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e St

ARSTRACT

This thesis is g study of computer-aided design
(CAD) fcomputer-aided panufacturing (CAM) and their applications
in Nigeria, - - - _ . S e

Computer-aided deszlign is the design process augmented
at numerous points by the use of a computer. Computer-aided
manufacturing refers to the use of a computer to perform
or aid in some manulisciuriug processes, '

Basically, three stoges of gradual development
in the field of interactive computer graphics and its
application for design and manufacturing generally have
been experienced. These are: conception to birth,
childhood and adolescence, with still adulthood ahead.

| Basing on ithe presentl availability of appropriate
computer hardware a2t Lthe Iya Abubakar Computer Centre at
Ahmadu Bello University, zaria, some graphical output
from Fortran prograwi¢s have been produced, An example
of computer-aided decizn of a simple shaft has been given
as an example of CAD aprlication.

A programme for finite element method structural
analysis of the designcd shaft has been written,
implemented and tested. For the purpese of the analysis,
the stepped shaft has heen assumed simply supported, with
two point loads of 10N cach and a uniformly distributed
load of 40N/mm., Ekecults obteined by using the programne
compare favourably with snalytical results for this
particular case study, This programme can therefore he
used for structural analysis of shafts and beams of varying
dimensions, ) ) -
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Finally, a ficld study for the application of CAD/CAM
in Nigeria has been corried out., It has been found that
practically CAD and CalM have started to appear in Nigeria
but are usually limited to few functions only, Furthermore,
there are various spcclal problems assocliated with the use
of computers in performing some CAD and CAM functions,
Among these problews are the lack of spare parts, skilled
manpower, maintenance, lock of awareness of potentials of the
computer, lack of interest by users concerned and the quality
as well as the quantity of power supplied by the National
Electric Power Authority (NEFA)., Possible solutions to

these problems have been highlighted.
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CHAPTER ONE

INTRODUCTION AND _OBJECTIVES

1,1, INTRODUCTICN:

Since the inception of computers, they have
been used for a wide variety of applications,

This exists throughout the whole range of scienti=-
fic and engineering fields as well as the cammercial
fields,

Initially, the main use of the computer in the
area of science(q) was feor the performance of complex
and/or repetitive scientific calculations. Later on,
the computer became used increasingly in the scientifie
and engineering.fields ag well as businesses and many
ether areas. The use of eomputers in most other areas
was limited to the fumctions for whieh initially slide
rules, calculators, cash registers ond other mechanical
devices had previeusly been used, Before very long,
however, it was realized that such a powerful tool could
be used for more than caleplating. It could even be
used to processg information, Thus anything which can
be stored in buoks or other written documentis, on film
or recording tape, can be gtored in the computer, More-
over, access to this information can be very rapid;
instead of having to hunt, physically, for the approe
priate book or file, one can ask the computer for it.
The computer will then display the informaticon as

1



required, on a& screen.

It is thus clear that the need for increased under-
standing of computers is obvious. We are crossing the
threshold of ¢ new era in which the integration of
computer-based information with industriel processes
and machinery czn be expected to alter the technological
landscape dramatically, Mechanical engineers are
already using electronic aids to ease or eliminate
tedious, repetitive tasks, As earlier mentioned in the
preface, computers can ke counted on to improve produce
tivity and reduce the time from design concept to
execution and menufacture. In manufacturing operations,
the engineer cen; with the a’d of computer facilities,
use numerical control, classification, coding, robotics,
and manipulators to cut production costs and time.(z)

Hence there is need to siudv CAD/CAM and to assess
to which extent it is being applied in Nigeria.

1.1.7., Comnuter-Aided Desien (CAD)

Briefly, engineering design is the creation
of manufacturing instructions, in the form of drawings
or tabulated orders, for mnchines, structures, systems
or processes which are required to perform some parti-
cular function., It is an intellectual activity invol=
ving the synthesis of many branches of knowledge.

The desirn process may be broken down to include

(3)

2
L2

the following sters:



(;) The recognition of a need. This is the stage

8t which the problem becomos defined.

(ii) The generation of different schemes for
solving the problem and from this the selec-
tion of one or more for detailed study; the

B main feature here would be feasibility studies
bnacked up by any special research needed. P
(iii) Preliminary design, This established the

E overall features of the machine, system or
process and makes 1t possible to specify the
major componenis. _

(iv) Complete detail design. + i

It is in stage (ii) that the designer is predominant
as a creator and 2t this stage his imagination and
ingenuity should be given full play; in the following
stages he uses his 2bility to synthesize the amount of
information presented to him by his cnllespgues.

Computer~nided design (CAD) therefore is the design
process augmented at numerous points by the use of a
computer,

On the other hand, CAD is a human-computer interw
-action systen, where the graphic display terminal
replaces the drawing board, reference books, and the
slide rule.(z) The designer is able to “converse®
with the computer end receive a direct response from

it. This two-way conversation may be grephical or
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pictorial in nature. For example, the desipgner may
generate a picture on the graphic display terminal by
using 2 light pen., #Hs a result of previous program-
ming the computer "understands™ the picture, makes
calculations {(for instance, stress analysis)}, based
on it, and presents answers or a revised picture to
the designher within & few seconds.
[ The computer can carry out vast amounts of detailed
work, tirelessly and without error. It can evaluate the
consequences of an endless series of design alterations,
performing both the cngineering calculations and the
graphical manipulations, and can file away each alter~-
native for future reference. Remembering things is a
task a2t which the computer excels. Optimum solutions
for some problems cannct be obtained in closed form,
thus requiring the designer to resort to a tiresome
trial-and-error process. For such problems, the com-
puter can be instructed te implement a set of parame-
ters and genernte a family of solutions, from which the
optimum one can be eventually selected. I

The effort of achieving this close coupling between
the designer and computer has four important benefits:(z)

(1) Designers can immediately see and correct any
N gross errors in their drawings or input

statements, |



(ii) Desi~ners can monitor the prosress of a
problem solution and terminate the run or
i“ © meodify the input data as required,
(1iii) The designer cen make subjective decisions
at c¢critical branch points which suide the
comyuter in a continuation of the problem

soluticn.

(iv) The gravhic display may present datz that
cannot be readily understocd or interpreted
in a computer output listing or even in -
plotted cutput. Through clever programming,
a computer-driven display can present multiple

views, moving pictures, blinking lines, dashed

lines, and lines of varying intensity.
wme of

A light pen and function keyboards are.the =i, input
devices used by designers. Designers gein a distinct
feeling of direct and versemal control over the entire
system because of the actions they perform with the
light pen. The function keyboards make available at
the touch of & key, Tunctions fgr creating lines, points,
circles, erasing, reversing #n image, snd so on. Upon
designating their choice with the lieght pen, ai ackniuvw~
ledgement message is displayed. Users will also
receive tutorial messages at the edge of the screen,

remindirg them of the next step they must take and the

choice of actions (menus) available to inhem. Caution

5



notices, such as illegal entry, impossible geometry,
and capacity limit ajproaching, may =1lso be displayed,

The view function enables the derivation of a
third (or auxiliary), or oblique, or perspective, or
isometri¢c view., In addition, one view (or any part of
it) can be quickly transferred to any other drawing,
with the scale or the orientation changed at will.
The group function enables the instant translation of
any group of lines or notes to any point on that parti-
cular drawing and also sets it up for transfer to
another drawing in the same manner as a complete view,

Working in this way the engineer can perform his
task and view the results quickly; if the results are
umsatisfacteory, he can perform some editing function
and try another approach.

1.1.2. Computer-Aided Manufacturing (CAM)

Briefly, manufacturing process is a chain
of activities aimed at meeting a2 set of objectives
defined by menapgement. The objectives are mainly cone-
cerned with the production of tangible goods, and the
activities are, 2s a rule, specified by the engineering
profession. The engineer in order to specify the
required activities must consider many parsmeters and
altermatives, and reach decisions as to how, what,
where and when., The more ~2lternatives and parameters
considered, the better the desizn finally devised,

6



The process of decision making will, however, take more
time.

Computer-aided manufacturing (CAM), on the smallest
extreme,(z) refers to the use of a computer just to run
a programme such as for example, the Automatic Program-
mable Tool (A"T) for programming’numerical control(NC)
mashine tools, while on_.the largest extreme, it refers
to a computer—integ:ated;mapgfacﬁyring system that
controls all phaseg'br-the induszrial enterprise:
product design (chD), bfqéess planning, flow of mate-
rial, production planning, positioning of materials,
automatic production, assembly and testing, automatic
warehousing, and shipping. Leading ultimately to a
completely autom2ted (computerized) factory (sometimes
referred to as un-manned factoryl). No such complete
system exists todry, however, numerical control (NC)
machines, robots, computerized inspection machines,
computerized a2ssembly lines, ete., are built recently
to cover most types of processing and the general line
of progress is evident.

Since the mrnufacturing process is a dynamic one,
conditions are constantly changing and decisions have
to be made within 2 short space of time. Since the
computer can store and manipul2te a large quantity of
data in a short period of time, it can be employed to

narrow the sap between the conflict demands of time and
7
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| |
decision, Teoday, computers are used in many industrial
activities. They are being utilized more and more to
perform the controlling and logistic functions of
machines.

In the production phase of the manufacturing
process, there nrobebly is not a single activity that
does not really need the utilization of computer. The
company log book, book-kegping, inventory, purchasing
and personal records amd many more have long been
managed by computers ot many companies and additional

activities are cortinucously being =zdded to this list.

1.2. OBJECTIVES:

The prime objectives of this work are as

-

followss~-

(1) To carry out briefly, a study of historical ;
background, present status and trends for =R
future development of Computer-Aided Design
(CAD) 2nd Computer~Aided Manufacturing (CAM).

(ii) To design, implement and test computer
prozrammes capable of performing some basic

CAD functions.

(1ii) To investigate theCAD/CAM activities occurence

in Nigerias and thelir scope.



CHAPTER TWO

HIGHLIGAHTS OF DEVELOFPMENT OF INTER-

ACTIVE COMPUTER GRAPHICS AND COMPUTER AIDED

DESIGN_AND MANUFACTURING

2.1. INTRODUCTION

Basically, three stages of gradual development
in the field of interactive ecomputer graphics and its
application for design and manufacturing have been

experienced, They are:(3'h) conception to birth,

childhood and adolescence, with still full adulthood

ahead, As usual in technology, concention to birth has
a rather long restation period which in this particular
case is from the mid 1950s thrQugh 1963. Childhood
takes the period from 1954 to 1970. From about 1970

to now is the adolescence peridd. This is the period
during which the interactive cfmputer graphics industry
established its rosition, a2sserted its independence,

and prepared itself for adulthood, which is now at hand.
The three stares of pgraduzl development will now be
considered separately.

2.2. THE BIRTE OF INTERACTIVE COMPUTER GRAPHICS:

Internctive graphics, at the initial stage
involved, in fact, very little interaction.(3'u) There
was no time-shared computation at that time and because
of the high cost of hardware, single users were not
given dedicated time., There wes no utility and appli-
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cation softwzre generally av=ilable and system relia-
bility was poor. That is not particularly surprising
because the use of electronic computation was, itself,
in its infancy., The scientists of the day, in spite
of such limitatiens, could see the trends and were
prédicting the immrovements in computer technology that
would set the stepe for the many virtues of computer
graphics, There were many bits and pieces of computer
technology thot were being explored in military systems
in the United Stotes of America (USA). There was also
some level of advrnced thinking in industry and at the
Universities bcth in the USA and in Europe., All of
this was the exprerience foundation which formed the
basis for significant industrial development during
the 1960s.

2.2.1. The Mid-1950s:

NDuring the mid-1950s, cathode ray tubes

(CRTs) were being used in the display of military
command and control problems. However, such displays
were generally prssive in nature, that is; there was
no interaction between man 2nd display. However, there
is evidence that the "light ren" emerged in that time
period.(B'u) Thurber Moffett of the Convair Division
of General Dynamics had been trying to find ways to
computerize drawings,

In 1956, Moffett met with Robert Cortney, who was

10



with IBM. They were interested in exploring ways to

deal with documentation in a more formalized sense,

This led to the computerized treatment of drawing data

such as parts lists, file up dates, title blocks, and

alphanumerics, but the treatment of the graphic elements

of drawing hzd not yet been defined. The management of

drawing dato was known 2s confiruration menagement, a

concept still used today. It was first employed on

the Air Force's [tlas Missile VWeapon System in U.S.A.
2.2.2. The Beginning Of Automatically Programmed

Tooling (APT)

During the late 1950s, a number of computer

programmes wis being developed to define sketches &nd
to produce ovtput in the fcrm of refined nlots.(3’u)

A programme of particular note at Massachusetts Insti-
tute of Technology (MIT) Lincoln Labor-tory was Automa-
tically Programmed Tooling(APT). The principal archi-
tect of the languare known as APT 11 in 1957, was
Douglas T. Ross, now Chairman of the Board of:Zonsul-
ting company nsmed Softech. (APT I apparently, was
not completed). This system afforded a programmer the
capability to programme both part geometry and the
cutter path :nd eventually produce the punched tape
which 2 numerically controlled (NC) machine would
follow to fabricote the part. Programming was done at
that moment entirely off-line (that is the programme

was not interactive, but processed on batch-mode). The
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tape could.bé“obﬁiously used tn replicate the part as
pften as desired,

In 196153’u) an 11-month project wes formed with
eight participetinﬁ cerospace companies. The préject
was conducted at Convair, San Djege, in U,S,A,, under
the direction of E, Dates, a2nd sponsored by the Aero-
space Industries fgsociation (AIA). Out of the project
APT IIT was produced, It is a very sipnificant step
towards achieving what is toddy's CAM, -

~Also during the mid=1950s, many people gave thought
to the use of existing CRT's, keyboards, typewriters,
and computers, to facilifate the more mutomated use
.of graphic or visual teghniques. The ‘light gun" or
tlight pen" concept was not yet conveived by most of
the early developers, It seems thgt Dr, Everett, now
President of MITRE Corporation c¢rgated the first light
pen in the mid--195%0¢ at MIT,

There were o¥er happenings in the late 19%0s that
set the stage Ifor interactive computer graphics. It
was during this period that Stromberg Carlson produced
a SC L4020 system, which would prqdess computer data
from tape and produce a graphical image on a special
CRT, én gsensitized paper, or on film. Of course, this
wae not Interactive in nature; but passive graphics
systems such as ths earlier mentioned militery systems.
APT and the SC L4027 helped to establish early concepts

12



of imagery that would be the praphics portion of inter-
active grophics for CAD/CAM application., o a;"

2.2.3. The "Light Pen"Concent:

Also in the late 19505, at MIT's Lincoln
Laboratory, a military-oriented project SAGE, the Semi-
Autcmatic Ground Environment System,(B’h) was being
developed under Dr. Norman Taylor., It was during this
period that there wus a thought, "Would it not be nice
to simply poiut to two entities on the screen and have
the computer automatically make a linkage?% This was
a natural requirement or specification for the light
pen. Twe light pen would receive light through a fiber
optic system as the light was generated on a CRT display
from its computer source, Thus the light pen would send
a signal back to the computer that 'said®" in effect,
that it was receiving lipght at the same location on
the display where the computer‘ system was providing
information - é point, a linz, o curve, a character,
g geometric entity, a symbel, & menu item, or whatever.
This is the basis of the light pen of toduy,

It was recognized in this time period that if two
peints could be designated using a2 light pen or some
other medium or if points could be displayed from compu-
ter output through some analytical process, then straight
lines could be drawn by the CRT to connect peirs of points.

Thus it was understood that gurves, objects, and general

13



geometric forms could be portrayed through the lineari-
zation of geometry; ¢.g. a circle could be adequetely
represented for display by a poiygon consisting of a
modest number of points. Fyrthermore, the internal
preservation of the mathematical formula, such as that
for a circle, aiforded as high a level of accuracy in
COmputgﬁi?n as would be designed,

In 1966 to 1969 time period, Tom Ellis and Bill
Sibley(u) developed one of the earliest graphic
languages, Grail-Graphics Input Language. |

i
2.2y, Itek's System:

At about 1960 or 1961, Norman Tayler left

MIT to become Vice-President of Itek Corporation, |
Itek's main products were the design of coptical sys-
tems(B'h) -~ optical lenses, high-resolution photography
for réconnaissance aircraft, reconnaissance satellites,
ete, Norman Taylor had convineced Mr. Linsey, President
of Itek, that a practical irdustrial product could be
made from the results of the earlier mentioned project,
SAGE. 1t took about six months from Itek's design team
using an IBM 7094 to respond to the proposal. _

In late 1962 or early 1963,Moffett! 24} sugsested
to Linsey and to Taylor that the Itek System could
have significant impact on design technology in general,

and on the Aerospace Industry, in particular, Moffett

proposed that he formed an aerospace consortium of a

14 n
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a few companies that would use the Itek equipment to

assess the system potential for the aerospace industry.

Ttek would benefit from hardware (hardware refers to
the physical items which are combined together to form
the basic computer configuration), and software (soft-
wate is used to describethe programmes which control
the activities on the computer), spesifications that
would result from the study. In late 1962 or early
1963, Taylor negotiated with Norris, President of
Control Data Corporation (CDC) for the sale of the Itek
sygtem and the corresponding patents to CDC., The
system at Itek had been known as the Electronic Drafting
Machine. Shoritly before it went to CDC, the system's
name was changed to Digigraphics. o

2.2.5. General Motor's (GM) Farly ictivity:

Apart from the Itek/cpc{%) activity,
there were other significant activitié; at IBM, GM, MIT,
Lockheed and bMcDonnel-=Douglas. About 19549, General
Motors (GM) began to explore the potential for inter-
active graphics under Edward Jaek, Head of Research,
and George Ryckmen, Head of Corporate Operations. GM
had developed hardware specifications and requested
bids from computer companies fo perform the development
tagks., It is not certain how many compunies submitted
responses to the GM request for proposals, but IBM was
selected. IBM had been having, at that time, their trou-
bles with tlie Justice Department; since they had

) .



about 80 per cent of the computer market, the government
alleged that IBM was @ monopoely and wanted to breask them
up. Finally, an accommodation was negotiated called the
teonsent decree’ whereupon IBM could not divulge to any-
one any of their ongoing projects or their plans until
they literally announced a product with detuiled price
list., This is still their nresent marketing practice.
Thus, in a general way IBM could not participate toward:H
the philosophy and projections for interactive graphics.
Also, GM did net care to disclose their work in the o
19608, However, CM had several projects tc develop
software for three-dimensional (3-D) boundary curves,
surfaces, and apalysis which led to their Design '
Augmented by Computers System (DiC-1). e
2.2.6, Sketchpad: |

In the early 19¢€0s, Ivan Sutherland was
working at MIT's l.incoln Laboratory on the TX-2 compu=-
ter on a project he called Sketchpad. He presented a
paper on Sketchpad at the Fall Joint Computer Conferenc.
in ﬁ963.(3’h] The demonstration of drawing and the
alterations of objects on a CRT was a dramatic event
to the computer industry. In effect, Sketchpad was the
first presentation of interactive graphics to the general
public in the United States of America. Many people
believe, for this reason and cothers that Ivan Sutherland
is the human catalyst that started practical interactive

16 - E'”
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graphics. Lockheed-Georgia in 196l, set up one of the
first industrial teams (other than Gh's) to pursue
interactive graphics. Thus the stage was set for the'

next major phase of rrowth, _ |

2.3, THE "CHILDHOOD" OF INTERACTIVE COMPUTER GRAPHICS

In carly 1964, there was virturlly no induge
trial activity in computer graphics other than the
classified work at General Motors.(B'u) However, short
courses were organized and sponsored by universities: ,
For example, the University cf Michigan sponsored a coursé
entitled “Application of Computers to Automated Design."(h)
Also in 1966, Dr. Bentram Herrog from the University of
Miechigan developed a short eourse entitled "Computer

Graphics for Designera", o faFL

'uﬁ.

2.3.1. Lockheed-Geoppia sctivity
The term Computer-Aided Design or CAD came

out of MIT about early 196&.(3’u) |

tnplications in2luding numericzl control and
circuit design were developed at Lockheed-Georgia while
Lockheed~Burbank inltisted its Computer Grapvhics Aug-
mented Desipn and Muznufacturing (CADAM) activities in
1965,

In late 1965, Lockheed-Georgia produced its first
part from its protetype Numerical Control Computer
Graphics (NCCG) pnrts programming application. This
was one of the first industrisl applications and probably

the first Numericmsl Control (NC) application via computer
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graphics, o ' .

2.3.2, Time-Shared Computer Grarhics And GM's DAC=1

In early 1966, Lockheed-Georgia installed

its first multiterminal time-shared computer graphics
system., It was dedicated ton NC parts programming. The
graphics time~-shared software was developed by Jim
Kennedy.- 1

At almost the same time, GM installed a multi-
terminal IBM 360/L0 system for its DAC-1. The DAC-1
system was the forerunner of much GM work which signi-
ficantly affects the design and riding comfort of today's
(3,L) | 1

automebiles.

2.3.3. Ne-Donnell's Cemputer-fided Digigraphic

Design (CADD)

There were many other(3’h) activities of
note in the explosive era for Computér Graphics (CG)
of the mid-1960s. The CDC Digigraphic project teanm
produced CG products knowm ®oday 23 CANDD, Uni-graphics,
and FASTORAW. CADD wa# originally intended for inw
house use, bul it is now marketed by MCAUTO (2 Division

of McDonnell-Dougias).
2.3, Lockkeed's CADaM

In 1965, the CADAM (Computer Graphics Aug-
mented Desimm and Manufacture) system was initiated(B'h)
at Lockheed-Burbank under the direction of Thurber
Moffett, who kad Jjust joined the company, and Bill Gumn.
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"cétion was primarily that of nmultiview detalled drafting

.

CADAM was initinlly intended only for in—house.héé:

" and was tailored strictly to IBM herdware. The appli-

o

with NC, finite e¢lement, and many other programmes V
appended. Today, this system is now marketed by IBM :
and is used at &1l IBM in-housec divisions, IBM assisted
Lockheed in the 1960s &t Burbank under a classified | _;:
arrangement. This early project produced a graphic e

package to assist the graphics programmes (GPAC).

¥

2.3.5, Project DEMAND I
| In late 1965 or early 1966, a number of u.s.
large companies such as, IBM, Lockheed, Mcbhonnell,
North Americon Rockwell, ond Rolls—Royce,(B’u) formed
a classified project called DEMAND. This project
lasted until 1969. Its objectives were to“set_forth

* .
do

graphics requirements in en IBM environment.

2,3.6, CC fctivity Expands

e As the 1960s wore an, higher levels of
activify, particularly in the automotive, aerospace,
and to some extent, the oil industries, were experienéed.
Most of the academic work emanated from MIT, University
of Michigan, University of Tllinocis, and a build up of
activity at the University of Utah under Dave Evans,

2.3.7. Geemetric Modelling Congept

. In 196L at Lockheed-Georgia, there was some
of the earliest surface detvelopment technology. Also

19



in 1967, Lbckheed-Geoféia had a contract from the Naval
Ship Engineering Centre to develop Computer Grephics
Arrangement Programme.(B’u)(COGLP). This contract
required the definition of ships' surfaces in order to
partition the shir and to create 3-D objects for posi-
tioning them intoe the various ships' compartments. The
project was headed by Bert Bowers and Albert Anderson.
COGAP was developed using one of the first "computer
independent® lanpueges, That was Interactive Terminal
Interface System (ITIS). It was primarily a set of
FORTRAN graphics commands which were common to many

systems once sn interface had been programmed., .- . .

2.,3.8. Advent Of The Storage Tube And "Turnkey"

The first storage tube emerged ;bouf
1965(3’u) Bolt, Beranck, sand Newman produced a 5S5-in
tube, About 1968, Computer Displays marketed their
Lhdvanced Remote Display Station (ARDS) terminal and
Computek marketed their L,00 series. They used 6 x 8 in
Tektronix tubes. The storage tube, sometimes referred
tg as a DVST -~ direct view storage tube - has certain
properties that are important to computer Graphics.
They electronically maintain a picture of any density
that is created on the screen, (What was rather diffi-
cult to achieve for the earlier refresh displays for
high density pictures, without blinking).Storage tubes
have been also appreciably less expensive than the

20



refresh displays. It is nrobable that this prompted
the entrepreneurs to develop storage tube-based "turn-
key" CAD-Systems (drafting systems) beginning in 1968
or 1969,

Among the initial "turnkey" vendors who packaged
the hardware/software/applications systems were Calma
in 1968, and Aprlicon and Computer-Vision in 1969,
Several well known vendors of displays also started up
in that veriod. /dage began in 1965 while E and S,
Imlac, Lundny, ~nd Vector General began in the 1968 to
1970 time perioed.

2.4. COMPUTER GRAPHICS' /DOLESCENCE:
This period is of greatly expanding knowledge,

technical developments, and implementation.(h) Many of
the early pioneers have seen the fruits of tbeir labour
take shape during this perlod. Today, most of the
proféssioncls believe that computer graphics has now
reached adulthood with a prosperous life ahead. The
events cited below are more or less isolated and are
in approximate chronolegical order,

2.4.1. 1970

At Brurel University, Uxbridre, England, a

conference was held cnlled, "Computer Graphics' 70",
The progeedipgs were published in a text entitled,
COMPOUTER CRAPHICS M/ANAGEMENT,

21



2.2, 1971 "

A book entitled, INTERACTIVE GRAPHICS FOR

COMPUTER-AIDED DESIGN, was suthored by M. David Prince
and was published by iddison-Wesley. This book was

highly regarded because it was one of the first of its

s

kind.

Also during this period; a first short course
entitled "Applied Interactive Camputer Graphics™ was
organized at the University of Tennessee Space Institute.
It Pas been offered annually to the present time.

2.4.3. 1972 | -l

During this time period, NASA's (National
Aeranautics and Space Administration) Integrated Pro-
gramme for Aerograce Vehicle Design (IPAD) project,
headed by Bob Fulton, was begun. _

Also during this period, USA/Japan COmﬁuter Graphics
Conference was held in Tokyo, sponsored by the Institute
of Electrical and Electronics Engineers (IEEE)jT%epart-
ment of Commerce, USHA,

2.0 1973 =

A short course entitled, "Applied Inter=
active Graphics™ wos organized at, University of Cali-
fornia, at Los Angeles (UCLA), This course has been
offered continucusly with plans for its tenth year in
1982. It iz now offered thwee times annually, twice on
the West Consfinonre <t the University of Naryland.(h}
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Also a text entitled, PRINCIPLES OF INTERACTIVE
COMPUTER GRAPHIC!, co=-authored by Newman ~nd Sproull,
was published by McGraw=-Hill. It was revised in 1979.

2.4.5. 197k

There was a Special Computer Grenhics
issue - IEEE Computer Magazine, and the guest editor
was Bert Herzog.

A special conference on Surface Modelling was held
at the University of Utah.

Also at this period, a first National Specizal
Interest Croup for Graphics (SIGGRAPH), under the
Association for Computing Machinery (ACM) conference
was held in Boulder.(h) SIGGRAPH was initiated in
1969.

The objective of producing a standard graphic
language was initiated at /CM SIGGRAPH workshop on
machine independent ¢raphics held at the National

o

Bureau,Standards., Bert Herzae and Bob Dunn submitted

a report of accomplishments, issues, and problems in
1977.

2.14,6. 1975
The Lir Force's Intepgrated Computer-iided

Manufacturing (ICAM), preject was begun. This project

has been constituted of many individual projects, each

of which is manned by 2 team from several companies,
S. H. Chasen presented 2 paper entitled "Economic
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Principles for Interactive Graphic Applications® at the
National Computer Conference. This ramer was the basis
for develcoping the concepts of the formalized relation~
ship between nroductivity and economic benefits. This
was later articulsated in THE GUIDE FCR THE EVALUATION
AND IMPLEMENTATICON OF CAD/CAM SYSTEMS, co-authored by
Chasen and Dow.(h) “ |
Subsequent SIGGRLPH Conferences remained about
the same in attendince through 1976 with a growth to
over 6C0 in 1977, about 1,000 in 1978, about 2,000 in
1979, and about 2,500 in 1980.(h) Exhibits were initia-

o L
an !
R

ted in 1976.

Raster graphics technology began to emerge,

e
STk

inclﬁding colour. Raster or TV graphics cffered the
lew=priced features of high density drawings, colour,
etc. However, ot lower accuracy of the pictures than
the reflesh display or storage tube, |

A book entitled, MATHEM.ATICAL ELEMENTS FOR COMPUTER
GRAPHICS, autltored by Dave Rogers and Alen Adams of the
U.S. Naval icodemy, was published by McGraw—Hill.ﬂ_

2.4.6. 1877 o

| In late 1977 or early 1978, Nlichard Schull-

man farmulated end chartered the MNational Computer
Graphics Associztion (MOGAY to provide(u) a broad range
of practical services to computer graphics users and

potential users.
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2.4.9. 1978
-: A book entitled, GEOMETRIC PRINCIPLES AMND
PROCEﬁURES FOR COMPUTER GRAPHIC APPLICATIONS, authored
by S, H. Chasen was published by Prentice Heall,
2.4.10. 1979 R
During this period, plans were 1laid at '
SIGGRAPH 1979, for the first National Computer Graphics
hssociation (NCGL)Conference. | { J
There was clso a first Massachﬁsetts Instituté ;L
of Techriolory (MIT) Conference on Computer Graphics in
CAD/CAM syst@msv(u) - ' i |
An Interactive Graphics Exchange System (IGES) -
a proposed stapderd for computer graphics in U.S,A -
was initiated in September, 1979, at a Department of
Deferice Manufacturing Technology Advisory Group meeting.
At about the same time, European efforts of stan-
dardization of computer graphics started in the form
of Graphical Kernel (GK) Standard,.. Principal inputs
were from the Air Force's ICiM project and NAS&'s I PAD
project.:" | |
2.1, 1880
The first NCGA Conference was held in
Washington, D.C. -
Also during this period, S. H. Chasen ané J.W.
Dow authored, THE GUIDE FOR THE EVALUATION AND IMPLE~-
MENTATION OF CAD/CAM SYSTEMS.(u)
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2.4.12. 1961
There was a second NCG/. Conference which
included an excellent technical programme on CAD/CAM,
and business gr-ophics as well as the general Computer
Graphics theme.

Through the past decade, some computer graphics
software has bepun to trickle inte the market from
several companies. One of these is AD 2000, which is
a generalth) purpose grarhics software, tailored by
Pat Hanratty's Company, to operate on a number of
different hardware confipurations (it has recently
been upgraded to 2 system named ANVIL-hOOO).(u) Other
seftware systems have given special attention to solid
(geometrical) modelling, three-dimensionz=l (3-D), colour,
hidden line removal, texture, etc. Such systems now
include Romulus from Shape Data, Cambridge, England;(h)
Synthavision from MAGI and PADL from te University of
Rocheater, etc.,

It is impossible to cecver the many branches of
computer graphics besides ’ompruter-iided Engineering
that are now expanding ir magydirections. Exciting new
applications are being discovered and others are being
developed in such areas 3s space movies, advertising,

engineering, medicine, bisiness, environment, etc,
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3.1. INTRODUCTION - THE DESIGN SYSTEM 1N GEVNERAL:S

The furpose of this chapter is to analyse
some fundanentzl preblems in the structure of CAD sys-~
tems.,

The basic outline of the design system is given

g, 6)

in Figure 3.7.'77°
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Figure 3.1: The Design System in its General Pattern
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sequence: Evaluntion-Decision~Regulation. It has to be
observed that the fuynctions may be only rather vaguely
specified. All the bnsic four Design Functions comprise
of numerous subfunctions. Multiple informrtion flows
and control operstions occur directly between these
subfunctions (subsystems). Howevef, the divisions
between subfunctions and the nattern of the internal
information flows differ from one design organization
to another and from one product to another. This makes
the problem of preparing comprehensive computer aids
of general applicability to become a very complex one,
and the existing selutiens either pertain to some par-
ticular well defined fragments of the system only, or -
if the CAD seclutions hapren tc be more comprehensive
and try to cover the entire field -~ they immediately
become sinple user and one-family-of-products solutions,
not transfernhle easily to other organizations and other
productg. This mckes the CAD systems design and manu-
facture a very complex task and the existing CAD "turn-
key" systems, obtainable from various manufacturers,
gre usually not more than drafting systems - this
being, in fact, one of the less important {(although
laborious) subfunetions. ) o

Figure 3.2 gives the "llow diagram" of the Design
Process (i.e. the chronological succession of -
eﬁents).(5’6} For the process to be executed smoothly
28
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and the control to be applied effectively - to achieve
a good product - the desipgner has to have access to
numerous data and tools. In fact, the amount of
necessary dota and procedures is tremendous and if

the company 2ims 2t 2 modern, integrated concept of
the design process, it cannot be realized without the
use of computers. .

The information flowe in the Design Process occur
basically in the chronalogical fashion envi saged, but
there are simultaneoissly numerous formal and organized,
as well as inform#d and spontaneous flows between
various, sometimes remote blocks. Furthermore, the
process shown in Figure 3.2 shows the design of one
model of &8 mochine only, and customarily there is a
sequence of such processes in time at the company, as
well ag a number of design processes running in parallel
for various machine types and/or models. There is also
a large amount of computations and data processing
internally, in mecst of the blocks.

3.2. THE DESIGN FUNCTIONS AND THE DESICN DATA BASE

INTEGRATION :

In the course of the Design Process, several
Design Functions are performed, usually for a number of
times (repetitively, with a varying degree of detail-
5,6)

ness).(
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The picture given in Figure 3.3 shows an ideal
version of how the mein Desiyn Function, grouped in
the four basic groups mentioned earlier should operate:
integrated through the interaction with a common design
data base, This idesl picture is very seldom found in
practice. There has not been found as yet a single,
well defined, clear method of describing digitally the
product of the design activity in such a way that all
design functions could be performed upon the stored
data once their basic set is established, and that
data resulting from subsequent action of new functions
could be added to the basic set without significant
human intervention.

In fact, a2t present, not 2ll the design functions
shown in Figure 3,3 are customerily considered as the
elements of C.\D. The generation group is most fre-
quently identified with CAD, as well as some functions
of the evaluation ecroup. It is less clear whether some
of the reszulation functions should be considered as
CAD, although some of them (such as searching for
information) are frequently comruterized and others could
benefit easily from such approach,

The decisicn functions are certainly the ones
which are not computerized at all at present., The
decision-making rrocesses - which occur mainly at the
locations of the design process depicted with circles
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in Fipure 3.2 -~ cre usually highly informal; the exact
procedures and criteria are hard to specify; general
experience and intuition of the engineers and managers
plays the main role and it is hard to envisape these
proeesses as subject to the assistance of the computer
playing any role other than that of a simple, quickly
accessible data file.

In spite of all these doubts and difficulties,
the jmtegrated approach and the integrated data base
spém to be the rocl of 211 these working in the CAD
grea, Even more, there are thoughts today about inte-
grated CAD~CAM-Management Information Systems and
attempts have been made at building them. This has
not been yet fully achieved anywhere in the industrial

practice.(S’C’

The real-life picture of the Design Functions
operation aund their integration procedures is given
in Figure 3,4. Each separate functionnl mecdule operates
upon its separate data file and every file is converted
inte another one with the 2id of Interface Programmes.

i typical example of an interface progrmme will
be a finite element method mesh generator which converts
the graphiczl part descrirtion (or the geometric model
description) into the finite element descrintion. The
main problem with Interface Programmes lies in the
fact that various functions are customarily performed
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with various larre software packages, usually well
established and mostered within the company - the
packages which usually were not designed deliberately
to be integrated with something else in the future,
To write Interface Programmes is thus a laborious and
conceptually difficult task. As the Interface Pro-
grammes couple some specific package to perform one
function with 2nother specific package for the other
function - they (Interface Programmes) are not of
general applicability, numbers of their possible
variants are very high, and thus their design is usually
not interesting for professional software houses or
computer manufrcturers. Thus they have to be, and
usually are, in fact, written (ar at least tailored
from something ready-mnde) by the users; their prepa-
rations constituting, in fact, a very heavy work-=load
upon a comp~ny's C.LD department, at these companies
which had decided to integrate their C/\D or CAD=-CAM-
MIS activities.

Finally, it is important to note that usuclly, in
industries, the volume of the "alive" documentation is
rather large. The number of design drawings is high
plus a lot of associated textual information: machine
testing protocols, manufacturing processes ducumenta-
tion, etc.(5J6) The documentation can be stored in
digital form or on micrefilms. However, for large
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documentaticn in the digital form, the necessary
memory will be in the range of several thousands of
Megabytes. (The amount of memory available on any
computer device is referred t3 in terms of words

20 bytes)l. Thus, both the

of Bytes, 1 megalbyte = 2
gize and the ratner infrequent access to a specific
drawing, or decument conce it is approved and the part
is being manufactured,; suggest sequentizl type of
storage orgnnization for the data base in this case.
Independent ¢f whether the data would be in digital
or microfilmed form, the storage and access have tc be
organized in o very special way, taking into account
the multinlicity of users' requirements, of access of
purposes and of the ways in which gueries may be for-
mulated,
Two considerations of a general nature have to be
taken into account! -
(i) A random access ﬂaster file may be necessary,
This is because of sequential orgenization
fond, frequently, in fact, non-~computerized
naturc) of the basic data (drawings), the
role of this file being to enable locating
quickly » drawing {(other document) or a set
of these according to various requirements

of the design engineers,
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It is most probable that a typical Data Base
Manarement System may not serve the role
adequntely., Thus, the Data Base Management
System has to be specific for the engineering

application and for a particular case,
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CHAPTER FOUR

THE DESIGH -M.NUFACTURE-MANAGEMENT TOOLS

AND C.iD=C/i.M=MIS INTEGRATION

L.1. DESIGN-MANUFACTURE-MAN/.GEMENT TOOLS:

For the desien (the functions of which are
briefly discussef in the preceding chapter), manufac-
ture and menagement functions to be performed, one has
to have support of numerous tools. Following Zgor-
zelski,(s) they are shown in Figure 4.1 2nd roughly
can be assembled in four groups:

- hardware

software

orgenizati an

- know~how.
The last two grours exist within every conventional
(i.e. non-com_uterized) system. Emphasis here, however,
will be given more to the tools which have been
influenced sipgnificantly by the impact of computer
techniques. A closer look 2t each of the groups, as
they look today will be taken,

In computer hardware the conflict between the trend

of some to use large computer installations and computer
networks and the tendency of others to use stand alone
minis and desk top computers is still in existence.
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This is because of the rapid growth of the capabilities
of digital computers (ranging from small to large,
commercially avnilsble, Most of the relatively small
machines are capeble new of performing even the most
demanding (in terms of the necessary computer power)
tasks, such s the finite element analysis of complica-
ted structures or large non-linear ontimization problems.
It is important te note that, with the recent emergence
of powerful mini computers, the "large" computer is
wholly unnecessary for CAD=-C..M=MIS purposes. This is
because large packazpes could be easily implemented on
these machines. It seems thus that C.iD-CAM-MIS users
will have to refer to large computer centres only in
cases where they need access to some very large and
proprietary dats bzses and/or some proprietary specia-
lized annlysis systems.

The computer seftware seems to lag a little behind

hardware. In some areas, great progress has been made
and firm establishment of certain techniques may be
assessed. An excmple is the finite element method for
structural enclysis or techniques for numerical descrip-
tion of sculptured surfaces. In other fields the
progress is not as fast as could be expected a few
years ago, as for ex~mple, in the case of simulation
and optimization techniques.

A quick look a2t the software group in Figure 4.1
reveals that each of the fields comprising it may be
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filled in by several (sometimes mere) software systems
or packares. Most of them have cost hundreds of man-
years of znalysts' and programmers' work, An industrial
organization trying to use CiD-CAiM-MIS in its everyday
practice, hes to purchase these packages from various
sources and they =are met in any way matched with each
other; and due to their size and complication =
specifying and writing interfacing programmes and
trying to build out of them the integroted CAD-CAM-MIS
environment is &n extremely difficult task. Thus, the
architect of » company's C/D or CAM or MIS systems ia
really in a very difficult position: the system must
be tailored to the typical needs and procedures of the
company, but the software frapments which have to be
tailored are extremely difficult to work with,

Analysis of the implications of CAD-CAM-MIS tech-
niques upon numercus other Desifm-Manufacture-Management
Tools visible in Figure L .1 will not be carried out in
a work like this. However, mention will he made of one,
which is the presence of NC machine tools in the hard-
ware group of the tools and should not be overlooked.
This is because ﬁC machinery is very well suited both
for established production purpmses, as well as for
prototype monufacturing, provided that very advanced
programming and graphical ver@fica?ion aids are at the

research and development protﬁtype workshop. This is,
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however, the only wzy in which accuracy and stability
of the prototype can be achieved; and this is also the
point where C!/D=C/M=-MI3 integration begins.

It is importint to note that the full set of
Design-Manufccture-Management tools given in Figure L.1
is rather expensive ©nd difficult to complete., In
particular, orranizetion and know-how groups, contrary
to hardware and software, cirnnot be easily bouyht and
an industrial organization needs a lot of effort to
complete these ;roups.

4.2. CLD-CAM-MIS INTEGR/TION

As earlier mentioned above, NC machine tools
play a particularly important role in the integration
of CAD=-CAM=-MIS systems. This can be(7’8) seen clearly
in Figure 4.2, which shows in examplary form, the inte-
gration of the systems with the consideration of only
few functions per system. The CAD dj;a base is shown
interlinked with CsM and MIS data bases, with some of
their corresponding functions also shown, Most of the
functions carried out in C/D are stored in the CAD data
base in digital form. The rroduct design specificatidns
in digital form, stered in CAD data base can be trans-
ferred to CAM data base and used for manufacturing
processes. In particular, NC machﬁne tool programmes
may be prepared rracticelly sutematically from them.
Similarly, the manufacturing process specifications in

digital form can be transferred to MIS data base for
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management functions. For example, manufacturing pro=-
cess description in cdigital form can be used for plan-
ning and forecasting, and 21so for financial control.
It should be noted ~lso that the product description

in digital form from CAD data base could be transferred
directly to MIS data base and used for instance, for
stock control purposes and other functions as well,
Thus the three systems' data bases may be interlinked,
one with &nother, mafhly through the NC machine teool
technique,

The CAD-CAM-MIS integration will be eventually
achieved within the fully sutomated (unmanned) factory,
being the ultimote géal and reason for automation. As
the unmanned fectory is not the solution to be fast
applied in the developing countries, usually possessing
significant reserves of manpewer, the guestion arises
whether spezking 2bout CAD-CAM=-MIS integration makes
any sense in the context of the conditions of the deve~
loping countries. However, there are deeper reasons
for integration than the most obvious reduction of
personnel costs through autemation., The most important

(8)

reasons are:
(1) the enforcement of technological discipline
within the mznufacturing organization (as all
the computer systems invelved usually require very OrHS:{;[

inputs, strict engineering procedures, etc.);
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(i1) the assurance of highly accurate and faultless
mrnufacturing of even very complicated parts
(as a part described by the designer with the computer
aid in the CADN subsystems may then be programmed auto-
matically for the NC machine teol menufacture and
machined faultlessly without humgn_errors introduced
in the process); S S o
(iii) the assurance of fmuitless and exact deta
acouisition for the management information
systems (MIS) (as the NC part proprammes »nd their
execution upon the NC machine tools can be used as the
most reliable source of data on machining times,
number of manufactured perts, etc.);
(iv) the introduction of greater flexibility into
the manufacturing system, Thot is improving
its ability to adept quickly and effectively to engi-
neering changes, varving merket demands and new product
designs (the lead time for new production preparation
in integrated systems is much ghorter than in conventional
systems and the flexibility relies mainly upon the NC
teehnique which assures menufacture of complicated
parts without previocus long #nd tedious learning process
of the machine operators and is, iﬁ fact, independent
of the aperators! skills);(e) S e
(v) the improvement of manufacturing systems,
economical effectiveness, throusgh better plan-
ning (possibility of forecasting and load belancing,

- )
"
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eptical productioﬁ ~llocation upon machine tools, ete.).

Points (ii) »nd (iv) =bove, should be considered
as the ones rmost important in the case of developing
countries. The menufacture nf complicated, modern
machinery is, in fact, impossible using conventional
(i.e. manual, non-NC) techniques, particulsarly under
the conditiong when there is lack of very highly skilled
machine tool emerators, with long industrial tradition
in high technology manufacturing.

Finally, what scems extremely important as earlier
mentioned, is the fac¢t that integration may be performed
solely and only via the NC technique. |

The NC machine tocl aprlication, which here in
Nigeria is in its infoncy, should thus be strongly

promoted and enhonced in the near future.
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CHAPTER FIVE

GRAPHICAL OUTPUT FROM FORTRAN PROGRAMMES

AND AN EXAMPLE OF COMPUTER-LIDED DESIGN OF

4 SIMPLE SEAFT

5.1. GRAPHICAL OUTPUT FROM FORTRAN:

_Eor the graphical output from FORTRAN pro-
fgrammes at,?&n Abubakar Computer Centre, Anmadu Bello
University, a CiLCOMP Electromechaniczl Plotter (Drum
type) is used, which is the only type of graph plotter
available at the Centre. The tyne of graphic software
used is the Bosic Software. This is the lowest level
of software used in producing a plot. This software
consists of a set of subroutines which allow a pro-
grammer to perform elementary plotting operatiocns such
as drawing lines, annotation, selecting pens, scaling
the plot, ete. - o .‘”

For desisn purposes, this level of éoftware is
not sufficient, This is because the user of the Basic
Software has to programme many commonly used graphic
functions, while in a higher level of software, there
are subroutines which plot figures such as circles,
arcs, spirals, etc. P _

Still hipgher level of software can be used for
mechanical engineering drawing, with typical functions
such as dimensioning, projection drawing, etc., automated,

L6
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This type of software is, however, at present not
available at,Iy= /ibubakar Computer Centre. Furthermore,
specialized graphical terminals are available today,
together with software for desipgn purposes, in the form
of twrn-key draughting systems,

In the lick of these facilities, the present
chapter presents =n attempt at using the basic CALCOMP
Software to produce useful output from FORTRAN pro-
grammes in the form of an engineering drawing of a
simple shaft.

To use the CLLCOMP graprh plotter, one needs the
basics of co=ordinnte reemetyy, That is how to plot
poimts on the X and Y axis, Necessary also is the
basics of a FORTRAN programming language. The following
statements are important for any FORTRAN programme
intended for grerh vlotting:

(i) Programme ncme (input, output, tape 5 =

inrut, tare € = output, tape number).
This is always the first statement, where
tape number is the logical output device
number of the nlotter.
(1i) call Flots (0.0, 0.0, number).
This stetement performs initialization. 0,0,
0.0, ore maintained nnly for compatibility.
(iii) Call Factor (Fact).
Fact is the ratio of the desired plot size te
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the normal plot size, 1f a factor entry is
not desired, this statement is ommitted,
From here, mzny equations and subroutines
ci'n be included ag may be desired,

(iv) Call Flot (0.0, 0.0, 999).
This is z2lways the last call plot statement.
It advances the pen beyond the current
plotting area, writes 2 terminating record,
and closes *¥e plot output device.

(v) Stor.

(vi) End.
These lrs% two statements are the formal end
of 211 FORTRAN programmes,

S5.1.1. Basig Software Subroutines

9)

The basic software subroutines are(

as
follows:
(a) Plot Subroutine:
The calling sequence has three arcruments:
Call Plot (x,y, + ipen)
X,y = @re the x,y coordinates in centimetres from

the current reference point (origin), of

the position to which the pen is to be moved.
= ipen-is o sigmed integer which controls pen status

(u; or down), and origin definition., If the

ipen = 2, the pen is down during movement,

thus drawing a visible line, If ipen = 3,

the pen is up during movement. If ipen =

u8



=2 or =3, © new origin is defined nt the termi-
nal rosition after the movement is completed.
(b) Symbol Subroutine:

This subroutine produces plot annotation at
any ansle and in practically any size, There are
two symbol Czll Formats:

(1) the "standard® call, which can be used to
draw text such as titles, captions, and
lepends; and

(ii) the %special" call, which is used to draw
special centred symbols such as box, triangle,
angle-head, etc,, for plotting data points.
The "Standard" Call is:
call Symbol (x,y, Height, 1bed, Angle, + Nchar)
x,y = are the coordinates in centimetres, of the
lower left-hand corner of the first charao-
ter to be produced. The pen is up while
movin~ to this roint.
Height - i= the height, in centimetres of the charac-
ter to be nlotted.

1bcd

iz the text, in internal computer represen-
tation, to be used as annotation,
Angle- is the angle, in degrees from the x-axis,
at which the annotation is te be plotted.
+Nchar - is the number of characters to be plotted

from 1bcd.
L9



The "Special" Call is:

Call Syrmbol (x,y, Height, 1nteq, Angle, - 1code)

X,y and Angle - are the same as described for
the "Standard"™ Call., 1If the
symbol to be produced is one
of the centred symbols, x,y
represent the geometric centre
of the character produced.

Height - is the height, in centimetres of
the centred symbol to be drawn.

Inteq - is the integer equivalent of the
desired symbol. For example, the
integer equivalent of an arrow-
head is 6.

- 1code - is negative and determines whether
the ren is up or down during the
move to x,y, when - 1code is:
-1, the ren is up during the move,
after which a single symbol is
produced,
-2, or less, the pen is down
during the move, after which a
single symbol is produced,

(c) Number Subroutine:
This subroutine plets a number in the FORTRAN F-type

format.
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(d2

The number subroutine is:

Call Number (x,y, Heipght, FPN, ‘ngle, + Ndec).

x,y, Height and

Angle - are the same as those arguments
described for subroutine symbol,
The continuation feature, where
x or y equals 999,C may also be
used.

FPN - is the floating-point number that
is to be converted and plotted.

+ Ndec - controls the precision of the
conversion of the number FPN,
If the value of Ndec >» 0, it
specifies thé number of digits
to the right of decimal point
that are to be converted and
rlotted, after proper rounding.

Scale Subroutine:

This subroutine is used to examine the data values

in an array and to determine a starting value

(minimum or maximum) and a scaling factor.

There are four arguments in the calling sequence:

Call Scale (Array, Axlen, Npts, + inc)

Array- is the first element of the array of data

points to be examined,
Axlen- is the length of the axis to which the data

is to bescaled.
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Npts = is the number of data values to be scanned

in the array.

+ Inc- is an integer whose'magnitude is used by

SCALE as the increment with which to seleet

the data values to be scanned in the array.

(=) Axis Subroutine:

This subroutine is used for axis lines and scales

to indicate the orientation and values of the

plotted data roints, When both x and y axes are

needed, axis is called separately for each one,

The calling sequence is:

Call

1bcd

Axlen

Angle

Axis (x,y, 1bed, + Ncher, Axlen, Angle,

Firstv, Deltav).

*

are the coordinates, in centimetres, of

the axis line's starting point,

is the title, which is centred and placed
rarallel to the axis line,

the magnitude specifies the number of
characters in the axis title, and the sign
determines on which side of the line the
scalc marks and lakelling information shall
be placed.

is the length of the axis line, in centime-
tres,

is the angle in degrees, at which the axis

is drawn.
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Firstv - is the starting value which will appear at

the first tick mark on the axis.

Deltav - represents the number of data units per

centimetre of axis.

(f) Line Subroutine:

This subrcutine produceg a line plot of the pairs

of data values in two arrays (x and y).

The calling géquence is:

Call Line (xarray, yarray, Npts, 1nc, + Lintyp,

xarray

yarray

Npts

1nc

+ Lintyp

Inteq

mteq).
is the name of the array contgining the
abseissa (x) values and the scaling parae-
meters for the x-array.
is the name of the array containing the
ordinate (y) values and the scaling
arameters for the yearray.
is the number of data points in each of
the two arrays just mentioned.
is the increment that the line subroutine
is to use in gathering data from the two
arrays.
is a control parsmeter which describes
the tyre of line %o be drawn through the
data points. The magnitude of Lintyp
determines the frequency of plotted symbol,
is the integer equivalent of the special

plotting symbol centred at each data point.
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Be2s COHPUTER-LIDED DESIGN CF A SIMPLE SHAFT:

An examyle of a suitably programmed combina-
tion of the above subroutines to rroduce the technical
drawing of a simrle shaft is given in Appendix A.

The drawing of the shaft is shown in Figure 5.1.
An additional example of a technical drawing from
FORTRAN, of a guide in isometric view is also shown in
Figure 5.2.

From the length of the programme given in Appendix A,
for the drawing of a simple shaft, it is clear that the
basic software is not sufficient for design purposes and
higher level scftware for technical drawing purposes
should be acauired to produce drawings more effectively.

It is important, however, to notice that the form
of mechanical part (i.e. shaft) description used here
for drawing purposes can be easily transformed into a
set of commands to manufacture the part upon a numeri-
cally controlled (MC) machine tool.

The NC process can be briefly described as
followa:(z)

1. The "Part Programmer" prepares a manuscript (the
part programme), describing the part geometry,
machine gecmetry, and cutting instructions, using
a language predefined to the computer. The most
common language for this “iwu'pose is APT. The

commands of APT are s>aicwhat similar to the Plotter
SL
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commands described previocusly and used for the

shaft drawipg programme given in Appendix A, The
part programmer regards this language as a dic-
tionary e¢f words, symbols, and rules for writing
instructions that describe the part or rather the
tool motions necessary to produce it. The computer
has prograrmes that allow reccgnition of these
written instructions, and these programmes are
called APT processors. The processors produce a
general solution to the machining problem. This
solution is called the Cutter Location (CL) file.
The computer uses the CL file as input to a second
computer prorframme called the post processor; this
programme relates general CL data to the format
required by the particular NC machine tool control
unit,

The processed control data is output to the machine,
usually on punched tape, sometimes on magnetic tape,

or by direct cable (direct numerical control, DNC).

The gerwration of part programmes can be done as a compo-

nent part of the CAD (or rather CAD/CAM) process. The

geometric data base constructed in the computer by an

intera¢tive CAD system can be used to generate tool paths

with a few extraz commands. This minimizes the total

desigi-to-production time, increases engineering effi-

ciency, and improves quality control.

"l
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Checking of NC programming is aided by animation
of the tool path on the graphic display terminal or
on a plotter, This enables the programmer to visualize
tool motion,

Thus CAD integrates directly with CAM and can
result in increasing productivity of both engineering
and production personnel by factors of up to an order
of magnitude or more, while improving quality control

and reducing the design-to-production time,
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CH/.PTER SIX

COMPUTERIZED STRUCTURAL ANALYSIS OF A SIMPLE
SHAFT USING FINITE ELEMENT METHOD

6414 INTRODUCTION TO FINITE ELEMENT METHOD:

Many practical problems in engineering are
either extremely difficult or impossible to solve by
conventional cnalytical methods. Such methods involve
finding solutions to mathematical equations which
define the required variables. For example, the dis-
tribution of stresses and displacements in a solid
component or of pressure and velocities in the flow
of a fluid, might be required. It was a common practice
in the past to simplify such problems to the point where
an analytical solution could be obtained which, it was
hioped, bore some resemblance to the solution of the
real problem.

However, large 'factors of safety' had to be
introduced because of the uncertainties involved in
such a procedure,

With the »resent high-speed electronic digital
computers, the emphasis in engineering analysis has
moved towards more versatile numerical methods. One
class of such methods has been given the name of finite
element methods., Briefly, finite element methods origi-
nated in the field of structural analysis and were widely
developed and exploited in the aerospace industries

during the 1550s and 19605.(ﬁ0) Such methods are
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established firmly in civil and aeronautical engineering.
Finite element methods are also used widely by mechanical
engineers, particularly for the structural analysis of
solid compenents., Finite element methods are not
commonly used for problems in fluid med anics and heat
transfer. Possibly, this is because such problems are
not so much made difficult by geometric complexities as
by the nature of the physical processes involved,

All finite element methods involve dividing the
physical systems, such as structures, solid or fluid
continua into small sub-regions or elements. Each
element is an essentially geometrically simple unit,
the behaviour of which can be readily analysed. The
complexities of the overall systems are accommodated by
assembling larre numbers of simple elements, rather
than by resorting to the sophisticated mathematics
required by many @nalytical solutions., One of the main
attractions of finite element methods is the ease with
which they can be applied to problems involving geome-
trically complic~ted systems,

For the examplary numerical analysis of a simple
shaft, the methcd of formulation is first considered
in the next sub-topic, following Fenner.(1o)

6.2. COI"PUTERIZED STRUCTURAL ANALYSIS OF A SIMPLY

SUPPORTED BELM USING THE FINITE ELEMENT METHOD:

Consider a simply supperted beam of variable

cross-section, shown in Figure 6.1.
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Frovided the length of the bezam is large compared wi‘h
its depth, it can be divided into a2 nunber of simple
uniferm cross section beam (finite) elements of the

type shown in Figure €.2., The &nalysis begins with

the examinati n of the behaviour of individual elements,
Local co-ordirates x znd y are chesen to be respectively
along 2nd norral to the neutrsl axis of the typical

element as shown in Figure 6.2.

ke —n
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Figure £,2: A sirrle bean element:

>

(a) Displacerents and rotations

(b) Ferces and moments.
All the elements of tre beam ezre numbered, The numbt=r
of this element is m, TIts lergth, second moﬁent of
erea for bending in the x-y plane and Ycung's FModulus
are Lm, Im and Em resyectively, The eleénment is Joinez
to its immedizste neigrbours vie "nedes' at its ends
which are numbered i =nd j.

vhen the structure is loaded, the displacenment In

L 3.3
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the y-direction and clockwise rotation of the typical
point 1 are ui eénd @,, and the corresponding force
component and noment applied to the element are V., and

Mi.
To proceed with the analysis, a suitable form of

variation iz assumed for the displacement in the y-

direction along the element. That is, )

B(x) = C; + Cpx + Cyx° + x> mmmmmmemen (6.1)
where C, and Ch are constants for the particular
element, _

It is cenvenient to chcose a polynranial function,
and a cubic form allows the following modes of motion
and deformation of the element,

(1) Rigid body translation (c, £ 0)

(2) Rigid body rotation (CZ £ 0)

(3) Bending strain (C3 £ 0)

(L)} Shear strain (due to shear forces in the

y=direction (Ch £ 0) |
The use of a function involving four.parameters allows
thelr values to be found in terms of the four nodal
M. and ©._.

i) J
The clockwise rotation (8) at any pesition aleng

points displacements Ui, 8

the element is found by

8 = %% = Cy + 203x + BCux2 -------------- (6.2
Herice
ul = u(o) = c1 ---------------------------- (6.3)
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The values cf C, end C, are givzn -_rectly by ecuszt:-
(€3) and (6.4), thes ens ¢ 1 R
) & (6.4), those of C3 &nz G teing obtained from

equations (€,5) ard (5.6) as fcllces:

. :
Fro ke =in » thec :
m the simple theory of =riing, the hogping

b‘:“l‘ldi}"_ mOomeY; N =9 3 -
g moment N and shear force € Zzfined as in

Figure 6.3 zre given by:
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Figure €,3: Bending moment =n¢ shear force
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nodes may therefore be expressed in matrix form as

follows:
o B g s N s

vy Qo) 06 |

M -N(o) -2 0 C

o =g 1! -] — (6.11)
Vi -O(th 0 =6 Ch
L 2 6L

—ﬁhh I—E(‘_J - n ol J

Using. equations (£.7) and (6.8) for Cy and C)

v, 2 e, -2 oer ] [y, ]
Ml E_m;;E 6L L2 6L 212 | | g S
v,| 1 <12 6L 12 e | | W,
M, 6L, 212 6L LLZ 0 )
- — - e
That is,
R, = K &, memmmemmemmmmmeceeoeeeeee (6.13)

where Rm and S; are the element force and displace-
ment, vectors and Km is the element stiffness matrix,
which is symmetric.

The next stape in the analysis is to add together
the force-displacement characteristics of the indivi-
dual elements to determine the behaviour of the overall
structure. For problems of the straight beam type, it
is possible to proceed immediately with the assembly
process. 3ince the elements are connected at the nodes,
the displacements (both linear and rotational) of a

particular ncde are the same for every element connected
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to it. Also the conditions

for equilibrium of the structure may be expressed in

words and symbols as:

Externally applied forces :E Forces znd moments on

these

and moments at the nodes the elements of/nodes

FegR =3 K & =K -cemmommmeneae (6.14)
where K is the overall stiffness matrix, and the
vectors F and é;:ontain the externally applied forces
and mements, and the corresponding linear and rota-
tional displacemsnts. For example, if there are n noédes,
s contains Vi, r» 02, 65 «eey Yy, O, in this order,
The summation in :quation(6.14) is for all the elements
in the structure, and the coefficients of the overall
stiffness matrix are assembled from those cf stiffness
matrices of the indIvidual elements. The matrix K is
*sparse' (having re_stively few nonzero coefficients)
because not more than two elements are connected to any
one nodal point.

To solve the 1lirear equations (6.14) for displace-
ments, the restraint conditions appropriate to the
particular problem must be applied.

In some prcblems members are subjected to loads
distributed along their lengths. Such loadings cannot
be accommedated exactly by the present method which
assumes the cubic displacement function given by equa-

tion (6.1). If the differential element ‘shown in
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Figure 6.3 is subject to a uniformly distributed

vertical load of q per unit length, then

L
dQ dv
qQ = a—f = EmI E;E ..----..----...-.------(6.15)

which would be zero,

Such a uniformly distributed load can be accommo-
dated approximately, however, by taking the total load
applied to an element, qu, and dividing it equally
between its two nodes as point loads,

6.3. NUMERICAL ANALYSIS OF A SIMPLE SHAFT:

Appendix B shows a FORTRAN programme for
analysing the bending behaviour of a simple shaft shown
in Figure 6.}y, The shaft is loaded with two point loads
of 10 N each and a uniformly distributed load of LO N/mm,
as shown in the figure. The method of formulation is
that described in Section 6.2, and the resulting set of
simultaneous linear algebraic equations is solved by
gaussian elimination in a subprogramme named ELIMIN.

For the purpose of analysis, the shaft is divided
into 16 elements. The nodal pecints index i goes from
1 to 16 and j goes from 2 %0 17. The nodal point loads
for the section of the shaft uniformly loaded, are got
by taking the total load applied to an element, and
dividing it equally between its two nodes as point loads.
An arbitrary number of elements is chosen for this case
study, however, the developed programme for the struc-
tural analysis of beams or shafts (Appendix B) allows
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for beams involving up to 50 elements and 51 nodal
points to be analysed. R i
RESULTS: o :

Fipure £,5 shows the results obtained with the
specified data and the element arrangement shown in
Figure 6.).. The printed results show the nodal numbers,
modulus, second moment ¢f area and length. For each of
the seventeen nodal points, the restraint condition
numrer, co-ordinate, applied foree, deflectbn, applied
moment and rotation are printed. Also printed are the.
nodal points' numbers, the constants CB(m) and Cu(m),
vending moment Mb(i) and Mb{j), stress (i) =2nd stress {j)
for the nodal points. It should be noted that higher
accuracy is obtajned by increasing the number of elements.

The main purpose cf this case study is to serve as
an introduction to the formulation and programming of
finite element methods. Clearly, this approach can he
extended to more complex structural elements, subjected
to forces and moments in all three co-ordinate direc-
tions.,. I__ _

Generally,-fhé programme given in Appendix B, for the
structural analysis of a simple shaft, is applicable
also to shafts of fixea and varying dimensions (length,
eross-section), as well as to arbitrary loading and
support pattern, | o

The programme can alsc he uéed td detef%ine for a
given permissible stress, the size of the cross-~section

of the shaft. — £9

N



Figure 6,5:Results From Shaft Bending Analysis Programme.
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6.3.1. Comparison Gf The Numerical Results with

nalytical Scluticgns:

Priefly, simplified anzlytical soluticns
are found here sirply for conmperison purpcses, The
analytical values of bending moments, deflections
eand stresses zre found at arbitrary cross-sections
along the shaft, corresponding to scme nodal poiris
for easy comparison with the numerical res:lts,

6.3.1.1. Analytical Solutions:
Fipure 6,86 snows the same problem speci-

fication as given in Section 6,3 a2tcve,

10N LON/mm 1N
22 mm : S6mm S50mm

I 1 S O O O

A ' A

frzsmq.awf.L_ Amm g t40mm ey ,;_,:?m:r;,.;.wm,!

Figure 6,6: 4 simply supporied shaft (loaded)
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Sample Calculations:

For the vpurpose of the analysis, the uniformly

distributed lozZ have to be extended to the end ¢f

the beam, with negative lcading introduced (see

Figure 6.7).

10N LON/mm I‘lDN

» .
R, _ ' ///z 1R
A 2Gmm| . LON/mm . 7
s0mm - B
L 200mm A,-]‘
254 mm
|
|_ amm N
[ ¥
L X !
]
Figure 6,7 ]

Computaticn of Rzactions: |

Let R, and =, be the reactions at the supports

[

- A and B respectively. Focr eguilibriwum,

Ry + Ry = S520 N wremeeoceccacae e cmee (13

1
Taking moments atzut B,

27'4R,1 - 10(27L - 20)

- L0{200 - e:;L_(zm - 200) + 3(200 - 6C}J
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Solving equations (1) and (2)
Ry = 2952.336 N

R, = 2667.66L N.

2
Moments (Mx)

The bending moment at x is given by

r-‘[x=R1x-1(3[}(-20]-{%3{11.0[)(-60]2
2
+ %2 x LOlx - 200] - 10| x - 25&] ------ (3)

Note that the square brackets denoteterms to be neglec=-
ted if they are negative,
Deflections Y,

The deflection is obtained by the integration of
the second order differential equation given below.

EI'ZZ%B-M

X
that is,

2

. 2
EId—gz-R,lx-r10[x-20]+£%[x-60]

dx

p 10[x = 25&] -B-g[x . 200]2

Integrating,

2
R.X 2 3
EI%=-—%——+13 x-20:] +-l-*-g[x-60]

+ lg X - 25&] 2 - hg [% - zoq] : + C,

Integrating agzain,
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-?"‘.)-{ - [x = 20:, A %E [x . 60] ¢

<]
—
<
"
1
.‘.‘
|
+

3 . b
+ 1% X - 25@] - %% [x - 20#] . C1x + 02

when

when

X = C I.IC = O

]
o
~<

x = 274 y ¥ = 0

S0 e 2982, x273+1g 25&]3*_%%[211‘]“

+ 10 20]3-%,?[7h]u+27uc1

giving Cl = 2393689.77

3
R 3

3
...lg x—25h] -H@;X-Z’OO]LL

+ 23B63689,77K =mmmmmm—m e (L)

Stresses:

The stress at x is given by

Stress (x) = fé—;—gﬁ _____________________ (5)
X
where M, = moment (bending) at x
Dx = Diameter of shaft at x
and Ix = Second moment of area at x

From

equation (3)

2
M = 2952,3 x 160 - 10 [wo-] . 9%[400]

75



0.2710 x 106

Nmm

From equation (L),

y = (- 225541 [169] : N

+ 23863689.77 x 160)/(0.202 x 10° x 0.4827 x 10

0,0302 mm

From equation (5),

St

Th

10
-

0,2710 x ‘IO6 x 56

ress

2 x 0.4827 x 10°

15.72 m[mmg.

e table

[1h0] % - Poo] .

below shows both some anelytical and

numerical results at the same cross-sections along

the sha

 § AN

6y

- 20

60

120

' 160

214

25l

ume -
rical

=il
i tica mm

X

(mm L

8o

140

180

234

274

Ana-
ly~-
tical

I
x10710.5911

Nmm

1.769

2.816

2.710

1.602

0.5399

I ly=~
tical

I Nume-

rical

Nume=! g

: x10
rlcallN

f a- -

M
0.5906

1.768

2.81L

2.711

1.596

0.5334

ess ,56,547
N/mm5

169.2

-
E16.339

Be

15,72

13.05

4.399

Str |

ess 556.50
N/mm;

169-1

+
%16.32

15.72

13.01

h-3l¥6

- Ana-
! 1y-

y

0.0651

it
10.0691

0.,0302

0.0278

0.0‘112J

tical
Nume -
rical

y

),
i 0.0415

-
0.0839

= [~

0.0723

]

0.0592

0.0346

0.0119

TABLE 1: Comparison of Analytical and Numerical Results.
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From Table 1, it is clear that the bending moment,
stress and deflection values obtained analytically, at
some chosen points along the shaft compare favourably
with the numerical values,

Basing on the above comparison and the general
form of the above developed #rogramme for the structural
analysis of beams and shafts of varying dimensions
(length, cross-seetion), as well as to arbitrary
loading and support patterns, the programme is there-

fore recommendable,
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CHADTER SEVED

Industrial Applications Survey in Nigeria

There is no douit thotl computers are now widely used in
industries:Such industvies include: Steel, Chemical and
petroleun processing iodustries. In some industrial
applications, they are used to carry out continuocus
calculations on data obtzined from process monitoring
instruments., In otler csses, computers are used to monitor
and control one or wmore sulbeprocesses, In still other
cases, the compﬁter is used to control the routine operations
of the whole production plant as is common In petroleum
and chemical plants, Another application of computers lies
in the numerical conirel of machine tools, such as lathes,
milling machines, drilling machines.

In Nigeria, computer applications in industries are
in their infant stage. Triis is because most of the computers
found in the industries sre under-wsed. Most of the jobs
which could he done 4y the computer are still done manually.
The results of a survey curried out for the purpose of this
thesis of some of ihe indusiries in the countiry are shown
in Table 2, From the table, it can be observed that most
of the industries survered use computers mainly for financial
operations, inventlory -nd stock control, Some of the
industries surveyed use computers for production planning
and countrol. It 1s evident that the oil industry in the
country at present bas the broadest area of computer

applications. For example, in the field of exploration,
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petreleum engineeriuy, transportation and drilling,

It isg important to note lere trhat an important aspect of
CaD/CAM is found at Shell Fetroleum Development Company
of Nigeria Limited, That is the use of graphical input
in the form of digitizing tables, Geological surveys at
Shell Petroleum Development Company of Nigeria lLimited,
for example at lLagos and werrli are done in digital wodes,
using digitizing tables, The digitizing table is a device
for the conversion cf lasic twowor three~dimensional
graphical data into digital form, generally onto magnetic
tape, paper tape, gf puncaed cards, A digitizing system
consists of a programeable controller and a flat plotting
table, adjustable for rake and elevation, The digitizer
enables the operator, hy means of a cursor, to trace and
record ihe details of a map or engineering drawing, with
keys on the cursor or cn a seperate keyboard controlling
the procedure, . _ _

In some of our.inutitutions of higher learning, for
example, at Ahmadu Delle iniversity, the Iya Abubakar
Computer Centre offer3266ﬁyuter services Lo almost all the
departments of the lUniversityv for various undergraduate,
post greduate and stafl projects. The faculty of engineering
of the University, for exannle, uses the centre for various
design engineering projects. Packages such as SAP4 are
being used for structural znalysis, The centre offers
services also to organizations such as Savanna Forestry
Research for their stsillistical calculations, Nigeria

National Petroleum Carporation {NNPC) Lagos for forecasting
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studies of consumpfion.ﬁf their products and Water Resources
Engineering Constructlon {gericy (JRECA), Kano for pipe
network analysis. ‘ T u |

Twe Engineeriong consulting'and design offices have
been surveyed; These are (0507 Associates Consulting
Engineers (Civil wnd Meclenical Ingineers), and Yaroson
and Partners Consulting Engineers (Civil, Electrical and
Mechanical Enginecrs), '

The 080T Assoclates Consulting Fngineers have computers
installated (The 'lewlett laclkard 98304 and a commodore
computer). Apart from their computer facilities, they
also use external INM compuler facilities at the University
of Ibadan and Internaticnal Institute of Tropical
Agriculture, Thadan., at present, they have the following
packages to ald in toelr designsi- -

(1) A host of ﬁ%fuctural analytic ﬁrogrammes

(2) Pipe networli anaiysis

(3) Channel network analysis

(4) Hydrolo;ib river routing anazysis

(5) Hydrologic reservoeir routing analysis

(6) Hydreaulic wolter ~ Shed routing analysis

(7) Slip circle ahélysis for earth dams

{8) Earth work guantity for earth dams and road works
Edition of the above paclages, which is usually carried
out, depends on the tyne of design preblem at hand. New
packages are continously heing developed by their engineers
for various design prablems, . ﬁ $ *2?

w
i



A

Yaroson and Partners /ssoclates Consulting Engineers
have no computer installation., However, tney make use
of the Associates' computer in the United Kingdom for some
of their designs. 'or :uch czses, the preliminary designs
are carried out by tneir en~sineers and are sent to the
United Kingdom for cosrutational details, Apart from the
Associates!' computer in the Inited Kingdom, they also make
use of the external co.u:ter facilities at Ahmadu Bello
University, Zaria, At prescnt, they make use of these
facilities for frame analysis and bridge design jobs whereby
variables such as siresses, bhending moments and deflections
are required, It foliovs therefore that, the programmne
on bending of beams and shafts of varying dimensions,
presented in chapter -ix is very relevant to design offices
in the country.

In general however, it is true that application areas
such as manufacturing enzincering, NC machine tools are yet
to be considered in this country as CAD/C.iM. It must thus
be concluded that przciically CiaD, C/M and MIS have started
to appear in Nigeria "ut are usually limited to very few
functions only. Rusilhermore, no single industrial enterprise
has been encountered .hich would attempt at building an
integrated CAD/CAM/MIS system of the type described in the
earlier chapters.

In almost all the industiries surveyed, there are various
problems experienced iy them in the application of the computer,
Among these problurs =re the lack of spare parts, skilled

manpower for easy m:intenance of hardware and software, lack
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of awareness of poteutinis of the computer and the lack

of interest by users concerned, These are typical problems
that have led to tie unfortunste situation where work-loads
that could have been dene more quickly and more efficiently
are instead handled wanually,

Users who expect .o adopt eéngineering applications
in their stride soon find thrt dedicated and specialist
management is esseuntial lcr the achievement of an efficient
and continuing tecnnic.li computing service,

It is important te note that for users of a particular
software they shouid be given adequate advice and guidance;
enough training in rcneral computer use or specific
software systems and approp:iate hardware for the particular
software to be used, T7T.ere are various problems which
may occur with the hardware as a result of any of the
following:-

(i) 1Incorrect o eration of equipment owing to user
non=familiarity with the equipment or poor
operating instiructionss

(i1i) Insufficient mezintenance, leading to breakdowns;

(iii) Use of non-standoid items résulting in a single
manufacturer '..ving a monopoly over special
stationary, watlerials supplies, or spares;

(iv) Poor estiuates of stationary, supplies, or spares
requirenents

(v) The equipmcst proving inadeguate owing to a poor
initial evaluaticn of user requirements and

hardware perforrence; and so on.



Most of tne ab:ove protlems can be solved by suitable
training of various ciadres of staff of the companies with
computer hardware an' so:tvare, User expertise takes a
long time to acquire <u’ dewands initial and continuing
instruction, Without il.e expertise, efficient use of
the computer will not me realized, Thorough training,
besides encouraging tne t¢ngineer to use a system and promoting
greater efficiency generelly, can encourage progress towards
CAD/CAM/MIS in this country. Individual training needs
will vary enormously from organization to organization.

Qur industries should nete that some new graduates have
good basic computer appreciation and some limited knowledge
of a programming lanzuare such as FORTRAN or BASIC,

They are often sufficiently interested in the subject

of computing to wish tc grin a deeper understanding of
programming, Other onginecrs have no concept of a computer
or of its capabilities znt therefore need enough basic
computer appreciaticn Lc ernzble them realize its potential
and begin to make use of it, For lNigeria's progress
towards CAD/C.M/iiS, tle need for training manpower at
various levels is apvarent, 3Some of the levels include
basic computer appreciz tiocn, use of specific applications
programmes or the use oi computer terminals, system design
and programming,

Types and sources of training

(a) Conferences: From a training point of view,
attendance at = national or international
confere:ce rarely benefits the delegate further

than the anorecintion level.
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(b) Seminars: (me - day seminars on carefully
chosen application areas or limited aspects of
hardware or scitware can provide an excellent
starting point for a user seeking solutions to
specific prohlems,
Seminars wuay Le sponsored by groups of users,
by computer veniors or by specialist research
and educationzl organizations, or organized
internally by an individual user department,

(c) Courses: Where the requirement is in - depth
knowledye, sufficient to enable an engineer or
any other cadre cf staff to write a programme
or usze an applications system or for praoper
maintenance, a vroperly structured formal training
course 1is necessary, Some of these courses
are offered locally by some computer vendors and
Universities. For ¢xample, the Iya Abubakar
Computer Cewtre, 4.3.U., Zaria, offers the following
courses ;- | T

(i) Basic computing concepts;

(i1) Computing For menngerss

(iii) Systeus analyzis snd design; |

(iv}) Cobol progromming: and

{(v) Fortran prosromming,
The University of llorin oifers the following data processing
COUrsess-

(i) Cbmputer appreciation;

(ii) Computer hard.are conceptss

(1ii) Computer instaliction management;

BG .



(iv) Data btase manascment systemss

(v) Software ueiizn techniques; and

(vi) Operatin: systens.

Apart from the aunve courses offered by some of our
universities, certsain cyperational programming and key - punch
courses are offered by some computer vendors in the country.
For example, Data Preparation Maintenance and Services
Ltd (DPMS), Lagos «nd Mational Cash Register (Nigeria) Ltd
(NCR), Lagos offer some o these courses, N C R, for example
has established a school specially for this purpose at
Apapa, Lagos. It is imrceorisnt to mention also that to
help t ckle the uainteqa-vce problems, most computer vendors,
for example, NCR, have established re-work centres
in most parts of the country. For most of the courses
where in-depth knowledpe is needed, especially maintenance
of the hardware, the training of personnel should be done
abroad due to poor facilities in the country, Some of the
organizations abrozd thut oifer these courses are hardware
manufacturers, researchn ~nd development organizations and
software suppliers,

It should be noted that in most of our industries,
where computer use is well established and the training
of personnel in the use of applications software or hardware
devices is a recurring need, experienced users can carry
out the training function ag an internal service. The choice
between intermal or external training should be guided
by the training facilities available,

As to hardware supvort and maintenance problems,

organizations using computer installations should consult
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other users to obtain their views on materials, 'They
should also consult vegresentatives of various suppliers
and be aware ol alternative products, and if possible
should use samples of each alternative in order to choose
the most economical ﬁrnduct. This is because peripherals
such as teletypewriters, line printers, card readers,
magnetic tape uniils, are standardised and this allows the
user to choose froa a rarge of supplies from several
different sources, 'The gquantities of printer paper and
punched cards, which ar installation will consume make it
essential for the most reliable supplier to be found.
Breakdowns caused hyr inferior items, all decrease the
efficiency of the installation, Lo

Where the cost nf naintenance agreement may be too
high for an industry, it can prove more economical to
purchase a reasonavle cmount of spares for the essential
parts of the equipnent, so that replacement of parts can
be made a8 scoon as & part needs changing. Purchasing
options for this tvpe of uvser - maingenance may be
specifically provided tor by the manufacturer.

It is hoped that ii{ computer vendors, institutions
of higher learning and industrial organizations with computer
installations in this country, co-operate fully along the
lines suggested above und mest importantly, with the
co-operation of the Fetieral Government, for example, on
issuance of import licences to computer venders, application
of C4D/CAM/MIS which is ot present facing seriocus problems

will significantly .Jive o positive impact to our economy,



Finally, it i, » toer unfortunate that one of the
major setbacks to this survey is the lack of co-operation
given to the surveyor L. most of the organizations visited,
Some of them became sucpicious of the surveyors'! character
even with a full identity, As a2 result much of the detailed
information needed w23 net nade available to him on the

grounds that such inferuztion was confidential,
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CHA] TER EIGHT

RESULTS, NISCUSCIONS AND CONCLUSIONS

8.1. RESULTS AND DISCUSSIONS

~ In general, CAD/CAM as is well known today,
is a'vaéf to~ic and it is obviously impossible to co-
ver extensively all its hranches and aspects that are
now expanding in many directions, in a study like this.
Nevertﬁeless,two of CAD functions have been considered,
treated and implemented successfully, to some extent,
within this thesis. The consideration of the two
functions selected was bassd purely on the present
availability of appropriote computer hardware and soft-
ware at the Iya /bubakar Computer Centre, The two
functions selected were: computer-aided drafting of
a simple mechanical part and computer-aided stress
enalysis of the same, *

The general programme developed for the simple
shaft drawing (riven in Appendix 4), turned out to be
laborious in nalure. However, if numercus similar
shafts of various dimensions are to be designed and
drawn, it pays. This is because only the dimensions
of the shaft are needed to be entered as data, for the
shaft to be drawn automatically, once the progromme was
designed.

Similarly, the programme for the finite element

method structural anajysis of shafts and beams of varying



dimensions {riven in Appendix B), is recommendable for
massive structural analysis of similar parts. A sig-
nificent ease in performing these two functions {as
well as others, in fact), could be achieved in case
more advanced, higher level software for computer
graphics and finite element structural analysis was
acquired for the Iya .Lbubakar Computer Centre.

Following the exemplary implementation of the two
CAD functions, the central issue of CAD data bases has been
presented. A brief analysis of some [fundamental problems
in the design of CiD data bases was carried out, The
c¢rucial problems associated with the integration of data
{(for variocus functional applications) in the base are
briefly presented.

For the computerized design, manufacture and managew
ment functions to be performed, one has to have support
of numerous tonls. 4 brief description of these is also
given in the thesis. The CaD-CAM-MIS integration, which
is the ultimate poal of all present efforts in these
fields is also described. What seems éxtremely important
here is the fuct that integraticn may be performed solely
via the numerical (NC) technique. The NC machine tool
application, which here in Nigeria is in its infancy,
should thus be strongly promoted and enhanced in the
near future, because of thils reason as well as numerous

cthers, outlined in the thesis {see Chapter k, Section 4.2}.



In a more genersl context, from the work done, on
the historical beclground, it is clear that CAD/CAM really
started long ago, in Lie 125Us, and in developed countries
much has been achieved, and in fact, computers are presently
used extensively tc aid desipn, manufacturing and management
in numercus ways.

However, in Hligsria, as the Survey carried out within
this thesis shows (See Iuble 2), CAD/CAM is still in its
infancy. Some Engincering Consulting and Design Offices
have started to use conputers for most of their design
functions, Many Compranies in the country now have computers
installed and are at .resent making use of them for various
functions; At the szwe time new cemputer applications
in CAD/CAM are being plinned,

Some institutions of higher learning in the country,
for example, Ahmadu Lello University, Zaria, University
of Lagos and University of Tlorin use their computer
installations for various under-graduate, Post-graduate
and staff projects in decign engineering and manufacturing
engineering, They also cfler computer services to engineering
consulting and desigm offices and other organisations-in
the country,

As computers are = relatively new toel, many companies,
institutions of hizgher learning and design offices that
use them have some pronlems, Skilled manpower for easy
maintenance of hardware und software, p;ﬂer supply and

quality of telecommunicaztions constitute the greatest ones
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in Nigeria, 1In some caces, progress is held back also by
the production staff, who in most cases lack understanding
of the full potential of computers in these highly advanced
application areocz,

In others, progress is held back partly by lack of
Senior Management awareness of the accounts of satisfactory
computer installations,

In most cases, aftier the decision to use a computer
in an industry has beer n2de, the task of installation
and /or system development is left to computer professionals
who rarely have any knowledre of day-ton-day design and
production processes and do not appreciate the problems
of the users from these =2reas of applications.

As already mentioned in Chapter Seven, there are various
ways of tackling some cf these problems., These include
adequate advice 2nd guidonce to hardware and software users,
suitable training of variouvs cadres of staff,

Some types and sources of training are:

Conferences, Seminars and Courses, Some of these are
organized or offered locally by institutions of higher
learning and computer vendors in the country,

For most of the courses where in-depth knowledge is
needed, especially mainienance of the hardware, the training
of personnel should be done abroad due to peer facilities
in the country,

Most importantly, during the system design stage, it
is the responsibility of tue management to make sure that
the system designer maintains a very close contact with

the user departmeuts, so that their requireménts are

93



incorporated into tie cystem, If the system does not
satisfy the user requircients, then it should be Jjudged
to be a failure,

It is obvious tn~t this country lags seriously in
the area of CAD/CAM,  lovever, it should be noted that
the computer as a prohblem~.oving tool in the manufacturing
process is not different from the other tools that most
industries in thnis country have already adopted and utilized
so well to improve productivity. As usual, introduction
of a new tool into manufacturing practice usually has some
initial problems which are, however, later on, solved, For
example, the introduction of the conveyor belt into assembly
lines solves the problerr of transferring work pieces from
one work station to another; although initial problems wuch
as line balancing, maintenance, etc,, were experienced,
solutions have been ultimately found.,

It should also be noted that the use of a new tool
merely to solve an immediate problem or to serve an
immediate need without exsmining its effect on the overall
manufacturing process and without adjusting the procedures
accordingly is a waste aund missuse of it,

It has to be re.cutered that the development of CAD
or CAM even in the developed countries, has faced some
difficulties, 3Some of tliese usually have been caused by
low quality of availahble computer hardware and - particularly -
software, (Thougi presently, the hardware seems to be
advancing far ahead of the software), Alse the guestion

of human factors lLas »lways been a problem (for example,
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individual engineers tend to worry about their status
threatened by the intreduction of new techniques such as
CAD/CAM). A sound couviction of the top management of the
organization that 240 aud C/M are really the tools that

the organization necde is thus essential to their successful
introduction. FFor a success of the introduction of any

new tool, a continuous ar. patient support of the management
is a vital factor,

It is hoped th~t if computer vendors, institutions of
higher learning and industrial organizations with computer
installations in this country, co-operate fully along
the lines suggested abcve and most importantly, with the
co=operation of tie Federsl Government, for example, on
issuance of import licences to computer vendors, application
of CAD/CAM/MIS which is at present facing serious problems
will significantly give o pesitive impact to our economy,

Finally, it should Ye noted that the future may be
really bright but eventc will be most frustrating if a proper
environment is not ests' ' lished, There is still much further
to go in the future, in this country., It is a rare opportunity
to participate in & real industrial revolution like this,
However, it should e “sndled with the utmost care and
attention it deserves,

8.2, CONCLUSIONS:

Basing on the work done, the following conclusions
have been made,
17« CAD/CAM really started long ago, in the 1950s
and has grown to an adolescence stage, with still full

e S e —

adulthood ahead, 1In [{.c¢t, presently, computers are being
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used extensively to aid Jdcrign, manufacturing and
management in numerous wvays,

2., In an inducstr;, the amount of necessary data
and procedures is trem=ndous such that if a company aims
at a modern, intesrated concept of the design and
manufacturing processes, it cannot be realized without
the use of computer for data storage. In practice, each
separate design or manulcclure function operates upon
its separate data file, 'The storage and access of the data
have to be organized in a very special way, taking into
account the multiplicity of users' requirements,

3. The CAD-CAlII-MIS integration which is the ultimate
goal of all present e¢iforts in these fields, may be
performed solely via tie numerical (NC) technique. Because
of this reason as well as numerous others outlined in the
thesis (see Chapter 4, CZection 4.,2), the NC machine tool
application, which, licre is Nigeria, is in its infancy,
should thus be stirongly rromoted and enhanced in the near
future,

4, The programme developed for the simple shaft
drawing, given in Appendix A, is general and efficient,
in that only the dimencions of the shaft are needed as
data for the shaft tc Le drawn automatically to scale,
More especially, it pars if numerous similar shafts of
various dimensions are tc be designed and drawn.

5« Similarly, tae osrogramme for the finite element
method structural anal sis of shafts and beams of varying

dimensions is general and has proved to be efficient,

96



As is shown in Tavle 1, Chapter 6, results obtained by
using this prosramwe coumpore favourably with analytical
solutions for a case study given in the chapter, This
programme can be used Tor massive structural analysis
of similar parts,

6. Results of “he field study for the application of
CAD/CAM in Nigeria huve :l.own that CAD/CAM is still in its
infancy in Nigeria,

Comapnies, institutions of higher learning and Engineering
consulting and Desizn Offices, tend to use computers .
for such applications as for example, payro#l, inventory and
stock control, productien planning and control, Design
engineering and manufacturing,

Some of them have p:lans on the way for new computer
applications in CAD/CAM.

7. Finally, it sicuid be noted that we are crossing
the threshold of a new era in which the integration of
computer-based iniorwation with industrial processes and
machinery can be expected to alter the technological
landscape dramatically. Engineers, Managers, etc,, are
already using electrounic aids to ease or eliminate tedious
repetitive tasks, Witli. expanded use, computers can be
counted on to improve productivity. Generally, thus it would
be desirable that tke wenuf-cturing companies which have
already installed coapulers or are planning to install them
soon should seriocusly concider CAD/C/LM applications,

besides the more conventional ones already in existence,
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CHAPTER NINE

RECOMMEIDATIONS FOR FURTHER WORK

i Judeing from the pature of the topic CAD/CAM,
a more comprenensive literature review eould be done.

2 Some more werk on computer graphics could be
done., However, with significant ease if more advanced,
higher level software for computer graphics, such as a
functional software package for technical drawings,
could be acquired for the Iya Abubakar Computer Centre,

3. The @pproach used in the formulation and pro-
gramming of finite element methods for the structural
analysis of beams and shafts of varying dimensions, can
be extended to more complex structural elements, subjec=-
ted to forces and moments in all three co-ordinate

diredétions,
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75 FOSMLT(® M z J C3(m) CL(v) M3(3)
1 M3ty STHISSI(I) ST2ISS() )
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I=hLP_ (1)
J=HPI(11) .
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G0 10 1 .
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c SUBRIUTINE ZCLIMINIR X HMIQHsIF.CH4HEDLyDETLFATIO)
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APPENDIX B (Contd.)

The DIMENSIOMN statement in the sbove programme
allows for beams involving up to 50 elements and 51
nodal points tc be analysed. The arrays F, OSTIFF and
DELTA,store the externally applied nodal point forces
and moments, the coefficients of the overall stiffness
matrix, and the linear and rotational displacements
of the nodal points, respectively. It should be noted
that OSTIFF is allowed an extra column so that it can
be extended tc include the nodal point forces and
moments, as required by ELIMIN, While F and DELTA are
single subscript form, for some purposes double sub-
scripts are more convenient: one for the nodal point
number and the other to indicate translation or
rotation. Hence, arrays LCAD and VTH are introduced
and refer to the same storage register as F and DELTA
by virtue of the EQUIVALENCE statement: For example,
the variables VTH (1, 1) and VTH (2, i) store the
values of Vi and Qi, respectively, where i is the
value of the counter 1.

The array X is used to store the co-ordinates of
the nodal pointe, while NREST stores integer numbers
which define the type of restraint condition applied
to each point. A zero value of NREST(i) means that the
pdint whose number is given by the value of i is

umrestrained, while values of one, two or three mean

111



that either the linear, rotational or both displace-
~ments of the pcint are prescribed as zero. The
arrays NP1 and NPj are used to store the numbers of
the nodal points at thé ends of the elements, while
SMA, E and L store the element second moments of
area, Young's moduli  and lengths. The array ESTIFF
is used to store thé coefflcients of the element
stiffness matrices. The variables NEL, NNP and NEGN
are used to store the number of elements, nodal points
and equations, respectively, while the counters T and
J are used for nodal point numbers, and M for element
numbers. IROW and ICOL are used for row and column
numbers in the overall stiffness matrix, while IRE
and ICE serve the same purpose for the element stiff-

ness matrices, - -

e
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