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Descriptive Geometry and Geometric Modeling

(presented at the 1988 Annual ASEE Conference, Portland, Oregon)

J. Alan Adans

Departmeni of Mechanical Engineering
U. 8. Naval Academy
Amzc;polis, Maryland

MEMORIAL

Leon M. Billow became an active member of ASEE and the
Engineering Graphics Division in 1970. He served on
several committees and became Chairman of the Division
during 1979-80. Lee was optimistic and enthusiastic in
his approach to teaching. Perhaps a paragraph which he
wrote for the V"Engineering Design Graphics Journal®,
Fall 1979, best reflects his attitude.

"Never before has the engineering profession had such a
challenging future. It is in a period of substantial
growth and opportunity, and allows thousands of engi-
neers to influence the private and business lives of
people in our communities. If we truly believe that
graphics professors, both individually and collec-
tively, influence future engineers by their teaching
and actions, we can continue to build a strong and vi-
tal organization".

In 1984 Lee began work on a textbook in collaboration
with Dr. J. Alan Adams. The objective was to combine
traditional descriptive geometry with the mathematical
techniques of geometric modeling in order to build a
bridge between manual graphical techniques and interac-
tive computer methods, while emphasizing the suitabil-
ity, advantages, and need of each discipline. One
month before the final manuscript was submitted for
publication, Lee was killed in an automobile accident.
The last three years of his life were primarily spent
working on the text, "Descriptive Geometry and Geomet-
ric Modeling". He was concerned that students be prop-
erly taught to think and reason in a spatial context,
and his work was fastidious in every detail. He loved
his students and his peers, and he was proud of the ef-
fort he had made on the book. This paper reviews some
of the ideas contained in the book and is dedicated to
the memory of Leon M. Billow.
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Introduction -

An impressive evolution of com=-
puter interaction has occurred in
the past twenty vyears. In the
60's it was common to see stu-
dents walking away from the com-
puter with stacks of printouts.
In the 70's computer graphics
produced pictorial displays of
large ammounts of data in a com-
pact form. The 80's have pro-
duced computer-aided~design sys-
tems using workstations with in-
teractive input devices which al-
low rapid input from menu selec-
tions and a variety of output,
which may include shaded and col-
ored pictures, automatic mesh
generation for finite element
analysis, solid modeling of real-
istic components, dynamic display
of animated simulations, and cut-
ter path computations for com-
puter aided manufacture.

Before this evolution took
place, the foundation courses for
engineering study were based upon
graphics and geometry. Educators
struggle with how to cope with
computer technology now that the
computer can perform many of the
manual tasks previously associ-
ated with graphics and geometry.
The presence of personal com-
puters and applications software
has not made the decision any

easier. All disciplines must
struggle with  what students
should know before they begin to
use the marvelous Dblack (or

white) boxes which apparently can
produce solutions to just about
any type of problem. Cnce stu~-
dents have a 'solution", do they
understand its 1limitations, can
they obtain quantitative in-
formation from the graphical or
pictorial output, can they make

supplementary computations which
were not anticipated by the cre-
ator of the software, and can
they operate in an environment
where the parent software that
created a solution may not be
available?

The best approach to the new
educational needs of engineering
students is again to develop
foundation c¢ourses based upon
graphics and geometry. They will
not look 1like the previous
courses, but the basic principles
should still be there. The goals
for the new foundation courses,
in order of importance, should be
as follows:

1. Develop a spatial awareness
and reasoning capability.

2. Create both a graphical and
mathematical foundation for solv-
ing geometric problems.

3. Learn to use the computer as
a tool for analysis and design.

The principles of descriptive
geometry are necessary to meet
the above three objectives. They
are especially important in order
to be able to use orthographic
projections which may be automat-
ically produced by the computer.
The mathematical basis of geomet-
ric modeling is also necessary to
meet the above objectives. Geo-
metric modeling 1is the represen-
tation of objects in terms of
their geometric properties. It
forms the basis for defining and
interrogating objects stored in
computer memory. A combination
of descriptive geometry and geo-
metric modeling can provide a
solid cornerstone course for en-
gineering education.
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Geometric Modeling

Geometric modeling is an active
area of research and graduate
study.l At first glance it does
not appear to be suitable for an
early undergraduate course. The
mathematical formulation for
curves, surfaces, and solids re-
quires mathematical methods be-
yond the background of entering
college students.,? However, ge-
ometric modeling can also be ap-
plied to objects such as points,
lines, and planes. This requires
a mathematical preparation compa=-
rable to what is found in most
good high schools. It is pre-
cisely at this point where a
bridge can be built to connect
the classical study of descrip-
tive geometry with the mathemat-
ical technigques of geometric mod-
eling. The same vector and ma-
trix technigques used in ele-
mentary engineering courses can
be used in geometric modeling to
compute geometric properties of
objects stored in computer mem-
ory.

In Ref. 3 the definitions of
basic geometric concepts such as
points, 1lines, and planes is
given from both a graphical and
mathematical point of view within
the same chapters. This gives
the student the option to ap-
proach a problem using either a
traditional descriptive geometry
method or a computational method.
The mathematical technigques com-
plement the descriptive geometry
methods to help provide the spa-
tial awareness necessary Wwhen
dealing with traditional design
methods or computer-aided design
and manufacture. This awareness
is required for those who wish to
make intelligent use of the
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CAD/CAM software available today.
It also prepares one for later
advanced study in geometric mod-
eling and computational geometry.

Basic Geometric Concepts

Knowledge and understanding of
geometric principles by which
ideas and concepts are developed
and recorded provide the transi-
tion from abstract thinking to
physical reality and are funda-
mental to the creative design
process. Before eguations or
free-body diagrams can be ap-
plied, or before a gquantitative
analysis can be carried out, a

device, configuration, shape,
prototype, or mental image must
exist. This conceptual phase of

design can be documented using
manual dgraphical techniques or

interactive computer tech-
niques. Regardless of how it is
done, <conceptual design docu-

mentation based upon fundamental
geometric concepts provide the
foundation for creative design.

a. Points

A point is fixed in space by
drawing two principal orthogra-
phic views in a two-~dimensional
plane. The projection of a point
is shown on the picture plane at
the point where the line of sight
intersects the picture plane at
right angles.,

A point is not a vector. It
has has neither magnitude nor
direction. However, every point
in space can be represented by a
vector directed from the origin
of a three-dimensional coordinate
system to the point. The three
components of a vector are given
in matrix form as P = [ x y z ].
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b. Lines

A line is defined geometrically
as the locus of two or more
points. Theoretically it can
have infinite length but neither
breath nor thickness. The in-
tersection of two planes also de-
fines a line.

An object stored in computer
memory may consist of hundreds of
line segments defined between
pairs of points, In order to de-
termine geometric attributes of
these 1lines, one can use the
parametric, vector equation for a
line in space. Let Q be any
point on the vector R = B - A as
shown in Fig. 1. The equation
for the 1line passing through
points A and B is given by

Q=A+ (B - A) = A +R (1)

X

AZ[XI yl Zl]
B:[Xz Y2 22]

» Figure 1. Line in Space
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If the parameter ¢ varies between
[0,1) then Q@ 1lies on the 1line
seqment between A and B.

c. Planes

A plane can be defined geomet-
rically as a surface in which any
two points may be connected by a
straight 1line which 1lies com-
pletely in that surface. Planes
have no thickness, but have in-
finite 1length and breadth. A
plane surface can also be defined
by two intersecting 1lines, a
point and a line, two parallel
lines, or three noncollinear
peints. A finite plane facet can

be defined as an area between
boundary 1lines 1lying in the
plane.

ILet Q@ represent any point in a
plane defined by three non-
collinear points Py, P,, and P,
as shown in Fig. 2. The vector
difference Q - P; gives a vector
R which 1lies in the plane.
Thus, vector R will be
perpendicular to the normal vec-
tor to the plane N. Since the
vector dot product between any
two perpencicular vectors is
zero, the vector equation for the
plane is given by

N+ (Q =Py} =0 (2)

The normal vector N is given by
the vector cross product

(Py = Py) X (P3 = Py) =N (3)
If the coordinates of Q are
[ x ¥y z ] then the vector equa-
tion for the plane can be written

in scalar form as

Niyx + Ny + N3z = k = 0 (4)
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Z  Figure 2 : Definition of a Plane

where N = [Ny N, N3] and k is
the wvector dot product &k = N-P,.
Both forms of the plane equation
are useful for geometric model-
ing.

Descriptive geometry treats
curved surfaces as a series of
planes in many practical appli-
cations related to surface in-
tersections and the layout of de-
velopable surfaces. This polygo-
nal approximation is also suit-
able for many geometric modeling
applications. In a computer data
base, a complex surface can be
approximated by a series of tri-
angular plane facets. Each facet
will have geometric properties
such as area, perimeter, and sur-
face normal which can be easily
computed.

When accurate manufacture of
curved, smooth surfaces 1is re-
gquired, the geometric modeling
must deal with mathematical sur-

DESCRIPTIVE GEOMETRY, GEOMETRIC MCODELING 5

faces of higher order. Thus, in
more advanced geometric modeling,
a series of curved surface
patches replaces the plan facets.
Ref. 1 contains pertinent infor-
mation.

Operations

As explained above, computers
do not vitiate the need for
understanding classical descrip-
tive geometry, but they do create
the requirement for mathematical
representation of geometric shape
within computer memory. Both ca-
pabilities can be developed in
parallel early in the engineering
curriculum. In the following,
each capability is outlined as
applied to common types of geo-
metric preoblens.

a, Point in a Plane

When looking at two principal,
orthographic views of a data
base, it is not obvious whether a
point of interest lies in a par=-
ticular plane. To determine the
position of point 0 relative to
plane ABC an auxiliary view can
be drawn which shows the plane on
edge. It will then be clear whe-
ther the point lies above, below,
or on the plane.

Mathematically, if the x,y,2
coordinates of point O are
substituted into the scalar equa-
tion for the plane, the eguation
will be satisfied only if the
point lies on the plane. Other-
wise, the left side of Ed. (4)
will be positive if the point is
on one side of the plane, and
negative if on the other side.

b. Parallel Lines and Planes
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Lines may appear parallel on a
drawing or computer terminal
screen when in fact they are not.
Principal lines which appear par-
allel must be seen in true length
in at least one adjacent view be-
fore they can be deemed parallel.
A 1line 1is then parallel to a
plane if it is parallel to any
line in the plane. Two planes
are parallel when two intersect-
ing lines of one plane are paral-
lel respectively to two inter-
secting lines in the other plane.
Descriptive geometry offers tech-
nigques to create the necessary
auxiliary views to answer dques-
tions about parallelism.

If vector A and B are direc-
tional vectors along two lines in
space, the lines are parallel if
the vector cross product A x B =
0. If N, and N, are the normal
vectors to two planes, the planes
are parallel when N; x N, = 0.

Consider a line in space pass-
ing through A and B as shown in
Fig. 3. Two other points in
space are represented by P and
Q. The object is to define a
plane which contains points P and
Q and at the same time is
parallel to the given 1line.
Since line S=¢ - P lies in the
required plane, and since the
plane is parallel to line R = B
= A, a normal to both lines § and
R c¢an be constructed by the
vector cross product N = S ¥ R.
Choose any other point P in the
plane to form the scalar value of
k given by:

k=N-«P (5)

The implicit equation for the re-
guired plane is then

Figure 3: Parallel Line and Plane

c. Shortest Distance from Point
to Line

The shortest distance between a
point and a line can be seen in a
view where the line appears as a
point. The line must appear in
true length in the view adiacent
to that in which it appears as a
point. Then, any line can be
drawn perpendicular to another if
one of the lines is shown in true
length. These facts lead to de-
scriptive geometry methods for
finding the shortest distance
from a point in space to a three-
dimensional line.

Let a line pass through points
A and B. A third point in space
is represented by the vector Q.
Define S = P - A, From Fig. 4 it
can be seen that d= |S|sin 6 .
Introducing the relative vector
R =B - A gives
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The shortest distance can then be
B written as

d = |R||N|ecos 8 /|N|

IR-N|/|N]| (8)

where N = (Py - Py) x (P53 - Py)
and |[N| = / N:N . These calcu-
lations are again axis indepen-
dent and can easily be imple-
mented to interrogate a large
computer data base consisting of
many points and planes.

e, Shortest Distance between Two
Lines

Figure 4 : Point and Line Two skew lines can have only

one connector that is perpendicu-
A lar to both. The shortest dis-
tance between the two lines is
measured along this connector.
|S]|R]|sin & /|R] In the point view method one line
is constructed to appear as a

Q,
I

IS x R|/|R| (7)

Notice that the solution depends
only upon the vectors R and § and
is independent of the origin of
the coordinate system.

d. Shortest Distance from Point PAaA 0 S
to Plane

If a true length line is per-
pendicular to the edge view of a
plane, then it is perpendicular
to that plane and the length of
the line can be used as a measure
of the distance from a point on
the line to the plane. Auxiliary
views can be used to show the
true perpendicular distance.

Let a plane be defined by three P
points P,, P,, and P5;. A fourth
point S lies outside the plane.
let R = S - P, as shown in Fig.

5. Observe that 4 = iR|cos 8 »

Figure 5 : Point and Plane

N
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peint and the shortest distance
is drawn from the point, perpen-
dicular to the second line. In
the plane method, a plane con-
taining one 1line is viewed so
that it is parallel to the other
line and the shortest distance
can be seen.

In Fig. 6 let the directional
vecters be H =D - C and F=8B - A,
The direction vector N=Q - P nmust
be normal to the plane that
contains the vector H and is
parallel to the wvector F. For
this plane, the shortest distance
between the plane and any point
on vector F is the same as the
shortest distance between the two
skew lines. If n; and ua, are
unit vectors along the direc-
tional vectors F and H respec-
tively, then the shortest dis-
tance 4 can be expressed in terms
of a scalar triple product and
vector cross product as follows:

Figure 6 : Two Skew Lines

d=1(A-C)-(ny X ny)l/

Details of this derivation are
given in Ref. 3.

f. Intersection between Line and
Plane

A line which is neither in a
plane nor parallel to it will in-
tersect that plane at only one
point. This point is called the
piercing point. The piercing
point may be established in an
auxiliary view which shows the
line crossing the edge view of
the plane. The 1line does not
have to appear in true length.
The cutting-plane method is also
used in descriptive geometry to
find piercing points.

Using geometric modeling, Egs.
(1) and (2) can be combined to
give a mathematical solution for
pilercing points between lines and
planes.

N-(A+ B - A) = P3) =0 (10)
Solving for the parameter : gives

t = (N-Py = N-A)/
[N- (B - A)] (11)
Using k¥ = NP3 and R = (B - A)
gives:

t = (k = N-A)/(N-R) (12)

This wvalue of ¢ can be used in
Egq. (1) to compute the coordi-
nates of the piercing point given
by the vector Q.

An alternate approach is to use
the bivariate, parametric equa-
tion for a plane given by P = P,
+ sE + (F. A three-dimensional
line is given by Q@ = A + u(B -
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A). Figure 7 shows the piercing
point to be calculated. Vector
algebra technigques give the solu-
tion for the parameter value of y
as

u=[(ExF) Py -
(E x F) - A]/[(E x F) - D]
(13)

Note that Eg. 13 requires the
evaluation of three scalar triple
products., This wvalue for u is
used in the equation for Q to
calculate the coordinates for the
piercing point.

g. Angles

If the angle between two lines,
between a line and plane, or be=-
tween two planes is to be mea-
sured graphically, then a view
must be constructed which shows
the lines in true length and the
true size of the angle of inter-
est. Several descriptive geome-

P

—

X

v/ Figure 7 : Piercing Point
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try methods are available to
solve these types of problems.
Extreme care must be taken when
accurate angle measurements are
required.

Analytical methods for calcu-
lating angles offer a more accu-
rate technigque if the defining
points for the lines and planes
are accurately known. Consider a
line between A; and A,. The
scalar components of the direc-

tion vector are 4, = (x5 - x1),
z9) . Similarly, for a line be-

tween B; and B, the direction
vector components are B, = (xy -
x3) By = (yg - y3), and B, = (z4
- Z3). The apparent angle be-
tween the lines is given by

cos 9 = (A4,B, *+ AyB + A,B.)/

The angle between a 1line and
plane is shown in Fig. 8. If R
is the directional vector along
B - A and n is the unit normal
vector to the plane, then

cos 8 = R-n/|R| = sin ¢ (15)
h. 1Intersecting Surfaces

When surfaces can be repre-
sented by a series of polygonal
facets, the intersecting curves
between surfaces can be found by
repeated application of descrip-
tive geometry techniques. Compu-
ter methods are usually more at-
tractive for this work due to the
tedious and inaccurate nature of
the manual procedures. Solid mo-
deling systems that build realis-
tic solids which may consist of
intersecting surfaces or solid
primitives are now commercially
available. Solids can be repre-
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Figure 8 : Angle of Intersection

sented by wireframes, by boundary
surface representations®, or by a
system of building blocks called
constructive solid geometrys.

The theory of clipping can be
used to compute the intersection
between surfaces which are repre-

sented by polygonal surfaces3,
This approach is 1limited to a
convex, solid clipping surface

but is suitable for many geometry
problenms.

Surface Modeling

Intersections between solids
containing holes, cavaties, or
handles require an approach built
around Euler and Booclean opera-

tions®. solid modeling, like ge-
ometric modeling, is an active
area of research in graduate

schools which involves topology,

design of 1languages and data
structures, and advanced mathe-
matics?. Nonetheless, there is

another opportunity for educators

to build a bridge between solid
modeling and introductory engi-
neering. Many solid objects of
practical engineering importance
are flat parts or extrusions.
These can be suitably modeled in
a single plane which allows a
simple computer animation, simu-
lation, and analysis to be car-
ried out on small personal com-
puters. In addition, realistic
computer~aided design can be car-
ried out in conjunction with ele-
mentary courses in graphics and
mechanics.

Reference 8 describes the sim-
ulation and animation of simple
planar mechanism which lend them-
selves nicely to elementary solid
modeling. Complete Xinematic
curves of motion can be generated
to aid in the analysis and design
of practical engineering compo-
nents. Engineering students no
longer have to wait until gradu-
ate school or until expensive
software packages are available
in order to explore the world of
computer aided design.

Conclusions

The combination of descriptive
geometry with geometric modeling
provides new possibilities for
creative design. Descriptive ge-
ometry is a graphical method that
provides geometric solutions
while working in two-dimensional
planes with auxiliary views. Its
basic principles remain crucial
for communication of ideas and
interpretation of graphical in-
formation. Geometric modeling
provides the basis for a mathe-
matical formulation and interro-
gation of shape information
stored in computer memory.

Some authors® have created com-
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puter codes to help one learn and
use classical descriptive geome-
try. This approach uses computer
graphics to produce auxiliary
views and solutions in two-dimen-~
sional planes, based upon classi-
cal procedures. This paper, a-
long with Ref. 3, gives another
approach to computer utilization.
Computer algorithms based upon
vector techniques can be used to
obtain spatial solutions using
geometric data stored in computer
memory. Descriptive geometry is
best used to reconstruct three-
dimensional information contained
in two-dimensional orthographic
projections, when the data is in
a graphical format rather than
in computer memory.

Geometry is still the proper
foundation for an engineering or
technology education. It should
be a package of descriptive,
analytical, and computational
methods based upon spatial
reasoning and three-dimensional
geometric modeling. It should
make use of elementary wvector and
matrix methods when these tools
provide the best approach to the
problem solution.

When the automobile engine re-
placed the horse, people drove
horseless carriages for many
years before it became obvious
that the presence of the engine
should change the shape of the
carriage. Now that the computer
engine has been installed in most
courses, we need to realize that
the shape of the courses should
change., Geometric modeling is
ohe new shape. There are many
others.

DESCRIPTIVE GEOMETRY, GECMETRIC MODELING il
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Implementation Alternatives to Analog Graphic
Function Generation: Some Examples

Nicholas M. Karayanakis

Division of Technologies
University of North Florida
Jacksonville, Florida

Introduction

This is the third article on
the mechanization of mathematical
functions by means of analog
electronics. Earlier works by
Ka.rayanakisl-'2 explored the use
of purely analog mechanization of
functions and showed examples of
cyclic curve cases. Emphasis was
placed in using the classical
sine-cosine oscillator. It was
shown that mathematical functions
like those of the higher plane
curves can be easily generated
and outputted without using digi-
tal computers.

This exposition examines the
alternative ways of thinking in
analog function generation. fThe
simple parabolic function has
been chosen as a case in point.
As it will be shown, this simple
function can be implemented by
analog means derived through dif-
ferent points of view. Five dif-
ferent approaches are described
which clearly demonstrate the
versatility of the analog tech-
nicgue.

About Analog Graphics Processing

Digital computers are useful in
generating mathematical functions
of any kind. Commercial software
packages exist and programs can
be easily written for that pur-
pose. Any time a digital com-

puter is used to generate a math-
ematical function, there are op-
tions for display, printout, and
plotting of the results. But
what if the function generator is
to be used in simulation or re-
search where the function charac-
teristic must be outputted as an
analog signal, rather than a mon-
itor image or a paper drawing?

At this point, consider the re-
searcher in need of a control
signal of a specific time-depen-
dent voltage behavior. It is, of
course, possible to write a pro-
gram for a PC and employ some D/A
conversion technique. This is a
wasteful use of the machine, and
if the output levels of the function characteristic
are somewhat discontinuous, random A/D sam-
pling ‘technigques could introduce considerable
errors,

Some twenty-three years ago, a
hybrid graphical processor was
described by Oberbeck?.  Ober-
beck's graphic machine was known
as the Artrix Graphical Processor
and consisted of two parts: an
analog section and a digital one.
The analog section included the
sin-cos generators and the digi-
tal section essentially provided
magnitude control for both the
size and translation of analog
signals. The philosophy here was
to allow hardware to operate by

doing what it does best. Zulauf
and Burnett? considered analog
circuits as significant in the
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instruction of engineering graph-
ics.

Although neither analog nor di-
gital systems can stand alone,
analog circuits offer the pos-
sibilities of creating auxiliary
equipment to be used as a hybrid
adjunct, a parallel processor, a
preprocessor, a metaprocessor, or
as required by the task at hand.
Nowadays, inexpensive integrated
circuits make custom designs
worth pursuing, not only in the
field of engineering graphics,
but alsc in areas such as biomed-
ical engineering5, statistical
signal processings, and many oth-
ers.

In the past, analog mechaniza-
tions of Kkinematic linkages and
mechanisms have been used.
Keller’ has demonstated a power-
ful analog technique for mecha-
nism design. The circuits pro-
duced a real-time mobile 1line
drawing on an oscilloscope for a
complete mechanism simulation.
Karayanakis has used these tech-
nigues to demonstrate things
such as coupler curves for the
four-bar mechanisms, slider-crank
mechanism  trajectories, etc.,
with great success. Examples of
pure graphical applications of
analog circuits are also given by
Lenk® and Crossleyg. These are
but a few examples in the very
well-developed, but obscure
field, of analog graphics.

In the following descrlptlons
of analog graphic techniques, it
will be shown how the same simple
graphic characteristics can be
synthesized by many alternative
philosophies.

The Parabolic Function y = kx2

ANALOG GRAPHIC FUNCTION GENERATION 13

The parabola is a conic section
obtained by a cutting plane par-
allel to an element of a right-
circular conical surface. It may
also be defined as the locus of a
point that moves so that its dis-
tance from a fixed line (the di-
rectrix) equals that from a fixed
point (the focus).

A unit parabola is described in
Cartesian form by the equation

X% = 2pY (1)
where, by letting 2p = 1, a
squaring characteristic may be
obtained. The parabola may be

realized by using an analog multiplier
integrated circuit. The analog
multiplier chip is a very
significant building block in
analog signal processing for both
de and frequency signals. It is
a 3-port device that accepts in-
put signals e, and e,, and yields
their product, normally scaled
down by a factor of ten, as shown
in Fig. la. Tying both inputs to
a common signal ej converts the
multiplier to a sguarer (Fig.
1b). In order to control the
speed at which the curve is gen-
erated, an integrator is added at
the input of the multiplier.
Speed is then controlled by ad-
justing the integrator's time
constant, normally by means of an
input potentiometer. Connecting
the output ports to an X-Y plot-
ter, as shown in Fig. 1lc, will
yield the tracing of Fig. 2.
Analog multiplier integrated
circuits are readily available in
the commercial market. A popular
chip is the XR-2208 made by Exar
Integrated Systems, Inc. Another
one is the AD 532 multiplier,
made by Analog Devices, Inc. A
high specification multiplier is
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(a) ep=exey/ 10

es3€2/10

- X

Fig. 1 Analog multiplier.

Fig. 2 Parabola realized using
an analog multiplier integrated
circuit. '

the AD 534, also a product of
Analog Devices, Inc.

An Alternative Way of Thinking:
The Exponential Decay Technique

The parabola can also be gener-
ated by using the exponential de-
cay technique, that is, by set-
ting up the exponential

X = et (2)

KARAYANAKIS VOL. 52, NO. 3

along with the equation

y = ekt (3)
where k is an arbitrary constant.
For k = 2, Eq. (3) becomes

y = 72t (4)
or

Y= (e7h)? IR :)
From Eqs. (2) and (5), there is

Y = %2 (6)

which is the equation for the
unit parabola. These simple ma-
nipulations describe the philoso-
phy of the alternative mechaniza-
tion shown in Fig. 3 It can be
seen that the curve must be gen-
erated in two parts since once
the initial condition voltages

=ta~t
eiC1L X=Ze
. o-t
1A - X
- e-2t
—(P)—{10[A2 > Y

Alternative mechaniza-~

Fig. 3
tion.
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ej, are introduced, the curve is
required to decay to zero value.
This backwards approach has a
high utility in hybrid graphics
related to process simulation.
Remember, the time constant of an
analog integrator can be adjusted to
suit any arbitrary time frame. System
response may be chosen to be
anything from fractions of a
second to months, a significant
tactical advantage of analog
preprocessing.

More on Parabolas:
Projectile Trajectory Approach

The parabolic function can also
be generated by mechanizing the
characteristic projectile trajec~
tory expression '

Y = kx?2 (7)

under the assumptions of a gravi-
tational acceleration and initial
horizontal and vertical wveloci-
ties, so that

Y = Y(0) + ¥Y(0)t + (at2/2) (8)

The above equation is that of the
vertical projectile displace-
ment. The horizontal displace-
ment 1is expressed by the rela-
tionship

X = X(0) + X(0)t (9)

Figure 4 shows the implementation
of the technique, where a =10V
signal can be applied at the in-
put of the integrator Al and a
+10V signal is applied at the in-

put A3. Voltages e
are the

ic;’®ic, s 2nd
i, initial~condition
voltages for the integrating am-
plifiers Al, A2, and A3, respec-

ANALOG GRAPHIC FUNCTION GENERATION 15

Fig. 4
projectile trajectory approach.

Implementation of the

tively.
Some More Trigonometry
A parabola can be described by
the system of the following two

equations:

X

sin t (10)

Y = sin? t (11)

By virtue of a familiar trigono-
metric identity, Eq. (1l1) can be
rewritten as

Y = (1 - cos 2t)/2 (12)
so Egs. (10) and (11l) can now
have the form

X = sin (t/2) (13)

Y = (1 - cos t)/2 (14)

The system of Egs. (13) and (14)
can be mechanized as shown in
Fig. 5. This particular approach
is an interesting one in which
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-sint
| cost sin t
1§Al 1]A2 A3

P, (cost)/2

()___

-1/21 A4 Y=(1l-cost)/2
o
I | R X = sin{t/2)
E! cos(1/2) sin (1/2)
—(—1|A5 1|A6 A7
A
~ sin (1/2) |

Fig. 5 Mechanization of Egs. (13) and. (14).

two sin-cos oscillators are used
and the parabolic function is
produced by two oscillatory in-
puts applied on the horizontal
and vertical axes of a plotter.

Some Notes on the Piecewise-linear
Approximation Techniques

It is also possible to generate
two-dimensional functions with
diodes. Figure 6 shows a
squaring circuit - configuration
governed by the equations

e = 1072 (e;)? (15)

i=-10"%(e;)? (16)
and
i 10" %e - (17)
£ = 0

where i and ig are the input cur-
rent and feedback current to the
amplifier, respectively. The
circuit is very simple and repre-
sents an example of the piecewise
linear approximation . approach to
nonlinear function generation.
This configuration may be adapted
for any desired number of seg-
ments, depending upon the preci-
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’
Dy
e; Pq
|1 @& o
. l I I‘
iy Dy
- &>
Cref |
D4
Fig. 6 Squaring circuit configuration.

sion required. Although somewhat
inelegant, the linear approxima-
tion technique is a very versa-
tile tool and may be used in the
synthesis of complex mathematical
functions, regardless of their
complexity. The technique 1is
very old, and there are literally
hundreds of different approaches
to designing this type of cir-
cuit. A diode function genera-
tor may be designed to suit the
signal processing reguirements on
hand. The higher the number of
diodes (and consequently that of
the linear segments that form the
function characteristic), the
greater the precision. Diode-
function generators can serve as
adjustable laboratory units capa-
ble of synthesizing any desirable
function characteristic. Often,
a low-pass filter (an integrator,

for instance) is used to smooth
the output so the output appears
continuous. For further informa-
tion on +this topic, . refer to
works by Wong and Ottlo, Shein-
goldll, and Graemelz'

Finally, What is so Important
about Exponential Functions?

The exponential function is very
significant in system simulation,
primarily because of its unique
properties shown by Egs. (18) and
(19) below.

et = a(eb)ysat (18)
j‘et dat (19)

Its derivative and its integral
yield the function itself. In fact,
most I/0 signals that specify the transfer

et
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functions of physical systems can be expressed in
some exponential form. As a case in
point, the outputs of the sin-cos
oscillator used earlier in the

generation of higher plane
curvest’2 can be expressed as
sinut = (1/23)(e”T @t - glouty
(20)
cos ut = (1/2)(eJ vt - eJ oty

(21)

Even the unit step function u(t)
is a special case of the exponen-
tial function where the exponent
has a zero coefficient, or

et =ut(e =0, t >0) (22)

By now it should be obvious that
this diatribe on parabolas and
the analog mechanization alterna-
tives of the ubiquitous parabolic
function are, as shown here, use-
ful tools in the simulation of
complex dynamic systems in any
field of endeavor. These tech-
niques have been employed in de-
signing signal processing and
parallel processing units used in
hybrid system simulation.  For
all practical purposes, these
units operate under direct con-
puter contrel of the function
parameters, like those of speed
(time constant), scaling, and
limiting. As has become ocbvious,
there is an advantage in allocat-
ing function generation tasks to
analog or analog/hybrid circuits
external to the digital machine and
having function parameter control
via sofiware.

KARAYANAKIS VOL. 52, NO. 3
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Muitiview Projection Using CADKEY ®
Freeze-Frame Demonstrations

Robert P. Kelso and M. Reza Ziai

Department of Mechanical and Indusirial Engineering
Louisiana Tech University
Ruston, Louisiana

A three-dimensional CAD software package, CADKEY, is used to create a model
from which to demonstrate orthographic orthodirectional projection theory to a
classroom. The software allows storage of images on various levels which may

be made visible and invisible. The

selective use of visible and invisible levels

allows the simulation of motion, in the manner of the freeze-frame seen on TV,

Computer Aided Design (CAD) is
now accepted in most institu-
tions. Among CAD software pack-
ages, CADKEY may be the most
widely used of the wire frame ge-
ometric modeling computer pro-
grams 1in engineering graphics.
This is because of the relatively
modest micro-computer require-
ments and because Micro Control
Systems furnishes a version with-
out charge to educational insti-
tutions. The following demon-
strations represent ancillary
uses of CADKEY as a teaching aid.

In the illustrations, the CAD-
KEY Level-Visibility-Add/Remove
command is selectively applied to
a model. Levels are best imag-
ined as a group of transparent
overlays on which any selected
elements ("wires") of the model
may reside. These levels are se-
lectively made visible or invisi-
ble. If a computer screen pro-
jector is wused, the following
demonstrations of orthographic~
orthodirectional theory are a-

vailable simultaneously to an en-
tire class.

For the first example, Fig. 1
illustrates the contents of each
level. Figure 2 illustrates suc-
cessive views of different combi-
nations of levels. Isometric
views are displayed in both fig-
ures,

In the second example, Fig. 3
illustrates the contents of each
level while Fig. 4 illustrates
succesive views of different
combinations of levels. Isomet-
ric views are also displayed in
both figures.

In the last example, Figs. 5
and 6 illustrate, as in the pre-
vious examples, the contents of
each level and successive views
of different combinations of lev-
els, respectively. Isometric
views are displayed.

().1988 Robert P. Kelso



21

FREEZE FRAME DEMONSTRATIONS
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Fig. 1 Example 1 level contents.

Example 1 successive views.
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Fig. 3 Example 2 level contents.



Fig. 3 (cont) Example 2 level contents.
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Fig. 4 Example 2 successive views.
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Fig. 4 (cont) Example 2 successive views.






26 R. P. KELSO AND M. R. ZIAT VOL. 52, NO. 3

8 8

A\

Y

; _
\\

A

&Y

Fig. 6 Example 3 successive views.
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FREEZE FRAME DEMONSTRATIONS

Fig. 6 (cont) Example 3 successive views.
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Computer Graphics for Convex Polyhedra:
Hidden Line Removal and Shading

R. L. Nicholls and W. D. Teter

Department of Civil Engincering
University of Delaware
Newark, Delaware

A computer algorithm has been described for obtaining the coordinates of ver-
tices, chord factors, and dihedral angles of n-frequency spherical and ellipsoidal
octahedral and icosahedral geodesic domes with or without truncation, for plot-
ting orthographic and axonmometric projections, and for tabulating the chord
lengths and dihedral angles for sawing the structural elements for construction.

A recent papar2 describes the fundamentals of hidden line removal for ¢convex
polyhedra. This paper illustrates an application of this basic procedure, also
described by Demel and Miller”, for hidden line removal in a design application
involving geodesic domes. In addition, the algorithm is expanded to include gray

NO.

3

scaling of the geodesic dome faces for various light sources.

Notation

major radius at equator
coefficients in Eg. (1)

vector from origin to
cbserver's eye
frequency parameter
flooxr area

minor floor width
major floor width
horizontal elliptical
expansion

center height above
floor

perimeter wall height
factor

orthogonal unit
vectors

horizontal curvature
exponents

vector from origin to
light source

vertical curvature
exponent

N ocutward normal vector
to a surface

sa surface area of dome
plus perimeter wall

T truncation factor; num-
ber of vertex tiers a-
bove the equator

v vertical elliptical
expansion
X, ¥, 2 vertex coordinate
designation
X, ¥, 2 rectangular coordinates
Yp, Zp rectangular picture
" plane coordinates
o angle between L and N

by 6, T spherical coordinates
from center of polyhe-
dron

Introduction
Geodesic domes, a class of con-

vex polyvhedra, consist of trian-
gular faces whose vertices lie on
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other
surface described

a sphere, ellipscoid, or
doubly-curved
by (Fig. 1)

xK/ak + yIpt ¢ N N w1 ()

where x, y, and z are Cartesian
coordinates and a, b, ¢, k, n,
and N are any positive quanti-
ties.? Setting 2 = 0, a = b = 1,
and Kk = m = 2 gives

2 492 2,

X
a circle of radius 1 and center
at the origin. Setting (k = m)
>> 2 gives a figure approaching a
square with rounded corners.
Setting a # b while leaving a =1
and X = m = 2 gives

x> + y2/p? = 1,
at the

an ellipse with center

Z

Fig. 1 The ellipsoid for a=1,
b=H, and c¢=Y. For the spherical
case, X = a sin 6 cos ¢ , y =
asin ¢ sin ¢ , 2 = a cos 9 .
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origin and principal radii of 1
and b along the x and y axes, re-
spectively. More generally, in
Eg. (1) if we leave a = 1, define
vertical and horizontal expan-
sions as V = b/a and H = ¢/a, and
vary the exponents (k = m = N),
the various shapes in Fig. 2 are
obtained. :

Any of these shapes can be di-
vided into a number of triangular
faces having vertices on the sur-
face described by Eq. (1). The
most common shapes used for dome
construction are the octahedron
(8 sides) and icosahedron (20
sides). The triangular (8 or 20)
sides of each can then be sub-
divided into various numbers of
triangular faces. The number of
divisions made along each trian=-
gular edge of the side in so do-
ing is called the "frequency" of
subdivision. Frequencies of 2,
3, and 4 divide a side into 4, 9,
and 16 triangular faces, etc.
Figure 3 shows a 3-fredquency oc-
tahedral face.

Computational Sequence

Typical input and output of the
program which has been devel-
opedl, illustrated in Figs. 2a to
2d, include: ‘

Input: Dome type (octa or
icosa), A, F, H, V, N( =k =m),
T, and HW,

Qutput: Chord lengths, fl and f2
(major and minor floor widths),
fa (floor area), and ht (height
of center of dome above floor).
Additional output which can be
called for includes sa (surface
area of dome plus perimeter
wall), dihedral angles, and total
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Fig. 2

(a)
(k)
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Chord Lengthe 1.6% 2,861 2.881 1.417 1.9V3 2,177 2,181 2,696 2.367 2.873
5= i

A=
F=
=
H=
M=
T=
HW= .3
£1=13.48
f2=13.48
fa=141.83
hi= 5.46
gas

AIR SHELLS
B9-84- 1987
Ol

H

o~ BB Eo i Sl A s A

Chord Lengths 2.552 2.94Z 3,184 3,184 2.942 1.844 2.856 3.233 3,381 3,233 2.397

Fa=77v4,37
ht=18.38
sa=

AIR SHELLS
89-p4-1987
Ok

E

BT
ﬁﬁﬁ%#“?*¢~ kN
TN _.; A
ﬁﬁﬁﬂiﬁwfnfﬁéxfﬁﬁﬂbx
i

O T rrr

Shapes obtained by adjusting the variables in Eg. (1).

Type F v H N T HW Isometric
Icosa 4 1l 1 2 0 .3 shaded
Icosa 6 1 1 2 0 .15 wire frame
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Chaed Langthe 2.58%1 2,348 3.6668 3,351 3.445 3.886 4.650 3,838 4.361 3,291

3z 0 3,166 3.252 3.524 4.229 3,616 4,273 4,798 3.193 3.186 1.8%
B EE ) 4. 848 3.866 3.728 3.144 4.B877 4.854 4.566 4.317 4.581 3.164
]FG E| f“’-?-‘-?{;:'::a__h .., J— rielereaiy a VSV
U= 8 ) il y -~ ] -_;g . e,
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Fig. 2 (cont) Shapes obtained by adjusting the variables in Eq. (1).

Type F v H N

T HW Isometric
(¢) Octa 6 .8 .8 2 2 .15 shaded

(d) Octa 4 .7 7 2.6 0 0 wire frame
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numbers of panels, chords, and
vertices for cost bidding.

The results in Fig. 2 were ob-
tained using the standard BASICA
with an IBM PC and Proprinter.
The plots were produced at high
print speed. The resolution can
be gquadrupled (from 60 to 240
dots per inch) by halving the
print speed. The examples in
Fig. 2 show the relationship be-
tween values of V, H, N, T, HW
and the resulting shapes. For
example, to more fully utilize a
rectangular site, make H < 1 and
N > 2; to provide headroom at the
perimeter while keeping a low
center height, use any combina-
tion of perimeter wall, trunca-
tion, V< 1, and N > 2, etc. De-
viations from the sphere reduce
structural efficiency and also
remove the symmetry, regquiring a
larger inventory of different
chord lengths.

Figure 3 shows the sequence in

Fig. 3 Sequence in which chord
lengths are printed.

- in Figs.
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which the <chord 1lengths are
printed. For a spherical dome

the chord lengths in all 3 direc-
tions are identical, and only one
line (lines 1la, 1b, ... in Fig.
3) is computed and printed (Figs.
2a and 2b). The second line in
Fig. 2b is a continuation of line
1, required by the higher fre-
guency. For other cases (H + 1,
V £ 1, N £ 2), three lines are
required (Figs. 2c¢ and 2d4). The
three printed 1lines of <chord
lengths correspond to lines 1, 2,
and 3 in Fig. 3. The number of
chord lengths increases with in-
creasing frequency and decreasing
symmetry.

Notice in Fig. 2d8 how the
smaller faces occur in the re-
gions of sharper curvature, both
horizontally and vertically, to
give nearly equal dihedral angles
between all faces for greater
buckling stability. The correc-
tion factor for accomplishing
this is described in Ref. 1.

Figure 4 is a flow diagram of
the algorithm, performed in the
sequence shown.

Hidden Line Removal and Shading

A simple hidden line removal
and shading algorithm for convex
polyhedra was used for the plots
2a and 2c. This se-
quence, which can be programmed
by students, consists of the fol-
lowing steps (Ref. 3, page 302):

1. Obtain the outward normal
vector to a face, N, by taking
the vector (cross) product of two
vectors 1lying in the face, 1in
counterclockwise sequence (viewed
from outside the object), then
find, using the scalar (dot) pro-
duct, the cosine of the angle be-
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Input: S,A,F,
V,H,N,T,HW

e
Compute

spherical coordinates
of vertices

|

Truncate: adjust to
obtain a level base

|

Transform to
rectangular coordinates

f
Compute

chord lengths

Y

Plot orthogonal and
isometric views, either
as wire frame or hidden
face removed and shading

Fig. 4 CGEODESIGN flow chart.

tween this outward normal to the
surface and the selected line of
sight, E. If the cosine is posi-
tive draw the edges of the face;
if negative, omit themn.

2. Shade the faces which have
been drawn in Step 1 with an in-
tensity of gray scale equal to
(1 - cosa ), where o is the angle
between the outward normal to the
surface and the vector from the
object to a distant point 1light
source, L. For the cosine «a
varying from +1 to -1, the shad-
ing intensity varies from 0 to 1,
where intensity 1 is the darkest
shading.

Notice that grading the shading
from 0 to 1 for cos o varying
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from +1 to =1 is a simple approx-
imation to the simultaneous pres-
ence of a point light source and
diffuse shading. For total dif-
fuse lighting there would be no
shading distinction. For total
point source lighting, the side
of the polyhedron away from the
light would be in darkness and
the definition of face boundaries
would be lost. Maximum reflec~-
tion from the point source to the
eye would occur when the angles
of incidence on the face and re-
flection from the face to the eye
were equal.

Example. Consider the faces of a
cube of unit width having its
center at the origin and shown in
isometric view (Fig. 5). Assune
projection onto the yp-zp picture
plane, with line of sight on the
positive xp axis (E = i) and a
light source at 45° over the ob-
server's left shoulder, defined

Light Source

Fig. 5 ©Notation for hidden line
removal -and shading.
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by the vector L = 0.5771i - 0.577j
+ 0.577k. Determine which faces
of the cube to show and the
relative shading on those faces.

To illustrate hidden face re-
moval, consider the front face,
F, with the two arbitrary vectors
Fl and F2 in counterclockwise ro-
tation, and the back face B, with
the vectors Bl and B2 in counter-
clockwiswe rotation.

We first transform coordinates
to the yp-zp picture plane
(dashed axes), which for isomet-
ric projections are:

Yp (y - x)cos 30° and
Zp = 2 =« (y + x) sin 30°

The transformed coordinates of
the cube's corners are:

yp zZp .
a 0 -1
b 0 0
c ~0.867 0.5
d 0 1
e 0.867 0.5
£ 0.867 -0.5
The face vectors are: Fl1 = k,
F2 = =-j, Bl = j, B2 = =k. Then NF

= k(-j) = i, and NB = j(-k) = -i.
The cosine of the angle between

NF and i, the line of sight, is
1. The cosine of the angle
between NB and i is -1. Hence we

plot face F, do not plot face B.

To illustrate relative shading
consider the front face, F and
right face, R, for which the out-
ward normal vector, NR, 1is +j.
The cosine of the angle between
the light source and NF is:

Cyp = [(.577 x 1)i - (.577 x
0)j + (.577 x 0)k]}/1 x 1

AND W. D. TETER
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= 0.577

The cosine of the angle between
the light source and NR is:

[(.377 x 0)i - (.B77 %
1)j + (.577 x 0)k/1 x 1
= -0,.577

Cxr

Hence on a scale of 0 to 1 the
shading intensity on the face F
is 0.577/2 = 0.288 and on face R
is (1 + 0.577)/2 = 0.788,.

A portion of the BASIC Language
geodesic dome computer program
used to remove the hidden faces
and produce shading in Figs. 2a
and 2c¢ is listed in Fig. 6.

Line 510 positions the isometric
view on the screen.

Lines 520 to 600 perform indexing
of the four octa or five icosa
faces. :

Lines 610 to 640 compute the
spherical, rectangular, and pic-
ture plane coordinates of the in-
dexed vertices.

between wire
face-removed

Line 650 selects
frame and hidden
isometric views.

Lines 660 and 670 calculate the
outward normal vector from each
face, N, and omit plotting the
face if the cosine of the angle
between N and E, the line of
sight vector, is negative.

Lines 680 to 710 calculate the
outward normal unit wvector and
the cosine of the angle between
it and the light source vector,
L.
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510 ZW=HW*SF*COS(PI/6):VIEW (366,20)-(718,250) ;WINDOW (-1,~-1)-(1,1)
'ISOMET.VIEW '

520 FOR M=0 TO S-1:SG=SGN((M MOD 2)-.5):FOR I=0 TO W-1:F1=0

530 I2=I: J2=0: GOSUB 610: Xl=X: Yl=Y: Z1=3%

540 J2=1: GOSUB 610: X2=X: Y2=Y: Z2=2

550 I2=I+1: J2=0: GOSUB 610: X3=X: Y¥3=Y: 23=Z: J2=1: I2=I

560 GOSUB 650: IF I2+J2=W THEN Fl=1:GOTO 590

570 I2=I2+1: GOSUB 610: X1=X: Y1l=Y: Z1=Z: SWAP X2,X3: SWAP Y2,Y3: SWAP

72,23: GOSUB 650

580 I2=I2-1: J2=J2+1: GOSUB 610: X2=X: ¥Y2=Y: Z2=Z: SWAP X1, X3: SWAP

¥1,¥3: SWAP Z1,Z3:GOTO 560

590 X1=X3:Y1=Y3:Z1=23:X3=X2:Y3=Y2-ZW*SIN(PI/6) :23=22-ZW*COS (PI/6)

600 GOSUB 650:NEXT I,M:GOTO 840

610 P=INT((M+1)/2)*4*PI/S=-SG*P(I2,J2) ? P

620 T=T(I2,J2):R=R(I2,J2) "=

630 X=R*SIN(T)*COS (P):Y=R*SIN(T)*SIN(P):2=R*COS(T) 'RECT COORDS

640 Z=(2-{X+Y)*SIN(PI/6))*SF:X=(X-Y)*COS(P1/6)*SF:RETURN 'PICT PLANE
COORDS

650 IF L$="w" OR L$="W" THEN GOSUB 810:RETURN '"WIRE FRAME VIEW

660 YC=-SG*((Z2-2Z1)*(X3-X1)-(X2-X1)*(23-21)) 'COS, FACE NORMAL TO
LINE OF SIGHT _ .

670 IF YC<0 THEN RETURN ELSE GOSUB 810 'HIDDEN FACE REMOVAL

680 XC=-SG* ((Y2-Y1)*(23-Z1)-(22-21)*(¥3-Y1))

690 ZC=-SG*((X2-X1)*(¥3-Y1)~-(¥2~-Y1)*(X3-X1))

700 NS=(XCr2+YCA2+ZCA2) A5 ' INS=OUTWARD FACE NORMAL

710 COL=.557%* (XC+YC+2ZC) /NS 1COS ANGLE BETWEEN FACE
NORMAL VECTOR & SUN VECTOR @ 45 DEG OVER RT SHOULDER

720 XA=(X1+X2+X3)/3:%2A=(Z1+%2+23)/3 'MIDPOINTS OF TRIANG. FACES, FOR
SHADING

730 IF COL<-.2 THEN PAINT (XA, ZA),CHRS (&HFF)+CHR$ (&HFF) : RETURN

740 IF COL<.1l THEN PAINT (XA,ZA),CHR$(&H77)+CHRS (&HDD) : RETURN

750 IF COL<.4 THEN PAINT (XA,ZA),CHRS(&H55)+CHRS (&HAA) : RETURN

760 IF COL<.75 THEN PAINT (XA,ZA),CHRS(&H99)+CHRS (&H44)+CHRS (&HAA):

RETURN

770 IF COL< .9 THEN PAINT (XA, ZA),CHRS(&H55)+CHRS (&H22)+CHRS (&H88):

RETURN

780 IF COL<.93 THEN PAINT (XA,ZA),CHRS (&H55)+CHRS (&HO)+CHRS (&H22):

RETURN

790 IF COL<.95 THEN PAINT (XA,ZA),CHRS(&H11)+CHRS (&HO)+CHRS (&H44):

RETURN

800 IF COL>.95 THEN PAINT (XA,ZA),CHRS (&H10)+CHRS (&HO)+CHRS (&H1) :

RETURN

810 LINE(X1,21)-(X2,22):LINE -{X3,%3):IF Fl=1 THEN LINE -(X1,Z1-Z2+Z3)

820 LINE -(X1,%Z1):RETURN 'DRAW FACE

Fig. 6 ©Portion of BASIC geodesic dome program.

660 CALL CROSSP (X3,Y3,Z3,X1,Y1,Z1,XC,YC,ZC)

665 CALL DOTP (XC,YC,2¢, 1.,1.,1., COSVAL)

670 IF COSVAL<O THEN RETURN ELSE GOSUB 810: RETURN
700 CALL SHADE (X1,Y1l,2Z1, X2,Y¥2,Z2, X3,Y3,Z3)

Fig. 7 Replacement statements to simplify program.
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REM This subroutine performs the cross product operation for a pair
REM of vectors A,B and returns the components of the normal
REM vector N.
REM AX,AY,AZ; BX,BY,BZ; NX,NY,NZ: x,y,z components of the pair of
REM vectors and the normal vector.

SUBROUTINE CROSSP (AX,AY,AZ, BX,BY,BZ, NX,NY,NZ)

NX=AY*BZ-AZ*BY

NY=AZ*BX~AX*BY

NZ=AX*BY-AY*BX

RETURN

END SUB
REM This subroutine performs the dot product of a pair of vectors A,B
REM and returns the cosine of the angle between the vectors.
REM &aX,AY,AZ; BX,BY,BZ; COSVAL: x,y,z components of the pair of
REM vectors, cosine value.

SUBROUTINE DOTP(AX,AY,AZ, BX,BY,BZ, COSVAL)

SCALRP = AX*BX + AY*BY +AZ*BZ

AMAG = SQR (AX*AX + AY*AY + AZ*AZ)

BMAG = SQR (BX*BX + BY#*BY + BZ*BZ)

COSVAL = SCALRP/ (AMAG*BMAG)

RETURN

END SUB
REM This subroutine performs the gray scale shading of a face for a
REM light source at horizontal and vertical angles of 45% over
REM the observer's right shoulder.
REM BAX,AY,AZ, BX,BY,BZ, CX,CY,CZ: X,y,z components of the three
REM corners of a triangular face.

SUBROUTINE SHADE (AX,AY,AZ, BX,BY,BZ, CX,CY,CZ)
CALL CROSSP (AX,AY,AZ, BX,BY,BZ, NX,NY NZ)
NORMAL = SQR (NX*NX+NY*NY+NZ*NZ)

COL = .557% (NX+NY+NZ)/NORMAL

MIDX = (AX+BX+CX)/3
MIDY = (AY+BY+CY)/3
MIDZ = (AZ+BZ+CZ)/3

IF COL<-.2 THEN

PAINT (MIDX,MIDZ), CHRS (&HFF)+CHRS {&HFF)
ELSE IF COL<.1l THEN

PAINT (MIDX,MIDZ), CHR$(&H77)+CHRS (&HDD)
ELSE IF COL<.4 THEN

PAINT (MIDX,MIDZ), CHRS(&HS55)+CHRS (&HAA)
ELSE IF COL<.75 THEN

PAINT (MIDX,MIDZ), CHRS$(&H99)+CHR$(&H44)+CHRS (&HAA)
ELSE IF COL<.9 THEN

PAINT (MIDX,MID3Z), CHRS(&HS5)+CHRS (&H22)+CHRS (&H8S)
ELSE IF COL<.93 THEN

PAINT (MIDX,MIDZ), CHRS (&HS55)+CHRS (&HO)+CHRS (H22)
ELSE IF COL<.95 THEN

PAINT (MIDX,MIDZ), CHRS(&H11)+CHRS (&HO)+CHRS (&H44)
ELSE IF COL>.95 THEN

PAINT (MIDX,MIDZ), CHRS (&H10)+CHR& (&HO)+CHRS (&H1)
ENDIF
RETURN
END SUB

Fig. 8 QuickBASIC subroutines.
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Line 720 1locates a point (the
midpoint) of each face for shad-
ing.

Lines 730 to 800 select tiling
(shading) densities, based on the
cosine value computed in 1line
710.

ILines 810 and 820 draw the face
boundaries.

The shading tonality is con-
trolled in 1lines 730 to 800 by
selecting the density of
'painting' and the cosine angles
between N and L (COL) used to
distinguish between the various
shading intensities.

The portion of the progranm
dealing with shading and visibil-
ity is generalized in the form of
three subroutines compatible with
the mecdern BASIC Language com-
piler QuickBASIC (a trademark of
Microsoft Corporation). These
subroutines, included in the stu-
dent's accessed 1library, allow
for hidden line removal and gray
scaling in general applications
involving convex polyhedra. The
subroutine SHADE is easily mnodi-
fied to accomodate faces of n
sides, Because of QuickBASIC's
FORTRAN-like features the rou-
tines are also easily converted.

Upon development of the 3=-D
plotting scheme for the object,
the student can call the subrou-
tines for hidden line removal and
gray scale shading. For example,
the geodesic dome program simpli-
fies to the following once the
coordinates for plotting are com-
pruted at the end of the subrou-
tine at 1line 640. Replacing
lines 660 through 800 with the
statements of Fig. 7 simplifies
the program for student use.
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The subroutines for inclusion
in the student's accessed library
are listed in Fig. 8.

Conclusions

The geodesic design and graphic
plotting capability described
here provide a convenient tool
for selecting the shapes and siz-
ing the components for a wide
range of geodesic dome struc-
tures. The hidden line removal
and shading algorithms provide
added visual perception for se-
lecting ©properties of convex
poiyhedral structures. - Espe-
cially they provide added visual
augmentation to a prior program
for computing dimensions of and
plotting geodesic surfaces.?!
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Reader’s Comments

Remarks on "Microcomputer Soiution to the
Mathematical Equivalent of the Graphical
Method for Finding Radiation Shape Factors"
by

D. Alciatore, W. S. Janna, and E.
S. Shamburger

To The Editor:

In regard to: "Microcomputer
Solution to the Mathematical
Equivalent of the Graphical Meth-
od for Finding Radiation Shape
Factors", EDGJ, Winter 1988, I
suggest the size of the ortho=-
graphic area mentioned is incor-
rect unless the "absorbing plane"
is parallel to the base of the
hemisphere.

For example, all other consid-
erations unchanged, the factor is
the maximum when the radiation
impinges perpendicularly upon the
absorbing plane, i.e., when a
line from the radiating point to
the center of the absorbing plane
is perpendicular to the absorbing
plane. For the article, if the
perspective projection (shadow)
on the unit hemisphere is itself
projected orthographically upon
the base of the hemisphere, the
area of the resulting ortho-
graphic projection is the numera-

tor ©of the shape factor. (The
denominator is the total base
area of the hemisphere.) How-

ever, the orthographic shape, and
consequently its area, changes
according to the amount of the
deflection (with, say, the hor-
izontal) of the hemisphere base.
It would seem, for the ortho-
graphic area to be at a maximum
when the radiation exposure is at

a maximum, the orthographic area
is parallel to the absorbing
plane.

Pat Kelso
Louisiana State University
Ruston, LA

Editor’s Correction to "Using 3-D Industrial
CADD Software in a Teaching Environment"

by

J. Simoneau, C.
Ferguson

Fortin, and R. J.

To The Editor:

... I recently noticed that one
line of the original [paper] was
missing in our paper published in
Vol. 51, No. 3 (Autumn 87). on
page 48, middle column and middle
paragraph, the following sentence
should be:

",.. An example of that would be
the student who thinks he under-
stands dimensioning once he suc-

ceeds in getting numbers, arrows
and witness lines on the screen."

In the Journal, the underlined
part is missing and the sentence
completely 1loocses 1its meaning.

Jacques Simoneau
Royal Military College of Canada
Kingston, Ontario
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Distinguished Service Award

Presented to

Paul S. De Jong

June 21,

1988

ASEE Annual Conference, Portland, Oregon

Introductory Remarks

by
Bok LaRue

I. Presenters

The best presenter in the Divi-
sion is Bill Rogers. Those of
you who have not heard him have
missed a great treat. Other pre-
senters (and I'm afraid I may

fall into this category) have a
tendency to read the recipient's
vita from cover to cover.

This will be the fourth ccca-
sion on which it has been my
privilege to make this presenta-
tion. Two of the recipients were
the only ladies to have received
the Award.

In an attempt to create a new
format for the presentation. I
decided to model this occasion
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after the awards presentation at
the ASEE Awards Banguet. Those
of you who have attended any of
these affairs know that a brief
slide show and well-crafted
script describe events and family
incidents about the awardee.

However my attempts at communi-
cating my desires were apparently
misunderstood or our recipient is
the world's least photographed
person. All I wanted were a few
slides depicting scenes such as
the Halloween on which he terror-
ized all the trick-or-treaters or
perhaps some examples of his ath-
letic prowess such as a triple
bogey on a par-3 hole. Not a
slide could I obtain. I did,
however, receive a collection of
cartoons drawn by Paul (these
will be referred to later).

II. Creative Design Displays

My first recollection of work-
ing with Paul was in 1872 (six
years after he joined the Divi-
sion) when I thought he was sup-
posed to help the Texas Tech rep-
resentative set up the Creative
Design Display. Just to make
sure, I tried to locate Paul and
Judy {(and this has always been
difficult). The best information
I could get was that they were
thought to be on their way to
Lubbock from somewhere. So I
skipped the last session of a
conference I had been attending
(including the surf and turf fi-
nal banquet) and arrived in Lub-
bock in time to get the display
in shape for the first arrivals.
When the DeJongs arrived, we
learned that they had a valid ex-
cuse -~ car trouble.

In 1273 at the Annual Confer-
ence at Iowa State, Paul did a

magnificant Jjob with the dis-

prlays.
III. Career Parallels

In looking over Paul's vita, I
was very much impressed by some
of the similarities between our
careers, For example, we both
received B.S. and M.S. degrees in
mechanical engineering; our mas-
ter's theses both dealt with the

unlikely subject of viscosimetry

(something that I've avoided
since the thesis was completed)
and both of us have been regis-
tered engineers in South Dakotal!

IV. Engineering Design Graphics
Journal

Paul was editor of the Engi-
neering Design Graphics Journal
(1976-79) . To the best of my
recollection, every one of the
nine issues for which he was re-
sponsible arrived on time and
each was properly identified!

During Paul's tenure, the Jour-
nal began to take on new dimen-
sions. It became metric in size.
In addition, Paul began the pro-
cess of having papers submitted
for publication reviewed by Divi-
sion members. It was while I was
reviewing one paper that I
learned that Paul will NOT take
NO for an answer. _

The paper in question was sub-
mitted by a wvery visible (and
sometimes annoying) member of the
Division who for years had been
adamant that there was no place
for computer graphics in engi-
neering graphics,  Suddenly he
became a convert and wrote a very
elementary paper extolling the
virtues of computer graphics. My
review was one of the shortest
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I've ever written -~ the two
words, "No way!".  However, the
paper was published.

V. Meetings - In General

Paul and Judy have attended so
many annual and mid-year meetings
that it's noticeable when they
are not there. I have fond rec-
ollections of many meetings.
Mississippi State when we gath-
ered in their motel room to feel
sorry for our colleagues who were
in the "other" motel [heating
problems, water problems, etc.]:
Montreal, where they found a
restaurant that served their
"gastronomic delight" [something
a few enjoy but the majority do
not]; and many other places where
they hosted an after-the-banquet
party.

VI. Textbooks

Some individuals are the ini-
tial authors of a text. Others
are invited to add their name to
the author list after the origi-
nal author has departed this
world. ©Paul belongs in the lat-
ter category. In my opinion, he
has done an excellent job updat-
ing and improving Rising and Alm-
feldt. Having used the text in a
course for which I alone was
teaching and responsible, I can
speak with authority. I even
tried to get the text adopted for
other courses in our department
at OSU. However, it's very dif-
ficult to convince well-meaning
(but misguided) colleagues, espe-
cially when one's chairman has
recently arrived from Aggieland
where he worked for one of the
foremost engineering graphics
textbook authors.
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One of Paul's graphic abilities
is that of cartooning. Some have
been included in the text. I
have a collection (furnished by
Arv Eide) of announcements of ISU
Engineering College seminars.
Half of each announcement is a
De Jong cartoon. I have it from
a very reliable source that sev-
eral of the cartoons Paul submit-
ted were rejected by the censor-
ship committee!

Another graphics area in which
Paul has become an expert is that
of electronic scoreboard anima-
tion. He has attended (if not
run) schools and short courses on
this subject as well as making
several paper presentations. To
the best of my knowledge, he is
active in the control center of
the ISU scoreboard on football
Saturdays!

VII. Awards and Participation

As should be expected, the list
of activities in which Paul has
been active is a long one. He is
currently vice-president of the
Iowa Engineering Society and has
held several offices in 1local
chapters of that organization.

Likewise, his community and
campus activities are numerous.
He has served as advisor to vari-
ous campus groups and has re-
ceived several outstanding and
superior teaching awards.

One of the many good memories I
have of Paul is having his signa-
ture as Division Chairman on ny

‘DSA citation.

It gives me great pleasure to
present the Engineering Design
Graphics Divigion's 1988 Distin-
guished Service Award to Paul S.
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De Jong. The citation reads as
follows:
CITATION
for
ENGINEERING

DESIGN GRAPHICS DIVISION
DISTINGUISHED SERVICE AWARD

The Division of Engineering Design Graphics
of the American Society for Engineering
Education presents its highest honor, The
Distinguished Service Award, to

Paul S. De Jong

for his dedicated service to the Division and to
engineering education, his devotion to his stu-
dents and colleaques, and as an expression of
admiration and respect of his professional peers.

Acceptance Remarks

by
Paul De Jong

Thank you very much,
that kind introduction.
Bob LaRue is from Ohio State,
and this situation makes me think
of a story he likes to tell about
their ex-football coach, Earl
Bruce, who lost to Iowa in the
last thirty seconds of the ganme.
The Jjoke at Ohio State became
"What does Earl Bruce have in
common with Jimmy Swaggert?" -
The answer was that they are the
only two people in the world who
can make 50,000 people Jjump up
and shout "Jesus Christ!" in uni-
son ... It occcurred to me that
maybe Bob wanted to see if he
could join them by the announce-
ment of my name! :
Seriously, this is really high
praise, and a great, great honor,
and I have found out what it

Bobh, for
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takes to make professors speech-
less; you bestow upon them some-
thing of this magnitude. Earlier
today I spoke in praise of DSA's
at Professor Adams' memorial lec-
ture for Lee Billow, and I hope
that didn't sound like I was pat-
ting myself on the back ... be-
cause it is hard to see myself in
that role ... I have always
looked at that list of DSA's with
awe ... THEY have done Great
things; THEY have made GREAT con-
tributions. But ... me? It is
truly a very humbling experience.
So, I was mystified about what to
say to such a great group who
honors you so ... Of course, I
want to say thanks. But surely
there must be something momentous
to say; something timeless; some-
thing useful. I have to be care-
ful though, ... Claude Westfall
says he'll leave if I get wmaud-
iin.

Something timeless ... I DO
have a small offering that came
to my attention recently and is
truly timeless, and carries not
only an element of truth but a
caution of sorts for all of us:

"If you put tomfoolery into a
computer, all you get out is more
tomfoolery, ... BUT - that tom-
foolery, having been processed by
a very expensive and complex ma-
chine, is somehow ennobled by the
process, and NONE dare guestion
it."

In simpler terms,

"Garbage in, Gospel out."

Let me turn to thanks. Judy
and I firmly believe the Engi-

neering Design Graphics Division
is made up of the finest people
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in the world, and we are very
proud of our association with it
and you. Thank you for the op-
portunity to serve the Division
in so many ways; on the Creative
Design Display Committee, as Sec-
retary-Treasurer, Journal Editor,
and Chair. It has been challeng-
ing, satisfying, a lot of work,
but mostly a lot of fun. I also
want to thank my family; my
lovely wife Judy, whom you know,
our daughter Deidre, who couldn't
ke here, and our son Tollif
there, for their patience and
sacrifice when I was too busy
with Division business to be able
to do something with the family
that I probably should have done.
They are all terrific teammates.
Judy frequently sat up half the
night typing Journal articles,
more often than not in her night-
gown, trying to figure out how
much space to leave for that
equation and what did my note to
her say, anyway? and how many
letters must get out tomorrow, --
All this without word processing,
just the IBM Selectric, the hard
way. Thanks to Irwin Wladaver,
who in spite of poor eyesight,
somehow put together the 1978 In-
dex to the Journal for Judy to
type. It was a mammoth task, but
he made it seem easy. ~-- But I
would be terribly remiss if I
didn't thank the people who pro-
mote our involvement - Gordon
sanders and Arv Eide, the two de-
partment Chairs I have worked
for, who have supported the Divi-
sion in every way humanly possi-
ble, and whose generosity, sup-
port, and encouragement at every
turn over the years have made my
work easier. Thanks to you both,
Gordon and Arv.
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Last, I'd like to say something
useful - perhaps a couple of
things to think about. I never
really saw myself in this posi-
tion ... as I said before, THEY
have done great things ... but
reflection has led me to the re-
alization that DSA's are known to
us for many things, not just one
single act. It is dedication
over many Years that we recog-
nize. If I can paraphrase Pogo,
"T have seen the DSA - and They
is Us!"™ - and THEY is YOU! It is
your sincere, thoughtful, consid-
ered contributions over the years
that will produce the future
DSA's among us. The whole of our
individual acts can become
greater than their sum taken sep-
arately. The truth is - and
maybe this is useful - that

ALL THINGS COMETH TO HIM WHO
WAITETH

IF HE WORKETH LIKE HELL WHILE
HE WAITETH!

I've almost outtalked my welcone,
so I'll close remembering sone
good advise to educators:

Stand up to be seen.
Speak up to be heard. -But
Sit down to be appreciated.

Thank you all again from the bot-
tom of our hearts ... We love you
all.
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Chairman’s Message
by
Merwin Weed

Knowing that travel money to
conferences is generally tight
and names, faces, and titles
change so rapidly, may I, at the
risk of boring some, introduce
myself. I am Merwin L. Weed, the
most recent Chairman of the Engi-
neering Design Graphics Division.
My —one-year term of office
started at the June meeting in
Portland, Oregon. I am an Asso-
ciate Professor of Engineering,
Penn State University at the Mc-
Keesport Campus. Now if I could
only meet and greet all of youl!
Some of you I Xnow very well,
some not so well, and some, un-
fortunately, I Xnow only as a
name on the membership 1list.
Please make yourself known to me
and to the other officers of the
Division, and please become in-
volved in the activities of this
division, one of the most active
divisions of ASEE.

At this time, I would 1like to
encourage you to make plans to
attend the mid-year conference in
November at New Harmony, Indiana,
hosted by The University of
Southern Indiana - General Chair-

man, Larry Goss and Progran
Chairman, Linda Bede. This would
be an ideal time to get ac-
gquainted or reacquainted.

May I also introduce the other
new officers of the division:

1. Frank M. Croft is Vice-Chair-
man, which makXes him Chairman-
elect. In other words, he will
be Chairman, beginning in June,
1989. Frank is an Assocliate Pro-
fessor of Engineering Graphics at
The Ohio State University.

2. Linda Bode is Secretary-Trea-
surer (1988-1991). Linda is an
Instructor in Engineering Tech-
nology at The University of
Toledo,

3. John B. Crittenden is Direc-
tor of Publications (1988-=-1991).
John (Barry) is an Associate Pro-
fessor in the Division of Engi-
neering Fundamentals at VPI&SU.

My congratulations to these new
officers!

It seems to me that the life of
any organization 1is sustained by
its lines of communications,
whether it be written, spoken, or
graphical. The Engineering De-
sign Graphics Journal is an ex-
cellent outlet for your profes-
sional development. It is a
means by which you can communi-

- cate your professional activities

to your peers. And, on a practi-
cal note, most institutions use
"professional development”" as, at
least, part of the criteria for
promotion and tenure. If you
have never written an article for
a national technical refereed
journal, now is your chance.

Also under the topic of commu-
nications, please communicate
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with your officers. Let us know
what you think. We have a new
Director of Publications. You
are seeing in this journal a new
format and a new style. Please
communicate your opinions. If
you wish to contact me, please do
so by mail or phone as follows:

Chairman - Merwin L. Weed
Penn State University
McKeesport Campus
University Drive
McKeesport, PA 15132
(412) 675-9497

In c¢losing, I can say I am
looking forward to an exciting
year, I hope to see you at the
mid~year meeting, and please keep
in touch.
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'88 - '89 Mid-year Conference
by
Larry Goss

The EDGD will hold its Mid-year
Conference at historic New Har-
mony, Indiana - November 20, 21,
22, 1988,

General Chairman =-
Larry Goss
Univ. of Southern Indiana
Evansville, IN 47712
(812) 464-1892

Program Chairman -
Linda Bode
Univ. of Toledo
Toledo, OH 43606
(419) 537-3365

The Atheneum, Visitors' Center in historic New Harmony.
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w

The Double Log House, Ceram-
ics sStudio, and Roofless
Church in Winter.

The theme for this year's mid-
year conference will be "“Drawing
on the Past - Designing for the
Future". Specific paper titles
as well as meeting times and lo-
cations are included in brochures
mailed to each EDGD member. Reg-
istration forms for the meeting
were included in this mailing.

Join your c¢olleagues in his-
toric New Harmony, IN, a peaceful
and picturesgue community on the
banks of the Wabash River. Set-
tled in 1814 by Lutheran dissi-
dents from Wurtemburg, Germany,
the community developed into a
flourishing utopian society under
the leadership of Father Geordge

Rapp. Members of the Harmonist
Society chose the site in the
wilderness of 1Indiana so they

might 1live thelr lives as they
desired, awaiting the second com-
ing of Christ.

1830 Owen House containing
regional decorative arts.

The entire town was sold in
1824 to Scottish industrialist
Robert Owen and philanthropist
William Maclure. Their concept
of utopia, based on ideas of
equality, Jjustice, and education,
drew scholars, educators, and
scientists to New Harmony. Re-
sults of their work may be seen
not only in displays in New Har-
mony, but also throughout the na-
tion.

Exhibition buildings and his-
toric sites trace the town's his-
tory from a frontier community to
a modern cultural center. Twen-
ty-four buildings and historic

sites, open to the publiec, as
well as superb conference fa-
cilities, offer the members of

the EDGD and their families a
unique experience in one of Amer-
ica's most original and appealing
communities.
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Nominees for Division Officers

by

Garland Hilliard

The following persons have been nominated for the positions indi-

cated. Ballots will be mailed in February.
Vice-Chairman
JON M. DUFF JON K.

Jon Duff has taught in the ar-
eas of graphics and design at In-
diana Vocational-Technical Col=-
lege, The Ohio State University,
and at Purdue University where he
is currently Professor of Techni-
cal Graphics in the School of
Technelogy. He 1is an author,
consultant to industry and gov=-
ernment, and former two-term edi-
tor of +the Engineering Design
Graphics Journal. He received
undergraduate and graduate de-
grees from Purdue and his doctor-
ate from The Ohio State Univer-
sity.

JENSEN

Jon Jensen is an Assistant Dean
at Marquette University as well
as Associate Professor in the Me-
chanical Engineering Department.
He received his B.S. and M.S. de-
grees from the University of Wis-
cousin - Stout in 1976 and 1977,
respectively. He obtained his
Ph.D. from Marquette University
in 1985. Jon received the Dow
Qutstanding Young Faculty Award
in 1984. He is Director of
Freshman Programs at Marquette
University and has authored works
on Freshman Design, Graphics, and
Computer Graphics in Education.
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Director of Liaison

JAMES A. LEACH

Jim, an instructor at Auburn
University, is presently working
toward his doctorate in education
while serving as Coordinator of
the Engineering Graphics Labora-
tories in the Industrial Engi-
neering Department. He obtained
both his Bachelor of Industrial
Design and his Master of Educa-
tion degrees from Auburn (1973,
1987). His industrial experience
was obtained from 1973 to 1978
with Masterrack, Inc. and Ampex
Magnetic Tape Division, both Jjobs
as industrial designer. Jim has
attended numerous ASEE annual and
sectional conferences and EDGD
mid-year conferences, where he
has made several presentations.
He is presently serving the Divi-
sion as Director of Liaison and
is a member of the EDG Journal
Board of Review.

WILLIAM J. VANDER WALL

Bill, an Assistant Professor of
Graphic Communications at North
Carolina State University, has
served on the faculty since 1964.
He worked as Associate Director
of the Engineering School Affir-
mative Action Program during
1972-76. He has authored numerous
technical papers and has deli=-
vered several talks at ASEE
conferences. Bill has been ac-
tive in curriculum organization,
has conducted technical training
workshops for educators, has pro-
duced video-taped lectures on
basic engineering drawing and has
served as technical writing con-
sultant in Saudi Arabia. He has
carried out research studies in
the classroom, produced workbooks
on graphic subjects and was
instrumental in establishing a
fifteen-hour minor 1in Graphic
Communications. He has been
active in ASEE/EDGD committees,
has served as Associate Editor of
ASEE Y“Proceedings, International
Conference on Descriptive Geome-
try", and has been chairman of
the Southeastern Section of
ASEE/EDGD.
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Director of Programs

WILLIAM A. ROSS

Bill is an Associate Professor
of Technical Graphics at Purdue
University. Before assuming this
position, he was a lecturer of
Engineering Graphics and CADD at
North Carolina State University
(1981-1988). Bill received his
B.S. and M.Ed degrees from North
Carolina State University in 1973
and 1976, respectively, and he is
presently working on his
doctorate. While at NC State, he
developed the CADD and Scolids
Modeling Lab utilizing HP-320
workstations. He has authored a
CADD text/workbook and several
EDJ Journal articles and papers.
His industrial experience has
been with IBM, Bosch Tool , and
the Hewlett-Packard Company .
Bill is a member of ASEE, AIDD,
and the National Computer
Graphics Association.

JAMES T. WEISS

Jim is an Assistant Professor
of Engineering Graphics and Di-
rector of the College of Engi-
neering Student Personal Computer
facilities at the University of
Alabama. He has a bachelor's de-
gree in aerospace engineering and
a master's degree in business ad-
ministration from Alabama. A
registered professional engineer
in five states, he is presently
serving his fourth term as secre-
tary of the Alabama Society of
Professional Engineers and has
over twenty vyears of industrial
experience in aerospace, archi-
tecture, civil, and mining engi-
neering. Within the EDGD, he has
made presentations on computer
graphics, was program chairman of
the Pittsburgh, PA mid-year con-
ference and is serving as general
chairman of the 1989-%0 mid-year
conference of the Division to be
hosted by the University of Al-
abama in November, 1989.
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Calendar of Events

by
Josann Duane

1989-90 EDGD Mid-year Conf.
Nov. 20-22, 1988
New Harmony, IN

19892 Annual ASEE Conference
June 25-29, 1989
Lincoln, NB

1989 Second International Confer-
ence on Computer-Aided Drafting,
Design, and Manufacturing Techno-

logy
October 23-27, 1989

Hangzhou, China

1989-90 EDGD Mid-year Conf.
Tuscaloosa, AL

1990 Annual ASEE Conference
Toronto, Canada

1990 4th International Confer-
ence on Engineering Graphics and
Descriptive Geometry

Miami, FL

1990-91 EDGD Mid-year Conf.
Tempe, AZ

1991 Annual ASEE Conference
New Orleans, LA

1991-92 EDGD Mid~-year Conf.
San Francisco, CA (tentative)

A Proposal to the
Accreditation Board for

Engineering and Technology
ABET)

by
Ron Barr

The following proposal, drafted
with the aid of many EDGD
members, will be submitted to
ABET through the staff of ASEE.
Your comments on this proposal
may be submitted to:

Ron Barr

Mechanical Engr. Dept.

The University of Texas
at Austin

Austin, TX 78712

Introduction

It is universally accepted that
proper communication skills are
mandatory requisites for profes-
sional practice. Graphical com-
munication skills have always
been one of the distinguishing
characteristics  between engi-
neering professionals and other
professionals such as lawyers,
doctors, and accountants. In-
deed, engineering graphical ex-
pression has a rich tradition
that has paralled the historical
development of the engineering
profession itself, and that has
provided the primary communica-
tion link between all industries
in the world. This tradition of
engineering graphics has always
been nurtured in the engineering
college curriculum, starting with
a fundamentals course 1in the
freshman year, and followed by
applications of graphical commu-
nication in upper division design
courses,
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Significance of Engineering Graphics

The important role of engi-
neering graphics in the under-
graduate engineering curriculum
is c¢learly identifiable. Engi-
neering graphics develops cre-
ative visualization skills, par-
ticularly in three-dimensions,
and imparts Kknowledge on the
standard methods of communicating
complex design ideas. Engineer-
ing graphics provides a logical
foundation for the upper-divi-
sion design sequence. The first
step in developing an engineering
idea is usually a sketch or draw-
ing which describes size, propor-
‘tion, and other important geome-
try. In a technical profession,
this ability to communicate
graphically is not innate, but
must be fostered through properly
instructed coursework.

With the recent and near-future
advances 1in computer graphics,
engineering graphics will con-
tinue to play a fundamental role
in the practice of engineering.
Engineering graphics is the ideal
and proper discipline in which to
introduce the student to computer
graphics and CAD (computer-aided
design) systems. The application
of geometric and solid modeling
systems requires that the engi-
neer be taught to think in three
dimensions, and to express those
ideas <c¢learly and ©precisely.
With the automation and in-
tegration of the design data base
with manufacturing, future engi-
neers will be even more responsi-
ble for graphical interpretive
skills that ensure correct pro-
duction.

A properly instructed engineer-
ing graphics course has, as its
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central objectives, the develop-
ment of wvisualization skills and
the development of means for
proper communication of engineer-
ing design ideas. Drafting
skills are not the essential
goals of engineering graphics,
although knowledge of industrial
standards for +the chosen en=-
gineering discipline would bhe ex-
pected of the graduate. In a
modern context, with the develop-
ment of computer graphics and
CAD, there is already a deempha-
sis of the psychomotor skills re-
quired to produce manual engi-
neering drawings, and an in-
creased emphasis of perception
and visualization of images of
physical objects and systems.
Engineering graphics is a modern
discipline that is responding to
these needs. A profile of the
modern objectives for engineering
graphics can be obtained by in-
spection of some typical papers
on the subject included in the
Attachments to this proposal.

Problem Statement

The concern of our group is
that the only mention of graphics
in the ABET General Accreditation
Criteria (part IV. C.2.d.{(3).(c).
of the guidelines) is a negative
statement:

"Coursework devoted to develop-
ing drafting skills may not be
used to satisfy the englneerlng
design requirement."

There is not positive support
anywhere for engineering graph-
ies, engineering drawing, or com-
puter graphics. There is no men-
tion of graphical communication
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skills, while there are strong
statements for both written and
oral communication. Due to this
situation, and based on our
groupfs strong commitment to the
value of engineering graphics in
engineering education, we propose
the following three changes to
the ABET guidelines. The na-
tional support for our effort is
exemplified by the Letters of
Support included in the Attach-
ments to this proposal.

Proposed Change Number 1:

In section IV.C.2.d.(3).(a) add
"and visualization skills," after
creativity, as shown:

(3) Engineering Design.

(a) Engineering design is
the process of devising a system,
component, or process to meet de-
sired needs. It is a decision-
making process (often iterative},
in which the basic sciences,
mathematics, and engineering sci=-
ences are applied to convert re~
sources optimally to meet a stat-
ed objective. Among the funda-
mental elements of the design
process are the establishment of

objectives and criteria, syn-
thesis, analysis, construction,
testing, and evaluation. The

engineering design component of a
curriculum must include a least
some o©of the following features:
development of. student creativity
and visualization skills, use of
open-ended problems, development
and use of design methodology,
formulation o©f design problem
statements and specifications,
consideration of alternative so-
lutions, feasibility consider-
ations and detailed system de-

scriptions. Further, it is de-
sirable to include a variety of
realistic constraints such as
econonmic factors, safety, reli-
ability, aesthetics, ethics, and
soclal impact. (It is proposed to change
the word "desirable" to "essential” in the next
edition of these criteria.)

Justification for Change Number 1:

For engineering design, visual-
ization skills are not inherent
from birth, but must be developed
and nurtured in the curriculum.
Stating this requirement here is
appropriate as an activity for
engineering design, and it will
convey the importance of visual-
ization to the engineering educa-
tor. This skill is particularly
relevant for any new directions
in computer-aided design and
three-dimensional graphics soft-
ware.

Proposed Change Number 2.
section

Delete entirely
Iv.C.2.d.(3).(c) as shown:

(b) Courses that contain
engineering design normally are
taught at the upper-division
level of the engineering program.
Some portion of this requirement
must be satisfied by at least one
course which is primarily design,
preferably at the senior 1level,
and draws upon previous course-
work in the relavent discipline.

feyr--Courseverk-deveted-to
develeping--drafting--skitis--may
net-pe-used to--gabtisfy-the-engi-
neering-design-reguirementss

Justification for Change Number 2.
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We understand that the purpose
of this clause is to differenti-
ate between what counts for de-
sign, and what is purely a
drafting course. We agree with
this concept, but we do not be-
lieve the clause is necessary and
indeed it adversely reflects the
importance of engineering graph-
ics. In some cases it may dis-
suade curriculum development of
needed graphics courses, since
ABET does not recognize the im-
portance of graphics and visual=-
ization. In addition, drafting
courses are almost always taught
at Jjunior colleges, or 1in the
lower division, and these courses
are already excluded from the en-
gineering design requirement by
existing criteria in section
IV.C.2.d.(3).(b) above. Hence,
the section IV.C.2.d4.(3).(c) |is
not really needed and is in=-
jurious to the development of
modern graphics courses.

Proposed Change Number 3:

Add a new section IV.C.2.1 and
move existing sections IV.C.2.1
to 1IV.C.2.j, and 1IV.C.2.3 to
IvV.c.2.k. The wording for the
new section is given below.

h. Competance in written
communication in the English lan-
guage is essential for the engi-
neering graduate. Although spe-
cific coursework requirements
serve as a foundation for such
competency, the development and
enhancement of writing skills
must be demonstrated through stu-
dent work in engineering courses
as well as other studies. Oral
communication skills in the English
language must also be demon-

tice 1is
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strated within the curriculum by
each engineering student.

i. CGraphical communica-
tion skills using standard engi-
neering practices are essential
for each engineering student and
must be demonstrated through stu-
dent work in design and other ap-
propriate courses.

j. An understanding of
the ethical, social, economic, and safety
considerations 1in engineering prac-
essential for a suc-
cessful engineering career.
Coursework may be provided for
this purpose, but as a minimum it
should be the responsibility of
the engineering faculty to infuse
professional concepts into all
engineering coursework.

k. For those institutions
which elect to prepare graduates
for entry into the profession at
the advanced level, ABET requires
that students' curricular work:
(1) satisfy ABET engineering cri-
teria at the basic ...

Justification for Change Number 3:

For engineering practice, all
three forms of communication
(written, oral, and graphical)
are important. To mention writ-
ten and oral, but not to mention
graphical is clearly an oversight
that must be remedied. We recom-
mend that it be a separate clause
from section IV.C.2.h because we
definitely do not want our pro-
posed statement to appear as an
afterthought, as does the refer-
ence to oral communication cur-
rently appears to be.
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Third International Conference
on Engineering Graphics and
Descriptive Geometry
a Great Success!
by
Klaus Kroner

From on the scene comes an ini-
tial report indicating that this
Conference, conducted July 11 -
16 at the Technical University of
Vienna, Austria and the brain-
child of Professor Steve Slaby
(Princeton University) with the
assistance of a very able inter-
national organizing committee,
was of immense wvalue to all of
the nearly 150 participants. The
professional program dealt with
three major issues: 1) theoreti-
cal graphics and applied geome~
try, 2) engineering computer
graphics, and 3) education in en-
gineering graphics. Lively dis-
cussions ensued on several sub-
jects. The Technical University
had also displayed many histori-
cal works on descriptive geometry
from their library holdings.

The social program planned by
the local committee was outstand-
ing in the Viennnese tradition
and capped by an invitation by
the mayor for a dinner-dance at
the magnificant city hall.

At the closing ceremony it was
announced that the next Interna-
tional Conference would be held
in the summer of 1990 on the cam-
pus of the Florida International
University in Miami, the first
time the meeting will be sited in
the United States.

A more detailed report of the
Vienna conference, including pho-
tographic coverage, will follow
in the next issue of the EDG
Journal.

Call for Columnists

by
the Editors

The EDGD and Journal needs your
help. If you would like to write
a column on any topic of interest
to the Division membership,
please notify the editor of your
desires. A puzzle column has
been suggested as well as sec-
tions for book reviews, software
reviews, etc.

Use Your Journal to
Promote Your Profession
by :
the Editors

Without the participation of
the readers of this Journal, it
would not exist. Submit techni-.
cal papers describing your areas
of research and techniques of
teaching in the engineering de-
sign graphics field. Supply the
editors with your news, notes,
and announcements. Letters to
the editor are always welcome.
Announcements of Jjob openings
will be printed free-of-charge.
Calls for papers may be made.
Workshops may be advertised. The
500 plus members of the EDGD and
numerous other readers of the
Journal want to know what has
happened, what is happening, and
what will be happening in the
field of engineering design
graphics. Without your input,
the editors can not inform their
readers.
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Editor's Comments

by :
Barry Crittenden

A new assignment for the EDGD, a
new personal computer (IBM Sys-
tem/2, Model 30), a new printer
(Hewlett-Packard Laserjet), new
word processing software (Micro-
soft WORD), and a new Jourhal
printer (the Virginia Polytechnic
Institute and State University
Press) has made publishing this
issue of the Journal an event I
shall never forget. Establishing
a new format, meeting the pro-
fessional requirements of our Di-
vision and the space and loca-
tion requirements of our adver-
tisers, and constantly worrying
about deadlines will also linger
in my mind for quite some time.
In addition, organizing a new
Journal staff and contacting au-
thors of technical papers has
enlightened my view of the world
of journalism. If this issue of
the Journal appears as planned,
let us hope we are reasonably
proud of its appearance and con-
tent, produced at a reasonable
cost.

May I take this opportunity to
thank +the former editor, dJon
Duff, for his assistance during
the transition to a new Journal
staff. My thanks also to William
C. Brown for the many previous
years of publication of the Jour-
nal. In addition, my apprecia-
tion is extended to my closest
assistants, George Lux and Larry
Goss, who have been most helpful
during these initial stages of
Journal preparation.
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%< HOT 358
off the Press

! New Entry Level Text §
§ Helps Your Students |
' Discover CAD

Developed hy educa-
tors for use by educa-
tors... this new 3
discoverCAD courseWARE, integrates with our
discoverCAD Software to easily teach your students
the FUNdamentals of CAD. It was designed to be
used in a 6 to 10 week entry-level CAD course in
Middle Schoal, Jr. & Sr. High, or College.

Your students will learn how to
execute all commands in proper
sequence for better CAD effi-
ciency, including:

MASK PAN PRINT
ROTATE LAYER PLOT
WINDOW  TRIM MIRROR

AUTO-DIMENSION ZOOM

You get 180 pages of Tutoriat Instruction, Practice
Drills, Drawing Exercises, and Chapter Reviews. An
instructor’s Guide & Student Worksheets are sold
separately.

Position Available

DIRECTOR - Freshman Engineering and Engineering Graph-

ics, Clemson University

QUALIFICATIONS - Ph.D. in Engineering, at least 5 years
experience in engineering education, computer skills desirable,
genuine interest in working with entry-level students. For
more information, contact Walter E. Castroe, Chair, Search
Committee, (803) 856-4440.

RESUME - by December 1, 1988 to:

Search Committee Chair

Dir. - Fresh. Engr. & Engr. Graphics
113 Riggs Hall

Clemson University

Clemson, SC 29634-0901

EOQAA employer



Scope

This Journal is devoted to the advancement of engineering design graphics technology and education. The Journal publishes
qualified papers of interest to educators and practitioners of engineering graphics, computer graphics, and subjects related to
engineering design graphics in an effort to (1) encourage research, development, and refinement of theory and application of
engineering design graphics for understanding and practice, (2) encourage teachers of engineering design graphics to experiment with
and test appropriate teaching techniques and topics to further improve the quality and modernization of instruction and courses, and
(8) stimulate the preparation of articles and papers on topics of interest to the membership., Acceptance of submitted papers will
depend upon the results of a review process and upon the judgement of the editors as to the importance of the papers to the

membership. Papers must be written in a style appropriate for archival purposes.
Submission of Papers and Articles

Submit complete papers, including an abstract of no more than 200 words, as well as figures, tables, etc. in quadruplicate (four
copies) with a covering letter to J. B. Crittenden, Editor, Engineering Design Graphics Journal, EF - VPI&SU, Blacksburg, VA
24061. All copy must be in English, typed double-spaced on one side of each page. Use standard 8 1/2 x 11 inch paper only, with
pages numbered consecutively. Clearly identify all figures, graphs, tables, etc. All figures, graphs, tables, etc. must be accompanied
by a caption. Illustrations will not be redrawn. Therefore, ensure that all line work is black and sharply drawn and that all text is
large enough to be legible if reduced to single or double column size. High quality photocopies of sharply drawn illustrations are
acceptable. The editorial staff may edit manuseripts for publication after return from the Board of Review. Galley proofs may not be
returned for author approval. Authors are therefore encouraged to seek editorial comments from their colleagues before submission of

Papers.
Publication

The Engineering Design Graphics Journal is published one volume per year, three numbers per volume, in winter, spring, and
autumn by the Engineering Design Graphics Division of the American Society for Engineering Education. The views and opinions
expressed by individual authors do not necessarily reflect the editorial policy of the Engineering Design Graphics Division. ASEE is

no{ responsible for statements made or opinions expressed in this publication.

Subscriptions
Yearly subscription rates are as follows: Single copy rates are as follows:
ASEE member $3.00 U.S. member $1.50
Non-member $6.00 U.S. non-member $2.50
Canada, Mexico $10.00 Canada, Mexico  $3.50
Foreign $20.00 Foreign $7.00

Non-member fees are payable to the Engineering Design Graphics Journal at: The Engineering Design Graphics Journal, The Ohio
State University, 2070 Neil Avenue, Columbus, OH 43210. Back issues are available at single copy rates (prepaid} from the
Circulation Manager and are limited in general to numbers published within the past six years. The subscription expiration date
appears in the upper right corner of the mailing label as follows: (1) For an ASEE/EDGD member, the expiration date is the same
month/year as the ASEE membership expiration (for example, 6/88) (2) For all others, the expiration date is the date of the last
paid issue (for example, W86, for Winter 1986). Claims for missing issuez must be submitted within a six-month period following the
month of publication: January for the Winter issue, April for the Spring issue, and November for the Fall issue.

Deadlines

The following deadlines apply for submission of articles, announcements, and advertising: Fall isaue - August 15, Winter issue -

November 15, Spring issue - February 15.



Earle.

Graphics for Engineers. Second Edition.
Revised to give you the best performance.

& Graphics for
Engineers,
Second Edi-.
tion, builds
upon a reputa-
tion for care

and expertise in
| engineering

g education,
Earle’s texts have already introduced
the concepts and techniques of
engineering graphics to over a half
million students.

Thé only AutoCAD-driven
text.

The comprehensive and up-to-date
coverage of computer methods in
Graphics for Engineers, Second
Edition is unequalled in any other
text, AutoCAD, the most widely
used computer graphics package in
industry, is thoroughly covered. In
addition to an entire chapter dedi-
cated to AutoCAD and an overview
chapter on computer graphics,

specific computer graphics tech-
niques are carefully integrated
throughout the text.

Lets students test-drive
an engineering career.

Graphics for Engineers gives
students hands-on practice with the
types of challenges they might face
in an actual engineering career by
providing projects drawn from real-
life situations, Solutions may be
worked out by pencil or by com-
puter. '

Put your ideas in motion
with Softvisuals.

Overhead transparencies
make class-room teaching
even more powerful, since
they help students visualize im- g
portant concepts. Our SoftVisuals
disks let you produce up to 450
multicolored overhead transparen-
cies that correspond with many of
the illustrations in the text, (12182)

A
vy
Addison-Wesley Publishing Company

Reading, MA 01867
To order your course examination copy call (617)944-3700, ext. 2397

Additional texts by Earle
to keep students on frack.
Engineering Design Graphics,
Fifth Edition.

Drafting Technology.

Geometry for Engineers.

Plus numerous problem books by
Earle are also available.

And new student edition
software from Addison-
Wesley.

The Student Edition of

AutoSketch —a powerful precision
drawing tool for students, This soft-
ware was developed by Autodesk,
Inc.— the makers of AutoCAD—
and is 100% upwardly compatible
with AutoCAD 2.5 and higher— and
is extremely easy to leamn and use.

(5 1/4", 50570; 3 1/2", 50571}

AutoCAD and AutoSketch are registered in the U.S. Patent and Trademark Office by Autodesk, Inc.
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