INFORMATION TO USERS

This reproduction was made from a copy of a document sent to us for microfilming.
While the most advanced technology has been used to photograph and reproduce

this

document, the quality of the reproduction is heavily dependent upon the

quality of the material submitted.

The following explanation of techniques is provided to help clarify markings or
notations which may appear on this reproduction.

1.

The sign or “‘target” for pages apparently lacking from the document
photographed is “Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages. This
may have necessitated cutting through an image and duplicating adjacent pages
to assure complete continuity.

. When an image on the film is obliterated with a round black mark, it is an

indication of either blurred copy because of movement during exposure,
duplicate copy, or copyrighted materials that should not have been filmed. For
blurred pages, a good image of the page can be found in the adjacent frame. If
copyrighted materials were deleted, a target note will appear listing the pages in
the adjacent frame.

. When a map, drawing or chart, etc., is part of the material being photographed,

a definite method of “sectioning” the material has been followed. It is
customary to begin filming at the upper left hand corner of a large sheet and to
continue from left to right in equal sections with small overlaps. If necessary,
sectioning is continued again—beginning below the first row and continuing on
until complete.

. For illustrations that cannot be satisfactorily reproduced by xerographié

means, photographic prints can be purchased at additional cost and inserted
into your xerographic copy. These prints are available upon request from the
Dissertations Customer Services Department.

. Some pages in any document may have indistinct print. In all cases the best

available copy has been filmed.

Universi
Microfilms
national

300 N. Zeeb Road
Ann Arbor, Ml 48106






1320435

CARIGNAN, JULLIETTE MARY

COMPUTER AIDED DESIGN AND MANUFACTURING (CAD/CAM) OF PLASTICS
PRODUCTS

UNIVERSITY OF LOWELL

M.S.

University
Microfilms
Internation al 300N zee Road, Ann Arbor, MI 48106

Copyright 1983
by

CARIGNAN, JULLIETTE MARY

Ali Rights Reserved

1982






PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy.
Problems encountered with this document have been identified here with a check mark v .

-t

©® ® N o o0 s 0 N

10.
1.

12,
13.
14.
15.

Glossy photographs or pages _‘Z_

Colored illustrations, paper or print_

Photographs with dark background ___Aé

INustrations are poor copy __ /"

Pages with black marks, not original copy

Print shows through as there is text on both sides of page
indistinct, broken or small print on several pages __\L

Print exceeds margin requireménts_______

Tightly bound copy with print lostinspine_______

Computer printout pages with indistinct print _L

Page(s) lacking when material received, and not available from school or
author.

Page(s) seem to be missing in numbering only as text follows.
Two pages humbered . Text follows.

Curling and wrinkled pages __,L

Other

University
Microfilms
International






93-053

L T
n.L'f'é b0 1‘;4.:'!

COMPUTER AIDED DESIGN AND MANUFACTURING (CAD/CAM)

OF PLASTICE PRODUCTS

BY

JULLIETTE M. CARIGNAN

B.S5. BIOLOGICAL SCIENCE AND ART,
UNIVERSITY OF LOWELL {198B8)

SUBMITTED IM FPARTIAL FULFILLMENT OF THE REGUIREMENTS FOR
THE DEGREE 0OF MASTER OF SCIENCE IN FLASTICS.

UNIVERSITY OF LOWELL
NOVEMBER, 1982

Signature of Author=—=2& /.//‘ Date A'/ e

' z 7/ 7 ] /
Signature of T :4! W@Z‘, LA A/.]xlfué 2
Signétures of Other Thesis 2
Committee Membsrs XA - a2 |
L




COMPUTER AIDED DESIGN &ND MANUFACTURING (CAD/CAM)
OF PLASTICS PRODUCTS

By

JULLIETTE M. CARIGNAN

ABSTRACT OF THESIS
SUBMITTED IN PARTIAL FULFILLMENT
OF THE REGUIREMENTS FOR
THE DEGREE OF MASTER OF SCIEMCE
IN PLASTICS

UNIVERESITY OF LOWELL

Thesis Supervisor: Stephen Burke Driscoll
Professor, Depsaritment of Flastics



ABSTRACT

CAD/CAM, computer-aided design and manufacturing, is
z a valuable engineering tool which'incorporates integrated
% computer hardware and software modules to create design
| systems for particular applications. CAD/CAM has been
heralded as the answer to America's productivity decline and
the means of bringing her back into a competitive position
in world markets. Its advaﬁtages include shorter lead
times, better products through improved design and analysis,
- improved communicationé, and increased design capacity.

These factors result in significant cost savings and

improved employee morale.

This thesis provides information for engineers involved
with the design, development, manufacturing, and testing of .
mechanical products, specifically those made of plastics/ .
compoéite materials. Topiecs include basic concepts, hardware
and scftware components of commercial CAD/CAM turnkey systems,
the application of CAD/CAM tools in the pfocess of designing
and manufacturing products, and CAD/CAM resources available to
engineers. Included is the results of a survey of U.S. |

CAD/CAM educational offerings.
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1. PREFACE

This thesis is written for the student, designer,
engineer, manager, or technolagy buff who has been hearing
and reading about CAD/CAM. and desires an increased
understanding of the field. The reader might have limited
formal computer education, and therefore may find it
difficult to put CAD/CAM systems into perspective with other

more familiar computer technologies.

This was the case Ffor the author, who had been
trained 1in various cumputing'applications such as FORTRAM
programming, computer—aided dratting and word processing,
but only in a "black box" sense. The training providad the
basic ability to accomplish abjectives with the aid of the
systems, but lefit many unanswered guestions. The functions
af the various hardware components was unclear, as was the
relationship bstween the software programs for text editing
and those for graphical manipulation. The ability to
utilize computer systems fully and efficiently would Cleérly
be limited by such ignorance of the fundémentals. However,
it was .necéssary to gather a great numbher of articles and
books from a variety of related fields in order to begin to
gét a handle on the subject. This thesis is the carefully
edited compilation of the most relevant reference

information gathered.
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Med Chapin’s well-organized classic book called

Computers, & Systems Approach (New York: VYan Nostrand, 1971)

is a comprehensive text which ctovers basic concepts,
computer applications, people’s interactions with computers,

computer hardware and software, and system management.



I1. INTRODUCTION

Everyone seems tr be talking about CAD/CAM todays it
is the new buzzword in the high technology industries. Yet
musf'peaple who use the term appear to have only a wvague
notion of what it means and what it involves. This thesis
shall introduce this subject in as much depth as possible,

beginning with a few formal definitions.
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2.1 DEFINITIONS

A COMPUTER is a high—speed, automatic, electronic
'digital data processing machine which manipulates symbols
representing real-world phenomena self—-directly but
algdrithmically. In other words, the computer is a2 machins
which can perform operations on symbols automatically, but
must be supplied with a strategy or plan (ALGORITHMY which
controls its operation. A CDMPUTEE PROGRAM represents a
restatement of an algorithm in a form consisting of a set of
sequenced directions for directing the computer to perform
an operation (1). A SYSTEM is a way of combining the
actions of machiﬁes, the properties of materials, and the

saervices of man to accomplish work (2).

CAD/CAM is a computer system which utilizes
integrated computer aids in the design and manufacture of
products, while COMPUTER-AIDED DESIGN is a methodoclogical
engineering support discipline involving the integration of
appropriate computer hardware and software modules to create

design systems for particular requirements (3).

Many companies and uwniversitiezs have been using
computers since the 195@°s for engineering problems.  What
fundamehtally distinguishes CAD, as a discipline, from other

uses of computers in the design process, is its systematic,

Page L
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rather than random collection df programs.

Because CAD/CAM technology is often thought of as a
miracle technology | which will solve all productivity
problems, it must be emphasized that a CAD/CAM system, like
any computer system, is merely a lever to multiply the power
of man’é mind. It is precisely because of the complementary
nature of man and computer in their characteristics and
abilities, as shown in Table I, that the marriage of man and

machine in CAD is so effective.
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The following definitions will delineate the
relationship of CAD/CAM systems to other closely related

systems (4).

—INFORMATION SYSTEM: A total integrated composite system
cahprised of all of the formal data handling systems
in a particular organization.

~DATA HANDLING SYSTEM: Any system which prdcesses and
communicates data.

—DATA PROCESSING SYSTEM: fAny system which processes data.

~COMMUNICATION SYSTEM: A system whose processing is limited

to changing the form or format of data.

Thus a CAD/CAM system is a data processing system,
may be a data handling system i+ it has communications
capability, and may be a subsystem in an integrated

information system.

£ technology closely related to CADR/CAM is COMPUTER
GRAPHICS, a distipline concerned with the theories and
technigues to input, output, generate, transform,
manipulate, and transmit visually aeaningful data with the
aid of computers (3). Computer bGraphics technigues and
devices, used throughout the design process, include any
device which converts cnmputer language into people

language, and vice versa.
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Such devices may be GRAPHIC or NON-GRAPHIC, the
former using lines, curves, circles, and characters to build
pictures, in contrast to the latter, which use characters

such as "x" and "0" to develop non-textual images (&4).

Graphics devices may also be BATCH (PASSIVE), or
INTERACTIVE. The difference is one of time, the latter
having a considerable time-lag between information delivery
and answer receipt. Some examples of the different types of

CE6 devices are shown in the figure below.

~ BATCH IINTERACTNE

_DIGITAL
_PLOTTER
GRAPHIC I CRT TERMMNALS
' com
TELETVAE

NON- GRAPHIC LINE PRINTER | ALOHINIMERIC
INGUIRY
CTERMINAL. .

COMPUTER GRAPHICS DEVICES CLASSIFICATION
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Passive graphics applications include graph and
chart plotting, and computer ocutput on microfilm (COM). All
engineering industries rely heavily on communication through
drawings. With a large design firm having to store and
access over 188,080 drawings, COM greatly increases filing

efficiency.

Interactive CG are particularly p;Evalent in CAD.
By presenting large, confusing amounts of data graphically,
man can use his skill in pattern recognition to note special
features, errors, and trends. Computer Graphics can also
help the designer in defining and editing complex
geometrical or topological relationships in the input data
for CAD programs. CG techniques are particularly useful in
allowing the representation and manipulation of design

components.



2.2 CAD MARKETING STATUS

Since their introduction in 1948 by Calma Co., an
estimated 6,800 CAD systems have come into use in the U.S.
(7). Manufacturers started snapping up CAD systems in the
late 78°s; since 1978, U.S. sales have tripled (8).
Purchases are expected to climb more than 38%Z annually to an
estimated 2.3 Billion in 1985 (9). OFf the total units
shipped in 1981, 41% were destined for mechanical—-design end
use. Shipments of mechanical design systems are projected
to grow 28B%Z per vyear worldwide through 1995 (14). The
inevitability of CAD has already been universally récognized
in some industries, the electronics and shipbuilding
industries, for example, where no Firm can maintain a
competitive position without it. In many other fields,
including automotive, chemical, transportation, civil, and
architectural engineering, utilization is widespread and
rapidly growing. Dick Aallen, who developed the system at
Rubbermaid, declares that the people who get into CAD/CAM
today are the ones who will swvive in the next 16 vears
(11). Sentiments like these are being echoed across the
country. CAD and CAM are being welcomed as the answer to
America’s productivity decline and the means of Sringing her
back into a competitive position in world markets.

According to a recent study by the Center for Froductivity
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of the National Science Foundation, CAD/CAM "has more
potential to increase radically productivity than any
development since electricity” (12). A senior computer
industry executive estimates that over the last decade
computer usage has provided at least 15% of the 2% annual
growth in productivity in the U.S5.A. He Further estimates
that this can be improved even further due to new computer
price/performance ratios being achieved, and that an
fncremental percentage point improvement in productivity
achieved in this way could accelerate economic growth in the
a U.5.A. sufficiently to drive unemployment down to 3.4% by

1994,
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2.3 ADVANTAGES AMD BENEFITS OF CAD

_—— =lla=

One of the most attractive features of CAD is the
significant’ return on investment which can be realized.
However, this is just one of the many obhjectives achieved by

using CAD. Others include:

Economics

—studies show that pretaz earnings usually improve by at
least 1G% annually when CAD/CAM gsystems are
installed. The devices can cost anywhere from
$1@3, 008 to $1M, but generally pay for themselves
within 12 — 18 months. Not only do they boast the
productivity of engineers and designers, but they
sharply reduce the amount of assembly parts that a
manufacturer must stockpile (13).

—reduced design costs through reduction in man hours

~treduced interest on payments on borrowed Ffunds far a
project because the project can be completed sooner

~reduced space requirements for egquivalent productions

Employee Morale

—to speak of the benefits of CAD/CAM in terms only of
functional capabilities and technological potential
omits a significant ingredient: Feople get
"turned-on® by graphics. There is an sxcitement
generated by the futuristic visions of all that can
be done with this new powerful tool. The potential
for greatly increasing the engineer’s parsonal
capability is at his or her fingertips!

—-less time spent on routine, repetitive tasks

-more pleasant environment

~reduced lead time to get a new product onto the market

—may eliminate the need for models and preliminary
prototypes

—decreased modification time: A4  large proportion of
designers®™ and draftsmen’s time is spent making
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modifications to existing drawings. With Cab’s
storage and retieval simplicity and its ease of
modification, changes may easily be made to the
part, without having to separately modify any
dimensions affected, and a new drawing obtained.
The part may then replace an existing part in an
assembly and be checked to ensuwre the modification
does not cause any interference problems.

—improved information perception: A human being must process
data in order to obtain information. Pictures tend
to communicate information, while text, especially
that which contains numbers, tends to communicate
traw data. A person®s most valuable asset is time,
and time spent processing data into information is
wasted time. CG techniques of CAD enable a person
to quickly identify relationships, trends, and
exceptions, which are frequently embedded in masses
of data. Thus, with gtaphics, the user can draw
analyses and conclusions much more readily (14).

—faster response to customer inguiries and faster delivery

—treduction in design errors

—facilitates the investigation of alternatives and the
evaluation of special cases that might cause
problems.

—improved decision making and reduction of product liability
risks due +to ready access to relevant data and
availability of analysis technigues

~improved data management and interrelation of information
batween documents

—improved design documentation more gquickly, reliably, and
cheaply

—improved compliance with standards which can be locked into
the software: because graphics systems have built
into them all of the drafting standards, the actual
detailing of components proceeds quite rapidly
without the need to consult drafting reference
manuals. Thus it is possible for relatively
inexperienced designers who have recently graduated
from college to guickly become proficient in
producing gquality designs. Drawing quality becomes
more of a Ffunction of the output plotter guality
than the artistic skill of the designer.

~improved interdepartmental communication through sharing of
common databases

——— et emee SRl 2SIt
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—breakdown of the bottleneck in the design office,
especially impartant in view of the difficulty in
recruiting skilled labor

Improved Management of Design Projects

~better informed management and control of engineering data
and prajects, data distribution, production
scheduling, estimating, and order entry.

—it is now the case that with many complex design projects,
the size of the engineering design teams i=s
significantly larger than those wused in the same
industry a few vyears ago. In order to complete a
complex design, improved communication is required
among more individuals requiring access +to the
current design data in order +to integrate his
activity to finalise the product design. The
coordination of such relationships, particularly
where projects are operating on short time scales,
is not possible using most of the manual methods or
even the simpler CAD systems now on the market.

Ability to Solve Problems which require outputs of. such
valume and precision that they cannot be easily tackled
without a computer ‘

—examples include Finite Element Analysis, and the design of
three—-dimensional multilayered integrated circuits.

Tables II and III detail the bensfits of CAD/CAM
from a productivity and a management and control standpoint,
respectively.
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TABLE 11
FRODUCTIVITY BENEFITS OF CAD/CAM (59)
- Function Productivity Benetfits
Drafting Drawings with recurring features or which require frequent

updates are more efficently drafted & maintained,

Documentation Bilis-of-material & technical illustrations are very quickly
produced if they can be derived from data already stared in
a CAD/CAYM data base.

Design Calculations necessary in design activities are bast perforsad
by computer. [AD systems can either perfornm these
calculatiaons theamselves or prepare iaput for larger general
purpose computers from graphical data elready stored in the
systam.

Design tasks that involve fitting together ar housing a
rumger of parts are very efficiently done with soae CAD
systams.

Estimating The ability of some CAD systems to associats, store, and
recall graphical and test data sakes estimating more easily
accasplished and more accurate.

Order entry 8 lot of time can be saved by integrating order entry with CAD
systems. Major savings can occur when an order aust be tied
to specitic engineering drawings.

Manufacturing  Many systems include software for producing HC tapes and ather
iteas which reduce the effort necessary to get a part into

praduction.
TABLE IIT

MANAGEMENT AND CONTROL BENEFITS OF CAD/CAM (&8)
¢ Function Managesent & Contrel Benefits
Data Some CAD systems have significant capabilities for organizing
- Management project information for easy retpisval. A&lso pravided ars
; access control facilities,
' Data dith telecomsunication capabilitiag, CAD systems provide a

- Distribution  means of distributing up-to-the-minute engineering information
; to all departments and plants.
+ Project CAD systems provide management with information and

' Hanagement easily revised tools for decision making and project coatraol.
; Scheduling The interface of the manufacturing data hase with order entry

and shop schedule data enables management to schedule and
adjust machine tool usage to achieve greatest possible
ytilization.

i Estinating LAD systems can ensure that all material costs and labar

i charges are captured and that uniform estimating procedures
are followed, while making available up ta date data and cost

g information ta all operatars.

: Ordar entry Integrating CAD systems with order entry can provide greater

: scheduling flewibility especially where drawings or
manufacturing control tapes must be linked tg each other.



2.4 COMPUTER OBRGANIZATION

The computer has three main functional aspects:

—the input function,

—the processing function,

~the output function.

The hardware of a data processing system is of two typss:

~the Central Processing Unit, consisting of the main memory,
the control unit, the arithmetic and laogic unit, and
the external storage.

—the peripheral units, for input and output functions.

Appendix A provides a more detailed review of computer

organization.

The Loop of Control

When people interface with a computer, there is a
loop which is created which has four steps:
—data acquisition: The computer collects ths symbols which

represent a real-world situation,
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—processing: The computer reduces and processes the symbols
and presents the results of the processing to the
man,

—comparison: the man compares the results of the processing
with known standards,

—selection:‘The man converts the results of the comparison
into a decision on an appropriate course of action,
then communicates to the computer the symbols which

represent the course of action.

This 4-stage operation, repeated many times, serves tg
maintain control of a process, a machine, an experiment, a

situation etc.



2.5 OPERATIONAL FACTORS

There are several factors which influence the
behavior of people as they attempt to adapt to the computer,

and influence the performance of the computer.

The first operational factor is the timing of the

feedback in the loop:

—in REAL-TIME SYSTEMS, time is treated in its normal
clock—-measured wvalue. The data involved must be
handled rapidly enough for results of the processing
and  communication to be wutilized before the
operation being controlled has reached a conclusion.
The timing is critical to the operation. Real-time
systems are employed where close control over
fast—changing aperations is essential, for example
the guiding of a rockets flight or the automatic
control of s laboratory experiment. The computer is
the dominating party in the loop.

~-in INTERACTIVE SYSTEMS, also called ON-LINE, information is
exchanged bhetwsen the wman and the computer in an

on—going, conversational or alternating manner.
Thise is a real-time exchanges but the timing in this
case is not criticeal +to the outcome. The man

dominates the loop. Interaction is appropriate to
CAD/CAM because of the ITERATIVE nature of design,
in which thes designer tries to optimize ths design
by repeatedly changing parameters and evaluating the
results. This is a natwral task for the computer,
but the choice of parameters is better left +to the
experience and intuition of the dasigner.
Interactive systems require a time—sharing operating
system or a stand-—alone configuration.

~in DELAYED TIME, aor BATCH SYSTEMS, data 1is accumulated,
held and processed at a convenient later time. The
man has little or no interaction with the computer
during the operation;i the effects of the processing

Page» 18
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are independent of the effects of the events. Batch
systems have the advantage of being far easier to
cost, contrel, and operate, but they lack the design
flexibility inherent in interactive systems.

Data Access

Another operational factor is that of data access.
CAD gystems . are dependent Ffor their flexibility and
interactiveness on having a sophisticated data access mode.
Data access and databases will be discussed further at a

later time. There are five levels:

—some systems have no facility for data access other than
data that has been input locally. An example of
such a system is one that displays tax tables,
There is no need to access the data in the system in
order to use it.

—sequential access to specific data files: This is a more
complicated access which involves both permanent and
transitory data. :

-random access to specific filesl This access mode allows
the interaction between man and computer.

—trandom access to many files: This is the cocreation of a
DATABASE. A database associates and integrates data
from many parts of an organization, and is an
essential ingredient in a CAD/CAM system.

—random access to many databases: This system requires a
great deal of computer—to-computer communication, is
very advanced, and is not used to any gireat extent
at present. :

Concurrency

A third operational factor is that of concwrency,
i.e., the number of users and jobs the computer is capable

of processing at any one time. There are four degrees:



Page 20

—CONSECUTIVE EXECUTION is the oldest mode, and is still
common today. The computer does one job a a time,
finishing one before starting another.

—with TIMESHARING EXECUTIONM, better use is made of the :

computer’s resgurces as up to hundreds of
independent programs can be executed in an
interlaced manner . The resulting impression,
because of the speed of the computer, is that many
people have simul taneous use. This execution
provides +or interactive, conversational data

communication between the user and the computer.

—a computer system capable of MULTIFROGRAMMING is one which
provides for the shared use of the computer’s
facilites for more than one job at a time. Each job
is given a priority rating. This system does not
necessarily provide For interactive timing ar
conversational interaction.

—a MULTIPROCESSING EXECUTION provides for the simultaneous
execution of two or more jobs. This system reqguires
a lot of hardware, and can be used Ffor timesharing
and multiprogramming applications.

The last operational factor of affecting CAD/CAM
system users is that of the geographic distribution of
computer facilities:

—CENTRALIZED systems utilize a central large computer with
an extensive network of communications facilities,

—in a DECENTRALIZED system, data is processed partially or
completely near or at remote locations,

—-in a COMBINED CENTRALIZED/DECENTRALIZED system, a @ host
central computer is supported by satellites which

handle local data processing tasks, communicating
only summary data to the central facility.

In ths 19457 5 and 1958° s digital computer

installations  tended to be centralized due to their cost,
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complexity and the specialized skills required for
maintenance and operation. It was then common to bring
"batch" jobs to the computer and to prepare manually the
input data in a form that was convenient for the computer.
When CAD/CAM systems first started taking hold in thse early
4 manufacturers fallowed suit, concentrating on
cramming more capability into stand—-alone systems, while

providing only crude interfaces to other computing systems.

The trend in the ’8#°s is toward more and more
DISTRIBUTED FPROCESSING NETWORKS. The advent of distributed
computing aims to spread the computer processing requirement
to stations where the work can be most e+ficient19 effected.
The required task is split into subtasks whose requirements

are matched by the appropriate computing enviroment ar

configuration {(see below). The range of central processor
harduware extends from the supsrcomputer to the
microprocessor with a complimentary rcange of storage
devices, This range of eguipment presents a large menu for

choice of eguipment to fulfill the required tasks.

The traditional configurations of central processor

hardware are (15, 1&):

—the company MAINFRAME: Commercial software developed for a
mainframe is usually a general purpose system
providing a solution to a range of applications of
the same type, for example finite element codes.
The use of the company mainframe nearly always gives
the engineer poor access to resources with slow
response and access at unsociable hours. In this
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environment, the engineer uses computing only where
there is no alternative, for example large analysis
programs and repetitive single code check
calculations. Maxicomputers are expensive but
cost-effective +or large jobs that require brute
force computing power. Ideal applications are
characterized by:

—large "batch" programs of optimized code

—-prepared databases

—buffered input/output

—a minimum of direct, interactive communication with
users

—-non—-real-time, non-sensor—-based operations

Examples of applications: data reduction,
interactive graphics, theoretical calculations, and
report generation.

—the REMOTE BUREAU SERVICE: Ths company buys time on  an
off-site computer wvia communications links, rather

than owning an in—house system. Budgetary
considerations and the reguirement to pre-plan use
impose a strict discipline, discouraging

investigative studies or the implemenatation of new
systems. However, computer bureaux offer not only
raw computer power, but alsoc access to proprietary
application software on very short lead times. I+
either were required infrequently and at short
notice, then computer access through a bureau is
likely to prove most cost-effective.

—the MINICOMPUTER: The minicomputer is used Ffor special
purpose local processing, for example graphics. A
minicomputer can alsg form the basis of a
hardware/software system tuned to provide an
efficient solution to a specialized problem area,
for example general drafting systems. In~-house
mini’s encourage more widespread use but area
inherently restrictive on the size of prablem which
can be solved. HRestrictions arise mainly from lack
af processor  power and/or the ability to store and

manipulate large data wvolumes. In applications,
minicomputers occupy the broad middle ground between
maxi— and micro—computers. Applications are

characterized by:

—bsing interactive
~real—-time and sensor-based
—user programmned for specific applications
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Functions within the laboratory, such as supervisiaon
of experimental sequences, preliminary checking and
display of data, and interactive development of
real—-time, sensor-based computer programs generally
require the hardware and software support associated
with minicomputer systems.

—the DESKTOF or MICROCOMPUTER: The microcomputer can also be
used in the stand—-alone mode, but suffers sven more
from lack of power and suitable secondary storage
media. In addition, it is restrictive in the amount
of directly addressable storage and also in  the
language Ffacilities provided. The most commonly
provided language is BASIC which is not useable faor
high processing reguirements or for all but simple
input/output (I/0) operations.

Many of the most popular microcomputers have

the same general architecture as today’s
minicomputers and are frequently used for similar
(but perhaps smaller scale) applications. The
significantly reduced cost and size of these

processors has had a profound effect on the number
and type of applications. They are regarded by most
user—-programmers as "small minicomputers®. '

Another class of microcomputers is
special ~purpose “computer systems on a chip", that
are currently being developad for EMBEDDED or
dedicated applications. These chips are programmed
by the manufacturer and appear in products as simply
user—oriented functions, or "intelligence", rather
than “"computers”.

Microcomputers find their place as
integrated controllers for individual pieces of
equipment such as analytical instruments, as

interfaces for analog and digital data acquisition
from experimental egquipment, and as communication
controllers and buffers.

In general, a distributed processing system can
consist of any of the processors above connected together in
any +form of network arrangement. The arrangement is

customized for each application to fit the equipment to the
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need at each site with the appropriate control and

redundancy being provided.

The choice of computer depends on the local
processing requirements, availability of software, the ussr
interface including graphics requirements and the control

and scale of the data.

The main advantage of distributed processing is the
additional flexibility it provides in choosing and locating
equipment, and additional flexibility derived +rom the
ability to sgsplit complete tasks and intercommunicate data

among them. Other advantages include:

~Control of access to information

—Customization of computer and storage eguipment to
minimize costs

—-Local, hence more "friendly"” communication

~Faster interaction in conversational mode

—Access to subset of facilities relevant to user’§
task only

—Control of processing location

~Customization of processing squipment to minimise

costs.

Anpther important advantage is thsa ability to

suppnrt the desired mode of interaction with the computing
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equipment on specific input and/or output devices. For
example, the need for interactive CRT graphics is completely
incompatible with simultansous timesharing access to a
remote mainframe computer. This might enforce a mixture of

computers to satisfy the total need cost-effectively.

From the point of wview of the management of a

manufacturing operation, the advantages are (17, 18):

—Lower hardware costs

- Improved pérfnrmance per unit cost
—Reduced software development costs
—Reduced communication costs

—-Resaurce sharing

~Increased reliability and availability
-Flexibility

~Database management

In conclusion, distributed processing is appropriate
in CAD applications when disparity exists in 2ither data
storage or processing reqgirements betwsen modules of a
single task and frequent interaction hetween the modules is
required. Howevei, disadvantages are the lack aof
appropriate software to operate in this mode and the cost
of communications. It is not unheard of to Ffind that the
cost of communications in a computer network exceed all

other costs. Hence a careful appraisal of the cost of
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communication equipment and the running costs is necessary.
For these reasons, this mode of processing should only be

considered where there are clear operating advantages.



I11i. COMMERCIAL TURNKEY CAD/CAM SYSTEMS

3.1 INTRODUCTION TO TURNKEY SYSTEMS

A CAD/CAM system is basically a data processing
system designed to be operated interactively in a
conversational mode. GBGive and take between man and machine
"takes place in a natwral manner, the user making known his
intentions, and the machine providing essential information,
prampting him along, showing him his progress, and

acknowledging his actions.

Although it is possible for a design ar
.manufacturing.firm to install CAD/CAM facilities in bits and
pieces, there is a great deal of interest in YTURNKEY"
systems, i.a., complete bhardware/software packages for
particular applications which enable the user to ignore
programming problems. An example of an integrated turnkey
CAD/CAM system is one which is available to the plastics
industry from Calma Co., recently bought by BGeneral
Electric. Calma uses its system.for the design of parts and
molds and the direction of NC machinery used in mold
production. It is also be used for the design and control
of automated equipment systems such as processing machines

and robots, for optimizing injection mold design, and for
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structural dynamics research. Calma plans to provide a link
vto the MOLDFLOW program, to be discussed later, and, with
the establishment of technical service centers throughout
the U.S., to provide consultation in CAD/CAM applications
(19} . Other suppliers of turnkey CQDKCAH systems for

mechanical design are listed in Appendix B.

As stated earlier, computer systems are built up of
devices that +all into the categories of input devices,
processing devices, or autput devices. In CAD/CAM systems,
input devices are used to input graphical and textual data,
operational instructions, and previously stored data. Input

devices include:

—alphanumeric keyboard,
—function menu,

~light pen.
Processing devices in CAD/CAM systems include:
—the processing unit itseldf,
—the operating software and CALD/CAM software,
—telecommunications hardware and software,

—interface hardware and software.

cAD/CAM output devices include:
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~data displays,
~data plotters,
~printers,

~storage facilities.

Keeping this classification in wmind will help to
clarify the purpose of each device in the turnkey system and
underscore the direction of data flow. However, the nature
of interactive CAD/CAM and the way which turnkey systems are
sold makes it more convenient to discuss their hardware in

terms of functional wvnits.



2.2 CAD/CAM SYSTEM CONFIGURATION

The first Functiopal unit of a turnkey CAD/CAM
system is the WORKSTATION, which is the location for all
man/machine interaction. It is composed of coordinated

input and autput devices including:

—displays,
. —keyboards,
—function menus,

—digitizers.

More than one workstation may be provided with a turnkey

system.

PRODUCTION STATIONS are where output is produced,

and include:

—-plotters,
~tape punches,
—magnetic tapes,

-microfilm systems.

SYSTEM PROCESSORS are the central coamputing

facilities of the system, and include:

Page 30
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—the CPU with all its collateral data processing
equipment,

—main memory,

—-on—lines storage,

—off-line (magnetic tape) storage,

—software.

Workstations are connected to the system processor
via a bidirectional data link which allows both input and
output transactions at each workstation. The production
stations are alsc connected to the system processor but
reqguire only unidirectional data links because they are

strictly output devices.

While most links bestween CAD/CAM system components
work best when fhey are local (less than 1800 feet apart),
remote linking, usually with a reduced data transmission
rate, is frequently possible. Thus distributed processing
systems are possible with CAD/CAM systems. Workstations may
be located off-site and linked via ‘telephone lines.
Plotters, computer—output-microfilm and tape units may also

be remotely located.

3.2.1. THE WORK STATION
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The worlk station is the focal point for man/machine
interaction, from which the whole gamut of CAD/CAM functions
can be requested. Here, the engineer converses with the

system for the following purposes:

~to enter or retrieve model or drawing data,
~to manipulate geometric shapes,
—to reqguest computations,

—to initiate engineering drawing plots.

Work station design varias considerably from
manufacturer to manufactursr. In general, howsever, it

consists of:

—a graphics display unit,

—a text display unit,

~a keyboard,

—~gither a function meun implemented with pushbuttons
or a menu pad (tablet) or both,

—-a light pen or stylus,

—a cursor digitizer or other means of indicating
cursor position on  the graphics display screen.
The components of a2 workstation are shown in Figure

I1.



the workstation
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FIGURE II

THE CAD/CAM WORKSTATION
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B:2.1.1. The Graphic Display Unit

The graphic display unit (GDU) is a window through
which the user can view the graphics data in the computer.
The‘unit accepts computer signals and processes them into
commands for hardware units called function generators which
display the ocutput as letters, numbers, and circles aoan a
TV-like screen. A number of different types and sizes of
displays are presently in use. The characteristics of each
type are quite different and must be considered very
carefully when selecting a display Ffor a particular

application.

The GDU is usually mounted on or built into the
workstation Ffurniture. Maost suppliers provide adustable
mounts so that the viewing angle and screen height can be
changed to suit the individual operator. The importance of
the display mounting style and workstation layout should not
be underrated. The operator’s view of the display is part
of the interactive link bstween him and the systems i+ the
interaction takes place in a naturally comfortable position,
he will be able to sustain a higher level of concentration

aver a longer period of time.

All cwrent commercial CAD/CAM systems use CRT
technology to display graphics. Although much work has been

done on "solid state" flat-panel pictuwre displays, they have
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s5till not progressed heyond the introductory stages.

A CRT, shown in Figure III, draws a picture by
illuminating é unifaorm layer of phosphor which coats the
inside of the display screen. The illumination is thse
result of a controlled beam of electrons which are deflected
harizanially or vertically using a magnetic or electrostatic
field, or a combination or both, to trace a pattern on the
screen.  The electrons, which are emitted +from a cathode
inside the evacuated glass tube, have extremely low inertia
sa they can be moved very gquickly (hundreds of thousands of

inches per second).

Accelerating .
structure Deﬂ:;cs{g:
Control __
grid

system
Phosphor
coating

FIGURE 11X

THE CRT (561)

In order td produce a graphic symbol, a computer
data word designates the X and Y locations of the symbol an
the screen. The electron beam is moved to those locations

and illuminates the  phosphor at those points. Any symbol
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can be produced as a series of these dots. Most graphic

display units have 1824 X 1824 addressable locations on the
sCreen.
Az shown in figure IV, there is a good deal of

hardware involved in a graphic display unit. Following will

be a short discussion of the function of each of the

compaonents.

FIGURE 1V

GRAFHIC DISPLAY HARDWARE (&2}

A set of ANALOG CONVERTERS are required in order to
change the digital X and Y designation into corresponding

analog symbols for beam positioning and modularity.
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An INTERFACE is needed between the computer and the
display generator to convert data word organization and
logical level so that the computer and display generator can
communicate, and provides the necessary sequence signals so

that the two elements can properly communicate.

Because saftware has become so much more sxpsnsive
to write amnd maintain than hardware, a DISFLAY GENERATOR
combines hardware elements which serve to wminimize the
amount of computer software which is required to generate a

symbol.

Several FUNCTION GEMERATORS, such as character,
vector, and curve generators specify characteristic
information in order to utililize a minimus number of data
words to define a geometric shape. For example, a circle
can be defined with a vector generator with only its center
location and its diameter, rather than with the X,Y

locations of each of the points on its circumference.

In order to Ffurther minimize the software
requirement, the typical CRT also contains other elements
which modity the oufputs of the “Junction generator. For
example, a digital size control is usually associated with
the character generator. It uses just 1 or 2 bits to
pragram character size. ‘Assuciated with the vector

generator is often a line structure controller which
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determines whether lines will appear as dotted, dashed,

dash—dotted, etc.

With all of the function generators and function

generator modifiers, it is necessary to pravide logic to

decode the data words Ffrom the computer and route the
information to the appropriate +function generator or
modifier. This is accomplished by the DISFLAY PROCESSING
UNIT, which is often a microprocessar. The DPU may have
several other hardware functions as well, including image
rotation, windowing, scaling, depth cueing, autoplotting,

etc.

GDU Techneology Summary

There are basically Ffour types of interactive

graphics display technologies in use today:

-retresh, or directed-bsam CRT displays,
~video or TV-type displays,
—raster/scan converter displays,

—storage, or direct-view storage tube displays (DVST).

Each offers its own advantages and disadvantages, and are
employed for different applications. The choice of graphics

display is an important one, because drawing quality and
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complexity limitations, dynamic capability, cast,
compatibility with input devices such as light p=ns, and
other important system capabilities are dependent on the
display system chosen. The technologies are detailed in

Appendix C and compared in Table IV.

—raster scani uses a raster, or matrix, which is regularly
scanned in a succession of scan lines. Such systems
may be considered as interactive coplor TV sets, or
TVs with memory. They have wvery high to high
resalution and produce both static and dynamic
pictures. The technology is suited to drawings of
areas and surfaces and produces realistic pictures.
Prices range from very low to fairly high.

—storage tube: Stores the pictwre in  the tube. The
technology produces high-resolution static pictures
and is good for fast plotting and line drawings.
The display is green on green. Such systems are
madium priced.

—refresh display: Must be continuously refresshed. Such
systems produce moving line drawings, dynamic
pictures, with very high resclution. The systems

are ftairly sxpensive, highly interactive, and can be
used as stand-alone devices.



TABLE 1V

% Cost

Raster Scan

Storage Tube
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GRAFPHIC DISPLAY TECHNOLOGIES SUMMARY (63)

Refresh

$3K - $26K $8K - $13K 13K - $358K
“Resglutian low to high kigh vary high
Drawing areas, realistic line life
type
-HMotion dynamic static dynaniz
Coler lats green ch green mong or
four color
. Data Content unlipited unlimited ligited
w/aut
flicker
- Selective Yes {limited) Qptianal Yes
Erasure
Interactive-
. ness high loun very high
Use intelligent dumb stand alone
terminal terminal systens

Se2.1.2.

The Text Display Unit

A second workstation component of many workstations

is a text display wnit, dedicated to alphanumerics only.

The unit displays text while it is being typed by the

operator, prompts the ugser for input, notifies him of

mistakes, and keeps the user informed of the system’™s

status. Most systems use a second CRT for this function,

but some manufactuwrers prefer a single-line +flat pansl

display. Other suppliers believe that combining text with
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the graphics on one display is a superior, more cast
effective approach, and do not include an alphanumeric

display.

F3.2.1.3. The Display Hard Copy Unit

Display hard copy units serve many purposes:

—allow the engineer to continue working on a problem  away
fram the workstation,

—allow the engineer to plan for the next workstation

session,

—prravide hard copy required for a project notebook,

~hard copy is often useful in tracing a design’s evolution,

—allow the communication of current designs to other
departments and locations which do not have remote
workstations,

—hard copy may be useful as an exhibit attached to a design
progress raport,

~allow access te guickly—produced up—to—date information for

hastily arranged design reviews or clisnt meetings.

3.2.1.4. CRT Copiers

CRT copiers are low-cost, table-top devices which
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produce small, medium quality copies with a minimum of
effort and time. They cost about $45@¢ +to $16,680649, Copy
size wvaries amoung models, and depends on the CRT type and
dimensions. Most copies fit inside an 8-1/72 X 11 inch

border.

CRT copiers use either an electrostatic writing
technique, a dry-silver paper image transfer system, or a

thermal printing process for output.

S5.2.1.9. keyboards

Alphanumeric keyboards are the primary input devices
system control commands and entering textual data. In most
systems, the alphanumeric keybeoard can be used +to enter
almost every kind of command and data type that the system
will handle. Thus it is the wuwniversal, if rudimentary,

input device.

While many workstations wse a standard computer
terminal keyboard, others have a custaom layout which reduces
keying effort. For example, auxiliary alphanumeric
keygroups in calculator—-type layout are often provided to
facilitate numeric entry. Some keyboards have special

function key groups for specialized control functions.
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3.2.1.46. Function Menus

Function menus were developed to provide a simple
pushbuttnn way of making a CAD/CAM system work. They may be

mechanized in many different ways:

—pushbutton function menus: May be pushbuttons packaged in a
separate mobile table-top housing, or
pressure-sensitive contact elements mounted in a
thin, portable tablet, or a pushbutton array which

is part of the workstation console or keyboard.

Individual pushhuttons are assigned to specific menu
items, and +Functions are invoked by pushing the
appropriate buttons. Since different menus can be
assigned +to a single pushbutton array, an unlimited
number of functions can be handled by an array.
Overlays with menu fuction identifiers are fitted
over the pushbuttuﬁ panels to indicate their current
function assignments. Only the AFfunctions of a
single menu are operative on a giVen array at one
time. Knowing which wmenu is operative at a given
time can be a praoblem. D%ten it is left to the
operator to remember to switch overlays at each
function reassignment, although some systems provide

this information on the display screen or otherwise.
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Most pushbuttons provide the user with some sort of
feedback to let him know that the system has

recorded his keystroke.

—digitizer function menus: Digitizer tablets may alsoc be
used to mechanize function menus. Usually 11 X 11
inch tablets, these instruments can automatically
detect the coordinates of any point on their surface
which is selected with a cursor, a pen-like or

puck—-shaped device.

Digitizer function menus have a substantial software
dimension. A common implementation consists of a
Mylar sheet on which a grid has been drawn. When a
point inside a sguare is selected with the cursor,
the software detects which square was selected from

the coordinates of the digitized point.

Usually, as with pushbutton function menus,
different Ffunction ménus are knoﬂn to the saftware,
and the system wmust be informed which menu is
operative, usually by a keboard menu identifier or

via a menu function.

~display function menus: Sometimes a Ffunction menu is

implemented directly on the graphics or alphanumeric
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CRT screen. Usually this ié done by displaying a
short 1list of functions that can be selected eithear
by a single keystroke on the keyboard or by a
display—cursor positioning: device- such as a light
pen or a joystick. 0Once a function is chosen, the
system will execute the request and display a new

set of choices predicated on the previous selectian.

Display function menus can be axtremely powerful
interactive elements because they are selectable by
the system on the basis of tha context of what the
user is trying to accomplish, and there is never any
doubt about which is the cwrrently operative menu.
However, the number of items in each menu is
limited, the menu tends to clutter the display., and
a great deal of software is needed to take full

advantage of their potential.

—character recognition function menus: Another way ot
implementing function menus is the character
recognition approach. In this scheme, simple

symbols are traced by the operator, freshand, on a
digitizer tablet. These symbols are recognized by
the graphics processor software and interpreted as
menu items. Symbols may be drawn on the tablet so

that a command can naturally be combined with
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location data by drawing the command symbol in a
corresponding place. an .example of a character
symbal which represents a command to repaint the CRT

screen is shown beslow.

To enter a menu function symbal, the operator moves
the display cursor to the desired position by means
of the digitizer®s cursor unit (usually a pen-like
device called a stylus) then traces the symbol on

the tablet.

As with other Ffunction menu implementations, the
operator is given feedback that the system has
received the function request, as the function
symbol is traced on the graphics screen. 0Once the
symbol entry is completed and the stylus is lifted
aff the tablet, the system will display the symbol

meaning in English and execute the function.

A standard set of function menu symbol definitions
are supplied with the system. The user is also able

to teach the system to recognize other symbols.
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This.implementatimn of the function menu can be an
extremely efficient method of data entry and system
control for experienced operators. However, +for
operators who use the system infrequently, it can be
difficult to remember all of the various Symbols;

and looking them up is very disruptive.

—voice recognition function menus: One supplier employs a

function menu which utilizes voice data entry (VDE)
units that enable users to enter items verbally by
speaking inte a microphone. the vocabulary of words
which correspond to particular menus are defined by
the user, who "trains" the unit te recognize his
utterances and associate them with menu Ffunctions.
The command issued is displayed on the CRT before

being executed.

Physically, the VDE unit consists of a
noise-cancelling microphone and headset interfaced
via an analog/digital converter to a dedicated
microprocessor which 1s connected to the graphics
processor via a conventional data link. FPattern
recagnition software in the micraprocessor
recognizes the unique speech patterns in the VIRE’s

vocabulary.
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This method of interaction is very efficient in that
it allows the operator to enter functions in a very
natural way while keeping his hands free to
manipulate other devices. However, the VDE cannot
recognize the voice commands if anything happens to
the user’s volce such as a cold or allergic
reaction. Also, if the operator were not a frequent
user, it would be difficult to remember the

vocabulary and disruptive to have to look it up.

Digitizers are one of the most commonly used, purely
graphical input devices. They are an indispensable
component of any CALR/CAM system as a primary interactive

workstation device for:

-mechanizing function menus,
~display—-cursor positioning,

—inputting drawing information.
Digitizers have three associated slements:
—an instrumented tablet on which points can be located,

—a cursor unit with which to select the points,

—instrumentation to convert the selected locations to
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digital form for transmission to a computer{

Physically, digitizers are a#éilable in many
different sizes. The smaller units are portablé. Some
larger units have opaque back-lighted tops to avoid annovying
shadows, and may be mounted on motorized, fully articulating

stands.

The cursor unit associated with digitizers may be a
pen—like device called a stvylus, but the larger tablets
generally have a puck-like cursor with a glass section

inscribed with a reticle (and usually a magnifying glass).

One type of digitizer is fitted with a pen holder
and X- and Y-axis drive mechanisms to make it into a hybrid
device called a digitizer/platter. These are very versatile

interactive devices.

Applications of digitizers:

—large digitizers as primary input devices: Some
vworr-kstations are digitizer—centeread, and consist of a large
digitizer, a graphics display, an a}phanumeric keybhoard, a
small pushbutton panel, and occasionally, an alphanumsric
CRT. The digitizer comes with a puck—-style cursor that has
four to ten function pushbuttons for reguesting operations

such as X-hold, Y-hold, snap—-to-gid, and so +forth that
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pravide computer assistance for indicating a desired or

relative cursor position.

The starting point for entering the graphical data
into the computer is the drawing or sketch. The sketch is
mounted on the tablet and the operator then digitizes it
using the cursor and function menu to input drawing elements
and create an idealized form of the sketch, checking his
work on the graphics CRT as necessary. This made of
operation is minimally threatening to people with a drawing
office background who feel uncomfortable working at a
workstation that loocks like a computer terminal. I+ the
main task is to input already existing drawings into a
Can/CcaM system, digitizing is a generally accepted, speedy

wWway of doing it.

—digitizer/plotters as primary interactive devices:
Digitizer/plotters are ﬁyhrid units that are both locator
devices and graphics plotters. Logking like a large drawing
board, a digitizer/plotter is often equipped with such
features as power tilt, backlighting,’ and electrostatic
hold-down. These units are versatile, interactive graphics
terminals that can be used alone or in combination with

other workstation devices.v

Usually a workstation with a digitizer/plotter will
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include:

—a medium size pushbutten panel, wusually the primary means
of communicating commands to the system,

—a digital display of the X,Y coordinates, used +to help
position the cursor precisely, and determine the
coordinates of any point.

—-an alphanumeric keyhboard,

—a graphics CRT {(sometimes) to provide interactive feedback
and provide additional views to aid in the creative

process.

As in conventional digitizing, the sketch is mounted
and is digitized using the cursor and function menu to input
drrawing elements. But instead of manually moving the cursor
into position to input specific points, the cursor is
positioned with the aid of the unit’s power-drive using a
joystick—type control. Using this technigque, it is possible
ta position the head very precisely to within the 1limit of

the plotter’s resolution.

Extremely useful is the plot-back capability of the
digitizer/plotter, which allows the operator to immediately
plot what has just been input directly over the original,

thetreby helping him detect errors guickly and easily.

Digitizer/plotters can be used in almost all CAD/CAM

applications, but are not as common as other interactive
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workstation devices.  Because of their uwunique ploct-back
capability, they are more versatile than a conventional
digitizer for entering drawing data, but are more expensive.
To justify the additional expense, users look for payback in
the unit’s plot-hack, errar—-check feature and in its ability

to pinch hit as a praoduction plotter.

3.2.1.8. Cursor Controls

Introduction to cursor positianing:

When cuﬁstructing or manipulatiﬁg graphics while
viewing them on a display screen, an ogperator must
frequently refer to the location coordinates, geometric
ohjects, or specific regions on the screen. For example, in
order to insert a lins betwesn two points, the designer must
identify each point tao the gystem. Aalmost all graphics
functions have one or more operands that specify coordinates
or rafer to a geometric entity. Thus CAD/CAM suppliers have
made an =ffort to develop devices and methods to do  this

quickly and conveniently.

It is important that the cursor positioning device
as well as all other input and feedback devices be will
suited to the user, as the quality of the interaction

between the computer and the operator is dependent an the
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choice. To the extent that an input device satisfies the
user’s natural modes of expression in a particular activity,
he will view the interaction as beiﬁg more natural, and will
adapt more easily to the CAD environment while thinking and

reacting in terms of the application environment (20).

What makes the process of choosing input devices
difficult is that what feels natural to one group of
individuals may be very awkward for anothsr group. It seems
that there is no inherently superior method: It’s what feels
good that works best. Recognizing this, some suppliers
offer a wvariety of devices and leave the choice up to the

User .

The Light Pen

Physically, the light pen is a photoslectric,
pen—shaped sensor that generates a signal when light is
detected at its tip. This signal is fed back to the display
processor software which then determines what display
element was being oufput when the lighf pen signal was
generated. Light pens, due to their use of software to
determine locations or objects, incur a considerable amount

of processing overhesad.

The light pen can be used in a pointing mode, to

point at information on the screen or to designate the
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location at which elements are to appear: or in the drawing
made, Ffor direct information entry. Since the light pen’s
operation depends on time dependent functions, this tocl can

not be used with storage tube displays.

Digitizer—Tablet Cursor Caontrols

This scheme of referencing the display relies on the
operator®™s sense of relative position to locate peoints on
the screen in an indirect method. An equivalence is
established by software between an area of the digitizer and
the CRT screen. Screen references are made with the stvylus
by digitizing points on the digitizer tablet that correspond
‘tn the desired points agn the screen. Yisual Ffeedback is
provided by a cursor symbol displayed on the screen. This
is a very popular and successful method and is characterized

by good resclution and a moderate software overhesad.

Thumbwheel Cursor Controls

Thumbwheels provide an indirect method of

positioning the cursor.



FPage 55

A joystick is'a lever that can be moved in at least
two degreses of freedom which is coupled to potentiomsters.
An advantage of joysticks is their easily realized
three-dimensional (F-D} capability. Joysticks are reliable,

fun, and convenient to use.

Trackball Cursor Controls

A trackball consists of a ball mounted in a bearing
that allows it to spin freely in all directions. The user
positions the cuwsor by spinning the ball in thes appropriate
direction, then stopping the ball when the cursor is in
position. Some authorities assert that trackbaslls are
better than joysticks because of the superior tactile
feasdback provided by the ball’s momentum during rapid
movement. Al=so, 1t 1is =aid that the trackball makes it
easier to position the cwrsor mosre precisely than is

possible with a joystick.

Pushbutton Cursor Controls

Pushbutton controls utilize fouwr motion buttons
arranged in a diamond shaped pattern, each button moving the
cursar in one of four directions: up, down, left, o right.
Pushbuttaon controls are insxpensive and are very common i1n

alphanumeric digplays where they provide adequate
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perfarmance. They are not used to any significant degree in

CAD/CAM graphics because they are harder to manipulate than

ather technigques, and significantly slow the operator down.

S.2.2. THE PRODUCTION STATION

Tha putput of a CADR/CAM system includes drawings,
gecmetric model data, numerical control (NC) tapes, bills—-aof
materials printouts, and digital data Ffiles. The mast
cCommon cap/CcamM production devices are plotters, line

printers, perforated tape punches, and magnetic tape drives.

S5.2:.2.1. Hard-Capy Graphics Plaotters

Plotters are devices that convert the digital
graphics data in a CAD/CAM system into conventional
hard-~copy graphics as a means of documenting work or to
provide data Far repqrts. The output of plotters consists

of:

—detail drawings,
—assembly drawings,
-schematics,

—flow charts,
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—project control charts,

—technical illustration masters.

Plotters and graphics displays complement one
another very nicely in CAD/CAM systems. While the CRT can
display a low accuracy picture wvery rapidly for Fast
manipulation and graphics creation, the plotter produces
large, high accuracy permanent copy for documentation but at

a very slow rate.

Pluttérs can go beyond producing images of a product
‘on paper. In some CAD/CAM applications they actually
participate in the manufacturing process. Artwork masters
for printed circuit boards are sometimes cut directly by a
plotter fitted with a strippable—film cutting accessory in
place of drawing pens. Some plotters scribe complex
patterns directly onto metal-plate work pieces. 0Others are
fitted with aminiature milling heads to cut intricate shapes

and patterns in sheet mstal.

The plotters used in CAD/CAM ﬁrnductinn stations
fall into four broad categories: pen plotters, electrostatic
plotters, photoplotters, and computer—output-microfilm (COM)
systems. Table V provides a summatry and Appendix D pravides

a detaileddescription of the systems.
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SuUMMARY OF MAIN PLOTTER TYPES USED FOR ENGINEERING QUTPUT (21)

* Platter type lrua Flathed Microfila {COM}  Electrostatic

Line quality  Bood, but fs Drum plotter Boad, Consistent, but
requires Consistent limitad by dot -
attention matrix size

Typical 22,808 44,880 16,848 8,388

Addressable

' Paints

Qutput Paper or fis Drua plotter Various Special coated

medium plastic picrofilnm paper
opague
{translucent)

Characters Single fs Drum plotter  Versatils Versatile
line fonting fonting, but

possible limited by dot

matriz size

Typical 3 zet 16 sec 4 gs ---
drauwing

‘speed

Cost t 4.2 8.3 1.7

. ratis

3.2.2.2. Line Printers

Line printers are often used to print out listings
of wvarious attributes such as coordinate information, and

summary listings.

3:.2.2.3. Perforated Tape Subsystems
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Paper Tape Punches

Punched tape is presently the predominating means of
transmitting digital contreol data to programmable automated
production equipment such as numerical control {NC? or
computer numerical control (CNC) machine tocls. Other uses
of punched tape includes off-line plotting, microfilm

preparation, and software storage.

Tape punches are generally purchased with a CAD/CAM
system and can be configured as part of a workstation in
some systems. High speed punch installations usually add

about 5%0@ to the cost of a turnkey system.

Perforated Taps Readers

Tape readers are needed to rread tapes for
verification before releasing them ta the machine, because
tape punching is not particularly reliable. Tape readers
also help with otility Ffunctions such as duplicating
previously punched tapes and for reformatting tapes to maks

them compatible with various NC or CNC machines.

Resders come in electromechanical or photoslectric
versions, the 1étter being less "hard® on the tape.
Furchased as part of a tuwnkey CAD/CAM system, readers cost

around 45,800,
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Although rugged and inexpensive, punched tape is
difficult +to handle and a great length of it is nseded for
compléx machining jabs. With advances in CNC and the
availability of rugged, low-cost memory and magnetic
data—transfer media, punched tape will probahly be replaced

by diskettes or hard-wired links in the near future.

S.2.2.4. Magnetic Tape Subsystems

Magnetic tape is a low cost, portable mediom on
which large amounts of digital data can be stored very
compactly. In addition to its vrole as a staorage wmedium,
tape has become a means of interchanging‘data between all
kinds of wvery different data processing systems because
recording formats have been able to be very standardized in

this medium.

In CAD/CAM aperations, this interchange tends +to
integrate the CAD/CAM systems with other engineering,
production and business computers used by an establishment,
thereby allowing many of the indirect benefits of CAD/CAM to
be realized. While data transfer can be accomplished via
telecommunications links, much of it continues to be done
ménually by transporting mangnetic tape reels Ffrom one
system to another. Typically, data may be interchanged with

large mainframe processors, other CADR/CAM systems  {(although
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this may require special software to reformat digital data),
off-line production systems, and with their manufacturer’s
suppaft and development organizations. Most CAD/CAM
suppliers use magnetic tape as a distribution medium for nsew
software and for software upgrades. In addition, software
debugging is often performed off-site by s=sending a memory

dump on tape to the system manufacturer.

Short—term storage of vital data and software on
magnetic tape provides security and backup Ffor on-line
storage data, thus rendering it immune to operator error or
hardware or software failures. Long-time archival storage
of large quantities of data is another common use for
magnetic tape. Its long-term stability, low cost (about
one—tenth the cost of disk storage), convenient shape and

small size make it ideal for this application.

Tape drives add from $14,89% to $32,008 to the cost
Dfl a system. The tape can be purchased in quantity at a

unit cost of about %15 per 24@@F—Foot reel.

2:.2.3. THE SYSTEM PROCESSOR

The GRAPHICS PROCESSOR or system processor is  the
main computational facility of a CAD/CAM system. Most of

today’s systems use distributed computing and consist of
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more than a single processor. Minicomputers and
microprocessors are often utilized for such processing tasks

which include:

—a dedicated computer in each workstation to contrel the
display and analyze digitizer/tablet input,

—a dedicated computer to convert vector gfaphics to raster
form for electrostatic plotting,

—a dedicated computer Ffor database management and for
controlling communication to a network af

workstations or to other computers.

The system processor coordinates the activities of these
other computers, contreols access to the database, executes
user—witten software, and does the major portion of the

geometric and analvtic computations performed by the system.

A= a rule, the system processor is a general purpose
minicomputer madse by onz of the major minicomputer
manufacturers such as Digital Equipment Corporatiaon,
Sperry-Univac, Hewlett Fackard, Prime‘ Computer, aor Data
General. But some turnkey CAD/CAM system manufacturers have
developed proprietary special-purpose "graphics® computers,
and use these as system processors. There is 0o
straightforward answer to whethsr a special-purpose

processor o a general-—purpose minicomputer is better Ffor
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CAD/CAM  applications. A user must evaluate the advantages
of each approach in the light of his own unique situation
and objectives. Appendix E lists some of the advantages of

each configuration.

Pracessor Features and Characteristics

Basically, graphics processors consist of a
processing unit, memory, and a data bus. The processing
unit executes program instructions stored sequentially in
memory. These instructions serve to direct the performance
of arithmetic or logical operations on data stored in the
memory, the transfer of control to different programs and
subroutines, and the initiation of operations to transfer

data between the memory and peripheral devices.

Program instructions and other data stored in the
memory are transferrable to designated peripheral devices as
well as to the processor and can be accessed by these units

more o less directly.

Data and control signals flow bétween the memory,
the processor and the peripherals along conkrelled DATA
BUSES, which can be thought of highwavs along which data
travel. Today’s high performance minicomputers have
multiple processors, memories and data buses all working

together to provide greater throughput capacity.



Page &4

Features and characteristics commonly associated
with contemporary mini—- and midicomputers used as CAD/CAM

processors are listed in Appendix F.

On—-Line Storage

On—line storage contains data needed for the current
interactive operation of a CAD/CAM system. This includes
user information and programs. On—-line storage refers to
the total amount of memory to which the system processor has
immediate {less than a second) access. Disc storags
accounts +For more than 9% of the total on-line memory in
most of today™s CAD/CAM systems, the rest being made uwp of
the computer control store, cache and main memory. HMost
aon-line storage systems are based on 14—-inch rigid disc

drives.

An emsrging disc storage medium which may soon be

offered by CAD/CAM system manufacturers 1is the 8-inch

Winchester rigid disc. The wunits are compact, very high
density, non—-removable pack drives with large storage
capacities and very fast access times. Winchester disc

prices are very competitive with small to medium sized

14—inch disc starage systems.
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Off-Line Storage

Off-line storage provides an inexpensive way to
retain a virtually wnlimited amount of data and is

invaluable as a back—up to more volatile data held on

on—-line storage systems. caD/CaAM  systems use reels of
magnetic tape and removeable disc packs for short—-term and

lang-term off-line storage.

Back—up short—-term storage is prudent because of the
fallibility of human operators. Some installations create
copies of vital on-line data on a removable medium on a
daily Easis and always have a week’s worth of data on hand
in case data recovery should be necessary. In addition, an
end—of—-the- month tape or disc pack is kept far up to one
year to help recover from errors not discovered Ffor longer
periods of time. These back—up tapes are freguently kept in

off-site, fire-proof vaults.

Long—term archival storage of large guantities of
data are generally stored on magnetic tape reels. For
shorter—term, more frequently needsd aff-line storage, disc
packs are generally used. It is not justifiable to have
drawing or other infreguently accessed data accupying
eﬁpensive on—line storage space. Off-line storage provides
a low—cost temporary storage medium from which it can be

readily restored to on-line storage whenever it is needead.



3.3 CAD/CAM SYSTEM INTERCONMNECTIDNS

fis discussed earlier, networking is widely accepted
in the CAD/CAM industry. cCAD/CaM  system networks are
multiple, interconnectsed basic CAD/CAM systems that are
intended +or multi-plant, or multi-department applications

that exchange data on a regular basis.

A1l but the mast basic CAD/CAM systems are made to
support more than one workstation. This allows data
storage, processing and output facilities to be shared. As
more workstations are added to the system the load on the
database processing and output facilities increases ‘unitl
the entire system is saturated with work. this results in
long delays at each work station which breaks the rhythm of
interaction between the operation and the system, thsrehy
reducing the operater’s productivity. Thus there is a limit
to the number of workstations which can be supported by a
single graphics processor. As a rule, minicomputer based
cap/caM systems can interface up to 16 workstations.
However, they can operate no more than three or {four
simul taneously while maintaining full operator ﬁrnductivity.
-Metworks are also used in situations where the number of
workstations required is gireater than that which can be

accommodated by a single system.

Page 66
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In these applications it is necessary for portions
of the database +to be shared by all the systems in the
network. In each individual case, the relationship between
the systems comprising the network and the nature of the
data flow that can occur between them is governed by the
network configwration, its philosophy, and the details of

the software used to implement that philosophy.



S.4 SOFTWARE FOR CAD/CAM

2-4.1. SYSTEM SOFTWARE

Although software is the least tangible part of a
CAD/CAM system, it is by far the most impartant. Software
provides a body of techniques to help the user get the

performance he desires from the computer hardware.

A CAR/CAM system contains many different categories

of software:

—Firmware: Microprograms used in the processing unit and in
most intelligent input and output devices.
MICROPROGRAMMING is a technique for the design and
implementation of hardware control structures. It
introduces software aspects into the development of
computer hardware, 'thereby praviding for
specialization of the hardware (22).

~Operating software! Used to control the computer’s work
flow, organize its data, and pér%orm housekeeping
Ffunctions.

—Application programs: For data entry, design, drafting, and
manutactwing functions.

—Programming support: Software which enables the user to

implement custom aspplications or modify the system

Page 68
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to satisfy specialized requirements.

The operating system consists of a set of programs
that assist the user in abtaining better operating
performance from the computer, facilitates the preparation
of programs, and aids in the management of the computer’s
time scheduling. Thus the major function of the operating
system is to allocate the resources of a computer to the
various tasks neediné them. Access to peripheral input and
aoutput wunits and data storage space in on-line storage
devices are also controlled and allocated by the gperating

system.

The allocation scheme may sncourage kesping all the
computer®s equipment working at full capacity to maximize
throughput, or it may give priority to more wgent tasks to
minimize respons=2 time at the expense of throughput., Thus,
most resource allocation schemes are a compromise between

response and throughput objectives.
In addition to providing resource allocation

functions, operating systems often:

—impose a beneficial structuwre on applications programs and

their data files,
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—~provide a number of interfaces {(for text editors,
programming language compilers and debugging aids}
and services (such as arithmetic and timing
routines, inter—task communications facilities,

specialized aids for programming input and output

operations} that simplify application program
implementation.

—detect programming errors and provide orderly recovery or
réstart when one an errar is encountered.

~keep track of the system®s hardware status,

—-provide a common interface between the agperator and sach of
the application tasks.

~keep an account of the system’s utilization,

—activate an orderly shutdown in the case of a power

failure.

Most CADR/CAM vendors use general-purpose operating
systems developed by their hardware vendors. Some leading
vendors, hnwéver, have developed their own operating systems
that are gpecifically tailored to the needs of their CAD/CAM
systems. This approach, although superior, does 1limit the
amount of purchased general-—purpose software that can be run
on a system (because the software purchased must b=
codpatible with the operating system) and makes in-house
software devel opment by the user more difficult.

General ~purpose, widely-distributed operating systems
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support much of the commercially available CAD/CAM software
without modification. The special—-purpose operating systems
tend to be more efficient and usually pravide better
response times, while occupying less space in main memory
and in on—line storage. Most users sconer or later want to
customize their system’s capabilities, and thersfore, should
carefully examine the difficulty of integrating purchased
software and the facilities provided by the operating system

for sottware development.

S.8.1.2. Software for a Distributed Processing Environment

Application software for CAD is currently directed
at the single machine environment. A consideration which
emerges when dealing with software designed for operation in
a distributed environment is the problem of on-line
communication betwesn computers. This includes the choice
aof synchrononous or asynchronous and serial or parallel
communications, depending on the distance between the
communicating aquipment and the required spead of
transmission. More iaportant from a software point of view

is the development of communication PROTOCOLS which attempt

to standardise the control mechanism four- handling
communication signals. On top of this, some manufacturers
of computers have provided an advanced language for

controlling communications between their own machines and
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sometimes those of another manufacturer, e.g. DECNET,

PRIMENET, etc. (23).

Database management is an informal matrix of
software and data formatting rules within which the system’s
data are organized. Database management saoftware is often
considered to be a component of the operating system,
although in some aminicomputer-based CAD/CAM systems, a
considerable amount of this software is implesmented outside

the operating system.

The Need for a Data Management System

Typically, the systems of data collection., storage
and manipulation found in today’s cbrparations have evolved
over many years, stemming from a hést ot unrelated user
requests. These systems were initiated individually and
independently of one another. The end result is a
conglomeration of indepeﬁdent systems serving a multitude of
different users, none of whom are aware of what data is
being used where, by whom, or for what purpose. For the
most part, the concept of using data as a resource has been
overlooked. It is the effective utilization of database

management concepts that emphasizes the utility of data as a
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carporate resource, to be shared among all users. These
concepts stress a consistent and coordinated effort to
organize the corporation’s applications in a way that deals
with the totality of information requirements in an orderly

fashion.

The Company Database

4 DATABASE is a collection of data and INFORMATION
(structured and associated data) which is stored on a direct

storage device and has the following characteristics:

~It can be shared by several programs,

-It is ofganized in logical records which take intao account
the data’s 1logical characteristics as opposed to
merely their physical locations on a storage device.

~It permits the addition, deletion, manipulation, and
modification of beoth individual records and groups

of logically related records.

A conceptual representation of a database is shown

in Figure V.

There is a saying: "Disc files da not a databasse
make®. The concept that any file or set of files stored on
a direct storage device comprises a database is one of the

most common misconceptions in the data processing industry.
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A database requires logical access concepts as well as
physical acecess techniques. Thus groups of logically
related records may be accessed where the group may consist
of different record types located in different physical
files. A database also differs from a group of disc Ffiles
in that the content of the database records and the
structuring of the database are independent of the

applications programs which use the database.

1

BATCH PROGRAMS INTERACTIVE GRAPHICS

THE SHARED DATABASE (&4)

The primary objective of the database management system
(DBEMS) is to organize the system™s data in a way that makes
it efficient to retrieve and, at the same time, to make

effective use of physical storage space. there is a
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fundamental trade-off between the neaeds of fast retrieval
and effective storage‘utilizatiun: the requirements of speed
usually incur a penalty of space and vice-versa. This is
because data-retrieval aids take up extra space. Without

v
such aids, however, the entire database must be searched

item—by—-item to retrieve a specified piece of information.
Another compromise that must be made with a database scheme
isg that of simplicityy the overall scheme is rather
complicated and requires mastery of a number of new

procedures and concepts.

DBEMS s provide the structure for a database in which
geametric‘data, graphic data, mathematical/statistical data,
organizational data, and gesneral design data and design
standards are stored in a logical fashion, thereby allowing

the user to access stored data in an associative manner.

To the advanced CAD/CAM user, this iz the one of the
most important attributes of CAD/CAM systems—ASSOCIATIVITY,
i.e., the degree to which the data management scheme can
aésociate a specific data element, such as thes geometric
model of a certain part, with all ofher related data
elements such as drawing ftiles, bills—of-materials,
revisions, textual reports and all the assemblies in which
it occurs, If information such as material type,
manufacturing cost, manufacturing resources and other

related data is associated with the model, it is possible to
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price subassemblies, produce material take—ofts, and
generate data for scheduling manufactwring Ffacilities
automatically. In tact, without crosslinking af

information, many of the more advanced applications of

CAD/CAM are not possible.

An example of associativity is the linking of drawing
geometry to the model data fiom which it derives. With this
association, minor changes in the model will awtomatically
be reflected in the drawing. This linkage is permanently
maintained because the drawing data contains paramster
rather than absolute values. Similarly, other entities such
as groups, symbols, or figures can be parametrically linkad
50 that when a group is inserted into a model or drawing,
the model or drawing will contain a reference to .thE
inserted entity, rather than a copy of the entity data as it
axisted at the time the entity was added. Thus every +tims
the maodel or drawing is displayed or plotted, the most
recent version of the entity is used to generate the plot or
display. This is an extrememly powerful feature since an
indefinite number of meodels, dirawings, and other data can

automatically be kept up to date.
Advantages of Adopting a Database Approach

-Minimizes data redundancy and duplication. This can mean
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cost savings in terms of decreased rental for data
. storage devices and less expense incurred in

updating data.

~Minimizes software redundancies: The software functions of

data callection, wverification, storage, retrieval
and maintenance account for 4 to &8 percent of the
programming effort required to implement an
applicatians program. By wuwtilizing DBM concepts,

these Ffunctions are treated as system UTILITIES

{software routines) and are shared by all
application programs. Thus there is no need to
duplicate the software Ffor each such proagram,

minimizing not only coding and logic specifications,
but also testing, debugging, and program stnrage,‘
plus concrete savings in terms of manpower for

systems development.

~Minimizes reprogramming effort dué to data changes: The DBEM
approach élearly separates application program
procedural logic and data specitication, so that a
change %to a collection of data elements in an
application program reguires only a change ta the

data specifications without need for reprogramming.
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-Minimizes data collection: Pre-existence of data, exactly
as required or in a derivable form, is more easily
recognizable since informatian relative ta data is

mare centrally available.

-Provides tighter control over contents and access which is
inherent in the database. I+ management chooses to
exercise this control, the danger of unauthorized

access to senitive data is greatly lowered.

—~Facilitates the creation and accessibility of information
by utilizing advanced techniques to extract
information in support of the management decision
process. Often, the raw data necessary Ffor an
unanticipated corporate decision sxists within the
database; the information must be available within a
short time period and without the significant effort
required to write a usually regquired special-purpose
pragram. What is neseded is the facility to retrieve
and operate on the data to produce the specified

information.

S.4.1.5. Utility Software

System utilitiezs aid in all phases of a computer

system’s operation. They include programs and routines
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which:

—help during the genesis of the system, during the sveryday
operation, and alsa if the system should fail.

—perform hardware conversions which configure tha operating
system and the CAD/CAM application programs to the
hardware

—make copies of discs and tapes

—interchange data between dissimilar storage media

-make copies of main storage or disc packs (memory dumps)
following software failures for subsequent analvysis.

—aid hardware engineers in isclating hardware malfunctions.
These programs contribute to indirectly +to the CADL/CAM

capability of the system by aftfecting its performance and

making it more convenient to use.

3.8.2. EaAD/CAM SOFTWARE

CAD/CAM software embodies the main difference
between tuwnkey systems on the market today. This software
contains the general-purpose functional capabilitiesz that
are of primary interest to most users. Programmed into the

CAD/CAM software, these capabilities include:
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graphics creation,
—enhanced graphical analysis,

—special engineering applications.

The following section will describe the capability and
significance of the standard and optional software. Note
that there is disparity among the vendors concerning what is

standard and what is optional.

Standard CAD/CoM software supports the
genetral —purpose capabilities of the system and provides the
basis for most of the more advanced system Ffunctions.
Following is a description of the software +facilities

provided by standard graphics software.

Graphics entry facilities provided by sof tware
consist of a number of geometric building blocks and a set
of tools .ta enter, position and modify them.  Complex
geometric entities are built by combining the basic elements
with the positioning and editing tools interactively at the
workstation. A representative set of basic building blocks

include:
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-~points,
-lines,
-circular arcs,
—parabolas,
-allipses,
—-splines,
-planes,

-sui-faces of revolution.

Tools provided for geometric construction include those used
to enter, position and edit elementary blocks to create the
desired geometry, and those used to direct the system +to
computer derivative geometries Ffrom constructions that
already exist. It is this set of tools that gives & data
entry the powser responsible Ffor much of the productivity
gains achieved in computer—aided- drafting. Appendix &
provides a listing of a representative set of basic input

facilities.

Because the operator’s ability to add to or modify a
design interactively depends so much on being able tao see
and point out particular geomstric featuwres, the Ffacilities
provided +for wviewing graphics has a big impact on an

interactive graphics system’s effectiveness.
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From the user’s standpoint, the more significant

features of-the display capabilities are:

~flexibility and contral provided +for the creation of
various views: Helps to manipulate the graphics and
to visualize the 3-D entities. Can also show
interferences in assemblies.

~the number of views that can be Tactive" simultaneocusly:
Refers to whethsr the wview can actually b=
manipulated by the operator wvia input devicez or
anly serves as a visuwal reference to data.

~the response time: Impoartant because long delays interrupt
a smooth work flow and disrupt logical thought

progression.

Digplay facilities are listed in Appendix G.

Data management Ffacilities provide the means to
classify and associate graphics data_ s0 that it can
subsequently be retrieved according to thesse associations.
Data management functions included in basic software

packages are listed in Appendix 8.
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Analysis software provides a basic set of functions
to calculate geometric properties of the stored graphical
data for example length, area, volume, and moment of area.
A minimal set of analysis functions is provided with most
standarad CAD/CAM systems. See Appendix B for a listing of

basic analysis functions.

Drawing Productiaon Software

AAlmost all standard turnkey CAD/CAM systems have the
ability +to generate hard copy plots of the graphics data in
their database. The software provided with the basic system
is often a minimal package that drives the vendor’s
preferred plotter, although some basic systems have more
advanced software that produces a faster plot. HMost wvendors
supply a good optional selection of advanced plotting
saoftware for different brands of graphics output systems.
Figures VI and VII shaw typical drawings produced by CADSCAM

softwarse.
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FIGURE VI

TYPICAL MECHANICAL DESIGN (45}
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3.4.2.2. Spftware Enhancements

Software enhancements to the basic graphics
facilities of standard systems are provided by most of the
turnkey system vendors. They can provide for incremental
extensions af the general-purpose capabilities of the
standard software. Listings of the additional facilities

provided by enhancements can be found in Appendix G.

3-4.2.3. Applications Software

One of the greatest promises of CADR/CAM is the unity
it can bring to the diverse activitiss of a manufacturing
enterprise. The cogrdination of the enginearing,
purchasing, manufactuwring, quality control, marketing and
accounting functions eliminates costly duplication of sffort
and improves ‘canperation. Put ready-to-use software to
support large-scale, total integration of produact data still

seems a laong way off.

A major problem with the ideal of completely
integrated corporations has been the difficulty of bringing
together the different data formats used by the largs number
of existing applications programs currently in use. In the
CAD and CAM fields themsslves, there is a large amount of
disjoint application software which turnkey vendors are just

beginning to bring together. Thus, what we have today are
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caps/caM systems with a limited amount of ready-to-use
capabilities, and the programming tools with which to build
the bridges to other data pracessing systems and create

additional capabilities.

Broadly speaking, CADR/CAM application packages fall

into three categories:

—design synthesis,
—design analysis,

—manufacturing.

Initally, most application software had to be
developed in-house by individual wusers, but today, an
increasing amount of application software is being offered
either‘ by turnkey system wvendors or through wvendor
organizations by other users. At present, few indepsndent
software houses sell CAD/CAM packages that can be fully
integrated with turnkey systems but it is anticipated that
more will enter the market as the number of installations
increase. Information on software 1is available through
tirade and professional jowrnals, trade shows, CAD/CAM
seminars and user group organizations. Appendix H provides

listings of trade journals and professional organizations.
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DESIGN SYNTHESIS may be defined as the combining of
separate material and abstract entities into a wunified

entity for a particular purpose. It is supported by the

general —purpose interactive graphics capabilities of a
CADsCAM system. Recording the engineering concepts,
creating individual parts, Ffitting them together into

subassemblies and subassemblies into products is all within
the, scope of most base-system capabilities. However, these
base capabilities may be further particularized for certain
types of design work. Vendors offer applications software
packages that deal with a specialized selection of graphics
which more efficiently automate specific areas. In plastics
and! mechanical design, these include structuwwral design
synthesis and piping design synthesis +for exampls.
Application software will be discussed in greater detail in

the upcoming discussion of plastics product design.

Analysis is a vitally important part of any design

process. Specialized software is available for analysis of
electrical control circuits, _civil and mechanical
angineering structures and parts and sheest metal
- development.

Some users desire to develop their own software

in—~-house. However, so much enginesring software already
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exists, it is likely unwise For users to expend their
resources recreating it. Instead, users are better off
seeking out existing software and spending their efforts
integrating it with their systems so both input and output

is compatible with their CAD/CAM database.

Froduction softwars

Manvy CAD/CAM system vendars have available
interactive software to aid in the preparation and
verification af particular programs for may typss of
numerically caontrolled (NCY machines including drills,
lathes, punches, mills, twrets and +Flame culters. Since
this software 1s usually integrated with the systems
database, the geometry of the ftinishsd part can be extracted
and used as a starting point for developing the MNC program
as well as other tocling. Thus, ths same geometric model is
used for analysis, documentsation and production. Some
systems generate tool paths automaticallys and some systems
have graphic path wverification that tends to minimize

machining errors and tool crashes.

I.4.2.4. Programming Support Softwares

The amount of programming CAD/CAM users undertake

after purchasing a CAD/CAM systems is really dependent on
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their attitude toward programming. saome feel apprehensive
and even overwhelmed at the thought of software development,
while others are fascinated and excited by the possibilities
it opens up. Abhout 794 of users do undertake softwars
development projects with a year or two of purchasing a

system.

Programming a CALR/CAM system can achieve very
beneficial results, especially becéuse this particularizes
its general-purpose capabilities, allowing the user to
create his own unigque, special-purpose problem—solving

tools.

There are three kinds of programming undertaken by

CADR/CAM users!:

—Macro function—-menu programming,

—Special —purpose "giraphics" or "design | language™
programming,

—Conventional computer programming using general-purpose

camputer languages.

As previously described, most CAD/CAM systems are
s0ld with a basic set of function menus to facilitate data

entry and to control the workstation. These menus are
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designed to have general applicability to specific areas of
engineering, but even these tend to "be too broad and
inefticient for most users. Thus most vendors provide the
user with the tools to modify standard products to customize
menus. Menu items may be made up of simple combinations of
other functions called MACROS. Many systems allow thsir
menu facilities to be used to activate and pass paramsters
to user—created programs written in HIGH LEVEL LANBUABES.
These are computer languages that allow the programmer to
write programs using natural English commands, rather than
demanding machine language. Each instruction corresponds to
several machine instructions, thus programs are easier to
write, read and understand. Common high level languages are
FORTRAN, BASIC, COEOL, and Pascal (24). Most menu building
and macro creating procedures are easily learned and require

only a very rudimentary level of programming skill to use.

The extension of capabilities that can be obtained
with macro programming is guite limited. It is often
necessary to lonk to more camprehénsive programning

languages in order to utilize fully the system™s resources.

The simple macros described abgove are a method of

combining a group of frequently used commands into a single
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ane ta save time and reduce entry srrors. In recent vyears,
the capabilities of macro facilities have grown so that many
now includg provisions for expressing conditional branching,
arithmetic and logical calculations, database references and
even analytical procedures. Thus the more advanced macro
{aciiities have developed into Fformal special-purpose
languages with complete ability to express procedures and

sequences of opesration.

While the increased power of the more advanced
languages give the user a greater potential, they also
reguire additional training and more sophisticated

programming skills to take advantage of the added potential.

Conventional Programming Using Generzal-Purpose Languages

While the above techniques give greater potential
power to the CAD/CAM system user, they are only of limited
value because they do not support advanced enginsering
computations, decision making and access to the data in the
system”™s database. Enginsering tasks which require more
sophisticated computing technigques such as these reguire a
camprahensive data and procedure defining facilitvy. The
facilities required are pravided by many of the
well—-established high—-level languages, as well as in machine

language. Some vendors adopt this approach. However, there
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are saome drawbacks to using general-purpaose languages.
First, these require programming skills and internal systems
bLnowledge well beyond what a typical CAD/CAM user should be
axpected to develop. One of the attractive features of
CAD/7CAaM turnkey systems is that the user can take a black
box approach to computer usage. Second, hiring progessional
programmers is not always effective because engineesrs have
traditionally experienced great difficulity in expressing

their needs to programmers.

Thus some suppliers have developed spacializsd
programming\ languages to put the necessary capability into
the hands of users without necessitating that thesy become

computer experts.

3.4.2.5. Frogramming Interfaces

Programming interfaces are used to programmatically
access and manipulate a system®s data, and are often
provided in place of a special-purpose programming languags,
o to augment the capabilities of such languages. Using
programming interfaces, users can write application programs
in a general-purpose, high level language to carry out a

wide range of CALR/CAM funchtions.

Programming interfaces normally consist of a library

of subroutines that do such things as access the system’™s
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data base, perform graphical transformations, or perform
calculations to determinse areas or volumés af graphical
entities. The object is to eliminate the need o
application programmers to be concerned with the physical
structure of the dJdata, and eliminate the specialized
application programming required to manipulate and analyze
graphical structures, except at the highest level. In
addition, the application. programs are somehwat immune to
changes in the format of the database since these changes
will normally only reguire é change 1in the interface

subroutines.

Z.44.2.4. Programming support utilities

A sizsable portion of software develaopment consists
of tedious mechanical activities which can be considerably

spesded up with the aid of programming support utilities.

Program development tools used in entering program
text intoc the computer are called text editors. They
genefally support interactive entry of program text at a
work—station or keybpard. Editors support SEARCH, iNSERT,
DELETE, and SUBSTITUTE capabilites, and are able to create,

edit, and delete program text files.

Other utility software aids the programmer during

the process of program compiling by pointing out the
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location and nature of statement format errors, 1language

grammar and syntax srrors, and other errors.

Once the compilation of the text is caomplete and
error  free, some systems go through a second level of
processing to link individually compiled modules with one
another and the rest of the system. The software performing
this process is called a linker. Like compilers, linkers
detect programming errors; linkers with more explicit srror
flagging facilities aid software devel opment more

effectively.

During software testing and verification, software
debugging tools can be invaluable. The more powerful these

tools, the more quickly the software is made operational.



3.6 SUMMARY AND CONMCLUSION

In summary, & commercial turnkey CAD/CAM system
customarily includes four components. One vital aspect of a

successful turnkey system which, due to preoccupation with

hardware and socftware, is often overlooked, is that of

on—going system suppart.

—An integrated set of hardware
Work stations
A system processor
Qutput stations

Interfaces & interconnecting cables

—Software
All of the general purpose praograms needad to

opetrate the system

-Vendor services
Installaﬁion & maintenance
Software maintenance (fixing bugs)
Management education and training for operators
Help with application % special-purpose applications

programming

Page 97
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—A commitment, by the seller, to make the system work.

There are variations on this theme, of course, and
some vendors supply more or less of these components with
their turnkey offerings. It is, therefore, important that a
buyer examine the nature of each turnkey package and
care%uliy evaluate its system, service, and commitment in

the light of his particular needs.

Software supplied by  the wvendor is, as a rule,
tailored to the application. That is; the vendor supplies a
limited set of software selected jointly by the buyer and
seller prior to the purchase of the system. Typically, tﬁe

vendor supplies the following kindes of software:

—Operating software
Control store microcode
Operating system
Device drivers
Data management
Power fail and festart software

—Oparating software (optional)}
Communications drivers
Network support programs
Interfaces
System use accounting software

=Utility software
Copy programs
Programming debugging aids

—CAD graphics software (standard)
Basic graphics
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—-CAD graphics software (optional)
Advanced graphics
Advanced graphics editors
Drratting software
Hidden line removal
Finite element model creation
Bill of material extraction
Mass and volume extraction
Area extraction

—CAM graphics software (optional?
APT Interface
NC bhasic software
NC drrilling, flame—cutting or machine—-center support
Sheet metal pattern layout

—Special application software
2.g., special purpose analysis programs

—~Manuals and logs
System operator™s manual
System superviors’s manual
Tutorial manuals
System maintenance manuals
System log
HWork station logs
This is not an all-inclusive list, but it does show

the way software is packaged and distributed by CAD/CAM

vendors.

Services supplied by the vendor

The comprehensive expertise and services provided by
the wvendor are an important part of the turnkey package. A
kay advantage of having a single sowrce for all services is
that there is a single unambiguous focus of responsiblity

for hardware, software, and its applications.
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—Hardware maintenance: Seller provides remedial and
preventative maintenance for a designated period of
time. Various guarantees are offered by indiviual

vendors.

—Software maintenance: The seller undertakes to locates and
carrect bugs, usually on a "best-effort" basis. The
amount of responsibility assumed by individual
vendars for this service varies greatly, and is very
important because of the great impact this can have
on the success of the system. Most sellers also

provide the buyer with assistance on haw to gst the

most out of their system, i.e., applications
assistance.
—Management assistance: The sellsr- provides advice an

matters such as access control, scheduling, and

personnel selection, start—up planning, etc.

~Education Training for all levels of personnel is provided
by most of the established #endcrs. Some wvendors
provide courses on special software packages,
programming, and other specializad training.
Courses are usually structured one— oaor two-week
affairs and consist of laboratory and class work.

Training will be discussed further in a discussion
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dedicated to this topic.



IV. THE DESIGN PROCESS

The plastics industry has not been left untouched by
capscaM technology. In the following section, the process
of mechanical design of plastics parts, and how CAD

techniques have fit inte the process will be discussed.

In order to appreciate fully the systematic use of
computers in design, one must have an understanding of the
design process itsslt. In the broadest sense, thsre are
four basic elements in every design project involving

plastics:

1} Part or product design itself—4a set of activities
leading from the establishment of product
requirements to the generation of information
necessary for manufacturing the product. This set
of activities can be broken down intoc Four general

overlapping phases:

a) The conceptual phasel Involves the Eﬁecificatinn
cf product reguirements from end-use and
market considerations, and E]
design—analysis—redesign cycle in which a
gualified dessigner gets a feel JFor the

problem.
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analysis phase: Involves explicit or
simulative analysis of the proposed pradutt.
This may be considered the solution phase.
Tﬁe designer may choose to use an iterative,
or trial-and-error appreoach, or a direct
approach in which the design is produced
directly by analysis. Evaluations are made
on a virtual model which is simulated on a

computer or on a real prototype.

c} The detail phase: The aspect of design in which

d) The

all component  assemblies required for
manufacture of the product are designed.
This is wusuwally performed by engineering

technicians or draftspersons.

documentation phase! Comprised by the
communication of the results of fhe previous

activities.

2) Selection of specific material From which the part is to

be made.

3} The mold o tool design and construction.

" 4) The processing, finishing and assembly of the product.



4.1. TRADITIONAL DESIGN

In order +or maximum benefit From any kind of
mechanical design activity to be realized, the design of the
component parts must be organized at the earliest conceptual
phase of design. Traditionally in the paper—-and-pencil
environment, this has been done through what is called the
"master layout" wherein all of the main components are shown
on a single drawing. FPaper master layouts are coreated at
the initial project stages to permit gross sizings. They
are relatively easy to update at this stage, since they are
simple, there are few people involved, and schedule
pressures are typically not vyet felt. Hmwever,‘ papsr
layouts have limited Ffunction and are difficult to update
and to use. As a result, designers have nsver besen able to

fully exploit them.

There are also difficulties in using a paper layout
even 1if it is accurate and wup to date. Paper layout
function is limited by the line accuracy and the number of
key dimensions that can be fitted into the available space.
The profusion of overlapping lines creates confusion. The
fine pencil lines required for layouts reproduce poorly and
result in difficult gverlay checking., Paper opacity limits
the number of overlays fo two or more to be able to retain

any sembalnce of clarity. Furthsrmore, the entirs layout is

Page,.IAJ. o4
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in one scale: too large for some areas and too small for

others (23).



V. THE APPLICATION OF COMPUTING TECHNOLOGY TO THE DESIGN

In essence, there are three basic areas in which CAD

is applied to the design process:

-serves as an extension of the designer’s memory, providing
a database and an information structure. One
American company gquotes 951 of a designer’s time is
spent in searching Ffor information, oanly 5% in

making actual design decisions.

—~enhances the analytical and logic power of the designer by
serving as a c¢calculator during specification and

synthesis.

—telieves the designer from routine, repetitive tasks. Th=
introduction of computer asutomation can intensify

decision making by over 12¢@%.

The designer, then, is left to control the design
process, organize the information, and contribute his

ingenuity, creativity, and experience.
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For many years the application of computing methods
to the design and manufacture of mechanical components and
assemblies had proceeded piecemeal Qith the development of
programs aimed at particular aspectes of the process,
particularly drafting, finite-element analysis and numerical
control. Because of their separate development and
specialized purposes, these systems often coexisted with
difficulty, requiring considerable duplication of human

effort in data preparation and transfarmation.

Perhaps the most important development in CAD/CAM
was the realization that maximum benefits from applying CAD
techniques are obtained when graphics is a part of an
integrated system which SNCOoOmMpassSes design and
manufactwing. An integrated system of this typse is shﬁwn
in Figure WVIII. The +Full significance of such a total
approaach tq interactive CADR/CAM technology is that it makes
possible the integration of all the diverse-yet-related
applications of computing technology and, consequently, the
full realiiation of their potential benefits in cost, labor,
and lead time reduction. Design, - design analysis,
-drafting/detailing, process planning, MC programming, tool
design, DNLC, robotics, and inspection are all interconnected
within the total system and supparted by the communication

capability by which it is characterized.
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descriptions and properties to flow downsteeam from design
to manufacturing, and machinability and manufacturing
information to flow upstream. This affords the designer to
anticipate manufacturing problems and the process planner to

review the design in its early stages, while it can still be

modified easily. It also eliminates the handling,
transcribing, and manual processing of vast quantities of

data with its commonly attendant ervors.

When these aspects of technical CADR/CAM systems are
extended to encompass all management information, such as
cost estimating, pwrchasing, accounting, payroll, inventory
cantrol, work scheduling, bills of materials, packaging,
maintenance, product support, experimental and préductian
tests, etc., the value of the system increases even more

dramatically.

In attempting to utilize computers to integrate
design and manufacturing processes and improve their
efficiency, the primary reqguirement is the ability to
communicate design information in a timely, complete, and
unambiguous manner. The value of the information issuad by
the designer as the end product of his activities is
measuad by the ease with which parties downstream can

extract from it the information they reguire.

Design details are traditionally recorded on
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drawings as geometric descriptions of the part together with
other relevant information, for example materials and
manufacturing data. The three—-dimensional (3-0) part
geometry is normally recorded as 2-D sketchss of the
principal edges, profiles, feature curves and key
cross—sections, togethsr with dimensional data defining the
parts’ shapes and positions. To overcome the difficulty of
the drawing being two dimensional, several different views
of the object are shown. The designer has to be extremely
careful that the information on each view is compatible.
The representations are then reconstructed into 3-D concepts
by the downstream parties, for example the manufactuwring
process planner and mold designer. With all this
trranslation and encoding., errors are easily made. To
complicate matters further, the projections laid out by the
designer sometimes do not clearly represent what he had in
mind. Some representations, furthermore, are ambiguous, and
may represent two or more different solid parts. No
information, moreover, is recordsd about the faces of the

components.

It is clear that the benefits of C5E technigues in
CAD are not only related to the faster deposition of ink
lines on sheets of paper. Although there exist systems for
computer—-aided drafting and +First generation CAD systems

dr-rawn from such principles, the primary benefit of second
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generation CAD systems is the provision for the designer to
construct in computer memory 2 representation af the project
or assembly, in numeric form. This representation can best
be considered as a model which can be manipulated by

computer programs, thus often eliminating the need for

physical prototypes. The recording of design information in
the Fform of a numeric model rather than a master drawing is
the Ffundamental difference between CAD and traditional
methods. Extraction of information may, of course, take the
form of auvtomatic production of drawings =1n] that
communication 1is still in the drawn form. However, the
possibility of more sophisticated ways of extracting and

presenting information is open.



In the design of mechanical assemblies using CAD
s&stema, users typically create geometric models by drawing
pictures on interactive graphics CRT terminals. In this
way, no knowledgs nf computers or computer pEagramming is
required. Another technique for model generation is the use
of input materials such a= drawings, sketchss, and any other
kind of dimensioned data (for e.g., vendor drawings, stress
analysis results, freehand sketches). All drawings rezlated
to the project are used to build the wmodel, and can ?e

utilized in any arder.

The model i35 genesrally Ffull size and contains
infaormation in 2-b, 2-1/2-D, or 3-D, depending on the
capabilities of the CAD system and user reguirements. 2-D
models represent flat parts or planar views aof 3-D partss
2-1/2-D types represent a part of constant ssction with no
side—~wall details;: and 3-D models represent fully developed
2D parts or assemhlies. & 2-D obhject representation is
incomplete in precisely the same way as a drawing
representation. The responsibility to ensure unambiguity
and correctness of the master record still lies with the
designer. There is still no explicit information about
faces and cal&ulatians invelwving them; e.g., cross—sections

and profile lines camnot be done properly. In the 3-D case,
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the advantage is obtained that, via a simple coordinate
transformation, any projection or perspective view of the
geometry may bhe obtained with no possibility aof incompatible

information being shown on different views.

The model describes the assembly or project in great
detail. Every part is entered into the model as a separate
abject with its proper size, shape, and location in 3-D
space, plus all of its attributes (shape, material,
treatment, the drawing on which the part occuwrred, etc., for

example).

Advantages of the Digital Model (246)

The prototype Z-D model is the single souwrce for all

computer drawings and schedules, and thereby provides:

~Coordination between scales: The model contains full size
dimensions so that all drawings arese producsd by
scaling down. It is no longer necessary to make the
distinction between detail drawings and assembly
drawings; the model @may contain +ull detailing
information throughout. The amount of detail
appearing on a drawing at any scale remains under

the full contral of the user at all times.
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—Coérdinatian between disciplines: The model contains
information For all discipliﬁes of engineering and
other consultants. Certain areas of the model
become so congested that they would be unreadable
when drawn to small scale if the user were unable to
suppress unwanted detail. However, sach component
is assigned a category number when first introduced
to the system which defines its generic group and
remains associated with it when it is assembled into
the model. The user is therefore able tao call foar
any combination Df‘ categaries far display ar
hard—copy output. Users of the model are able tg

refer to drawings which show only required items.

~Coordination between components: Ths three dimensional
natuwe of the model means that alterations in the
madel are auvtaomatically raeflected in all

prajectians.

—~Speed of Production: Provides a means of producing drawings

and schedules which is faster than manual methods.

—Cost and Staffing: Significantly Ffewer man hours ars
required for & project. Thiz can represent
substantial labor savings. In addition, project

teams can be reduced in size, offaring a positive
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solution to worsening staffing shortages, saving
labor costs, and reguiring less control and

coordination.

—Revisions: Using a high speed plotter, a typical drawing
can be produced within an howr. Therefore, the
final issues draéings need not be produced until very
much 1ater in the design phase than manual methods
allow. The final drawings can therefore incorporate
the wvery latest revisions, avoiding costly addenda

and errata.

-Programming of work: The model allaws management to make

substantial alterations in scheduling methods.

—~Competition: The integration of computer—aided methods will
undoubtdely increase the competitive edge of
companies which use it and of industries in the facs

of international competition.



5.2 MODELING TECHNIGUES

The field of wark concerned with the comprehensive
collection of cancepts and procedures used +for the
description of mechanical components {non—geometric
information essential to the production process as well as
shape, position, and dimensional data) has become known as

GEOMETRIC MODELING {(27).

Most modeling today is done with "wire frames” which
represent part shapes with interconnected line elements.
Also called stick—figures, wirg frames are gesnerally the
simplest to create, expending relatively little computer
time and memory. They provide precise information about the
location of surface discontinuities on the part. However,
Wwire frames contain no information about surfaces nor do
they differentiate between the inside and the outside of
objects. The computer defines the whole object at once
without regard to one perspective, showing all the aohject’s
surfaces, angles, and curves, regardless of whether they are
located on the side facing the viewer uf on the hack, which
the sye cannot ses. Thus, wire frames tend to be cluttered,
cunfusing, and ambiguous in representing complex physical
structures and often leave much interpretation to users.
Moreover, wireframe representations are verbose and as a

consequence are tedious to create and expensive to store and
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transmit.

Many af the ambiguities of wire frame models are
agvercome with surface models. Developed in the early
sixties for the design of the outside skin shapes in ths
ship, aircraftt, and motor industries, surface mbdels define
outside part geometries precisely. However, surface models
represent only an envelope of part geometry, even though
features such as automatic hidden—-line removal easily make
the part appear to be solid. Such features permit the
computer to depict an object from a specific viewpoint just
as the eye would see it. The inability to represent the
s50lid nature of parts leads to difficulties in calculating
parameters such as weight, volume, and moments of inertia.
User interpretation is often reguired +to determine, for
axample, if the model represents a solid abject, ar a
thin—-walled hollow structwe. Surfarce models find
application where the requirement is to represent the
geometric complexity of a small number of fresform surface
faces vather than a complete description of the component.
Surface models can also be useful for producing NC machining
instructions where definition of structure boundaries is

critical.

The highest level of sophistication in geomsitric
modeling overcomes this ambiguity by an approach which uses

combinations of elementary cubes, spheres, and other solid



Fage 118

"primitives" or other techniques to create complex models.
Called 3D solid models, these advanced representations
allow the solid nature of an object to bhe realized,
facilitating computations of parameters such as weights and
moments, and cross—-sections to expose internal details.
Furthermore, it is possible to asssociate non—geometric
information——such as surface finish, material, and
hardness——to faces, edges and components. Solid modeling
techniques, only recently developed, are presently very
expensive, relatively slow, and reguire extensive user
expertise and computer time. Most turnkey CAD system
vendors, however, are developing more practical salid
modeling features which arg expscted to be available in the
mid—-1988°=. Figuwre IX compares a wire—frame and a seclids

modal .
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THE WIRE FRAME AND THE SOLID MODEL (&8)
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Substantial progress is also being made in the

effort‘to produce more realistic images‘(za).

—Highlights due to mirror-like reflection can be computed.

—Shadows genérated by one or more point light sources may bs
calculated.

~Transparent objects can be displayed by accounting for
light reflected by objects behind the transparent
ones.

~The effects of light refraction can be included.

~Texture can be added to the surfaces of images.



Wire frame models are created by specifying points  and
lines in space. The designer uses the CRT screen in much
the same manner as a drawing beard to create top, bottom,
side, isaometric, and other views of the model. CAaD svstems
provide many automatic featwes to aid the designer in  this
process. For example, CAD systems use up to 49 techniques
for the generation of straight- 1line eleassnts. Similar
automatic features can produce circles, CONICS, complex
curves such as ellipses, hyperbolas, and parabolas, and
SPLIMES, smooth coninuous curves it through a series of
arbitrary points specified by the user. Other features of
the systems include automatic projection of lines created in
one view into other views, feature duplication at wmultipls
locations, selective deletions, picture scaling, and many

cthers.

Surface models are created by connecting various types
of surface elements to user-specified lines. The entire
model may be comprised of different types of interconnected
surfaces. CaDh systems provide extensive surface menus (see
Figure X) from which to model, including:

a) PLANES: the most basic surface type curves
b} TABULATED CYLIMDERS: projections of free—form courves
into the third dimension

c! RULED SURFACES: produced between twc different edge
curves

Pagel 121
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MENU OF SURFACES (&%)
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d) SURFACES OF REVOLUTION: created by revolving an arbitrary
curve in a circle about an axis

a) SWEEP: an extension of the surface of revolution; revolve

’ an arbitrary curve through an another arbitrary
curve instead of a circle

) FILLET SURFACE: a cylindrical surface connecting two
other surfaces with a smooth transition. CAD
systems quickly solve the problem of blending
surfaces, a tedious operation when done manually,
with precise mathematical continuity.

g) SCULPTURED SBURFACES (also called CURVE-MESH SURFACES,
FREE~FORM SURFACES, PB-SURFACES, and CUBIC-HATCH
SURFACES): a differential surface created Ffrom two
families of curves which need not be orthogonal,
fixed, or parallel. These are complex contours that
cannot be described with the usual lines and curves
of conventional modeling. Typical structures
containing such contows include helicopter blades
and automobiles.

Sclid models are formed by adding and subtracting
solid primitives—basic geometric shapes such as spheres,
cylinders, cones, ellipsoids, parallelpipsds, wedges, and
toruses. In addition to combining primitives, some sclid
modeling systems can also produce sweep solids by projecting
2-D areas into the third dimension. This allows complex
stiructures tﬁ be more easily modeled and also speeds csimple

part—-shape modeling.

Two other approachess to solid modeling have recently
been developed and are beginning to become available in

commercial systems {(29).



5.4 CAD/CAM IN THE DESIGN ANMD MANUFACTURE

OF PLASTICS PRODUECTS

COMPUTER-AIDED DESISN

After the components of any given preliminary design
are modeled using the CAD system, they are transferred to
the central computing facility whers the model of the whole
project takes shape. The model 1is thus available to a
worldwide designer community via teleprocessing and

satellite networks.

Since all the data for the design is containsd in a
single data base, a global coordinate system is practical,
and multiple coordinate systems can bs esasily referesnced to
one another. Part dimensions may be omitted since they
clutter up the picture and are stored internally in thes data
base for instant recall if reqguired. A date associated with
gach part indicates the cuwrrent design wversion. The
designef himself setains control of which version is
accessible to project personnel so that he can experiment
with alternate designs in private. He releases a version to
designer community only when he feels the design is
sufficient. The process of engineering change, can be
drramatically improved since all changes ars made against thse

single data base.

Page.1 24
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Once the model data fraoam each of the designers
involved in a particular project is stored in the central
database, it can be accessed by several different dezign

application software packages for:

~interference checking
~tolerance checking

—~summary lists

—automatic drawing production
—conceptual evalution

~design evaluation

—~material and process selsction
~design analysis

-material property modeling

A computer program compares each object in the model
against all other gcbjects to sees i+ any two are occupying
the same space. Since the global coordinate system has
already been agreed upon, no designer communication is
reqguired to check interferences. 0Only when a problem is
identified does communication become necessary for
resglution. In that case, the program generates a simple

report which is distributed to the appropriate departments
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for correction. When the drawings have been duly modified,
they are again sent to the CAD system where the digital

model is modified accordingly. Such programs have been

.fuund to b2 a much more reliable means of  finding

interferences than either interdisciplinary checking or the

use of composite drawings, and at no greater expense.

Each line in the digital model is gsometrically
linked to every other line in the design. Component parts
can be moved by the designer within their tolerance ranges
and resulting spatial relationships examined at large
magnification on the screen to 3 to 1§ place accuracy
dependent on the graphics system. Whole assembliss can be
moved slightly by the designer to simulate abnormal
conditions and again the spatial relationships can be easil?
axamined at high magnification. These types of tolerance
analyses which would have been time-—consuming and difficult
with paper and pencil are very simple with computer
graphics. As a result of this simplicity, it has been found
that designers are more willing to undertake such analyses

which in turn results in a higher gquality product.
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Another program uwuses data in the digital madel to
find quantities and to produce lists of such information as
cubic inches of plastic in a given part, shrinkage factors,
material requirements, etc. Buantity summaries from digital
models have two advantages. First, the model is usually
curtrent, so that guantities taken from it are up-to-date.
Second, the caost of producing summaries is so naminal  that
they can be reguested freguently and used in ways which were

impractical in the past.

Automatic Drawing FProduction

Another application program using the model produces
drawings directly From the model. Qny view can be chosen,
so that the user can request isometric, axiometric, and
arthographic drawings. This technigue opens the door to
making it possible to have both system and composite
drawings for a project, (currently expensive and error

pronz) for a small incremental cost.

Software techniques such as wmirroring, rotating,
copying, and use of componsnt libraries help to inswre cost
effective delineation of the piece parts. Scaling routines
accommodate the production of exploded views. Ssctioning
routines provide for interior details of the parts, as shown

in Figure ¥XI. Automated dimensioning rowulines save time and
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assure that the drawings accurately reflect the design
dimensiaonal data. Detail parts may be extracted,
dimensioned, and prepared for transmission to a platter for
hard copy record. The model may also be mathematically
"illuminated" and shading patterns may be generated for each
visible surface. The results are realistic, photographic—
like images of the model which may be very useful for cliant
presentations or product promotion. Surface coloring may be

a system capability.

\17/
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FIBURE XI

INTERIOR DETAILS REVEALED BY SECTIONMING ROUTINE (78}
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It is in the area of conceptual evaluation and
trade-offs that Computer Graphics methods can produce
tremendous pay—offs. Since valuable time is no longer spent
by designers pushing pencils over paper, full effort can be
devoted to discussing designs and evaluating alternate
concepts. In this way, the designer’slenergies can bhe more

directly focused on creative problem—-sclving.

The workstation graphics screen serves as a window

through which the designasr sees the virtual model of his

design which is as realistic as possible. An intuitive

approach to design 15 encouraged by continuous visual

feedback of the current status of the design.

The designer can pull his drawings apart, enlarge
details, apply colors, change shapes, test the parts under
mathematically simulated conditions, and immediately adjust
parameters to achieve proper shapes, configurations,
weights, strengths, etc. While designing, he can easily
extract geometric informatian’ at any time without using
mathematical formulas or doing any computer pragramming.
Pata such as volume, first moment about the axis, center of
mass, radius of gyration, polar moments, and surface areas

may be ascertained.



Fage 1Z3@

A unique software praoduct is available which may
come into play at this concept stage. SAMMIE, a human
factors evaluation taoel, allows the designer to consider the
interaction of the human Ffigure with a product or an
environment which may range from a kitchen teo an aircraft
cockpit. SAMMIE, shown in Figuwe XII, may bs animated to
achisve different averall body activities, thereby aiding in
anthropometric studies and kinesiology. Special emphasis is
given to big-stereometrics as a primary database from which
applications may be prepared. Aftter many vyears of
development ;nd avaluation, SAMMIE iz now heing used for a

wide range of design problems (38, 31, 32).
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SAMMIE

FIGURE XI11

PERFORMING REACHING EVALUATION TESTS (71}

Once

the designer has dafinsd a particular

configwation, programs are available which will analyze the

design and present performance svaluation data back +toc the

designer. 6An example of a "design evaluator® program is one

which can be used for the process of manually assembling

small parts.

The program evaluates a given assembly
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in terms of the relative ease or difficulty of manual
assembly associated with a given design configuration. The
pragram is a wvaluable design aid, particularly in those
situations where assembly costs are a major portion of total

product cost.

Guantitative analysis requires a coding scheme which
willv be applied in some consistent ﬁanner. One such coding
scheme describess the total p%ocess in terms of individual
operations. To code an assembly operation, the designer
must assign appropriate numerical values, based on ths level
of difficulty of the operation, Ffor each of seven
identifiers which describe it, in accordance with prescribasd
caoding rules. The dasigner is given the option of %eeding
the codes directly or electing to enter an interactive mode.
The basic premise of the analysis is that each basic
opaeration has an associated level of difficulty and
attendant execution time. It is assumed that there is a
direct correlation between difficulty level and execution
time. The relationship utilized by the program implies that
the minimum time required to accomplish one basic operation
is one secand and thsat very complicated assemblyrnﬁeratinns
can reqguire up to nine seconds to accomplish. The results

of the analysis are available in three forms:

~gives an overall Ffigure of merit Ffor the assembly
characteristics of the design configuration.
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~gives a 1line by 1line accounting for each subassembly
selected by the user, and points out any individual
inefficient operations.

~gives a part summary listing which includes each part

identification number and corresponding part type
(Z3).

Material and Process Selectian

An arsa where the  memory capabilites and
computational power af the computer can result in
substantial reduction in manufacturing costs is in  the
selection of materials and manufacturing processes during
the early stages of design. The designer may make use of
computer programs which aid him in identifying candidate
material and process combinations for further study. One
such program, MAPS-2, interactively generates a twelve digit
classification code to express important characteristics of
the part. Each digit represents a particul ar
characteristic. . For example, the Ffirst digit is an
indication of how many parts are to be made, the second an
indication of how large the parts are, and so on as shown 1in
Figure XIII. The program then uses the code to eliminate
unsuitable processes and materials from consideration. The
first Ffive digits {(batch size, bulk, shape, tolerance, and
surface roughness) are used to eliminate processes while the
next three digits {(service tempesrature, corrosion rate, and

corrosive medium? are used to eliminate materials Ffrom
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consideration. The program also eliminates incompatible
process and material combinations. After the eliminations
are completed the program indicates how many combinations
remain and on request will provide a 1list of them broken
down into two categoriesl usual practicg and unusual, costly
practice. If the number of combinations were small, the
user could elect to investigate either relaxing some of the
design requirements or manufacturing thes part in more than
one step. On the other hand, if the number of combinations
were large, thse user could direct the program to rank thes

combinations.

The ranking system is based on the use of figures of
merit, quantitative measures of how well a particular
material and process combination satisfy a gualitative
criterion of excellence sst by the designer. The program
first defines the appropriate figure of merit and then ranks
the different combinations by calculating the figure of
merit for each combination, and arranging them in order of

decreasing figure aof merit.

The use of the figure of merit ié complicated by the
fact that, in general, the appropriate Sfigure of merit
depends not only on the criterion of excellence, but alsoc on
the loading mode. Moreover, the design stress valuss to be
used in calculating the Ffigwre of merit depend on ths

loading schedule as well as the service temperature. For
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example, if the part were subjected to long—term loading at
elevated temperature, then it would bz more appropriate to
use a creep strength than a conventional vield strength or
ultimate strength. Thus additional figures represent the
characteristics that decide the appropriate definition of
the figure of merit and the type of strength data to be used
in its calculation. The program thus proceeds by
interactiwvely generating thasse digits and then uses them to

calculate the figure of merit (34).
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FIGURE XIII

ARRANGEMEMNT OF DIGITS IM PART CLASSIFICATION SYSTEM

A similar materials—selection program is being built

by Paul FKusy, the manager of Organic PMaterials Research at
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John Deere &« Co., in Moline, I11. His current system
requires that the designer know what properties are reguired
for a particular application before the program can
determine material suitabilities. Kusy is working on an
update, however, which would quiz the designer on the
application and environment in order to narrow the material
choice. Help routines will coach the designer should he or

she need them (33).

Current parallel efforts to develop materials
databanks are being conducted by The Plastics Technical
Evaluation Center of the U.S; Army Armament RED Command  in
Dover, N.J., The International Flastics Selector, several
materials producers such as Celansse (3&), and DISS Inc.,
which offers interactive access to a database called
POLYPROBE. The database contains detailed information Ffrom
1538 manufacturers on the engineering properties, souwrces and
prices of more than 7,998 commercially available plastics.
A typical search +Ffor a plastic that meets fouw or five
design criteria costs about %15 through this

“dial—a-plastic” service (37).

Design Analysis

The analvzing of mechanical designs is very

important and usually occurs at a critical time in the
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design cycle, namely after the conceptual designs have been
creéted and production designers and detailers afe ready to
move into the cycle. Dver—designing of parts can .be VEIY
costly from both a material and labor standpoint.
Under—designing can be disastrous from a functional and
safety standpoint. The engineer of today is faced Qith
splving structural and analvytical problems of more
complexity than ever befors, placing a heavy burden on his
skilled time. Analysis which can be performed gquickly and
accurately is a major benefit. In a company with aﬁ
integrated CAD system, this is the case since analysis
personnel are able to access the design geometries in the
database in order to perform stress and heat transfer

analvsis necessary to verify the design criteria.

CaAD Analysis software provides an effective tool for
the construction, modification, and viewing of modsls for
FIMITE ELEMENT ANALSYSIS (FEA). This technigue invelves
breaking the shape of the component into thousands of small,
simpler geametrical shapes, or slements. Cansidering just
an= of these elements; its performance under certain
conditions can be defined by a few equastions. The
displacements at the element™s boundaries or at those points
can be expressed mathematically. The determination of how
each slement behaves under the conditions specified can

provide an assessment of how the whole component will
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behave. Finite element analysis is used to study statics,
vibration analvysis, linsar and non—linear transient

dynamics, heat transfer and more.

In the past, such an analysis consumed a great deal
of time and was prone to costly input errors. Generation of
all geometrical input is accoamplished much more rapidly with
CAD by keyboarding into the terminal a relatively small
amount of data concerning key points and properties.
Software aids the process with 2- and 3-D automatic mesh
generators comprised by trigonometric routines. The finite
element mndell can be viewsed on the CRT terminal, usually
superimposed on the component. Ths mesh can bs viewsd from
any angle, and may be greatly magnified For detailed
examination. Finding an error, the engineer can keyboard in
changes, the corrections automatically being made in the
data stored in memory. An error in input can easily waste
F1833°s  in  analysis computing costs. Yet a CRT check only

coste about $4.

filso an aid during finite element analyses is ths
graphical portrayal of the deflected shape of the geometry
as a result of the loads and forces applied, as shown in
Figure XIV.Rather than hein§ buried under pages and pages of
bewildering numerical data, the CRT allows the engineer to
condense the paperwork to a simple graph or sketch,

displayed nearly instanteously and at little cost, providing
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vital design feedback.
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FIMITE ELEMENT AMALYSIS MODEL (72)

Ganerally FEA programs run on midi or large
minicomputers bhecause they require Exténsive computational
resgurces not available on most interactive graphics systems
simultaneotsly with interactive graphics functions. Thus,
the approach taken by many CAR/CAM vendaors 1s to provide
tools for constructing the input models just described (the

finite element model! on the CAD/CAM system and transmitting
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the mudel to independent mainframes or stand-alone
minicomputers. There various parameters are added ta the
graphical data (e.g., foreces, temperatures, material
properties, s=tc.), and the structure is analyzed. There are
alsao powerful interactive graphics finite element modeling
software available for mainframes. FE& capabilities can

alsa be purchased as stand-alaone turnkey systems.

Material Froperty Modeling

The use of complex materials such as composites for
structural - component design exacts a price of increased
complexity in design and analysis procedurss. The
heterogeneic and anisctropic nature of these matesrials
crreate mechanical, thermal, electrical and transport
properties which wvary with the constituent composition and
the internal geometry of the mircostructuws developed during
fabrication. Before a finite element techniguese can be
applied to such materials, they must be preprocessed to
generate Q—EEsitiDn—dependent anisotropic material property
data base. CAD technigues are valuable. for modeling the
point—-to-point ; effective matarial properties, the
distribution of which is controlled by thse mold geometry,
processing conditions, and rheslogical propertiss of the
molding material. The CAD routines calculate the properties

by manipulating large amounts of data on disk storage
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devices. Characterization of a complex part requires a
complete deacriptinn af constituent properties and constants
for each point throughout the structure. The problem
quickly becomes unwieldy if the effective properties for
large databases are calculated by hand. The ogutput of the
CAlY routine is a complete set of material orientation,
volume fractions and geometry parameters of each element in
the mesh. At  this point, the data can be passed to cther
codes which provide effective material property calculations

for the finite slement analysis (38, IF).

COMPUTER AIDED MAMUFACTURIMNG

The uss of the digital model and global coordinate
system has implications bevyvond the design phase of a
program. (Once the design is approved, the part geometry in
the CAD/CAM database is released by Design so that it can be
accessed for a number of activities which were not of prims

concern during the design phases:

~Cal for mold design

~CAaM for mold cutting

—Molding the part, processing & cost optimization
—Molding the part, CAD/CAM process control

—Automatic inspection
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~Robotics and assembly routines

—Costing and scheduling

Display screens in the manufacturing areas permit
engineers +to apply all of the graphical functions to the
database so that studies  pertaining specifically to

manufacturing can be more readily carried out.

EAD for Mold Design

One thing that is clear about CAD/CAMI it’s not just
an aid Ffor toolmakers to help them cut steel faster.
Rather, it is an extremely powerful tool Ffor speeding and

simplifying mold design.

A sizeable group of molders and toolmakers ars
harnessing computer power to integrate efficiently part and
mold designs, supply more accurate and productive tooling
than conventionally possible, and accelerating the sntire
tool design and manufacturing process. The most
conservative estimates by current or prospective CAD/CAM

users ares:

—tool design tasks are speeded up by a factor of from three
to ten,

—overall moldmaking productivity increases by 26-36%.
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More commonly, moldmakers are expecting at least 5@%
lead time reductions for design and delivery. Toolmakers
believe CAD/CAM to be the single most important advance in
toolmaking in a generationi: they fegl it is one that will
axpand opportunities far plastics in sophisticated

metal -replacement applications (44).

A4 major reason that CAD/CAM is géining swift
acceptance by moldmakers is that intricate cavity and core
details, complex undercuts, and other demanding design'
details can be visualized on a CRT screen more easily than
on stacks of blusprints. The ability to rotate and section
the part to be molded, to quickly and effortlessly modify
shapes and dimensions, and to gquickly convert a part design
into a cavity by twning the part shaps Yinside out” is an

inestimable aid to the designer.

The growming incorporation of CAD/CAM tools in mold
design is also rélated to what industry souces ses as an
approaching toolmaker manpowsr shortage. The Bursau of
l.abor Statistics indicates that employment in the moldmaking
field is declining about 8% annually, and that thes averags
age of a toolmaker 1is now 1in the late 58°s (41). No
extensive apprenticeship programs esxist to remedy ths
situatinn. A combination of this worsening skills shoritage,
pressure  throughout industry for improved accuracy and

quality, and market demand for shorter product introduction



Fage 144

cycles will drive even more companies to take advantage of
the increased productivity and quality afforded by CAD/CAM

systems.

Another significant advantagse of CAD/CAHM over
conventional technology is accuracy. CAD/CAM  helps the
molder parallel the growing sopbistication which is visible
in part design. Farts demanding tolerances as tight as +—

B.@pl-inch require ogptimized molding conditions.

In developing a mold, designers must make decisions
invalving the layout of runners, the type of runner system,
runner and gate locations, and the numbesr of gates reqguired
for each cavityi and arrangement of the cocling system.
Such capabilities require a full understanding of ths
molding process and software toocls for simulating the
process for making predictions. Specialized CAD software
has been refined to optimize melt flow in the toocl as well

as mold cooling.

The first example of such software is the MOLDFLOW
system, developed in Australia. Readily awvailsble wvia
telephone through a remote éccess network, this 1is a
collection of programs which analyze flow of plastic into a
cold mold by considering both heat transfer and fluid Flow
to predict pressure, temperatuwes, stress, stc. It provides

a scientific approach to balancing and sizing runners and
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gates, preventing overpacking or underfilling, predicting
the location of weld lines, and spotting potential molded-in

stresses and excessive shear heating (42).

The computer system simulates the molding of the
part and analyzes the path of the melt, stage by stage, from
sprue through runners and gates, into the extremities of the
cavity or cavities. This may be done before metal is cut,
thereby circumventing some expensive mistakes, or it can

troubleshoot a mold that is not performing adequately.

In addition to ths programs, the other major slement
of the MOLDFLOW System is a library of resins characterized
rhesclogically throughout the temperatwre/pressure spectrum

encountered during molding (43}.

The user communicates interactively with the system
via telephone, describing the part, identifying the resin,
indicating which molding parameters are fixed and which are
to be optimized, and selects the programs nesded, depending

on how much information is reguired.

The cost for running a specific job ranges from $3E3
to $75¢, depending on how much information is needed and
thus how many programs. I+ the resin of choice were not  in
the library, it costs $25% to have that resin tested for the
rheolugical data needed, and sentered intoc the datafile.

These costs can bes recovered by reducing part and runnsr
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weight, reducing cycle time, and most important, preventing
problems. As one automotive engineer remarked, "It°s a lot
less expensive to change a line on a drawing than to recut

metal" (44).

The MOLDFLOW System’=s complement is an interactive
program for designing cooling systems. The software
utilizes a mathematical wmodel which simulates the heat
transfer dynamics of a mold. Based on  rigorous
thermodynamic principles, this apprbach eliminates
best—guess intuition, thereby resulting in increased cooling
etficiency and, because approximately 884 of a typical
molding cycle is required Ffor caooling the part, a large

potential in cycle reduction (45, 44&4).

In the past, there has been no practical way for the
mold designer to predict accurately heat—transfer
efficiency. The first time cooling performance could be
checked was atter the mold was built, usually too late to do
any real optimizing in conling-channel layout. With the use
of cooling analysis programs, it is now possible to predict
the cooling performance before releasing.the deaign to  the

machine shop.

Until recently, mold-cooling softwars was available
only through time sharing from a host computer and only in

two dimensions, through a program called MOLDCOOL, available
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from Application Enginesring Corp., Elk Grove Uillage, I11.
The use of the program did not come cheaply. After the
one—time initiation fee of 2600, the time charge for for
designing and optimizing a new mold ranged from about 8¢9

to  %2¢eE, depending on the meld’s complexity and the part

reguirements (446). However, such software i now a standard
feature of the Calma turnkey system geared for Injection
mold design. Calma’s Meld Cooling Analysis FProgram  (MCAP),

moreover, permits 3-D modeling (48).

Minimizing material consumption by shortening
runnars and sprues, simplifying debugging of difficult
molds, providing greater accwacy and trimming mold cocling
times are the primary benefits provided by flow and cooling

analysis software.

Another set of programs for the design of injection
molds using interactive computer graphics is being developed
at Cornell University. Thes program MolD ASSembly (MLDASS)
includes a subroutine Ffor the design of simple cooling
systems. Once cooling parameters are determined, the
required thickness, width, and length Df'the mold plates can
be selected. This selection is mads by an algorithm which
uses a special coding scheme to describe mold components and
their assembly, from several data files based on  standard
mold component catalogues. The program generates a complete

parts list including the name, gquantity, catalogue numbers,
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and dimensions of each component, and calculates the cost of
the assembly. Through an interface routine with the Farts
and Assembly Description Language (PADL), drawings with
dimensions and tolerances can be generated for each of the
components and the assembly. A program to generate NC

machining data based on FADL is also being generated {49,

S .

Another area where CAD/CAM has the potential for
ma jor impact is in part designar /mold designer
communication. The designer’s responsibilities in tocl

design never have been clear—cuti often the designer and the
toqlmaker end up as adversaries instead of partners. . As
noted previously, the part designer has in the past Had to
translate his 3-D concepts into 2-D drawings in order to
communicate his design to the moldmaker. In advanced
integrated CADRD/CAM systems, the 3-D digital model is
accessed directly by the mold designer, so that no ambiguity
exists and much time is saved. CaAD/CAM  alsoc accommodates
maintaining models at current revision levels——a tedious
manual task, considering that twenty revision—level changss
on ane tool are not uwuncommon before a mold design is

finalized.

CAD/CAM is alsn changing the moldmaking field in ths
standardization of mold components. Digitized graphic

representations of components and companion cutter paths for
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their manufacture can be stored in memory so that mold
bases, spares, cores, pinz and other components can be
quickly called up From memory and rapidly fabricated whan

required.

Moting this trend, MNational Tool & Manufacturing
Co., EKenilworth, N.J., is now offering software far CNC
milling of standard aesigns. In addition, graphics and
cutter-path software for mold bases from D-M-E Co., Madison
Heights, Mich., have been incnrporatea into a turnkey

CAD/CAM system from GE Calma Co., Sunnyvale, CA.

CAM for Mold Cutting

On the CAM side of moldmaking, computerized
numerical contral (CNCY  of wmilling machines is gquickly
becoming commonplace and parrmits far mores accurate
tolerances than with manual milling. Programmed through a
punched tape, CNC machines follow machining paths such as
that shown in Figure XV, with up to five—axis milling and
automatic cutter—changing capabilities. Punched tapes may
be eliminated by Direct Mumerical Control (DNC) in which the
machine is controlled directly from the computer’s memory
‘via cable (31). DNC is a fundamental element in the

impleﬁentatian of integrated interactive CAD/CASM.
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Standardized cutter-path instructions ensure uniform
mold cavities and allow perfect duplication of tooling
components or entire molds. Additionally, cutter paths can
now be verified right on the CRT scresn hefore any metal is

cut, enswing in advance that the cutter head won’t strike

holding fintures or other obstructions, and saving
considerable time spent manually checking cutter paths by

the mill operator.

Computer—controlled electrical;discharge machining
(EDM} is anéther growing technology, which many feel may
eventually replace most of ths= common methods of die
manufacture, most of which involwe highly skilled time
consuming manual operations =such as die sinking and/or
pattern making. EDM is a particularly attractive process
because it can be employed for intricate shaps=s in  hard
metals and is very suitable for the reworking of worn die
cavities. When EDM is used, copy milling Ffrom a suitabhle
pattern is the most freguently employed method of =slactrode
manufacture. Consequently, the use of NC machining for EDM
electrode manufacture For dies and molds has substantial

benefits.

The process of generating an MC tape involves three
stages (52). First, the part or surface must be described;
then the path of the cutter must be traced. The NC softwars

package initiates a prompting routine for the designer to
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select his tool sizes, machine speed and feed rates,
coolants and other unique manufacturing-related criteria.
Finally, the cutter path information is converted into

machine—control commands.

Describing the swfaces and cavities of the mold is
the most difficult task. If the part were designed using a
computer internal representation, then the geometric
description already resides in the database. Thus, the
geometric description of the mold cores and cavities can be
generated, and the tool paths developaed in an integrated
manner. Mirror images with sxact tolerances can b= produced
with CAD’s assistance, eliminating hows of engineering
time. Once dimensions for a cavity are stored iﬁ the
camputer’s memory, the geometry can be duplicated far
multicavity tool designs. Moreover, dies are made oversize
in general to allow for the shrinkage upon cooling of the
plastic part after processing. The usual allowance can be
made automatically by entering a parameter at the start of
the particular job. All of the dimensions are then
multiplied by an appropriate amount to allow Ffor this
estimated shrinkage. The default wvalus is zero. Using the
MODular COhNstruction System (MODCON) (53}, which 1is an
Example of a geometric modelling syvstem with such
capabilities, a typical part generally requires the order of

3¢ minutes data preparation time and 2-3F minutes computing
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time for generation of the necessary NC tape to machine the

final electrode.

To assure that the NC control tape is error free
when it arrives at the production machine, it is first
passed through a tape verification system. The system
consists of a large computer, a drgm plotter, and software
which converts the NC tape into ‘a plot command File.
Various codes are used to show feed motions, direction, tool
changes, hole sizes, stc. A pictoriai representation of the
output enables gross errors to be spotted. The system has
editing capabilites which allow correction af‘ any tape
errors discovered and the means to punch a revised tape

{54).

Molding the part, Praceggiﬁg and Cost Optimization

Anocther area in which CAR/CAM may bz applisd to  the
manufacture of plastics parts iz in the optimization of
processing conditions. THMEC Plastics Processing and Cost
Optimization is an interactive engineering and management
system which 1is available as part of Computer-Aided
Engineering (CAE)-In Plaétics, a set of software tools which
is part of the Beneral Electric Engineering System. This
system also includes MOLDFLOW and MCAP which have been

discussed above. The GE-CAE International softwares products
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are offered by the GE Information Services Company, Milford

Ohio. Appendix kK details GE's involvement with CAE.

By considering both the technical AND economic
variables, TMC aids the user in the transition from a design
concept to a rational molding operation. The proagram can he
used to solve existing processing problems, or to plan the
entire manufacturing process. It identifies major
processing difficulties and machine limitations, thus
enabling the user to opimize the process. The system also
aids the user in projecting unit costs of alternate designs.
Mold designers can use TMC +to identify potential m@molding
problems, and molders can select the optinum Eqﬁipment and
prepare cost estimates. The program may alsoc be used for

evaluating plastics material alternatives.

The TMC database incorporates actual production data
from a library of more than 1803 industrial moldings. The
database includes the principal variables of material,  part
design, mold design, processing, machine, and cost, for esach

molding.

Molding the part, CAR/CAM Process Contrgl (FC2

Since 12537 the technology +for the application of
computers o the real time control of industrial processes

has been under continuocus development. Dramatic reductions
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in the caost of computers have taken place and today there is
a much greater capability worldwide for the implementation
at such systems. Today process computer control is a widely
accepted and used technology for process mDnifuring, raemote
adjustment of processing variables, diagnosing malfunctions,
and collecting data for production reports. Some systems
combine display technolaogy with controllers, so that the CRT
can actually display an animated image of Ffor skample, an
injection molding clamp going through its operating sedquence

(35).

cak/CAM systems have many similarities, and embrace
many of the same technologies as real time process computer
control systems, but they also contain important differences
in technolagical emphasis. Both are real time computer
implemented systems= and both are EMBEDDEDR, the computer is
not employed in a stand alone canfiguration, but is employed
within a system canfiguratinn that involves othear types of

eguipment as well.

Both systems use sensor  based inputs, but  these
account +for a greater percentage of tﬁe input information
processed in PC applications than in CAD/CAM. In CAD
systems much of the initial input information is of human
origin. However, as the information handled progresses
through the wvarious stages of the design process, there is

an expanding database to be handled, in which more and more
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information bas been computer generated in previous phases.
Consequently a declining percentage can be attributed to the
inital statement of requirements and human input that
initiated the process. Thus database design is much more
important in CAD/CAM, and a much more severe system design

problem, than in process control.

A significant difference exists in that application
of process control computer systems, at least in ths
development period, were almost exclusively restricted to
large scale plants and processes. CAD/CAM systems are now
reaching the discrete parts manufacturing industry and other
sectors which are much less capital intensive. EBecause of
this, the socio—economic impact of CADR/CAM can be expected
to be ﬁuch greater than has been the case for process
control. Appendix I provides a table of the similarities

and differences bestween CAD/CAM and PC (54).

Once the parts Ffor the product have been
manufactured, automated and interactive inspection can
ocowr, wutilizing the database for auwtomated input to
inspection tools such as coordinate measuring machines.
This provides the necessary dimensions and shapes and make

possible the on-line comparison of inspection data from
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ftabricated parts against the basic descriptinns and

spacifications in the design data base.

Naw information is required to supplement the
existing database for the planning and controlling of the
inspection process. This can range from the grogramming of
coordinate measuring machines where the prime objective may
be to position a probe relative to the part to verify its
dimensions, to sophisticated swface inspection machines
which may automsatically scan the part with the scanner kept
appraimately normal to the swface and at some distance
offset from it as it looks Ffor surface Fflaws. In the
future, additional new capabilities will be required to
accommodate new automation technology such as x-ray scanners
which will use computerized tomography techniques to verify

internal geometry or look for flaws in the materials.

Manufacturing stores information concerning part
fabrication and the quélitative results of inspection in the
CAD/CAM data base. This closes the data 1oop, so that
design engineers have access to data which is used to

evaluate their designs.

The final step in the design process is  to extend

the information required to assemble the part or series of
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parts into a final assembly or subassembly. This could
simply provide information in a graphical form to guide
manual assembly or it could provide directions to robots.
Robot arm and hand positions can be shown graphically in
their various pnsitinns tao assure that there is sufficient
clearance to permit them to operate within the confines of
the assembly. In applications involwving robotic assembly,
the basic geometric description of the part is then merged
with additional command sequences to place the part in the
proper orientation and initiate the seguences required to

perform the assembly.

Once a design is complete, the primary concsrns are
costs and schedules 3s a Ffunction of production volume.
Integration and compatiblity with product design are not
crucial but may be desirable in later phases of system

integration.



VI. CAD/CAM EDUCATION IN THE U.S. AND CANADA

&-1 INTRODUCTION TO CAD/CAM TRAIMING

Psychologically, the @majority of engineers and
draftemen look forward to CAD/CAM training. As a rule,
technical pegple are turned on by computer graphics and
can’t wait to get their hands on a system. Some lock at the
training as an opportunity to find out more about computers
and learn a new skiil. Some see it as a professional
step—up and a way to avoid technical obsolescence. Dthers
are excited by the possibility that the drudgery will go out
of their work. And then there are those who feel it is just
plain fun. But a few, typically older professionals who
grew up before the push-button age, feel insecure and harbor
doubts about their ability to learn new ways of doing

things.

Daratech™s poll (37) of vendors and users indicates
that most people develop adequate pfcficiency in three
months and become skilled operators in only =six months.
Most of the people with a moderate amount of aptitude go dn

to become expert operators after nine months of experience.
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&.2. TRAINING DFFERED BY VENDORS

The training offered by turnkey wvendors varies
widely, both in gquality and guantity. Some offer courses at
the buyer’s site only and use the newly purchased eguipment
in the course,. Other wvendors hold a regularly scheduled
series of coordinated courses on  their own premises in

well—-equipped classrooms and laboratories.

The better courses are structured affairs given by
full-time professional instructors. Class size is usually
limited to ten people or fewer, and the better laboratories
have enough equipment =0 that nc more than two or thres
students have to share a terminal. Off—site learning
facilities are preferable becauss of ths interruptions and
distractions that invariably occur at the user’s plant.
Typically, half the time is taﬁen in class work, and the

rest, hands-on, in the lab.

The poorer courses are typically given informally by
instructors unfamiliar with engineering practices and design
office procedures. There is wusually ingsufficient working
equipment Ffor hands-on training and the curriculum often
covers too little in far too much detail, or covers too much

in too little detail.
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Fage 161

Scheduling the training sessions can be important.
The best time to undergo training is immediately before the
system is installed. This is because newly learned skills

are gquickly forgotten if not put into practice.

Usually, there are separate courses for managers,
programmers, and operators. Cowrses designed for operators
generally take one or two weeks to complete and are aimed at
two or three levels of students, entry level and courses for
people with two to six manths experience. Progiramming
courses also take From one to two weeks and are aimed at
FORTRAN programmers or advanced operators. ManagamEﬂt
courses are tailored to individual needs, but ars usually
given prior to installation planning. In addition,
management seminars are hsld from time to time for more

advanced users and deal with topical issues.

Some representative course titles and their subject

matters are outlinsd below:

BASIC OFERATOR®S COURSE: An entry level course designed to
teach basic skills! turning thé system on and off;
operating ths workstation components: command
structuwre; graphics creation and editing commands:
use of on-line storage:; use of magnetic tapes
elementary dimensionings text insertion; function

menu design.
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ADVANCED OPERATOR’S COURSE: A course designed to teach
operators with about three—-months exparience
advanced commands and technigues: data structuress
data extraction for bill~p+—materia1 and othsr
reports: generating N/C manufacturing tapes: 3I-D
operations: parts properties extraction;: building

models for finite element analysié.

APFLICATIONS COURSE: A course designed +to  teach sngineers
how to use specialized analysis, report generating,
or other design or manufacturing applications

software packages.

AFFPLICATIONS PROGRAMMING CDURSE: A course designed to teach
programmers and advanced operators to design, code,
debug, and install special-purpose programs in  a
graphics dasign language: language structure,
statement Fformat, wvocabularys: operating system
interfaces entering a programs; editing a program;
conpiling a programs: installing and executing a
program; debugging a program; saving a program on

tape.

MANAGEMENT COURSE: Designed to teach the eslements that go
into pre- installation planning and system

management: work station layout, lighting, and



FPage 163

access schedulings personnel selection; personnel
trainings hirings: wage scales; labor /management
relations; career paths in CAD/CAM; establishing a

high—productivity environment.



b6.3. SEMIMNARE AND SHORT COURSES

The Jollowing is a sampling of the intensive

workshops which are being offerred throughout the country.

CAD/CAM Seminars

CaDsCAM SEMINAR

Sponsored by the Society of Plastics Engineers
Fee: %3435, Two days

ODbjectives: To show that computer assistance in the
injection molding industry is a reality today and will be a
necessity tomorrow. To explain and demonstrate the hardwars
and software which is available today and to tell how to use
them.

Description: The Program covers fouwr major topics wherein
the wuse of computers brings increased productivity and
profitability to the industry. These are plastics part
design, injection mold design, @aocld making and injection
molding process control. Exhibitions of hardware and
software.

Can/CcaM FOR MANAGERS

Sponsored by the University of Detroit
Fee: $455.0@, Two days

Objective: To expose executives and mangsrs to CAD/CAM
technology, applications, and available systems with
emphasis on their strengths and limitations.

Description: Introduction to CAD/CAM as a system which

includes design, drafting, analysis, production, toocl
design, process planning, scheduling, inspection and
materials handling. Exploration of availakle CAD/CAM
systems emplaying main frame computers and dedicated turnkey
systems. Discussion of the fundamentals of LG, CAD, and
CAM. Justification, © implementation, and training

requirements. Trends. Demonstration of applications.

Page 164
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CansCAM FOR ENGINEERS

Sponsored by The University of Detroit
Fee: %7535, Five days

Objective: To study applications of digital computers in
design and manufacturing environments and to aid CAD/CAM
system users in implementing a fully automated factory.

Description? Introduction in detail of the fundamentals of

CAD/CAM systems and their applications. Discussion of
available CAD/CAM systems: evaluation,  implementation, and
management and training. Examination of networking,
communication, programmable controllers, data base

management, computer—aided engineering analysis, and future
trends. Demonstrations.

CAD/CAM FOR DESIGNERS/DRAFTERS

Sponsored by The University of Detroit
Fee: %788, Twelve svenings

Objectives! To teach operators of Interactive Graphics
systems and designers the basic operation of the CADDS3
operating system software utilized to create m@mechanical
designs.

Description: Introduction to 6, and to ComputerVision®™s

Designer System. Basics af part creation. Filing.
Commands. Documentation. Coordinate svystems. Lata input
and error-correcting procedures. Dimensioning and text
commands. Intro to views, 3-D construction, swfaces.

Faramenter management, grids and layers.

CaDh Seminars

= sl ==

INTRODUCTION TO COMPUTER AIDED EMGINEERING DESIGN

Sponsored by Virginia Polytechnic Inst. & State University
Fee: 4336, Three days

bjective: To introdue the participant to a practical
involvement with finite element stress analysis, dynamic
system simulation, transfer matrix methods, and related
mechanical design topics.

Description: Emphasis of Course is on effective
model-building techniques and evaluation of results from
computer programs. Theoretical foundations are presented to
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aid physical understanding. Hands—on use of computers
provide immediate involvement in practical applications.

COMPUTER GRAPHICS: CAD/CAM AND MANAGEMENT APPLICATIONS

Sponsored by Worcester Polytechnic Institue
Fee: %493, Two days

Description: Subject matter includes! The essentials of L5,
Basics of graphics technology, understanding complex
systems, overviewing successful applications, selecting ths
best system, handling key management courses, managing
system installation and use, planning for thes future of
graphics.

INTERACTIVE COMPUTER GRAFHICS AND COMPUTER-AIDED DESIGN

Sponsored by Cornell University
Fasl %725, Five days

Objectiver To provide a comprehensive presentation of recent
advances in interactive CG and CAD techniques for enginsers
and managers.

Description: Intro to CG problems and difficulties.
Physical principles of display harduware. 2-D vector
graphics, input methods, 3D graphics. Geaometric modeling,
surface descriptions. Engineering applications. 2- and 3-D
finite element analysis. Paost-processing display routines.
Hands—on experience in sophisticated state-of-the—art CAD
laboratory.

COMPUTER—AIDED DESIGN OF DYMNAMIC SYSTEMS

Sponsored by Michigan State University
One week

Objective: To provide engineers who wish to improve their
productivity an opportunity to use modern, computer-based
approaches to modeling, analyzing and simulating dynamic
bahavior of engingering componaents and systems.

Description: The course provides an introduction to
structured modeling of mechanical, electrical,
hydraulic/pneumatic, and thermal esffects and demonstrates
how interactive computing with graphics greatly improves the
overall design process. It also provides a solid basis for
subsequent study of computer—aided automatic control
systems, vibration phenomena, and optimization msthods. No
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prior computing experience required.

CAM Seminars

COMPUTER-AIDED MANUFACTURING

Sponsored by Lehigh University
Fae: $345, Thiee days

Objective: To help persons involved in the design or
operation of manufacturing systems acquire an understanding
of the techniques and technologies associated with CAM.

Description: Educators will be present for instruction in
the engineering technelogy underlying the hardware, software
and systemsi experienced users will present case studies and
evamples for CAM technology implementation: and vendor
technical experits will discuss new developments and the
assembly of programs. Topics will include: Computer Systems
averview. Carl technolaogies for improving productivity.
Planning, scheduling, % controling manufacturing activities.
Group technology. Integrated CAD/CAM systems. Implementing
CAM technology. Frojected developments.

COMPUTERS IN MANUFACTURING: THE NEW REVOLUTION

Sponsored by Worcester Polytechnic Institute
Fesgl %493, Two days

Obhjective: To teach the manager, esngineer, and user the
practicalities and economics of industrial computsrization.

Description: Topics include: Undsrstanding the Uses of mini
and micra system, small computer technology: what’s in the
tool kit, application cases and  examples, designing
computer—hased industrial systems, handliing managerial and
human aspects of computer—based industrial sysztems more
effectively, successful implementation, operational
management, understanding future growth that impacis current
plans.

DESIGN ANALYSIS AND MANMUFACTURING

Sponsared by The University of Missouri-Rolla
Feel!$395, Five days

Objective: To provide the participant with a foundation in

“the theory and practice of computer-—aided deszign, analysis
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and manufacturing.

PDescription: The design and manufacture of mechanical parts
and structwes emplaoying a computer system that blends the
various steps into an integrated whole is considered. All
steps are carried out o controlled interactively at the
computer terminal, which is capable of drawing pictures as
well as transmitting alghanumerics. The engineer
communicates with the computer using enginsering terminoclogy
and working methods, rather than by writing programs. The
speed and convenience of the approach ensure that only
highly refined designs need ever reach the prototype stage.
Computer—assisted analysis of the prototype permits Ffurther
refinement and verification, +0llowed by automated
manufacture and assembly.

COMPUTER METHODS FOR MODAL ANALYSIS

Sponsowred by Michigan State University
Five days

Ohjective: Instruction in empirical and analytical
techni gues.

Description: The uses of finite =lement software.
Discussion and demonstration of SUPERTAB and ANBYS.
Explanation and demonstrations of modal testing. Hand=—-on

experience with FEM software and test sguipment.

AUTOMATION AND MANUFACTURING SYSTEMS

Sponsored by Lehigh University
Fee: 3545, Three days

Objective: To instruct participants in the principles and
practical applications of automation and CAM systems used in
modern manufacturing systems.

Description: Emphasis will be on technigues appropriate for
discrete parts manufacture, and practical application of
technigues to selve production problems. Tapics Include:
Mumerical Contol. Industrial robots. Tour of
Ingarscll-Rand’s modern NC manufacturing facilities. New
tooling systems. Flow 1lins production systems. Flexible
manufacturing systems. Integrated CAD/CAM systems. Group
Technology. Economic justification. The futurs automated
factory.
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MICROCOMPUTERS IM CONTROL SYSTEMS

Sponsored by The George Washington University
Fee: %915, Five days

‘Ohjectives:

—Assess the applicability of microcomputers Ffor control
prablems, with emphasis an single component
microcomputers,

—Select the optimum system for particular applications,

—~Configure systems for particular applications,

—Gain hands-on experience in developing software for control
systems,

—Gain in—depth understanding of interfacing and factors in
machine selection.

Description: Participants are familiarized with thea
capabilities of microcomputers to replace discrete digital,
analog, and electromechanical control elements in control
applications. They are shown the current state of
microcomputer technology and become familiar with both the
economic and technical aspects of the use of such systems as

replacements for more conventional control methods.
Emphasis is oan practical applications. Presents basic
technigues in interfacing microcomputers with external
devices.

Other seminars and short courses include:s

APPLIED INTERACTIYE COMPUTER GRAPHICS
PRACTICAL CAD/CAM CONSIDERATIONS
MANAGEMENT OF CabDsCaM SYSTEMS

Sponsored by the University of California at Los Angelss
REAL-TIME COMFUTER AFPLICATIONS MODERN COMPUTERE IM
MECHAMICAL DESIGN: A MANAGER’S WORKSHOFP CAD IN MECHANICAL
ENGINEERING

Sponsored by Digital Equipment Corporation

UTILIZING CAE, CAD, CAM AND COMFUTER GRAPHICS FOR BETTER
DESIGN

Sponsored by American Management Associations R & n
Division.



6.4. CAD/CAM TRAINIMG BY EDUCATIONAL IMNSTITUTIONS

Thi= section represents a summary of the results of
a survey conducted by the author of 354 advanced esducational
institutions in the United States and Canada. The survey

was a request for information concerning:

~The Ffacilities For Computer—Aided Design/Computer—hAidsd
Manufacturing (CAD/CAM} and Computer Graphics {(CG)
owned by the institution o accessable to  the
student population.

—Mechanical Can/CAM training available through the

institution.

Institutions were contacted which had majors or

concentrations in the following fields:

—Aerospace Enginesring
—Computer Aided Design

—Design and Drafting Technology
—Engineering

—Enginszering Analysis and Design
~Engineering Design
—~Enginesring Design Technology
~Engineering Technology
—Mechanical Analysis & Design
-Mechanical Design

~Mechanical Engineering

The target institutions wesre chosen with the aid of
the following reference materials:

~The College Blue Book, 17th Edition, DIegrses Offered by
College and Subject, {Mew York: Macmillan, 1979},
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Edited by David B. Biesel et. al.

~The Guide to Independent Study through Correspondence
Instruction 198#E-1982, Joan Hunter, ed.
{(Washington, DCI HNational University Extension
Association, 1984).

~Pgterson’s Buides to Graduate Study, 19883, Edited by

Margaret G. Butt (Princeton, N.J.: Pesterson’s
Buides, 198#).

Appendix J is a compilation ot information
concerning educational facilities and programs within the
United States and Canada which include theoretical and/or
practical training in the use of Computer-Aided

Design/Computer-Aided Hanu+acturin§ {CAD/CAMY .

It is almost invariably the case that thsre is a
considerable time lag between the widespread industrial
acceptance of a new ﬁraduct or technology and the time that
it is incorporated into educational programs. And =o it is

with CAD/CAM.

O+ the 35¢@ educational institutions contacted Ffor
the survey included in this thesis, only 28 (2870 respanded.
Of those from whom the author received replies, 29 (B.3%)
had no facilities nor couwses which covered CAD/CAM topics.
fApproximately 16 (535%) of those who did not support CAD/CAM
did have plans Ffor, or were in the process of CaAD/CAaM
equipment acquisitions and curriculum development. 0f the

institutions which reported to offer facilities and/or
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courses, most could at best be described as severly limited.

fnalysis of the SUrvey results beyond this
preliminary information was rendered difficult due to

saevaral factors:

1. There exists a great disparity in that which is
considered to be encompassed by the term CAD/CAM. While
some institutions could boast of ownership of complete,
turnkey systems or mainframe systems with extensive
satellite graphics processing stations, others considered
CAD/CAM to include collections of microcomputers or data

acquisition minicomputers with random software capabilities.

Without an extensive investigation of the specific
hardware and softwarse capabilities of sach school, it is
difficult to differentiate betwsen institutions which offer
"true" CAD/CAM capabilities and those with facilities which
can only be loosely associated with the technology. To
expand on this, if one were to examine a listing of all the
automotive parts owned by a well-staocked parts store, one
might conclude that the shop housed an automobile. Unless
the parts were cnhbined in a proper, integrated manner, this

obviously would not be an accurate conclusion.

A related disparity may exist bhetween the
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sophistication and capability of the facilities cwned by a

given institution and the comprehensiveness of its course

offerings. For example, many CAD courses are dedicated

solely to teaching the student technigues for computer-aided
drafting. This is undoubtedly a fundamental aspect of
CAD/CAM education. It is, hawever, nnly.a sagment of ths
knowledge reguired to implement a development project. The
author contends that a course in compubter—aided drafting,
finite element modeling, or other CAD/CAM aspect doss not

make a CAR/CAM program.

2. It would be an error to conclude that an institution is
inadequate in CAD/CAM education because it does naot offer
any courses particularly dedicated to the technology.
cans/caM may be utilized in the completion of assignments and
projects 50 ExtensiVEIQ throughout the enginsering
curriculum, that the potential for theoretical understanding
and technical proficiency is as strong as in a school which
does offer specialized CAD/CAM courses. This may even ke a
superior route because of its potential for preventing the
tendency for the engineer to become so eﬁamored with CAD/CAM
itself that he loses sight of the fact that it is mersely a
tool which must be thoroughly integrated into a1l other
aspects of engineering processes. On  the other hand, it
would be difficult to become well-versed in engineering

techniques such as differential equations, transforms, and

S
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heat transfer principles if these subjects were not
considered separately and in—depth before attempting to

incorporate them into applications.

3. A third factor which adds to the difficulty of drawing
conclusions is that cowses listed as official departmental
offerings may in essence be "phantom courses" which appear
in catalogues but are actually scheduled only periodically

over the course of a student™s matriculation.

4. A final factor is that survey respaondents were not
consistent in reporting the Ffacts. For example, not all
colleges denoted the departments which sponsored courses or

their graduate vs. undergraduate status.

Keeping these points in mind, the following observations

have bssn made:

i.The schools which appeared to he most actively involved in

CAD/CAM training included:

The University of Akron

The University of Alabama at University

The University of California at Los Angeles
Colorado S5tate University

Cornell University

The University of Delaware

The University of Detroit

Gearge Washington University

The University of Iowa
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Louisiana State University

The University of Lowell

Michigan State University

Michigan Technological University

The University of Missouri at Rolla

The University of Nebraska at Lincoln

Ohio State University

Puwrdue University

The University of Rochester

The U.8. Maval Academy

Virginia Polytechnic Institute and State University

2. There appeared to be no strong geaograghical
concentration or pattern of institutions which were reported
to support CAD/CAM involvement. In fact, it was qguite
surprising that Massachusetts, considered a leading center
of technological education, constituted only a minor force
in CAD/CAM training. 0One would expect strong curricula from
such universities as Massachusetts Institute of Technology,
Tufts University,  Wentworth Institute, University of
Massachusetts, Boston College, And Franklin Institute. It
may well be, however., that the state’s poor showing stemmed

more from busy department personnel than Ffrom lack of

CaD/CaM support.

3. Most of the schools supporting CADR/CAM are relatively
large engineering universities, as would be expected in view
ot the capital investment required for equipment
acgquisition. Only one community college and two technical
intstitutes respondsed positively. Emurseé were concentrated

in Mechanical Engineering departments, although others were
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listed under Aerospace, Civil, Electrical, and Industrial
and Systems Enginesring, Computer Science, Informational
Science, and Engineering Graphics. Had the survey requested
information about cabp/cAM in general, response would
undoubtely have been maore dramatic, since EAD/CQM» systems
for aechanical applications  constitute less than half of

those marketed.

4. Courses tended to be offered at the junior and senior
undergraduate or the graduate level. Only one college
offered a Doctor of Science degree, Michigan State

University, while three offered Master of Science degrees in
DAD/CA&, George Washington University, Michigan State
University and 0Ohio S5State University. George Washington
State University also offered a professional degres in  CAaD.
Two institutiuns offered technical options in CAD/CAM at the
baccalaureate level, namely Michigan 5State University and

Bhio State University.



YIi. RECOMMENDATIONS

This thesis has presented CAR/COM From a decidely
positive viewpoint, 1listing 1its advantages and benefits,
extolling its wvirtues, and _stressing its potential.
filthough the author has perceived from the literatwe that
most users are indeed satisfied with their systemé, the
technology 1is vyoung and still reqguires some debugging. It
would be interesting and beneficial to conduct an
investigation af the problems and weaknesses that have
affected CAD/CAM acceptance. Such an investigation might
include a literature swvey and a series of carefully
designed gquestionnaires and psrsonal intefvéews with current

industrial users.

Considering her own educational background in
cans/CaM  from the University of Lowell and from extensive
literature coverage, and the offsrings of the institutions
surveyed, the author has designed a CAD/CAM core which could
be incorporated by educational programs involved with the
preparation of students for product engineering {(design or
manufacturing) careers. Such a set of cowses would be in
addition to the integrated use of CAD/CAM throughout the
program, for the completion of projects and assignments, and
for research endeavors. although the esxpense of CAD/CAM

systems prohibits major extended acquisitions by most

Pagel 177
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institutions, it is the authar’s recommendation that
squipment purchase should be an important priority For
enginesring departments, supplemented by cooperative
agreements with local industrial concerns and/or consortia

of other area universities and calleges.

While the author is (inclined to recommend that
facilities be provided by all technologically-oriented
institutions which would enable hands-on training for all
sophomore or junior engineering students, simple mathematics
-demonstrates the impracticality of such a suggestion.
However, the author recommends that a short course or
introductory seminar be presented. For such a course, ths
author finds the topic selectiaons of the courses which are
currently offered throughout the country, as listed in

section 4.3, guite satisfactory.

RECOMMENDED SAMPLE CAD/CAM COURSE DESCRIFPTIONS

to S Semester CAD/CAM Core for Design-Oriented Students

{8

Introduction to Engineering Computer Graphics:

This course pravides an introduction to Computer
Graphics and addresses the objectives and problems of

interactive graphics. The course is augmented by



Page 179

substantial programming and user experience with graphics
devices and software. Case studies, examples, and displays

from actual systems are an integral part of the course.

Topics include:

Drrawing and display hardware and systems

Input and output devices :

Graphics software

Graphic data structures

Interactive techniqguas

Algorithms for the display and transformations of 2- and 3D
objects

2—- and 3-D graphic data in various representation systems

Braphic standards

Visible surface algorithms

Shading

Hidden line removal

Color

Graphics high level languages

Animation technigues

Image processing

Considerations in interactive graphics and future trends

~Computer Aided Design and Manufacturing

(a two or thtree semester course):

Prerequisites! Introduction to Computer Programming
Introduction to Engineering Computer

Graphics

A two or three samester user—oriented
project/lecture course concentrating on the spplications of

computer modelling, computer—aided design, and computer
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graphics to the design and manufacture of discrete

mechanical parts and assemblies. The couwrse is designed to

be compatible with industrial practices, equipment,

procedures.

Topics Include:

Components of CADR/CAM systems

Commercially available application software

Real-time computer acquisition of experimental data

Computer representations of objects

3-D curves, 3D surfaces

Advanced geometric modelling

ITteration, parametric studies, and optimization
mechanical designs

Static and dynamic analyis

Graphical simulation of dynamic mechanisms

Analytical data preparation technigues

Finite Element methods

Empirical methods for modal analysis

Reliability analysis techniques

Manufactw ing process planning

Manufacturing data processing

Numerical Control machining

APT machining language

Fundamental control thsory

and

of

Control problems relevant to the computerized manufacturing

system
Software reguirements for computerized control
Digital interface considerations
Introduction to process control
Computer—aided process control
Robotics
Robot programming 1languages
Robeot control algorithms,
Robot sensor development



VIII. CONCLUSION

The integrated computer—aided design and
manufactwing process allows entire design jobs, from the
first stages of preliminary and conceptual design teo the
production of smoothly running molds manufactured by DNC or
NC tapes, to take place primarily at one location and with
one set of data. No interpretation of hard copy drawings is
required to analyze the parts, construct the mold or plan
the machining processes; no keypunching of data is required,
and manual inputs have been reduced to the absclute minimum.
The interface between the enginesers and the computer is a
friendly one, supported by interactive dialogue which
prompts the user Ffor the required input, gives him or her
the information he or she needs, and keeps everyone invalved
with the project up—to-date. It should be guite clear that
design, manufacture, inspection and assembly applications
have  many common data requirsments. They all primarily
require a good description of the part, the ability to
orient additional geometric slements afuund this pari, and
the use of graphics to verify fits, clearances, tocl paths,
flow paths, etc. The full significance of such a total
interactive CAD/CAM system is that it makes possible the
integration of all these applications of computing

technology and, consequently, the full realization of their

Pag%i 81
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potential benefits in cost, labor, and lead time reduction

to do a specific task.

Reductions in the price/performance ratio of
computers have kept improving every year by 324 for memory
costs, 234 for logic and 11% for communications. & ten—-fold
cost reduction évery ten fears means that a calculation
caosting $£108¢ in the early davs of computing would cost only
%13 in 1972, %1 in 1982, and %.1 in 1992. Economic changes
such as this keep opening up new waves of applications as
long as the organization and development of applications

know—how and the labor cost of programming can keep up.

The gieatest resistance to the use of CAD/CAM and
Computer Graphics is due to the high expense in buying and
using the systems. CAD/CAM does carry a hefty price tag.
Initial cost of commercial turnkey systems can run from
103,800 to $808@,000, epending on supplied options and
number of workstations involved., The more sxtensive systems
can sell for more than %1 million. Installation costs,
operating costs, software development expendi ture,
maintenance contracts, and other additinﬁal expaenses add up

rapidly.

Other complaints include the lack of development of
flexible, easy to use software, and the complexity of the

hardware. Particularly interssting are the potential
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dangers that tfade unions anticipate. They foresse a
continuing fragmentation of jobs and a higher desgree of
specilaization resulting in less jaob satisfaction because
fewer will be able to see the panoramic picture of the
complete job. They think that the employers will wish to
expoit their workers more as high capital cost equipment is
used in design and manufacture. Probhably the maost dangerous
aspect of CAR/CAM is the high burn—~up rate in staff which
they due to fear the intensive use of CAD facilities. Since
Computer Graphics can eliminate much of the routine
reference work and greatly intensify decizsion making, the
stress put on the man can bescome very great. Because ths
job requires a greater intensity, only personnel within a
certain age bracket will be recruited for those jobs. As
staff grow older they may be ‘“scrapped” along with the
machine, or at least subjscied te carser de-escalation. The
unions also point out that CAD may make employers more
vulnerable to strikes from a’¥ew members of statf. However,
union members are becoming aware of the tends and advantages
offered by automation, and it is being realized that new
techniques 1in design and production mus£ be accepted in the
long term,  otherwisse jobs will disappear to overseas

competitors.

In direct contrast with the attitute of the trade

union, may companies believe that the use of CADR/CAM helps
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avoid specialization because a designer with a good all
around training can call on specialist programs, such as
FEA, which can be built intoc the CAD system. They also
assert that thg introduction of Computer Graphics has been

welcomed due to the treduction of tedious tasks, leaving more

time for designers and enginsers to think and plan (58).
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CAD/CAM has established itself as an important techrneclaogical

topl in the industrial sector.

The fully integrated CADR/CAM environment, the "fully
automated Ffactory", may at present be realized only in
large, high-technology industries such as the asrospace and
automotive fields. However, the technology does exist, and
has been available since the esarly sixties. On a narrower
front, the marriage of computer operated design and
prodution equiment with computer programmed industrial
robots and cther materials handling egquipment into
sub-systems are very likely to become a widespread reality

in the very near future.
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XI. APPENDICES

BASIC CONCEFTS OF COMPUTER ORGANIZATION

The computer takes in data in the form of symbols

which represent real —world situations, events, or
conditions, performs manipulations (subtractions,
alterations, insertions, deletions, rearrangements, tests,

and logic and arithmetic operations) upon the symbols, and
outputs processed data to the user.

In order to accomplish these fuctions, two computer
elemsnts are required:

—Hardware: The machinery,

—Software: The instructions which direct the machinery
(programs), and instruct humans in the use of the
hardware and software {(documentation).

The hardware of a data processing system is of two types:

—The Central Processing Unit: Ths heart of the systam
responsible for the processing funchtion. It is
comprised of:

a} The main memory {stores instructions and dsatal,

b) The contirol unit (integrates and coordinates the
operations of the input and ocutput units,
storage devices, and the arithmetic and
logic unit},

c} The arithmetic and logic unit {parforms
computations and comparisons),
d} External o mass memory {optional; stores

additional data and informationl.
~The peripheral units! for input and output functions.

Input data describes conditions, tells of events, or
pictures actions. Because input is the most costly part of

the operation of a computer system, the selection,
collection, and preparation of input data is wvitally
important.

Output data consists of symbols which represent
events and conditions which have been processed by the

!
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computer. Output data can be characterized by the way it is
presented. It can be viewed in the following formats:

—linear f{(serial): Single lines of data,
—tabular: A set of linear Fformats in wvertical pattern,
' usually with the same format used on each line,
-narrativel Blocks or paragraphs in free style,
—gtraphic format: Condensed into simple geometric
relationships and patterns.



SUPPLIERS OF COMMERCIAL TURNEKEY CAD/CAM SYSTEMS

¢ pdage Applicon, Inc. 1969
. One Fortune Drive 134 Middlesex Turnpike
" Billerica, MA 81821 Burlington, MA 81843
- {617)-667-7078 (6171-272-7676
i Auto~Trol Technology Califarnia Computer Products, Inc.
! 12388 N. Nashington St. . 3328 E. LaPalea fve.
Denver, CO 88223 P.0. Box 4447
©(303)-452-4919 fnaheis, CA 92863

(714)-821-2811

: Calza Interactive Braphic Systess (1968) Computervision Corporation 11969}

. 327 Lakeside Drive 261 Burlingtan Rd.
Sunnyvale, CA 74686 Bedford, MA €1730
: (617)-275-1888
* Data Technolagy Digital Equipment Corporation
4 Gill 8t 144 Main St.
Koburn, XA 180t Maynard, WA £1754
(617)-933-882¢ {617)-897-5111
Evans and Sutherland Cosputer Corp Berber Scientific
. 388 Arapeen Or, 83 Berber Rd. West
Salt Lake City, Utah B44EB South Windser, Cann. 86674
(821)-382-3847 (203)-644-1551
67CT Corp. Intorsation Displays, Inc.
;1833 First St. 158 Clearbrook Road
- Rockville, WD 26856 Elesford, NY 16523
{381)-279-9536 (914)-592-2823
: lalac Corp. Intergraph Corp,
| 138 A Street Qne Madisan Industrial Park
| Needhag, MA Huntsville, AL 35867
(617)-449-4602
: International Business Machines Corp. M & § Conputing, Inc.
1133 Westchester Ave. P.0. Box 5183
i White Plains, NY 18424 Huntsville, AL 33823
. (914)-765-1908 (283)-772-3411
| McDennell Douglas Autozation Co Nicolet Zeta Corp.
§ Dept. KBP-560 : 2386 Stanwell Dr.
- Box St Concord, CA 94520
. 8t. Louis; MO 63166
Prize Computer, Inc, Summagraphics Carp
" Prise Park, NS15-60 35 Brentwood Ave.
Natick, NA 01768 Fairfield, €T #6439
- 16171-635-8008 (283)-384-1344
i Synercam Technology Inc. Vector General, Inc.
: 588 Corporate Drive 21366 Oxnard St.
: P.0. Box 27 Woodland Hills, CA 91347
i Sugarland, TX 77478 (213}-3446-3418

: (713)-491-5600
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These systems are thoroughly reviewed in:

A Survey of Commercial Turnkey CAD/CAM Systems. 2nd Ed.

(Dallas, Texas: Froductivity International, Inc.,
i281).

Collins, Scott, "CAD/CAM: Turnkey System Alternatives",
Plastics Design Forum, (Jul/Aug 1982), pp. 47-55.



GRAFPHIE DISPLAY TECHNOLOGIES

A. REFRESH TECHNOLOGY

A graphic display unit which uses refrash
technology, also known as VECTOR REFRESH, DIRECTED BEA&M,
RAMDOM SCAN, or STROKE REFRESH technology, utilizes a
phosphar which emits light for -only a few milliseconds.
Because of this, the screen must be repainted 18-49 timss
per second in order for the sye to perceive the image as
flicker—free. A major drawback to this type of display is
that only a limited number of Fflicker—free graphic
characters can be displayed at one time.

However, because of the highly interactive nature of
the technology, the user does not need to display
high~density pictures. He can bring in the information as
neaded, rather than try to display all of it at once. In
addition, refresh systems, because ot their
short—-persistence phaogphors, allow the user to selectively
arase graphic elements from the display screen without
repainting the  wheole picture. These characteristics make
refresh technolagy wvery well suited to  anything that
reqguires dynamic motion, such as simulations, mathematical
modeling or animations. It is also well suited to any
application such as three-dimensional engineering dssign
which requires a high degrese of interactiveness. 2]
three-dimensional picture can be displayed in pesrspective
and then rotated in essentially real time, so that the user
can easily visualize the ocbject ths data is describing.

Refresh technolaogy is also well suited Ffor complex
gngineering applications because it uses a continuous lins
technique to generate characters and graphic slements.
Other systems use point—-by-point msthods which can result in
jagged diagonal lines. Another advantage of refiresh
graphics is the flexibility it provides concerning the types
of input devices with which it may be used. The light pen,
which will be discussed later, is an example of such a
device which can not be used with other graphics systems.

The main advantage of this technology is its highly
interactive nature, which enables the user to explore a
number of various alternatives quickly before committing
himselt to a specific choice. As you might guess, the user
must pay for all this Fflexibility; refresh systems cost
between $135,@93 and $35¢,0088. Limited color is available
with the system.

Pag95~19 8
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Refresh displays also require a considerable amount
aof random access memory to store an image while it is being
displayed. In some early systems, the host computer serwved
to refresh the display with repeated outputs Ffrom its
memory, requiring a large number of data words every second.
However, in the last several years the price of computer
power has decreased dramatically, so that a minicomputer or
microcomputer may be used as a DISPLAY FILE MEMORY so that

the computer merely loads the this memory with a single
frame of data, then recycles the data as often as necessary.

The computer is required only when a change in the display
takes place. '

B. DIGITAL TV TECHNOLOGY

The secand type of display technelogy is the digital
TV system, which uses technigques similar to those employved
in a television set. The electron besam always Ffollows a
fixed pattern of horizontal scans across the tube rather
than moving to random X,Y locations as in ths previously
discuszsed system. The picture is formed by intensifying the
beam in appropriate places, illuminating each picture
g2lement into which the screen is divided into one of &4
intensity levels.

The system accepts digital definitions of graphic
elements and converts them within the system into a DISPLAY
BIT MAF MEMORY FILE which is used to refrash ths
short-persistence phaosphor. The conversion may be done
either by hardware or with a dedicated microcomputer.

THE ADVANTAGES AND DISADVANTAGES OF THE DIGITAL TV SYSTEM
Advantages:

~high availability of low cost monitors,

~ability to display a large amount of information without
flicker,

—capability of low cost color displavys,

—ability with some systems to mix the output of conventional
TV cameras with the digitally gensrated information,

—~ability for selective erase and moderate dynamic
capability.
Disadvantages:

—usually has poorer resolution than the refresh or storage
tube systems,

—poar diagonal line quality characterized by “jaggies”,

-more difficult to use some input techniques such as the
light pen,
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~requires an order of magnitude mare memary +for picture
storage than does a refresh system Ffor eqgual
resolution and even more if the picture incorporates
color or gray levels,

~because the display is only updated at zhout 16 times per
second, as opposed to 39 times per second for the
refresh tube, dynamic capability is not as advanced
with this technology.

. TVY/5CAN COMNVERTER DISPLAY TECHNOLOGBY

An alternative to the digital TV display which is
very similar is the TV/scan converter. In this technology,
the display memory is replaced by a scan converter, which is
essentially an analog storage device. First, the picture is
drawn in a conventional random fashion and stored in the
mechanism of the screen. TV is obtained by scanning the
storage surface and showing the output on the TV monitor.
This system combines the advantages of hboth the refresh
display and the storage tube technologies. Because beam
movement is not affected by picture content, the picture
described in the display file can be modified while the
picture 1is being displayed, thereby providing selective
erasure capability and the resultant ability to display
motion. Because picture complexity does not affect beam
movement, there is no flicker problem.

Other advantages include:

—low cost TV monitors,

~gray level capability,

-modest dynamic ability,

~relatively low cost (318,868 - 315,866,
—full color capability,

—bright picture.

Disadvantagss of the technology are:

—poorer contrast and resoclution than characteristic jagged
diagonal lines,

—inability to use light pens as input devices with this
system,

—poor dynamic ability.

D. STORAGE TUBE DISFLAYS

Storrage tube displays operate similarly to refresh
displays. The picture is initially generated by a directed
electron beam, causing the image to be traced on an
extremely long—persistence phosphor inside the CRT. However
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the beam writes on a fine mesh grid mounted just behind the
phasphor—coated screen, not on the phosphor itself. The
charges deposited on the grid are transferred to the
phosphor by a +Flood of electrons from a flood gun. Hence
the picture is stored on the grid and, as a result, needs to
be traced only once. The image traced by the writing beam
can be illuminated for a long time.

. A great featwre of recent models of the storags
tube, also known as a direct view storage tube (DVST) which
is very important in CAD/CAM applications, is that the image
can be illuminated with the writing beam without triggering
the storage mechanism. The unstored image must be refreshed
by the writing beam about 1€ times per second in order to
keep it illuminated. the refreshed image can bes overlaysd
over a stored image without destroyving the latter. By
utilizing the refresh approach with a DVST, the designer can
now work on segments of the picture displayed in the refresh
mode and then freeze the segment in CRT storage when waork on
it i=s complete. This feature overcomes the major problem
which plagused the traditional storage tube, i.e., no
selective erasure capability.

Advantages of ths DVST are:

-no flicker problems with high density drawings,

—because there is no display file memory, thz cost of the
system is reduced by an order of magnitude ($8,887 -
£35, gEd),

—low cost hard copy accessories ars available,

—storage tubes tend to have large screens and high
resolution.

Disadvantages include:

—relatively low brighness and contrast, which makes it
difficult to see in a normally 1it room, and
contributes to eye strain and fatigue,

-no selective erase unless system has refresh option: hence
entire screen must be erased and modified and the
picture completely redrawn in order to delete one
item. Erasure is accompanied by an intense flash,

-A high degree of dynamic metion is not possible since
changing a displayed image requires erasing the
aentire image and redrawing it.

—not well suited for highly interactive applications such as
three dimensional engineering drawings,

—-no gray level,

—no color capability,

-no technigque for color display,

—-small display, marginal for engineering applications,

—-no light pen capability, ’



-slow writing speed; a
minutes to draw.

comple:x

picture

can

take
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PRODUCTION HARD-COPY PLOTTER TECHNOLOGIES

Pen‘Plotters

Generally, pen plotters wse ink psns to draw
graphics on a variety of materials. Some pen plotters can
be fitted with alternate heads for other purposes as well.

0+ the pen plotters, the most widely used is that in
which the paper is wrapped around a drum which, in twn, is
rotated by a digital stepping motor. The pen is mounted on
a gantry across the drum sa that when the pen is lowered to
the surface of the paper, a linge is drawn in eithsr the
vertical or horizontal direction as dictated by the two
motions. Drum plotters are fairly fast, wvery convenient to
use, require little operator intervention, provide unlimited
length plots, and take up little floor space. 0On the other
hand, they are difficult, if not impossible to read as they
are executing the drawing and the less expensive models
have, in the past, displayed the same loss of definition due
to "jaggies" as do raster scan terminals, rendering them
inadequate for most engineering drawing applications.
However, recent developments have enabled drum plotters to
produce good-looking, accurate drawings at speesds comparable
to bed types, and their prices have risen to match.
However, good quality drum wnits are available at lower
prices and are a good choice for many low cost operations.
Drum plotters are available in many sizes and may operate
on—line or via remote magnetic tape stations.

The other type of pen plotter is the flatbed version
in which the paper is held flat while the pen is moved on a
gantry being driven in a direction perpendicular to the
motion of the pen. Plotting speeds for the drum plotter are
around 188 to 200 mm/second while the flat bed is capable of

speeds ranging from 1€@ — 18988 mm/sec. The latter produces
better quality copies suitable +for the most axacting
engineering reguirements. An advantage of the stationary

bed is that the drawing can be examined as the plot
progresses, allowing the operator to monitor the lins
gquality and terminate the pleot should any defects be

ohsarved. The stationery bed also contributes to accuracy
when drawing with wet ink on a non—absorbent material such
as Mylar. This is because the slow-drying inked lines are

not offset by rapid movements of the bed. Another advantage
of the flatbed is that plots can be made on hesavy or thick
materials that neasd not be Jflexible. These uniis handle
pre—cut sheets of drawing material and are charcterized by

PageT’20 3
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superior quality of construction and a higher price tag than
other designs. Despite the greater expenss and amount of
floor space required for a Fflatbed plotter, they are
preferred by two—thirds of the CAD/CAM sites surveyed in a
recent study of components.

With advances in plotter technology, such as the
advent af Servo drives, more sophisticated control
circuitry, and microprocessors, new approaaches have esmerged
to improve the performance of plotters. Some experimental
units are now able to join any two points lving on  the
plotter’s resolution grid with a truly straight line or
regular curve which need not pass through intervening grid
points.

Pen Plotter Controllers

Fen plotters are relatively dumb devices that can
only carry out a small number of basic commands. A very
large number of these commands must be used to generate a
typical engineering drawing. The commands are very
sensitive to timing in arder to create accurate drawings
while achieving the plotter’s throughput potential.

Microprocessor—based controllers have considerably
improved plotter performance by taking direct control of the
unit’s electromechanical mechanisms, thereby relieving the
graphics processor +ram having to provide timing
information. Bscause they are dedicated devices, they are
also able to insure that the plotter will always be driven
at its rated speed. By having resident character sets and a
vectar capability, controllers significantly reduce ths
amount of plotting data that must be genesrated by ths
graphics processar.

Apart from other obvious contributions to improved
CAD/7CAM system and plotter throughput, plotter controllers
also provide a flexible interface that can match a plotter’s
attribute to the requirements of differant CAD/CAM svstems.
Their data buffering, re—formatting and programmability maks
them ideal as interfaces to telecommunication networks.
Note however, that glectrical compatibility, data
compatibility and data rate compatibility must exist to
enswe that a plotter will work with a particular system.
I¥f a telecommunication protocol is used, it must alsoc be
supported by the controller.

Plotters equipped with any but the most rudimentary
control are called smart because they do much of the
computation that would otherwise have to be performed by the
computer generating the plat data. Typical smart plotter
features include:
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-vector generation,

~circular arc generation,

~linear interpolation,

~circular interpclation,

~data scaling,

—compressed plot data,
—telecommunication protocol support.

Electrostatic Flotters

Electrostatic plotters can produce drawings at a
rate of up to 1879 times faster than slectromechanical
plotters but at the expense of guality. Electrostatic
plotter reliability is also much hetter because of its:
simpler mechanical dssign.  They are wvery serviceable and
quick to repair. Finally, the wversatility of these
plotters, their ability to function as CRT hard-copy units
while doubling as high—speed printers with printing rates as
high as 28#¢ lines psr minute, make them an ideal choice for
installations that nesed both high-speed graphics and large
volumes of printed cutput.

The actual plot is performed in a raster format by a
head which comprises a number of wire styli spaced from 149
to 266 to the inch. One axis of deflection is provided by
moving the paper while the other iz provided by depression
of the styli to place a dot on the paper according to the
information presented as the trace is scannsd. This
technique affects the appearance of the image and requires
completely different hardware and software than is used with
pen plotters.

Conventional computer graphics is generated in a
pen—-plotter— compatible vector format, that is as a series
of line zegment start and end coordinates. This data, 1€ to
19¢ times more compact than raster data, must be transformed
into raster data before it can be platted, requiring =
substantial amount of computer time. This can impact
overall CAR/CAM system performance as well as plotter
throughput.  Typical conversions of mechanical drawings may
take five minutes to one hour of conversion time. Thus,
when additional time is taken into account for conversion
when computing throughput rates, the electrostatic plotter™s
speed advantages vis—a-vis the pen plotter drops aff to
about 51, still an impressive improvemsent.

From the telecommunications standpoint, raster and
compressed transmissions are more costly than wvector
transmission because there are many more of them to
transmit. This does not apply when dedicated data linss are
used.
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Today, electrostatic plotter accuracy is quite
limited. Another drawback of the plotters is that they are
restricted to rolled or I-folded electrographic paper, which
is not as dimensionally stable as film or triacetate and has
a shorter storage life. The slectrostatic plotter is also
more expensive than pen plotters, and i+ the cost of the
additional on—-line computation tor vector~to—-raster
conversion is considered, the price is even higher.

While electrostatic plotters draw only in one -color,
they make up for this limitation by using as many as 25
different shading patterns to highlight areas or distinguish
one type of one from ancther. This shading technique is
actually considered an advantage by some users.

Where throughput is the primary selection criterion,
an electrostatic plotter is the natural choice because of
the vastly superior cost psr unit of throughput that can be
realized.

Photaoplotters

Photoplotters are very high—-precision, incremental,
digital plotters mainly used by CaAD/CaM systems for the
production of PC artwork masters. Thay are very similar to
flatbed plotters but have a laser-light beam projector in
place of a pen with which to expose photosensitive
materials.

Computer DOutput Microfilm {(COM) Systems

COM Systems are used to produce graphics and printed
page microfilm directly from a CAD/CAM system”™s digital plot
and print files. The systems are characterized by high
throughput, high guality, and flexibility, and are
particulary effective when compared to other less direct
methods of producing microfilm such as photographing printed
or plotted hard copy. In fact, when high-volume production
is involved, COM systems are the only reasonable approach.

£0OM systems may be on—linge devices, but generally
receive digital plot data and print Ffiles manually by

magnetic tape. Options include telecommunications and
plotter interfaces. Most systems nesed an operator to
monitor their operation closely, are relatively high—

priced, and provide adegualte accwacy and resglution.

A typical COM system consists of a minicomputer
controller, a reformatting wunit and a microfilm recorder.
The reformatter is usually a general purpose minicomputer or
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microprocessor eguipped with a tape deck. The formatter
reads the digital data from the magnetic tape, converts this
data intoc the form required by the microfilm recorder unit,
then transfers it to the recorder at the proper rate. The
recorder unit consists of a high—precision CRT, a micrafilm
camera, and associated electronic and electromechanical
controls.



CONFIGUHRATIONS OF GRAPHICS PROCESSORS

The adwvantages of general purpose minicomputers:

—minicomputer manufacturers are larger than CAD/CAM
manufacturers, hence they generally have better R %
D, manufacturing, and testing facilities.

-minicomputers are members of a family of compatible
products, allowing upgrading at a later time.

—a great deal of CAR/CAM and business software is available
for general-—purpose minis.

—maintenance and spare parts are generally more available.

~The resale market for a general-purpose machine is larger
and more broadly based.

The special-purpose processor has the faollowing advantages:

~It has all of the instructions of the general-purpose
minicomputer fraom which it was derived as well as
all those features that were missing from the mini.

~It can be optimized fro graphics applications and so
provide better performance.

~Since the CAD/CAM system supplier built the machine, he is
better gqualified to service it. This alsoc
eliminates qguestions of responsibility for services.

There is currently a trend among manufacturers
toward the larger minicomputers and 1in Some Cases
midicomputers and mainframes. This trend will lik=ly get
stronger as the cost of thess more powerful machines
continues to decrease, and the capshility and computational
requirements of CAD/CAM systems increase.

Page 208
i



FEATURES OF CAR/CAM SYSTEM PROCESSORS

—Microprogramming capability: This means that ths processor
is itself implemented as a small special-purpose
computer. This computer consists of a limited
function processor and a control store containing a
microprogram for fetching, decoding and executing
the program instruction set of the main processor.
This scheme allows the addition of micro-code to the
instructions in the control store, thereby snabling
the computer to be tailored to particular
applications. This scheme also provides additional
diagnostic tools for hardware and software problems.

—Floating—point hardware: This refers to special-purpose
hardware that performs floating-point arithmetic at
a much higher speed than is possible with software.
The capability may be due to an extended
microprogram in a microprogrammmed computer, or may
be an entirely separate processor that operates in

parallel with the main processor. Because of the
large volume of floating-peoint arithmetic reqgquired
ftor graphics manipulations and creations, these
untits are especially important in can/camM

applications.

—Main memory: Minicomputers arse available which have a
memory size of from 64K words to large memories of
up to a million words. Larger 322-bit aminis and
midicomputars are designed to support more than two
million words of main storage. There are basically
two types of memory used in minicomputers:

~Magnetic core memory: Relatively slow with the
advantage that it retains its data form any
weeks without elecirical power.

—~S5olid state memory! Considerably faster than core
but it is more expensive and reguires power
to retain the data within.

—Battery backup (optionall: These units preserve the
contents of a sclid state memory during s power
failure.

PageJ[209
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-Memory mapping: This is a scheme which makes it possible
for a computer to access additional amounts of main
memory while providing protection to data access.
The mapping mechanism results in significant overall
gains in throughput.

~Virtual memory: A scheme that simplifies the writing of
large programs by making it appear to the user that
the computer has a large memory when it in fact does

not. It is implemented using special memory mapping
hardware and disk storage.

—Cache aemory: A small high-speed memory used te store
frequently accessed portions of main memory.
Typically, a computer squipped with a cache will
need to refer to main memory less than 3874 of the
time, thereby gaining a substantial speed advantage.

-Parity memory: Enhances system integrity and allows the
system to detect and locate memory errors.

=Error correcting codes! Another scheme to check and correct

memory bit errors, resulting in a prolongsd
effective mean time betwean failures.

-Memory interleaving: A feature which tends to Epeed up the
effective memory access rate.

~Multi-port memory: alsoc serves to speed up the esffective

memory access time by allowing some data transfer
operations to procesd in parallel.



—Actions
—sat seale
~insert
~delete
—trim
—join

~specification of indicated position location as indicated

—-coordinates
——artesian
—polar
—spherical
~-cylindrical

—relative to existing elements
~patrallel
—parpendicular
—tangential
—at a specifiesd angle
—on a surface
—at ths origin
—at the center
—at the end
—at an intersection

—specification of distance
-in scale units
—between specified points

~specification of direction
~with unit vectors
-clockwise, counterclockwise
~-up, down, left, right

Basic facilities for computing derivative geometries:

—group actions
—insert
—delete
—rasize
—Copy
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—-move
—rotate
-mirror
-stretch

—specification of geometric groupings
—create an array
—-create a group

—pre—defined groups .
—crosshatch .

—interactive linkage to the display and digitizer

~specification of location relative to the
indicated position

—relative to sxisting elements

—specification of distance

—specification of direction

—specification of geametric groupings

Facilities for entry of associated non-graphical data are
also provided. Examples of such data includs notes, labels,
dimensions and formatted texts. These Ffacilities also
provide for the creation of various classzes of data slements
associated with geometric groups that can later be
identified and processed by other softwars to create summary
reparts such as bills-of-material, caost analyses, and
parts—-utilization analyses.

Facilities for the entry of "semi-graphics"

—specification of actions
—insert '
—delate

—-semi—graphic data types
—spatially located text
—dimensioning entities
-line types

~facilities for assoaciating semi—graphics or text data
—associative groupings

—facilities for creating derivative semi-graphics
—numeric text wvariables
—alphabetic text variables
—automatic scaling of text
~auntomatic orientation of text
—macrc language link to graphics analysis functions



~display capabilities
~—view definition
—~line weights

~display control
—simultaneous displays
—display of motion
—dynamic view control
—scale control
—acha
—selective display control

—interactive linkages
—number of active views
—type of active views
-restrict model edit

~definition and edit functions
—-create
—modify
~delete

—-access functions
—store
—fetch

—control functions
—transfer off-line
—~transfer agn-lines

—housekeeping
—manual
—directory listings
—space utilization summary

-verify functions
~calculator functions
~point coordinates
—angles

—axis

—2-D section analysis of closed figures
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1. Extended graphics and graphics analysis: Provides the
user with additional graphical building blocks and
some additonal Ffunctions with which to analyze
giraphics.

—additional building blocks:! Generally 22— and 3-D
compound entities that increase the user’s
ability to create curved shapes.

Curves:

—-splines

~offset splines

-space curves

~camposite curves

~draftt curves

—ftreshand curves

—surface intersection curves
~surface edge cuwves

Surfaces:

~ruled surfaces
~developable surfaces
~varpaed surfaces
—tabulated cylinders
~composite surfaces
~fillet surfaces
~curved meshes
—surfaces of revolution
~-offest surfaces

—~additional analysis capabilities:

—extract perimeters
—extract volumes

—extract centroids
—extract moments of area
—extract radii of gyration
—spline analysis

2. Extended semi-graphics and nan—graphic entryl Gives the
user additional tools with  which to produce
engineering documentation.

—extended drafting functions
—standard dimensioning
—metric conversion
—axtended drafting facilities
—automatic perspective visws
—manual perspective views

—extended text/graphics functions
—text extract (for summary reports)
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~text linkage

—text to graphics transfer
—text sort/merge
-bills—of—material

3. User programming suppart:

—language support options:
—Mmacros
—special —purpose language compilers
-programming interfaces
~data management extensions

4. System interface and managemesnt support

—management support options:
~security features
—documentation control systems
—system audit and usage accounting software

—system interface software:
~communications and network support
—device interface support



TRADE JOURNALS AND FROFESSIONAL ORGANIZATIONS
DEALING WITH CAD/CAM

JOURNALS

CAD/sCAM ALERT

Reservoir Executive Park
824 Bolyston Street
Chestnut Hill, MA 92147
(&417) 232-BEgd

Monthly user news and information service: CAD/CAM hardware,
software, and system reviews: user case studies: tips on
feasibility studes, applications studies, implementation
planning, measuring productivity, and quality circles.

COMPUTERS IN MECHAMICAL ENGINEERING
The Computer Engineering Division, ASME
United Engineering Center
343 E. 47th 5t. '
Meaw York, NY 184817
Fublished quarterly

COMFUTER AIDED DESIGHM

A. Pipes, Managing Ed.

IPC Science and Technology Press Ltd.

32 High Street

Guildford, Surrey, England GUl 3EW
Fublished bimonthly

CAD/CAM DIBEST
P.0. Box Blga@
Dallas, Texas 735285

ENGINEERING GRAFPHICS
2246 Pasgual Ave.
Ventuwra, CA 9303E3

COMFUTER GRAFHICS
P.O0. Box 18922
Eugene, Oregon, 97449

COMPUTER GRAFPHICS % IMAGE PROCESSING
A. Rosenfeld, et al., Eds.
Academic Press
Mew York, NY
Published monthly
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SOFTWARE——PRACTICE AND EXPERIENCE
D. Barron, et al., Eds.
Wiley & Sons
Baffins Lane
Chichester, Sussex, UK
Fublished monthly

IBM SYSTEMS JOURMAL
C.A. Thiel, Ed.
International Business Corporation
Armonk
Mew York, NY 165@4
Fublished quarterly

PROCEEDINGS OF THE SOCIETY FOR INFORMATION DISFLAY
5. SBhert+, Ed.

Society for Information display

6534 North Sepulveda

los Angeles, CA 8647

COMPFUTER GRAFPHICS, A RUARTERLY REFORT OF SIGERAPH-ACHM
(See below)

COMFUTERS & GRAFHICS,
Pergamon Press, Inc.,
Maxwell House, Fairview Park
Elmsford, NY 18523
Fublished quarterly

Other journals that often contain articles relevant to CAD

ACM Transactions on Graphics Computer Graphics Forum
Computer Graphics Software Mews

Simulation

Engineering

Machine Design

Engineering Materials and Design

PRDFESSIDNQL SOCIETIES

Computer Aided Manufacturing—Intsrnationl, Inc. {CAM-I)
611 Ryan Plaza Dr.

Suite 1167

Arlington, TX 74611

American Institute of Design and Drafting {AIDD)
3119 Price Road
Bartlesville, Ok 74683
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National Computer Graphics Association (NCGA}
203 M 5t. N.W., Suite 338
Washington DC Ze@@1

Society for Information Displays (S1D}
&34 North Sepulveda Blwvd.
Los Angeles, CA 90849

ACM/SIGERAPH
1133 Avenus of the Americas
New York, NY 18@34

Society for Computer Simulation
1319 Pearl st.

F.0. Box 2228

La Jolla, CA 92838

Design & Draftting Management Council {(DDMC)
P.0O. Box 11811
Santa Ana, CA 22711

American Engineering Model Society (AEMS)
43 Commonwealth .
Warrendale, FA 13896

Numerical Control Society (MNCS)

519 Zenith Drive
Glenview, IL 48825

SERVICE ORGANIZATIONS

General Electric-CAE International Inc.
J3E Technelenter Drrive

Milford, OH 45153

(513) S576-380E

Beneral Electric—-CAE—-in-Plastics offers softwars which will
save time and costs in virtually every phase of a plastic
part development—from product design through manufacturing.
Software tools, discussed in the text, include MOLDFLOW,
MCaAF, and TMC. In addition to software availability, GE-CAE
offers a Ffull range of services to support plastics
technology. Key among these are: a strong aeducation
program, walkin access to computers at CAE Productiwvity
Centers, located around the world, complete mold design and
manufactuwre, and consulting expertise. The statf stands
ready to offer assistance in the areas of software training
and awareness, problem solving, and technical consulting. The
company also offers computer timesharing services.
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Attribute

Capputer implemented
Real Time systenm
Eabedded System

Sensor based inputs
Input of human origin

Expanding database

Pracess Control

Qutput interfaces

Predominant user industries

_ Socic-econcaic impact

Main perind of pioneering

Process Cantral

Main source for
input in systea

Hinor portion of
* input
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Major purpose is
feedback or feed
forward control in
classic sense.

Hajor process units
included within
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gains and dynamics
important,

Set point stations,
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Chemical, petroleus,
steel, pulp and paper

Kodest
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CAD/CAN

yes
yes
yES

Minor portion of
input

¥ajor source of
input

Ves

Orientation is more
towards the gere
handling, timing,
release, etc. of
large volumes of
information.

Flotters, machine
toals, wiring
machines, flame
cutters, rabotics,
automatic test
equipaent.

Discrete parts man-
utactring {trans-
pertation equip-
ment, zachiaery,
gtec.

Huch larger

1975-1993



TRAINING RESOURCES AVAILABLE IN THE U.S. AND CANADA

UNIVERSITY OF AKRON
College of Engineering
Akiron, 0OH 44325

(2146) 375-7817

Facilities:
HW: Calcomp 36" plotter
Tektronix 4@15 interactive graphics terminal

The university is in the process of implementing a
comprehensive CAD system. Flanned for installations is a
Prime B3% Processor with MEDUSA software and 28 to 38
terminals with a plotter, printer, and disc access.

The course work structure for C5 and CAD in Mechanical
Design are only in the planning stage at present.

UNIVERSITY OF ALABAMA-HUNTSVILLE
Dept. of Industrial and Systems Engineering
Huntsville, Alabama 35899

CAM facilities:

HiW: T##3 Robot
Minirobots
Machine tools
Fisher Technic kits

The university is now in the development phase for a CAD lab
for Undergraduates.

Courses: The university is developing two courses which will
examine advanced manufacturing systems concepts and will
include material on robotics, NC, CNC, Computer—fidsd
Frocess Planning, etc.

UMIVERSITY OF ALABAMA-UNIVERSITY
Dept. of Engineering Mechanics
University, Alabama 35484

{2653} Z48-7241

Facilities: The University Ssebeck Computer system iz a
UNIVAC 1188/41 with about 78 interactive terminals,

-

including at least 3 Tektronix storage tube terminals and 2

Page%ZZO
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digital plotters.

The Interactive Computer Graphics Laboratory:

HuW: HP—-1@@@A minicomputer system running under the
RTE-A.1 real time, multiuser operating
system that supports a powerful editor,
db management, high level languages, and
device independent graphics.

Tektronix hardcopy device

Disk storage system

Ramtelk &21¢ Color Graphics Terminal

4 interactive terminals

HP-24623 raster scan—serves as the system console

HPF-2571F thermal printer attached to the above.

TEKE 4615 storage tube terminal

Victor 888 raster scan microcomputer (stand alone
computer or intelligent terminal}

Ramtek &214 intelligent terminal

Large digital plotter

Printer

Victor 9966 microcomputer system which is
interfaced to the HP-188&a {intelligent
CG workstation?

Apple 11 microcomputer

54z FORTRAN 77, and Graphics/16@6-11 Deavice
Independent Graphics Library.

Cowrses, Undergraduate:! Many courses involve CAD activities,
2.4, Dynamic Systems, in which digital simulation is used in
parameter selection of dynamic systems. Many othsr examples
of this kind exist.

—Computer Graphics: Basic course at ssnior/list vear graduoate
C level.

—Artificial Intelligence
-Design of Automated Systems: Intro to robotics and CAM

Courses, Graduate:

~Mumerical Modeling of Fluid Systems
~Engineering Optimization

UNIVERSITY OF ALASKA
- School of Engineering
Fairbanks, Ak 99781

Facilities: In rudimentary stages at ths present tiae.
HW: Honeywell &4 main frame computer with graphics
capability



CNC milling machine

Individual departments are attempting to develop their own
stand—alone systems built around micro—computers.

UMIVERSITY OF ARKANSAS
Department of Mechanical Enginsering & Engineering Science
Fayetteville, AR 72791

Facilities:
HW: 22 Pets microcomputers
25 TI 99/44 microcomputers
1¢ digitizer boards, light pens, and graphics pkgs.
4 4652 Tektronix terminals
1 4815 Tektronix terminals

Courses:

—Computer—-Aided Mechanical Dessign: Introduction to
microcomputers, remote terminal usage, AFPL, and JCL. Design
of mechanical systems by means of proceduwe—oriented and
simulation languages. Applications pragrams and interactive
graphics.

Twi other courses are being developsd.

BOSTOM UNIVERSITY
College of Engineering
11@ Cummington street
Boston, Ma #2215

Courses:

—Computer Seometry and Design: A user—oriented project class
in the application of computer modeling, CAD, CB, data
definition, and animation technigues. Typical projects
include: polyhedra and gecdesic dome calculatian and
construction as well as definition and drawing managessnt of
a large graphics data base such as a model of the Campus.

~Computer—Aided Design: Use of ths computer to facilitate
and extend the design process. CG. Production of
enginesring drawings. Selected problems in gegastry,
topololy, finite element method=s, and pattern recognition.
fApplications +rom several enginesring disciplines.

—Computer Graphics: Technigues for computing, representing,
and displaying 2— and 3-D objects. Topics include: 2- and
Z-D transformations, symmetry, data reconstruction, surface



Page 223

modelling, and realistic imaging.

BRADLEY UNIVERSITY

College of Engineering and Technol.
Dapt. of Manufacturing

Pearia, IL &61&25

Facilities: N
Hijz University CYBER 171 System (with proposed upgrade
to 174 contiguratiom?.

SW: TIPS~1, AUTAF, CAFP.

The Manufacturing Dept. proposes to expand its activities
and facilities, including the acguisition and implementation
of advanced CAD/CAM software, with appropriate facilities
for instruction and research in modern design, graphical
canmunications and CaM.

UNIVERESITY OF BRITISH COLUMEIA
23546 Main Mall
Vancouver, B.C., CAN V4T 1WS

Facilities:

Hidz Amdahl V2, MTS
Several graphics terminals
Digitizing table

Couwrses, Undergraduate:

—Introduction to Computer Graphics: Introduction,
Input/0uput Devices for C6G, Hardware Architectures of
Interactive Graphics Systems, Software Orchitectures of
Graphics Frogramming Systems, Machine Languages for Graphics
Systems, the V5M Subprogram System, Mathematical and
Algorithmic Aspects of 06, High-level Graphics Languages.

Cour=e=s, Graduate:

—Follow—up Computer Graphics course.

UNIVERSITY OF CALIFDORMIA, LOS ANGELES
Graduate Studies Office

School of Enginesring & fApplied Science
lLos Angeles, CA 99924

(213) 825-2212
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Facilities: The CAD/CAM Laboratory: Directed by Prof. HM.
Melkanotff, provides students with the opportunity to learn
computer—-aided drafting, CAD, and Ca&M. It is structured
around the use of CARAM, available on-line through IBM 2258
and 3253@ consoles connected to the University’s IBM 3833
central computers, utilized through 12 terminals. Eoon, the
£AD lab will be expanded with several new 3-D CAD/CAM
systems. The university is alsoc planning a new NC
laboratory where students will be able to cut parts that
they designed using the CAD systems.

Courses, Undergraduats:

~Fundamentals of CAD/CAM : Topics include an intro to CG,
components of CAD/CAM systems, computer representations of
2~ and 3-D objects, a survey of available systems, and field
trips.

—CAD Lab: Teaches thes use of the CADAM system to design and
draw objects.

Courses, Graduate:

—Advanced BGraduate couwrse in CAD will include the use of
Finite element Methods for stuctural analysis of CADAM
designed parts.

—Advanced course in CAM will include numerical tool control,
manufacturing process planning and manufacturing data
processing.

Research in CAD/CAM: Includes the design and implementation
of CAD/CAM databasesi analysis of CAD languages; automation
of manufacturing process planning: modeling of rigid sclid
objects, machines and processes: and applications of CAD/CaM
to mechanical parts and VLSI.

UNMIVERSITY OF CENTRAL FLORIDA

Dept. of Mechanical Engineering & fAsrospaces Scisnces
Orlando, Florida 32816

(395) 275-2416

Facilities: Collsge of Enginesesring CAD Laboratory:

Hi: ? Tektronix 4@51 Series Graphics microprocessor—
based minicomputers

Courses, Undergraduate:
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~Computer—Aided Design: Intro to computational methods in
mechanical and thermal systems design.

Cowrses, Graduate:

—Computer—-Aided Design: Th=ory, application and
implementation of digital computer oriented algorithms for
the synthesis, simulation, analysis, and design of
mechanical systems.

CLEMSOM UNIVERSITY

Dept. of Mechanical Enginesring
Clemson, 5C 29&31

(B83) &546—-347@

Facilities:

Hb:z Tektronix graphics terminals
Hard copy units
Large drum plottsr
Large Versatec printer—-plotter
3—amis CNMC milling machins

2 VaX—-11/789 systems are currently being installed. They
will be primarily dewvoted to CAD and research activitiess.
One system will have extensive interactive graphics
capabilities.

1 Comprehensive system of utility =software.

Courses: Sewveral engineering graphics courses are presently
devoted to LG:

—Engineering Design Graphics:! Graphical analysis as a msans
for evaluating a design. Units of study include descriptive
and vector geometry, graphical statistics, and CG.

~Computer-Aided Graphics: The use of automated graphic
devices and systems for thes digitizing, plotting, and
display of engineering drawings. Upon completion, the
student should be proficient in preparing and storing
software such as that used in conjunction with the IBM 378
and Calcomp plotter.

—Computer-Aided Design Graphics: Continuation of the above
with emphasis on sculptured surfaces. The process involves
translation from designer notes, to animated drawing, to
testing model, and finally to a 3-D computer display. The
student will learn how to apply the theory of CAD graphics
to the solution of product design problems. :
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—Computer—-flided Process Planning~Braphics: Introduces the
student to the computer—aided processes used in an 8 & E
office. It is designed to be compatible with current
industrial practices, esquipment, and procedures to produce
construction drawings.

A number of couwrses are also taught in the College of
Engineering that include elements of CAD, and several
courses totally devoted to CAD are under development.

Couwrses, Continuing Education:

—Computer Aided Graphics, 2 day workshop

—Computer Aided Design, 2 days

—Applicatiens for Industrial Process Control, S days
—Computer Communication Networks, 2 days

COLORAD STATE UNIVERSITY

College of Engineering

Center for Computer Assisted Enginesring
Fort Collins, CO B@35323

(3@8Z) 491-77@8

Facilities:
The Center for Computer Assisted Engineering:
Hld: DEC VAX 11/78B0
VT125 graphics terminals
& Evans & Sutherland PS-Z88 Workstations
System has direct access to a CDC 265 Vactor
computer for
number crunching problems.

Cowrses, Undergraduate:

-CADR/CAM course for juniors: Introduction to 2- and 3D CAD
with use of all equipment in the Center for Computer Assited
Engineering. Mechanical Engineering seniors can use NG
machines for milling and lathe operations. 4 robotic
welding machine is alse on order.

Course, Graduate: Planned for next academic vyear.

COLUMBIA UMIVERSITY
School of Engineering & Applied Science
Mew York, NY 1@6827

This university is currently planning a C8 facility and two
ar three courses. Detailed information will not be
available until early 19283,
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CORNELL UNIVERSITY
College of Enginesring
Campus Road

Ithaca, NY 14853

Facilities: Ths CAD Instructional Facility:
HUW: DEC wAX-11/78@ CFRU
Distributed Processing system of 3-11/44 peripheral
controllers.
6 Evans & Sutherland picture systems
& Brinnell frame buffers, color raster
& Tektroniz 4914 storage tubes
Each of the 18 user stations is provided w/ a
digitizing tablet and pen, and an
alphanumeric editing and command-system
terminal.
4 disk drives & tape drive for mass storage
3 printers
Flotter

UNIVERSITY OF DELAWARE
Mewark, DE 19711

Facilities: Computer—Aided Enginesering Laboratory
Hu: DEC VYAX—-11/789
Printaer/Plotter
Evans % Sutherland Multi-Pictuwre System
2 Monochrome picture stations with alphanumeric
keyboards, data tablets, control dials, and
joysticks.
Hewlett Packard bed plotter
DEC ¥T-18@ alphanumeric terminal
ZF Hewlett Fackard 2464848 graphics terminals
2 Hewlett Packard 26214 alphanumeric terminals
5 Zenith alphanumeric terminals {(faculty offices)

Sl VAY/VME pperating system
FORTRAM 77 compilesr

Software to be acguired will include packages for: FEA&,
Vibration analysis, Geometric modeling, Machinsg slsment
design, Mechanism analysis and design, Design ogptimization,
Simulation of lumped parameter systems, simulation of
continuous systems.

DELTA COLLEGE
University Center, MI 48714
(517) &BL&—-FOHET
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Facilities: Delta Callege has treached a contractual
agreament with a local industry to offer CAD to ME and
Design Technology students.

HW {off campus): 5 Terminals, McAuto System.

Training: 15 hours of classroom instruction by a faculty
member % training at the terminals by an industry engineer.
Training is initially concentrated on drafting.

Courses, Undergraduate: One course planned. Advanced
couwrses will be offered in the future in stress analysis.

UNIVERSITY OF DETROIT CAD/CAM CENTER
Mechanical Engtr. Dept.

4481 W. MchNichols Road

Detroit, MI 48221

(313 927-1243

Facilities:
HWZ Computervision CBOS 206 Graphics Processor
Disc Storage
Magnetic Tape Drive
- Calcomp 968 Plotter
2 Raster Display terminals w/hard copy units

SW: Mechanical Design & Drafting: Plant Design &%
Documentations Mumerical Control: FEM: Group
Technology; Process Planning

DUTCHESS COMMUNITY COLLEGE
State University of New York
Fendell Road :
Poughkeepsie, MY 12441

The college is planning to integrate CAD/CAM into the
Electromechanical Technology curriculum and to arrange some
usage of C6 terminals through a local industrial facility.
The system will be CADAM. Fresent facility is "meager and
somewhat cutdated®.

UMIVERSITY OF EVANSVILLE

School of Engineering % Applied Science
F.0O. Box 329

Evansville, Indiana 47782

Facilities: The university is in the process of installing
an engineering—oriented CG system based on a DEC PDP 11
processor and 16 GIGI terminals. Flans call for a later
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expansion of the system, which will be in conjunction with
the University of Missouwri—-Rolla School of Enginesering.
(See below).

FLORIDA INSTITUTE OF TECHNOLOGY
Mechanical Engineering Dept.
Melbowne, FL 32941

Facilities: A limited-budget microcomputer—-based CAD

system: )
Hu:z Commodore 8@32 computer w/ MTU graphics board.
3 complete workstations (computer, dual floppy
disk drive, tablet, plotter, and printer).
Commodore 2022 printer
X-Y enterprizses B89-7 Drum FPlotter
Houston Instruments "HI PAD® digitizer pad
Sz Micro—CAD {written by the faculty}

MTU graphics software (machine language)

It should be noted that th= faculty does not claim that a
microcomputer—based CAD system can effectively replace the
larger mainframe systems in capability of speed, but it is
still effective in teaching students the basic principles
and techniques involved in the use of larger CAD systems.
The high cost ($188 -59dK) of available turnkey CAD systems
makes it extremely difficult for universities to utilize
them in the quantities needed to properly train students in
their use. "The basic assumption is that one does not havs
to own a Cadillac to learn to drive an automobile.”

Courses, Undergraduate:

~Computer Aided design: Projects-oriented course in which
students are to conceive a design for a realistic chbject and
then complete six projects using CAD to pressnt their
design.

~Computer Aided Mechanical Design: Study and development of
techniques for application in industrial CAD laboratories,
including plotting routines for FEM grids or complex gear
shapes, =tc., and graphic simulation of dynamic mechanisms
including multibar linkages, slidsr—ecrank mechanisms, and
others. Utility routines to support 2—- and 3-D grapghic
displays.

FOX VALLEY TECHMICAL INSTITUTE
1825 N. Bluemound Drive
P. 0O. Box 2277
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Appleton, WI 54913
(414) 735-5777

Facilities: Institute is in the process of requesting bids
for 18 Apple II1 Microcomputers to be used in the
Design/Drafting department.

Cowrses: Anticipate being able to offer a basic caurse in
March, 1983.

GEORGE WASHINGTOM UNIVERSITY

School of Enginesring and Applied Science
Washington, D.C. 28E52

(202) &76—-6158

Facilities: Center for Academic and Administrative Computing
Hid: IEM CPU (O5/VSI)
FDF 11 minicomputer for terminal-based text—-editing

SW: Full range of compilers and application software
packages

Courses, Undergraduate:

—Computer—aided Design
—fApplication of Computer Sraphics in Engineering
—NMumerical Msthods in Engineering

Courses, Graduate: Master of Science and Professional
degreaes are offered in Computer—£ided Design.

NASA-Langley’s Research Center in Hampton, Ya., which
includes extensive scientific and engineering facilities and
equipment is utilized whenever feasible.

-Algorithmic Methods and High-level Languages
—Introduction to Computer Systems

—Coamputer Programming

—Discrete Sturctures in Computing

—Data Structures

~Interactive Computer Graphics

—Management Information systems and data Base Management
—-Computer—fAided Design

—Application of Computer Graphics in Engingering

~Finite Element Methods in Enginesring Mechanics
—-Advanced Finite Element Msethods in Structuwral Mechanics

UNIVERSITY OF HOUSTON
Houston, TX 77824
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Courses, Undergraduate:

~-Applications of Mechanical Engineering: Designed to train
seniors in the use of analystical, experimental and
computational techniques for solving problems. Incorporates
3 weeks of lectures, B weeks of project work, and 2 weeks of
wrap—up lectures. Subject matter includes:! Design
environment, Decision analysis, Model relevant to design
synthesis, Principles of sslution, and Communication.

HOWARD UNIVERSITY
School of Engineering
Washington, D.C. 28859
(282) 63665463

Facilities: The Computer Learning and Design Center will
soon have CAD/CAM capabilities.

Cowrses: Electives in Computer Science in which CAR/CAM is a
major topic are offered in all engineering disciplines.

ILLINDIS CENTRAL COLLEGE

Mechanical % Industrial Technolaogies Dept.
Community College District No. 514

East Peoria, IL 61635

(389} &F4-5811

Facilities: A limited £6 facility consisting of:
Hu: Tektranix 4514

Emall Tekitronix Flotter

DEC PDP-11/4&8 {using Plot 16 Software)

A CaAM svstem consisting of:
Hig: Bridgeport CNC milling machine
Mumeridex tape preparation equipment.

I0WA STATE UNIVERSITY
College of Engineering
Ames, Iowa S@E@11

Facilities:

Hid: DEC VYAX computer
Tektronix 4851 terminals
Graphics retrofitted aADMs
Tektronix 4914
Digitizing tablet
Several 4431 Tektronix plotters
Flat bed plotter
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Course, Undergraduate:

—~Computer Braphics

Research: Guite a number of ME and FhD candidates throughout
the Engineering College are, or will be engaged in
preparation of software for use in design.

UNMIVERSITY OF I0OWA
Iowa City, Iowa 352242

Facilities: Computer—-Aided Engineering Instructional
Laboratory.
Huz Tekronix 4827 color graphics terminal

ig HP 246484 B/fW graphics terminals

Tektronix 4@12 storage tube terminal

8 Alphanumeric terminals

Printronix FP-384 line printer

HP 72217 8-color pen

Advent Projection System

Radio Shack TRS B# Model II Microcomputers

HW on order:
HF 26484 graphics tsrminal
HP 24316 graphics printer/plotter
HF 2111 digitizing tablet

SuW: 5CS, MOVIE-BYU, FREFORM, IGAP, ICAL, GIFTS, SPAR,
SAFIV, MASTRAM
Specialized software programs for use in particular
courses.

w s

Courses, Undergraduate:

~Principles of Design I: Introduces optimization technigues
to junior—-level students. It is heavily CAD orisnted.
~-Dynamic Analysis of Structures

~Finite Element Technigues I

~Structural Design III

—Computer—-Aided Design I

-Kinematics of Mechanisms

Courses, Graduate:

—4pplied Optimal Design
~Computational Methods in Dynamics
—Computer—Aided Design II

~Finite Element Techniques II
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KANSAS STATE UNIVERSITY
Manhattan, Kansas 56566
(?13) 3325580

The Collegs of Engineering is in the process of evaluating
CAD hardware and software for purchase and use. No courses
are available at present, but at least one is hoped to be
developed in the next year.

LAKESHORE TECHNWICAL INSTITUTE
1294 North Avenue
Cleveland, WI 53#15

Facilities:
Higz Textronix 4852 Graphics terminal

Courses, Undergraduate:

~Introduction to Computer Graphics: Utilizes thes Apple 11X
Computer and graphics tablet along with softwars that has
been developsed to simulate the Computervision CAD system.

Courses: Continuing Education:
—Introduction to Computer Graphics

LEHIGH UNIVERSITY
CAD/CAaM Frogram

2647 Packard Lab 19
Bethlehem, PA 18015
(215) B&l-4114

Facilities:
HW: Z minicomputers
. 28 graphics terminals
A variety of peripherals such as printers %
plotters. :

Coupling CAD and CAM is the objective of the Lshigh
sducational program. The university uses the eguipment in
virtually all courses throughout the curricula of the
Mechanical and Industrial Enginesring departments, thus
making the experience available to a broad numbse of
individuals. Although the current program has a decidely
undergraduate bias, graduate student research iz also
encouraged. A growing number of short cowses and seminars
are also being offered by the faculty to people from
industry.
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Courses, Undergraduate: The use of the CAD and CAM
laboratories is taught throughout undergraduate courses in
mechanical drawing, vibrations, strength of materials,
manutacturing processes, and othsrs.

-2 CAD/CAM courses for seniors are taught sach year.

Courses, Graduate: Mone at present.

LOUISIANA STATE UNIVERSITY
Mechanical Enginesring Dept.
Baton Rouge, lLouisiana 78843
(5@4) 388-5792

Facilities! Computer Graphics Research and Application
Laboratory (CGRAL):
Central Laboratory:
Hu: DEC, FDP 11/4¢ HMinicomputer
DEC, PDF 11/45 Minicomputer
2 IMLAC FD54 Refresh Display Minicomputers
CENT. 1814 Line Printer
DEC La 346 Hard Copy Terminal
DEC VT52 CRT Terminal ‘
TEE 4814 (Enhanced grapghics) and 4#1¢ Storage
Graphics Terminals
TEK 44631 Hard copy unit
TEK 49533 Digitizsr
Alphanumeric CRT
Modems
IMEATI 88/15 Microcomputer system

Rasearch Laboratory:

Hig: IMBAI 848¢ HMicroporcessor Development system
LEAR SIGLER ADM3I Alphanumeric CRT terminal
Fodem '

TEKTRONIX 4956 Digitizer
TEE B8e82A4 Microprocessor Development System.

Sottware Development and Fresentations Laboratory:
HW: DEC 11/23 Network Computer
DEC LAZ8 Console Terminasl
3 TEK 4817 Storage graphics Terminals
Modem
2 DEC 11/23 Graphics Systems

A recent NSF grant has provided funds for the inception of
an undergraduate CAD laboratory to create an enhanced
learning environment for design students. 3 microprocessors
and 3 graphics display terminals will serve as the nucleus
aof this laboratory network.
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Courses, Undergraduate: Two courses, ones in C6B and ons in
CAD are taught at the senior/beginning graduate student
level. Students are exposed to highly interactive computing
involving refresh graphics through 2 or 3 programming
assignments through the campus computer center and the CGRAL

minicomputers,
Courses, Graduate:

—advanced course in L6 explores the more mathematical
elements of the area. Complex geometry modeling and the
efficent transformation of such data is one focus of study.

- course in advanced concepts in CAD. The effective use of
interactive computing and minimization schemes in solving
multiparameter design problems receives much attention in
the course.

—A course addresses modsirn digital and analog
instrumentation and computer interfacing.

Ressarch: Original research is conducted at this institution
with the central theme being the man—computer interface,
based on the goal of making the computer a natwral extension
of the designer/user’s mind. The praoblems involved span
hardware and software considerations, and systems and
applications guestions. The areas of investigation include:

~Visual man—machine communication
—Audio man—-machine communicatian
—resource networking

~Interactive device design

—Design analysis and synthesis aids

UNIVEREITY OF LOUISVILLE
Speed Scientific School
Louisville, Kentucky 48292

Facilities:
Hu: FOF 11734
19 DEC GIGI graphics terminals
2 Tektronix 4451 interactive graphics systems
2 Tektronix 48846 graphics terminals
2 Tektronix 44631 hardcopy units
Tektronix 446463 flat-bed plotter
Tektronix file manager
DEC MINC systems with hard copy and graphics
. terminal.
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SW: A variety of software packages related to design
and analysis of mechanical devices and systems.

Courses:

~Intro. to Computer Graphics

-Finite Elements for Mechanical Design
—Computer Simulation of Dynamic Systems

—Modal Representation of Mechanical Vibrations

UNIVERSITY OF LOWELL

Dept. of Mechanical Engineering
Lowell, MA 21854

(617) 453-3797

Facilities: Computer Aided Engineering Center:

Hu: Applicon Turnkey CAD/CAM System with a work-
station which includes a CRT, keyboard,
function menu, tablet, and stvylus

HF Structural Dynamic Analyzer
DEC vAX 117788
2 MINC laboratory data acquisition systems

"The university expects to have a new Computervision Designer
V turnkey system {includes 3 fully squipped workstations and
a Calcomp plotter! on—-line within the next year.

Couwrse, Undergraduate:

—Computer Aided Design: Couwrse designed for junior/senior
level mechanical sngineering students to introduce CAD/CAM
technolagy and present in—depth training in computer—aided
drafting.

~Computer Aided Design Labl Intense hands—on use of
university’s Computer fided Enginesring Center, with the
emphasis on computer aided drafting.

LOYOLA MARYMOUNT UNIVERSITY
College of Science & Engineering
Loyola Boulevard at West BEth St.
Los Angeles, COH 78845

(213) 642-2833

Facilities: The university iz in the process of establishing
a CG laboraztory utilizing Apple II microcomputers.
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Coursesl No mechanical EAD/CAM training is availshle at
present.

LYCOMING COLLEGE
Williamsport, FA 177@1

Facilities:
Huz Houston Instwments DMP-7 Flotter
Apple Graphics tablet
Sanvo color monitoer
IDS 3486 printer.
PDF 11/7% processor {under RETS/E with local
processing % communications handled by an
Apple II PFlus with 2 disk drives.

A Computer Graphics Laboratory for use by Faculty and
advanced undergraduate students is presently in the planning
stages.

MACALESTER COLLEGE

1488 Grand Avenue

Saint Paul, Minn., 55165
(612) &F&6—-4L000

The college is planning an undergraduate course in general
computer graphics.

UNIVERSITY OF MANITORA
Faculty of Engineering
Winnipeg, Manitoba, CANM R3IT 2M2

Facilities:

Hi: 18 Apple II Microcomputers {graphics capability}
3 printers
& Microcomputers
2 Minicomputers

Couwrses, Undergraduate:

—~Graphics: Approximately 4 weeks of the freshman graphics
course is devoted to CG.

MARBUETTE UNIVERSITY

Milwaukee, WI

Facilities: Computer Services Division:
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HW: Honeywell/Xerox Sigma 9 {(with a full complement of
peripherals and software including: standard
languages such as AFL, PASCAL, FORTRAN,
COROL, BASIC, RPG.: and applications package
including MANAGE, TXT, S8PS5S5, IMSL, various
graphics routines.

VAX—-11/780 (used for time-sharing and program development)

Courses, Undergraduate:

—Computer Graphics! Introduction to CB involving
considerable actual CB experience. Topics include: history
and motivation for CG; point—plotting and line-drawing
techniques; techniguss used by commercially available
graphics displays;: 2- and 3-D graphicsi clipping and
windowings; graphics I/0 devices; considerations in
interactive graphics and future trends.

—Topics in Computer Systems Engingering: Topics include:
utilization and control of computers which are integrated
into systems, design of interfaces, application to digital
logic elements; conversion systems: control aof processes
and/or toolsi: data acquisition and display. Offered
occasionally.

MCMEESE STATE UNIVERSITY
Department of Engineering
t ake Charles, Lousiana, 72689

This University is just getting into CAD, purchasing the
following equipment:
HW: 4 Color Graphics Terminals

2 Interfaces

4 Graphics tablets

4 Disc/Controllers

Interactive Digital Flotter

Video Hard Copy Unit

SW: Device drivers
Character % Symbol Fonts
Panel Routines
Smoothing Routines
2-D Reoutines
Cluster Controller
Tektronix 4974

MICHIGAN STATE UNIVERSITY
College of Engineering
East Lansing, MI 48824
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Facilities: CASE Center for Computer—-Aided Design.
Established in 1978 for teaching and research in design and
manufacuring practice aided by computers and interactive
graphical display, the Center provides the following
facilities:
HuW: FRIME 756 Computer

2 Disk Drives

Tape Drive

4 Modems

3 Zenith I-19 terminals -

13 Tektronix 40684 terminals

Tektronix 4%14 and 4827 Color terminal

Advent 1144 Frojection System

Tektronix 4934 Digitizer

Tektronix 4431 Hard Copy Unit

Printronix Printer

GenRad 253@7 Structural Analysis System

Hewlett—Packard 354Z3A Structural Dynamics Analyzer

Hewlett-Packard 72454 Digital Plotter

PCE Hammer Kit KZ91A

=17 The International Mathematical subroutine Library
and the following programs: MOVIE.BYU {(BYU), DRAM
{MDI), SUFERTAB {(SDRC}), MODAL (SDRC), ANSYS
. ({8WANSON?, FPLOT 18 {TEKTRONIX) IS {(TEXTRONIXY,
GIFTS (U OF ARIZONA).

Courses, Undergraduate: Two programs available are ths
Can/CaM option in Mechanical Engineering and the CAUSE
project sponsored by the Mational Science Foundation. Ths
Cap/eaM option is a set of coordinated technical =slective
courses which stress the use of modern CAD/CAM software
packages in engineering design and manufacturing methods.
Some direct programming experisnce with graphics is included
but not emphasized. CLourses include:

—Computer—-Aided Manufactwing: Numerical control, AFT.
~Computer—-Aided Design I: Basics of interactive graphicss
line fitting and surface development: FEA

~Computer—-fAided Design II: Empirical methods for modal
analysis.

—Theory of Matrices: Theory and application of matrices.
~Interactive Computer Graphics: Graphics Systems: graphics .
languages.

—Independent study: Permits the studsnt to use CAD/CAM
under faculty supervision in a variety of interest areas.

Couwrses, Graduate: The graduate program encourages a deeper
lavel of understanding of CAD/CAM methods, including more
mathematical sophistication and an enhanced ability to
exploit current software in complex applications. In
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mechanical engineering, the master’s program in CAD/CAM is

primarily project-oriented and requires a thesis. A

research pragram (M.8. and Ph.D.}) is alsoc an option.

Because the Center has close ties with an Industrial

Advisory Board, much of the resesarch is oriented toward

industrial problems. Representatives from industry
Ph.D. commitees.

MICHIGAN TECHNOLOGICAL UNIVERSITY
College of Engineering

Houghton, MI 49931

(?;&) 4872292, 2@8@35

Facilities: Microcomputer Based Graphics System:

Serve on

HuW: Cromemco Z-2D Microcomputer with a micromodem to the

UMIVALC 114@/8% main frame computer.
Cromemco HDD :
Hewlett Packard color plotter

Houston Instruments HI PAD digitizing tablet

Cromemco joy-stick

2 Cromemco 3182 terminals
Anadex 25@1 FPrinter w/ graphics
Slow =can videao sampler

Cromemco 5D color graphics interface with 2

frame butfers
Lencao encoder
Lenco video distribution amplifiers
Sony wvideo cassette recorder

Inflight Services Inc. V-5tar 4 large screen

projector
Digital graphics Monitor/Fsceiver
Barco high resclution color monitor

Sraphics Laboratory: -

port

Hi: - IBM 4341 Main Processor and Storags (running CADAM
software package) which is interfaced with
the university Univac 1189783 for CAD/CAM

IBM 3277 w/ graphics attach Tekironix 618 Monitors,

hardcopy unit, and digitizer
2 IBM Timesharing computers
2 IBM Z35# Disks
3 Tektraonix 4#F14 terminals
2 IBM 3419 Taps Drives
il WVersatec 12648 plotters
24 Versatec B224 plotters
4 IBM 3251 display workstations
3 fAdags €S 42538 Display workstations

54: The uwuniversity also uses several design and
analvsis packages from Structural Dynamics
Research Corp.
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Courses:! Mechanical CAD/EAM instruction is available at the
undergraduate and graduate levels. The student is sxposed
to and/or has hand=—on esxperience with CAL/CAM throughout
many of the mechanical courses.

Courses, Undergraduate:

—Numerical Control of Manufacturing Processes: Uses CADRAM
and other Application Software.

—Special Topics in Design—-CAD/CAM

—~Design Project I, II, II1I: Uses CADAM

UNIVERSITY OF MICHIGAN-ANMN ARBOR
Ann Arbor, MI 48149

The school has been awarded a %3.4 M research contract by
the U.5. Air Force for its new Center for Robotics and
Integrated Manufactwing. UWork conducted under the grant
will be basic research, principally in the areas of robotics
and information management.

MIDDLE TENNESSEE STATE UMIVERSITY
Dept. of Industrial Studies
Murfreesboro, Tennessee 27132
(£13) 8RE-2774

Facilities:
HW: NC Bridgeport milling machins
2 Blivetti 648 minicomputers for CAM

The Computer Technology program sguipment includes:
HuW: Intelligence System minicomputer

Hewlett Packard plotter

Hytachi Digitizer

The university has intentions to develop some capability in
the CAD/CAM arsa.

Courses. No specific CAD/CAM coursses {(presently in
planning). At present the above squipment is meresly
supplementing normal equipment for classes.

MISSISSIPPI STATE UNIVERSITY

Dept. of Engineering Graphics

P. 0. Drawer EG

Mi=sicsippi State, Mississippi 39762
(&@F1) F25-3922
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Facilities:

Hidz Tektronix 48846-1 terminal
Calcomp 1839 drum plotter
Calcomp electrostatic plotter

Courses, Undergraduate:

~Computer Aided Design & Drafting: Uses a FORTRAN-bassd
language (DRAWL, from the Universtiy of Michigan) which does
not require previous computing experience. Students are
taught to code points in 3-D coordinate space and to develop
those coded points into parts and assemblies.

UMIVEREITY OF MISS5ISSIFPPI
School of Engineering
University, Mississippi 38&77
(6@l 232-7219

Facilities: The university is in ths process of acgquiring:
HWz: Several mini and microcomputers including HP,
Tektronix, IBM, etc. Several Smart and Dumb
terminals with graphics capabilities
Several plotiters

Cowrses, Undergraduate:

-~Some courses are gffered such as machine design, automated
control, independent design projects, etc. in the area of
CAD.

UNIVERSITY OF MISSOURI-ROLLA
Schoaol of Engineering

Rolla, Missowi 635481

(314) 341-4151

Facilities:
Huz IBM 4341 hast computer
24 Tektronix 4914 terminals with data tablets,
hardcopy output
Calcomp pen plotter

University is currentlyvdmubling the CS5 capahility.

SW: The university is using a software bassd on that
developed by IFPAD.
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Courses: 2 courses incorporate CG and 2 courses treat
CAD/CAM and robotics. Several other courses utilize
interactive computer—aided analysis and design tools as an
integral part.

UNIVERSITY OF NEBRASKA-LLINCOLN
175 Mebraska Hall

Lincoln, NME 48588

(482) 472-3493

Facilitie=s: Starting with the second semester of the
82/83 year:
Hidz DEC VAX 11/78¢ computer system

24 workstations

Courses: Cwricular development in CAD/JCAM is still in its
infancy. There is presently one three—-course sequence that
starts with an introduction to CAM, introcution to group
technology, and contrel theory: and a cowse in automation
dealing with the various elementszs of an automated factory.

UNIVERSITY OF MEW HAMFSHIRE

College of Engineering and Physical Sciencss
Durham, Mew Hampshire #3824

(L33} B&2-3778

Facilities:

Hidz AEDR 512 Color Graphics Device
Grinell Color Graphics Device
6T 4& Random Scan Refresh Device
Many Retrographices Terminals
Many Teletronix terminals

Courses, Undergraduate: Special topics courses at the
advanced undergraduate level in Mechanical Enginsering and
Computer Science.

MEW MEXICO STATE UNIVERSITY
College of Engineering
Las Cruces, KNM B88@33

Facilities: Lahoratories emphasizing CE and CAD in

Mechancial Engineering, Industrial Engineering, Electrical
Engineering, and Engineering Technology.

Courses: In the stages, fully operational in about one vyear.
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UMIVERSITY OF NEW ORLEANS
F. O. BOX 1898

New Orleans, LA 73148
(5@04) 2B&6-718B¢

Facilities: CAD Lab:
HW: Tektronix 4113 Intelligent color terminal
4 Tektronix 44652 desk top computers
2 Tektronix 411¢ storage tube terminals
Several Heath-Zenith VDT s
Disk drives, plotters, hard copiers,
printers, and a digitizer.
Supportad by the Computer Research Center
mainframes: DEC 14 and VAX 11/788.

0
=

IGL from Tektronix

Fanl (U. of Rochester)
DINAS (Germanischer Lloyd)
SHCF (U. 5. Navy).

Couwrses, Undergraduate:

—Computer-Aided Geometric Design: Course covers solid
modeling, theory and practice.

Courses, Braduate (being developesd):

—Curved Surface Design and Analysis: Will teach methods of
designing engineering surfaces such as the shells of ships,
aircraft, automobiles, and hydraulic conduits. It will
include applications of differential geometry to engineering
surfaces.

NORTH DAROTA STATE SCHOOL OF SCIENCE
Wahpetan, ND 3B@E73
{(781) &71-1133

Farilities: The school is acguiring a Tektronix Graphics
Computing Systems stand-alone micro-processar, Model 48544
and some peripheral hardware, which will bs utilized for
camputer—aided draftting tasks.

Courses. Classes in CAD will be offerred this Spring, 1983,

UMIVERSITY 0OF NORTH DAKOTA
Department of Correspondence Study
Box 8277, University Station

Grand Forks, ND 582@Z2
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Coursecs:

—Engineering Grpahics
—~Descriptive Geometry

NORTHEASTERM UNIVERSITY
College of Engineering
368 Huntington Avenues
Bo=ton, MA 82115

Facilities:
Hid: Computervision Designer V Systeas
3 Instaview Workstations including CRT’s, tablets
% pens, and image control units
Plotter

SUW: CADDSIV =software package (2020 level.

Courses, Undergraduate:

—Computer Aided Design: Couwrse topics include graphics
concepts and systems, geometry and vector algebra, CAD
applications, CAM and Programming.

Courses, Continuing Education:

—Introduction to CAD/CAM Technology: This courses is aimed at
angineers and manufacturing managers, designers, drafting
supervisors, and others desiring an introduction to smerging
CAD/CAM technelogy. Topics include a survey of available
hardware and software for various applications, feasibility
determination, system selection, the role of managsment
implementation, and system evaluation. The featwes of
particular twnkey systems are highlighted by guest
lecturers. # design session on an actual CADR/CAM systam is
also schedulsed during the courss.

~Interactive Computer Graphics: This course addresses the
aobjectives, technigues, and problems of interactive graphics
and affords participants an opportunity to acguirse a grsater
appreciation of the options inherent in designing and using
graphics systems. Interactive 1/0 devices, algorithms, data
structures, and display devices are considerad.

TECHMICAL UNIVERSITY OF MNOVA SCOTIA
Dept. of Computer Services

P. 0. Box 16400

Halifax, Mova Scotia, Can B3J 2X4
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Couwrses, Undergraduate and Graduate:

—Introduction to Computer Graphics
~CAD/CAM Systems in Engineering Aralysis and D951gn
—Finite Element M=athod

Services: The University offers to industry the following
sarvices: .

—Finite slement ptragrams

—Computer graphics support

~CADR/CAM system evaluation and selection.

—CAD/CAM Laboratory based on Cantrol Data Corporation’s
Integrated Computer—fided Engineering and Manufacture
({ICEM) system

OHID STATE UNIVERSITY
Dept. of Mechanical Engineering
Columbus, 0OH 43218

Facilities: Advanced Design Methods Laboratory
Hig: Fully expanded and optionsd DELDC PDF 11/455
minicomputer w/ dual RKE6 disk drives
under the RSX-11M operating system.
Communications line which connects the 11/&4% tog
the University™s Amdahl 476/V4 main frame.
Microprocessor controller connected to the 11/488
for data acguisition
DEC LA3S and VYTSZE terminals
4 Tektronix 4%14~1 terminals (snhanced graphics)
3 HP 25648A grpahics terminals
HF 264760 intelligent graphics terminal
Printronix 3@ printer/plotters
2 F@gt X 44" TEK 4954 graphics tablets

SW: The laboratory has an agreement with SDRC to
utilize a nuabsr of its software praducts which
include: 3D mode shape animation display &
graphics tablet data input routinss for FEM,
Tektronix TCES, Advanced Graphing II, Graphics
Tablet Utilities, IGBL programs, and some locally
generated programs

Courses, Undergraduate: The main thrust of the teaching
program is to provide 31l mechanical engineering
undergraduates with an sxposuwe to interactive L5 and FEM
techniques primarily at the junior and senior level.
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Optional courses which concentrate on computer-—-hased
engineering methods form the basis of thes CAD technical
option program. Some topics of the program include:

~use of micro and minicomputers in conjunction with
mainframe computers for solving design and analysis problems
—display technologies

~-FEM and beam—type computer modeling programs
—computer—-based analytic models

~commercially available software

—treal-time computer acquisition of experimsntal data

Undergraduates taking the CaAD technical option will study
the following areas in addition to those listed above.

—assembly—-level computer programming

—-internal hardware workings of graphics systems

—static and dynamic finite-element programming

—computer—-aided manufacturing

—computer design optimization and reliability analysis
techni ques

Courses, OGraduatel BGraduates taking the special CAD program
will be equipped in the fallowing areas in addition ta those
listed ahove for undergraduates:

~in depth knowledge of advanced FEM techniques

—experience doing research in a specific CAD area

—practice in using FEM techniques in complex design
situations

Research: Deals with long-range problems associated with the
CADR/CAM process. Conducted in concert with a2 sponsoring
company or & consortium of industries. Also deals with
crreating a common resevoir of knowlsdge about EAE’CAM
hardware, software, and resocources.

OWERNES TECHNICAL COLLEGE
Toledo, OH

This college has spent movre than $.5M equipping its new
machine shop lab to teach CNC, EDM, and similar advanced
machining methods. Owens has ancthsr $8&FK sarmarked for
equipment to teach CAD/CAM & robotics.

UMIVERSITY OF PENMSYLVANIA
Computer and Information Science
Philadelphia, Pennsylvania 17164
2213) B98-5842
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Facilities: >
Hi: Tektronix 46168 storage tube display
Ramtek GX-18@B color raster display
Vector General 3444 high perforaance interactive
vector display

8u: 2—- and 3-D drawing packages
Polygon manipulation system
Curved surface design pragram
Image processing system.

Courses, Graduate:

—Computer Graphics: Basics of CG, including drawing and
display hardware, graphics software, graphic data structures
and representations, interactive technigques, and algorithms
for the display of 2- and 3-D cbjects. Augmented by
substantial programming and user sxperience with ths
graphics devices and software. Topics include! Graphics
hardware and systems, 2— and 3-D graphic data in various
representation systems, graphic transformations, display
techniques, graphic standards, visible surface algorithms,
shading, color, interactive techniques, graphic languages,
animation technigues, and image procsssing. Case studies,
examples, and displays from actual systems are an integral
part of the course.

POLYTECHNIC INSTITUTE OF MEW YDRK
33% Jay Strest
Brooklyn, NY 11241

Facilities:

Computer Center:

Hiy: IBM 3468/345 main frame computer
' disk drives

magnetic tape drives

card readers

printers

(VI AR

Farmingdale campus facility:

Mz Data 188-Model 74 remote batch terminal connected
to the IBM wvia a high-—speed communications
line.

Printer and card-readsr

Brooklyn campus
B DEC PDF 11/78 computer running PHE/UNIX, for
time-sharing
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Minicomputer laborataory:

HW: Various minicomputers and individual small
computers used on specific research and/or
laboratory work.

Couwrses, Undergraduate:

—Computer Methods in Design: Introduction to the computer as
a design tool. Discussion of visual displays, drawing and
design capability of modern computing systems. Iteration,
parametric studies and optimization of mechanical designs.
Studies and projects. Efficient numerical computational
techniques.

Cowrses, Graduate:

—Computer Graphics and Image Processing: Froblems in £,
Display components and algorithms, data structures,
classical graphics, image detesction, and procsssing
technigues.

~Interactive Computer Graphics: Analysis and synthesis of
graphical information. Discussion of display devices,
graphical data structures, graphic languages, '
transformations. Interactive technigques, characteristics of
interactive input devices. HManipulation of 2-D forms. 3D
graphics, hidden lines and surfaces, perspective, shading.

FPORTLAND STATE UNIVERSITY

Dept. of Mechanical Enginessring
FP. 0. Box 751

Portland, OR 97207

(SEZ) 22942943

Facilities:

© HW: 2 Tektronix 4851 s

1 Tektronix 4@52

Z Apple 11 Computers

Associated printers, hardoopy uniit, and DECwriter
Honeywell &46-26 mainframse conputsr.

Couwrses, Undergraduate & Graduste:

—Computer—Aided Design: Instructs students to synthesize
analytics, computer programming, code development, and use
of caomputer—-oriented design tools. The course has two
objectives: (1) introduction to ths use of modern computers
and graphics sytems, and (2) experience with the
development, implementation, and application of computer
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software as a tool in the design process. Course includes
intoductory lectures, graphics lab projects, and term
projects in software developmant.

PURDUE UNMIVERSITY

The Computer Integrated Design Manufactuwring
and Automation Center

West Lafayette, IN

Facilities: The university has entered a cooperative venturs
with 35 corporations to create the Computer—Integrated
Design, Manufactwring and Automation Center on campus.
Joining Purdue are Cincinnati Milacron Inc., Contal Data
Corp., Cummins Engine Co. Inc., Ransburg Corp., and TRW
Inc.

CADLAR  (Computer Aided Design and Graphics Laboratory):
HW: CDC Cyber 1760-720 computer with 4 disk drives, 2
magnetic tape units, a network processing
unit, a line printer, and alphanumeric
terminals.
DEC FPDP-11/40 minicomputer
2 Imlac programmable refresh display sinicomputers
Megatek 783 3-D refresh display
Ramtek 9351 color raster display
Ramtek 2483 color raster display
3 Evans and Sutherland 3-D refresh vector displays
Versatec 126800 electrostatic printer/plotter
Tektronix 4#%14 storage tube terminals
Calcomp 582 flatbed plotter (microprocessor
controlled)
Micropraocessors
Various digital and analog I/0 davices for
graphical interaction and data acgquisition.

The Robotics And Automation Laboratory: provides for a
number of robots and sensors interfaced directly to a
dedicated VAY 11/78¢ computer. The laboratory supports
development of robot programming languages, control
algorithms, and sensor development.

The manufacturing laboratory consists of several rohots,
material handling devices and a machining center.

SuW: In addition to the standard system software (NOS),
many industrial application programs will run on the
CYBER system, including:

ADZEGE (drafting and NC), UNISTRUC (finite element
pre—and post-processor), SYNTHAVISION & ROMULUS
{geometric modeslers), MOVIE.BYU {(color display of ED
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datal), SAP4 (FEA), TIBS (graphics package), UNIPLOT
(graphics package}, IMF {(integrated mechanisms
package)

Couwrses, Undergraduate and Graduate:

~Interactive Computer Graphics
—-several special project courses

Research: The CIDMAC is an organization which was
established to conduct an interdisciplinary study of design
and manufacturing to significantly increase industrial
manufacturing productivity. Thes goal is to integrate ths
traditionally disjoint research arsas of Can, CaM, robotics,
automation, group technelogy, and simulation of product
processes, and management technigues for production
managemeant. It is a cooperative venture organized by the
university and industrially and federally sponsored.
Research areas of the organization include:

CAD: Integrated CAD/CAM Databass Systems: Design,
Analysis, and Graphicss :

CAMI Manufactuwring Processess

Manufacturing Modeling and Simulations;

Robotics and Automation: Sensor Controlled Robots:

Industrial Robot Design.

UMIVERSITY DF REGINA
Faculty of Engineering
Regina, Canada 545 @42
(2@F45) 584-4043

Facilities: limited facilities

Hid: IMLAC PDRSID refresh graphics system
CROMEMCO Z24H color refresh graphics system
TEK 4@8@ Series refresh graphics system

Cowrsas, Undergraduate {1985, tentativel):

~Computer Alided Design and Manufacture! computerized design
aids, design languagss, design verification, simulation and
testing, control system fundamentals as applied to NC
machining systems. Specification, design, implementation
and documentation of a design system.

RENSSELAER FOLYTECHNIC INSTITUTE
Interactive Computer Graphics Center
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Troy, NY 12181

Facilities: Center for Intzractive Computer Graphics
Hig: 3& Imlac DYNAGRAFPHIC &22@ vector refresh
terminals with light pens

2 PRIME 5S¢ computers.

Llink to the IBM 3@Z3 central campus computer

Card reader

Line printer .

7 alphnumeric terminals

Varsatec 128¢ A electrostic printer/plotter

Graphics Research Laboratories with ADAGE, DEC, and IDI
equipmant

SW: DOREDI, SPAR, Sa&P, IMF, PADL, ORACLS

UNIVERSITY OF ROCHESTER

Dept. of Mechanical enginssring
Rachester, MY 14427

(716 2754972

Facilities:
Hi: 2 vAX 117788 computers
2@ Color graphics terminals
28 & L Producer CAd workstations

SW: MASTRANM % EASEZ FEM programs
PATRANG FEM modeling program
FADL1 & PADLZ =solid modeling program

Courses, Undsrograduate and Graduate:

~Mechanical Design
—Finite elements
—Computational Geometry

Courses, Graduate:

~Frogrammable Machining Systems
-Advanced Geometric Modeling

~CAD of Distributed Parameter Systems
-VLSI systems

RUTGERS STATE UNMIVERSITY
College of Engineering
P.0O. Box 7¢9
Piscataway, NJ #8854
(2891) 932-2214

232
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Facilities:

Hidz PRIME 75¢&
IBM Z7¢
VAX 11/783
SW: MEDUSA system for the Prime Computer

General Furpose Graphics software such as
CAl-Comp., Tekitronix Easygraphing and IGL,
and the NCAR package.

CoursesI CAD is a normal part of the ME curriculum. CaM
instruction is not available.

SOUTH DAKOTA SCHOOL OF MINES AND TECHNDLOSBY
Rapid City, South dakota 57781
(605) 394-225&

Facilities: Control Data CDR2E3¢ CALJCAM graphics package.

Courses! Training in the application of CAD is pruvided
through a number of CAD packagess available on campus and

incarporated throughout the intructional program.

CUNIVERSITY OF TENNESSEE

Mechanical % Aerospace Enginesring
Fnoxville, Th ZI79%4

Facilities: Proposal is pending for 8 microcomputers and
associated hardware for CAD applictions.

The college is committed to expansion of programs in
CAD/CAM. Presently, students are esxposed to the theory of
CAD and will be reqguirsd to develop and document specialized
computer codes ftor the design of mechanical componsnts.

UNIVERSITY OF TULSA

College of Engineering and Physical Science
&8E South College Ave.

Tulsa, Oklahoma 74164

(218) S92-40ad

Couwrses, Undergraduste:

—Enginesring Computer Sraphics: The use of the digital
computer (3 Apple II Flus microcomputers, an Apple graphics
tablet, and an Epson printer—-plotter) for the generation of
visual displays. Principles of graphic repressntation and
engingering drawing. applications in automatic graph
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plotting and creation of 2- and 3-D representations.

UNITED STATES AIR FORCE ACADEMY
Colorado, S@844

Facilities:

HW: VAX 11/784 Minicomputer

: 11 TERAK color terminals
8 TERAK B % W terminals
2 Summagraphic Digitizers

Sz MOVIE.BYU for 2—- and 3-D FPictures
GIFTE I for Strucutral Analysis with Graphics
TCORE Graphics Package for incorporation of
graphics into other software.

The academy has had very limited CAD/CAM implementation to
this point. The Dept. of Engineering Mechanics has usad
the facilities to help optimize designs accomplished as part
of an aircraftt structural design course. There are plans
for further implementation in the future.

UNITED STATES NAVAL ACADEMY
Aerospace Engineering Department
Annapolis, MD 214#3

Facilities: Computer Aided Design/Interactive Graphics
(CADIG):
Hi: Hard wire lines to the Academy’™s Honeywell 4866
Timesharing system.
4@ Tektronix 4951 graphics systems with
comnunications interface
2 Tektronix 4654 graphics systems with
refresh capability
2 Tektronix 4852 graphics systems
28 Tektronix hard copy units
28 Tektronix data tablets
2 Tektronix 4814 graphics terminals
Tektronix 4#16 graphics terminasl
2 Tektronix digitizers
4 Tektronix 4967 floppy disc units
15 Spintronix terminals
3 LCentronix remote printers
Evans & Sutherland Picture System I w/ tablet,
function kevyvhoard & alphanumeric keyhboard
DEC PDP-11/43 w/ disk drive, dual tapes drive,
paper tape punch, line printer, magnetic
. tape drive, communication interfaces
DEC FPDF—-11/34 w/ cartridge disk unit, 2 floppy disk
units, communication interface



Large screen wvideo projection system

Various data acquisition system

Xynetics Model 1289 Flat Bed Flotter
Autonumerics/Bridgeport NC milling machine
Autonumerics/Bridgeport NC lathe

Pratt & Whitney Trimac XV NC Machining Center

S5z All of the programs and softwares have been written
by students, faculty or the CADIG staff of the
Engineering & Weapons Divition. In order to support
this effort, a device independent graphics system
called DIGS has been implemented in both BASIC and
FORTRAN. fipplications include standard engineering
plots, computer aidsd ship hull design, aircraft
stability and control, fluid dynamics, kinematics of
mechnisms, wind tunnel testing, flight simulation,
etc.

Couwrses:

—kinematics of Mechanisms with Computer Graphics: Topics: CE
hardware and software, 2-D and 3-D transformations, Z-D
curves, loop equations, kinsmatic motion curves, g=ometric
properties.

~Computer Graphics, Computer Aided Deisgn, Computer Aided
Manufacturing: Topics include C6 hardware and software
technelogy, 2-D and 3D transformations, technigues for
refresh display, 2-D curves—conics, basic mathematics for
circles & lines in NC, MC/APT Programming, 3-D curves, 3D
surfaces.

VAMDEREBILT UMIVERSITY

Mechanical Engineering & Mat’l science
Mashville, TH 372335 .

(&13) 322-2781

Facilities: Computer Aided Enginsering Facility:
HW: DEC PDP 11/34 computer

Digk drive :

Magnetic tape unit

5 wvideo terminals

Z DECwriter hard-copy terminals

Tektronix graphics terminal

Tektronix x—-y plotter

Additional terminals in the library

The Department also wutilizes 2 FDP 11/63 laboratory compters
for research and teaching.
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SW: A limited software library is presently
available. Efforts are under way to
increase it.

Courses, Undergraduate and Braduate: None exclusively
devated to CAD or CAM: approach iz to integrate CAD/CAM
concepts inte existing courses such as kinematics, machins
design, and graduate couwrses in design.

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
College of Engineering
Blackshurg, VA 24841

Facilities: The Enginesring Design Laboratory
HW: DEC VAX 11/78¢ w/VAX/VMS operating system,
dedicated to student CAD use.
Will eventually include approx. 23 work stations
14 lear-Siegler terminals with Digital
Enginesring’s Retro-Graphics boards for
Tektronix 44168 emulation.
Tektronix 4816, 4112, and 4114 terminals
S DEC GIGI terminals
DEC DECwriter IV graphic printer
Versatec V-B# printer/plotter

Si: vAX-11 BASIC % FORTRAN, ADZ@@H, SPAR, RIM, ISL,
ANSYS, SUFERTAE, SUPERE, IMP, ASCL, MIP, RECSYN,
MESS, MOVIE.BYU

Couwrses, Undergraduate: The Mechanical Engineering
Department intends to provide CAD insturction and expsriesnce
for all ME students in ssveral required courses. ach
student will spend approximately S hours psr- wesk for sach
course at computer terminals on cutside—of-class
assignments. The emphasis will be on applying CAD
technigues to enhance enginssring design, not on computer
hardware or the development of sofitware. It is expscted
that every student graduating from the ME department will
have a working knowledge of the following:

~Computer—aided modeling % simulation techniques for ths
‘design of dynamic mechnical systems, —Basic data preparation
techniques for FE& and the use of such analysis packages,
~The use aof graphics software and the generation of programs
employing graphics for interpreting experimental and
analytical data, ~The use of computer-aided technigques for
design optimization.

Courses, Eréduate: University has CAD components in various
graduate level courses, and will pursue thesis and
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dissertation research in CAD or CaD~-related aresas.

WASHINGTON STATE UNIVERSITY
Dept. of Mechanical Engineering
Fullman, Washington 99164

Facilities:

HW: FRIME 4#@ Mincomputer
Tektronix terminals
Flotter
5y: Graphics Compatibility System on an dmdahl mainframe

computer.

The university has a grant arrangement with the Boeing
Company to use their computer system:

Su: Automatic FProgram Tools (AFPT) for plotter graphics

& NC tape preparation.

Courses, Undergraduate:

-CAD: Introduces the student to the fundamentals of €5,
mathematics of 06, and application software related to the
CAD area. The softwarz includes CAD mechanical design
programs, dynamic simulation programs, finite slement
computer codes, and special purpose statistical packages.

—CaM: Introduces the student to the control problems
relevant to the computerized manufacturing system. It
incorporates fundamental control theory, digital infterface
considerations, and software reguirsments for computerized
control. {(Laboratory work will be included in the future.?

WICHITA STATE UNIVERSITY
College of Engineering
Wichita, KS &7288

Facilities:
Hid: IBM mainframe computer
6 Tektroniz terminals
The university is developing a proposal to acquire a full

capacity CAD/CAM system with 4 ~- B workstations.

Courses, Undeﬁgraduate:
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~Engineering graphics: Topics include projective geometry
and dimensioning conventions used on engineering drawings.

—Another graphics course covers vector analysis, computer
graphics, and design projects. The C6 component comprises
1/3 - 2/3 of the course. Presently, the students enter data
describing design in card form to the mainframe. They view
it on a graphics terminal connected to the mainframe. The
students use the terminals interactively to dimension ths
drawings. Hard copies are also available.

WORCESTER FOLYTECHNIC INSTITUTE
Worcester, Ma @147

Facilities:

HWz Several Apple II microcomputer systems
DEC-24
FDF 11/4%
Computervision Graphics Design System

Courses, Undergraduate:

—Engineering Design Graphics: Multiview and pctorial
graphics techniques, standards for dimensioning, sectioning.
~Engineering Applications of Computer Graphics: application
of C6 fundamentals. Heavily project oriented. Modern CG
systems.

—Introduction to Mini/Microcomputers

~Introduction to S5tress Analysis

—Applied Graphical Design: Application of graphics
techniques to practical mechanical praoblems. Introductory
CAD applications.

—Descriptive Geometry!l Hepresentation and solution of
engineering problems by graphical methods.

—Computer Aided Manuwfacturing: Monitoring, controlling, and
optimizing manufacturing processes.

—Computer Methods of Mechanics: The solution of
sophisticated mechanics using the digital computer.



RELEVANT LITERATURE RESOURCES

BOOKS

Directory lists 44 companies selling interactive CAD/CAM

systems. Contains over 11,800 items of information about
systems and vendors. Useful to prospective users, marketing
executives, sales representatives, consultants, product

designers and others needing a CAD/CAM reference source.
Each wvendor listing includes a Financial profile, sales
figures, market share, a 1list of key executives and a
sarvices profile that details sach company’s field service,
customer support and cther rescwcoces for end users.

fAuthor: Foundyller, Charles M.
Source: Daratech Assoc.
Cambridge, MA

Turnkey CAD/CAM Computer Graphics: & Survey and Buyer’s
Buide {for Manufacturers

A comprehensive tutorial guide that explains ready-to-use
interactive CAD/CAM systems in clear terms. Written
specifically for mechnical design and manufacturing users,
there are sections on systems and components to explain what
they do and how they work, different technologies and
approaches used by various vendors, the significance of sach
feature and its impact on psrformance. Extensively indexed
and organized for esasy reference.

Author: Foundyller, Charles M.

Source: Daratech Associates
F.0. Box 418
Cambridge, MA 92238

Intarnational Book Standard Number: ISEN #-938484-g@@-1

Sourcebook for information on CAD/CAH turnkey system
vendors, their systems? capabilities, the important
guestions to ask when evaluating alternative systems for
particular requirements; software vendors and their systems.

Page E 59
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Source: Productivity International, Inc.
F.0O. Box 8B1@g
5622 Dyer Street
Dallas, Texas 73285
(213) 739-3544

(=0-A—2.i53

An exhaustive guide for an organized, efficient evaluation
of CAD/CAM systems and recommendations for implementation.

Author: Chasen, S.H. and Dow, J.W.
Souwrce: CAD/CAM Decisioans

Source book containing 1468 pages of articles taken from 5S¢
journals, magazines, and proceedings-plus a definitive
graphics glossary.

Editor: Orr, Dr. Joel M.
Source: CAR/OAM Aleart
Resevoir Executive Park
824 Bolvston Sireet
Chestnut Hill, MA #2147
(&17) 232-88848

Principles of Interactive Computer Graphics, Znd E£d.., 1979

Author: Newman, W.M. and Sproull, R.F.
Sowrce: McBraw-Hill :
New York, NY

ISBN g-—@7-3446338-7

Interactive Computer Graphicsi: Data Structures, Algorithms,
Languages, 1%78

Avuthor: Giloi, W.K.
Source: PrEntice—Hall
Englewood Cliffs, MNJ

ISBN #$-13-4&49189-X

The S. Klein Directory of Computer Graphics Suppliers,

Hardware Software Systems and Services, 1982-83 Ed.
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Editor: Klein, 5.
Source: 27-738 Boston Post Road
. Sudbury MA @#177&

ARTICLES .

For information on CAD data by itself, see a classic set  of.
papers presented in 19764:

—Ciampi, P. L. et al., "Control and Integration of a CAD

Data Base", Proc. of the 13th Design Automation
Conference, (1976&), pp. 283-28%.

—Ciampi, P. L. et al., "Concepts in CAD Data Base
Structures", Proc. of the 13th Design Automation
Conterence, (19746), pp. 2Z99-294.

For information on the develeopment of integrated CAD systems
and their desired features, as well as their advantages over
stand alone programs:

-Biji, A. et al. Integrated CAAD Systems. EdCAAD Studies,
Final Report prepared for DOE, March, 197%. '

Information on the Hardware, software, and process knowledge
and control developments of the inception period of real
time computer control of industrial processes:

;gévas; E. &. Computer Cantrol of Industrial Processes.
McGraw Hill Book Company 12465.

—Scrimgeour, dJd. H. cC.. “Computer Control of Complex
Flants”, Canadian Chemical Engineering Conference,
Sarnia, Oct. 19739,

-Smith, C. L., "Digital Control of Industrial Processes®,
Computer Surveys, A . M. Vol. 2, No. 3.
Sept. 1976

Concerning Raster Scan Graphics:

~MNewman, W. M., "Raster-Scan Graphics in CAD," CAD Systems,
by @llan, J. J.y Zrd Ed., (NMorth Helland,
1977, pp. 3&9-3F77.

—Mewman, W. M. and Sproull, R. F. Principles of
Interactive Computer Graphics. {Mew York:
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McBraw-Hill, 2nd Ed., 197%9).

Concerning the technigques and details of software design
methaodolaogies, including key references:

~Myers, bG. J., Software Reliabilitvy: Frinciples and
Practicesl (Miley, 197&4).

Concerning geometrical modeling systems for the dsscription
of mechanical solids. These systems uvuse a set of primitive
elements which can be manipulated in 2- and Z-space to
produce relatively complicated assemblies for analysss:

~Braid, 1. LC. 84 HNew Shape Design System. £ap Sroup
Document No. 8%, Computer Laboratory, Cambridge
University, 19756.

—Braid, I. C. Designing with VYolumes. Fh.D. Thesis,
Cambridge Univ., England, 1974.

—Voelcker, H. B. et al., An Initroduction to FaDL,
Fublication TM-22 Production Automation Project.
University of Rochester, 1973.

-Yoelcker, H. et al, “The PADL-1.8/2 System Ffor Defining
and Dsiplaying BSolid 0Objects," Proc. of SIGERAPH
*78, Aug. 1278, ACHM.

—Baer, A., Eastman, ©£., and H=nrion, M., “S Survey of
Geometric Modelling, Institute of Physical
Flanning FResport Mo &5, Carnegie-Mellon Uniwv.,

Pittsburg, 1978.

-Braid, I.C. "Mew Directions in Geometric Modeling,” FProc.
of the Workshop of Geometric Modeling, CAM-I Inc.,
Arlington, Texas, 1%978.

Concerning the representation of curves and surfaces for the
description of solidss methods of approximation and
interpolation:

-Coons, S.A., "Surface for Computer Aided Design of Spaces,
Forms, MAC-TR-41, Project MAC, MIT (194&7).

-Bezier, | S Mumerical Control—Mathematics and
Applications. {London: J. Wiley, 1972).

—Barnhill, R. E. and Riesenfeld, R. F. Computer-Aided
Gecmetric Design. (Mew York: Academic Press, 1274).
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