-grap'-lics Auvnented Desi<T?l and 
M8nuf~cturing/ used by most aeros,ace comnanies and distributed by I3M. 
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More atte~tion must be devoted to stand-alone CAD systems and stand­

-alone CAM systems,because in this sta~e of develcpment the Arab 
countries can follow the stepwise pattern. 

1ecently,CAD techniques have tieen~developed to broaden the compute~ 
role in desic:n, activity in many different industry sectors /mechanical 
engineering,chemical plant,civil engineerin.g,et~./. 

CAD has been depicted as comprising two distinct disciplines: 

graphics and modelling.In ele~tronics design,graphics facilities 
are exploited to allow the interactive display of the logic diagramm. 

Modelling tec~niques are exploited in the program that simulates 
the operation of the circuit. In ~echanical engineering the same 

distinction can be made between the graphics display of component 
drawings ,and the use of a program accessing a data base to compute 

• the indexes of mechani~s and strength of materials. 

I 

The difficulties in using computer-based systems to aid design 
activity are related in part to the number of physical dim~nsions 
that are involved. For example,elP.ctronics has tended to deal with 

two-dimensional /2D / circuit layouts,whereas mechanical engineering 
is necessarily concerned with three-dimensional/3B/components. 

Some current computer-based systems have a 3D capability. 
The growing interest in computer-based modelling and graphics 

derives in part from the successes of established CAD facilities~ 
One such very successful application area is the design of blading 
for turbomachinery,a divers activity covering products ranging 
from ship propellers to multi-staged compressor blading for gas 

turbine engines. It is essential in each case to accurat&~y define 
a surface which is generally curved in two ortho~onal directions. 
It has been shown that comput2rs are well suited to tr.is sort of 

design activity. 
In another area,that of inter.rated circuit design,computer-based 

systems are used to speed up the design of microelectronic devices. 
In terms of hardware the most extensively used system for a LSI 

design by far is the Vil 11/780. The system has the greet advan'tare 
that most of the software packages available for the LSI design can 
be directly implemented on it, without any modifications. 

The desipn soft>t.:are can include a packaee for re.gistrer level 

entry,a logic simulator /TEGAS,SPLICE,EPILOG/,a circuit simulator 
/SPICE/,preferrably a processor simulator/SUPREME/,an interactive 

~raphics package /CAIJ1A,GCI/, a cell or element extractor from the 
layout to verify or re-simulate the lo~ic,software f0r mask 

fabric~tion and cell library with a data b2se contPinin~ the re~uisitt 

, 
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design rules,ie. layout and electrical. Overall costs around//300,000. 

It is very im::iort"lnt to those Arab countries w!1ic:~ \dll decide 

to go into "silicon foun1.ry" for wafer fabrication,what is being 

considered. 
Computer-aided gra~hics is sometimes re~arded as synonymous with 

computer-aided desi~,n and the success of the over;?.11 CAD facility 

depends to a large extent u-;:>on the coet-effectivfness of the graphics 
system. The emergence of microprocessors made it possible to oroduce 

plotters • . ..-i th enlarged capabilities and enhanced software. Plotters 
are now able to cope with a lar~e range of design requirements. 
Users need to choose between various plotter ty?es /drum and flatbed 
pen plotters,electrostatic.etc./. Electrostatic machines offer 
very high speed output /eg. 1200 lines/min /,but may use more 
computer time than pen plotters. Flatbed pen systems allow overplotting 
but drum plotters usually allow faster throughput.It should be 
emphasized that any choice should follow a comprehensive assessment 
of needs. 

Computer-aided design and other facilities rely upon software. 
A system necessarily includes a software element;developments in all 
the realated fields depend upon the :formulation of appriopriate 

algorithms and the translation of these into software. To describe 
a computer-based design system in detail is,in large measure, 
to describe software. 

A specific,important position among software elements of CAD systems 
have finite-element methods /FEM/. An increasinf body of integrated 

~ FEM software is being made available for structural analysis and 
CAD applic2tions. FEM programs can be used for data creation,a task 

that is usually carried out autom~tically by mesh generator. The value 
of interactive desi~ is that there can be ctmtinuing communication 
between the designer and the computer-which,in FEM analysis,means 
that the topology of t~e structure as well as the geometry can be 
continuously modified. 

New CAD and CAM software is announced in the journals almost 
every week /eg. CadCam International/. According to estimates of 
these journals the top manufacturers of CAD and CAM systems are: 
Computervision,IBM,Intergraph,Calma, Applicon,3erber,etc. 
In 1983 were installed around 10,000 turnkey CAD and CAM systems 
worldwide. 

A typical,most widespread drafting system may be re~arded 
as comp!"ising: 

a minicomputer ran~ing in size from 64 K words to 512 K words; 
data stora-e peripherals such as diEks,magnetic ta~e drives,e~c.;: 
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- ~r~nhics ter.ninals,ie.display facilities with a ran-e of input 

features /eg.keyboards,joy-stick,+,ablet di~itisers,etc./. These 
are ofte!l referred to a2 wor~cstations; 

- a plott-::r. 
Before a system is acquired it is necessary to investigate in 

detail the needs of the design and drawing office.A system with 
ona workstation and ~erip~erals /including plotter/ can cost 
in e_xcess of j ao,ooo ,with additional workstations costing as much 
as/ 20,000 each. For this level of investment to be justified 
it has to be sho~n tnat the likely productivity gains are significant. 
For example,an increase in the productivity of the drafting process 
approaching 3:1 over traditional manual methods has been achieved 
for an average architect~r~ and civil en~ineering practice. 

~ These are variuus benefits from computer-aided drafting: 

- once project data ha~ been stored in the system,it is possible 
to produce drawings to any required scale with very little 

extra cost; 
- Khen chan""'eS are necessary ,only one represent:::.tion of the ::iroject 

need be altered.The co~puter can then replot all the dnrwings 
at the different scale required; 

- a hi-her standard of drafting consistency can be achieved; 
- skilled staff can be freed for specific design work. 

It is wortr. to summarize some typical CAD applications to indicate 
the range of design activities to which computer-based systems can 
contribute.The particular stress is laid on this industry sectors 
which 2re imoortant to the Arab countries. 

3.2.1. !~!~gr~!~~-£!~£~!!_!!!~_E!!~!~~-£!!£~!!_~~~!~· 

An integrated circuit /LSI,VLSI/can have tens of thousands of circuit 

elements on a piece of silicon as small as 1 sq.centimetre,the elements 
all interconnected by ~icro~copic circuit path. Various problems 

may be encouDtered at differ3nt stages of the design. For example, 
geometric problems may relate to circuit traces that cross or have 

breaks,whereas analytical problems may concern the calculation of 
ele~ent soacin~ to eliminate electrical disturbances,noise or static, 
which would cause the circuit to work badly or to fail altogether. 
The desi~ process begir·s with the concept of the integrated circuit. 

Some systems allow checking of parameters before the design is 
fin?.lized /eg. Sperry Univac/. Many efforts have been made to develop 
al~orithms and software to achieve effective chip layouts and routein~s 
/eg. IBM 370/. It has been claimed that an inte~rated circuit 

comorisinP, ~ore than two trillion gates could be desiened accurately 
?.n~ easily, using the latest -ener~tion of CAD systems /eg.Computervision1 
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Some systems are aimed to cut the time-consuming task of moving 

from ~LSI circuit design to cutting rubyliths for making masks /eg.Calma, 

~ewlett-Packard/. 

In desi.~ing printed circuit boards,an initial stage is the trans­
-lation of a conventional circuit diagram into a pencil layout diagram. 

After checking,the layout is ready for digitizing.The digitizer is a 
plotting board including a sensitized grid surface.Various subroutines 
enable~the digitizer operator to delete and add track segments,full 
tracks,pads and group of pads.The layout drawing allows further 
tracks and components to be positioned,and the information can then 
be digitized and stored in the computer. It is possible to automatically 
generate outputs for PCB assembly drawings,drilling drawings,NC drill 
tapes,silk screes layers,component position drawings,solder resist 
patterns,instruction for component-insertion machines,and all the 

orinted documents needed. 
In many other branches of the electric~! and electronics industries, 

CAD systems are aiding the production of efficient configur~tions 
/eg.electrical distribution switchboards,dc motors,and other designs 

in microelectronics and telecommunications/. 

3.2.2. ~!~~!_!~~~~!~-
Design activity in the steel incustry; is bcipg increasingly 

assisted by mini.computers and microcomputers.The data describing 
steel portal frame buildings /ie.shape and height of the building, 
wind S?eed,ground strength,types of roof 2nd gutters,etc./ are 
inout to the computer. The main portal frames are then automatically 
designed to minimize material and fabricating costs. CAD systems 

have also been used in the interactive optimal design of truss 
structures /eg.bridge trusses,transmission tower trusses,etc./. 

Some computer-aided design and drafting systems are used in 
st!'llctural analysis and design /eg.Benson,which covers about 20 per 

cent of the world market in the computer graphics/. This can 
include the detailing and production of steel components and 
the design of reinforced concrete columns,beams and slabs for 
buildin~s,bridges and highways. Other uses relate to the oil, 
seismic and geophysical industries. 

Tr.ere is a si.rmificant interest in this area of aoolications 

~mong the Arab countries. 
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3.2.3. !22!-~~~!8!!_ 

The information generated during the co~puter-aid~d design of 
Jroducts can al20 be used to design the tools ~hat will be involved 

in the manufacturing~J>rocess /eg.computerized die design for zinc 
ciecasters,thermal calculations for diecasting in brass,aluminiwn, 

zinc and magnesiwn,etc./. 
Electrochemical machining/ECH/ is ancther area that has derived 

benefits from computer-based design facilities /eg. metal removal 
calculations,gap calculations,etc./ 

In various engineering sectors it has ?roved possible to use 
computer-generated data to design-metal-cutting tools,tooling 
ternplates,and "Jther necessary items in the manufacturing orocess • 

3.2.4. !~~2~2~!!~.!~~~~E!l __ 
Increasinqly sophisticated C~D/CAM systems are·being developed 

to aid the productio~ of car comnonents and car assembly.Jar instance, 

a mathematical definition of the complete skin of the car is stored 
in a mainframe data base,and then is used as a master for all 

follow-on operations. 3tructural design and analysis is carried out 
on the mainframe computers by means of interactive terminals 

located in design offices. Systems allnw body design to be idealized 
into a fra:!lework of beams and shear panels joi~ed at nodes. It enables 

the st~en~th of a bady shell to be predicted,a main design urinci~le 
being to combine maximu~ strength with minimum weight. Computer-based 
systems are also assisting in component design. ~or ex?..m~le,co~puters 

have been 11sed !or some time to aid the des.i_cm of gear transmissions 
to any s~ecified requirements. 

There is in principle no area of jroduct design and manufa~ture 
~hich is not .8Jllenable to computer-based techniques. The applicati~ns 

cited are far from an exhaustive list. They are related t~ the 
applications , initiated or planned in ccuntries of the ::.c· .. 1A re ~ion. 

The emergence of CAD facilities is influencing aesir,'"11,working 
practices and the character of new ~roducts. The new products 

are likely to be more reliable,more economically manufactu~ed,and 
better suited t~ ~he user?s ne~ds. 

• 



----~-------- ---- ~- --

• 

- 18 -

3.3. NUMERICAL CONTROL AND AUTOMATION 

To a large exte~t the computer is the most in!lue~tial factor 
in the ev0lution of manufacturing sys~ems occu~inr nowadays 

in develo~ed countries. A key factor in this evolution is the 
orogressive integration of computer-based facilities.This is 

evident in such areas as numerically controlled machine tools, 
microprocessor-based programmable controllers and industrial robots. 

The impact of these developments is being seen also in the Arab 
countries,where hundreds of numerically controlled equiuments were 

installed in the last few years. All new investments in 
manufacturing 1lants must be connected with N'Cs,irres":Jective of 

the industrial inf!'astructure of t:1.e country. It is easy to ·..mderstand 
t~ing into account avail~ble sorts and ty~es o= macbine tools 
manufactured i~ developed countries. For example,according to the 
Japan Machine Tool Builder's Association /JMTBA/,among 117 types 
of turning machines produced in Japan in 1932-1983, 76 per cent 
was numerically controlled,and 34 per cent of all millin~ machines 
types was numerically controlled. In addition,special-~urpose 
machine tools used in conve~tiDilal manufacture of some products 

are no longer available. In the Swedish industry in 1980-1982 
computer-controlled machinery and computers composed 30 per cent 
of total investments in the engineering industry, 20 per cent in 
the process industry,and 23 per cent in the whole of the industry. 

Nume~ical control must be seen as a starting ~aint and 
substantial element of CAM in the industrial environment,therefore, 
the devel~ing countries are usually exposed at first to this 
technique. The first commercially available NC .nachines included 
permanently connected contr0l ~ystems, with computer nu.me:dcal 
control /CNC/ systems developing tqrough the 1970s. In CNC easily 

modified stored programs provide machine versatility, In direct 
numerical control /DNC/ systems a number of machines are controlled 
by one computer. One variation of CNC is in incremental control 
where a minicomputer can control several machine tools on a time­
-sharing basis. Many commercial CNC systems are offered for use 
on a number of different machine tools. Computer and interface 
facilities are standardized as far as possible,with the different 
requirements of individual machines accommodated by software. 
~he micronrocessor has widened the range of applications for which 

CNC is cost-effective. It is clear that computers will play 
an increasin~ role in manufacturinf, activity of all types and~that 
a subst~ntial proporti~n of this will relate to NC machine tools. 
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It is estimate~ that by the year 2000 at least 75 per cent of all 

mechanical parts,that are not mass-produced, will b~ manufactured 
using NC equi,ment. The most sophisticated CNC systems have already 

moved industrial activity towards the concept of the unmanned factcry. 
The use of computers in NC systems has enhanced the machine 

capability for manufacturing. Three ty~es of computer control ca.~ 

be identified as parts of hierarchical control: 
- machine control /level 1/,where the computer focuses on the 

metal-cutting process in individual machine tools.Here the 
conventional hard-wired logic is replaced by stored pro~ram 
logic for interpolation and machin~ functions.This is the basic 

CNC level; 
- job control /level 2 /,where the computer is c~ncerned,n~t 

only with the individual machine,but also ~ith the loading 
of tool sets,part programs and workpieces; 

- workshop control /level 3 1, where the computer controls 
various machine tools and peripheral work transfer devices 
so that a production schedule is followed.This represents 
a typical DNC facility. 

These are various advantages of NC /CNC,DNC/ machine tools over 
conventional machines:increase in productivity,reduction in tooling 
costs,reduction of components in stock,reductinn in lead time, 
reduction in inspection costs,improved accuracy,and improved 
management control. 
It has been found that economic gains from NC machines,when they 

are introduced piecemeal,are discernible, but really significant 
gains /even by factor 6 I can only be ~ealized when an overall 
inte~rated CAD/CAM system is developed. 

NC machine tools can be controlled by coded instructinns ~resented 

on tape /paper or mylar/. In DNC systems,instructions can be presented 
on floppy disks,cassettes,or directly on-line from a computer. Today, 
the majority of NC systems still rely upon oaper tape input. 
Minicomputers and micro-based systems can now cope with tape 

preparation tasks and effective tape verifications. The commands 
for controlling the motion of the tool are generat3d through transfer­
-nation of the mathematical description of the component shape. 

1.n a".'lpro'Oriate NC language is used to enter the desc!'i '1tion into 
a c0mputer program which generates the necessary sequence of tool 

motion control signals. Tod~y there are well over one hundred comput~r; 
lansniages worldwide for describing part geometry and· for producing 

the necessary NC instructi~ns. The most oowerful of these software 
syrterns i ~ APT /A,u tomatically Progr~ed Too;i.s/, developed in ~he :1 ,A~ 
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The f"yste::i i:= very general and cc.n be •1sed to aLl machinin- cpe:::-atio'!ls 
/turnin~,millin·.,..,drilling,etc./. :i.S a rule any ~C mil.ling machine 
with a multiaxis ccnt~:ol /2.~,3,4,5/ can not be fully utiliznd with::-ut 
using the system. The adv~nt3.ge of _.\PT for a large factory is "that 

a $aMe sy~:taxis an·~ similar ty?eS of i:ist~ctions are used for all 
machine tools. I~ many other countrie~ some languages have been developed 

on the base of the APT language;they are called the "APT-like• 
lang:ua~es /COMPAQT II,EXAPT,IFAPT,NEL-APT,UN!APT,POUT~~PT,etc./. 
A special programs,called postprocessors,must be provided to make 
the program written in APT language suitable for a ~articular 

machine. If a:ob i~ tran~fer~ed to another machine,the ~ostprocessor 
can quic:tl:)' provide another control tape. So far, the APT-like 

languages /ie.pro~ramming systems for three-dimensional objects/ 
can be im~le~ented on mainframe computer and in some cases en mini­

-computers, but not on microcomputers. ':Ii th microcomputers are 
available some simplified subsets of APT or specialized languages 

suitable to specific tasks. 
An NC machine may be able to out-produce its conventional, 

manual equivalents by a factor of three or four,but this advant~ze 
·• 

will be lost if machines are poorly utilized. In the case of sophisticate( 

DNC, it must be emphasized that it is not nece~sary to implement DNC 
all at once;a phased implementation is often preferable. The installed 
CNC units should include: the necessary communication ir.terfaces, 
a CRT dis~lay and keyboard,provision for monitoring appriopriate 

sienals,pro~ram storage facilities,etc. The final step into DNC will 
involve linking the va~ious CNC and interface units,t~e machine tools, 

and the central DNC computer. 
NC techniques can be a?plied to a wide range of metal-cutting, 

component forming,and assembly operations. The conventional processes 

of turning,milling,grinding,etc.,are amenable to numerical control, 
fnd to incor?oration into sophisticated CNC and DNC configurations. 

Microorocessors are key elements in extending the scope of NC 
and other computer-based equipments in the manufacturing environment. 
It is common for control inputs and outputs to be supervized by 

programmable logic controllers /YLC/ based on a stored program whjch 

can be modified or erased and replaced. PLCs respond faster than 
a conventional lo~ic relay system,bringing benefits in terms of 

control efficiency and operQtor safety. The orogrammable sequence 
controller /J°je/ has been specially developed for industrial applica­

-t.l ons. The user enters j nformation from a sim:>le relay ladder , 
' ' ' 

dit=.i.""ram, lo!"'ic diari:ram or Boolean e11uation that soe,cifiez the required 
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control sequence. Now PSCs can effectively handle information coming 

in from thermocouples,pressure sensors,and other devices. With the 
new and sop~isticated micro-based programmable controllers,it is 

increasin~ly difficult to distinquish between them and control 

comouters. 
Hi~hly automated plants,satur~ted by the com?uter-based equipments 

i=i the USA,Japan and Europe are now manufacturing cars,engines, 

earth movers,oilwell machinery,lifts,electrical equipment,machine 

tools themselves,and other products. 
A special attention should be paid to this area of applications 

in all develo?ing countries, because it has been i-- ·oved that CAM systems 
can only be successful in the successful numerical control environment. 

3.4. ROBOTS~ ASSEMBLY, AND MATERIALS HANDLING 

The development of full computer-aided manufacturing involves 
ex?loiting the potential of various complementary technologies, 

including robotics. It has been estimated that by the end of 1984 
Japan,the USA and Europe had well 150,000 robots installed of all 

types,with new systems being installed at the rate of 20,000 a year. 
Japan is seen as the leading country in flexible manufacturing 
systems /FHS/,systems generall.y taken to include several robot-equipped 
numerically controlled machine tools or machining centres linked 
to each other and a warehouse by some form of automatic materials­
handling r;evice. In such configurations a central computer monitors 

and controls all o~erations. Robots load metal blanks onto driverless 
carts or conveyor belts for transporting to the worksite. Robots unload 
the materials and isert them into the computer-controlled machine 
tools. When the machining is finished,the robot re:>laces the part 
on the cart or conveyor belt,and it is returned to the warehouse 
or trans1orted to another work site. For exam?le,Toshlba launched 

in 1984 flexible manufac~uring systems for 35 production lines at 
computer,semiconductor,telecommunications,and consumer-electronics 
plants.Only 500 wor~cers is needed on these production lines compared 

with 2500 employed previously. 

Roughly cate~orizing,there are two basic groups of industrial 

robots: 
- pick-and-place robots,des.l;-:-ned to transfer an ob~ect from one 

locationto another.The simplest of these devices have freedom 

6f movement in onlJ two dir•3Ctions /ep. up ana down/ .'~hese 
devices can be controlled by air,el~ctrical relays or 

' ' 
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pro~rarnmable controUers; 

servo-robots,considered to comprise four basic types: 
progra'.'!IIIlable,computerized,sensory,and assembly.Servo-robots 
have considerable freedom of movement,and often exploit 
the latest ~icroelectronics technology /eg. incorporating 

microorocessor control or solid-state memory facilities/. 
The most expensive servo-robot configuration approaches 
J 100,000 in price. 

The scope of an industrial robotis determined by its ~rogam.mability. 

It is this feature that gives a robot its o?erational flexibility, 
its decision-ma'dng ability ,and its res::ionse in chan-;ing envi:-onmental 

conditions. The pro~ressive development of new so~histicated robots 
is,in large part,due to the emergence of new software and control 
potential. Special languages have been developed as means of 
nrovidin;the required programming flexibility /AL,AUTOPASS,LANA, 
INDA,AL~A,etc./. Decision-making ability is a central feature of 
a robot's programmability. Robots are highly si.gnificant in the 

manufacturing environment in that they can be used for a wide ra~ge 
of industrial tasks. The first operational robots started out doing 
simnle p:oduction jobs,mainly welding and simple transfer tasks. 
Today they are able to carry out a wide range of industrial operations, 
eg. framing complete car bodies,stamping and assembling frames, 
feeding materials to machinery,handling glass,moulding plastics, 
doing foundry work,and managing warehouses. It is estimated that 

in 1983,the main a~plication areas were: S?Ot welding,pressure diecasting 
plastic injection ~oulding1paiilt and powder spraying,forging and 
extrusion,loading/unloading,heat treatment. 

The major robot builders were: Unimation /16 per cent of world market/, 
ASEA /13 per cent/,Kawasaki /14 per cent/,Fanuc /13 per cent/, 
Hitachi /12 per cent/. 

The pace of imolementation of robot systems in developing countries, 
including the Arab countries,will be conditioned by estimates of 
economic benefit,investment policies,government programmes,attitudes 
to industrial viability,etc. However,robot systems can not be seen as 
a starting point to computer aided manufacture. 

Computer-aided manufacturing is concerned to a large extent with 

the handlin~ of materials-before,during and after machining and other 
formin~ onerations. In automated warehouses,o?timum inventories are 

maintained and materials are handled by means of computer-controlled 
mechanic~! manipulation systems in accordance with material req•irements 
olannin~. In so~histicated com~uter-controlled manufacturing systems, 
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workpieces can be fed to and from machine tools by robots or other 

automated handling systems.Finished com,onents c2n be automatically 
asse~bled in operations involving positionin~,welding,ti~htenin~ of 

~asteners,etc. :'he cost of a ;:iroduct,and hence its commercial viability, 
deJends to a lar;e extent u;:icn the productivity of the method of 

assembly. Productivity in this area,as in othe~s,has been si~ificantly 
affected by technological developments in mic~o,rocessors,robotics, 
and new electronic sensors. Assemblv operations are traditionally 
labour-intensive,but the current trend is towards automated methods, 
particularly for large volume production. Robotic devices,capable 
of ·Jeing ra'Jidly re-:irogrammed,are extending automation to an increa­
-sing range of functions;eg. to embrace the manufacture of varied 
items made in small VJlumes. It is estimated,that 40 per cent of all 
en~ineerinr ryraducts in developed countries are made in batches of 50 
or fewer. 

The design of assembly robots aims to cope with positioning 
tasks and witt error minimizing tasks during the mating ~rocess. 
Automobile manufacturers are among the first in industry to automate 
assembly operations. Automatic assembly systems are being used in the 
car industry to produce: universal joints,carburators,power steering 
mechanisms,fuel injectors,fan motors,tyre valves,shock absorbers, 
disc brakes,cylinder heads and differential assemblies, It is also 

increasingly common to carry out c~mputerized in-process testing and 
gaugin~ during assembly. There are various levels of assembly machinery: 

- manua~ly-loaded bench types, the simplest assembly m~chines,normally 
~ used with low production runs; 

- manually-loaded rotary indexing types,comprising,!or example, 
a rotary indexing table,workheads,an orbital welder,workhead tooling, 
and an ejector to remove the com?leteJ work~iece; 

- semiautomatic bench r.iachines with feeders,including automatic 

screwdrivers,riveters,wire-wrap pin inserte:rs,rol;J.'!!!pin inserters 
and threaded insert machines; 

- fully automatic assembly machines with feeders,where operator 
involvment is kept to a minimum. 

Nevertheless, it must be pointed out, that recent surveys stiow that 
m~st industrial robots are still p~esentinp reliability problems. 

Breakdowns are re la ti vely high, but despite that, t:.e !"Obots can im-;:>rrve 
p~oductivity by factor from 3 to 15. 

, 
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3.5. CHEMICAL PROCESS ENGINEERING 

Many process control facilities ~re independent of indu~try sector; 

they are relevant equally to ethylene production and to ~en~ration 
cf petrochemic2l products. Microprocessors have exten~ed the sco~e 

of control and inst.!"Wilentation in t~e process environment. It has 
been f0und that di~ital controllers /o!ten rnic~o-based/ of!er 

a number of advantages,in terms of ~lexibility,reliability,and 
improved control,over equivalent analog systems.There is now 
a develoning combination of process computer flexibility and analog 
rardware. 

Computers aid design in the petr3chemical and other cheraical 
pr0cess industries as they aid design in other industry sector~ • 

Software has been develo~ed/and implemented in some Arab countries/ 
for the pipework design needed in complex process plant,distillation 

towers,reactors pumps,heat exchangers,flash drums,etc. 
Software carries out modelling and simulation taaks. One consequence 

of sophisticated procezs control technology is that the human 
operator does not need to understand chemical process in detail and 

may only be trained to respond to predi~able contingencies. Alarm 
systems need to be designed to present the operator wit~ unambiquous 

and 2dequ2te information. 
Micro-based facilities can co-operate with larger computer ~ystems 

in providing effective process control. For example,rnini- and micro­
-cornouters hav~ been combined to aid the development 2nd operation 

~ of an advanced control strategy for tte proce£sing of heavy crude oil. 
The expansion of computer-aided process control is having far-reac~ing 

consequences for production methods, product ranges and employment. 
The ~ational response to such circumstances 11as a political dimension. 

In ~me Arab countries /Kuweit,Abu Dhabi,Iraq,Sa~di Ar~bia,etc./ have 
been installed computer control syst~ms in refineries. Almost all 
of these systems has been acquired ~n the typical turnkey basis, what 
is not recommended for developinf countries. Operation and a~ter-sale 
services and consultancies are considered to be an extremely important 
factor. Phe~~fore,tHe countries of the region must exert serious efforts 
to develou adequate indi~enous capabilities. 
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3.6. MEASUREMENT, TESTING, QUALITY CONTROL 
Comouter ?Otential is increasin~ly i~!luenci~; ~he desi'crl of 

ins~rumentation. Microprocessor-based instruments ~re used in.basic 
research ?rior to the desi~n of new Jroducts,during the design and 

production process,and after manufacture in such tasks as inspection 
and testing for quality control. In 2ome soptisticated CNC systems 

it is possible for the machine axes to be automatically offset and 
in the li~ht of inspection resul~s to establish a new machine reference 
with respect to the wor~cpart. The probes can be used to chec~ that 
the machining tools are in satisfactory conditions. 

The use of computers for inspection and testing at many levels 
/raw materials, .orkpieces,machines, finished products, :irocess perforrna!1CE. 

~ wor~er activity,etc./ is helping to im?rove manufacturing productivity 
and product quality.The majo~ity of industri~l measurement systems 

• 

may be considered to contain three elements: 

- a transducer to convert a ~hysical variable bein~ measured 
/temperature,pressure,fluid flow,etc./ into an electrical signal. 
This is usually a?I analog voltage or current directly '1rO?Ort~ona~ 
to the quantity being measured; 

- a signal conditioning element to provide signal amplification. 
This element usually also filters the input signal to improve 

the signal-to-noise ratio; 
- an output or display element. 

The relation between the physical variable being measured a~d 
the transducer output is termed the transfer function.Transducers 

with linear transfer functions greatly ease the task of the signal 
condi:ioning elements, but .ransducers are usually linear only over 

a limited re.nge/some suffer from 2..geing/creep/ effecr,s/. 
There is still heavy shopfloor reliance on s1·ch conventional 

measuring devices as the micrometers,verniers.plug and ~ap r,auges, 
slip gauges,dial indicators,etc. Digital measuring equi'1ment has so far 

made a relatively s~all impact in this area. It has been suggested 
that some digit~l equipment is not sufficiently robust o~ sufficiently 

"Jortable for sho")floor applications,thou~h a ranee of toug!i,comriact 
~ic~oslP.ctronic equipment for factory-floor measureme~t purryoses has 

emerged lately. 'rhe newly emer;::ing CNC mul tiaxi s coordin.'"lte :neasu:' ~ ng 
machines are offerin~ ne: levels of inspection versatllity and s9eed. 

Automatic test equi~ment has for several years exploited microproces­
-sors potential, and has itse!f been directed at testin~ micros and 
other s0lid-state circ1itc. 
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Inspection and testing procedures are increasingly benefiting 

from the development of vision systems. Some of these are being 

developed in connection with industrial robots,some as adjuncts 
to traditional inspection equipment in quality control de?art~ents. 
Available devices \;i th the visual function !'ant;e from simple photo­
-electric devices / such as Dhoto-diodes and Jhoto-tra~sistors/ 
to sophisticated pattern recognition systems capable of carrying 
out fast Fourier transforms. Solid-state image sensors have advanced 
rapidly in recent years. The development of computer vision systems 
will ,to a large extent,influence the design of inspection facilities. 

The increasing use of computers in automatic tests is paralleled 
by the increasing availability of robots to carry out remote inspection 

tasks. This can be important in environments /chemiccl,the:rmal, 

nuclear,etc./ which are hazardous to humans. 
Data acquisition is an essential element in effective quality control 

and other industrial activity.Recently,the data collection systems 

on the factory floor have massively expanded. The cost of a ty~ical 
data acquisition system is now fairly evenly distributed among 
hardware,software development and software maintenance,though it is 
expected that hardware costs will continue to diminish as a proportion 
of the tot~l. It suggests the ~olicy for developing countries,when 

~oing into this area of co~puter application. 

SUMMARY 

Summarizing the chapter,it is safe to predict a growing 
use of computer-based techniques in all areas of product 

design and manufacture.Many of the devel9pments in the 
field of CAD/CAM will derive from general enhancements 
and innovations in computer hardware and software.Small 
comnuters /mini and micro I will become more powerful 
and ~igh-level languages will continue to be developed 
for specific desir,n and mJ?lufacturing purposes.The trend 
toward the computer-automated factory has been established 
in industralized societies I USA,Europe,Japan,etc./. 
There are general social and economic factors promoting 

the development of such a. factory: 
1. The need for greater productivity. 
2. The desire to increase machine utilization. 

3. The high cost of in-process inventory • 

• 
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(. The neeci to respond quickly to customer demand-this 
means shorter manufacturing lead ti~es. 

5. The high cost of row materials and enersy-t~is means 

that both of these resources must be used efficiently. 
6. The trend of the labour force away from production 

of goods and into the service sector.This means 
fewer workers in manufacturing,and higher wage rates 
for those who rena< n. 

7. The demand by workers for more meaningful work. 
a. Regulations regardiag worker safety,noise,and so on. 

The impetus for advances in production automation in developing 
countries,including·those of the ECWA region,depends on how 
important are these factors in their national economy and 
particularly im their social life. 
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4.CONCLUSIJNS AND RECOMMENDATIONS 
4.1.Because the advanced engineering software is closely related 

to the area of applications,it is necessary to identify all 
~ossible CAD/CAR systems for the products,which are to be produ­
ced in countries of the region for the several oncoming years. 
The most suitable areas are numerical control and factory automa­
tion,production control,computer-aided design and graphics, 
chemical process engineering,robots,assembly and materials 
hand:ing,measurement,testing and quality control.These applications 
can be incorporated in industry sectors existing in the region, 
such as civil engineering and architecture,metalworking plants, 
shipbuilding industry,petrochemical industry,electrical and 
electronics industry,automotive industry,communications,etc. 
Experience accumulated in applying CAD/CAM methods in each industry 
sector should be uneqt..ivocally evaluated on both national and 
regional levels,and ensuing further steps should be determined 
in order to achieve qualitative upgrading of computer-based 
techniques.Special attention should be given to the modular 
approach towards CAD/CAM development.At present, comprehensive 
integrated CAJJ/CAM systems can not be regarded as cost-effective 
solutions to the regional industries. 

4.2. Both the engineering and scientific software available in the 
region should be cataloqued and arranged according to the area 

of applications,programming languages used,operating system requi­
rements,and experience gained.It will be a wo~thwhile effort due 
to increasing costs of software as a proportion of the whole 
hardware-software costs/around 70 per cent/.General scientific 
and engineering software was made several years ago and the software 
offered now is usually modified and/or reprogrammed versions of 
~he known programs implemented on a new hardware.The efforts can 
be fully successful when a systematic regional coordination and 
cooperation will be assured.The basic scientific and engineei:.1.ng 
software is necessary for engineers in the field of specific 
computer-based systems,otherwise,the CAD/CAM introduction onto 
industry level will be unduly prolonged. 

4.3. To establish CAD/CAM centres in the region within respective 
sectors of industry with the following goals: 

- implementation of CAD and CAM projects; 
- developing the engineering software relevant to specific 

ne,eds of the plant cc;>nyerned; 
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- modification and maintenance of the application software; 
- training of the personnel in the area of 6AM and CAD systems 

implemented in the industry sector. 
The centres would signific2ntly enhance the regional capabilities 
to choose,absorb,adapt,develop and ootimize technologies that 
best suit local socio-economic goals of devel•pm.ent. 
If a research and developm.ent centre already exists for a industry 
sector,the CAD/CAM group may be organized within the lb.and n centre. 
The CAD/CAM projects need not only persons with computer science 
knowledge,but in the first place persons with a deep knowledge 
of application areas together with the requisite capability 
in systems analysis and programming. 
A successful software centre relies more on technical experts 

than any other engineering organization,therefore,it is imp~rtant 
to provide career path for technical experts so that they can 
achive a high social standing with0ut turning into management. 
Tne bJlk of the productivity on CAD/CAM project comes fr:m 

a relatively small number of highly qualified participants 
/5-10 'persons/. 

4.4. Wide-scale training programmes on the CAD/CAii techn~logy should 
be promoted by governmental and other concerned institutions 
and agencies.The CAD/CAM introduction onto factory level can 
be jeopardized by the shortage of skilled manpower. 
In the frame of CAJJ/CAM. , special attention must be given 
to the numerical control manufacturing.there are at least 

~ several tens of modern ~cphisticated NC machines in the region, 
but the adequate NC technology is not intr6duced into plants 
concerned.For full utilization of the CAM technology the training 
process must reach a rel~tively large percentage of plant's 
staff .The following functional groups should be inclu1ed: design 
enr,ineering ,planning,tooling,production,quality control,and,in 
the first place, the managerial level. 

4.5. Identiflcation of successful CAD/CAM implementatioBs,which 
could be transported as a model from one to another country of 
the region,is of very great value.Governmental and UN agencies 
could facilitate this by creating forums for exchange of experience. 
It is important for UN agencies to ensure continued availability 
of expertise,advice,consultancy,and design know~how from developed 
countries to countries of th0 region. 
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4.6. Significant efforts should be taken to include the subjects, 

interrelated with CAD/CAM technology,in university curricula 
in the region.This can be the only long-term solution for 

higher computer education.Usually it is composed of: numerical 
methods in mathematics,high-level programming languages, 

simulation and optimization methods,numerical geometry and 
computer graphics,fundamentals of computer system architecture, 

finite element methods,production systems and computer-aided 
manufacturing.These subjects are already in university curricula 

of many engineering departments in developed countries. 

4.7. The recommendations cited may be considered as a brief 

outline of problems ~o be solved.It seems that UNIDO and ECWA 
are the most competent institutions to elaborate detailed, 

organizational steps and plan of action related to the CAD/CAM 
development in the region. 
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INTRODUCTION 

Develop.:neritS in CAD/Cil technology will certainly lead to 
changes in ~he de~and for a skilled manpower. The availability of 
the appropriate s~illed ma.~power is an i~portant factor in the 
adoption of these technologies in the region. In order to meet 
these requiremer-ts, ini~iatives need to be taken by countries of 
the region a!ld by UN orga..'lizations. Assistance from the UN organi­
zati Jns sue~ as UNIDO and ECWA sho;ld in general be catalytic - it 
should help to achieve the industrial stage of the CAD/CAil techno­
logy in the region. UNIDO activities related to this area cf com­
puter applications are undertaken as part of its •.:fforts to streng­
then the technol~gical capabilities-educa~i~n and training plSJing 
an imp~rtgnt role in these efforts. 

UNIDO can, in co~peration witt ECWA, be involved in assisting 
countries in the region to plan and carry out appriopriate training 
and development programmes in the CAD/CAM technology with an em­
phasis on its impact on industrialization. In the early stages this 
could focus on sharing experience and expertise in building up the 
institutional structures for training and education in the field of 
industrial ap?lications o! computers. Institutional infrastructure 
appriopriate t~ education, research,and development in CAD/CA.: te­
chnology must be provided in the region. These mig~t involve atta­
ching CAD/CAJ:. lab~r3tories to university - level institutions in di­
fferent c~untries, with each laboratory being allocated a clearly 
defined area of interest in chosen industry sec:ors. Education and 
training centres must be equ_pped with relevant hardware. 
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An absolute prerequisite for the success of any strategy for 
CAI>/C~ development will be the creation of an awareness at the 
highest levels, of the value of CAD/C~ as an essential factor in 

industrial development. 

The countries of the ECWA region have s9ecial requirements in 
relation to sortware - hardware aspects of CAD/CAK. The pace and 
extent of 'che diffusion of computer hardv:are is relatively high in 
comparison with other regions, but these hardware is not fully uti­
lized. A wide range of computer applicat·~ons is directly linked to 

mar..ufacturing, e.g. produc~ion m~age~ent, process control, desig::., 
acd control of ~achinery. ~ost of these systems are supplied on 
a turn-.iee;)' basis by a li!tlted number of mar:Ufacturers from the inci­
ustrial:zed co1JI-U:.13:c. '."7r.ile the har\i·;;are costs are going down, the 
costs of s~:illed ma::power and software are increasing. 

There is no reason why the activities ~a~ing up the bulk of 
the cost as software develop~ent, syste~s integration, interfaci~g, 
i~st~llation, ap~licati~ns development, maintenance, user trainin~, 
etc. should not oe d::>r..e locally on a nati:mal or regional be.sis. It 

should be borne in mind, that this a??roach implies orientation of 
ejucation a~d t~ainir.i.g programmes for the region, because indigeno­
us sof~ware ~roduction is more immediately attractive and cost-e~­

f ecti ve than hardware mar.ufacture. 

1 TR ~T--r~-G -T" J"- · .. ~ ........ 11• CAD/C ·" .. ~.,..···-oLO,..Y • .i:u.J. !• ~l( 1..1.•vur.io.J::i.::> .. ~ A.Ill ~!:NIL't .., 

The CAD/CILU technology in itself is so all encompassing that 
the tr :ilning t>rogra.illllie must of necessity reach a large percentage 
of a plant's personr.el. Therefore, when the CAD/CAlr: technology is 
introduced into a plant, a complete training programme is to be not 
only recom:::er.ded but considered an absolute must. 
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Generally speaking, if industry itself does not train or ~elp 
to train pers~nnel, the necessary skilled manpower will not be ava­
ilable. The shortage of skilled manpower in computer-based techni­
ques is not te=porary, and if a plant relies only on its recruiting 
ability, rather th:m arranging to train its own personnel, then the 
whole pr::>ductivity of that pla.~t is in danger. The first question 
arising in ~an~gement's mind is to w~om should be given CAD/CAX 
~raining, and the answer is: First to manageme~t itself - because 
without a kn~~leageable managerial level,full utilization of the 
CAJ/CAJ!. tec.::inology is not possible. The special attention must 
also be given to the design e~gineering department staff a.~d to the 
planning, toJling, prod~c~ion a::d quality contr~l staff. 

The progrEWlI:les of seminars, coarses and c~nferences should con· 
ceutrate on ap?lication - oriented education and on applied researc: 
see~ing practical ways in which CAD/C.Alr1 technology can be utilized 
most effectively in the region industrial environment. Generally 
speaking, t~ere are three main goals for these educational and ~ra­

ini~g prograc.mes: 

general training in the development ~f CAD/CAil technology 
/usually for a m3.Dagerial level/; 

- retraining of qualified specialists from particular indu­
strial sect~rs /ex;>erienced specialists are introduced and 
then trained in the concerned CAD/Cill software/; 

- general and advanced training of fully qualified CAD/C~ 
engineers and researchers in a concerned area of industry 
/for personnel of R and D centres, ~r CA!J/CAJ/. centres, 
within a~ecific industry sector/. 

In order to meet these goals, an usual approach is to make up the 
syllabus of the courses from individual, self-contained modules. 
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It is recommended to use the following modules for the CAD/CAM 
courses: 

1. Pundamental Concepts in Manufacturing and Automation 

- basic manufacturing industries; 
- general models of productiJn operations; 
- economic analysis in production, investment acalysis; 
- conventional automation, methods of workpart transport, 

machining operations and assembly; 
- analysis of automated flow lines, flow U;ie b.~Jancing; 

- com?uter simulation of automated flow lines. 

2. Numerical Control Manufacturing 

types of NC systems, applications of NC, the econo~ics of NC; 
- Numerical Control programming, mar,ual and computer - assisted 

p rogr azting; 
- APT-like languages, postprocessJrs; 
- analytic surf aces and sculptured su:::::-faces; 
- CNC, DNC, adaptive control, process optimization; 
- pr~grammable contrJllers, industrial robots, applications. 

~. Computer - .Aided Design 

- modelling and simulation methods; 
- design data bases; 
- finite-element methods, FEM software; 
- interactive graphics, drafting and plotting; 

general - purpose and special purpose graphics software; 
- CAD applications. 
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4. Computer - Aided Manufacturing in Kanufacturing Industries 

- com?uter in manuf'acturing, mainframes, mini- and micro-
computers; 

- computer programming languages; 
- hierarchical structure of computer control in CAii. systems; 
- production monitoring systems; 
- production systems at the operations level, machinability 

data systems, cutting conditions optimizati~n; 
- production systems at the plant level; 
- production planning a~~ control, material requirements 

planning /VJil'/; 

- capacity plaDDing, shop floor control. 

5. Comouter - Aided Menufacturing in Process Industries 

- computers in process industries, mainframes, mini- and 
macro-computers; 

- process control fundamentals, modelling and analysis; 
- transfer functions a:id block diagrams; 
- linear systems analysis, system design; 
- direct digital control, analog control; 
- supervisory computer control; 

steady-state optimal control and ada?tive control. 

6. Computer - Integrated ManUf acturing 

- integration of CAD and CAM systems; 
- group technology, parts classification and coding; 
- production flow analysis; 
- flexible manufacturing syste:ns /PMS/, system components; 
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a.ssembly automat ioni 
automated factory, industrial robots; 

- examples of CI~ systems. 

Each of the modules, excluci~g "~undamental Concepts in KanUfactu­
ring an1 Automation", can be exposed to the participants on two le­
vels; general, introductory level and an advanced level with prac~­
ical extensive exercises in relevant CAM or CAD systems. A unique 
role, aI:ong the I!lodules, plays "Numerical Control M:anufact uring", 
whic~ must be seen as a starting ~oint and a su~stantial compo~ent 

of any successfull com~uter ap~lication in ~he industrial environ­
ment. It may be assummed, that one co~petent lec~urer can not co­
ver more than two modules on the advanced level. 

The suggested duration of the modules: 

1. Fundament~l Conceyts in Manufacturing and Automation 

2. Numerical Control Manufacturing 

3. Computer - Aided Design 

4. Com~uter - Aided Man~facturing 
in W.anufacturing IndJstries 

5. Computer - Aided Manufacturing 
in Process Industries 

general level 
advanced level 

general level 
advanced level 

general level 
advanced level 

general level 
advanced level 

18 hours 

45 hours 
90 .. 130 

hours 

30 hours 
60 .. 90 

hours 

30 hours 
60 .. 90 

hours 

20 hours 
40 .. 50 
hours 
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6. Computer - Integrated ManUfacturing general level 20 hours 
advanced level 40 + 50 

hours 

The programme of the training c~urse for the experienced specia­
lists from engineering industry of Arab countries, as an example: 

1. Fundamental Concepts in Manufacturing and 
Automation 18 hours 

2. Numerical Control fianuf acturing 90 hours 
3. Co;:z;.~uter - Aided Design 60 hours 
4. Computer Aided Manufacturing in 

N.anufacturing Industries 60 hours 
6. Computer - Integrated Ma!1uf acturing 20 hours 

Tot3l: 248 hours 

The CAD/Cil~ course programmes can be designed from the modules 
to fit various course requirements, which are determined by the co­
urse goals and part~cip3llts engineering background. 




