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SilverScreen”

3D CAD/Solid Modeling Software

Acknowledgment

In an age where large-scale software development is often produced by an army of programmers,
SilverScreen is the product of a relatively small group of dedicated individuals. This page is an
acknowledgment of their immense effort.

If you would like to teach your freshmen or sophomore students solid modeling and 3D visualization,
please consider adopting Computer Aided Design Using Solid Modeling (Second Edition), 174
pages. This book is bundled with SilverScreen Version IV. The net price of the book/software
combination is $35 (plus shipping). Adopting schools may use the software at no charge.

This book and SilverScreen Version IV are currently being used in the freshman engineering
programs at Pennsylvania State University (University Park) and the University of Virginia.

To receive your free evaluation package, please contact Stephen Schroff.

SCHROFF DEVELOPMENT CORPORATION

5424 Martway Drive P.O. Box 1334
Mission, Kansas 66205 Mission, Kansas 66222
(913) 262-2664 FAX (913) 722-4936




3D Studio

ADE" cuts large
AutoCAD’ drawings
down to size

What's the problem? You have gigabytes of
drawing data in hundreds of AuteCAD®
drawings but you can’t find the information
you need without wasting hours you don't
have, Try AutoCAD Data Extension™
{ADE™). Use it to search through all those
related drawings-—even access monster
drawings simultaneously—right in
AutoCAD. Without crashing your system.
Really. Want to know more? For the name
of the AER nearest you, please call 1-800-
064-6432.

I\ Autodesk.

Area Education
Representative

Autodesk, 1he Autedesk logo and Auto(?ALD are registered
trademarks, and AutoCAD Data Extension and ADFE are
trademarks, of Autadesl, Inc.

@ 1803 Autadesk, Ine. All fghts reserved.

3D Studio®, Release 3:
The 3D Visualization
Standard for the PC

Autodesk 3D Studio®, Release 3 soft-
ware is the most popular graphics and
animation program for the PC. A com-
plete production studio for the desltop,
3D Studio delivers superior rendering,
complex lighting, extensive materials
editing, robust animation and compre-
hensive 2D and 3D modeling. For the
name of the AER nearest you, please call
1-800-964-6432,

I\ Autodesk.

Area Education Representative

Autudesk, the Autodesk logo, AuteCAD and 3D Studio are registered trace-
marks of Antodesk, Inc.
©1993 Autodesk, Inc. All rights reserved.

New AutoCAD’ for Windows
makes you see double.

CELE

That's hecause you can work on two drawings at once {while a third plots
in the background). You can do everything the DOS 386 version can do.
And a lot more. Copy and paste between sessions. Link drawings to
proposals and spreadsheets. Make revisions while inside secondary
applications. For the name of the AER nearest you, please call
1-800-964-6432.

I\ Autodesk.

Area Education Representative

Autodesk, the Aulodesk lago and AutoCAD are registered trademarks of Antodesk, Fue. Windows is 2 trademark of Microsofl
Clorparation. € 1893 Autedesl, Inc. Al rights rescrved,
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One of the things that we at Purdue have recently
been discussing, looking into, and getting ready to teach is
a course on Multimedia. Since as a grad student I had
helped teach a eourse on multimedia, I foolishly thought
that I had a pretty good understanding of the multimedia
concept. Silly me. The more we as a staff talked about
multimedia the more confused I became. It wasn’t until
Gary Bertoline started passing around multimedia books
for us to review as possible texts for the course we will be
teaching this spring, that I began to understand. The book
I took to review was written by Tay Vaugn, and is called
Multimedia: Making it Work. It was published in 1993 by
McGraw-Hill. It didn’t take long to clear up my confusion.
In fact, the first sentence of Part One, Chapter 1 goes
like this. “Multimedia is any combination of text, graphic
art, sound, animation, and video that is delivered by
computer.” (Vaughan,1993)

That one sentence cleared away all the confusion that
had been troubling me. Now I understand, because in
order for something to be multimedia, it must be delivered
by the computer. All those presentations, combining,
sound, text, video, and whatever else was available, was
not multimedia, because it was not delivered on the
computer.

Now I ask you, what is happening here? Because the
computer, actually the PC, is now capable of doing more
and more, we now have a new and exciting field called
multimedia? I hate to disappoint a lot of you computer
gurus, but multimedia has been around for 4 long time.
People in education, sales, and training have been
producing multimedia presentations for many years.

True, they had to work with a variety of different methods
including the tape recorder, video, movie camera, still
camera, and overhead projector. Now, because the
computer is capable of combining sound, sight, and motion
into the same machine, it does not mean that we have
invented a whole new field, it simply means that we have
new methods.

Do you remember when the movies first became
available for educational purposes? There was some
debate about whether or not the actual teacher would still
be needed or if educational movies would become the
major deliverers of instruction in our classrooms. Well,
movies have given way to video, which is now giving way
to computers, and we still have (and need) teachers in our
classrooms. Let's not get carried away with our computer
arrogance and suggest that what we are doing is a totally
new and better approach. Let us not forget that the
computer is a tool. It may make our lives easier, but so
far, most of what we are doing has been done before, It
might have taken longer, and been slightly cruder, but we
are not inventing the wheel with computer multimedia, we
are simply using the newest tools available.

Mary A. Sadowski, Editor
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W I1ITLE Y
THE NEXT 100 YEARS

OF ENGINEERING PUBLISHING

COMPUTER GRAPHICS AND
GEOMETRIC MODELING
FOR ENGINEERS

Vera B. Anand, Clemson University
366 pp., cloth, (51417-9), 1993

Taking an engineering point of view rather than a
computer science perspective, this new text uses
principles of geometric modeling to promote a mastery

of both the theory and application of computer graphics.

Reviewers have praised its outstanding coverage of
curves and surfaces and data structures, and CAD
database descriptions allow students to understand
the creation of graphical models. It is accompanied by
a convenient set of 40 full-color slides.

TECHNICAL GRAPHICS

Ed Boyer, Fritz Meyers, Frank Croft, Mike Miller, John Demel. All from The Ohio State University

768 pp., cloth, (85689-4), 1991
Text with software— (53371-8)

TECHNICAL GRAPHICS fully integrates the
computer as an important design and graphics tool.
Throughout, manual and computer graphics methods
are described simultaneously, allowing the student to

learn to solve problems using both methods.
Available packaged with an educational CADD
software package which allows students to start

drawing using the computer almost immediately.

FOR MORE INFORMATION

Please write on your school letterhead to: Susan Elbe, Dept. 4-0112, John Wiley & Sons, Inc, 605 Third Avenue,
New York, NY 10158. Please include your name, the course name, enrollment, and the title of the text you
currently use. You can also FAX us at: (212) 850-6118.

WWILEY: shaping the future of engineering education
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A Structure and Rationale for Engineering Geometric Modeling

Gary R. Bertoline
Purdue University
West Lafayette, Indiana USA

There is nothing more difficult to plan. more
doubtful of success, nor more dangerous to
manage than the creation of a new order
of things...

Niccolo Machiavelli
The Prince, 1513

This paper proposes an engineering Major curricular changes are neces-
graphics curriculum model by first cat-  sitated out of internal and external forces
egorizing human knowledge, then which directly affect current methodologies.
subdividing it into more manageable divi-  There are at least three major forces at work
sions. In this way a knowledge base for  which make curricular change in engineering
engineering design graphics is defined and  graphics imperative:
logically organized. The major conceptual
features of graphics knowledge is outlined to 1. Changes in engineering design
define a new paradigm used to develop documention,
engineering graphics curriculum content.
This technique resulted in @ more refined
definition, logical place, and philosophical
foundation for the existence of graphics in
engineering education. The model was
developed so that the subject matter could be
grouped into more functional and man-
ageable divisions useful when developing
curriculum. Finally, a name change is rec-
ommended to reflect the paradigm shift and
resulting curricular modifications,

2. Changes in the engineering design
process,

3. Industry and education access to
3D computer modeling software.

The formal teaching of engineering
graphics in higher education began at the
Ecole nationale des Ponts et Chaussees in
France around 1750. One of the first drawing
courses established in the United States was
at West Point in 1803 followed by descriptive
geometry taught in 1816 by Claude Crozet
(Ross & Ross, 1992). Since that time engi-
neering graphics has been heavily influenced

Autumn, 1993 ENGINEERING DESIGN GRAPHICS JOURNAL 5



by the needs of industry to produce engi-
neering drawings for production. Standards
became more prominent and were integrated
into engineering graphics. Early textbooks
reflected the heavy emphasis of standard
drawing practices as an important com-
ponent of engineering graphics instruction.

The seminal text A Manual of Engi-
neering Drawing for Students and Draftsmen
by Thomas E. French published in 1911 by
McGraw Hill reflects the emphasis on draft-
ing. The forward for the text states: “It is a
full, well rounded treatise, designed to give a
sound training, and it is a useful book te
every draftsman in later professional work.”
The emphasis in engineering graphics
instruction was on drafting practices and
skills. Many of the later texts were modeled
on French. What is remarkable is that the
French text and others like it still reflect the
emphasis on drafting and are still in use
today. Yet most engineers in industry today
are not expected to be skilled drafters. They
should know how to read engineering draw-
ings and create sketches and computer
geometric models but drafting skills are no
longer important. The engineering curricula
and the engineering profession has shown
significant changes in the last 30 years (Pleck
& Bertoline, 1990). The same cannot be said
of engineering graphics.

The professional organization repre-
senting many of the engineering graphics
professionals in the United States is the
Engineering Design Graphics Division of the
ASEE {American Society for Engineering
Education). This division changed itsname by
adding the word design. The name changed
in 1967 to Engineering Design Graphics to
reflect the interest in design in engineering
education. However, did anything sig-
nificantly change other than the name? Was
there a real paradigm change from engi-
neering graphics standards and
documentation practices to the repre-
sentation of engineering design using
graphics? Many engineering graphics courses
changed only their name. The real content of
the courses still emphagized engineering
graphics standard drawing practices.

Two recent studies have had a major
impact on engineering design graphics cur-
riculum content. The NSF (National Science
Foundation) study concluded that a modern
engineering graphics curriculum must be
centered on solid modeling. (Juricic & Barr,
1990). The SIGGRAPH study recommended

that engineering design graphics curriculum
be focused on the body of knowledge relveant
to the discipine and not be tool bound. (Ber-
toline, et al, 1990). Both studies aknowleged
the importance of computer modeling and the
decline of importance in traditional 2d doc-
umentation. By creating a 3D model of a
design, 2D documents can be nearly auto-
matically produced from the model. In
addition the 3D model is used for engineering
analysis and for production.

Modern design, analysis, and com-
munications techniques are changing the
traditional role of engineers, Engineers must
be able to work in teams, design, analyze,
and communicate using powerful CAD mod-
ules and possess a high degree of
visualization ability.

The design paradigm in U. S. industry is
shifting from a linear segmented activity to
a team approach involving all segments of
the business using computers as the prom-
inent tool. World class comapnies are
restructuring their engineering processes to
implement concurrent engineering. (Giffi, et
al, 1990).

In many industries design engineers
work in teams to create conceptual designs
using sketches, computer models for visual-
ization and analysis and then doing minimal
documentation for  production.  Doc-
umentation may be in the form of 3D
computer models sent directly to production
to generate the CNC (computer numerical
control) code for machining, and 2D drawings
extracted from the 3D model with critical
dimensions added for CMM (Coordinate
measuring machine) checking for quality
control. One major aireraft manufacturer in
the U. 8. has their engineers translate 3D
CATIA models into a Macintosh format
where it is used to create Hypercard stacks
for assembly instructions. These instructions
are then used by the technicians as an aid to
assemble the craft. The trend in U. 8. indus-
try is for engineers to be expert geometric
modelers using computers. There has been a
basic paradigm shift in the way engineering
design is performed in U, S. industry.

This paradigm shift has resulted in
changes in the way engineering design docu-
ments are used. Engineers and technologists
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are finding that the sharing of technical
information through graphical means is
becoming more important for both the tech-
nologist and individuals from diverse
occupations as shown in Figure 1. The trend
of sharing technical information is increasing
among all fields because computer graphics
has the ability to simultaneously com-
municate many kinds of quantitative, verbal,
and visual information. Computer graphics
also tends to draw together many individuals
with various visual needs and abilities.
Large diversified groups are able to
communicate faster and more efficiently
through graphics, especially computer
graphics. The numerous devices, methods
and media are driving the need for broader
visual communication skills that were sel-
dom  necessary for engineers and
technologists of the past. The need to under-
stand principles of visual communication is
a global need that includes engineers, sci-
entists, managers, and technologists.

Both industry and education are finding
that 3D computer modeling tools are avail-
able at reasonable costs. It is now possible for
industry and education to follow the lead of
progressive companies who have made the
design paradigm shift. Access to 3D com-

. puter modeling means that higher education
can begin major curricular changes to ade-
quately prepare engineers for the future
instead of the present or past. Engineering
design graphics curricula now have access to
the tools necessary to prepare engineers to be
geometric modelers and not drafters, or blue
print readers.

A Framework for Engineering Graphics

A paradigm is the conceptual lens
through which curriculum problems are per-
ceived (Schubert, 1986). Paradigms form our
frame of thought and dictate what we see.
The conceptual framework shape the cur-
riculum and form a basis upon which to
accept some forms of evidence and to reject
others., The paradigm sets the boundaries
then establishes how to be successful in solv-
ing problems within those boundaries. There
are at least three important frames of refer-
ence used to form the new engineering
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Figure 1. Common Users of Engineering Graphics

graphics paradigm which will be used as a
basis for the proposed curriculum model:
1. visual science as the source of the
subject matter,

2. engineering design graphics is applied

to the design process, and
3. new subject matter boundaries within
the discipline.

All types of graphics could be placed
under the general heading of visual science.
Visual science is the formal discipline of vis-
ual knowledge, laws, and methods obtained
by study, practice, and scientific verification.

(See Iigure 2). Although graphic science
may be a more common term, it is seen as too
limiting and visual science would better
describe the body of knowledge. This dis-
cipline is grouped with the sciences in
human’s secondary knowledges. Science is
defined as the organization and explanation
of human and natural phenomena in a sys-
tematic and logical manner.

In the past, the visual sciences have
been an eclectic group of related subjects.
Universities divide knowledges into various
disciplines and form colleges, schools or
departments for those disciplines that have
common needs, such as a school of science.
Normally the graphics disciplines are scat-
tered throughout the university. For
example, graphic design departments are
sometimes located in the school of art,
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Figure 2. Domains of Knowledge

engineering graphics in schools of engi-
neering or technology, and so forth. Even
when specific graphics disciplines are placed
in departments of their application, such as
engineering, the subject and the faculty are
viewed as being somehow different from the
rest of the faculty and discipline. Graphics is
recognized as important in engineering,
technology, and the arts but not on the same
level as other disciplines within that school.
It is time to recognize that there is a sig-
nificant body of knowledge related to the
visual disciplines and engineering design
graphics is a part of it.

There are three major components to
visual science: visual perception, optical sci-
ence, and graphics. ( See Figure 3). These
three components are the subject of visual
science and are the core areas of research for
the discipline of visual science. Visual-
ization is the process of mentally
comprehending visual information. (Wiley,
1990). Optieal science is the study of the
human vision system. Optical science would
be studied as it relates to the cognitive vis-
ualization process. Although optical science

may not be viewed as a relevant area of
research or study there is direct application
for it in engineering graphics. (Makino, Et al.
1992). Graphics is a visual communications
language incorporating text, images, and
numeric information. Graphics can be the
more traditional types of representations
such as engineering drawings, computer
models such as a solid model of 2 mechanical
part, the virtual reality displayed within the
goggles of a virtual reality system or the
graphical display of scientific data. Visual
perception, optical science, and graphics
comprise the areas of research relevant to
engineering design graphics.

Visual perception, optical science, and
graphics form the backbone of the subject
matter of visual science. From visual science
comes the knowledge base for all graphics
courses including the needs of the learner
and the subject matter, two of the three
important inputs when developing cur-
riculum. (Tyler, 1950),

Therefore, the first frame of reference is
that there is a distinct body of knowledge
called visual science from which much of the
subject matter of engineering graphics is
derived.

Sciences are not concerned with the
application of knowledge but with the finding
of new knowledge. However, all sciences can
be applied to varicus human wanis and
needs. The visual sciences can be applied to
two broad design disciplines: artistic and
technical. Artistic design is performed by
artists and technical design is performed by
engineers, technologists, and industrial
designers. Artistic design is the conscious
production or arrangement of color, form,
and other elements that affect the sense of
aesthetics. The main purpose of art is for
personal expression and not to solve some
problem wusing technical means as engi-
neering design does.

The engineer is concerned with the rel-
evant compenents of visual science related to
the engineering design process. The primary
purpose of the technical application of visual
science is to communicate. Technical com-
munications is a product of a technical
process, such as engineering design, that
consists of text, images, and numerical infor-
mation.

8

ENGINEERING DESIGN GRAPHICS JOURNAL

VOL. 67, NO. 3



Engineers are creative people who use
technical means to serve human wants and
needs. Engineers apply scientific and math-
ematics principles to a problem. Engineers
are concerned with the processes of design,
production, and servicing of a product or
structure. These processes are com-
municated, analyzed, and documented using
technical communications methods called
engineering design graphics.

Therefore, the second frame of reference
is that engineering design graphics is o visual
science applied to the technological processes
of designing, planning, producing, and ser-
vicing a product, process, or structure.

‘ Today’s computer graphics tools are
blurring the lines between many subjects
within technical graphics. The real question
is whether that blurring translates into sig-
nificant changes for a traditional engineering
design graphics curriculum. To ignore the
blurring is to ignore the inevitable tech-
nological progress in computer graphies.
Engineering graphics must make some
adjustments and accommodations for the
blurring of traditional lines between sub-
jects. Traditional engineering graphics
departments should focus not only on engi-
neering design but expose students to the
related areas. Students should have some
experience with computer engineering anal-
ysis techniques, CAD/CAM, scientific
visualization, computer rendering, computer
simulation, desktop publishing, and other
related areas. Students should experience
how the initial computer data base and com-
puter graphic representation of the design
are used throughout the engineering design,
production, sales, and maintenance of a
product or structure. All these processes can
use the 3D model as input for the graphical
product.

A new method of doing engineering also
is emerging. Traditional engineering design
was a linear process that would create a
design with little or no input from man-
ufacturing, marketing, and the customer.
That is now changing as successful U, S.
companies able to compete in a world market
are using concurrent engineering. Con-
current engineering, sometimes called

‘ APPLICATIONS I

oy
Artistic
{Personal Expression)

‘q

Technical
(Communication)

Publishing
Printing
Visualizing

Designing

Producing
Hiustrating

Figure 3. Visual Science Model

simultaneous engineering, is a nonlinear
product design process that includes all the
people and processes necessary to produce a
product working concurrently as a team.
{(See Figure 4). This is a significant change in
the design paradigm from a segmented lin-
ear activity to a holistic team approach.
Designs are no longer thrown over the wall to
manufacturing. Concurrent engineering
depends on the active use and sharing of a
3D computer geometric model. Three-
dimensional geometric modeling through the
use of wireframe, surface, and solid modeling
techniques is the way modem engineering
design and production is done or will be done
in industry.

Therefore, the third frame of reference is
that engineering graphics must reach beyond
traditional boundaries for the content of its
subject matter, and be based on 3D modeling
while still focusing on the graphic com-
munications of engineering  design,
production, planning, sales, and main-
tenance of a product or structure.
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Figure 4. Concurrent Engineering Model

As related earlier, engineering design
graphics was a name adopted by many in the
late 1960’s. This was preceded by the name
engineering graphics. The name engineering
graphics implies that graphics is used by
engineers for some purpose. That purpose
was design which was appropriately added to
the discipline’s name. The current name
makes sense to many in the discipline
because they understand what it means.
However, the perception by those outside the
discipline may be very different. The word
graphics has strong negative connotations in
higher education. Many of the current engi-
neering faculty and administrators came
from an era when engineering design graph-
jcs meant learning drafting practices.
Graphics to them is 2D drawings on paper
which many find irrelevant in engineering
education.

Arguing whether the perception of oth-
ers is right or wrong serves no useful
purpose. Perceptions and attitudes are very
hard to change and that change is a slow
process. The reality is that the word graphics
to many means 2D. Engineers now work with
3D virtual computer models. It could be
argued that good visualizers always worked
with 3D virtual models but that would miss
the point. Modeling by virtue of the computer
is a reality and is a more accurate description
of what an engineer does with a computer.
An engineer does not produce graphics for
the sake of creating images. The graphics are

a by-product of the computer modeling pro-
cess. Engineers are geometric modelers who
craft design ideas using computer graphics.
It may be time to seriously consider
changing the name we use to describe our
discipline. This name change would more
accurately describe our subject to those who
have an old image of what we do based on the
word graphics. The new name would be
based on modeling and modified using the
words geometric and engineering. Engi-
neering geometric modeling is the process
used to ideate, refine, and document the engi-
neering design and production process.

The engineering geometric modeling
paradigm is based on three frames of refer-
ences:

1. Visual science is the source of subject
matter for engineering geometric
modeling.

2. Engineering geometric modeling is a
visual science applied to the design
and production processes.

3. Engineering geometric modeling must
reach beyond traditional boundaries
and be based on 3D geometric
modeling.

Therefore it is suggested that the new
paradigm for engineering geometric mod-
eling curricula should be:

The discipline of engineering geometric
modeling is a visual science based on 3D geo-
metric modeling applied to engineering
design and production for the purpose of pre-
paring engineers to ideate, refine, document,
produce, and service products and struc-
tures.

Figure 5 is the engineering geometric
modeling curriculum model. The upper half
of the model consists of the subject matter for
engineering graphics. This subject matter is
the common body of knowledge that all engi-
neering geometric modeling curricula share.
The model is based on Tyler’s model for
developing curriculum which consists of the
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needs of the learner, needs of the sub-
ject, and needs of society. The needs of
the learner for technical graphics is
visualization. The needs of the subject
would consist of graphics, and the
needs of society would be engineering
design and production. The bottom half
of the model refers to the application of
the subject matter to the engineering
design and production process. The
application of engineering geometric
modeling to engineering design and
production results in sketches, com-
puter models wused for design,
simulation, and analysis, and drawings
used for documentation and com-

N ~
VISUALIZATION GRAPHICS
\v \v
" Color Theory
Visual Cognition Compuiter Graphics
Visual Production Geomet
Visual Resolve Graphicrgersuasion
Projection Theory
Standards
Techniques
Terminology
Text

-

Engineering Design & Production (Process)

munication. The engineering geometric

models are also useful for marketing

the product or structure.

Visualization is the process of
mentally comprehending visual infor-
mation. Visualization is the entire
visual-mental process which includes
perception and memory and continues
to operate throughout the primary
stages of visual preduction and visual
resolve. All stages are hierarchical, are
in continuous operation during the
stages, and are influenced by com-
petency levels within them (Wiley,
1989).

The visualization of graphics is based on
three cognitive processes: visual cognition,
visual production, and visual resolve. Visual
cognition is the ability to mentally com-
prehend, store, retrieve, create, and edit
visual information. Visual production is
creating, editing, communicating, and com-
prehending visual products. Visual resolve
is comprehending the termination of a design
process.

An individual's visual literacy at any
level has a compounding effect which directly
influences competency at higher levels. So
visualization should be a continuous goal of
formal graphics education throughout all
stages of visual learning. Just as language
can be broken into various aspects such as
grammar and semantics, and mathematics
into algebra and calculus, the visual lan-
guage must be broken into discrete elements
which can be learned and manipulated to
bring about desired results. Modern tools

and techniques make it more important for
those in engineering graphics to study the
principles of visual communications, such as
line, shape, color, value, contrast, repetition,
ete., that are common to other visual fields,
Of course engineering geometric modeling
must work with visual environments and
processes that demand a more technical kind
of visual literacy.

Visualization should be an integral part
of engineering geometric modeling. It is an
on-going process that should be integrated
throughout the curriculum. Visualization
should also be taught as a discrete unit of
study early in the curriculum using tech-
niques common to other visual disciplines,
and using results of visualization research
but with a technical inclination. Various tra-
ditional and non-traditional techniques can
be employed to integrate visualization into

Figure 5. Engineering Geometric Modeling Curricutum Model
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the curriculum (Miller, Bertoline, & Wiley,
1990).

For the instructor of engineering geo-
metric modeling, the geometry or graphics
part of visual science is the most important
component of the body of knowledge and the
one traditionally emphasized in the cur-
riculum. All types of drawings or graphics
depend on an underlying subject matter.
This underlying subject matter contains ele-
ments that are unique to the field of visual
science as well as elements from other fields,
such as mathematics, and science.

Geometry is a branch of mathematics
that deals with properties, relationships, and
meagurements of points, lines, angles,
planes, and solids. Geemetry is a major
component of graphic science that underlies
engineering geometric modeling.

When studying geometry it can be from
a mathematical perspective or from the vis-
ual perception perspective. The
mathematical perspective will not only
describe geometry in a visual sense but
would also include the mathematical basis.
A cylinder can be described in terms of what
it looks like (two circular ends and two lim-
iting elements) and it can be mathematically
represented using an algebraic equation.

Geometry includes:
Plane Geomeiry

The geometry of planar figures, models and
their relationships,

Solid Geometry
The geometry of 3 dimensional figures, mod-
els and surfaces and their relationships.

Analytic Geometry

The analysis of geometric structures and
properties principally using algebraic
operations and position coordinates.

Descriptive Geometry

The graphic representation of plane, solid,
and analytic geometry used to describe real
or imagined technical devices and objects.
Descriptive geometry includes projection
theory, terminology, and the techniques that
have developed over the years to represent
real or imagined objects. Descriptive geom-
etry is used as Gaspard Monge used the term
200 years ago in the preface of his book Geo-
metrie Descript: The representation of three-
dimensional objects on two-dimensional
paper. (Monge, 1795). Even computers dis-
play graphics on a two-dimensional device.
So the use of the term descriptive geometry
still applies today.

One other important area of geometry
would be geometric conditions. A geometric
condition is the special environment that can
occur between 2- and 3-dimensional geom-
etry. Tangencies, parallelism, and
perpendicularity are some common examples
of geometric conditions.

Projection theory are the set of prin-
ciples which govern the graphical
representation of 3D concepts, objects, struc-
tures, and environments onto planes of
projection. Projection theory would explain
perspective and parallel projection tech-
niques using various methods, such as the
glass box or direct view.,

Engineering Design
Process

Figure 6. Engineering Deslgn Process
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An important component of projection

theory is viewing conditions. Viewing condi- Probiem Preliminary Preliminary

Design

Identifcation Idas

tiong are the principles that govern how
geometry appears when observed under dif-
ferent situations. Examples of viewing
conditions are parallel, perpendicular, and
inclined.

Other geometry subject matter consists
of color theory, text, computer graphics,
standards, and techniques. All of the areas
under geometry in Figure 5 should be part of
the core courses in an engineering geometric
modeling curriculum. However, some areas
would have much more emyphasis or would be
emphasized later in the curriculum when
they could be applied.

Engineering design and production is a
process that uses graphics as its primary
medium for communications. The bottom
half of Figure 5 represents the engineering
design graphics curriculum model based on
concurrent engineering methodologies. The
engineering design process can be divided
into three stages (Bertoline, et al.; McKim;
Juricic & Barr, and Rodriguez). McKim uses
ideation, communications and  doc-
umentation as his three stages. Initially,
Juricic and Barr used three stages but have
since changed it to four: ideation, develop-
ment, communication, documentation.
Rodriguez uses three phases: ideation, sim-
ulation, and implementation. The work of
Bertoline, et al., chose three stages but
rejected the use of the term communications
because it was felt that it was too broad a
term with many connotations. Language,
speaking, and writing are all forms of com-
munication but those areas are not what
graphicians are concerned with in the engi-
neering design process. The term
refinement was chosen to replace com-
munication because it better describes what
the engineer is trying to accomplish at this
stage in the design process using graphics.

Design engineers are concerned with
the creation of drawings or computer models
to ideate, refine, and implement technical
ideas. {See Figure 6). The graphics or com-
puter geometric data base which is produced
is a by-product of engineering design.

Ideation is a mental process used to
develop ideas. (See Figure 7). In simple
terms it is the act of thinking. However,
ideation is a very structured approach to

Modeling

Engineering
Analysis

Aesthetic
Analysis

Visualizing

Servicing
Financing
Marketing

- Producing

Planning

Documenting

Figure 7. Concurrent Engineering Design Model

thinking for the purpose of solving a prob-
lem. Ideation is the conceptual phase of the
design process because the basic design is
conceived during ideation. The ideation
phase will produce many rough sketches and
conceptual computer models called ideation
drawings. Ideation drawings are used to
communicate to oneself and others when
exploring new ideas through the use of rough
sketches and computer models, Engineers
and other project team members will com-
municate more effectively if they have
engineering modeling skills and knowledge.
Figure 5 shows sketches outside of the
computer terminal which represents the
computer geometric data base. However,
there are some parametric design CAD sys-
tems that can be used to sketch ideas which
are then turned into more formal or refined
models. For this reason and the observation
that sketching will be an important part of
the engineering design process for many
more years, sketching may become an inte-
gral part of computer modeling.
Refinement is an iterative process
used to test the preliminary design and make
changes, determine if it meets the goals of
the project, then decide on the final design.
(See Figure 7). The preliminary idea is
tested physically using finite element analy-
sis, kinematic tests, animation, interference
checking, and others. This stage is heavily
dependent on geometric models to document,
visualize, and communicate the design idea.
Implementing is the process used to
change the final design from an idea into a
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product, process, or structure. The imple-
mentation process will include nearly every
phase of the business, such as man-
ufacturing, marketing, documentation, and
servicing. The goal of this phase is to make
the design solution a reality for the industry
and the consumer.

Technical document drawings are
used to formally record the implementation
process of engineering design using accepted
standards. This type of drawing is the most
formal and standardized. The primary pur-
pose of document drawings is for the
communication of design information
between humans, and humans and
machines, for the production, planning, doc-
umenting, marketing, financing, and
gervicing of the product or structure. See
Figure 7.

QOccasionally production drawings
are created for the primary purpose of com-
municating  the  production  process.
Engineering design and production are con-
current processes (concurrent engineering)
in modern industry. The design process is not
radically altered when production ig inte-
grated. Concurrent engineering includes the
needs of the production process within the
design of the product. So production people
are involved in the design process from the
start. Sketches, models, and drawings are
the communications products that are gen-
erated as a result of the design, production,
and other processes.

The production of a 3D computer model
represents a very significant feature in a
modern engineering curricalum. By pro-
ducing a 3D computer model, the data base
can be shared with the whole organization.
No longer is it necessary to create production
drawings from scratch. Orthographic views
can be created from the 3D data base. The 3D
model can be used as the base geometry for
technical illustrations and animations. This
sharing of data becomes the backbone for a
modern engineering geometric modeling cur-
riculum. The data does not have to be limited
to 3D models but can include all kinds of
design data, such as text and numeric infor-
mation displayed graphically.

Sketches are most likely to occur in the
ideation phase of the design and production
process, although sketches are used
throughout. These sketches serve as inputs
into the modeling of the design. The refine-
ment process will use real or computer
models to assist in the refinement process.
Computer models can be used for inter-
ference checking, finite element analysis,
production process analysis, and kinematics.
Future techniques may include virtual real-
ity modeling. The final models are used to
create document drawings, such as engi-
neering drawings for communications within
the company, production drawings, and NC
programs.

The models can also be used as the
graphical input for simulation. The simula-
tion process is applied to Finite Element
Analysis (FEA), kinematic studies, and other
analysis tasks that require a dynamic
graphical display. The marketing process
uses illustrations derived from the 3D model
for technical publications such as sales and
advertising brochures and animations for
advertising. The service and training process
uses illustrations and animations for service
and training.

A proposed engineering modeling course
has been developed and is shown in Attach-
ment 1 at the end of this paper. The
engineering modeling eourse outline would
have both traditional and modern com-
ponents. The traditional units of study would
focus on sketching practices as applied to
ideation, The course content is derived from
the engineering geometric modeling cur-
riculum model and includes: visualization,
geometry, modeling, simulating, and imple-
menting. Modern units of study would
include modeling theory and techniques,
Boolean logic, transforming 3D models into
2D} drawings, spatial analysis using com-
puter models, and application problems.

This course would focus on the develop-
ment of sketching and CADD modeling
abilities in the development of visualization
skills, engineering graphics standards, and
three-dimensional modeling for the design,
analysis, and documentation of the engi-
neering design and production process.

14

ENGINEERING DESIGN GRAPHICS JOURNAL

VOL. §7,NO. 3



The curriculum medel can be used as a
guide to modernize the curriculum within
the framework of present courses, The pro-
posed implementation suggests that
visualization and modeling are the cors areas
and must be taught in the freshman year.
The discipline is at a very important cross-
roads in its continued development and it is
time to seriously look at what we are doing
and why it is being done. There is a need for
a basic philesophical change based on a new
paradigm. This new paradigm is not based
on drafting but on geometric modeling.
Change may be difficult, but what is the
alternative?

When confronted with major change,
individuals and organizations react by deny-
ing that a problem exists. Denial may last a
short time or it may never end. Until the
individual or organization admits that
change is necessary the problem will remain
and no significant changes can occur. We
must face up to the fact that we are not
serving the needs of engineers by teaching
drafting. In Alice’s Adventure in Wonderland,
by Lewis Carroll, 1865, the Cheshire Cat
gave this advice:

“Chesire Puss,” Alice began, rather tim-
idly... "Would you tell me please, which way
ought I go from here?”

“That depends a good deal on where you
want to get to,” said the Cat.

“I don’t care where-” said Alice.

“Then it doesn’t matter which way you
go,” said the Cat.

“so long as I get somewhere,” Alice
added as an explanation.

“Oh, you're sure to do that,” said the
Cat, “if you only walk long enough.”

If you do not care where you are going
then it really does not matter if engineering
graphics stays on its present course. How-
ever, if you do care then it matters very much
which path you take. The discipline needs a
vision which will shape the future and
transform us so that as a group we can lead
our students and our discipline into the 21st
century.
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Outline for the proposed Engineering Modeling Course
b .

y:
Craig L. Miller & Gary R, Bertoline

lecture

Laboratory
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Need for Graphics
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The Design Process
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Refinement

Documentation
Course Content
Graphics theory
Plane & Solid Geometry
Standards
Conventions
Visualization
Modern Tools
Sketching

Visualization in Engineering Design
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Faculty Training in Computer Graphics and Analysis for
Undergraducate Engineering Design Educcation

Vera B. Anand
Engineering Graphics

Imtiaz U. Haque
Mechanical Engineering

Subhash C. Anand
Civil Engineering

Clemson University
Clemson, SC 29634

Two workshops on computer graphics,
geometric modeling and finite element analy-
sis, sponsored by Clemson University and the
National Science Foundation, were held on
the Clemson campus during the summers of
1990 and 1991. The purpose was to further
educate engineering faculty who teach under-
graduate courses in the cited areas on new
methodologies needed for computer-aided
design. A total of 45 faculty members from a
widely distributed national sample par-
ticipated in  these  programs.  The
implementation details, workshop contents,
and various ways in which participants ben-
efited are described.

Funds for this project were obtained
through the National Science Foundation,
Grants USE-8950070 and USE-9054256,

There is no doubt that digital computers
have had a major impact in the engineering

design process. Computer-aided meth-
odologies, especially computer-aided design
and computer-aided manufacturing (CAD/
CAM) technologies, have changed the way
engineering is currently perceived and con-
ducted. In order to adjust to these changes,
universities throughout the country, and
more specifically colleges of engineering,
have had to comply with the need to modify
engineering curricula and shape new pro-
grams.

It has been said that the essence of
engineering is design [Richards & Jacobson,
1988). In the mechanical and industrial
fields, the word “design” represents more
than just the description of geometric com-
ponents — it includes analysis, evaluation,
and synthesis. The schematic in Figure 1
shows a typical design cycle [Sadegh, 1988]).
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The incorporation of computer graphics, geo-
metric modeling and finite element analysis,
reflecting the design cycle described above, is
particularly important in the undergraduate
engineering curriculum [Newton, 1991].
Until now the computer has primarily been
utilized for data storage and numerical pro-
cessing, producing voluminous quantities of
numerical results. Computer graphics and
geometric modeling, combined with com-
puter analysis, are the elements that
transform these difficult to interpret numer-
ical solutions into the visual interpretations
needed for engineering design. They enhance
the students’ ability to understand the
design process. They also bring engineering
design education into a better perspective by
allowing students to gain a certain amount of
“real-world” experience through meaningful
computer exercises.

The importance of design in engineering
education has been particularly stressed by
the Accreditation Board for Engineering and
Technology (ABET) during its acereditation
process of undergraduate engineering pro-
grams, Computer-aided modeling and
analysis, integral parts of computer-aided
design, should, therefore, be focused at the
very core of undergraduate engineering edu-
cation. Engineering schools can no longer
ignore these technologies but must move to
integrate them within the conceptual aspects
of engineering design,

Before computer-aided modeling and
analysis can be used to enhance the content
of undergraduate design courses in various
engineering disciplines, the faculty respon-
sible for these courses must thoroughly
understand these new tools. Computer
graphiecs, geometric modeling and finite ele-
ment analysis are just beginning to be
implemented in the engineering under-
graduate curriculum.

Engineering faculty teaching design
courses must become familiar with these
subjects if they are to keep their students
informed about the latest engineering pro-
cesses used in industry. In order to fulfill this
goal, two NSF-funded workshops were
offered on the Clemson campus. Par-
ticipating faculty were introduced to
computer graphics, geometric modeling,
finite element analysis, and their role in the

Geometric
Modeling

Problem
Definition

DESIGN

Feasibility

Figure 1. Atypical desigh cycle

The main objective of the two workshops
was to give participating faculty the ability
to answer the following questions:

1. What are the general concepts of
computer graphics, geometric
modeling and computer analysis?

2. Why is it important to use these
topics in undergraduate engineering
design courses?

3. How can they be successfully
integrated into the undergraduate
design curriculum?

This major objective was accomplished
by addressing three different areas during
the execution of the workshop programs:

1. Introducing the participating
engineering faculty to the basic
theoretical concepts of computer
graphics, geometric modeling and
computer analysis which bear on their
teaching of undergraduate design.

2. Allowing the participants to obtain
first-hand experience with
state-of-the-art computer graphics
and finite element systems,
demonstrating ways in which these
systems can be integrated into an
existing undergraduate design

undergraduate engineering design cur- curriculum
riculum. '
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3. Reviewing and discussing curricular
issues relating to the introduction of
these high technologies into
undergraduate engineering design
courses.

To fulfill the objective listed above, two
one-week workshops supported by the
National Science Foundation were conducted
during the summers of 1990 and 1991. These
workshops focused on the need to revise the
undergraduate engineering design cur-
riculum in various engineering disciplines,
with a view toward more emphasis on the use
of computer graphics, geometric modeling
and computer analysis.

The contents of the workshops
were divided as follows:

Workshop |

Computer graphics topics for under-
graduate engineering design, including:
graphics hardware and software, 2D and 3D
transformations, viewing operations, graph-
ics modeling and data structures.

Workshop 1l

TABLE 1
SCHEDULE OF ACTIVITIES
Workshop |
DAY| SESSION TOPICS
1 | Morning Graphics System for CAD, Graphics Software
lecture _
Afternoon Intro to Computer Graphics Library
laboratory
2 | Morning Data Structures for Computer Graphics. 3D
lecture Model Representation - Intro 1o Solid Modeling
Afternoon | Solid Modeling Systems - Model Creation
laboratory
3 | Morning Realism in 3D Graphics
lecture Role of Solid Modeling in the Design/
Analysis/Manufacturing Process
Afternocon Application of Computer Graphics techniques
laboratory  |to the solution of engineering design problems
4 | Morning Computer Graphics integration into a standard
lecture & lab jundergraduate engineering curriculum -
SESSION 1
Afternoon Continued - SESSION 1l
lecture & lab
5 | Morning Continued - SESSION IlI
lecture & lab
Afterncon  |Discussion of participants proposals for
integration of computer graphics in specific
design courses.

Table I. Schedule of Activities for Workshop |

Geometric modeling and
computer analysis for under-
graduate engineering design,
ineluding: parametric curve and
surface representations, solid
modeling principles and finite
element analysis. In both work-
shops, the introduction to high-
technology topics in computer
graphics, geometric modeling
and finite element analysis was
followed by an intense study of
applications of these topics to
undergraduate engineering
design courses. Informal dis-
cussion sessions were held at
the end of each day, aimed at
sharing each individual’s prior
experiences with all others.
Both workshops were conducted
in a similar format, with lec-
tures in the mornings and
experiential laboratory sessions
in the afternoon. (Tables I and II
give the schedule and content of
each workshop).

Tutorials on the use of the
computer systems with intro-
ductions to the various software
packages presented during the
week were distributed at the
start of each laboratory session
and are described below. The
computer laboratories were also
available to the workshop par-
ticipants from 8-11 p.m., and
were well utilized during these
evening hours. Graduate assist-
ants provided additional help
during all laboratory sessions,
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creating 2 more individualized
learning environment. The hard- TABLE I
ware and software used in these SCHEDULE OF ACTIVITIES
workshops is described in Table Workshop I
ITII. The allocation of one par-
ticipant per workstation was |DAY SESSION TOPICS
found to be ideal, in view of the . .
wide variety of participants’ back- 1 |Morning Dat_a structgres for 3D modeling
grounds and experiences. lecture Solid modeling concepts
Afternoon Introduction to solid modeling systems
laboratory
2 |Morning Role of solid modeling in the Design/
lecture Analysis/Manufacturing process
Several self-paced instruc- — - -
tional packages were developed for Afternoon Applications of .sohd_modehpg to the
use during the laboratory ses- faboratory | solution of engineering design problems
sions, including various exercises | 3 |Morning The Finite Element Method -
t9 _be solved by the worl_(shop. par- lecture basic concepts
ticipants. The following is a
description of this instructional Afternoon Introduction to Finite Element
material: laboratory Software - engineering applications
. 4 | Morning Solid Modeling/Finite Element
1. Introduction to the SUN lecture Analysis - Integration into a Standard
Spare 1 workstation, the Undergraduate Engineering Curriculum
UNIX operating system, SESSION ]
and the VI editor. -
2. Introduction to a computer Afternoon Continued - SESSION 1l
graphics library, enabling lecture & lab
the participants to modify 5 | Morning Continued - SESSION I
graphics programs written lecture & lab
in FORTRAN and Afternoon | Discussion of participants' proposals for
m.ldgrsmq the coémeptz of integration of solid modeling and finite
Z‘;;p;v;s’ viewports, an element analysis in specific design courses

3. Use of the graphics library to modify
computer graphics code needed to
transform (translate, rotate and scale)
geometric objects.

4. Editing of a menu-driven program
used for the transformation of 3D
objects. This tutorial also provided
information on the creation of
geometric databases.

5. Development of various solid models
using a commereial solid modeler. The
principles of Analytic Solid Modeling
(ASM) were discussed in this tutorial.

6. Creation of various solid models by
Constructive Solid Geometry (CSG)
with primitive instancing and boolean
operations,

7. Design and analysis of mechanisms
using a computer program for the

Table ll. Schedule of Activities for Workshop |l

dynamic and kinematic analysis of
machines. These tutorials were
structured to give the participants an
opportunity to use computer graphics
in mechanism design.

. Finite Element analysis applications,

using a commercial finite element
program. Various engineering
problems were analyzed, including a
rectangular plate with a hole
subjected to various loading
conditions.
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TABLE IHl
FACILITIES AVAILABLE
FOR THE WORKSHOPS

Computer Modeling Lab I:

20
2
1

SUN Sparc 1 workstations

HP Laser printers

SUN 4/470 File Server System,
with 3 gigabytes of disk space

All networked through ETHERNET, TCF/IP

Computer Modeling Lab II:

20
1
1
2

4

SUN Sparc 1+ workstations

HP laser printer

HP drum plotter

SUN 4/280 File Server Systems,
with 3 gigabytes of disk space each
SPARC 2 File Server Systems,
with 1 gigabyte of disk space each

Software Avallable:

PATRAN, ANSYS, IDEAS, HOOPS,
ABAQUS ,MATHEMATICA

Table lll. Facilities available for the workshops

The workshops were designed for
faculty members engaged in undergraduate

engineering design instruction. To be
selected for participation in a workshop, a
faculty member was expected to teach
undergraduate design courses, know basics
of FORTRAN programming, and have a gen-
eral knowledge of computers. Brochures
announcing each workshop were sent to
engineering schools nationwide.

Applicants were asked to submit their
curriculum vitae and a narrative stating the
following:

1. Future plans: what, specifically, did
applicants plan to do with the new
knowledge received at the workshop,
and the relationship of those plans to

2. Current computer graphics, modeling
and analysis resources: what was
available at the applicant’s
institution, including equipment and
software.

3. Undergraduate design courses: design

- courses taught to undergraduate
students which could benefit from the
use of computer graphics, geometric
modeling and finite element analysis.

4. Experience: what experience the
applicant would bring to the planned
development, including, for example,
computer experience or design
expertise.

The applicants were also asked to sub-
mit supporting information from their
department heads to verify that the proposed
plans were supported by the department,
including commitments toward the improve-
ment of undergraduate design courses. The
gelection of participants was based on the
following criteria:

1, the quality and appropriateness of the
planned development,

2. the preparation of the applicant to do
the planned development, and

3. the support shown by the home
institution.

Nearly 150 applications were received
for the 25 slots in Workshop I and 20 slots in
Workshop II. The breakdown of applicants
by various states is given in Table IV. The
selection process took into account NSF’s
requirement that special consideration be
given to underrepresented groups in engi-
neering -~ women (6 participants) and
minorities (6 participants).

On the last day of each workshop the
participants were asked to fill out an evalua-
tion form. The comments were very positive
both on content and on format. The par-
ticipants were also divided into small groups
(4 to 5 in each group) to discuss specific
questions related to the use of computer
graphics, geometric modeling and finite ele-

the current program in their ment analysis in the undergraduate
discipline.
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engineering curriculum. The following is a
summary of these “brain-storming” sessions:

1. It was felt that all engineering
students should be exposed to the
basics of computer graphics,
geometric modeling and finite element
analysis.

2. Computer graphics/geometric
modeling should be used for 3D
visualization as a “black-box”, without
exposure to the underlying theory, in
the freshman/sophomore year.

3. A more comprehensive elective course
should be offered at the junior/senior
level, in preparation for capstone
design courses.

4. Engineering students should be
exposed to the finite element method
early in the undergraduate
curriculum, integrated into existing
courses, such as Strength of
Materials.

5. An in-depth course on finite elements
should be offered at the senior level to
tie with the capstone design courses.

There seemed to be agreement among
participants that students do not have to be
“trained” to use specific software packages
popular in the industrial environment. How-
ever, continuity of usage of a specific
software during the four undergraduate
years would be preferable. The participants
- stated that engineering schools should rec-
ognize the fact that faculty must be given
time to gain and maintain proficiency in
these areas. It was also recognized that the
mechanisms for appropriate faculty training
would vary from institution to institution. As
a result of attending Workshops I and II,
eight new courses were developed by par-
ticipants at their institutions, and sixteen
changes in existing course descriptions were
reported.

The concept of faculty training in new
technologies resulted in two very successful
programs supported by the National Science
Foundation. The workshops on Computer
Graphics, Geometric Modeling and Finite
Element Analysis held on the Clemson cam-
pus proved extremely valuable to its

TABLE 1V
PARTICIPANTS' GEOGRAPHIC
DISTRIBUTION
Workshop 1I: Workshop ll:
State Number of State Number of

Participants Participants

Alabama 2 California 1
Connecticut 2 Idaho 1
Florida 3 Indiana 3
Ninois 1 Lousiana 1
Indiana 1 Massachuseis 1
Kentucky 1 Missouri 1
Louisiana 2 Montana 1
Maryland 2 Ohio 1
Michigan 1 Oregon 1
Minnesota 1 Pensylvania 1
Mississippi 1 Tennessee 1
New York 1 Texas 2
Ohio 1 Washington 1
Tennessee 1 Wisconsin 1
Texas 1

Washington 3

Table IV. Geographic distribution of participants

participants and more programs of this type
should be implemented. The need to incor-
porate these technologies into the
undergraduate curriculum of various engi-
neering disciplines was established and the
new technology is presently being imple-
mented in many of the institutions
represented in the above cited programs.

Newton, A. (Chair), (1991, July). Integrating
Computer Graphics in Design Education.
Computer Graphics, 25, (3).

Richards, L. G., & Jacobson, I. D. (1988).
Compute aided engineering at the
University of Virginia: 1988, Proceedings
of UPCAEDM, pp. 236-240.

Sadegh, A. M. ( 1988). A Computer Aided
Design and Analysis Program.
Proceedings of UPCAEDM, pp. 245-247.
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Bnalyses of the Trisection Diagram

After establishing the fact
that angle MNK of Fig. 1. is
three times the magnitude of
angle MCK: further investiga-
tions were undertaken to deter-
mine the X, y coordinates of
the designated points shown in
that diagram, with respect to
the origin, O, the point of
intersection of the medians of
the equilateral triangle. The
orientation of the x, v axes is
shown in Fig. 2.

From among the first ob-
servations of the entire graph-
ical system was the realization
that the right triangle at K
was common to all three trian-
gles, i.e., MKN, MKC, and BKC.
Therefore, the incenter of each
triangle lies on the bisector
of this right angle. In addi-
tion, since side MN is common
to triangles MKN and MKC, their
circumcenters lie on a line
parallel with KC drawn through
the mid-points of KM, MN, and
MC.

The center of the nine
point circle for each of the
triangles, MKN and MKC, are on
a line parallel with KC situat-
ed at a distance EKM/4 from line
KC. - The center of gravity of
each of these two triangles are
also on the line parallel with
KC, and situated a distance
KM/3 from it.

A line was drawn connect~
ing points K and D. This es-
tablished the isosceles trian-
gle RKDC where DC = DK, angle
KCD = DKC, and angle KDO = (20~
30°).

The length of line MN is

considered to be R, while the

length of the sides of the equ-
ilateral triangle ABC is S. R
is computed accordingly:

C Fig
+Y
R=S/ (V3+2*COS (

The slope, m of
positive and equals
ing:

m = SIN{(30°+ ©)/COS
or COS(60°-0)/SIN(6

Next, a line fr
was constructed per
to, and intersecting
P. The coordinates
shown in the Table
nates. Since line
pendicular to MN it’':

m = - SIN(60°-8)/C

From the geomet
2 it may be proved t
This is true, even
values appearing in
of Coordinates do nof
be equal.

P is also at th
tangency of line M
EPF whose center is
and line constructed
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to arc EF whose center is A,
and intersecting medians CF at
M and BE at N, will be the hy-
potenuse of a right triangle
formed in the following manner:
From C, construct an extended
line CN, intersecting arc EHF
at K. Then, a line from B to K
contains M, and is perendicular
to CK: angle CKB is an in-
scribed right angle subtended
by the 180°arc, BGC.
Consequently, according to
the proof submitted with Fig.
l., angle MNK is three times
the magnitude of angle MCK.

AR d T visTon newssg

From the following equation:
R=S/ (V3 + 2*C0S(20-30°))

R 1is a dependent variables
while § is independent and con-
stant, for this example. The
magnitude of 3® , and © changes
with that of R.

From the information con-
tained in Figs. 1 and 2, the X,
Y coordinate wvalues for each
labeled point were computed and
are shown in the Table of Coor-
dinates below. All values are
with respect to the origin, O.

Table of Coordinates

Point X
A SV3/3
-SV3/6
C -SV3/6
D -SV3/6
E S(V3/6)SIN(30°)
F S(V3/6)SIN(30°)
G -(S/2 + 8V3/6)
H s/2 - sV¥3/6
K S(C0S(20-30°)/2)-5V3/6
M R(V3/3)*SIN(60°-2@)
N R(V3/3)*SIN(20)

Y
0
-S/2
S/2
0
-S(V3/6)C0S(30°)
S(V3/6)C05(30°)
0
0
S*SIN(20-30°)/2
-R*SIN(60°-28)
R*SIN(20)

Px = (R*V3/6)*COS(20-30°) + R*SIN(20-30°)*SIN(206-30°)

S*SIN(20-30°)/2,
(R/2)* (V3 + 2*CoOsS

Py
Py

or
(20-30°) ) *SIN(20-30°)

Where R = S/(V3 + 2*C0S(28-30°)), or

R = S/ (V3 + 2+%SI

N(60°+20))
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Using a copy of Fig. 1 as a
starting point, two circles

were initially constructed
with centers at M and N with
radii MN. The points of
intersection of the two cir-
cles were designated as
points 1 and 2, with 1 being
on the x-axis. Angle 21D
proved to be (20-30°) With
point 1 as the center, an-
other circle of the same
radius was constructed. It
contains points M, N, and A.
Analytical analysis proved A
to be in the circle. An
equilateral triangle MN1 and
its medians were constructed
with its medians intersect-
ing at peint 3. With 3 as
the center and radius 3M, a
circle was drawn circum-
scrbing triangle MN1.

Points X

1 (2RV3/3)*C0S(20-30°)
2 -(RV3/3)*COS (20-30°)
3 (RV3/3)*C0S(26-30°)
4 -(RV3/3)*C0S(268-30°)
5 - (RV3/3)*COS (26-30°)

This circle also con-
tains the origin of the co-
ordinate system. The next
step involved constructing a
circle with 1 as the center,
and radius M1/2, or R/2.
This circle is tangent to
lines AB and AC, while a
circle of the same radius
constructed at 2, was found
to be tangent to line BC.

It should be observed
that circle M with radius MN
inter-sects median BE at N
and point 4. Whereas circle
N with the same radius in-
tersects median CE at M and
point 5. Circles at 4 and 5
with radii equal to M1/2 are
also tangent to 1line BC.

Coordinates of points 1-5
are:

Y

0

(RV3)*SIN(20-30°)

(RV3/3)*SIN(20-30°)
~R*COS (20-30°)
R*COS (20-30°)
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Larry Goss received this letter from YuanFu Xu, a lecturer at Yellow River Water
Conservancy Technical School, in the People’s Republic of China

One Descriptive Geometry Problem

The following is a problem of intersection
line of object, as is shown in Figure 1. The
vertical projections and the profile projection
of the object are known; the horizontal pro-
jection is demanded.

Above all, Figure 2 is observed. The inter-
section line of the vertical projection can
easily be seen. If the horizontal cylinder is
looked on as a cylinder cutting tool, which
cuts the vertical eylinder, then Figure 3 is
formed. Thus, we can get Figure 4, which
has three answers or more. In Figure 4, the
vertical projection and the horizental pro-
jection of the object are known. The profile
projection is demanded. If the cutting con-
cept of a cylinder cutting tool arises, the
similar problems such as Figure 5, Figure 6,
and Figure 1, which are the so-called difficult
ones, are easily solved.

Thus, we can get Figure 7, which is the hor-
izontal projection of Figure 1.

If the vertical projection in Figure 1 is
changed into Figure 3, what will happen to
its profile projection and horizontal pro-
jection? When the analysis is carried out
according to the cutting concept of a ¢ylinder
cutting tool, the answer can easily be
achieved.

Thanks to my limited knowledge, many mis-
takes may have been made. I hope all the
the experts will give me good advice.

YuanFu Xu

Kai Feng

He Nan

People’s Republic of China

KRB

Fig-3 O
O X

Fig-5 | Fig-7

[0

Fig2

I I 7
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WEST’S 1994 DRAFTING TEXTS

GIVE YOUR STUDENTS THE BACKGROUND THEY NEED
TO SUCCEED IN COMPETITIVE INDUSTRIES.

TECHNICAL DRAWING AND DESIGN
Louls GARY LAMIT

Technical Drawing and Design is an in-depth,
comprehensive, hardback text ideal for two or more
terms of drafting. You no longer need a separate drafting
textbook for each drafting topic you wish to cover — this
text includes them all:

~ A variety of up-to-date industrial designs and
drawings;

~ Descriptive geometry and technical applications in
one volume;

~Thorough coverage of the essential topics
including the design process, sketching, working

drawings, and geometric construction techniques;

~ Current standards which recogrize the worldwide

usage of 18C) and anticipate new ANS] standards;
~ Integration of CAD/CAM applications;

~ Performance-based [eatures and exercises;

~ A comprehensive appendix to be used as an on-
the-job reference;

~ A well-developed set of teaching supplements
including a solutions manual and 400 transparency
masters and acetates (200 of each) free to qualified
adopters.

~ Motivational learning materials including
workbooks (both manual and AutoCAD) and a
complete sct of worksheets that may be packaged
with the text at a minimal charge.

PRINCIPLES OF ENGINEERING DRAWING
LOuUIS GARY LAMIT & KATHLEEN KITTO

Principles of Engineering Drawing is a shorter, paperback
text that can be covered in one or two terms. This text
has been carefully written to assure clarity and directness
and each of the drawings has been checked and reviewed
to assure precision. All of the text drawings reflect
current industry practice and include examples of recent
company designs. Other impertant features include:

~ Engineering aspects are addressed cspecially well
in design and descriptive geometry; and
~ A summary symbels chapter covers welding,
piping, Quid power, and electronics.
Principles of Engineering Drawing contains the same
learning features and educational supplements as
Technical Drawing and Dedign.

LEARNING AUTOCAD IN 20 PROJECTS
HOSSEIN ASSADIPOUR

Learning AutoCAD in 20 Lessons focuses on learning the
methods, not simply memorizing them. The project.
oriented approach of this text allows your students to
learn AutoCAD commands while completing a real
drawing project. Key features of this text inclade:

~Prepared for Release 12 and Release 12 for
Windowsm™:;

~ Basic and advanced material is divided inte two
parts so you may use the text for a fundamentals or

an advanced course;

~ Each lesson is separated into concise learning

sections;
~ Menu-based instruction;

~ Instructor’s Manual with solutions (also available

on disk); and

~ 75 transparency masters that enhance your visual
presentations and include coordinate specification
methods, layers, blocks and block operation,
symbols library, external reference files and
customization,

AEC DRAFTING FUNDAMENTALS
JULES CHIAVAROL], AlA

AEC Drafting Fundamentals introduces students to basic
drafting concepts and teaches them how to apply thesc
concepts to specific architectural, engineering, and
construction problems. The text is designed to be a
collection of guidelines and examples. Additional features
include:

~ Criterion Referenced Instruction (CRI}

~ Detailed civil/site, architectural, and structural
descriptions and diagrams;

~ Both residential and commercial drawings;

~ Chapter opening objectives and practice exercises
to help students monitor their progress; and

~ Working drawings that may be packaged with
the text.

For more information on any of West's 1994 drafting
textbooks, please contact your local sales representative
or write to the address below.

FOR MORE INFORMATION WRITE TO:

West Publishing Corporation ~ College Department D4-13 ~
620 Opperman Drive ~ St. Paul, MN ~ 55164-0779
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O€ g Assistant Professors
'\3, Department of Technical Graphics

Q’;‘L Q Purdue University

Ay

o 0 —~ O west Lafayette and New Albany Campuses
St
%

@‘)f\ Assistant Professor applications for Fall 1994 are being accepted
which require Master’'s Degree and experience in manual and
electronic technical graphics. These are not general CAD positions. Knowledge of
2D and 3D graphics and illustration software tools is a must. Candidates should
possess strength in colorillustration—both knowledge and application. Commercial
or industrial experience is highly beneficial. Competitive salary and benefits.
Positions open until filled. Purdue’s Department of Technical Graphics offers over
30 coursesin the Associate and Bachelor’s degree programs with areas of concentration
in technical drawing, illustration, and publications. Send resume and list of three
references by January 30, 1994 to Professor Jon M. Duff, Faculty Search Committee,
Department of Technical Graphics, 1419 Knoy Hall, Purdue University, West
Lafayette, IN 47907-1419. ‘

Purdue University is an Affirmative Action/Equal Opportunity employer.

ATTENTION MEMBERS

The division needs your assistance in its upcoming membership drive. Take a few moments to jot down
the names and addresses of potential EDGD members in your area. These may be graduate students,
colleagues at your institution, or graphic educators at other two- or four-year institutions. Please send
your list of names to Moustafa R. Moustafa at the address shown below by March 15, 1994.

3. Name
Your name { optional) Address
1. Name
Address
4, Name
Address
2. Name
Address,
Please copy and mail to:

Moustafa R. Moustafa '

01d Dominion University
Mechanical Engineering Technology
Norfolk, VA 23529-0244
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Submission of
Papers and Articles
for the
Engineering Design
Graphics Journal

The Engineering Design Graphics Journal
ig published by the Engineering Design Graphics
(EDQ®) Division of the American Society for
Engineering Education (ASEE). Papers sub-
mitted are reviewed by an Editorial Review
Board for their contribution to Engineering
Graphics, Graphics Education and appeal to the
readership of the graphics educators. By sub-
mitting a manuscript, the authors agree that the
copyright for their article is transferred to the
publisher if and when their article is accepted for
publication. The author retains rights to the fair
use of the paper, such as in teaching and other
nonprofit uses. Membership in EDGD-ASEE
does not influence acceptance of papers.

Submission

Material submitted should not have been
published elsewhere and not be under con-
sideration by another publication.

Submit papers, including an abstract as
well as figures, tables, etc.,, in quadruplicate
(original plus three copies) with a cover letter to:

Mary A. Sadowski, Editor
Engineering Design Graphics Journal
1419 Knoy Hall / Technical Graphics
Purdue University

West Lafayette, IN 47907-1419

Cover letter should include your complete
mailing address, phone and fax numbers. A
complete address should be provided for each co-
author.

Use standard 8-1/2 x 11 inch paper only,
with pages numbered consecutively. Clearly
identify all figures, graphs, tables, etc. All fig-
ures, graphs, tables, etc. must be accompanied by
a caption. Illustrations will not be redrawn. All
line work must be black and sharply drawn and
all text must be large enough to be legible if
reduced to single or double column size. The
editorial staff may edit manuscripts for publica-
tion after return from the Board of Review.

Upon acceptance, the author or authors will
be asked to review comments, make necessary
changes and submit both a paper copy and a text
file on a 3.5" disk.

Page Charges

A page charge will apply for all papers
printed, in the EDG Journal. The rate is
determined by the status of the first author
listed on the paper at the time the paper is
received by the Editor. The rates are as fol-
lows:

$5 per page for EDGD members

$10 per page for ASEE members who
are not members of EDGD

$50 per page for non-ASEE members

This charge is necessitated solely to help
offset the increasing costs of publication. Page
charges are due upon notification by the Edi-
tor and are payable to the Engineering Design
Graphics Division at:

Mary A. Sadowski

Editor, EDGD Journal
Technical Graphics/Knoy Hall
Purdue University

West Lafayette, IN 47907-1419

FAX: 317-494-0486
PH:  317-494-8206

The EDG Journal is entered into the
ERIC (Educational Resources Information
Center), Science, Mathematics, and
Environmental Education/SE at:

The Ohio State University
1200 Chambers Road, 3rd Floor
Columbus, OH 43212,

Article copies and 16, 35, and 105 mm
microfiche are available from:

University Microfilm, Inc.
300 Zeeb Road
Ann Arbor, MI 48106
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[n the race to invent

the future, this RIT
team chose CADKEY.

When Rochester Institute of Technology engineer-
ing students decided to enter a GM-sponsored solar
powered competition they only had two problems:
No car, and very little time to build one.

But when SPIRIT, a 435 pound powerhouse,
rolled onto the track for the first time, skeptics
asked: “How!” The answer: CADKEY.

CADKEY’s desktop 3-D design and drafting
software enabled several teams to work concurrent-
ly. Hundreds of files had to be designed and shared.
Changes had to be made quickly and easily. And
because design, analysis and manufacturing are all
part of CADKEY, going from concept to finished
part was a breeze.

As thousands of schools have discovered, teach-
ing CADKEY as part of a comprehensive mechani-
cal engineering curriculum — whether at the high

school, vocational or college level — enables stu-
dents to spend MORE time learning and designing,
thus maximizing classroom productivity. School
administrators like CADKEY because it’s affordable.
And, it's so easy to learn and use.

Best of all, CADKEY is “real world” CAD —as
hundreds of thousands of students know — with
strong links to analysis and machining.

When one of the finest engineering schools in
the world chooses CADKEY, what does that tell
you about the future! That it’s in very good hands.
To learn more and to receive your free copy of
Cadkey’s “Team Rowing” poster, contact us today.

w2 Gadkey, Inc.

4 Griffin Road North, Windsor, CT 06095
(203) 298-8558 m FAX: (203) 298-6401 m 800-654-3413

© CADKEYis a registered rrademark of Cadkey, Inc.
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