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THE RATIONALE OF

ONE-PERIOD DESIGN PROBLEMS

(Presented at the 1971 ASEE- Annual Meeting)

"Professor, what are you leading up
to?'" Your own students may well ask them-
selves this question if a one-period problem
tollows a "quickie' design preoblem. So often
we think of graphical design problems from our
own viewpoint as teacher, rather than through
the eyes of our students.

A begimning student's outlook inthe gra-
phical area is usually drafting oriented, if he
has had any experience at all. He may under-
stand well what you're talking about when you
explain orthographic projection and primary
auxiliary views. You are entering & new ball
game with him, however, when you refer to de-
sign problem identification, analysis of options,
decision point, and design layouts,

After a student has proceeded through a
"quickie' problem, he perhaps has an inkling
of what design graphics implies. However,
doubts may well linger in his mind. He will
probably still wonder, "Why should I bother
with this whele approach to engineering gra-
phics? Why doesn't the teacher just give me
more practice in drawing skilis?"

Here one faces the whole question of a
student's relationshipto course goals. The stu-
dent should come to understand that drafting
skills are indeed very necessary in the engin-
eering technician field where drafting could
possibly be a person's primary responsibility.
Within baccalaureate engineering programs, on
the other hand, skill in drafting in and of itself
cannot aim the student toward using graphical
concepts and his own creativity to solve engin-

eering problems involving graphical procedures.

The student shouléd realize early the philoso-
phical difference between a detailer and a de-
gigner. To become eventually a responsible
designer, the student will want to learn early
how design problems are approached and solv-
ed.

By the end of an engineering designgra-
phics course, the student will need to know how
to identify the problem, set specifications for
solution, how to select a reasonable approach
from among alternate routes, and how to phy-
sically create a scaled layout drawing. Per-
haps in courses offering sufficient time and
eredits he can also sharpen his drafting gkills
by working on fully dimensioned detfail draw-
ings,

In a one-period problem the students
and teacher proceed with the process begun
during the "quickie problem, Initial student
fears and tensions of working in a new area
probably have been lessened. BStudenis better
understand the design solving process.

The student and teacher interact as
learning continues. The teacher brings with
him convictions of what he should do. He may
well believe the following items are necessary:

a} Complete one open-ended problem
that can be solved in primarily a
graphical manner,

b} Provide the student with the pro-
blem, in that time does not permit
students to think up their own
problems and also to solve them
within a single period.

¢} Concentrate on concepts and process
leaving involved drafting for later
and longer problems. Emphasize
sketching,

d) Reinforce the student's under-
standing of the design-soclving
process.

Should you as teacher use a system or
produci-design problem? In the space of one
period a product-designproblem canbe handled



satisfactorily, but tackling a systems problem
or feasibility studywould resultusually in frus-
tration arising from the severe time squeeze,

Assume briefly that you are a student.
The instructor walks into the room and pre-
sents you with cne problem. You note that the
problem is limited in scope, that the specifi-
cations for an adequate golution have already
been given. You need only to solve it in one
period!

Your students may well verbalize sev-
eral questions. You may be sure that they are
at least brooding over {hese:

a} Why should I even be bothered?

b} Where do I start this problem?

¢} How do I know when I'm finished ?

d) How do I know if I've done well?

Thege questions relate to a basic se-
quence of thought in learning: OBJECTIVES -
ACHIEVEMENT - EVALUATION.

We alluded toobjectives with the student
question raised earlier, "Why should T be both-
ered with this approach to engineering gra-
phics?" The student should be at least parti-
ally in agreement with course goals following
the "quickie’ problem and diseussion of the role
of gkills and concepis in engineering design.

The second element of the sequence, a-
chievement, is related to the student questions
"Where do I sfart?' and "How do I know I'm
finished?"

The teacher has a primary responsi-
bility to guide the studentat this point. He can
encourage the student to immediately begin to
sketch out various ideas as they come to mind.
These sketches can then serve to indicate the
best alternative to the solution. Specific re-
ferences in the text canalso help, plus inform-
ation give-and-take among students, especially
if student teams are used,

Encouragement and even tactful prodd-
ing are needed to get the students topick a spe-
cific approach and finalize it in a layout draw-
ing, however simple that layout may be. Be-
ginning students {end to posipone the act of draw-
ing. Some fear they will make a mistake and
will thereby be penalized., The student should
realize that even experienced engineers make
mimerous changes on their initial layouts,

"How do I know when I'tn finished? "
If the graphical expression before him fulfills
the desired specifications of the solution, the
student is indeed finished. In a one-periodpro-
blem, the final result is in no sense a fully
completed design, but by meeting the problem
specifications, it can at least be a legitimate
step toward a fully finished design. Help your
students to see that their one-period problem
ig a vital portion of the design process.

"How well have [ done?" This is a fair
and honest question. The student should be

given information before he starts work onhow
he will be evaluated. Evaluation lcoms large
among student priorities. It is only ethical
that you let him know early how you plan to
evaluate his performance.

You might well provide him with a check-
list containing weighted items to which he may
refer as he works. The list items may include:

a) Degree to which specifications are
met.

b) Directness and simplicity of
solution.

c) Sufficiency of information given
by views.

d) Graphical correctness of views
used.

e) Graphical clarity and quality.

Students appreciate an early return of
their work. Your considered comments and
evaluation will help prepare your students both
metivationally and in subject matter for more
difficult and challenging problems. Their con-
fidence should be increased and their thinking
sharpened as theypreogress toward the end point
of competent designer.

ONE-PERIOD ENGINEERING DESIGN
GRAPHICS PROBLEM

Within this period a solution is needed for a
specific problem. A designer needs a linkage
system which will provide the desired output
for the given input. As the designer's support
man, you are asked to offer your sclution within
the following specifications:

SPECIFICATIONS

1, INPUT MOTION: Three-inch range in
elevation differential of a rod within a
vertical plane perpendicular to axis X,
See sketch below.
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{(See DESIGN - p. 45)



GRAPHICAL SOLUTION BY MAPPING

William M. McKinney
Wisconsin State University
Stevens Point, Wisconsin

Although the use of graphics to solve
mathematical problems is well known to those
in engineering, it is less familiar to those in
the earth sciences. This is unfortunate, as one
of the most basic tools of geoscience, the map,
lends itself readily to graphic solution.

A few examples of this aregiven in stan-
dgard textbooks of cartography., To eliminate
the distortions of areawhich plague many maps,
special projections, such as the sinusoidal or
Mollweide, can be employed (provided one is
willing to forego fidelity of shapes.) Other
mathematical possibilities of cariographics may
be found in the Mercator projection, whichpre-
gerves constancy of direction for siraight lines,
and in the gnomonic, upon which straight lines
come out as great circle routes.

The author, convinced that many more
possgibilities of such applications could be dis-
covered, embarkedupona series of experiments
in 1961. Several results of this activity have
already been described. (1) More recently,
while pursuing post-doctoral studies in geo-
science and while feaching his own course in
aerial photo interpretation, he became aware
of the need for a quick, graphical method of
determining the azimuth and elevation of the
sun, for a given time and a given location, The
azimuth is required to convert readings of a
simple protractor sun compass, often used in
field geclogy, into degrees of compass direct-
ion. The elevation is required todetermine the
heights of trees, towers, ete., on aerial photo-
graphs when only the length of their shadows is
known.

Both of these items, the azimuth and
the elevation, can be computed by spherical
trigonometry if certain basic data (namely, the
latitude and day, and the longitude and hour)
can be known. However, this requires a good
deal of computation, including access to tables

of functions and to calculating equipment. One
might then wonder whether quick graphical sol-
utions to the problems are possible,

This same question arose during the
early days of sail, when the average marine
officer was not competent to deal with the as-
tronomy and trigonometry required for navi-
gation. To resolve the difficulty, the English
mathematician Emery Molyneux designed a
navigational globe which wasg fitted with special
features on its mounting. By following instruc-
tions, anintelligent and perceptive seaman could
obtain reasonably good solutions tonavigational
problems, (2) (It is noteworthy that astrono -
mers of this period also made use of globes as
instruments). As their formal education im-
proved, mariners graduallyabandoned thenavi-
gational globe, but its principles have recenily
been revived and studied by theoretical geog-
raphers.

For mathematicalusage, the globe should
be freely mounted within a cradle mounting,
preferably one with ahorizonring. Under these
conditions it can be rectified, or made to assume
the same attitude in space as the larger earih
beneath it. In this position, which is basic to
many globe demonstrations, the locality of the
observer will be at the very top of the globe.
Oune can then work out spatial relationships in
a convenient manner.

Early in the century the astronomer
Skilling showed how the rectified globe and a
string of givenlength, stretched tauily fromthe
locality of rectification to various other points
on the surfaceé, could solve many problems of
the earth~sun relationship. (3) While an ingen-
ious demonstration of popular science, it lacks
the precision requiredfor the goals stated ear-
lier in this article, Furthermore, the globes
of the required size are expensive and difficult
to handle, The cartographer, accustomed to
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thinking of maps as substitutes for globes,
might well turn to map projections as possible
solutions to these difficuliies.

The Azimuthal Equidistant Projection

The most logical choice for the substi-
tution would be the azimuthal equidistant pro-
jection. Although notorious for the distortion
of space around its periphery, it does have
qualities which have proved useful in technical
applications: distances and directions remain
true when measured from the center of the pro-
jection. Not only are these characteristics
desirable in radic monitering and seismologi-
cal work, buf they would also permit the map
to be used in solving the problems of solar azi-
muth and elevation.

The construction of such a projection
can be made from directions obtainable from
textbooks of cartography. For the purposes
deseribed in this article, it is not necesgary to
draw more than one hemisphere of the earth,
the one centered around the Iocality for which
the projection is made, The reason for this
time-saving step is simple: when the subsolar
point is more than 90° from the observer, the
sun will be below the horizon and one need not
concern himself with the shadow effects which
are to be interpreted by the map.

Although a simple outline map of the
hemisphere will suffice for our purposes, its
utility can be increased by the addition of cer-
tain graphic aids. One of these is a protractor
rose about the center of the projection, permit-
ting the direction reading of azimuths from the
cenfer, The other is an analemma, a peculiar
figure-eight graph which may be seen on many
globes. This graph, which runs from tropic to
iropic, may be centered about any meridian,
but the familiar position over the eastern Paci-
fic has been preferred for globes since it will
thus not interfere with the detail of any land
masses. However, for our purposes it would
be more convenient to center the analemma over
the central meridian of the projection. A third
convenience would be to number the standard
meridians (15 degrees apart) in terms of the
bours of the day, with the central one design-
ated as the meridian of noon. Finally, one
might place a scale of distances adjacent to the
map, reading in degrees of a great circlerath-
er than in miles or kilometers, (Fig. 1)

The Subsolar Point

When thus drafted and equipped with
aids, the map becomes a nomogram, or a de-
vice for the graphical solution of a mathemati-
cal problem. To understanditsuse, one should
become familiar with a basic concept of plane-
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tary geography, the subsolar point. This point
may be defined as that location on the earth
where, at any given moment, the sun is direct-
ly overhead. It is not stationary bui is con-
stantly moving in harmony with the earth's
motion, Due to rotation, it moves westward
at the rate of 159 per hour, circling the earth
each day. Due to revolution and the inclina-
tion of the axis, it moves north and south dur-
ing the seasons, geiting as far poleward as the
tropic lines at the times of the solstices.

Its approximate location by longitude
can be found by remembering the basic relat-
ionship between time and the meridians, At
noon, standard time, one would expect the sub-
solar point to be over the standard meridian
for his time zone. An hour earlier, it will be
over the meridian 159 to the east, an hour lat-
er, over the one 15° to the west. Intermediate
times can be obtained by allowing four minutes
for each degree of travel The appropriate
hourly markings of these meridians, combined
with convenient subdivisions of the spaces be-
tween the meridians, should make this task
easy.

Unfortunately, this simple computation
is complicated by the fact that the sun is rare-
ly "on the meridian' at noon. Certain factors
of the earth's orbital path can cause the sub-
solar point to arrive as muchas a quarter hour
ahead or behind the schedule. The correction
for this factor, known as the equation of time,
can be obtained from the analemma, This graph
is drawn to locate the positions of the subsolar
point, at noon, mean solar time, for its cen-
tral meridian and for every day of the year.
Thus, when it bends to the east of its central
meridian, the sun is hbehind schedule ("sun

{See MAPPING - p. 43)



COMPUTER REASSURED DAREDEVIL

BEFORE HE SPIRALED CAR

{(Reprinted from Machine Design, February 10,

1972.

ing Co., Cleveland, Ohio)

When a car was caused to take to the
air and spiral like a forward pase down the
football field at the Houston Asirodome last
month, the driver was not taking as reckless a
gamblie with his life as it seemed. Prior to the
demonstration, a computer predicted the stunt
would be successful, and this finding was con-
firmed by testing with an unmanned vehicle.

A sophisticated computer program that
eventually will heip to make the nation's high-
ways safer was used by Cornell Aeronautical
Laboratory in the intricate design of takeoff
and landing ramps for the manned Astro Spiral
Jump. But although the ramps were designed
snd "fine tuned" with compuier aid, a sirong
challenge still was imposed on the driver. He
had to bring the car up to the takeoif ramp ata
precise speed and angle of approach to make
possible a soft landing on the receiving ramp.

The computerized highway-safety re-
search program in which the Astro Spiral Jump
has 'its roots was developed during the past
five years. The program isaimed at the event~
ual reduction in damage to cars and injuriesto
motorists that often occur when cars shoot off
the road in accidents involving a single car.

Applying this computer simulation tech-
nique to such an extreme maneuver as the Spi-
ral Jump has advanced technologyin animport-
ant area of auto dynamics, with future signifi-
cance to highway safety, according to Raymond
R. McHenry, assistant head of CAL's Trans-
portation Research Dept. .

The computer program involves the de-
scription of various aspects of the automobile
-—-guch as its suspension system, weight dis-
tribution --- in terms of complex equations
which are fed into a computer for solution.
Also formulated were eguations that describe
the environment that a car might traverse in a
single-car accident.

With such equations, McHenry said, a
comptter is capable of predicting how anauto-
mobile will behave in various maneuvers.

Copyright 1972, by the Penton Publish-

These include traversal of irregular terrain --
gsuch 28 bumps, ditches, and embankments --
or while crashing into roadside obstacles --
such as trees, utility poles, guardrails, and
bridge railings. Thus, McHenry continued,
the computer can predict a car's behavior at
the outer limits of driver control in any acci-
dent situation. The goal of protecting motor-
igts and their cars in single-vehicle accidents
will be achieved eventually by changes inroad-
side and automohbile design in such a manner
that a car would be redirected back onto the
highway or its energy dissipated.

SEC.

0.180

SEC.

0.620

a

Com

puter predictions (leff) were confirmed by testing with an unmanned

vehicle before J. M. Productions Inc. performed the manned spiral fump.

(See CAR - p. 40}



THOMAS NEWCOMEN: THE INVENTOR OF THE STEAM ENGINE

Cyril T. G. Boucher, Ph. D,, M. Sc.

Chartered Engineer

Lecturer in the University of Manchester
Institute of Science and Technology

{Reprinted with permission of CONSULTING
ENGINEER, February 1972)

Thomas Newcomen, the man who made
the world's first successful steam engine, was
born in 1863 in Dartmouth, England. His an-
cestors have been traced back to the 12th cen~
tury as lesser landowners, while his great-
grandfather Elias Newcomen was Rector of
Stoke Fleming. But we find Thomas in busi-
ness as a maker and supplier of tools and
china clay industry of Devon, while inhis spare
time he acted as Pastor to the Baptist com-
munity of Dartmouth,

From his association with the mining
indusiry he had been aware of the difficulties
and expense of pumping the water out of the
mines. Sometimes water wheels and wind-
mills could beused, but oftenhorses were em-
ployed to work the pumps and the cost of this,

always high, became prohibitive in many places,

Earlier attempts had been made to
harnagg the force of steam. The Marquis of.
Worcester, in his Century of Inventions pub-
lished in 1663, described an apparatus he had
invented for pumping water. This was taken
up by Thomas Savery, patented by him in 1698
and advertised as suitable for draining mines.
[t consisted of a container filled with water
with a fire below. As steam was generated
it drove the water out of the container and up
a pipe, discharging at a higher level. When
the water was all gone the steam was conden-
sed and the vacuum drew up a further supply
of water from a lower level. With this arr-
angement, the maximum lift was about 40 yards.
Beyond functioning as a novelty, it proved to-
tally useless for any serious work.

Newcomen's Approach

Meanwhile Newcomen was proceeding
along a different line. He followed up the idea
of Denis Papin who had shown that if a cylin-
der into which a piston fitted were filled with

gteam, and then the steam condensed, a vac-
uum would result and the piston would be for-
ced in by the pressure of the atmosphere, in
practice well under 14 psi.

Papin, having supplied the idea, went
no further, but Newcomen took it up around
1702 and spent 10 years in developing a suc-
cessful engine capable of useful work, A brass
cylinder and piston were mounted over a boil-
er in which steam was raised to a pressure of
1-1/1 psi, and the piston was suspended from
a pivoted beam at the other end of which was a
weight representing the pump rods and water
in a mine. First a cock allowed steam to enter
and fill the cylinder and then water was poured
over the outside of the cylinder so cooling it
and condensing the steam inside. Because of
the resulting vacuum the atmospherr was in-
tended to press on the top of the piston with a
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pressure of perhaps 9 psi, forcing it down and
go bringing up the other end of the beam, and
with it the weight representing useful work,
However, Newcomen came up against practi-
cal difficulties. Pouring water on the outside
was only a slow method of condensing the steam
and by the time it was accomplished, a good
deal of aid had leaked past the piston andlarge-
ly destroyed the vacuum. Hobert Hooke, the
celebrated mathematician, told him thata
gpeedy vacuum was the answer to his troubles
but could not tell him how to get it.

Newcomen then tried encasing the cy-
linder with a water jacket, which was not much
of an improvement except that it led to a lucky
accident. A defect in the cylinder developed
into a small hole and the partial vacuum drew
in a jet of cold water which produced immed-
iate and complete condensation., The piston
came down with such unexpected force that it
broke the bottom cut of the cylinder and smash-
ed the apparatus, but Newcomen was delighted.
He had seen, in a flash, the way of getting an
instantaneous condensation and he now built
another experimental engine, connected up a
high level tank of water, and by means of a
cock that was opened and shut at the righttime
produced a jet of cold water inside the cylind-
er. The desired resulf was achieved. He now
designed a valve gear for opening and shutting
the cocks at the appointed times by the motion
of the engine and then announced himself as
being willing toundertake the draining of mines,

10

The first people to accept his offer
were John Bate and Company of Comnygree
Colliery at Tipton in Staffordshire. Because
the engine was in sight of Dudley Castie, it is
known as the Dudley Castle engine. Here in
1712 Newcomen and his assistant John Calley
and various carpenters, blacksmiths, plumb-~
ers, ahd masons erected and set to work the
first successful steam engine ever to do use-
ful work in the world.

Difficulties of the Times

At this point we might pauge and re-
flect upon the difficulties of building a steam
engine in 1712, When most of us think of steam
engines, we think of the heydayof steam power,
perhaps towards the end of last century. We
summeon up visions of long workshops withrows
of line shafting and everywhere the whir of
wheels and the slap of belts. Ranged along the
floor are lathes and planing and drilling mach-
ines attended by skilled artisans in blue over-
alls, while in the adjoining workshop can be
heard the thump of the steam hammer as it
forges a huge crankshaft. Or perhaps our im-
agination conjures up the lights, sights, and
smoke of a foundry as castings are produced.
But Newcomen had none of these. The framing
was made by carpenters who might have come
from framing up and rearing a half-timbered
building, and mechanical engineering had not
gotten beyond the wooden machinery for wind
and watermills. In Newcomen's engine the



" valve gear was all made in the blacksmith's
shop. The pipework was of lead, and to pro-
duce this sheet lead was cast, then cut into

strips, and each strip was formed arocund a

wooden mandrel with welted joints, which were
then soldered, so producing a pipe. The only
part of the actual engine obtained from outside
was the brass cylinder purchased from abrass-
founder, and the cost even in those days was a-
bout $725, but this was greatly reduced by 1725
when cast iron cylinders began to be available
at a cost of about $100,

The cylinder had not been machined and
the pistonwas made airtight by having aleather
washer around its circumference just like a
pump bucket. As apump buckethas to be prim-
ed, so the piston washer had to be kept wet,
and for this purpose a tap discharged over the
open top of the ¢ylinder, the overflow going as
feedwater to the beiler.

Capacity

Newcomen's first engine could 1ift 3
million pounds of water 17 on a bushel of coal
(a bushel can be taken as about 90 1bg. ), and if
we take 3 as the salient figure, Smeaton in-
creased it to 10, James Watt lifted it to 30,

Richard Trevithick in England and Oliver Evansg
in the United States got up to 100, while at its
highest state before it began to disappear, the
stationary engine could register 150. Clever
men began to make improvements right from
the first engine, but we still need to remember
that most difficult work of the picneer -- doing
a thing for the first time -- and Newcomen de-
serves our respect as the sole inventor and
actual builder of the first successful steamen-
gine to do useful work.

Even today steam is the basis of most
industry. Although the brilliant invention of
the steam turbine spelled the passing of the
piston and cylinder engine, more steam is now
produced than at any time in the history of the
world, for the bulk of our electricity is gener-
ated by that prime mover -- gteam.

Savery had patented his engine, but
Newcomen had no patent. So their position
was that Savery had a patent and an engine of
no value while Newcomen had an engine of val-
ue but no patent. They lived only a few miles
apart and they seem to have gotten together as
partners, one providing the patent and the oth-
er the engine, a doubtful arrangement that did
not escape some of their contemporaries.
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This first engine at Dudley Castle was
visited in 1719 by Thomas Barney who, taking
a working drawing by Newcomen, converted it
into a perspective, indicated improvements
that had been made since it was built, number-
ed the parts, supplied a key and description,
and added an ornamental inscription and a view
of Dudley Castle as it appeared from Conny-
gree Colliery. This drawing shows that Barn-
ey's perspective was dreadful and put in piece-
meal, but the basic elevation is correct to
scale and astonishingly accurate, including the

improved controller or scoggan added by Hum-
phrey Potter scon after the engine was built.

In 1968 it was decided to build a one-
third full size replica of the Dudley Castle en~
gine for the Manchester Museum of Science and
Technelogy and I had the very interesting task
of redrawing the engine in intelliglble ferms.
Taking Barney's drawings as the No. 1, I first
redrew it with Barney's perspective removed

The STEAM ENGINE
near Dudley:Caflle. Erected é‘y
MY Newcomen & drawn i);
Thomas Barmey & Cyrit Bovcker
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so that it was restored to an elevation, much
as the original drawing would have appeared
when it left the engineer's hands. Then I pro-
duced a sectional isometric view that made
clear -- as I hoped -- the general construction
of the engine, and finally another sheet with
details of the valve gear.

These drawings, in which the same fig-
ures are used as in Barney's key, will help to
explain the working of the engine. The piston
rises in the cylinder (4) not from the sieam
pressure but by the action of the heavy pump
rods at the other end of the beam sinking down
the shaft. Steam at 1-1/2 psi generated in the
boiler (2) follows the pision and fills the cylin-
der., Now the beam has just reached its high-
est point and the plug rod (12) attached to it
lifts the scoggan (13), so releasing the weight-
ed lever (16) which drops, and turns on the tap
{17) thus allowing water to rush through the in-
jecting pipe (7) and squirt all around inside the
cylinder, in this way condensing the steam.
Under the influence of the resulting vacuum,
which reaches about & psi, the atmosphere
presses on top of the piston and forces it down
so lifting up 10 gallons of water from the well,
a distance of 51 yards. In the next cycle as
the piston rises again, so the plug rod {(12) fzlls
shuts off the water, and, then, near its lowest
point turns on the steam by depressing a prong
of the fork (14), Attached to the axle about
which the fork turns is a weight which when it
has reached the mid-point falls over forwards,
or backwards, as the case may be, so instant-
aneously opening or shutting the steam valve.
The cycle as described is now repeated and

continuous motion takes place at the rate of 12
strokes a minute,

In this first engine and in subsequent
engines for some years the pipework was all
of lead with soldered joints, the beams and
framing of timber, the chains and valve gear
of wrought iron, the cylinder of brass, and the
boiler base of sheet copper with a domed top
of sheet lead supported on ribs, the lead joints
being soldered together. The engine hotse
was a large and substantial masonry structure
into which the main framing of the engine was
permanently built.

Other Projects

The Dudley Castle engine was an engin-
eering and commercial success and Newcomen
and Calley were called upon for repeatperform-
ances all over Great Britaln. The second en-
gine was at Griff in Warwickshire, and the
agreement for this engine, dated April 1714,
has recently been discovered. It is with "Tho-
mas Newcomen of Dartmouth in the countiy of
Devon, merchant. .. at his own charge to set up
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on some part of the colework called the Griffe,
an engine to draw water by the impellant fforce
of ffire which should draw or cast up seveniy
hogsheads of water per hour. .. not above fforty
vards from the sough. "

This second engine was duly erected
and put in operation. It forms the subject of
the oldest drawing of a steam engine that we
have, Though Thomas Barney had made his
drawing of the first engine at Dudley Castle in
1719, his effort had been preceded by Henry
Beighton, a young man living near Griff and
himself destined to become a steam engine
erector and designer, who in 1717 made in ex-
cellent perspective drawing of the Griff engine
of 1714, The existence of this drawing had
long been forgotten, but in 1925 acopy of itwas
discovered in the library of Worcester College
Oxford. No other copy is kanown to exist.

With the death of Savery - owner of the
patent - in 1715, a new company or syndicate
was formed to build engines or to license oth-
ers to do so, in which business it continued un-
til the expiration of the patent in 1733. There
was some talk in 1725 of upsetting the patent
on the grounds that it was for Savery's engine
and not for Newcomen's quite different one,
and a certain Stonier Parrott wrote out a mem-
orandum on the subject that is still in exist-
ence., However, by now it was approaching
the time of expiration of the patent and nothing
was done.

Thomas Newcomen died on August 6,
1729 at age 67. He remained a member of the
steam engine company all his life, but because
of the impossibility of simultaneocusly erecting
engines all over England, living in Dartmouth,
and attending meetings in London, he was re-
presented on the syndicate by his personal fr-
iend Edward Wallin, a Baptist minister, in
whose house he died while on a visit io London,

From the two letters of his that have
been found, the style of his language shows
that he was a courteous and well educated man.
As a Baptist he suffered persecution from the
repregsive measures against nonconformists
in the period following the trial of Dr. Sacher-
vell in 1711, which ended when the Jacobite
Rebellion of 1715 halted the persecution.

Newcomen's home in Dartmouth was a
large, old, half-timbered house that faced
High Street and backed onto Lower Street. It
was pulled down in 1864 by the Town Council,
but fortunately there had arrived on the scene
Thomas Lidstone (1821-88) an architect who
had a great admiration for Newcomen, perhaps
the first person in modern times o take an in-
terest in the invenior. He wroie several pam-

(See INVENTOR - p. 44)



EXPLOITATION OF COMPUTER GRAPHICS CAPABILITIES

James P. O'Leary, Jr.

Associate Profegssor

Dept. of Engineering Graphics and Design
Tufts University

From its outset, computer graphics has
been a very promising area to the Design En-
ginner and the Graphicisi. The possibility of
having the computer do the drawing and tonever
again have an aching back and sore fingers was
attractive to everyone from the freshman in his
first month of engineering to the senior faculty
member, to saynothing of those managers whose
drafting payroll is a favorite target for efficien~
cy experts. All of these were promised relief
from the tedium by those who were pioneering
computer graphics in the late fifties and early
sixties.

It could be pointed out that immediately
prior to that stage the computer culture was
assuring us that accountants and bookkeepers
were rapidly becoming obsolete and that in a
very short period, the staff of our university
accounting and record keeping operations would
be reduced to afew people who would feed cards
and paper and dust off the machines once a
meonth.

At this point in time, neither of these
Utopian states seems to be upon us. On the

other hand, the computer seems to be here to

stay, perhaps not living up to its original ad-
vertising to the letter, bui in many ways going
beyond the original forecasts.

If one looks for an underlying thread
which connects many of the current applications
of computers, one characteristic is guite pro-
minent: computers are doing things whichnever
were done before, rather than simply replacing
people because they are faster and more accu-
rate.

The extrapolation of this history into
the area of computer graphics suggests that
the place to implement computer graphics is
not in the construction of production drawings,
but in the generation of graphic aids which do
not currently exist. The implication of thig is
that there are many such applications and that
they are not cbvious.
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Another characteristic of the early ef-
forts in computer graphics was the expense in-
volved. Computer graphics projects in exist-
ence ten years ago were mainly large activities
with correspondingly large budgets. It is now
possible to get a graphicdevice on a system for
less than Ten Thousand Dollars and to have with
it a variety of software capable of generating
lines, curves, andalltypes of annotations, This
puts in the hands of the user a greatdesl of cap-
ability without hishaving to be a bona fide com-
puter scientist. He need only be a man with a
problem who can cope well with a higher level
language.

The type of problem is, of course, rele-
vant and although it would be an over simplifi-
cation to write rules about what is or ig not a
problem which could be treated with computer
graphics, some indications do exist.

The first point to be made is that gra--~
phics is a2 people oriented thing. One only has
to worry about talking to people with computer
graphics. With few exceptions, there is noben-
efit to be gained by using graphics ag an inter-
mediate form of communications between mac-
hines. The entire basis for graphics is that
people can process information presented this
way much faster than any other communication
form.

The capability of the machine is pri-
marily in making exact or accuratedrawings in
very litile elapsed time. This suggests that the
primary applications will be in " class' pro-
blems, that is, sitnations where a number of
drawings will have to be made, and where i
will be possible to use a single program or group
of programs to generate these drawings.

There are a variety of reasons for de-
siring that drawings be exact, but often this re-
dquirement is somewhat synthetic, the real re-
quirement being that variations be accurate, so
that comparisons can be made.

These characteristics suggesi some of



those sygtems already in wide use. The use of
computers fo generate annotated radar displays,
to make animated movies, to simulate views
for pilot training and many other activitiesfalls
into this category., Although these efforts are
worthwhile and certainly sound like the kinds of
things that we would all enjoy doing, there are
limited resources available to most of us which
precludes our getting into these kinds of acti-
vities, The purpose of this paper is todescribe
some applications which are interesting, useful
and within the capabilities of more commonly
available systems. Each of these applications
represents a low budget computer graphicsapp-
lication. Each ig currently fulfilling & need
which could not be essily served in any other
manner,

Dosimetry in Radiological Irr:;plants1

One technique for treating cancerous
tumors is to implant radioactive needles in the
tumor and surrounding tissue, That tissue ex-
posed to a sufficient time-intensity combination
of radicactivity will be destroyed. The object-
ive of this treatment is to insert a needle pat-
tern which causes a highdosage level within the
fumor while minimizing the dosage to surround-
ing healthy tissue. The problem is complicated
by the fact that it is impossible to implant the
needles exactly as plamned. It is, therefore,
neceggary to implant the needles, X-ray to de-
termine their locations, and then make the re-
quired dosimetry calculations, from which the
time for remowal of the needles can be deter-
mined. Unfortunately, the time reduired to do
the hand calculations may exceed the optimum
treatment time.

M. Mehta has written a program which
takes data measured from the X-ray plates, as
well as the information regarding the radio-
activity of the needles and computes the dosage
levels at a series of points on a three dimens-
ional grid. From this data the program then
displays the isodose curves (lines of equal do-
sage) for a series of planes in the vicinity of
the implant. The display is on a Cathode Ray
Tube and is photographed for a permanent re-
cord (Figure 1).

The program has a built-in check for
data accuracy, The end points of the needles
are located independently and the program cal-
culates the length of each needle and compares
it with the length given in the input data.

This system was developed and isrunn-
ing on an IBM 360 model 30, with a 65K byle
core. It was programmed in PL/1 and ig cur-
rently in regular use at the New England Medi-
cal Center Hospitals.
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Figure 1

Steroscopic Vector Cardiogram Display2

The Electrocardiagram is a record of
the electrical potentials present in the heart,
These potentials can be theught of as repre-
senting a single dipole in the heart, with orient-
ation and magnitude varyiang in time. Although
this model is a greatsimplification of the actual
mechanism, the observed potentials modeled in
this manner present an excellentdiagnostic fool
to the cardiologist. The time space plot of the
dipole's behavior can be presentied as a space
curve representing the path of the end point of
a potential vector. This EKG loop iE difficult
to visualize even from a three-view drawing.
The cardiologist isinterested in the shape of the
loop, which can vary a great deal in a normal
healthy heart, Specific variations in the loop
indicate heart damage at various locations with-
in the heart muscle, A greati deal of effort hasg
been made to apply signal analysis techniques
to the cardiogram with very little success.

J. Otis programmed a system which
plots steroscopic views of the cardiogram loop
which enables the cardiologist to get animmed-
iate overall impression of the loop shape, The
program operaies from point to point data off
the three orthogonal leads, and draws the loop
with a great deal of augmentation to aid vigual-
ization {Figure 2}. The major problems en-
countered were in deciding how to present the
information.
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Figure 2

The cardiologists have anunderstanding
of the three dimensional loop and its behavior
but the loop, even in stereo, was difficult to
draw in a way which was meaningful. The fin-
al decision was to draw a cylindrical surface
with the loop as the top andthe projection of the
loop on a horizontal plane as the bottom. The
elements of the cylindrical surface represent
points spaced evenly in time, thusadding an ex-
tra dimension te the information.

The program is written so that the loop
may be viewed from any direction but two pre-
ferred positions have been determined,

This particular program is an example
of using the computer to manipulate the image
and to present it in away whichis easilyunder-
stood. There is a small amount of computing
for purposes of annotating the drawings but the
major effort is in transforming the image, to
make it more easily understood.

The system was written in FORTRAN
and implemented on an IBM 1130 with 8K core
and a calcomp 11 inch plotter, It is useful to
diagnose patients, and loops have been drawn
for use in training cardiologists.

Graphic Realization Aid for Statistics. 3

It is often difficult to bring statistical
concepts tobeginning students in a manner which
they can understand. Of particular difficulty is
the digcussion of what happens in gmall samples
of large populations. What would one expect to
see in a sample of ten values from alarge pop-
ulation having a given distribution?

In an effort todevelopaids for the teach-
ing of this kind of concept, T. Radi developed
a set of FORTRAN programs which use random
number generating techniques to provide a syn-
thetic form of producing the required data.

The system has three major portions.
The first segment i8 capable of generating sta-
tistical samples having the characteristics re-
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quired., These can be either one or twodimen-
gional systems of values, providing simple op-
erations as well as regression capabilities.

The next portion of the program provides
statistical analysis of the sample generated.
This portion has a variety of tests available,
and, of course, the results do not normally
correspond exactly to the characteristics of the
larger population from which the sample was
theoretically drawn.

The last phase of the system plots out
the data in whatever manner is desired. An-
notation of the plots is automatic, and the form
is designed to provide classroom visual aids .
Figure 3.

EVIATIDNG  10-24
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Figure 3

The system is operational on an IBM
1130 with 16K core. It is normally used in an
interactive mode. The user selects population
characteristics and sizes, performs fests as
he sees fit, may increase the sample size, or
make other changes. He can plof out histo-
grams, cumulative curves, or distributioncur-
ves, using any scales he desires, on a full, half
or quarter page (8 1/2 x 11),

The system may be used to analyze a
data sample supplied by the user, having avail-
able all of the analyses and graphics capabilities
in the basic gystem.

This particular system was designed
with a long term view of having a remote gra-
phic terminal in the classroom, where the in-



structor could use it to generate examples on
the fly. As presently used, the instructor must
prepare his materials ahead of time, but the
system provides accurate analyses and graphs
of reasonable data, providing virtuallylimitiess
visual possibilities.

The Visual Machine.

Thie software system was written by G.
Meyfarth and P. Meyfarth as a teaching aid,
helpful in understanding how computers func-
tion. The system is a program whichsimulates
a small (100 word memory) computer. While
deoing the simulation, all of the registers and
the entire memory are displayed ona C. R, T,
The numbers move through the display as in-
structiong are executed, resulting in a very
graphic illustration of the machine's operation.

Within the obviously stringent size cap-
ability, the Visual Machine will accept and ex-
ecute any program. This includes a capability
to do subroutine calls and other complex oper-
ations. The input and output capabilities are
limited, butf in everyother way it is arealcom-
puter operating in slow motion and explaining
itself as it goes along.

This systemwas programmed in assemb-
ler language and operates on an IBM 1130 with
an IBM 2250 display terminal, The computer
being simulated is alsc an 1130 and the system
functions as an instruction aid in training peo-
ple to program the 1130.

In order to make the system more use-
ful, a display controlled movie camera has
been added so that the visual machine now lit-
erally takes movies of itself.

This concept has greatpotential inhelp-
ing people understand how compuiers function,
it is certainly extendable to other machines, and
to broader applications.

Machining Drawing,

The Bellofram Corporation manufac-
tures rolling diaphragms, oftenfor O. E. M. ap-
plications. These units are formed in molds,
which, of course, must be designed and built
for each application. The engineering staffhas
been able to reduce the design problems to a
series of set calculations which produce all of
the mold dimensions.

1t is only a small step from the point to
feeding the applicationdata into a computer pro-
grammed to make the mold machining drawings.
The programming of such a system is notcom-
plicated and can be done in higher level lang-
uages, Such a system, once programmed, could
make a drawing of this kind for perhaps 5 or 10
dollars in computer time. This would appear
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to be anideal applicationfor computer graphics,
repeating sets of drawings, graphic information
ete,

The staff at Bellofram did not see it
that way. A Wang programmable calculator
was acquired and programs were written to
do the dimension calculations. Once this was
working, atypewriter was interfacedtothe sys-
tem and a preprinted form with the basic mold
drawing was made up. To use the system now,
one loads the program, puis a copy of the form
in the typewriter and adjusts the position, and
keys the application data into the calculator.
The system types all of the dimensions on the
form, and the resultis afinished manufacturing
drawing. The machine cost is probably about
one dollar per drawing.

The reason that this system doesn't be-
long on a plotter is thai the information being
output is not graphic in nature., The drawings
of the molds would all look the same anyway,
and it is possible in this situation to make ihat
drawing only once, The machinist needs this
information for a general shape concept but the
dimensional data must be transmitied numeri-
cally. If a template kind of manufacturing pro-
cess were to be used, if 2 numerically con-
trolled miller tape were to be generated from
the application data, a totally different situa-
tion would exist.

The preceding examples each had this
graphical information concept as an integral
part of the problem. The Isodose curves had
to be graphicbecause the radiologisthas a gra-
phic concept of the tumor he is treating which
he must match with the treatment pattern.

The Electrocardiagram must be gra-
phic because this form againrelates fothe phy-
sics of the problem being considered. The pro-
blem actually becomes one in pattern recogni-
tion which is a task currently done better by
people than computers.

The statistical packageis attempting to
ieach a coneept and although it may not be im-
portant that the drawings in this case be accu-
rate, it is important that the student believe
that they are, and in this case, it is probably
easier to be honest than dishonest.

The visual machine is essentially a pro-
blem in animation which relates to human pet-
ception and a variety of related problems. in
order tomake animationwork, however, a cer-
tain level of accuracy or consistency must ex-
ist and the computer controlled display is the
optimum technique for obtaining this character-
istic.

Summary

These examples serve to illustrate the

fact that it is possible to do interesting things

with computer graphics with relatively modest

{See COMPUTER - p. 42)



Just Published]

ENGINEERING

WRITING

Ann W, Sargent,

California State Polytechnic
College, Kellogg-Vocorhis

Engineering Writing presents the
special techniques and conventions
of prepating specific engineering
documents such as information re-
potts, proposals, instruction manuals,
specifications, and test procedures.
It considers the purposes of various
types of technical documents, the
conditions under which the docu-
ments are prepared and used, and
the general organization and style
used by many companies. 1970~
$5.95

ENGINEERING
DESCRIPTIVE
GEOMETRY

Theory and Application

H. Crane and J. Vogisberger,
Milwaukee School of Engineer-
ing

To facilitate the development of
graphic communicative skills, this
book integrates graphic technique
with logical thinking and spatial
orientation. Designed for use with
classroom insfruction and a related
reference, the problems concentrate
on principles which are essential to
the development, refinement, and
presentation of solutions, 1969~
printed on green fint ledger paper—
$7.95—cloth

THE ENGINEERING
FUNDAMENTALS SERIES

Developed by

Virginia Polytechnic Institute

The ENGINEERING FUNDAMENTALS SERIES is spe-
cifically designed for a sequence of instruction that inte-
grates the traditional courses in Engineering Drawing and
Descriptive Geemetry. Problems in the books on graphics
consist of both freehand and instrument drawings that
help the engineering student understand the application

of graphics to the engineering profession. All drawing
pages are printed on white ledger paper.

Graphics—Books I, i, Il

Joseph B. Dent and W. George Devens

Virginia Polytechnic Institute
Graphics—Book | 1966—-%$3.25
Graphics—Book I  1968—%3.25
Graphics—Book Il 1969-$3.25

An Introduction to Computers
and Elementary Fortran—Book IV

Robert €. Heterick and Jumes H. Sword
Virginia Polytechnic Institute

1969—$3.25

Notes on Graphical
Calculus and
Vector Analysis

D. H. Pletta and

W. George Devens
Virginia Polytechnic Institute

Notes on Graphical Calculus and
Vector Analysis supplements text
material used in the freshman en-
gineering course. Topics covered
include graphical calculus, vectors
and vector algebra, and hyper-
bolic functions. 1969—$1.25

PROBLEMES IN
ENGINEERING GRAPHICS
Series B

Billy R. Henry, Lamar State College of Technology

Problems in Engineering Graphics is designed for the begin-
ning student or those who have had drawing. Material was
selected for use in all fields of Engineering, and the problems
are designed in order that the instructor may select his own
method of presentation, 1968-$3.75




(Presented at the 1871 Mid-Year meeting of
the Engineering Design Graphics Division)

Interactive computer graphics and auto-
mated design techniques are being heralded by
gome as the panacea for all of the problemsen-
countered by engineering graphics deparitments
as they endeavor to teach more material, in-
cluding computer graphics, in the time usually
allotted for atwo or three semester hour course
in engineering graphics. The display of com-
puter graphics is always dynamic and motivai-
ing to the viewer although he may not rezlize
the depth or level of knowledge of either engin-
eering graphics or mathematics required to
generate such programs. It isagreed that com-
puter graphics holds some very promising po-
tentials which may be ufilized to enhance the
study of engineering graphics principles ifthey
are used effectively and at the appropriate time.
The competency of the professional educator is
revealed by the manner in which he plans his
course work as well as by ithe technigues and
devices he uses to effect learning by his stu-
dents. This level of evaluation will be applied
also toward his efforts tomake use of the com-
puter and its various ouiput devices such as
tilms, video-tapes or the CRT. However, no
engineering educator when in his right mind
would jeopardize his chances of entering the
"pearly gates' by advocating that sindents can
Tearn the fundamentals of engineering communi-
cations and design graphics by observing the
display of computer graphics in lieu of actually
solving various engineering graphics problems
on a drawing board. Neither will he deny that
through the proper use of computer graphics
one may effectively teach more material in the
same allotted time while reducing the actual
number of graphics problems that the student
would be required to solve on the board.

Graphical communications and design
analysis with the aid of computer graphics and
the asscciated software and hardware are be-
coming significantly more important in the man-
computer interactive systems. Presently, we
are witnessing a period of accelerated activity
in the development of interactive computer gra-
phics systems on the part of manufacturers of
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COMPUTER GRAPHICS - ITS ROLE IN

ENGINEERING GRAPHICS AND DESIGN COURSES

Clarence E, Hall, Chairman
Engineering Graphics Department
Louisiana State University

Baton Rouge, Louisiana

hardware, software development organizations,
and educational establishments who have obtain-
ed federal funds for research in the graphics
area. Some of the more important contributions
in this field have been made by the aerospace
industries.

Regarding the influence of certzin in-
dustries upon the development of computer gra-
phics Mr., Eugene H. Brock, Chief Computation
and Analysis Division, NASA Mamned Spacecraft
Center, Houston, Texas said:

Attendees of recent national,
computer-oriented conferences,
such as the Association for Computing
Machinery (ACM), have been strongly
influenced by exhibits featuring com-
puter-aided design and computer gra-
phics equipment. On-line drafting
equipment, display terminals, and
plotters are emphasized iz every
section of the exhibit halls, Nearly
every computer hardware manufaci-
uring organization is now emphasizing
this equipment for use in graphics.

Several manufacturers have develop-
ed special software for their equip-
ment and are marketing hoth software
and hardware as a package. The ven-
dor is stressing the fact that his pro-
duct will provide the engineer with the
capability to enter data, analyze,
make changes, produce drawings
and schematics, to develop and solve
equations, and produce plots. (1}

Many of us have witnessed computer gra-
phics displays produced by manufacturers of
computer and/or associated softwarefor use in
their sales routine, Despite the fact that these
programs have very little, if any, educational
value in their present form, they could serve
as skeletons for a number of computer graphics
programs having significant educational value.



There can be no denial of the signifi-
cance of a computer and an online interactive
computer graphics display unit in the hands of
an experienced design engineer. The era of
automated design and numerical conirol of mami-
facturing processes is here, even though it is
gtill in its infancy. Only time and additional
experience will reveal the full value of these
new tools, but it must be observed that tools
suitable for design and manufacturing in indus-
try are not always in the best suitable form for
educational use. As a general rule, they need
to be modified and usually simplified before
they can be used in the class room.

In reviewing the computer graphics pro-
grams which are available, they were found to
be neither modular nor standard. Most of these
programs have beendeveloped by individualsor
individual organizations to serve a particular
purpose, and most have been written in a lan-
guage peculiar to their local computer system.
Too, few computer technologists have had suffi-
cient experience in the science of engineering
graphics {descriptive geometry) or the teach-
ing philosophies to develop the necessary soft-
ware to aggure that optimum learning situations
will develop through the use of their programs.

As the use of the computer becomes
more commonplace in our educational programas
we must not lose sight of our basic objective
of teaching potential engineers how to read
drawings and make them when necessary. In
view of this, an indepth study of engineering
graphics fundamentals through the use of thé
drawing board, t-square, and triangles must
be emphasized. The student may be highly
motivated to study graphics with the use of the
computer but to really learn the fundamental
theory of engineering graphics and design, he
must actually work a number of problems him-
self,

The value of engineering graphics inall
departments of science and engineering not only
28 a language, but as a discipline of the mind
can hardly be overestimated. Most students
who enter college can think in one dimension,
some few in two dimensions, but those who can
think in three dimensions are exceedingly rare.
This last facility must regide to some extent
with all engineers, and it is one that can best
be learned through the study of engineering gra-
phics, In our writing and discussions as en-
gineering educators we must emphasize docu-
mentarily that the study of descripiive geome-
try is the best form of subject matter for deve-
loping & creative imagination.

After the development of descripiive
geometry in the 18th century, educators soon
realized its value as a learning tool and for al-
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most 130 years this discipline was considered
a fundamental subiect for all engineering stu-
dents. Not only did it occupy a place in the en-
gineering curricula of many civilized nations,
but it was a required course for many prospec-
tive mathematicians. (2) Monge, when emphas-
izing the significance of his '""Descriptive Geo-
metry' said:

The charm which accompanies
these studies will conguer the repug-
nance which men have in general for
intense thought, and make them find
pleasure in that exercise of their
intellect which almost all regard as
painful and irksome. (3}

Descriptive Geometry also has aunique
philosophical peculiarity as noted by the Italian
philosopher Augusto Conti, He said:

The study of descriptive geometry
possesses an important philosophical
peculiarity, quite independent of its
high industrial utility. This ig the
advantage which it so pre-eminently
offers in habituating the mind to con-
gider very complicated geometrical
combinations in space, and to follow
with precision their continual corres-
pondence with the figures which are
actually traced--of thus exercising
to the utmost, in the most certain
and precise manner, that important
faculty of the human mind which is
called "imagination" and which con-
sists, in its elementary and positive
acceptation, in picturing to ourselves,
clearly and easily, a large and vari-
able collection of ideal objects, as
if they were really before us. (4)

It should be further emphasized that
computer graphics programs make use of var~
ious levels of mathematics and that descript-
ive geometry is one particular type of applied
mathematics which may be employed whenwrit-
ing certain programs. Monge, who is credited
with the development of descriptive geometry,
wag a mathematician and he used this type of
geometry to solve various engineering prob-
lems graphically., In making use of the com-
puter to solve these problems, the process
must be reversed. That is, these graphical
data must be described mathematically, or
digitized, so they can be rmanipulated by the
computer,

In considering the work of the design
engineer, we observe that he employs struc-
fures and/or geometric elements which consist
of forms such as prisms, pyramids, cylinders,



cones, ete., Each of the parts is bounded by
surfaces which are planes, single curved, dou-
ble curved or warped. These surfaces inter-
sect inedges whichare straight or curved lines.
The resulting edges intersect as points at the
corners of the forms. Engineering drawings
constructed in accord with the fundamental
theorems of descriptive geometry enable the
designer to translate the resulis of his efforts
in a manner which no other means of communi-
cation affords. Since each form or shape on a
working drawing has specific dimensions, the
problem in writing a compuier graphics prog-
ram becomes one of converting these dimen-
sions into data which the computer can manipu-
late and subsedquently display.

The administrator of anengineering gra-
phics program must come io grips with ithree
significant problems when he considers supple-
menting the instructional program with com-
puter graphics. These problems are (1) the
level of sophistication of some of the ''canned"
programs available, (2) the freshman engineer-
ing student has very little, if any, experiencein
comptter programming, and (3) the giudent
does not have the level of knowledge of the lan-
guage of the engineering profession {(engineer-
ing graphics) that he should have prior to being
subjected to an indepth exposure of computer
graphics,

In view of these prevailing circumstan-
ces, it would seem more desirable to develop
some elementary programs to accommodate
any given teaching and/or learning situation,
Some of these programs could be modular in
form so all or a portion could be used as the
gituation requires,

As a general rule, each computer gra-
phics program should be simple and straight-
forward so siundents can understand itsdevelop-
ment. It has been observed that freshmen stu-
dents will have little, if any, knowledge or pre-
vious experience relative to computer graphics.
However, after a few weeks of instruction per-
taining to orthographic projection and adjacent
view arrangement, they will be able to follow
the development of each step of the computer
graphics program,

Three relatively simple computer gra-
phics programs have been prepared for this
presentation and it is felt thateach may beused
effectively by engineering freshmen students.
A fourth program pertaining to axonometric
projections (secondary auxiliaries) has also
been included, It is suggested that it be used
in the study of descriptive geometry after the
students have completéed similar drawing as-
sighments,
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Inorder to make use of these programs,
the instructor must adapt each one to his part-
icular computer system. When using a pro-
gram, it is suggested that a copy be giveneach
student along with a written or oral discussion
of its purpose. The student should be required
to add only the dimensions of the object or what-
ever digitized information is required to solve
the problem, If, after the student has used the
program, he wishes to modify it, it is suggest-
ed that he be allowed to pursue his interests
as time and computer funds permit. Previous
experience indicates that some students will
write new programs as they have the opportun-

ity.

The primary purpose of the first pro-
gram is to introduce the student io the system
employed to control the movement of the plot-
ter and drawing pen. Other computer systems
mayvary from that used to generate these pro-
grams but the pattern will, in general, be simi-
lar. After this system is understocod, the de-
velopment of each program is not difficult to
follow. BSince the plotter was an X, Y coordi-
nate plotter, there must be in the "call plot"
statement{ a value for the X and Y coordinates
as well as an instruction with regpect to an
origin and pen control, that is, whether or not
the pen is on or off the paper.

In the CALL PLOT (0. 0,0.0, -3) state-
ment, all of these factors are present. The
first or left-most argument is the X coordinate
while the second argument is the Y coordinate.
The sign of the last or third argument refers to
the origin while the third argument itself stip-
ulates whether or not the pen is raised off the
paper or is on the paper in a drawing position,
The negative sign establishes the point repre-
sented by the set of coordinate values in the
argument as the new origin. If the origin is not
affected, the sign is omitted. If the pen is to
be in the raised position a 3 is used while the
2 causes the pen to be lowered as it is being
moved to the point defined by the coordinates
enclosed in the set of parentheses. Following
thig sytem of instrudtion the machine is instr-
ucted to map or draw the U-shaped figure as
shown in the print-out for the first program.

The objective of program 2 is torepro-
duce a three-dimensional form on atwo-dimen-
sional surface. The input data may be selected
arbitrarily or they may ke chosen to represent
a given form. It should be émphasized that
these data may be obtained from a simple two-
view drawing but care must be exercised in
reading the proper coordimte values. For any
one point the program has been written so that
the X and Z values are obtained from the top
view while the X and Y values may be cbtained
from the frontal view. The resulting computer



Program 1.

The above program instructs the plotter to position the pen
at some point and designates it as the origin. From this new
origin the two-dimensional figure is drawn without 1ifting the
pen. The first entry inside the opening parentheses of line
three is the x-coordinate for the plot while the second entry
is the y-coordinate. The third or last entry is for pen control.
The 2 is used to draw & Tine or Tower the pen while the 3 is to
raise the pen as the plotter moves it to that designated point.
The negative sign used with the pen contrcl estabiishes that
point as the new origin.

The pen control 999 informs the plotter of the end of the
program. The first two cards or lines of the program contains
information for the plotter while the last two cards informs
the compiler and computer of the end of the pregram.

All of the attached programs were run on an IBM 360/65
computer and plotted on & tape driven Cal Comp 750 plotter.

In order to run any program one must comply with the operating

procedures of his computer center for entering

data.

[aNaRaNaNa Nl aNy]

DIMENSION BUFFER (S5000)
CALL PLOTS (BUFFER(1}+5000)
CALL PLOT(G#0s0eQ+~3}
CALL PLOT{240+2«04 3)
CALL PLOT{Se0s2s0s 2)
CALL PLOT(Sa0e5e0Qs 2)
CALL PLOT(440+5.04 2)
CALL PLOT(4404+44a0, 2)
CALL PLOTU340+44Cs 2)
CALL PLOT(3304+45a0s 2)
CALL PLOT{Z2a20+5:0x 2)
CALL PLOT(2:0+20s 2)
CALL PLOT(Ge(20s04 3)
CALL PLOT(Qe020+0+599)
sSTOP

END

and removing

LOUISTANA STATE UNIVERSITY AT 8ATON ROUGE
ENGINEERING GRAPHICS DEPARTMENT

COMPUTER GRAPHICS IN ONE OF ITS SIMPLEST FORMS

PROBLEMs TO MAKE A TWO DIMENSIONAL DRAWING

plot is an isomeiric drawing since the angles
employed in the program are thirty degrees.
Other angular values could have been used. The
students should be encouraged to use different
angles and compare their results.

Program No. 3 is used to reinforce the
student's learning relative to the development
of three adjacent views of an object. e is ask-
ed to develop data by establishing the correct
cocrdinate value for each corner of the object
with reference to some one point as the origin,
Since the hidden line problem is to be avoided
in this program, the coordinate values for the
lower rear corner of the object as shown bythe
pictorial view is omitted from the input data.

In reviewing the program, it should be
observed that two arrays of values aredevelop-
ed for each view, with the top view being devel-
oped first. The X, Z coordinates are used for
the top view. TFor plotting the top view the Z
values control the Y direction of the plotter,

For the front view, it is only necessary
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to develop the array for the Y values since the
X values are common {o both the front and top
views. For the profile view, the Z coordinate
values developed for the top view were used
while the Y values developed for the front view
were repeated. In plotting the profile view,
the Z values served as the X coordinate on the
plotter. The resulting plot is a three-view
drawing of the object without any hidden lines.
This particular cbject was especially chosen
so there would be no hidden lines in the final
cutput. Tt should be emphasized that programs
do exist for treating the hidden line problem.
However, they are considered too complex for
the beginning student.

The fourth or last program considers
the application of secondary auxiliary views
and their role in engineering design, The axo-
nometric plane of projection, onto which the
secondary auxiliary view is projected, is de-
fined in terms of the X, Y and Z dimensions of
& right prism and one of its diagonals which
gerves as the line-of-sight arrow. WNot only is
the line-of-sight parallel with the prism's dia-



Program 2

LOUISIANA STATE UNIVERSITY AT BATON ROUGE

ENGINEERING GRAPHICS DEPARTMENT

PRUOBLEM. TO MAKE AN ISOMETRIC DRAWING

2N EaRs NaRs e Nalal

DIMENSION BUFFER (500Q)
CALL PLOTS {BUYFFER(1),5000)
[ DIMENS ION OF OBJECT TO 8E DRAWN
K=3a0
Y=1s5
=20

[+ TO CONSTRUCT AN [SOMETRIC ORAWING:AXEX MAKE 30 DEGREES wlTH

¢ HORIZONTAL AXIS AND ¥ AXIS VERTICAL.
Q=30s%3.1416/180a

sl el

XL=0a0
Yi=0a0
X2=Z2*COS{0)
Y2=2%SIN{Q}

Ka=0e0

Ya=Y

XS=—(X*C0OS{Q))

X3i=K2

¥3I=Y2+Y

YS=X#SIN(Q} +

X6=X5
YE=Y5+Y

<
mnu n
™«

omo

XT=XB6+X2
YT=YH+Y2Z

COMPUTER GRAPHICS [N OKE OF ITS SIMPLEST FURMS

Input: Given the lengths of the
X,¥. and z axes of the
object to be drawn.The
above information may be
given directly or taken
from one or more views of
the object. If a two-view
drawing is used the x and
z coordinates are obtained
from the top view while
the x and y coorinates are
obtained from the front
view. The z and y values
are in the profile view.

COORDINATES FOR PLOTTING POINTS OGN [SOMETRIC DRAWING

CALL PLOT{O«0s—15:093)
CALL PLOT(Sa0s2a0+—3)
CALL PLOT(X1,Y1,3)
CALL PLOTI{XZ2.¥2,2)

CALL PLOT(X3.Y3.2)
CALL PLOT{X&,Y%4+2) H

CALL PLOTEX1le¥Y122} F
CALL PLOT{XS5+¥5.2}

CALL PLOT(X6s+Y6s2)
CALL PLOT(XR72¥722)
CALL PLOT(X3,¥352)

CALL PLOT(X4+Yay3)
CALL PLOT(XGE.Y642)
CALL PLOT(CsD0s0a0s—3}
CALL PLOT{020»0402999)
STOP

.END

Qutput: The plot. The values of
the coordinates may be
printed if desired.

Note: The output is an isometric
drawing.

gonal but the corresponding axes of the object
and the line-of-gight prism are also parallel.
These relationships are well illustrated in the
drawing accompanying program four,

Although the program is rather complete
with comment statements, the student's atten-
tion should be especially directed to the two
executable statements just preceeding state-
ment No. 300. It ig these two expressions
that transform the three-dimensional object
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onto the two-dimensional surface. Again the
problem concerning the hiddenline was omitted.
The writer has an extension of this program
which treats the hidden line and a copy isavail-
able upon request.

In summary, it should be re-iterated
that computer graphics should be employed to
enhance the student's learning of engineering
graphics and not used as a substitute for act-
ually drawing the object during the initial learn-



the invigoration of a classic
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McGraw-Hill Book Company
proudly announces the eleventh edition of

ENGINEERING DRAWING AND GRAPHIC TECHNOLOGY
Thomas E. French, and Charles J. Vierck, University of Florida

1972, 850 pages {tent.), $12.00 {tent.)

Yes, this renowned text has been rejuvenated with the implementation of the latest
" refinements in book design.

Realizing recent research has proven that page makeup, effective use of color,
illustration ptacement, and caption content greatly effect the learning process and
student retention, Professor Vierck has incorporated these findings while revising

his textual material.

In accomplishing his objectives, author Vierck has revitalized the basic layout of the
text for easier reference use by the students. Additionally, he has inaugurated the
employment of a second color for greater separation within figures and improved

readability throughout the volume,

While recognizing the increased emphasis on graphic communication and design in
this text, as well as in its briefer version Fundamentals of Engineering Drawing and
Graphic Technology, Third Edition, Professor Vierck still stresses the development

of drafting skills and their precision in his explication.

FUNDAMENTALS OF ENGINEERING DRAWING
AND GRAPHIC TECHNOLOGY, third edition

1872, 604 pages (tent.}, $9.00 (tent.)

This briefer edition of the standard text in engineering drawing for over six decades
incorporates all the major changes and refinements in design, format, and use of
color of the larger version. A compilation of the first eloven chapters, the third edition
has been expanded to include an additional chapter an drawing for engineering
design and construction, as well as centaining many of the appendices from
Engineering Drawing.

Beginning with an examination of the instruments used in drawing, this handbook of
technigues continues through to discussions of lettering, sketching, and design.



are you a design-oriented engineer?
French and Vierck write for you.

GRAPHIC SCIENCE AND DESIGHN, Third Edition
Thomas E. French, and Charles J. Vierck, University of Florida
1970, 848 pages. $14.50

Emphasizing design concepts for all engineering fields, this highly commended third
edition brings the study of engineering drawing and graphics to full professional
standing.

A new conception of the role of graphics in engineering increases the coverage and
scope of graphics to meet the newer conceptis of representation, documentation,
graphic counterparts, design, and professional embodiment. The level of instruction
can best be described as design-oriented documentary communication, covering
basic, intermediate, and advanced concepts.

No other available graphics text offers such a complete presentation relevant to the
current needs of the profession. For this objective, new chapters on graphical-
mathematical counterparts, fundamentals of design, and professional problems
supplement the text. In addition o its new four-color format, the book has been
methodically recrganized to stress the continuing breakthroughs in graphic
knowledge.

CONTENTS Iniroduction. Instruments and Their Use. Graphic Geometry. Lettering:
Factual Drawing Supplements. Orthographic Drawing and Sketching. Pictorial
Drawing and Sketching. Sectional Views and Gonventional Practices. Auxiliaries:
Point, Edge, and Normal Views. Points and Straight Lines in Space. Curved Lines in
Space. Lines and Planes in Space. Curved and Warped Surfaces: Canstruction and
Determination in Space. Vector Quantities: Determination and Resolution in Space.
Surface Intersections and Developments. Size Description: Dimensions, Notes,
Limits, and Precision. Machine Elements: Threads, Fasteners, Keys, Rivets, and
Springs. Drawings: Specification for Manufacture. Fundamentals of Design. Working
Drawings. Charts, Graphs, and Diagrams: Introduction to Graphic Solutions. Graphic
Solutions of Equations. Graphic Solutions of Empirical Data. Graphic Calculus.
Graphical and Mathematical Counterparts. Professional Problems. Bibliography of
Allied Subjects/Appendix A: Lettering. Appendix B: The Slide Rule. Appendix C:
Mathematical Tables. Appendix D: Standard Parts, Sizes, Symbols, and
Abbreviations. Index

PROBLEMS IN GRAPHIC SCIENCE, Third Edition
Charles J. Vierck, University of Florida and Richard I. Hang, The Ohio State University
1972, 60 pages (tent.), 135 pages loose-leaf, $6.95 (tent.)

Designed to accompany Graphic Science and Design, Third Edition, by French and
Vierck, this manual consists of problems which illustrate and clarify all the major
concepts in the text. The problems in the new edition reflect the current trend toward
making graphics more mathematical for computer graphics purposes. Two features
set this book off from other problems books in this area: (1) the use of the “direct
method’ for solving descriptive geometry problems, and (2) the use of both
preplanned (partially drawn} and non-preplanned problem sheets which allow the
instructor maximum flexibility in assigning problems.

CONTENTS [: Engineering Drawing. Instruments and Their Use. Applied Geometry.
Lettering. Orthographic Drawing and Sketching. Pictorial Drawing and Sketching.
Auxiliaries: Normal and Edge Views. Sections and Conventions. Dimensions, Notes,
Limits, and Precisicn. Screw Threads and Threaded Fasteners. Working Drawings. «
i1: Descriptive Geometry. Point, Edge, and Normal Views. Points and Straight Lines,
Straight Lines and Planes. Curved Lines. Curved and Warped Surfaces. Intersections
and Developments. Vector Geometry. [/l: Graphic Sofutions. Charts, Graphs, and
Diagrams. Graphic Solutions. Functional Scales. Nomography. Empirical Equations.
Graphic Calculus. Graphic Anamorphosis.

2
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McGraw-Hill Book Company, 330 West 42nd St., New York 10036 Wl



McGraw-Hill
for a prolific selection

of books in your field.

DESCRIPTIVE GEOMETRY
Grant: Practical Descriptive Geometry, Second Edition, $7.50 5’“@/
Grant: Practical Descriptive Geometry Problems, Second Edition, $5.95
Hood-Palmeriee-Baer: Geometry of Engineering Drawing, Fifth Edition, $10.95 j
Warner-Douglas: Applied Descriptive Geometry Problem Book, Fifth Edition, $5.95 (
Weidhaas: Applied Descriptive Geometry Problems, $6.50
Weliman: Alternate Problem Layouts for Technical Descriptive Geometry, Second

Edition, $5.95
Wellman: Problem Layouis for Technical Descriptive Geometry, Second Edition,

$5.95

ENGINEERING DRAWING

Grant: Engineering Drawing with Creative Design, Second Edition, $8.85

Grant: Engineering Drawing with Creative Design, Second Edition: Gombined Text
and Workbook, $12.95

Grant: Engineering Drawing Problems, Series One, Second Edition, $7.50

Vierck-Hang: Engineering Prawing Problems, Second Edition, $6.95

Vierck-Hang: Fundamental Engineering Drawing Problems, Second Edition, $5.50

Zozzora: Engineering Drawing Problems, Second Edition, $7.50

ENGINEERING GRAPHICS

Johnson-Wladaver: Engineering Graphics Problems, $6.50

Levens-Edstrom: Problems in Engineering Graphics, Series Vi, $7.95

Schneerer: Programmed Graphics, $11.95

Vierck-Hang: Graphic Science Problems, Second Edition, $6.95

Weidhaas: Creative Problems in Engineering Graphics, $6.95

Weidhaas: Creative Problems in Engineering Graphics, Alternate Edition, $6.95

Wellman: Problems in Graphical Analysis and Design, $8.95 g‘l’iﬁ
E

Prices are subject fo change without notice.



Program 3

< ORTHOGRAPHIC PROJECTION
DIMENSION BUFFER (SQQ0)

DIMENSION TOP(100.3)+FRONT(100:3).RSIDE(100,3)

DIMENSION X{(50}s Y{(50). IC(a%)
DIMENS ION XA(S0}s YA(S0D)
CALL PLOTS (BUFFER(1}.5000}

READ{S5s12)X1.¥Y1}

Z(50)

H=DISTANCE BELOW H-=PLANE
D=D3}STANCE BEHIND F-~PLANE
W=DISTANCE TO RIGHT OF P--PLANE
12 FORMAT(2FSai}
READ({S+13)¥:+Hs0
FORMAT(3FS5.2)
X=W IDTH--MEASURED FROM RIGHT SIDE OF OBJECT
=HE IGHT~-~MEASURED FROM TOP OF OBJECT
Z=REPTH--MEASURED FROM FRONT OF O0BJECT
IC{I)}=PEN CONTROL
=1
WRITE(G.1006)
27 READIS«16IXITI)YLI)+Z{T)sICHLI)
1006 FORMAT(3IX,"X(TI} ¥i1ry Zil}
WRITE(H446)X{11+Y (L) eZ{1)ICCI}
N=1
I=1+1
IF(IC(N}«NEas9991GOTO2T
FORMAT(1X+3F6e2+1110}
CONSTRUCT ARRAYS FOR EACH VIEW
ARRAY TOP{T+1)IS FOR WIDTH,
ARRAY FRONT{I»1) IS5 FOR HEIGHT.
ARRAY RSIDE{1.1} IS5 FOR HEIGHTs
16 FORMAT(3F10,1s 115}
N=NUMBER 0OF PEN MOVEMENTS
WRITE(G6+138) I
FORMAT(EX " I="415/)
WRITE{G6+.142) N
FORMAT(1Xe*N=",15//1}
K=N=1
DO200I=1sK
TOP(Ls k}z=(X(T)+w)
TOP{Ie2)Y=(Z{L}+D)
FRONTE(I+1}=TOP(I.«1)
FRONT(L2)=={Y{E)+H}
RSIDE(L.1)}=FRONT{1.2}
ASIDE(I1+2)1=TOP{1.+2)

noon

[aBaN1 Nl
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FRONT(T+2)
RSIDE([+2)

[aRaN s sl

[4]

22
138

142

160
VECLe2) 0 IC(1}
FORMAT{1X.6F1942,115}
CONT INUE

CALL PLDT(1Cas10es~3}
CALL PLDT{-5+40e+3}
CALL PLDT{S5e+0es2)
CALL PLOT{De+-5+1s3)}
CALL PLOT(0ssSes2)

DO 39I=ieK
XH=TOP(Is1)}
YH=TOP{1s2)

11=I1CC1)

CALL PLOT(XHyYHsII)
CONTINUE

DO 49 I=1.K
KF=FRONT(Is1}
YF=FRONT(I.,2}
II=[C(T1}

CALL PLOTI(XFsYFs11)
CONT INUE

DO §59 1=1.K
XP=RSIDE(I.+2)
YP=RSIDE(Is1l)
II=IC{I)

CALL PLOT{XP«+YP+IIL)
CONT INUE

CALL PLOT{0s0s0u0s~3)
CALL PLOT(D20+0s0+999)
sToOP

ENG

44

200

39

49

59

ESTABLISH A MINIMUM DISTANCE FROM EACH VIEW TD REFERENCE PLANE.

ICII)YY»2/)

TGP(I.2)1S FOR DEPTH
IS5 FOR WIDTH

\1 6.c.0

iS FOR DEPTH

INPUT: The student is given the
pictorial view of the
object with dimensions
and the origin designated
as shown in the illustration.

The X,Y,% coordinate values for each
corner is established with respect
to the origin and entered asldatg on
a coding form. This information 1s
punched onto cards and submitted
intc the main program.

WRITE(Gs44)TOP(1+1}4TDP{142) oFRONT(I+1)»FRONT{I+2)+RSIDE(TI+1)sRSID

QUTPUT: Printed data that was read in,
the computed value for each
point to be plotted in each
view, and a three-view drawing.

ing period, Rather, it should be carefully in-
troduced after the student has been instructed
in the fundamentals of projection,

The engineering graphics educator must
not overlook a significant learning situation
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which is an inherent by-product of computer
graphics work. That is, the strengthening of
the student's understanding of applied mathe-
matics. Since the computer is a calculating
device and all graphical information must be
converted to digitized data before submitiing



Irnput Data

X{1y y{1) Zr1uy ICery
D0 Uad a0
.00 0.0 Ca0
3.00 040 Z4 G0
3«00 D0 3e G0
2e00 040 J« 00
200 040 2,00
3.00 0.0 2«00
3:00 100 200
2400 100 2400
2400 1400 3.00
2200 0.0 300
2400 100 3400
Qa0 1.00 3.00
Ged 1«06 1a00
100 1400 1,00
100 1400 0.0
3200 1400 0.0
300 1400 2400
340C¢ 1,00 Qa0

3400 300 0.0
Q.0 A+G0 G0

0a0 3«00 3400
OeD 1«00 3,08
Qa0 1.00 1.00
00 3200 Qa0
100 1.00 Qa0
1e00 1,00 14090

G0 3+0CG 0Ca0
0«0 3.0C¢ 3J.00

WU WD UM WUNWRON WO WM ENNRNNRN RN W W W

3.00 3,00 3,490

3.00 3200 0.0

3.00 3.00 300

3.00 040 3400

2400 1400 2400

2400 0ol 2,00

0.0 Gel 00

[ 2Y:] Ca0 Tu0 a9

= 38
TOP VIEW FRONT VIEW
N= 37
(x) (z) (¥)

~1a00 l1e00 ~1s00
-4 00 100 —4400
-4.00 3.00 —4400
~4400 4200 ~400
-3.00 4,00 ~3.00
-3.00 3e00 -3400
—4,40Q0 3.00 ~4500
-4400 3400 ~4200
-3.00 3e00 -3.00
-3.00 4400 -3400
-3.00 4a00 -3.00
=34 00 4a00 -3s00
-1.00 4400 ~1le00
~1e00 2400 ~1400
—2200 2400 -2.00
—2400 1.00 -2400
—4eB0 1.00 —44,00
~4400 3.00 ~4400
—4400 1100 wde00
~4400 1.00 -4400
~1e00 100 ~1.00
-1.00 4200 ~leb0
=100 4.00 -1400
~1200 2400 ~1.00
—1e00 1400 —1+00
—-2400 1.00 -2400
—2400 2.00 ~2400
~100 1.00 ~1.00
-l.00 4400 —1s00
~4e00 4,00 ~4.00
-4.00 190 ~4e00
~4200 4400 =400
—4400 4400 ~8e00
~3400 3.00 -3400
—3a00 3.00 —3400
—leg0 100 -le00

R, SIDE VIEMW PEN CONTROL

(v} () {v) 1c
-1.00 —1.00 1400 3
-1400 -1.00 Le00 E}
—1400 ~1400 3400 3
—1.00 ~1.00 4,00 2
~1400 ~1.00 4400 2
~14060 ~1400 3,00 2
1400 -1400 3,00 2
~2e00 -2.00 3.00 2
~2400 —2400 3400 2
-2400 -2400 4,00 2
—1.00 -1400 .00 2
—2a 00 ~2.00 4400 3
-2.00 -2.00 4400 2
-2.00 ~2400 2400 2
-2400 —2,00 2400 2
-2.00 —2400 1400 2
—2+00 ~2.00 1,00 2
~2400 “2e00 3e00 2
—2400 -2400 1.00 3
—4400 —4400 .00 2
-4400 4400 Le GO a
-4.00 ~44.00 4a00 2
-2400 ~2a00 4400 2
—2400 «2e00 2,00 3
-4400 ~4400 1400 2
—2400 -2400 1400 2
-2 00 —2400 2.00 3
~4400 -4400 1,00 2
~4400 —4400 4.00 3
=400 4,00 4a00 2
~&4 00 ~4400 1,00 2
—4.00 -4, 00 4,00 3
~1400 —1a00 4,00 2
~2400 ~2400 3.00 3
-1400 —1400 3,00 2
—1.00 -1.00 1.00 3

it to the computer, the student soon learns
the significance of applied geometry and alge-
bra. His level of motivation is often improved
as he observes the graphical output of the diff-
erent programs. Here forthe first time he is
able to define and plot forms and shapes in a
manner that man hasnot previously witnessed.,
Not only may he develop these various forms,
but he can have themintersect and define their
line(s) of intersection.
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In cloging, may I reiterate that we
educators have the golden opportunity tobring
the study of descriptive geometry into its full
fruition as a pedagogical discipline for teach-
ing design and creativeness through the use of
computer graphics at the freshman level,

I want to thank you for being such a
kind audience this morning and if the Engineer~
ing Graphics Department staff of Louisiana



Program 4

Axonametric Projection

DIMENSTON X(50)aY(50)+ZIS0)+ICIS0}+NA(S0)+XX(50)4YY{50)
DIMENSION XPLOT(30),YPLOT{S0)

DIMENSTON BUFFER (50C0)}

CALL PLOTS (BUFFERI(1).5000)

CIMENSIONS OF LINE OF SIGHT PRISM
READ(S5,1)XsY¥s2Z
L FORMAT{3F5s1)

DIMENSIONS XPsYP,ZP ARE THE LENGTHS OF THE AXES OF LINE OF SIGHT PRISM
XP=120
YP=140
IP=1a0

AONOn

[ale]

LENGH OF DFAGONAL (R LINE OF SIGHT LM
ODIAG={XPRXP+YPRYP+ZP2ZP ) %05

C PRINCIPAL PROJECTION UF DIAGONAL LM
PCIAGH={ XP*XP+ZP*7ZP ) ¥%(,5
POIAGF={XP*XP+YP*YP)*%0as5
POIAGP=(2P%ZP+YPXYP ) x%x0e5

c
€ DEFINE ANGLES UsVeW IN TERMS OF XP.YP AND ZP
c
USATANCZR/XP)
V=ATAN(YP/XP)
W=ATAN(YP/ZP)
c
C AXONOMETRIC PLANE IS PERPENDICULAR TU DIAGONAL LM
C DETERMINE LENGTH OF LINES AB,AC.BC OF AXCNOMETRIC PLANE
AB=ZP/COS{U)
AC=ZPARTAN(UI/SIN(V)
BC=ZP/SIMN(W)
c .09
¢  THE ALTITUDES OF TRIANGULAR PLANE (AXCNOMETRIC PLANE}ABC WILL BE THE
C AXOMETRIC AXES OF PICTORIAL VIEws THE ORTHOCENTER OF PLANE IS THE
€ ORIGIN. FHE ORIGIN IS THE ORTHOGRAPHIC PROJECTION GF POINT L OF LINE Input:
C OF SIGHT PRISM ONTO AXUNOMETRIC PLANE. Same as for Program 3.
[
€ THE ANGLES ALPHALHETA.PHI ARE THE ANGLES BETWEEN THE XsZ»Y AXES OF
C LINE OF SIGHT PRISM AND AXOMOMETRIC PLANE ABC.THESE ANGLES ARE
C CEFINED AS.
c

ALPHA=ATAN{YP/PDIAGH)
HBETA=ATAN{ZP/PDLAGF}
PHISATANIXP/PDLAGP)

[ -
€ THE PROJECTIONS OF THE XP.YP.ZP AXES ONTO THE AXONOMETRIC PLANE GIVES
C AQC,BOsCO
[ . =
. etric
AD=ZPETAN{U)¥COS [ ALPHA) Qutput: Data for pletting on axonom :

- on axgnometric plane, a plot o
B0=ZP*COS{BETA) ; C d
CO=(ZP*TAN{U}/TANIV) }#COS(PHI) the axonometric Dla"eeAB and a

c plot of the axonometric projecticn
c CO=CLACOS (PHT ) \WHERE CL=AL/TANIV} of the object.
[ BO=AL*COS(ALPHA) +WRERE AL=ZP*TAN(U)
C POSITION AXONOMETRIC AXES SO COTHE YP AXIS IS VERTICAL AS SHOWN
¢ IN CONVENTIONAL ORIENTATION
C
¢ DEFINE OBYUSE ANGLES AUBs CDAsBOC AS ANGLES BETWEEN AXONOMETRIC
C AXESe USE LAW OF COSINEs
[
c Note: The program will produce a dimetric
BOC=ARCOS( (COXCO+BO*BO—BC*BC) /(24 0%B0¥*CO)) or & trimetric projection as well as
c the isometric. If any twe axes of the
COA=ARCODS{{CO*CO+AQ¥AD—ACHKAC) /(2 0%A0%C0)} Tine of sight prism are equal gnd yet
C not equal to the third axis the pro-
AQOB=ARCOS ( { AO¥AD+BO*XBO-AB*AB} /(24 0%AO%B0) ) jection will be dimetric. If all three
c axes are of unequal Tengths the pro-
c EXPRESS ANGLES AOB.CO0ALBOC (N DEGRES s ANB=AAGH.ETCa jection will be trimetric.
c
AAUB=ADB%® 1BCasrs3s1416
ACOA=COA* 180+/3.1416
ABDC=BOC* 180a. /31416
C

WRITE{6+s3)AA0BsACCA.ABOC
3 FORMATULOX.*ANGLE AQB=%,F7+2410Xs*ANGLE COA=*3F7:24+10X+"ANGLE BODC=
1% 3FTa2/77)
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c P

[alal NOonNnONN oo

[aNsNal

IS THE VALUE OF THE SUM OF COSINES SQUARED
P={COS{ALPHA) ) **¥ 2.+ (COS{BETAI V¥ ¥ 2, +{COS(PHI)I¥%2,

WRITE(G+4)}P

FORMATL{ 10X+ "P= *,F5.0//)

CALL PLOT(Se0sS5e0s~3)

CALL PLOT{(0:0sCa0+3)

FOR THE AXONOMETRIC PLOT OF THE PLANE AND 1TS AXES THE Y-AXIS (CO)

IS5 VERTICAL

CALL PLOT{0e0,-CO.2}
CALL PLOT(0+0+040:3)

ANGLES Q1 AND Q2 ARE THE ANGLES BETYWEEN AXES BO AND AQ AND THE X-—
AXIS DF THE PLOTTER OR A HORIZONTAL LINE THROUGH THE ORIGIN OF THE
AXONOMETRIC PLANE

Q2={CO0A-341416/2.0)
QI=A0C-3e41816/2+0

DEFINE THE XY COMPONENTS OF BO(Z-AXONOMETRIC AXIS)

XBa=B0%*C0S{ Q1)
YEO=BO*SIN{ Q1 }
CALL PLOT(XBO,YS8Ds2}
CALL PLOT{0s0+040+3}

DEFINE THE X+Y COMPONENTS GF AO{X—-AXONOMETRIC AXIS)

FOR THE AXONOMETRIC PLOT THE X-COMPONENT OF AD IS NEGATIVE

XAQO=—(AQ*COS5(Q2Z))
YAC=(AO*S[N{G2))

CALL PLOTI(XADsYAOs2)
CALL PLOT(DeGs~COs2)
CALL PLOT{XBO,YB0O.2)
CALL PLOT(XACsYADL2)
CALL PLOT(~5:0s=5+0s=3)

¢ IC(L) IS THE PEN CONTROL UP DR DOWN.NA{L} IS5 FOR HIDDEN LINES
C X{I)s¥Y(I)4Z{I} ARE XsY¥s2Z CODRDINATES OF OBJECT TD BE DRAWN
C
C

i9
27

270

271

HOonn

276

300

aAannn

275

260

THE HTIDDEN LINE TECHNIQUE WAS NOT EMPLOYED IN THID ONE PROGRAM

=1

WRITE(6+19)

FORMATI LI X "X CE) "o 11X " Y{T ) s LEXa"Z0T) a4 IC({I N 414X *NALI) /)
READ(S»TIX(I) o Y{I}wZ(TI}aICLI)aNALI)

FORMAT{3F 10414215

WRITE{G+2IX(T) oY (I)aZlTI)+ICEI)aNALE)
FORMAT{10XsFSels lOXsF5als10XsFS5e1+10X-010,80X110)
N=1

I=1+1

IF(IC{N}aNE+999) GD TG 27

K=N-1

WRITE(H6.270)

FORMAT(10Xs*I%:10Xa"N"/)

WRITE{(6+271) I.N

FORMAT(G6Xs [5+6Xe 1S54/ /)

XX(I) AND YY(I) ARE THE X AND Y COORDINATES OF POINTS ON THE
OBJECT PROJECTED ONTO THE AXONOMETRIC PLANE

WRITEL64276)

FORMATC1OX,: *XXITI) 4 10XsoYYLI) 210X, *XPLOT* 10X+ YPLOT 4/ /)
B0 300 I=l.K

XX(II=X{ 1} *RCOS{ALPHA)I+Y (I} #COS{PHI)*SIN{BOC)/SIN{ACB)
YYCEY=Z{ I #COS{BETAY+Y{T)*COS(PHI ) *SIN(COA)/SIN(AOB)
CONTINUE

CALL PLOT{S5¢0+s10e0+=-3)

XPLOTC(I} AND YPLOT(L) ARE THE X AND Y COORDINATES OF THE
PROJECTED FOINTS SITUATED FOR PLOTTING

GO 260 I=1.K
XPLOTLI)={YY{I}*COS(QL)=XX{1}*COS(Q2))
YPLOTC D)= IXX(I)RSIN{Q2)+YY(I}*SIN{QL}])
CALL PLOV(XPLOT(I}sYPLOT{LI}iC(L))
FORMAT{10X,4F10s2}

WRITE(Gs275) XXCI)2¥YY{L)aXPLOTIT) . YPLOT(I)
CONT INUE

CALL PLDOT(040¢0e01+3)

CALL PLUOT(Ce040e0:999)

5TOP

END
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ANGLE AOB= 120,00 ANGLE CDA= 120400 ANGLE BOC= 12000

P= 2e
Input Data
xX(1} ¥{I) Zin ICt1) NALI)
Oe0 Gl Oe0 -3 0
0a0 Ga0 3a0 2 G
020 240 30 2 G
0«0 240 1.0 2 ¢
0a0 Gel Qed 2 i+
0.0 2290 1«0 3 o
La0 20 1.0 2 [
00 0a0 G0 2 0
la0 240 1e90 3 [+]
10 240 Va0 z 0
Ced Oal Qe0 2 ¢
30 00 00 2 2
3.0 2eG 00 2 o
la0 2.0 0+0 2 o
30 220 Cal i o]
3.0 2a0 2e0 2 ]
3Je0 3.0 2.0 2 4]
30 3a0 3.0 2 ]
2«0 3.0 320 2 Q
2490 3a0 20 2 &
3.0 P 210 2 o]
3.0 20 240 3 o
240 240 Za0 2 0
240 3a0 240 2 a
2a0 2e0 Za0 3 a
240 280 3.0 2 0
240 3.0 3.0 3 G
240 2.0 HaC 2 o
D40 240 3«0 2 [+]
0as0 0.0 0sQ 3 4
0a0 Ca0 0«0 999 0
I ]
3z 31
A B

AX(1) ¥YY({I) YPLOT YPLOT

[+ ] Qa0 Ce® CeC

Ce0 2245 2el2 la22

Lab3 408 2el12 2486

1a63 2245 Qs71 2«04

0a0 Qa0 Ge 0 G« 0

1463 2s85 Ca7l 2s04

2a45 Z2e45 Qa0 2445 C

Ol 0.0 G0 Qa0

2445 2a45 [+ 1] 2495

245 1263 -0a71 204

D0 Ca0 0.0 [/ PR

2245 0.0 —2012 1a22

4408 1s63 —2e12 2286

2245 le63 -0a?l 2404

4,08 le63 -2el2 Z2e86

4208 327 —Qe71 367

4490 4208 =0a71 4449

4a30 4590 Oe0 490

4.08 4290 Qa71 4249

4008 4408 Ga0 a.08

4450 4408 =071 4449

4408 3a27 —Qa71 367

3.27 Ja27 0e0 3427

4,08 408 0«0 4008

327 3.27 0a0 327

327 4408 D71 367

4408 4490 Ga 71 4549

327 4408 De71 3267

163 4408 2al2 2086

Qa0 0s0 0s0 Os 8

Axonometric Prqjection
(Isometric)

(See GRAPHICS - p. 42)
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SITY

1971-72 and the Next Decade

ANNUAL REPORT TO THE ASEE DIVISION OF
ENGINEERING DESIGN GRAPHICS - BY -
CHAIRMAN PERCY H. HILL, TUFTS UNIVER -

"An examination of today's engineering eollege curricula shows that

only a few courses are at all design oriented, and these seem to

appear in the junior or senior years of the undergraduate progran.

If you wanted to train a champion tewnis player, a champion skier,

or a champion yachisman, you would not teach him all possible theory

and analysis first and then twrm him out to play the game.

You would

teach him all this, but you would also put a temnis racket, a ski pole,

or a tiller in his hand at the earliest possible age.

He would learn

hig theory and be coached while practicing his sport.

The good designer should practice and be coached in his profession

Ffrom the earliest possible age, from the freshman year in college

through the doctorate degree.

During his formative college period,

he would then develop the intuitive judgement so essential to a

ereative enginger, —————-——eem——=

"

from a paper INDUSTRY NEEDS FOR DESIGN
ORIENTED ENGINEERING GRADUATES
by Ira Grant Hedrick, Vice President -
Engineering, Grumman Aircraft
Engineering Corporation.

This is the kind of thinking members of
the Division have been responding to in recent
vears and their actions have been such as to

render Mr. Hendrick's examination inaccurate .

This is so today more than ever with emphasis
on creative design education with engineering
graphics as the vehicle of instruction. We are
beginning to see the digital and analog comput-
ers take their place alongside graphics as fun-
damental to design education. As Division
Chairman I can point with pride to the achieve-
ments of a number of dedicated educators who
are attempting to get to the heart of the prob-
lem of educating today's engineering student.
This includes approximately 950 members of
the Division. About 10% or 95 members from
70 institutions distributed throughout the U. S,
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and Canada are actively involved in committee
work. Tt is this dedication to engineering edu-
cation and a sincere desire to further the aims
and objectives of the Division that make us
strong and influential. This hasbeen anexcell-
ent year for me; a year of appreciation to ASEE
colleagues who are sincerely devoted to Divi-
sion activities and further the cause that has
been established, forging ahead in new from-
tiers, This cause involves the communication
of technigues and methodology and the profess-
ionalism necessary to advance the state-of-the-
art in design graphics., This has been a year
for me of total invelvement in all of the activi-
tieg of the Division, and for this opportunity I
am most grateful. At the time of this annual
report, we can point with pride to the following



inventory of activities for the year 1971-72:

{1) Mid-year conferences are to be
held at off-campus sites in con-~
vention areas offering central
transportation facilities with
atiraclive accommodations in a
geographical area known for its
recreation attractions. The Nov-
ember 4 and 5, 1971 Mid-year
conference was held at the multi-
million dollar Galleria complex
in Houston, Texas jointly hosted
by Rice, Houston, and Texas A&M
universities. The program includ-
ed a number of thought provoking
papers in the general area of de-
sign graphics including computer
graphics, engineering graphics,
and a general discussion of cur-
riculum reform. The conference
was concluded with guided tours of
the Astradome and the NASA Space
Center. The Mid-year Conference
in 1972 will be held in January in
Denver, hosted by the University
of Colorado and Gramercy Guild
Group. Plans are now under way
for an exciting meeting.

{(2)  The Journal of Engineering Design
"Graphics is published three times
a year - fall, winter, and spring -
and is now in its 36th consecutive
vear, Publication is achieved
through the efforis of non-paid
volunteers.

(3}  The Creative Design Displays (de-
sign competition), now in its 5th
consecutive year, is an all-ASEE
function sponsored by the Division
and participated in by all Divisions
and Committees. It is being held
this year in June at the Annual Con-
ference at Texas Tech and is organi-
zed by two most important Division
Committees: one on displays, the
other on judges.

(4) The year 1971-72 saw the conclusion
of the Division's Self Study. This
self examination into the organi~
zation, objectives, and goals of
the Society culminated in a final
report from committees represent-
ing members East and West. This
report was presented to the member-
ship in the Journal and at the Mid-
year Conference in Houston. At
this conference an Implementation
Committee was formed to produce
the mechanism to implement the
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recommendations made as a result
of the Self Study. The committee
has met and formed a plan for im-
plementation which is now in effect.
These changes are intended to make
our efforts as a Division of ASEE
more relevant to the changing em-
phasis in engineering education.

(5) The program at the Annual
Conference at Texas Tech in
June of 1972 embraces the
following areas of interest o
our members; Creative Design,
Human Factors in Design, joint
design session with the Engineer-
ing Design Committee, joint
B.5. - B E T. session with the
T'echnical Institute Division, and
the Computer Graphics Summer
School. This meeting promises
to be one of our very best,

(6) The first brochure designed to
attract new members to ASEE
and the Division was prepared in
early 1972 and has been distributed
throughout the country. 1It, sin-
gularly, has been responsible for
bringing in the largest member-
ship to the Division in any one
year,

The foregoing is evidence that we have
an active Division, probably the most active in
ASEE. This kind of activity makes me proud
to be a member, makes me proud that more is
written in the areas of graphics and designthan
any other discipline in engineering and as much
as many of them combined. This has been my
best year as a member for I was totally involv-
ed in Divigion activities and realized, for the
first time, the number of dedicated and hard-
working individuals that make up our member-
ship. My best advice fo members, if they
really want to benefit from what the Division
has to offer, is to get involved; join a commit-
tee; work for the Division; and above all, attend
meetings. This has been an easy year for me;
one of coordinating activities of our manycom-
mittees and minimal attention to putting out
small fires. These fires prove we have an
active membership, a dynamic membership,
who intend to do something about engineering
education.

The future of engineering education
with emphasis on engineering design graphics
{graphics - design ~ computer} looks bright in
the next decade. The recent Nixon "cutbacks"
althoughdrasticin nature and upsetting to many



academicians, have playedright into our hands.
We no longer see a reduction in time allocated

to our courses and I predict that we will be re-
quested to increase this time in the near future
for the following reasons:

(A) To motivate students at the
freshman level to remain in
engineering. A carrot.

{B) To offer courses where students
in the Liberal Arts may enroll
to learn of technology without
numerous prerequisites.

{C) The return to engineering fund-
amentals through a reduction of
the engineering sciences.

(D) The new B. E. T. degree pro-
grams will more and more demand
graphics and design as their
introductory courses of study.

The next decade affords members of the
Division and scholars of graphics and design a
number of excellenti opportunities. We must
seize these opportunities as we have in the
past to continue as leaders in engineering edu-
cation. These opportunities involve:

Techniques of instruction and
methodology of creative en-
gineering design,

Efficient instruction in graphics
fundamentals; programmed in-
struction -- independent study -~
use of television -- need to know
instruction -- ete.

Computer graphics as 2 device
to release the individual to
creative thinking (computer

aided design graphics),
Human factors in design.

Group dynamics in team design
situations.

Operations research {(decision
theory, case studies, management
techniques, decision modeling).

Systems design at the introductory
level.

C.P.M. /P. E.R. T. and other
organizational techniques.

Design critique presentation
techniques.

Lepal aspects of engineering
design and consumer product

liability.

These are but afew of the opportunities
available to instructors of engineering desgign
graphics. To deviate from our present course
and objectives in the next decade would be a
mistake. It is now a known fact that the in-
dustrial complex in the U.5. will withdraw
from fundamental ("blue sky"™) research and
will focus its technological attention on appli-
cations engineering. This means an emphasis
on ecological problems, transportation and re-
lated areas, productive new power sources,
and new products. If there was ever a right
time for engineering design graphics to expand
its horizons and to become more influential to
engineering education, it is NOW!

Percy H. Hill
Divigion Chairman
1971-72

Participate in Your Profession - Enhance Your Career

Engineering Design Graphics Journal
invites you to submit your papers and articles
for publication. It ig through the continual pre-
sentation of timely, vital articles on graphics
and design that the only Journal exclusively
serving your field, can continue to fulfill the
voracious 'need o know' technical appetites
of its readers.

Articles in the following broad subject
areas are particularly encouraged; Computer
Graphics, Engineering Graphics, Research in
Graphics, Teaching Techniques and Methods,
Human Factors, and Creative Design. Journal
authors know that when their papers are pub-
lished in Engineering Design Graphics Journal,
they benefit in terms of increased prestige and
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professional stature. Through the Journal's
pages, information is disseminated, knowledge
shared, problems aired and solutions offered.
Most of all, you share in the satisfaction gain-
ed from contributing significantly to advance-
ment in your field.

Our Editorial Department is available
for any assistance you may reguire, We will
be pleased to discuss your plans for an article
with you and help in any way we can.

Call or write:

Al Romeo, Acting Editor
Engineering Graphics, OSU

2070 Neil Ave., Cols., O. 43210
Phone: (Area Code 614) 422-2358



Engineering Design Graphics Division Sessions
1972 ASEE Annual Meeting

Day Time Theme

Monday 7:30 &, m. Executive Committee, Breakfast Meeting {(closed)
Percy H. Hill, Tufts University

3:45 p. m. Techniques of Creative Problem Solving
The Role of Visualization in Creative Behavior
R. A Faste, Syracuse Universiiy
Laboratory in Consumer Product Evaluation
A. H. Clemow, Tufts University
Programmed Invention
5. W. Miller; Van Dyck Corp.

Tuesday 12 noon Division Luncheon and Business Meeting (open)
William B. Rogers, V. P.L

6:00 p. m. Division Annual Banquet
Percy H. Hill, Tufts University

7:30 p. m, Engineering Design Rap Session
{Joint session w/M. E. Divigion Design Comm.)

Wednesday 10:00 a. m. Human Factors Engineering
Human Factors and Design Engineering
J. G. Kreifeldt, Tufts University
Teaching Human Factors
W. R. Ferrell, University of Arizona
Human Faciors - Present and Future Needs
W. G. Matheny, Life Science, Inc.

1:45 p. m. Computer Graphics Summer School
Registration
Foriran Programming
E. V. Mochel

Thursday 9:90 a. m. Computer Graphics Summer School
Two-Dimensional Computer Graphics
(Elementary program for a Plotter)
Jack Brown, Texas A & M
Programming Workshop
Clarence Hall & Staff

2:00 p. m. Computer Graphics Summer School
Flotting Applications
Clarence Hall, Louisiana State Univ.
Programming Workshop
E. V. Mochel & Staff

Friday 9:00 a. m, Computier Graphics Summer School
Three-Dimensional Programs
Byard Houck, North Carolina State Univ,
Programming Workshop
E. V. Mochel & Staff

2:00 p. m. Computer Graphics Summer School
Space Geometry
E. V. Mochel, Univ. of Virginia
Choosing Equipment for Computer Graphics
M. H. Pleck, University of Illinois

35



Jasper Gerardi, Associate Dean, Coll-
ege of Engineering, University of Detroit, plans
to retire effective May 1, 1972.

Dean Gerardi was born inDetroit, Mich-
igan, December 8, 1908. He graduated from
Case Technical High School in thatcity in 1924,
Following graduation from the University of
Detroit in 1929 with the degree, Bachelor of
Civil Engineering, he remained there on the
gtaff of the College of Engineering. During his
undergraduate days he had served as a student
assistant in Engineering Drawing and Survey-
ing.

While working on a five-year co-op
course, he also acquired valuable industrial
experience with George Jerome (Civil Engin-
eers and SBurveyors), Postiff and Tappan (Civil
Engineers and Surveyors), and Wood Constru-~
ction Company in Detroit. He attended the Uni-
versity of Michigan parttime 1933-35 and grad-
uated with a master of science degree instruc-
‘tural engineering.

In 1935, Jasper married Gertrude Knoll
of Detroit and they are the parents of four child-
remn.

Jagper was named Professor and Chair-
man of Engineering Drawing in that depart-
ment in 1943 and served in that capadity until
1947, when he was named Associate Dean of
the College of Engineering. DeanGerardi still
maintains his interest in Engineering Graphics
and has coutinued to teach various courges in
hig parent department, as wellas Mathematics,
Engineering Mechanics, and Surveying.

Jasper became a registered profess-
ional civil engineer in the state of Michigan in
1948 and has been employed several summers
on gpecial agsignments byDetroit Edison Com-
pany; Mason L. Brown Company, Civil Engin-
eers; Detroit Engineering Service; Puffard and
Darling (tool designers): Nash-Kelvinator Co,
Burroughs Corp., etc.

His professional activities include:
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American Standards Agsociation (ASA) {Sec-
tion Committee B-46 Chairman; Executive
Commitiee Y-14), American Society for En-
gineering Fducation {ASEE) ‘Aims and Scope
of Engineering Graphics Courses Committee

Consultant; Executive Committee: General
Council Committee; Policy Committee), En-
gineering Society of Detroit (ESD) (Executive
Committee; Junior Section Advisor: Educat-
ional Committee Chairman), Society of Auto-
motive Engineers, Inec. ‘SAE) (Automotive
Drafting Standards Committee, Vice-Chair-

man; Aero-Auto Drafting Standards Committee
2. Delegate representing American interests

in International Conference on American, Bri-
tish, and Canadian Engineering Drawing Stand-
ards: and b. Microfilming Subcommittee Chair-

man); Standards Engineering Society (SES): Nat-
ional Honor Societies: (Tau Beta Pi Association,

Michigan Delta Chapter; Chi Epsilon Fraternity,
Civil Engineering).

Among Dean Gerardi's engineering and
research interests and activities through the
years are the following: Research development
of metal blades for helicopters, Nash-Kelvinat-
or Company (1943-45). Engineering Consultant
on titanium, electronic computers and air
cleaners for military vehicles, Detroit Tank
Arsenal (1954-55). Consultant on Engineering
Standards, Burroughs Corporation (1955-58),
Consultant for National Science Foundation
Project - Graphies Course Content Develop-
ment Study.

Dean Gerardi's publications include:
fifteen articles published through the years
1939-1965 in the Journal of Engineering Draw-
ing {and the Journal of Engineering Graphics):
two articles in Product Machinery Magazine;
three in the Society of Automotive Engineers
Journal; one article in Jesuit Quarterly; and
one article in Business Week.

In recognition as a iruly great engineer-
ing educator, administrator and dynamic and
forceful leader, Dean Jasper Gerardi has been
significantly honored by receiving the follow-
ing awards:

(See GERARDI - p. 40)



A Survey of JOURNAL Readers

Klaus E, Kroner, Advertising Manager

Some time ago it was decided that it
would be helpful, particularly in the workof the
advertising manager, to obtain data about the
readership of the Journal., For this purpose, a
guestionnaire was sent to all subscribers inlate
November. Usable returns amounted to 36. 5%
which is a very good response to a mail con-
ducted survey. We thank the readers for their
cooperation which also indicated their personal
interest in the affairs of the Journal.

The results of the survey are given be-
low withoutany attempt to interpret the answers
at this time. In some cases the percentages do
not add up to 100% because of rounding.

1, Subscribed to Journal for how many years?

0 - 4 yrs, 37%

5 -9 yrs. 22
10 - 14 yrs. 7
15 - 19 yrs. 10
20 - 24 yrs, 10
25 yrs. or more 13

(5 years represented the median)

2. Your present age?

26 or under 1%
26 - 25 14
38 - 45 21
46 - bb 31
56 - 65 20
over 65 13

8. Your position? (if more than one checked,
only one counted)

Instructor 20%
Asst. Prof. 17
Assoce, Prof 15
Professor 12
Head of Dept. 16
Other Academic
Admin, 6
In Indusiry 6
Retired 9
4. Your pogition is at a:
High School 9%
Community College 16
2-yr. tech. inst. 9
4-vr. college or
univ. 52
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Manuf. company 3
Library 7
Other 3

5. Indicate with 1, 2, and 3 the ranking by im-
portance of your three major areas of profess-
ional interest:

1st 2nd 3rd
computer graphics 8% 9% 13%
descriptive geometry 17 28 15
engineering design 23 22 31
engineering drawing 34 25 20
freshman orientation 4 5 7
mechanical engineering 6 6 10
other 9 6 3

8. You read the Journal:

36%
654%

from cover to cover
selectively

7. Your copy of the Journal is usually shared
by how many other readers?

None 39%
1 23
2 10
3 9
more 20

8. If you are currently an educator, typically
how many students do you have in your classes
per year?

fewer than 50 students 129,
50 to 85 22
100 to 145 23
150 to 195 17
200 to 245 14
250 to 295 6
over 300 7

120 students per year represented the
median.

9. During the past 3 years have you used atext-
book which was advertised in the Journal?

Yes - T8% No ~ 22%
10, During the past three years have your stu-
dents used any instruments or other products
which were advertised in the Journal?

Yes - 85% No - 11%



Summer School on Computer Graphics

Suggestions for Attendees

The first session of the Summer Schoot
on Wednesday, June 21 is particularly design -
ed for aid te those attending with no previous
experience in FORTRAN programming. If you
have had this experience, you will probably
want to skip the first session.

Anyone attending with no previous com-
puter experience should familiarize themselves
with the computer facilities at their home in-
stitution before attending the Schocol. Tor ex-
ample, go and learn to punch cards, find out
how to submit a job, and see what specific
equipment is available,

Also desirable is preliminary study for
those without experience in FORTRAN. Buya
manual such as A Guide to Fortran IV Program-
ming, by Daniel D. McCracken, John Wiley &
S_on,— Inc. and try to run a program before you
arrive.

Please bring a 3-ring notebook, as the
lecture notes will be furnished punched on 8.5
x 11 paper.

Wednesday, June 21, 1972

Presiding, Clarence Hall,
Louisiana State Univ.,

Session I.

1:45-2:45 p. m. "FORTRAN Language',
Jack C. Brown,
Texas A & M Univ.

2:45-3:00 p.m. Break

"FORTRAN Programs'",
Jack C, Brown,
Texas A & M Univ,

3:00-3:30 p. m.

Thursday, June 22, 1972

Presiding, Michael Pleck,
Univ. of Illinois

Session II

"Introduction to Plotting”,
C. E. Hall, L 8. U,

9:00-10:00 a. m.

10:00-10:10 am  Brezk

10:10-11:45 am  Workshop Session - Writing
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a simple plot program -
staff,

Session IiIf. Presiding, Larry Goss,

W. Va. Inst. of Technology.
2:00-3:00 pm "Plotting in 2D",
Jack C, Brown,

Texas A & M Univ.

3:00-3:10 pm Break

3:10-4:30 pm Workshop Session - Writing
a 2D Plot Program - Staff
4:30-5:30 pm Registration Period.

For both pre-registered
and unregistered attendees.

Friday, June 23, 1972

Presiding, Robert Hammond,
N. Carolina State Univ.

Segsion IV.

"Introduction to 3D Programs'

Ed Mochel, Univ, of Va.

9:00-10:00 am

10:00-10:10 am Break

10;10-11:45 am Workshop Session
Writing a 3D Program -
Staff

Session V. Presiding, Robert LaRue,
Ohio State University
2:00-3:00 pm "Features of a 3D Program"
Byard Houck,
N. Carolina State Univ.
3:00-3;10 pm Break

3:10-4:10 pm "Computer Graphics Equip-
ment'" - Michael Pleck,
University of Illinois

4:10-4:45 pm Workshop Segsion
Practice using TRIDM

program.

Saturday, June 24, 1972

No gesgions. Programs from previous day
may be picked up.



Dear Professor Kreimenr:

I have just finished reading the ''Self-
Study Report' in the fall issue of the "Engin-
eering Design Graphics Journal.'" T am very
favorably impressed by that report and extend
my congratulations {o all those who are involv-
ed. The report is very well written and is one
of the most sensible committee reports that I
have seen in a long time.

Last year it was my privilege to serve
as a judge at the Creative Engineering Design
Display, and am looking forward to serving in
that capacity again this year. Thatinvolvement
has focused my aitention upon the engineering
design graphics division, and I like what I see.
It does create a problem, however, sincel am
already committed to three other divisions of
ASEE, I wonder if it would be possible fo have
my name placed on the division mailing listun-
til the next dues statement comes out and I can
indicate the division as orne of my preferences.
I also plan to send for a subscription to the
Journal so that I may keep informed as to the
division activities.

Iisted below are a few commeunts for
your ceonsideration about the '"Seli-Study Re-
port. "' Please keep in mind that these com-
ments are made based on extremely limited
knowledge about the past activities of the divi-
sion, In fact, the comments will reflect im-
pressions made by an uninformed individual
who has read your report. On the other hand,
I have served four years as a Director of the
Cooperative Education Division of ASEE and
have a good working knowledge of ASEE gctivi-
ties.

It seems to me that the report reflects
very effectively a carefully thought outanalysis
of the division. I see nothing in the report that
I consider negative, The only negative react-
ion I have to the report is caused by that which
has been omitted. Reference to business in-
dustry and goveramental agencies is almost
non-existent. The fifth purpose listed seems
to be the only reference.

As an employer member of ASEE I am
more sensitive to the lack of involvement of
employers than would be an educator. There
is no question in my mind that most students
affected by the Engineering Design Graphics
Division will eventually be employed. Hope-
fully, a represeniative number of their employ-
erg will be involved with the activities of the
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divigion. Unfortunately, this does not geem to
be the case. Of course, as one who has little
experience with the division, 1 am not sure if

this is a matter of divisional philosophy or re-
sults from a lack of interested employers. My
experience with the Cooperative Education Divi-
sion would indicate that the latter is the case.

For example, a review of the Self-Study
cominittee reveals that none of the committee
members is from industry, business, or gov-
ernmental agencies. Ofcourse, General Motors
Institute is half and half. A review of the names
of the officers and all committee members ligt-
ed in the fall issue of the Journal shows an ex-
tremely small percentage of employer repre-
sentatives,

The functional grouping of the appointed
committees indicates that the study committee
is recommending the elimination of the Indusi-
rial Relations committee,

As an employer, it seems that the In-
dustrial Relations committee should be a key
committee under the director for liaison com-
mitiees. Admittedly, this action may make
more sense to me if I had more bhackground
about the past history of the Division on which
to base my opinion.

The committee is to be congratulated
for suggesting a change to the By-Laws that
would permit elimination of an ineffective in-
dividual. There are a mumber of ingtances in
my pastorganizational work where Iwould have
welcomed such a mechanism,

I hope these commenis are of some
value fo yvou. In no way bave I meant to be
critical, but hope to be of some direct assist-
ance.

Sincerely
/8] William E. Weisel

William E. Weisel
Director,

Fducational REelations
Cincinnafi Milacron, Inec.

To the Editor of the JOURNAL:

Congratulations on two of the finest arti-
ctes I have ever read in the JOURNAL.

The first piece, "Time for a Change",
written by Bill Rogers, is a masterpiece of
reasoning coming, as it does, just when it

(See LETTERS - p. 45}



1972-73 Mid-Year Division Meeting is Announced

The Division's Mid-Year Meeting Com-
mittee (consisting of Professor Carl Bechtold
and Professor Beck, both of Colorado Univer-
sity (Boulder), and Frank Oppenheimer, Presi-
dent of Gramercy. as Chairman) have establish-
ed the dates and locationof the 1972-73 Mid-year
Division meeting in Denver Colorado. The
dates are Wednesday afternoon January 17
through Friday, January 18, 1973, The place
is the Radisson-Denver, the location of which
is shown on the map.

Details of the sessions and special e-
vents will be announced later but the Commitiee
feels that the membership should be aware that
the timing of this meeting coincides with the
National Western Stick Show and an authentic
rodeo, which members and their wives may
want to attend. Therefore, early hotel re-
servations are suggested since the Division
meeting will be competing with the stock show.
The Radisson-Denver is about five minutes from
downtown Denver's shopping area. The hotel
rates start at $19 per night for a single and
$13 per person per night in & double or twin,
Reservations should be made with Frank Op-
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penheimer, Gramercy, 1145A West Custer
Place, Denver, Colorado 80223; phone; 303-
534-4251,
(GERARDI)

Distinguished Service Award, present-
ed by the American Society for Engineering
Education, Graphics Division, in June 1982 at
the Annual Meeting held at the Air Force Aca-
demy, Denver, Colorado.

Fellow - an award given by the Stand-
ards FEngineering Society for outstanding con-
tributions inthe field of Engineering Standards,
September 18, 1967, Detroit, Michigan,

The officers and members of the Divi-
sion join in wishing for him the fulfillment in
his retirement that he so richly deserves.

— e N EER e SRR e B GO mes mEE WEN o R mme e

(CAR})

Tt was a modification of the same com-
puier program used in the higshway-safety
research project that was utilized in the ex-
iremely sensitive design of the ramps for the
Spiral Jump. The fine-print equations descri-
bing the vehicle motions on the two ramps con-
sume over 100 § 1/2-by-11 in. pages. A high
speed computer solved these 100-plus pages in
less than 20 sec,
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It would take years of an engineer's time
to work out a single solution by manual calcul-
ation, Without the computer, it would be a
matter of costly, time-consuming experiment-
ation---designing and building ramp after ramp
and destroying dozens of cars on a trial-and-
error basis before a successful ramp design
might possibly be achieved.

The successful ramp designs were ac-
hieved after 33 relatively low-cost computer
runs, varying the computerized shape and an-
gles of the ramps on each computer simulation
of an actual Spiral Jump. The "drivers” on
these computer runs who were "'killed" or "in-
jured" were complicated mathematical equat-
ions -~--not human beings, Without the com-
puter techniques, it is unlikely that a manned
Spiral Jump would even have been attempted.

"The Astro Spiral Jump is providing Cor-
nell Laboratorywith auseful, scientific valida-
tion, or proving out, of the computer program
that is concerned with minimization of the se-
verity of single-vehicle accidents on the nat-
ion's highways, " McHenry concluded,



New Division Brochure Is Prepared

In the malil recently, each member of
the Division received a copy of the new Divi-
sion promotional brochure (illustrated below).
This brochure was developed under the leader-.
ship of our Secretary, Claude Z. Westfall, to
whom we all owe a vote of thanks for assuming
this responsibility, on our behalf.

The brochure is attractive and well-
conceived and is particularly informative about
the Division objectives and activities, Our
members should be challenged to put this bro--
chure into the hands of every eligible candidate
for membership. If each of us would assume
the responsibility for delivering or mailingthis
brochutre to a colleague inauniversity, cellege,
technical school or industrial plant, the pro-
ductivity of the brochure would be multiplied
many fold over that which our officers can
handle alone. Make no mistake about it, you
and I are the grassroots of the Division and,
despite all the efforts of the officers, the ulti-
mate success of the Divisionrests inour hands.
Let each of us support our officers and Execu-
tive Committee in these efforts to develop a
stronger and more effective Division.

To whom did you say that you are going
to pass along a brochure? Do it today!
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A GRAPHICAL MEANS OF OBTAINING SLOPE AND INTERCEPT

5. K. Foss

P. E. Hainault

Michigan Technological University

It iz often necessary to generate an eg-

uation of anempiricalline plotted onrectilinear,
semi-log, or log-log paper., If these lines ap-
pear to be linear or can be interpreted as
gtraight lines, their equations will fit one of
three general forms, with only the slope (M)
and intercept {B) to be determined. The follow-
ing is a total graphieal approach indetermining
these constants.

A straight or near straight line (I} plot-

ted on rectilinear paper (figure 1) takes on the.

form of Y= MX+RB, The extension of curve
(D) to the vertical axis yields the intercept, B,
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for the equation. A second curve (I') is drawn
parallel to (I} and through the (0, 0) point. Start-
ing from the '1' position on the horizontal axis,
move up parallel to the vertical axis until curve
(I') is met; from that point move left parallel

to the horizontal axis until the vertical axis is
crossed. This crossing point gives the numer-
ical value of the slope of curve (I).

A similar approach can be used for
semi-log paper where the governing equation
is ¥ = BM The only variation on the above
approach is that the curve (II') must gothrough
the (0, 1} point on the graph (figure 2).

In a log-log plot (figure 3} with a gov-
erning equation of Y = BXM, the siope M can
be determined by taking a 6 inch engineer's
scale that is exactly one inch wide. Then, set
the left edge of the scale on the vertical axis
where curve {1} crosses. From theright edge
of the scele read the wvalue of the slope. Itis
important to remember that, if the 10 scale is
used, divide the reading by 2 for the actual
slope; 30 scale divide by 3, etc.



(GRAPHICS)

Line of Sight Prism

The pictorial illustration of the
1ine of sight prism with its diag-
onal as the line of sight also
shows the axonometric plane per-
pendicular to the Tine of sight.

The primary and secondary auxil-

iary views shows the true relation-
ship between the axes of the prism,
its principal surfaces and the
axonometric plane, These relationships
were used to develep the pregram as
presented.
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CONVENTIONAL QRIENTATION

State University at BatonRouge can assist you
in any way with computer graphics, please
feel free to call upon us.

REFERENCES;

(1} Brock, Eugene H., "The Engineer and
Computer Graphics' (Paper read at the Mid-
Winter Annual Meeting of Engineering Graphics
and Design Division, American Society for En-
gineering Education, Baton Rouge, Louisiana,
January, 1969),

(2) Hall, Clarence E., "The Historical De-
velopment of Multiview Drawings and Its Role
in Engineering Education", (unpublished
Master's thesis, The University of Tennessee,
Knoxville, 1950), p. 83.

{3) Booker, Peter Jeffrey, A History of En-
gineering Drawing, (London: Chatto and Wind-
us, 1963).

4) Hall, W. W., Descriptive Geometry,

(
(New York: D. Van Hostrand Company, 1903)

p, 7.

{(COMPUTER)
amount of hardware and programming sophis-
tication. E=ach of the systems discussed had
as its major step, the identification of a need
for the capability. The programming required
was done in less than a calendar year in each
case, making use primarily of the graphics
programs already available on the computer
being used. '
Predicting the developments in thearea
of computers on a long term basis seems to be
of dubious wvalue but there is little doubt that
computers and computer generated displays
will be very much in evidence. The applica-
tions will be again, things not at this time obh-
vious, and the major treakthrough, as has of-
ten beenthe case, will be in identifying the pro-
blem.
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REFERENCES:
1. Mehta, M. "Software Design for Display
of Isodose Curves in Implant
Dosimetry'. Thesig, Tufts
University, 1970.

2. Otis, J. C. "Computer Generated Display
of Vectorcardiogram Loops'.
Thesis, Tufts University,
1869.

3. Radi, T. '"Graphical Realization Aid
for Statistics'. Thesis,
Tufts University, 1971,

Editor's Note: This paper was presented at
the 1971 Annual Meeting of the American Soc-
iety for Engineering Education.



{(MAPPING)

slow') to the amount indicated. When it bends
te the west, the sun is ahead of its schedule
("sun fast'). By graphing this equation of time,
one can readily apply the needed correction, in
terms of degrees of longitude, to the assumed
position of the point.

Further inspection of the analemma will
show that it can also be used to determine the
latitude of the subsolar peoint (or the sun's de-
clination) for any day of the year. The graph
runs from one tropic tothe other, touching each
tropic at the appropriate solstice and crossing
the equator on the dates of the equinoxes, The
appropriate latitude of the point for other dates
of the year can beread betweenihese four basic
positions,

Practical Applicaticns

Let us now apply the foregoin princi-
ples to a given example. We might wish to de-
termine the location of the subsclar point for
10:30 A. M., Central Standard Time, October
18t. The analemma will show the latitude of
the point for that day to be 3% 8. The longitude
can be obtained noting that, in the morning, the
sun is presumed to be easi of one's standard
meridian which, for Central Time, is 50° W.
The one and one-half hour differential equates
to 22° 30' of longitude, giving a preliminary
answer of 67° 30", To find the equation of time,
we examine the analemma and note that, on the
first of October, it bends two and one-half de-
grees wesi of the central meridian, indicating
an equation of time of ten minutes. The cor-
rected longitude is thus 700 W,

The position of the subsolar point is im-
portant in that, when located on the azimuthal
equidisiani projection, it can readilydetermine
either of the desired final values: the sun's
azimuth and its elevation above the horizon for
the location at the center of the map, These
are obiainable by relatively simple principles,
based upon the fact that straight lines radiating
from the center are great circles. First, a
line may be drawn from the center {o the sub-
solar point. Since directions are true when de-
termined from the center of the projection, the
protractor rose will give the desired azimuth
immediately if if has beenaligned with its zero
point direcily north of the center. (Fig. 2}

Secondly, the length of the line must be
measured and compared with the scale of de-
grees. In the equidistant case of the projection,
distances as well asdirections will remain true
when measured from the center. Now, at the
subsolar point the sun is at its zenith, with an
elevation of 90° above the horizon. For each
degree that one moves, along a great circle
route, away from the poini, the sun drops one
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degree lower toward the horizon. Therefore,
subtracting the length of the line, measured in
degrees, from 80° will give the sun's elevation
at the centier of the map.

Some cautions might be given for the
practicaluse of thisnomogram. ¥For one thing,
it will only work at, or very near, the locality
chosen for the center. If one moves to adiffer-
ent location, a new map must be created.

For another limitation, the map gives
only theoretical solutions for the earty-sun
relationship. Such factors as the refraction of
light, which could require significant correct-
ions at times of low sclar elevation, are not
included in the graphical answers. However,
in this respect the results are no worse than
those obfained by conventional spherical trig-
onometry,

the theoretical results given
by the nomogram will be subject to alimitation
common to all graphical solutions, a lack of

Finally,

fine precision. If one requires highlyaccurate
results, he would do better to resort to the
more orthodox use of the ephemeris and cal-
culating equipment.

Nevertheless, the nomogram carries
with it certain clear advaniages. Once it has
been created, it is easy for the average tech-
nician to understand and employ. A careful
application of its techniques should give results
which are within the margins of error of the
laboratory and field procedures for which it is
designed.

{See MAPPING - p. 44)



(INVENTOR})

phlets on his hero, but also to the point, he
rescued the large framed frontages with their
picturesque gables and together with the carved
gtone fireplace that the engineer must often
have sat around, incorporated them in a house
that he had designed for himself in Dartmouth.

Thus "Newcomin Cottage' now more than 100

years old in its new existence, is in fact the
reembodiment of Newcomen's house, in its pre-
existence an Elizabethan habitation. With its
pleasant lawns it forms an attractive link with
the inventor, while down below in the public
gardens a Newcomen FEungine has been reerect-
ed to mark the tercentenary of Newcomen's
birth in 1663. Although too infirm for steam-
ing, the old fellow is galvanized into action as
required by a concealed apparatus and shows
forth for all to see the genius of the parent who
begot him 270 years ago.

In these same public gardens and close
to where the engine has been placed, the presi-
dent of the American Newcomen Society, Char-
les Penrose Jr., laid a wreath on the great in-
ventor's memorial as part of the 1963 celebra-
tions, and before a large assembly gathered to
pay homage {o his memory.

Manchester's Engine

It was mentioned earlier that construc-
tion of a one-third full size replica of the Dud-
ley Castle engine was undertaken in the work-
shops of the University of Manchester Institute
of Science and Technology. The work went thr-
ough as a nonurgent task to fill in slack times,
but in due course the engine was finished and
erected in the Museum. Tt took a lot of pat-
ience and many adjustments to get it io work
continuouslty, which gave a sense of under-
standing of the iroubles Newcomen must have
experienced when he and Calley were making
an engine for the first time with nobody's ex-
perience to draw on, but eventually it settled
down to regular working as required. Some
concessions had to be made to present con-

ditions. It would, for instance, have been very
undesirable to have had coal firing with its
smoke in a smokeless zone, so steam is gen-
erated by electric immersion heaters inside
the boiler, but externally everything is as in
the first engine.

The atmospheric engines had an im-
pressive range of sound effects. Tirst the
pumprods and the outdoor end of the beam were
Frawn up convulsively as if by an unseen hand.
There was a pause, then after a loud snort they
sank slowly down again. These motions were
enlivened by the clanking of chains, loud gro-
ans, and prolonged hisses so that the effect
was very much that of a great giant confined in
a dungeon and forced to labor by his captors,
which was indeed the case.

Successful Model

People have Ifrequently made small
models of Newcomen engines, but it is difficult
to get them to work like the big ones because
of gide effects, No cold water injection is
needed because the volume of steam is small
against the surface area of the cylinder when
compared with a full sized one, for instance,
and again the properties of steam and water do
not vary as the scale alters on a model, sothat
the working of models ig usually jerky anderr-
atic.

With the one-third full size engine
however, having a cylinder diameter of 7", the
size of everything is large enough for there to
he no side effects, and the engine has a full
repertoire of greoans, hisses, and snoris while
vigually it is an impressive spectacle demon-
strating to students a page from the history of
the heat engine; to economists, the picneer of
the industrial revolution; to philosophers, the
remarkable progress made from that day to
this; and to all eyes, ears, and noses, the
physical attraction of a primitive monster,
touching gight, sound and scent.

(MAPPING)
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(DESIGN)

2. QUTPUT MOTION: Sixty degrees rota-
tation of a rod lying in a horizontal plane

and parallel to axis X. See sketch below,

3. Output rod rotates clockwise while input
rod moves upward. See skeich.

4, Axes X, Y, and Z are mutually perpendi-
cular. See skeich.

5. Material:commerciallyavailable ferrous
stock capable of transmitting 10 pounds
without plastic deformation. Auxiliary
parts, your choice,

6. Cost: In keeping with standards for masgs
produced automoiive throitle linkages.

FIXEE T/
L-MOUNIT

_DNEL

SOLUTION REQUIREMENTS

1. Submit in multiview a scaled layout of a
solution to meet the given specifications.

2. Indicate initial and final positions of in-
put and output shafts,

3. Use primarily centerlines of links. Do
not detail hardware which can be pur-
chased (pins, bolts, clips, etc.). Indi-
cate such hardware by notes only.

4. Omit elaborate title blocks and borders,
but give part name, scale, date, your
name and scheol.

PIN=

Srpfﬁ} |

BAL L
SOINT

‘PRESS PIN, TYRICAL
CLIP ON RoD ‘

=

(LETTERS)
seems to me that the present name of our Divi-
sion has proved itself to be a misnomer. It's
true that I voted for the present name of the
Divigion because a change was in order then
and "Engineering Design Graphics Division"
was the best compromise we could get at that
time.

But now, as Bill Rogers has stated so
eloguently, the time is exactly right for another
change. 1 won't repeat Rogers' reasoning; I
couldn't possibly improve on his reasoning or
on the sheer beauty of his language. Rogers is
right: "Division of Engineering Fundamentals"
describes perfectly everything we do or cando,
even though not all schools do the same things.
I hope I get a chance to vote for the change he
proposes. The membership will approve, T feel
certain.

MAT L : STEEI
SCALE : HALF SIZE

LINKAGE SYSTEM

JOHN STUDENT G-~ I-197I

PENNA STATE UNMIVERSTY
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Then, as I read Bob Hammond's arti-
cle, "Engineering Graphics Passe, No!', Ireal-
ized that this article was a very well stated
piece of evidence in support of the Rogers' the-
sis. If both of these men were still colleagues
at the Academy, it would be a good guess that
they would naturally have similar ideas. ButlI
believe their ideas stem from the fact that
they're both thinkers, doers, and superb writ-
ers.

/sf Vlad

Irwin Wladaver

Asgsoc. Prof. Emeritus
of Mech. Engineering

New York University



A. ROTENBERG,

A CRITERION OF CORRECTNESS OF

SINGLE-VIEW GRAPHICAL REPRESENTATIONS

Lecturer in Mechanical Engineering

University of Melbourne

ABSTRACT:

This article discusses the sufficiency
condition for a two-dimensional line-diagram
to be a correct representation of a real three-
dimensional object.

The folilowing theorem may be of some
interest to engineers; -

A necessary and sufficient condition
for a two dimensional line-diagram &
to be a correct graphical represent-
ation (1) of a real three-dimensional
object is that ¥ include a simple
closed curve jl such that all points
of ¥ are inside or on jl.

It is understood here that the curve j
may be a subcontinuum of any curve of . The
reader is referred to (2) for the proof of the
necessary par{ of this theorem. This article
deals with the sufficient part of the theorem in
the case of representation by orthographic pro-
jection.

Let the diagram ¥ (Fig. 1la) consist of:

(i} any finite number of dendrites (1)

dl’ dz, dp, ...... . dn;

(ii) any finite number of simple closed

curves jy, Ios oo Jpoaeees I
Furthermore, let all points of ¥ be in-

side or on jl.

The simple clogsed curves ji may have
poinis (or arcs) common with each other and
each dendrite d, may have one point ME com-
mon with any ofp the curves j,. Such definition
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In Fig. 1lb, construct arbitrary simple
closed curves L, L_, ..., L, ., L sat -
isfying the following Sonditionst - a
{i} A1l end-points of the dendrite
dp are also points of the curve Lp;

(it} Al other points of d_ are
inside Lp;

P

Figure 1

(iiil} the curves L. have no
poinis common wittPeach other or
are inside each other;

{iv) the curves Ly have no points
common with any of the closed curves
jx except the points Mg ;

(v} no points of jk are inside Lp :

(vi) the curves of Lp are smooth
at all their points other than Mlﬁ .

The bounded domain defined by Lp is



separated by the dendrite d, into =z disjoint
domains, each of which has as its Irontier a
gimple closed curve J_,., wherer =1, 2, ..,
z,. Each curve j .. may be regarded as an
orthographic representation of a solid Spr
(Fig. 2) bounded by: -

{i} a plane figure (1) Q__ congruent

with the plane figure Jpr ;

(ii} = cylindrical surface E generated

by a straight line AB normatto Q

(iii) a smooih (1) surface Es such
that: (a) £ ig tangent to Q -
along the smooth simple ar

M, M_ M (b) no straight
line parallegl tc AB may be tangent
to £ .

s

Figure 2

The solids § . may he assembled into
one solid 3 (Fig. 3) so that the curve I, U d
may be regarded as an orthographic represen%-

Figure 3
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normal to the generators of &

Figure 4

ation of B On the other hand each of the
curves j ay be regarded as an orthographic
representation of a solid 3, (Fig. 4) bounded by
some cylindrical surface " § and two planes

=

Figure 5

The solids S, and 5, may be assembled
to form a single solid S having the desired or -
thographic projection £ The method of as-
sembly is clear from Fig. 5. Because of the
tangency condition of g to Qpp ( condition
iii (a) above), the line Ly will not be an edge
of the single solid 5.

No special itreatment is required if the
diagram ¥ includes also "hidden" lines. In



this case, the relevant solids 5 and S, should
be assembled on the hidden plan% face gf Sl'

A similar reasoning may also be applied
0 the general case of central projection.
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APPENDIX

A two - dimensional line - diagram I
(F'ig. 6)is said to be a correct graphical repre-
sentation of a real three-dimensional object §,
if ¥ consists of all contours of 5 and project-
ions of all edges on the surface of 8. It is as-

Lc at infinity

ORTHOGRAPHIC REPRESENTATION

PERSPECTIVE REPRESENTATION

Figure 6

gumed that the projecting apparatus is given
and consists of an arbitrary projection plane P
and a pole C which is not on P and is not a point
of §. All points of Tare finite and a drawing
convention distinguishes between "visible' and
"hidden' contours or edges,
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A plane curve j, is a dendrite if every
point of jp is either an’end-point or a cut-point.

A surface £ 1s said to be smooth if at
every point of ¢ there exists one and only one
tangent to £. A curve jis said to be smeooth
if at every point of j there exists one and only
cne straight line tangent to j.

A plane figure Jpr is the bounded part
of a plane whose frontier is the single closed
curve j .

pr
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YEP, IT'S TRUE.
ALL ROADS LEAD to TEXAS TECH.
Yo’ All come — PODNUH!
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This problem book series facilitates un-
derstanding the fundamental principles as
well as making proctical applications of
them in industrial-oriented problems. Each
vnit includes a statement of objectives,
some analytical thought questions, some
semi-programmed instruction with answers
on the back of the sheet, some word de-
scription problems, and some partial-lay-
outs with word specifications. Photographs
from industrial firms enable the student to
visvalize the objects in their actual setting.

Book |—136 pages—prob. $5.75
Book 11—-150 pages—prob. $5.75
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GRAPHICS,
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Design, Fourth Edition
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solution. Outstanding coverage of vector quantities,
graphical mathematics, and construction of charts and
diagrams is provided. Sample problems of progres-
sive difficulty conclude each unit.

Of Special Note...
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® New units on creafive design, electrical and elec-
tronic diagrams, and computer aided design,

@ New treafment of pictorial systems, graphicol
mathematics, basic dimensiens, production dimen-
sioning, and design drawing.

© New emphasis on industrial applications.
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