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PREFACE

Faced with the most severe economic conditions and productivity challenges of the last 50 years, the
United States and other major free world countries may be on the verge of a significant turnaround
during the 1980’. The underlying computer and automated systems technology exists today for
implementing dramatic changes and improvements in the ways we manufacture the products our
society needs and wants.

Organized on the theme of integrated CAD/CAM systems, this AUTOFACT 4 Conference addresses
the most significant topics that can help reverse declining productivity in the industrial sector. Almost
all studies and qualified experts who have formally investigated the manufacturing productivity
problems agree that properly planned investment in integrated manufacturing systems will probably
yield more gain for the effort than other technology investment alternatives (not to say we can do
without the others).

These Proceedings highlight the status, real experiences, and methods for implementing CIM systems.

Your Conference Steering Committee and CASA/SME staff very much appreciate the responses to the
call for papers. Many excellent papers could not be selected for this program but will be considered for
inclusion in other conferences. I thank the Steering Coramittee for their considerable thought in -
selecting the abstracts, guiding the speakers, and optimizing the program to achieve the objectives of
this Conference. Dedicated to a new level of conference quality is an outstanding CASA/SME
AUTOFACT staff. These people will continue during this conference to insure that you receive
maximum value from your attendance. ’

Most important, we thank you for participating in this vital conference. The Committee and staff
sincerely hope you find this to be the most worthwhile program you have ever attended!

Gte 0 Z o

Rex L. Nelson, Chairman
AUTOFACT 4 Conference



about CASA/SME
The Computer and Automated Systems Association of the Society of
Manufacturing Engineers (CASA/SME) was founded in 1975 to provide

comprehensive and integrated coverage of the field of computers and
automation for the advancement of manufacturing.

As an educational and scientific association, CASA/SME has become
“home” for engineers, managers and other professionals involved in
c’-’omputer-based‘technologies and automated systems. CASA/SME is
applications oriented and addresses all phases of research, design, instal-
lation, operation and maintenance of the total manufacturing enterprise.
AUTOFACT 4 is one example of its wide-ranging activities.

. Specific CASA/SME goals are to: (1) provide professionals with a focus for

the many aspects, of manufacturing which utilize computer systems auto-
‘mation, (2) provide liaison among industry, government and education in

“identifying areas for further technology development, and (3) encouragethe
development of the totally integrated manufacturing facility.
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Applications of Computer Graphics at General Motors

James F. Yevtich

General Motors Corparation
Warren, Michigan

Abstract

Interactive Computer Graphics Systems, which was developed by General Motors to take
automobile exterior surface data from the clay model through the design cycle into
major tools, continues to be the most important computer-aided engineering fool used
in the Corporation. Other computer graphics systems are in regular use throughout
the Corporation for non-body automotive component product engineering and design
activities. Although some mechanical component design is occurring at the component/
supplier units, there is still a need for solving design/drafting and analytic
problems on large cast components that are not handled well with the wire-frame
technology afforded by most systems today. General Motors is now developing an
in-house capability in solid geometry modeling called '"GMSOLID" that will address

these problems.
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In the early 1960's, General Motors was faced with an ever-increasing work
load due to the addition of a considerable number of new product programs. The
rew product programs were of such a number as to cause concern that the
traditional method of acquiring data from the full-size clay model of the
automobile via hand-cut and fitted templates and drawings could no longer keep
pace with this higher level of work load. 1In searching out new ways to attempt
to achieve these new assignments, computer-aided engineering and manufacturing
techniques were explored.

v In a joint effort between several General Motors technical staffs, divisions
and JIBM, a. project was launched to prov1de a mathematical model of the full-size
clay model that could then be converted to” hard tools, including die models,
stamping dies, checking fixtures, assembly and welding fixtures through
computer—aided, numerically-controlled processes. This early attempt was a
single console computer graphics system called DAC-I (Design Augmented by
Computeér) . This was, for its time, a fairly sophisticated system utilizing an
IBM 7094 processor and a jointly developed\refresh console. )

Subsequent development work and new:hardware eventually caused this system
to be replaced by two new systems called CADANCE (Computer—Aided Design and
Numerical Control Effort) and Fisher Graphics. These .two new systems have been
running in a regqular production envirorment since the early 1970's and have
matured into systems that provide computer-aided engineering facilities for the
design and manufacturing of internal structural body panels, as well as the
exterior surface panels originally planned‘ when these systems were developed.
Both of these systems run on large IBM mainframe computers and utilize refresh
design consoles furnished by IBM, Digital Equipment and Adage. The software for
these systems was developed and is maintained by General Motors. These systems
now support the external body surface panel and internal structural panel design
at General Motors staffs and divisions, including Design Staff, Advanced Product
and Manufacturing Engineering Staff, Research Laboratories, Fisher Body, Buick,
Cadillac, Chevrolet, Oldsmobile, Pontiac,: GMC Truck & Coach, AC Spark Plug,
Guide, 1Inland, Harrison Radiator and one overseas unit -- Adam Opel in
Russelsheim, West Germany. There are approximately 400 consoles running CADANCE
and Fisher Graphics throughout the General Motors Corporation.

Let us now examine a typical body panel design from its creation in the
Design Staff studio right through to the part delivery at :the assempiy
operation. The gquarter panel that we will study begins as part of a total
vehicle concept with renderings and blackboard drawings, as well as'geduced scale
models in the design studio. After the vehicle concept is approved by
management, a full-size clay model is developed in the same studio.

Upon completion and approval of the full-size clay model, a
three-dimensional digitizer or point picker is employed to extract the
three-dimensional raw data from the clay model. Through a series of programs
developed at General Motors, this raw data is smoothed, refined and eventually
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passed on to the product‘ﬂesidher who, through the ‘\1se of both the CADANCE and
Fisher Graphics systems, will complete the design of the- panel, including
attaching flanges, holes, reinforcements and adjacent panels. During the design
process, this same data is also used to perform engineering analysis routines on
the individual panel and on the panel as part ,of the total vehicle structure.
Using the design graphics system CADANCE, a finite element model is built in an
application program called SMUG (Structural Modeling Using Graphics) which is
then input to a NASTRAN program for analysis. Both static and dynamic analysis
can be agcomplished using thls same computer graphics data. The product design
process is then completed, ‘including the hardline design layout and details of
the panel generated.

Thls product design computer graphics data is now ready to be passed on to
several subsequent operations in:the tdbl and, die ‘design process. One of the
first operations to receive this data is the iVC .group of the Die Engineering
Activity, where by transferring the surface data from, Fisher Graphics or the
CADANCE system into another system ‘developed at General Motors called the Network
Station, end mill tool paths are developed for a -three-axis mill to cut both
hardwood die models and, in some .cases, the steel d és to produce the stampings.
Another group in the Die Engineering Activity also receives the same panel part
geometry data via a computer graphics file transfer into a vendor-supplied
turnkey system for the actual die design. The use of color in this die design
function is of great benefit to the designer, since the product part geometry and
standard die part geometry can be isolated using color, thus  allowing the
designer to concentrate on the new area to be designed.

The Product Engineering Act1v1ty also receives this same computer graphics
product part geometry early on, since this operation is responsible for the major
fabrication tool layouts. Such tools as welding fiﬁtures, press welders, robotic
welders, material handling and assembly checking fixtures are just some of the
major tools employed in the production of subassemblies leading to the total
assembly of an automobile that are designed on computer graphics, systems at
General Motors. Once again, the product part geometry is electronically
transferred from the major GM graphic system into a vendor-supplied turnkey
system, where the fabrication tool design is completed. The large number of
standard components used in the major fabrication tool design is ideally suited
for a computer graphics system. Such items as standard posts, clamps, weld guns
and other components are easily recalled from the computer library and placed
where required in the design. Color is playing an ever-increasing role in this
activity also for the same positive results as in the Die Engineering business.
Mainly, the ability to separate product part geometry, standard tocl part

geometry and newly designed tool geometry from one another improves de51gner‘

productivity and eliminates costly errors.

The ability to use the same product part geometry for the design and
detailing of the panel, as well as the other subsequent operations of engineering
analysis, die design and major fabrication tool .layout, has not only reduced the
lead time to produce the part, but has improved the quality of the parts. produced
due to the elimination of the many stages of recreation of the geometry at the
various opegations. The production of body panels by the use of GM and
vendor-supplied systems continues to be the most important set of computer-aided
engineering problem~solvirig tools in use at General Motors today. While the body
surface panel engineering and manufacturing may be the most important function
using computer-aided -engineering tools at General Motors, the use of
computer-aided design tools in the design and detailing of automotive components



at the component/supplier divisions of the Corporation is one of the most heavily
penetrated. Every day, design and detailing of product components, such as
starter motors, batteries, shock absorbers, radio antenna 1lift mechanisms,
steering wheels, steering gears, power steering hydraulic pumps and automatic
transmissions, are commonplace.

General Motors units utilize almost every major vendor system in this mainly
mechanical design and drafting activity, with the leaders being the Lockheed/IBM
CADAM System and the turnkey systems supplied y Applicon, Calma and
Computervision. An example of this product design a.civity is this fuel tank
that was designed on a vendor-supplied system. Not only was 100% of the design
of the fuel tank accomplished using compute: graphics, but the ability to extract
part geometry from the design layout for detailing increases productivity on the
detail ;up to a ratio of 20:1. Detailing can also be effective if the part
geometry does not exist on a computer graphic system.

This inlet manifold was detailed directly from a conventionally produced
design layout drawing at about a 2:1 productivity gain. However, the ability to
use this geometry in other design activities, as well as other downstream
operations, without having to recreate the product part definition far outstrips
the productivity gain in the detailing function. Other details are produced
utilizing more computer aids than merely line drawings. This power steering hose
assembly is an example of an application where the detailer has only to input the
three-dimensional coordinates of the pipe ends and bend intersections, select the
sty¥le of hose couplings, hofe and flared tube nuts, indicate where the views are
to be placed, and the drawing is then generated and completed in one hour and
fifteen minutes -- clearly a productivity gain in eycess of 20:1.

While a good deal of product engineering work is still two-dimensional, such
as this engine oil pan and power steering pump assembly, an ever-inéreasing
number of engineering groups are realizing the benefits of three-dimensional
models for design activities. Engine compartment packaging and clearance studies
are imnensely enhanced using a three-dimensional model of the engine general
arrangement shown here. Similarly, the three-dimensional design of the engine
accessory mounting brackets shown here can also be taken directly into the
structural analysis modeling package and a NASTRAN file created for the actual
analysis, Likewise, with a part such as this automatic transmission valve body
completely modeled using three-dimensional modeling methods, all subsequent
operations are made easier by being able to utilize this part geometry without
having to recreate it at every operation. Again, lead time and errors are both
reduced.

The overall productivity gain through the use of computer graphics systems
at General Motors is approximately 3:1, of which you have seen some exciting
exceptions. As our systems continue to expand and our people receive more
training and experience, the productivity gains will also continue to increase.

Even though a great deal of mechanical component design is occurring at the
component/supplier units, there is still a need for solving the design/drafting .
and‘?analytic problems on components, such as engine cases, cylinder heads, inlet
and aust manifolds, and other large cast parts that are not handled very well
with the wire~frame technology available on most systems today. The confusion
over the wire-frame model shown here is that where the opening exists is not
clear -- top, end or side. Whereas, there is little doubt if viewing a solid
object with part of the solid removed. General Motors is now developing an



in-house capability in solid geometry modeling called "GMSOLID". This new tool
may be the most significant addition to the General Motors computer-aided tool
box since the introduction of ‘the body surface systems CADANCE and Fisher
Graphics. ‘

Based on the premise of combining, removing or developing the intersection
of solid primitives, such as blocks, cylinders, spheroids, cones and “tori, simple
parts are eésily modeled. Complex parts, although requiring more time, are not
much more difficult, although requiring considerably more computer resource. One’
of the benefits you can see on this example is hidden line remcval. Those that
are not as obvious are the ability to analyze the model more easily and
completely. Volume and mass are immediately available from a solid model. Such
specific analysis problems as combustion chamber volume, compression ratic and
flame front travel are more accurately derived in far shorter cycle time than by
using conventional methods. While this system is still in the development stage,
several production design problems have already been processed using the power of
"GMSOLID"™. This injector nozzle is one that demonstrates the capabilities of the
*GMSOLID" system, including hidden line removal, the combination of the' primitive
elements and section cutting. : ‘

With the large number of divisions in the Corporation and the autonomy
exercised by these units in selecting computer graphics equipment for engineering
and manufacturing, coordination is not an easy task. Through the staff of
Corporate Engineering Computer Coordination, centers of expertise have been
established for various specific functions. Other units are participating in -
development centers, such as the Corporate Graphics System and Solid Modeling.
These projects, although managed by Corporate Engineering Computer Coordination,
are directed by the user community. Corporate Engineering Computer Coordination
also provides seminars, conferences and task force activities to present new
methods and techniques to the user community at General Motors. '

It is our long-range goal that every job function that can be accomplished
on a computer graphics system cost-effectively be put on that system just as soon
as technically possible and cash-flow allowable in order to achieve a totally
integrated computer—aided engineering system. This goal thereby expands the
benefits realized in our CAD operations penetrated thus far into all of our
product engineering activities and especially moving into the manufacturing area.



