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REPORT BY EXPERT 11-02 SENIOR tAD ADVISOR, Lift. KEITH SHAW 

2.1 .84 - 16.10.84 

1. Training 

1.1 Project Training 

During the period of the assigment, ~raining was given 
to 11e111bers of the project in the fal'll of lectures on the 
following subjects: 

1.1.1 Data-base manageraent systems with special reference 
to graphics data-bases 

I believe that within rAD systems different data 
structures need to be used for the storage nf 
graphical and textual information •. Graphical data 
bases should be designed for s~ed of access because 
response time is extremely important when carrying 
out graphics operations. Textual infoI'llation should 
be stored using hierarchical or relational data 
structures for ease of interrogation. 

1.1.2 Custaners Graphics Interfaces 

Advances in conputer hardware happen far •ore quickly 
than advances in software. New computers aid graphics 
terminals are amounced frequently. It is therefore 
difficult for software to be kept up to date with 
av&ilable hardware. Since ne.f hardware will dther be 
cheaper or have 110re facilities (or both!) than 
existing hardware, it is illportant frcn the CAD users' 
point of view for the latest hard.-.re to be supported. 
The only solution to this problem is the use of 
standards. 

ror driving graphics tcl'llinels, the i~terrwtional 
standard is GKS (The Graphics Kernel Syst•). This 
standard has few illlplementations to date but hws 
generated ~uch interest in the industry. In my view, 
GKS has 90lfte limitations but hopefully these will be 
catered for in future versions of the standard. 
Standards are extremely necessary in this are2 end 
both suppliers and users should encourage 
implementations and development of GKS. 
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1.1.J Two dimensional draughting systems 

Two dimensional draughting systems are the basis and 
the starting point of CAO. They are the systems that 
most nearly replicate manual design methods and as 
such are 110re easily accepted by designers and 
integrated into the design p~ocess. 

The paraneters for design or choice of such systems 
are: 

a) Ease of use 

b) Cost effectiveness (i.e. price performance ratio) 

c) Possible upgrade paths (staged developnent) 

d) Ease of support. 

The first of these is obviously very relevant to the 
design of the system and must be one of the first 
areas considered. 

Cost ef~~ctiveness is usually dependent on the 
software's ability to take advantage of the latest 
advances in hardware technology. This is becau:Je 
hardware costs fall rapidly (J2 bit Graphics 
Workstations can now cost less than $10000) whereas 
software costs remain approximately constant. It is 
therefore important for software systems designed, 
produced and supported by a small tean to be as 
independent of hardware as possible and where possible 
to use international or ad-hoc standards (e.g. GKS, 
IGES, FORTRAN, t..-..IX). 

- ---. 
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Host CAD systems today are sold with one of; a 
micrcrcomputer, a 32 bit graphics work-station or a 
super-mini computer. In respect to upgrade path, the 
micro systems ar~ poor being difficult to organise 
into large networks to increase the nunber of users 
and also beirq unable to run 3D Design software to 
increase the f111Ctionality. For work-stations the 
upgrade path is clear, each new user needs a 
work-station which can usually be connected to 
existing \lllOrk-stations by way of a LAN (e.g. 
Ethernet). The cost of doing this is, however, quite 
high, since the unit cost of \lllOrk-stations is quite 
high. The upgrade path for super-mini baRed systems 
is stepped. This is because each machine can only 
support a certain nunber of terminals and then an 
expensive new machine must be obtained. I believe 
that the cogts of 32 bit work-stations wil1 rapidly 
fall to become equivalent to the cost of a graphics 
terminal. When this occurs, CAD systems will normally 
use work-stations lllless there is a need for a large 
powerful CPU to carry out engineering analysis or 
other design calculations. In this case a hybrid 
system may emerge with the work-stations being 
connected to a super-mini computer via the LAN. The 
larger machine could then be used for archival 
storage, centralised printing ar.d plotting as well as 
engineering analysis. 

The ease of support of a CAD system is very much an 
organisational matter. Management must devise ways 
that customers software can easily be upgraded 
possibly without any direct action by support 
engineers. The well lcnown concept of 'installation 
kits' is valid here. 

When talking about two dimensional software, I think 
it is important to con9ider paranetrisation. The 
major area for development of such software is in 
application areas. These appear more rapidly than any 
one organisation can possibly deal with. I believe 
that it must be made easy for users to produce their 
own application oackages (i.e. to tailor CAD systems 
~o their own nseds). This is possible through the use 
of parametric symbols (macro languages) which must be 
designed to be easy to use, powerful and fast. Such a 
system would be a CAD Ap~lication Generator. 
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1.1.4' Three dimensional design syster~s 

Three dimf!'!rlsional design syste111s are used for a 
veLiety of purposes: 

a) VisualisatiO•l 

b) Aesthetics design 

c) M...-iclelling 

It is important to consider why the user requires su~h 
a system before deciding which of th& five basic 
types of three dimensional design system is 
applicable. In fact, when carrying out this process 
it is often found tt'1at the user does not require a 
three dimensional system, a two dimensional system 
will be adequate. 

The fiv!! types of system are: 

a) Wire frane lllOdellers whic~ are cheap, fast, give 
.reasonable visualisat.ion (especially in colou.:-) and 
can possibly be used in CAM. 

b) Simple surface modellers tllich are a little more 
expensive, a little slower but give g~eatly 
enhanced colour visualisation and are better for CAM. 
They are, ilowev6r, limited to simple shapes. 

c) Sculptured surface modellers which are more 
expensive, are slower and more difficull to use, need 
a high degree of user ability, give very good 
visualisation and are also good for CAM. In fact for 
design of structures _.,ere aesthetics or aerodyna:iics 
are important, such modellers are essential. 

d) Solid modellers fttiict1 are probably more expensive 
and slower but give good visualisation, can be used 
for sectionirg, vol1.111etric calculation and can 
determiNe centres of g~avity and manents of inertia. 
They also have good possibilities for use in CAM. 

e) Canbined systems which include all the above 
facilities. These obviously offer the user great 
benefits but are very expensive and require a large 
computer. Such a system may well have CAM integrated 
within it. 
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1.1.5 CAM and its connection to CAD 

The most comnon area in which CAM and CAD are linked 
is in the production of NC or CNC tapes. The major 
deliberation in this area is whether three dimensional 
software is required. 

Host NC machines are lathes and as such produce parts 
that can be classed as tw and a half dillensional 
(i.e. A tt«> dimensional profile plus rotation). Many 
11illing operations can be considered similarly (a two 
dil!lensional outline plus depth). In many applications 
it may therefore be possible to use a two dimensional 
systent. 

The link between CAD and NC part progranming is the 
transfer of the gee.metric data to describe the part. 

further software should allow the graphical 
verification of cutter paths (clash detection) and 
possibly even tape verification by the 
re-construction of the model fre111 the machining 
instructions. 

1.1.6 Engineering Analysis 

The major area of engineering analysis centres on 
finite Element Methods and such methods must be 
available in an integrate<'.' CAD system. 

Available systems allow analysis in the areas of: 

a) Stress· analysis 

b) Cynanic analysis - natural frequencies 
- forces response 

c) Thermal analysis - steady state 
- transient 

d) Non-linear analysis - Large displacements 
- Plasticity 
- Creep 
- Buckling 

e) Elasto hydrodynanics- Bearing analysis 

f) fracture mechanics 

g) Multi-level sli>structuring 

h) Cyclically Symmetric comoonents 

.. 
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Finite Element Methods are CPU intensive and need 
large computers (a minimun is a super-mini). Future 
developments in this area are in applications where 
increases in computer po~r ailow new areas to be 
explored. This is imporbmt to remember when building 
a CAO installotion in "1ich Finite Element Helhods are 
an important part. 

1.1.7 Computer Graphics Staidardisati'!!! 

It is becoming increasingly obvious that it is vitally 
important for users of CAD to be able to transfer data 
between different CAO systems. Cl»viously t~is could 
be dcne on =tn ad-hoc basis but, as the nunber of 
availabla CAO systems proliferate, it also becomes 
cler.~ that a standard for ti .is data transfer is 
necessary. 

ThP. only comprehensive standard for the transfer of 
CAD information is the Initial Graphical Exchange 
Specification (IGES) issued by the U.S. Federal Bureau 
cif Standa!'ds and adopted by ANSI. 

There are many problems associated with the use of 
IGES. It is slow and ClJllbersome. It is so large a 
standard that althot1Jh most CAO syst!ll1 suppliers h2ve 
implemented it, tt'1ey have not implemented it in fl.11. 
Ho1111ever, I b~l1eve that l<l:S is all that is available 
now and it will ~e imoroved (hopefully) to be a 
prnctica.i system. 

1.1.8 Software Developna'!! 

What CAO software should be developed? This is a 
diffic~lt questirn. Software must be useful and used 
and therefore good sourceP- for ide~s for software 
development are existing c~ prospective users of CAD. 
However, it ~ust oe reniembered that it is hardly ever 
worth developi'1Cj software that is available elsewhere. 
It is more coac effective to buy in a package than to 
develop one. Another important conside~ation is the 
expertise of available st~ff. 

I believe that scrtware specification and development 
should be c.uried out by small compact teans with only 
three or four people working in any one &rea of a 
project. Specification work requires expertise and 
this expertise should reside in the tean leader. I 
believe that thE specification and implementation of 
software design should be carried ~ut by the sane tean 
because: 
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a) The person producing the specification has control 
and responsibility for its implementation. 

b) Having to see a p4oject through tc the end 
concentrates the mind of the producer of the 
specification on prac~icalities. 

c) Modifications to the specification can be more 
easily catered for if they are found necessary during 
implementation. 

d) Flecibility csn be achieved in working practice 
with staff switching between specification and 
implementation as required by work loads and 
priorities. 

I see software development as a series of steps: 

a) Specificatio.~ cf the user interface and 
facilities. (NB. Ease of use is of primary 
importance). 

b) Systems specification including flow diagrams. 
This should form the basis of systems 
documentation. 

c) Preparation of a draft User Manual. 

c) Coding. 

e) Subroutine testing (independently if possibi~). 

f) System testing and debug. 

g) Integration ( This stage is necessary if the 
software under development is part of a larger 
system). 

n) Acceptance tests (to ensure that inteqration has 
not affected the main Dody of software). 

i) Tean testing (by members of the development t~an 
but not project members). 

j) Alpha testing (in house independent testing) 

k) Beta testing (by users on site) 

1) Release 

m) Maintenanc~ 
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Failures in sleps (h) to (k) result in a return to 
step ( f). 

If should be noted that this is not the ml.Ch 
plblicized 'Top down' approach to software desi•. 
For reasons of transportability, I recommend tha 
Fortran still be used for development and since 
Fol"ttan is not a ~u structured larl}uage ! find that 
this approach i..s best. If a structured language 
.ere to be used (e.g. Pascal, Ada) then it is possible 
that design and testing of the software will be better 
Fran the top and not start with indivi~ual bott~ end 
routines as I have described. 

Finally, on the slbject of software development, I 
believe that Quality Assura"lce is of vital importance. 
The pror.edure described above should produce reliable 
well tested software, b•Jt additional te.:hniques can be 
emplayed. Progranmi;ig standards shpuld be employed 
(even when using a standard langu&]e like Fortran) and 
structured walk tt1roughs are a good method of getting 
the progrB!llller to think more carefully &bout his work. 
It is said that over the life of a software system, 
half of the man time spent on the system is in testing 
and debuggirl}. This should be spent before and not 
after release. 

1.1.9 Cl>ject Analysis and Preparation of ?rot~types for 
Application CAD Systems 

We will now look at the steps that have _to be taken 
when determining the specification of a CAD system to meet 
a particular customers needs and at the process of 
implementation of the system. 

Probably the most difficult task is in deciding on the 
Customer's requirements. Extensive discussions are 
necessary and it is often the cas3 that Jstomers 
believe they r.eed three-dimensional software when in 
fact they do not. 

If three dimen~ional software is necessary then it is 
impo~tant to establish what type is required. This 
software together with two dimensional draughting 
software will form the basis of the system. 

"' 
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Having formulated the basis of the system, it is 
necessary to investigate application areas. Most 
users have a need for application software. It may be 
that such applications are a standard part of the 
basic systems. Alternatively, the basic systems may 
include application generators ,nich can be used 
effectively. If not it is possible that separate 
applications prograns may need to be obtained or 
produced and integrated with the tasic system. Care 
must be tPken to ensure that the timescales involved 
in this process are • 1nderstood and are acceptable. 

The next process is to determine the hard1111Sre 
configuration. This process needs to take into 
account the available hardware, any existing 
constraints on the customer, future expansion in terms 
of both software and hardware, cost, colour 
requirements, plotting requirements, digitising 
requirements, availability of maintenance etc. 

Having determined the hardware and software 
requirements the next step is to put a proposal to the 
customer. Should he accept then we move into the 
implementation phas~. 

The first step in implementation is to order hardware 
and since this takes time to be delivered it is 
possible that some software development or integr~tion 
can take place concurrently. I believe that as little 
software development and integration ..ark as possible 
should take place on the users' site. This should be 
daie in house or using the resources of the hardware 
Sl.pplier. 

After installation or possibly concurrently with it, 
it is necessary to organise training. This can eithar 
be in a dedicated training centre or on the customers 
site. The first alternative is expensive to set up. 
The second preclude~ the possibility of concurrent 
training and installation. 

Finally the work moves into a support or maintenance 
mode. As mentioned earlier, this is an area where 
good organisation is necessary to increase efficiency 
and keep the customer satisfied. 
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1.2 Other training 

A two day seminar was organised and presentc?d to invited 
delegates from Institutes and other lJIDP projects. 

The fo~~at was morning se&sio~s of lectures follcwed by 
afternoon discussion periods. 

The first day was dedicatPd to ger'leral CAO with s series of 
lectures entitled: 

a) Introduction to CAO - what it is and what it~ benefits 
are: 

b) Two dimensional draughting systems, their implementation 
on grap~ics work-stations and the use of GKS. 

c) Three dimensional design systems. 

d) Engineering Analysis. 

e) The interchange of information between CAD systems. 

The second day looked in detail at some specific packages: 

a) The two dimensional draughting systP.m DOGS. 

b) Wire fra'.le modelling system DOGS-JO. 

c) Solid modelling system BOXER 

d) rhe NC part progranming system DOGS-NC 

e) The finite element analysis system PAFEC. 

.. 
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2. A Universal CAO System 

2.1 Universal or Integrated CAO? 

A Universal CAO system is not a plausible c.oncept. The great 
diversity within CAO means that suet. a syst811 would require 
hundreds of sub-systems and be far too large to run on any 
available computer. 

A possibility is for such a system to be developed in modular 
form and for only the required modules to be installed at any 
particular site. Such a system is plausible but lhe n1.111ber 
of possible modules required is so great that no single 
organisation could ever produce them. Possibly this is the 
way to proceed. With the basic modules: 

a} Three dilr.ensional modelling 

b} Two dimensional drall;lhting 

c) NC part progra11111ing 

t.~ing developed first and other modules being added as 
required. 

I would prefer to call such a system an Integrated ~AO system 
since the term universal has implications that are not 
posEible within CAO systems at the present time. 

2 .2 Oata-bace 

for our Integrated CAD Syste:n we 'l«luld prefer a common 
data-base structure. Probably the only way ~o achieve this 
is to develop the basic modules. It is unlikely that the 
tt·.ree basic mod\Jles mentioned above will be available with a 
canmon data-base structure and be obtainable to forrit the basie 
of lhe system and all~w extra modules to be added. 

A second alternative is to obt&in La'3ic modules individually 
and to integrate them by means of the IGES standard (See Saction 
1.1.7}. Although this will not lead ta as good a solution, I 
consider it tha more pl~usible alternative. 

2.3 Additional modules 

If the concept of integration of modules by means of IGES is 
adopted then it should be possible to either obt~in 
addition91 modules from outside sources or to develop the~ 
in-house. I believe that the first of these is pr~ferable 
because comm~rcially available software is considerably 
cheaper th~n the equivalent cost of development. 
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3. Organisation of the CAO Laboratory 

The CAO Laboratory has three primary fi.rctions: 

a) Pranotion of CAO 

b) Development of CAD systems 

c) Installation and support of CAO systems. 

I would recOfllllend the laboratory to be split into three groups, 
each dealing with one of these functions. 

3.1 Pranotion of CAD 

In a co1S1try where CAO is not used in practical situations, 
it is necessary for any body concerned with CAO to be active 
in its pranotion. This promotion needs to "°rk on two 
levels: 

a) General promotion .erk - the organisation of seminars, 
demonstrations etc. 

b) Specific promotion - the discussion of the needs of a 
particular organisation leading to a proposal for a CAO 
system to be installed in that organisation. This aspect 
of the work may require morP specific demonstrations in 
order to convince the client that the proposed solution 
is the best one. 

3.2 Development of CAO 

Although I reconmend that CAD systems be bought in and not 
developed from scratch, I still feel that there is a need for 
a software development tean within the laboratory. They will 
need to work on the integration of the systems a1id develop 
new modules which either cannot be bought in or which would 
not be cost effective to buy in. 

3.3 Installation and Support of CAD 

These two functions go hand in hand. They are the 
laboratories link with the ~lients hardware and software 
system. 

This area needs staff who are faniliar with both hardware and 
software though not necessarily experts in either. The staff 
must be flexible enol~h to work with a wide range of both 
hardware and software. 

- --
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3.4 Handling a project 

Once the client has accepted the proposed solution, a project 
tean shoulct be formed. This tean should contain one menber 
of each of the above groups and be chosen such that any 
appropriate available expertise is included in the tean. The 
tean will be responsible for the successful c01pletion of the 
project but individual actions (such as develop111ent of 
software ~~dules) MOuld not be carried out by the project 
tean but would be referred back to the appropriate group. 

If the proposed solU'tion is standarci ~ does not require any 
new software modules or integration then it is possible fo~ 
the project tean to not contain a member fran the scftware 
development group. 

3.5 Flexibility 

~ithin a small tean, flexibility is extremely .important. I 
would rec011111end th:Jt mMbers of each group be faniliar with 
the work of the other groups and for staff to change groups 
oc::asionally. 

4. Co-operation with the ~DP f~ded machine tool project 

Co-operation between these two projects would be very useful. A 
basic CAD system containing: 

a) Sclid Modelling 

b) Drao.Jghting 

c) NC 

d) Finite Elenent Analysis 

would be of great valup, to the machine tool project. Forming such 
a system would be cf great value to the CAO laboratory as would 
watching the development and use of the system in a live 
situation. 

5. Observations on CAO in Bulgari~ 

Bulgaria is ready to start with CAO. It has many engineers who 
are knowledgeable about CAD and the available systems. There is, 
however, a major drawback. As part of the Eastern Block, Bulgaria 
suffers from the United States' embargo on ~2 bit hardware. In 
addition graphics terminals are di ~ficul t to import. 

- "' 
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I consider there are three alternat: ·es for CAO in Bulgaria at the 
present time. !hese are: 

a) The use of micro systems for two di.llensional draughting, 

b) The use of 111ai., fr•e systems, 

c) to wait for 32 bit technology to be available. 

However, the need to at least get sta~ted •ith CAD is illperative 
and I .a~ld rule out option (c). 

Option (a) has the mvantages of letting organisations within 
Bulgaria experience CAO with the hope that th!n 32 bit hardware 
i.Jecomes available they will be ready to move ahead with practical 
syatems. 

Option ( b) has the advantage that large scale systems could 
actually be used in earnest in the near future. Hainfrane 
canputers are available but problems may arise in attaching the 
available graphics terminals to them. I suggest that it may be 
possible to use a 16 bit mini con1puter as a link between the 
terminals and the majn frame but the response of such a system may 
be poor. 

6. Condusion 

Bulgaria needs CAD. It is restricted in that 32 bit computers are 
not availa::>le b•Jt must use whatever methoc!s it can to begin the 
use of CAO in industrial ~rganisations. 
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