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INTRODUCTION

If you were informed that effective from tomorrow’s date you were to be respons-
ible for the implementation of CAD/CAM within your company, how would you
react? Suddenly you are faced with the responsibility for:

*

evaluating your company’s requirements for CAD/CAM;

* selecting the system to meet those requirements;

* justification for the planned level of capital investment;

*

the planning of the layout and necessary services for the CAD/CAM
operating site;

* planning and managing the selection, training and supervision of the personnel
who will operate the CAD/CAM system.

Would you feel confident and well enough informed to undertake these respon-
sibilities, or would you immediately have to put yourself through an intensive
period of learning to fill the gaps in your personal knowledge of what would
be involved?

This is exactly the predicament in which many executives and managers of
engineering companies now find themselves. The technical press, engineering
seminars, short courses, plus the UK Department of Industry’s CAD/CAM
Awareness Programme, which has probabably generated an awareness of the
potential and a basic appreciation of what is involved. In addition, visits to com-
panies already using CAD/CAM and discussions about their experiences will
have heightened your awareness of the type of problems you will be faced
with.

Opportunities are now available to gain ’hands-on’ experience at one of the
Department of Industry’s designated centres and such experience can greatly
enhance your appreciation of the potential.

All of this information, however useful, is somewhat fragmented, presented in
terms of a simple problem in an idealised situation and with very little direct



consideration of the particular problems related to your own operation or
products.

Whilst all of these presentations are well planned, they are aimed at the general
engineering fraternity and do very little for you and your particular problem. In
the main, seminars and courses last one to three days and only so much informa-
tion can be covered in that length of time. Short courses offered by engineering
colleges tend to do a good job covering the theory and operation of CAD/CAM
systems, but show very little insight into the problems that are faced in the real
world of an operating engineering company. Hands on experience sessions are
usually fairly short and by the time you can find the way round the system, you
are only able to work with some simple engineering example, as opposed to
experiencing in depth the problems likely to be faced in dealing with your own
company’s products. Both ’hands-on’ experience and short courses may
demonstrate systems other than the ones suitable for your application and are
only superficially relevant.

Information on systems available comes to you primarily from the system ven-
dors themselves, who have a vested interest in extolling the virtues and
capabilities of their particular system and who often resort to hard sell, high pre-
ssure sales tactics to win your order. Another source of information on the sys-
tems available are the users themselves, who of course can supply extremely
useful information about problems they may have encountered. However in
many cases these users are not willing to talk about their experiences to other
companies who may be competitors in the same industry.

Summing up the situation for executives and managers, charged with the respon-
sibilities described earlier in this introduction, they have been exposed to a lot of
information relative to CAD/CAM which they would like to see collected
together into a quick ready reference. A ready reference that did not dwell upon
the technicalities of what goes on behind the scenes in the system equipment, but
rather everything relative to using a system and applying CAD/CAM in the real
world environment of a commercial engineering company.

A reference that would cover all those details so that, if you had known of it in
advance, you could have reaped more benefit from hands-on experience and dis-
cussions with experienced users.

A reference that went through all tasks that have to be completed before you can
get started on applying your CAD/CAM system, a memory jogger that will men-
tion those little items that can get overlooked and lead to compromising
situations.



A reference that will provide a quick guide to all the aspects of matching require-
ments to systems available, selecting the right system for your needs, considera-
tions for siting and furnishing the CAD/CAM operating area, training and
maintenance considerations, planning for future growth and system
expansion.

This book is aimed at providing such a reference, a book that hopefully can
answer the many questions that face those who suddenly find themselves faced
with selecting and implementing a CAD/CAM system within their company.
The book will cover the broad spectrum of activities that can be described as
computer-aided-engineering and those currently referred to as Computer-Aided-
Design and Computer-Aided-Manufacturing, so that the reader can appreciate
the relationships for future system expansions. The functional aspects of CAD/
CAM capabilities, hardware configuration options, software packages, systems
available, user experience, system selection, installation, training and mainten-
ance, will all be covered without resort to jargon and unnecessary
technicalities.



Chapter 1

THE BROAD
PERSPECTIVE

1.1 In the Beginning

Computer-aided-engineering in the broadest sense of the meaning covers any
application of computers to the solution of engineering problems and this whole
field of computer applications is one that expands continually, slowly moving
towards the day when a total concept in computer-aided-engineering will be poss-
ible. The list of currently known applications is extensive and it is almost cer-
tainly true that it is in no way exhaustive due to the fact that for the companies
involved these applications provide a competitive edge in business and are
unreported.

In design engineering, particularly in the high technology industries such as air-
craft and aerospace, companies have, for a long time, used computers to solve
design problems and to mathematically model designs for performance analysis.
The move in other industries did not start until the advent of the lower cost
minicomputer and more recently the microcomputer, it has also gained impetus
from the development of sophisticated methods of graphics input and
display.

1.2 The Importance of Computer Graphics

The big breakthrough for computer-aided-engineering came with the develop-
ment of graphics techniques and the associated hardware, that allowed engineers
to deal with engineering problems in the familiar format of the engineering



drawing and still use the processing power of the computer. Engineering draw-
ings have always been the means of communicating complex engineering infor-
mation and although the paper output requirement may one day disappear, the
pictorial method of conveying concise, engineering information to the human
engineer will prevail.

The old saying that a picture is worth a thousand words still holds true and the
human eye can feed more information to the brain, in the form of pictures, faster
than by any other language means. A computer naturally works best with
numerical data but graphics are without any doubt the best man/machine inter-
face available for our current computer technology.

This rapid progress of computer technology, both at the hardware and software
level, has created the basis for the unifying of many computer applications to
engineering problems. Whilst the design of a product is the logical point at which
all engineering information starts to be generated and all subsequent information
is generated as a consequence of the original design information, the information
flow with traditional engineering practices is not so logical

Information is duplicated and produced in parallel from several different sources
and information does not flow from the logical source in an efficient loop. For this
very reason, the application of computers to engineering problems has developed
in a haphazard way with little thought for the external relationships to other
applications and the requirements for compatibility. All of the developments out-
side of those currently described as CAD/CAM have been the result of localised
pressures within a specific industry, or company, and have followed a strictly
unilateral path of development dictated by the limits of hardware technology and
software expertise.

1.3 Emergence of Computer Aided Design in Various
Industries

In the electronics industry, as an example, the financial strength of the companies
involved and the complexity of the engineering problems they had to deal with led
to their early adoption of computer aids as and when they became available.

Starting with mathematical modelling and circuit analysis, there was a progres-
sion to:

* logic design, simulation and analysis;

* design and layout of Large Scale and Very Large Scale Integrated circuits;



printed circuit board design and layout;

*

preparation of circuit, logic and wiring diagrams;

*

the preparation of parts lists and bills of materials;

* the preparation of instruction and maintenance manuals;

* programming of microprocessors and solid state memory devices.

The mechanical industries were much slower in reaching for the power of the
modern computer, with the possible exception of the aircraft and defence indus-
tries of the USA followed later by the car industries, most felt that the high capital
investment would not be justified. With this attitude prevailing for many years,
computing power became the prerogative of the accounts department.

In those early days, the aircraft industries and some high technology defence
industries were using computers for mathematical analysis. Also, special purpose
analogue computers were being built for the modelling and simulation of
mechanical systems; development in this area declined with the development of
increased capabilities in the digital computer.

It should be pointed out that in the early days of digital computers, interactive
working was not available and the typical form of input was a pile of punched
cards. Both electronics and mechanical engineering had to wait for the develop-
ment of a more flexible man/machine interface before engineering applications
could really be justified.

Mechanical engineering applications progressed from modelling and simulation
to include:

* finite element stress analysis;

* thermal and fluid flow analysis;

* kinematic design and analysis;

vibration and noise analysis;

mechanical system layout and design;

the 3-dimensional modelling and emulation of mechanical systems;
process plant layout and design;

layout and design of piping systems;



* design of engineering structures in steel and reinforced concrete;
gn gin g

* the preparation of engineer drawings, diagrams, parts lists and bills of
materials;

* the preparation of instruction and maintenance manuals.

* mechanical system performance testing;

* vibration and impact testing;

* environmental testing.

1.4 Manufacturing Processes and their Relevance to
Operating Systems

Manufacturing includes:

* production and stock control;

* process engineering;

* numerically controlled machining processes;

* robotics and automation;

* numerically controlled inspection and measurement.

Because each of these applications have been developed independently of the
others, they are, in the main, incompatible with each other, even though the dif-
ferent applications are closely related. To a very large degree the majority of these
engineering application programs could usefully employ the information
generated by other programs, but are unable to access this information, or
transfer information, without some form of interfacing program. The problem
does not end there; in general, these applications have been developed on a wide
range of different computing machines, running under different operating
systems.

In the past, operating systems were developed, by computer manufacturers, to
satisfy particular spheres of commerce and industry. As a result, no real com-
patibility exists. To run a program under a different operating system, to that
under which it was originally implemented, usually requires a certain amount of
rework on the original program. Since operating systems in the past have been
indigenous to a particular computer manufacturer, there has been little possibili-
ty, until recently, of finding the same operating system on several different com-
puting machines.



Therefore in order to build up an integrated system from any group of application
programs previously mentioned, will require a considerable amount of invest-
ment in terms of time and technical resources to develop the various interface
programs and to modify the application programs themselves to run under a com-
mon operating system. A lot of this work is already being undertaken by system
companies, particularly in certain areas of CAD/CAM. Some examples for
instance are:

* The interfacing of 3-D modelling system to an automatic FEM mesh generator
Computer-Aided Design System, so that the component geometry can be
accessed directly from the design file.

* The interfacing of 3-D modelling system to an automatic FEM mesh generator
and FEM analysis system, so that the geometry description of a component can
be passed on to where a mesh pattern can be generated for the component
automatically ready for the analysis program. (Finite Element Method for stress,
deflection and vibration analysis)

* The interfacing of a Production Control System to a Computer-Aided Design
System so that Parts Lists and Bills of Materials can be directly accessed from the
design system files.

* The interfacing of a FEM analysis system to a vibration test system, so that
theoretical predictions of expected tests results can be obtained to determine the
characteristics of a component or structure and examine the effect of design
changes indicated by the test results.

No doubt, in time, new versions for many of these application programs will be
developed that are fully compatible with each other, without the need for a special
interfacing program, but it is going to be a slow process.

The problems of the different operating systems will have at least one solution
with the spread in popularity amongst computing professionals of the UNIX
operating system* which is already available on a number of different
computer systems.

One should be able to get an application program running under UNIX and then
move it to other different machines that are running under the UNIX operating
system. Currently not too many engineering programs implemented under
UNIX have been announced, but it is also certain that engineering system
software houses have development projects under way in this area. Since
engineering software is predominantly written in FORTRAN, and since
FORTRAN 77 is available under UNIX, the problems are minimal
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