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Two Intersecting Perpendicular Lines (reduced) Space Diagram (reduced)

A unigue and innovative approach to teaching engineering graphics. Developed through classroom use over a number of
years, this text emphasizes the comprehension of engineering drawings in order to give the student a sound background for
reading and interpreting drawings, and for using descriptive geometry to solve engineering problems involving three-
dimensional space.

The fundamentals of graphical analysis are developed and the basis of engineering drawing is explained. The principles of
orthographical projection are used in most instances but other projections such as isometric, oblique, and perspective are
also considered in the text.

To facilitate the visualization of a three-dimensional shape that must be graphically represented on a plane, Professor
Pearce has introduced two-color line drawings which, when viewed through two-color filters, produce a three-dimensional
image. The three-dimensional representations are accompanied by the appropriate two-dimensional engineering drawings,
giving the student a readily accessible reference to belp him understand drawing techniques and uses. This is a valuable
teaching aid and replaces the standard desk models which have limited individual accessibility. Additional aids for
classroom use are the problem sets at the end of each chapter and the durable spiral binding which allows the book to lie
flat at any page. Two pairs of red-green colored plastic glasses are supplied with each text.

372 pages $17.95 Spiral Bound

Please send Engineering Graphics and Descriptive Geometry in 3-D

Desk Copies may be supplied if serious con-
sideration is being given to a purchase of 15 or
more copies. We reserve the right to use our
discretion in supplying desk copies.

Please note we are not affiliated with any
American publisher of similar name. Send all
orders to:

(7705 1536 3)
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The views and opinions expressed by
the individvual authors do not nec-
essarily reflect the editorial policy
of the ENGINEERING DESIGN GRAPHICS
JOURNAL or of the Engineering De-
sign Graphies Division of ASEE. The
editors make a reasonable effort to
verify the technical content of the
material published; however, final
responsibility for opinions and tech-
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the author.
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OBJECTIVES :

The objectives of the JOURNAL are:

1. To puklish articles of interest to
teachers and prdctioners of Engin-
eering Graphics, Computer Graphics
and subjects allied to fundamentals
of engineering.

2. To stimulate the preparation of
articlies and papers on topics of in-
terest to its membership.

3. To encourage teachers of Graphics
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test appropriate techniques and topics
to further improve quality of and
modernize instruction and courses.

4, To encourage research, develop-
ment, and refinement of theory and
applications of englneering graphics
for understanding and practice.

STYLE GUIDE FOR JOURNAL AUTHORS

The Editor welcomes articles submitted
for publication in the JOURNAL. The
following is an author style guide for
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bute material to Engineering Deslign
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time, expedite the mechanics of public-
ation, and avoid confusion,; please
adhere to these guidelines,

1. All copy is to be typed, double-
spaced, on one side only, on white
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are reproduced directly From submitted
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mitted & authors oY rawier,

7. Enclose all material unfolded in large
size envelope. Use heavy cardboard to
prevent bending,
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editors.
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or advertising for the three issues
of the JOURNAL:

Fall--September 15
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EDITORIAL

Since writing the editcrial for the
Winter issue of the JOURNAL, your editor
has done scme research and found that
the dimension change will cause little
or no concern in library binding, so
we are proceeding full steam ahead.

With luck, the JOURNAL wou are holding
will be printed and cut to the 198

x 280 mm size described in that ed-
itorial. No doubt there will be some
feedback by the time the Fall issue

is printed and we will try to print
your respomses - prc and comn.

A couple of thoughts:

Looking over the material while
putting this issue together, it is
apparent that many people have con-
tributed a lot of hard work and time,
creating programs, developing thoughts,
and polishing presentations, all of
whilch are vitally necessary to the life
of both the JOURNAL and the Divisiocn.

To all of these -- and particularly to
Jack Brown and hig team -- our sincere
thanks.

It is also difficult to ignore how
frequently some names tend to appear
in the JOURNAL. These people have
overcome the "activity hurdle" and are
finding it difficult to beccme inactive.
Why don't you join them? Budget some
time to undertake that project you'wve
been postponing and create a first-
class article for the JOURNAL.

You'll find it more rewarding than
you imaginel!
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Since this will be my last message
as chairman of the Division, I want to
tell vou what a rewarding experience it has
been for me to serve as your chairman.
The Division has had a good year, and
one factor that has contributed greatly
to this is the caliber of pecple who
make up the leadership of this Division.
Their dedication to the welfare of the
Division and the fine work they do to
carry out its objectives make me proud
to be part of this effort.

An example of this leadership was
evident at the Mid-Year Conference.
Larry Goss had prepared a varied and
interesting program, and the University
of Alabama, with Jack Brown in charge,
provided that warm southern hospitality
and good food that made this an especially
enjoyable conference.

Several members attended who have
recently retired from teaching. Others
who were in attendance are now close to
retirement, and still cthers were in
attendance who beagan their careers
teaching graphics in 1946 and will re-
tire in 7 or 8 years. Will these teachers
be replaced? If they are replaced, what
type of training should the new graphics
teachers have?

I will not attempt to answer these
questions in depth, but if we look at
our present technology, we will see that
mores theoretical graphics will be regquired,
that is to say more descriptive geometry.
Drawing will be automated. The computexr
will do the drawing. It has been a long
time getting here. I am sure some of you
remember the Mid-Year meeting in Wichita,
Kansas in the early 1%60's, when we saw
automated drafting at Boeing. I recently
visited a large company that has just com-
pleted automation of all of its drafting.
In this company the final drawings are
made entirely by the computer from very

Amogene F. DeVaney
Amarillo College

rough sketches prepared by the engineers.
Engineers were using interactive computer
graphics to solve theilr design problems.
It is exciting, but I asked myself if we
are training our students to fit into this
environment? A few schools are, but most
are not. Future graphics teachers must
have knowledge tc use computers as tools
as well as a strong background in thec-
retical graphics.

To go back to my first question,
"Will these retiring teachers be replaced"?
In some colleges they are being replaced
by young, gualified graphics teachers, but
there are some colleges, and I'm afraid
far too many, who are making retirements
an opportunity to cut costs by using more
graduate assistants. When these colleges
try to rebuild thelr graphics departments,
they will prchably have difficulty finding
qualified teachers. The use of more grad-—
vate assistants in engineering colleges
could reduce the membership of the Division.
If, howsver, we interest community college
graphics and drafting teachers in Division
nembership, we could reverse this possibilty.

While my vear as chairman is almost
over, the most important events are yet
to come. 1 am referring to the Annual
Conference and the fnternational Conference
on Descriptive Geometry which precedes 1it.
By the time you read this page you will
have received the program for the Inter-
national Conference on Descriptive Geometry.
I want to extend my special thanks to
Clarence Hall who has done a superior job
in getting the program together, printed
and in your hands well in advance of the
reservation date. I hope you have made
plans to attend and join us in celebrating
the Fiftieth Anniversary of the Engineering
Design Graphics Division and to stay for
the ASEE Annual Conference which follows.

T lock forward to sseing each of
you in Vancouver.
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TECHNICAL — PROFESSIONAL

COMMITTEE CORNER

Merwin L. Weed
Penn State University’
Teaching Technigques Comm.

© DESIGN PROJECTS--LARGE VS. SMALL, INDIVIDUAL VS. TEAM

In any design-oriented graphlcs
course, design prejects must be con-
sidered. Should a single project be
assigried? Or should the students be
expected to complete two, three, or
maybe even more projects? Should the
project be completed by one individual
or a team? "If a team, how many students
should make up a team?

No set rule could ever satisfy every
gituation. Such variables such as class
size, goals of the course, instructer's
temperament, student backgrcound, and course
credits (tlme available) will ha¥ve to be
weighed in making a final decision on
the type and magnitude of any design
project.

After trying many combinations of
varying project sizes and ‘team sizes, some
observations have been made and are indi-
cated below.

PROJECT SIEZE . -

& small project reguires the same
design thought processes as does & large
one and it-allows time for several projects
in widely diverse areas; this reduces the
chance of boredom or student apathy towards
his work. Several small projects provide
a natural series of deadlines which are
needed training for our structured society.
This is not to say that a long-runnlng
project cannct have built-in deadlines;
but, with a short project, the completed
project is a natural end point.

If fundamental graphics material is
being taught as an integrated part of a
de51gn course, then the shorter project B
is more easily tailored to the material
just previously covered in the course.
Then each project would be designed to
make use of all material presented up
to that point in the course.
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DESIGN PROJECTS

It is interesting to note the effect
of assigning a design project in advance
of covering the material needed +to complete

‘the design or material needed to complete

the presentation of the design. When a
student sees a need for learning, learning
takes on new meaning and appears to come
earlier. Also, there is scmething to be
said for the long term project. Again,

in preparation for his place in society,
the student should be prepared to take

on a major effort and see it to completion.
This type of project may lend itself to

a more advanced design course rather than
a beginning course that is taken by
students with little background from
which to draw.

TEAM SIZE

Design projects executed by an in-
dividual have the obvious advantage of
guaranteeing that the individual has gone
through the entire design process on his

Professor Weed's article was pre-
sented as a member of the Teaching Tech-
nigques Committee. As a new feature of
the Journal, "Technical-Professional
Committee Corner”, seeks informative and
interesting articles like Professor
Weed's to feature as a gspotlight on that
particular committee. It is hoped that
‘all Technical and Professional Committees
will use this feature as a forum to ex-
presg their ideas and activities.

Frank M. Croft--Associate BEditor




own, and, for a beginning course, this
may be best; but for a class of students
which has already had this individual
design experience, perhaps a team effort
would be a new and exciting frontier.
Some advantages of a team—effort design
project are as follows:

1. A more complicated design can
be developed in a given length
of time.

2. Leadership is fostered.

3. The ability to work with others
is developed.

4. One student will learn from the
background of cthers on the team.

5. The design is generally more com-
Plete due to scrutiny from each
member of the team.

6. Peer pressure tends to generate
additional enthusiasm for the
project.

7. Peer pressure tends to reduce
"slacking off" by any individual
team member.

The size of a team will to scome
extent be determined by the size of the
class. For example, a class of 18 would
conveniently form six teams of three

members each. There is, however, a problem
with large teams--the tendency is for an
individual to get lost in the crowd if the

‘team is allowed to become much larger than

five members.

As noted above, peér pressure plays
a major role in the success of the team
effort. To enhance this pressure, each
member ¢f a team may be given an oppor-
tunity to grade (in confidence) his fellow
teammates. This grade is in addition to
the project grade which is shared equally
with all team members. It has been ob-
served that for the most part, the grade
given an individual by his teammates is
consistent with the instructor's opinion
of that individuals performance.

It has been found that for at least
one particular design course a combination
of short individual design projects,
followed by a moderate-length team project
and finishing with a large-design team
effort has been a good scheme.

Why not experiment? It makes the
class more exciting for both the instructor
and the students.

News of Promotion

Professor Mary Blade, longtime
member of the Division of Engineering
Design Graphics Division has been ap-
pointed Associate Dean of Engineering
of the Cooper Union School of Engineer-
ing.

Frofessor Blade graduated from
the University of Utah in Electrical
Engineering and worked with the Southern
Utah Power Company after graduation.

She has been teaching Machine
Design and Engineering Graphics for
many years at Cooper Union where she
was the first woman faculty member.

She alsc was a member of the Creative
Service Program of New York University.

Her special interest has been an
innovative course in Freshman Graphics
and Problem Solving in which students
learn by working on Engineering Design
Projects. Dr. Ellis BRlade, her husband
and collaborator on many projects is
an engineer-scientist. Professor Blade
is a graphic artist and has exhibited
her etchings and water cclors. She
is a member of the IEEE, ASEE, Pi Tau
Sigma, and the New York Academy of
Sciences. She was editor of the
Journal for three years.

Congratulations, Mary!
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COMMITTEE COMMUNICATIONS

FRESHMAN YEAR COMMITTEE

The Freshman Year Committee (FYC)
was established by then Vice-Chairman
Devaney and unanimously apprcved by
the Executive Committee at its meeting
in June 1977 at Grand Forks, North
Dakota. The Commitfee reports to
Professor Margaret Eller, Technical
and Professional Committee Director.
The general objective for the FYC is
to represent interests of EDG members
who work in areas involving engineering
students at the freshman level outside
the traditional graphics and design
disciplines. Many possibilities have
not yet been discussed but several
seem to be of particular interest.
These Include orientaticn, advising,
problem sclving (analysis or comput-
ation) courses, and the so-called in-
tegrated freshman programs. Specific
and detailed objectives will be con-
sidered when the Committee meets form-
ally for the first time at the 1978
ASEE Annual Conference.

Through the efforts of FYC members
and in cooperation with EDG Program
Chairman, Arv Eide, FYC is sponsoring
a session at Vancouver dealing with
the "transition of high schoel grad-
uates into first year engineering
students". Five panelists will briefly
describe programs which they have used
in their respective schools. These pro-
grams which they have used in their
respective schools. These programs
range from pre-college counseling and
entry level course placement techniques,
to advising systems and orientation pro-
cedures. A portion of the session will
be reserved for discussions among
panelists and those in attendance.

Yoi1 are invited tc attend the session
and participate there or to direct
suggestions and comments to FYC Chair-
man, Larry L. Worthup, Department of
Freshman Engineering, Iowa State Univ-
ersity, 112 Marston Hall, Ames, Iowa
50010.

COMMLITTEE FQR THEQORETICAL GRAPHICS

Your committee chairman, Mary Blade,
would like to meet all members of the
Division who are interested in Theoret-
ical graphics and space concepts at the
Vancouver conference.

A most interesting book has been
published, "Biological Mechanisms of
Attachment" by Werner Nachtigall, Soring-
er-Verlag N.Y., 1974.

Some years ago our distinguished
Professor Hiram Grant published and
illustrated design details. T am re-
minded of these when I recently was
referred tc this book on the design of
attachments. These attachments are not
machine-made, however, but are blolegical.
The author has distilled an encyclopedic
search for biological forms of mechanical
attachments to a usable form, permitting
to use these ideas in solving problems.

As all geometers know, the inter-
sections of lines present no problem.
Bowever, as soon as the lines are em-
bodied into three-dimensicnal structures,
there are many problems in connecting
these structures. Mr. Nachtigall, in
his book, has assembled an extracrdinary
collection of attachments which illus-
trate the varied possibilities of stru-
ctural connections which nature offers
the designer. There are 721 illustra-
tions to show comparative morphology
and bioengineering or organs for link-
age, suction and adhesion.

: An example which only recently has
been utilized for "soft" materials is
the probabilistic fastener. This ap-
proach, which we find in barbed plants
such as burrs, has been used in the new
"Yelero" fasteners. But designers may
use the probabilistic appreach in many
revolutionary ways, such as fastening
machine parts or seals in this way.

Another possibility for inventors
is extended use of sealants and molecular
adhesion in novel ways.

Rigid, flexible, permanent and re-

leasable attachments are 21l illustrated
to enrich the designer's repertoire.

HMary Blade

Associate Dean of Engineering
Cooper Unicn School of Engin-
eering
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Copyright (© 1978
Charles W. Keith
Professor

School of Techmology
Kent State University
OAEG President, 1877-78

THE OHIO ASSOCIATION
FOR ENGINEERING GRAPHICS

Over a- decade ago several engin--
eering graphics professors in Ohio
decided that there were items which
might be of interest for all of the
college level engineering graphics
professors throughout the State, and
therefore, after writing and calling
a number of the professors, held their
first meeting at the Faculty Club
at The Ohio State University, Col-
umbus, Ohio. Since that time the
membership in the very loose knit
organization has grown to approx-
imately 100 members and includes ted-
chers from two-year technical instit-*%
_utes and two-year community. colleges,
as well as professors of engineering
graphiecs in all of the engineering
and post secondary teclmical scheools: 7
in the State.

Membership is open to anyone
teaching technical drawing, engineer-
ing graphics, descriptive geometyy,
and/or other courses directly related
to associate degrees or baccalaureate.
degrees in engineering technology, in
engineering, and in other similar- types.
of degree curricula. The main purpose
of the organization is to alert those
individuals involved with -the subject
area to the activity of their fellow
teachers throughout the State..  However,
at each annual meeting part of the pro-
gram is devoted to industrialists who
use our product - the student graduate.

Meetings are held annually the
first week of May and alternate be-

tween The Ohic State University, central

within the State, and cutlying colleges .
and universities. Last year's meeting,’
held 4t Kent State University, included
the following topies:

"Design for the International Market"
by Mark A. Miller, Design Engineer,
The Timken Company.

"Continuous Metal Processing Lines -
Their Design, Manufacture, and In-
stallation™ by Robert Messerly,

Assistant Manager of Engineering,
Wean United, Inc.

"Engineering Graphics Evaluation
Procedures” by Dr. Lowell S. Zurbuch,
Professor, Kent State University.

"Vector Geometry' a slide/tape pre-
sentation, by Mr. John Troche of
Texas Instruments.

Last year a survey was made of
all engineering design courses taught
in the State at post-secondary level:
This compilation which included:
course title, credit hours, course-
description, text used and instruetor
regponsible for instructing the course
was provided to the membership. In
addition a newsletter is being prepared
whereby membership are alerted to cur-
rent happenings in the discipline.

The association also provides an
opportunity for the membership to ex-
change new techniques, ideas and simply
have the opportunity to know fellow
.instructors and their programs.

The 1978 meeting will be held

" ‘at the Utifversity of Cincinnati with

Professor William Miller, vice president
elect, being the host. Current officers
of the Association include:

Mr. Ben Mandzuch, past president,
Babcock and Wilcox Company.

Professor William Miller, vice pres-
ident, Ohio’ College of Applied Science.

Professor George Pankratz, vice preé—
ident elect, University of Toledo.

Professor Anthony 0'Donnell, sec-
retary-treasurer, Jefferson County
Technical Institute.

Professor Robert LaRue, newsletter
editor, The Ohio State University.

ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1978 /9



by James H. Earl

Descriptive geometry as a prob-
lem-solving tool and a means of
developing solutions to technical
problems. Earie uses real-life en-
gineering exampiles to aid student
motivation. Photographs of prod-
ucts and equipment demonstrate
applications of descriptive geom-
etry to various projects.

This second

" Texas A & M University

have been completely updated.
A second coloris used to high-
light significant steps and notes
in the illustrations.

CONTENTS: Introduction to
Descriptive Geometry and Design.
Application of Descriptive Geom-
etry. Drawing Standards. Spatial
Relationships. Primary Auxiliary
Views. Successive

edition features
S| units through-
out, but does not
forego the use
of English units.
Statistical figures
for Chapter 1

Auxiliary Views.
Revoiution. inter-
sections. Develop-
ments. Vector
Analysis. Analysis
of Design Data.
Appendixes.

Other Earle Texts:
Engineering Design Graphics,
Third Edition
Engineering Design Graphics
Problems 1
by Earte, Cleland, Stark, Mason,
Bardeil, and Coppinger

Iif you would like to be considered for
complimentary examination copies
or would like more information,
write to Alfred Walters, Information
Services, Addison-Wesley. Please in-
clude course title, enroliment, and
author of text now in use.

7 N
Vv
Science & Mathematics Division
ADDISON-WESLEY PUBLISHING COMPARNY
Reading, Massachusetts 01867




= _ learned to draw fast at the OK Corral!
Your students can learn to draw ok too! .

Just ride with the Texas A&M Bunch
--Earle, Demel, Coppinger, Mason,
Stark, Barr, Wilke, Tonda, & Bentzen!

GRAPHICS for ENGINEERS 1
GRAPHICS for ENGINEERS 2

GRAPHICS for ENGINEERS 3
GEOMETRY for ENGINEERS 1
GEOMETRY for ENGINEERS 2
GRAPHICS & GEOMETRY 1
GRAPHICS & GEOMETRY 2
GRAPHICS & GEOMETRY 3

Creative Publishing Co

BOX 9292. COLLEGE STATION. TEXAS 77840
FHONE 71%- 846- 7907

ALL PURPOSE
GRAMERCY DRAFTING KIT OUTSTAND

Very Reasonably Priced & Includes a Long Lasting
Metal Case.

PO Instrument Set with Pen & Pencil Parts
PB Gear Head Divider

2150 Leadhoelder

K233 Pointer

7021 Eraser

T34 Draft Tape

187 Combination Mechanicai Draftsman Scale

C3060 8" Triangle
C4590 & Triangle
#80 Curve

180 - 6" Protractor
485 Circie Template
Screw Driver

Parts Kit

THE IDEAL KIT FOR EVERY NEW
DRAFTSMAN OR STUDENT! #G4a02

#G402

THE GRAMERCY CORPORATION

P.O. BOX 9718, 1145 A WEST CUSTER PLACE GUSTOM KITS ALSO AVAILABLE
Denver, Colorade 83223 303-777-2121 WITH THIS SAME METAL CASE.
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HIGHLIGHTS OF ALABAMA

The Mid-Year Conference of the EDG
Division, -ASEE has come and gone but is
not forgotten. Our Host, Jack Brown and
the University of Alabama provided the
warm southern. hospitality that promoted
an atmosphere of fellowship that will
remain with those in attendance for
a long time.

The conference began with the Exec-
utive Committee Meeting Wednesday after-
noon (January 4, 1978) with Amogene F. )
DeVaney, Chairman, EDG Division presiding.
A tour of the Holt Lock and Dam was well
attended by those conferees not required
to attend the closed session of the Exec-
utive Committee Meeting.

The first formal session of the con-
ference got underway early Thursday morn-
ing {January 5} with Larry D. Goss, the
conference Program Chairman welcoming
everyon to the conference. The first
speaker of Session I was John Demel of
Texas A&M University. He related his
experiences in the instruction of a
computer graphics course that cenabled
him to teach computer programming by
using graphics. This presentation
coupled with the presentation of Robert
D. LaRue of Ohio State University offered
many points of concern that instructors
must face when teaching computer graphics.

After a brief coffee break, the spot-
light turned from computer graphics to
" metrication. Frank M. Croft of the Univer-
sity of Louisville talked about his exper-
iences with using 3T units in Descriptive
. Geometry. Larry D. Goss of Indiana State
University Evansville followed with a
very interesting presentation concerned
with product manufacturers not following
‘the prescribed guidelines for metric
measure on their products.

Following the luncheon business
meeting the afternoon session began.
Bobby G. Felder of the U.5. Army Corps
of Engineers gave a slide presentation
showing the planning, design, and con=
struction phases of the Holt Lock and
Dam Project. Joseph E. Parker, a Research
Asgsistant at Louisiana State University
fellowed with a presentation dealing with
photogrammetric applications of descriptive
geometry. Both presentations were well
received.

The afterncon session ended with
Robert H. Hammond leading an informal
discussion concerning accreditation guide-
lines for the Freshman Year in Engineering.
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On Friday morning (January &) Lee
Harrisburger of the University of Alabana
presented his views on "Engineering Design-
A Necegsity for Engineering" which proved
to be of major interest to all.

Following brunch, which was out-
standing as were all the meals, Charles
Mauro of New York City spoke on the subject
cf Human Factors in Fngineering. Mr. Mauro,
who is President of Charles Mauro Associates,
related two of his company's projects
through a slide presentation. Through his
presentation, Mr. Mauro showed the results
of design when the human element is con-
siderad as a parameter in the design.

The last speaker on the program was
Ray Hollub of the University of Alabama.
His presentation dealt with the problems
associated with the metric system and
its implementation in this country. Even
though Ray was the last speaker on the
program, it could be said that the best
was saved for last. His presentation
won The Oppenheimer Award for the best
paper presentation at the Mid-Year
Conference.

in closing it can be said that the
hospitality was warm, the food terrific,
and a grand time was had by all. Thank-
you University of Alabamz for being such
gracious Hosts!

Charles L. Mauro, Mauro Associates,
New York, and a presentor at the 1978
Mid-Year Meeting of the EDG Division at
the University of Alabama, is the recip-
ient of the Alexander C. Williams, Jr. Award
for 1977. The Award was presented to Mauro
by The Human Factors Society for his "out—
standing contributions® to the development
of the Pfigzer Medical Systems (0200FS Whole
Body Radiological Scanner,

The scanning system, which includes
a mobile patient handling system for
radiography, was designed and developad
under Mauroc's guidance as industrial
design consultant.

The case study of this system was a
part of Mauro's presentation in Alabama.
A part of his intent in speaking before
the membership of the EDG Division of
ASEE was to solicit input from the Division
members of student designs which take Human
Factors into account. Submit case studies
or design projects of this nature to him
at 135 West 41st Street, New York, N.Y.10036




PHOTOS OF THE MID-YEAR CONFERENCE AT ALABAMA

Lee Harrisburger-University of Alabama Ken Botkin (Purdue) and Jack Brown (Alabaﬁa)
Speaking on Engineering Design. examine the Descriptive Gecmetry Archives.

Casual conversation at coffee break. Business of the Division being conducted
at The Executive Committee Meeting.
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Here are more candid snaps from the
conference. You'll find many fam-
iliar faces here, but not Margaret
Eller. She was doing all the camera
work! Tlany thanks, HMargaret!
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from the midyear conference ...

Copyright (g} 1973

Frank M. Croft

Assistant Professor
Speed Scientific School
University of Louisville

THE USE OF SI UNITS
IN DESCRIPTIVE GEOMETRY

INTRODUCTION

For ST units to become the standard

-+ system of units in this country, it is

fmperative that individuals be able to

- think in SI units. For example, in esti-
‘mating a distance, one's first thought
“should be the number of meters or kilo-
meters, not the number of feet or miles
the distance represents.

To schieve this goal of trhinking in
81 units various philosophies in the in-
struction of SI units in the classroom
have evolved. Some instructors favor
the direct conversion approach which
simply converts the English unit to the
ST unit by a multiplying factor. Others
support the idea of forgetting the English
unit all together and using the SI unit
directly without conversion. . Simply
from the very first day, begin with SI
units and never mention the English sys-
tem of units. This has been labeled
the "cold turkey" approach. I feel very
strongly that the cold turkey appreach,
if established properly and at the right
time, can achieve the goal of thinking
in ST units while direct conversion only
adds to the confusion.

The cold turkey approach was used
in the instruction of Descriptive Geéo-
metry at the Speed Scientific Scheol,
University of Louisville this past fall
semester. This paper relates my exper-
iences in teaching this course using the
cold turkey approach in SI units.
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COURSE BACKGROURD

The Descriptive Geometry course,
as it exists at the Speed Sclentific
School, is strictly for Engineering
Technology students. More specifically,
the course is only required in the
Mechanical Engineéring Technology Pro-
gram. Other Engineering Technology
Programs use the course as a technical
elective. The Engineering Program does
not require the course in its ¢éurriculum.

The format for the instruction of
the course is a one (1) hour lecture
and a three (3) hour laboratory. This
lecture-laboratory combination yields
a total of two (2) semester credit hours.
The lecture and laboratory are held back
to back in a single session. This past
fall the course was scheduled from 5:30 PH
to 9:30 PM on Wednesday. The University
cperates a full evening program in Mech-
anical Engineering Technology. There-
fore, the scheduling of the course in
the evening was necessary to accomodate
the many students working full time in
local industry and pursuing a degree
in the evening.

The course included the traditional
elements of Descriptive Geometryy and their
application to rélevant technical problems
with the exception that SI was the only
system of units used. A course outline
is included in thé Appendix.



STUDENT INPUT

The total enrcllment in the course
wag 22 students. At the conclusion of
the course the students completed a
questionnaire which was designed to as-
certain facts regarding their background
in 8I units. This questionnaire is in-
cluded in the Appendix. Statistical
methods were not employed in the design
of this questionnaire. The object of
this paper is to relate my experiences
using the cold turkey approach in teach-
ing Descriptive Geometry in SI units and
not to state any statistical conclusions.

As mentioned earlier, many of the
students worked full time in local in-
dustry. Of the 22 students enrolled
in the course, 13 or 59% worked full
time. Most of these students are em-
ployed in a technical capacity with
large corporations such as General
Electric, Brown & Williamson Tobacco,
and Ford Motor Company. It is inter-
esting to note that all 13 students
reported that to the best of their
knowledge their employer did not have
a plant-wide educational program in
8I units. This is'not to say such
programs do not exist in these compa-
nies, but simply the students were
not aware of them.

The students by and large had
little or no exposure to SI units either
through other courses they had taken
or through their own experiences.

COMMENT

In his presentation Professor
Croft described the problems that he
and his students encountered when he
taught Descriptive Geometry using
only SI units. He had several barriers
to overcome: (1) most of his students
were working more than 20 hours a week
in industrial drafting and design jobs
using the familiar English scales,
{2) the class met only once a week for
four hours, (3) the class met in the
evening when the students were tired,
and (4} Descriptive Geometry tradition-
ally has been somewhat difficult to
learn, A questionaire given at the
end of the course showed that, in .
spite of the barriers, the students
had begun to think in SI units. A
closer focus upon and better description
of the methods used and time spent intro-
ducing the SI units would have been help-
ful to other graphics teachers as they
approach similar problems.

John T. Demel

Agsistant Professor
Engineering Design Graphics
Texas A& University

PITFALLS AND PROBLEMS ENCCUNTERED

Perhaps the single most important
problem encountered was the students
learning to use the metric scale pro-
perly. Some students never did learn
the proper use of the metric scale de-
spite numerous class sessions designed
to promote the use of it.  Other stud-
ents discovered early the versatility
of the metric scale and preferred it
to the traditional architeet's scale
and engineer's scale which are in Eng-
lish units. One student who was having.
difficulty with the metric scale com-
mented very seriously that he felt
there should be an entire course devoted
strictly to using the metric scale since
most students in graphics were more fam-
iliar with the English unit scales used
in the basic graphics course they had
enrolled in the semester before. This
Descriptive Geometry course was the
first graphics course in which these
students had been exposed to ST units
and the metric scale.

Another problem encountered was that
of using coordinates in problem layout.
When three (3) coordinates are given to
define a point in space from some refer-
ence, the coordinates are always given
in millimeters and are always %ull size.
Some students would forget the full size
constraint and lay the drawing out using
the coordinates with the given scale.
When a layout is done in this manner the
drawing cften becomes toc small to be
workable, especially when large scales
are encountered. Some students recognized
that their drawings were toc small to
work with and they expanded the scale to
meet their needs, thus introducing im-
mense error into the problem. Once the
students had cleared this obstacle,
another method of layout using directions
and elevations where scaling is necessary
might have been introduced. With the
difficulties that were encountered with
the coordinate system of layout and the
very good possibility that the students
would confuse the two systems, the idea
was quickly abandoned.

The students had the problem of
not knowing the size of a meter, centi-~
meter, or miliimeter. It is very easy
for them to estimate the length cof a
pencil in English units for they have
been using English units all of their
lives. To estimate that same pencil's
length in SI units is a different mat-
ter. Imr order to do this the students
mist think in ST units.  To aid them
in this problem identity models were
used. Physically measuring some common
items in SI units gave them a "feel"
for the size of a meter, centimeter,
and millimeter.

Various other problems which were
minor in nature emerged but nothing of
any major consequence. By the conclusion
of the course those students who received
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passing grades no longer were subject
to the previously mentioned problems
and pitfalls.

CONCLUSIQONS AND RECOMMENDATIONS

Descriptive Geometry is accepted
by most students and professors as
being one of the most difficult graphies
courses in any engineering or engineering
technology curriculum. Many of my ecol-
leagues have stated that for them, Des-
criptive Geometry was one of the most
difficult courses they were confronted
with in their undergraduate education.
I tend to agree with them since I have
seen the difficulties students have had
with the course as they confront the
problems with visualizatien, inter-
sections, developments, and all the other
elements that make up Descriptive Geo-
metry.

Introduction of SI units into a
course when the students have had nothing
but English units in the preceding
graphics courses can also be difficult
to comprehend. The students are familiar
with inches and feet as being the basic
unit and then suddenly millimeters and
meters become the basic unit. It takes
time to make the adjustment.

When the difficulties of the course
uaterial in Descriptive Ceometry and the
intreduction of 81 units using the cold
turkey approach are esperienced by the
students simultaneously, unnecessary
confusion may result. In concentrating
on the mastery of SI units, the students
may net comprehend the vital elements
of Descriptive Ceometry and vice-versa,

I conciude that the time to start
using the cold turkey approach in the
instruction of 5I units in graphics is
immediately in the first graphics course
taught in the freshman year. In this
manner, the pnumber of students hawving
been exposed to English units in graphics
is lower than it would be in a later
course, such as Descriptive Gecmetry.
Since in the basic graphics course a
section dealing with the scale is always
present, the students can be taught the
use of the metric scale rather than
the traditional English units scale.
This would eliminate many problems down
the line when the student encounters
Descriptive Geometry and it is taught
using SI units. They will already have
had the necessary background in ST units
so one difficult learning cbstacle will
have been eliminated.

24.110 DESCRIPTIVE GEOMETRY

Prof. F.M. Croit
Rm. 2 W.S.

Speed Bldg.

588-6276 or 588-6277

DATE
SEPT. 7
SEPT. 14
Sgpr. 21
SEPT. 28
Appendix I
ocT. 5
Course Outline
oCT. 12
oCT. 19
OCT. 26
NOV. 2
NOV. 9
NOV. 16
NOV. 23
NOV. 30
DEC. 7
DEC 14
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LECTURE TOPIC
INTRODUCTION TO SI UNITS, REVIEW
ORTHOGRAPHIC PROJECTION, AUXILIARY VIEWS

FUNDAMENTAL VIEWS OF PCINT, LINE
AND PLANE

FUMNDAMENTAL VIEWS CONTINUED
PARALLELISM AND PERPENDICULARITY
PARALLELISM AND PERPENDICULARITY
SKEW LINES

SKEW LINES

MTIDTERM EXAMINATION

FIERCING POINTS OF LINES AND PLANES
ANGLE BETWEEN LINE AND PLANE

INTERSECTION OF PLANES, ANGLE
BETWEEN PLANES (DIHEDRAL)

INTERSECTIONS OF PLANES WITH SOLIDS
INTERSECTIONS OF SURFACES (PLANAR,WARPED)
DEVELOPMENTS (PLANE SURFACE)
DEVELOPMENTS (WARPED SURFACE)

FINAL EXAMINATION




QUESTIONNAIRE ON 5T UNITS IN DESCRIPTIVE GEOMETRY

In questions 4-10 circle the number which best describes your
reaction to the statement. The scale reads frem left to right
meaning 1 is low and 5 is high.

1. If employed, does your employer have an educational program in
ST units?

2. Your level (year) 1 2 3 4 5

3. How many hours a week do you work?

0 10 20 30 40 More than 4C
4 0 3 2 11 2 Full time= 13

4. Prior to this course my exposure to SI units from any source was

1 2 3 4 5
Low High

9 4 5 4 0 Average Response 2.18

5. My exposure to SI units from other courses is

1 2 3 4 5
Low High

10 4 6 1 1 Average Response 2.05

6. I feel the "cold turkey"” approach to teaching courses with
SI units is

1 2 3 4 5
Low High
L. 2 5 10 4. . . Average Response 3.64
7. I think in SI units.

1 2 3 4 5
Low High

4 10 4 4 0 Average Response 2.36

4. The textbook in relation to SI units was

1 2 3 4 5

Poor Very
Good
2 11 6 1 2 Average Response 2.39

g, SI units in other graphics courses would have been

1 2 3 4 5
No Very
Help Helpful
1 2 g 3 8 Average Response 3.73

10. Additional comments about the course and SI units.

Appendix II -- Questionnaire & Response Averages.
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Copyright (¢) 1978

J. Tim Coppinger, P.E.

Associate Professer

Department of Engineering Design Graphics

Texas A & M

University

IMPROVING

CLASSROOM

EFFICIENCY

In order to keep pace with modern

technology,

to increase their course content.

instructors are continuing
Since

the number of hours a student is in
class has not inereased the instructor
must {mprove his productivity. This
has led to the use of various prepared

materials in the classroom.

Slide pro-

Jectors, overhead projectors, movie
projectors as well as closed circuit
TV monitors have already improved the

instructer's output.

Some instructors

have used the above media both sing-

ularly and

in concert to the extent

they deserve applause for their direc-
torship, dexterity, and choreography.
If the lecture material cannot be con-

densed and

the students cannot be en-

ticed to work faster, what can be done?

A close examination of an instr-
uctor’'s activities shows that a sub-
stantial part of the instructor's time

is used to

listen to the student's

"reagsons" for missing class or for

net having
on time.

could be codified.

their assignments completed

It appears that these "reasons"

This would allow

a student to convey his "reason" by
number thus, eliminating the time con-
suming explanations and therefore

saving valuable class time.

This con-

cept has the advantage of simplifying
record keeping, since the numbers are

easily reccrded.

A partial list of

coded reasons, that may be supplemented
by the reader, follows.

Comment :

Lw-14. 1W-11.

- Paul S. DeJong
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EX-1
EX~2
EX-3
EX-4
EX-5
EX-6

EX-11
EX-12
EX-13

EX-14
EX-15

EX-16

EX-17

EX-18

Reasons For Being Late or Missing A Glass

I forgot I was taking the course.

I over slept.

The other professor kept us late.
I had a conference with my dean.

I was in court.

I was detained by county officals.
It was a long walk from P.E.

My grandmother died.

My car broke down.

My girlfriend’'s or roommate’s
car broke down.

My car pool drowmed.
I was trying to get my lawndry.

My girlfriend's father had a
shotgun.

My grandmother died again.

I had a flat tire on the way
home from the football game.

My roommate was holding me
for ransom untll my folks sent
e some more money.

I have been in the health cen-
ter {(quack shack).

My roommate was sick.



Reasons For Wot Having Completed

The Assignment On Time

LW-1 Was that assignment due today?

Lw-2 I didn't think that it was that
important.

LW-3 I dropped my pencil.
IW-4 My drafting machine was dirty.
LW-5 I helped Jane do hers.

LW-6 That's the way I've always
done it.

Lw-7 We were having so much fun T
didn't get around to it.

Lw-38 I left it at home.

Lw-9 I had the assignment completed
and on the way over someone
threw an egg and it broke on
my work.

LW-10 I strained my hand lifting a
pop top.

LW-11 How was I to know that this one
was different? '

LW-12 1Is today Monday?

LW-13 My heart is willing but my
pencil is dull.

LW-14 T have it completed in my mind.

LW-15 Charlie's Angels were on TV.

Fwven more time could be saved if
the instructor would codify his answer.
For example, he might say A-6, meaning
"accepted” or RT-3 for “nice try but
reiected". The concept could even be
extended to the instructor's lectures,
GM-22 could mean "Good Morning Class..
..as you remember......", and Q-1 .
could mean "are their any questions?
If this technique catches on, an entire
course or seversl courses in Abbreviated
Communications could be taught. -Perhaps
after 2 years of instruction, a student
could complete his entire four-year
curriculum in an additional 3% years.

Implementation of this timesaving
technique is readily acceptéed by both
the faculty and students alike. They
strive to have their own reasons added
to the offieial list. References would
have been added to this paper but
LW-7 and LW-2.

-

Contributed by James E. Bolluyt,
Iowa State University.
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Copyright ¢ 1978
Carl J. Sayre
Assistant Professor
Freshman Engineering
Iowa State University

A TRANSPARENCY

FOR LESS THAN TWQO CENTS?
IT'S POSSIBLE

Are transparencies, handout mat-
erials, etc. contributing to the high
cost of teaching your courses? I may
have an answer to one of these problems,
that 1s, the 40¢ to 60¢ you have to pay
for a single transparency. This high
cost has been a concern cf mine and
have been locking for a way to make
transparencies that might be just as
effective but cheaper. As a result,
I've found that clear polyethlyene
can be used in much the same way you
would use a regular transparency with
excellent results.

Polvethylene plastic sheeting,
the kind used for window covers,
moisture barriars, paint drop cloths,
etc., 1s available in various size
rolls at hardware and department stores
cor nearly any source of building sup-
plies. The roll I purchased was 3
feet wide, 50 feet long, and 4 mils
thick. With some planning, and using
a slow stroke on a large paper cutter,
I was able to cut 240, 8% x 10" sheets.
At less than $3.00 per roll, that fig-
ures about 1.27¢ per sheet. This mat-
erial has a somewhat milky appearance
but is clear enough to give excellent
results. In fact, overlays & sheets
thick have been made with this plastic
without loss of resolution on the
screen.

There are two ways to make a trans-
parency using this polyethylene: '

1. You can draw right on the plastic.
A ball point pen or some other rela-
tively sharp object can be used to
trace a picture or to write a formula,
etc. This only indents the plastic
but the indenture will diffuse the
light to create good black lines on
the screen. You can also use marking
pens with permanent or watersoluble
inks for color purposes.

2. Surprisingly, you can alsc use
this material in the same manner as
commercially available transparency
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materials. TIt_can be run through
the Thermofax copier; the endless
belt, heat generating type. Place
a sheet of the plastic on a good
black and white copy as you would
with commercial transparency mat-
erial and run it through the
copier.

Tt seems to take a little more
time in the copier to get a good trans-
parency for this material, so the speed
should be set somewhat slower than
for Thermofax(g)material.' You'll need
to experiment to determine the right
exposure time for your copies. The
copy will have wirite lines burned onto
the plastic, but will produce black
lines on the viewing screen.

The resulting copy can be used
like any other transparency. It can
be colored, drawn upon, overlays made,
etc. The finished copy can be filed
for future use or thrown away, if
that is appropriate. After all, you've
only spent a couple of pennies and
a bit of your time.

Happy transparency production!

Comment :

Carl Sayre describes here an in-
teresting discovery he has made which
may have far-reaching effects. It
also demonstrates that if you're going
to do something new, you've got to try
some different and maybe extreme ad-
justments. In 1973 I tried this and
concluded that polyethylene wouldn't
react to the machine; apparently I gave
up before trying the hetter settings.
Pretty slick, Carl!

Paul 5. Dedong




AMERICAN SOCIETY FOR ENGINEERING EDUCATION 7N
Suite 400, One Dupont Circle, Washington, D.C. 20036

INDIVIDUAL MEMBERSHIP APPLICATION v

Date

ns
QEQEP

I, , hereby appiy for membership in the American Society for Engineering Edu-
{signature)

cation, and enclose $ as my annual membership dues for the year. $5.50 and $1.50 of this
amount are for a year's subscription to Engineering Education and Engineering Education News respectively. The
undersigned member of ASEE stands as my sponsor. (If ASEE spensor is not readily available, application may be
submitted to ASEE Headquarters for continuing action.)

{print name of sponsor) (signature of sponsor)

Please complete the application form below, hand-lettering or typing all entries. Enter one letter or number per block, leaving a
btank box for normal separation of words. Use standard abbreviations where possible. Send with your check for annual dues to

ASEE (address above}.

DUES SCHEDULE

Regular members: $25 for appiications submitted between July 1 and January 31

$12.50 for applications submitted after February 1 (for membership through June 30)
$10 {$5 after February 1) [Note: Student members must be full-time students at one of the educaticnal institutional

Students:

members of the Society. Verification of student status should accompany application and subsequent renewalnotices.]

MAILING ADDRESS

Mame (title, tirst, middle initial, last)

Institution (if applicable to
mailing address)

. Street Address and/or Department | .

{if applicable)

City (If served by
U.S. Post Office)

State
Zip

City & Country
(Internaiional Applicants only}

PROFESSIONAL DATA

{As it will appear in ASEE's Individual Member Directory)

Professional Position

Institution/Company Name

City (!f served by 2 o
U.S. Post Office) & N
City & Countyy
{Internationai Applicants only)
Date of Division/Commitiee FOR ASEE OFFICE USE
Birth Membership Sequence #

{Month) (Year}

DIVISIONS

(Rank in order of preference)

An individual ASEE member can become a member of any three Divisions and/or Committees, as listed below. Please enter the code numbers of
those you wish fo join in the space provided above.

Code Code Code
23 Liberal Studies (Economics, English, History, 35 Instrumentation
10  Aerospace Languages. Psychology) {Specity other} 36 Engineering Libraries
11 Agricultural Engineering 24 Computers in Education 37 International
12 Architectural Engineering 25 Materials 50 PBiomedical Engineering
13 Chemical Engineering 26 Mathematics COMMITTEES
14 Civil Engineering (Construction. Hydraulics, 27 Mechanical Engineering {(Machine Design,
Sanitary . Soil Mechanics, Structural Surveying, Manufacturing Processes. Thermodynamics, 51 Ethics and Legal Phases
Transportation) Power) 52 Ocean Engineering
15  Continuing Engineering Studies 28 Mechanics 54 Energy Canversion
16 Cooperative Education 29 Mineral Engineering {Geology, Mining. 56 Engineering Acoustics
17 Educational Research & Methods Petroleum, Metals, Ceramics) 56 Government Aelations
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John T. Demel
EDG Department
Texas A&M University

USING GRAPHICS TO TEACH COMPUTER PROGRAM

ABSTRACT

Today's students must know how to
program computers. Learning to program
has been difficult because present teach-
ing metheds many times use abstract prob-
lems. A set of practical problems with
& continuous theme can speed the learning
process and stimulate the students' in-
terest. This paper will show how a care~
fully chosen set of graphics problems
requires the students to learn programming
Statements in a step-by-step approach.

INTRCDUCTION

The advances in computer hardware
have put computer graphic systems prices
within range of many engineering and
technical firms. Students in these fields
must be prepared to go into industry and
use these tools effectively. This means
that they must bé able to understand and
use the programs that come with the
systems and be able to write programs as
the need arises. The language used in
the technical fields to communicate is
graphics and this is an excellent basis
for students to learn programming and
computer graphics simultaneously. This
is also a good approach for the graphics
ingtructor who has not yet learned +o
write programs, This paper will describe
a systematic approach to computer pro-
gramming using graphical problems.

Figure 1: A simple two-dimensional figure.
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BACKGROUND

Computer graphics at Texas A&M began
in the early 1970's. It was soon found
that the major difficulty in obtaining
a drawing from a machine was not the
graphics but the programming. Thus basic
Programming technigques were introduced
into the course. Teaching only the pro-
gramming statements necessary to solve
one graphics problem at a time allowed
the students to "see™ how each statement
manipulated the machine.

IHE COURSE

After a short review of real and
integer variables, arithematic statements,
and the print statement, the concept of
subroutines is introduced. Using the
Calcomp software subroutine PLOT {X,Y,IPEN)
édraws a line. X and Y are coordinates of
the new location to where the pen will
move. If IPEN is 2, a line is drawn from
the old location to the new location.

If IPEN is 3, the pen moves to the new
locaticn but a line is not drawn. Some
simple two dimensional figures (Figure 1)
are drawn on graph paper and the students
write the necessary CALL PLOT statements
with the appropriate X,Y and IPEN values
to draw the figures.

To introduce the manipulation of'
variables in a subroutine, the student is
then asked to write a subroutine that will
draw a rectangle of variable dimensions
at a given location on the page. Figure 2
is typical of how this may be accomplished.

The next collection of statements to
be introduced are the looping statements
(BO loop). A subroutine that draws a hex-
agon is an excellent way to do this. This
introduces the trigonometric functions of



{SURTROL CARTS)

L TEIS IS THE MalP PROSRAM THAT Will ZALL

H-do
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TS 15 A SUBKOL
A RECTANGLE OF
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Figure 2: Program to draw rectangles.

ALGEBRAIC STATEMENTS AND COMHEMTS TO LRAS
A PARTIAL [IEXAGON

= l»'w
0 TO PUKT

SIM 1Ay

L PLOT (X,7,2)

L TELS 35 A HAIN PROGRAM TIAT CALLS SL3RIUTING
L HIX

= 2.0
ChiL AES(R}
STOP
[l

= 1.8
RPLUS(AR (1745)
RASIH{AT 017E5)
ik, T, 2%

Figure 3: Program to draw hexagons.

sine and cosine. This alsc is the first
time the student uses the power of the
computer to calculate the coordinates for
the end points of the lines. In Figure 3
a partial list of algebraic statements
show the need for the DO loop.

After the hexagon has been mastered
the next step is to extend subroutine hex-
agon to a more general polygon routine such
that it can be placed at coordinate XTR

...... . ¢ on

SUBROUTINE FBLYGH (XTR,YTR,R,N|
G THIS SUBRIUTIEE WILL JRAW A PFOLYELM OF
C RADIUS, R, AND N SI3ES LOCATED AT XTR,¥YTR.
¥ ¥TR R
CALL PLOT [8,¥TK,3}
=t

DA = (360./4) /57,1

El ¥TR
CALL £LET [PLAT YPLET, 2}

Pigure 4: This subroutine will draw
M-sided polygons.

W lamn , We i

SUBRIUTINE BALTCL {xHEC,YRC,DEC,KBLTS, D, N]
C THIS SEORGUSIHE ¥ILL CRAW nGLTS THAT ARE 4
£ 1950 BME CF DIf, 0, ON & BOLT CIWCLE OF D1a,
KTERED AT XEC,¥3C: - ¥ = 1. 7120 WHERE H
LT HEAD SPAN.
~ (360./N3L15}/57.3
=00

[

Iw7+8
CCHTTHUE
RETURH
ENE

Figure 5: This subroutine to draw bolt
circles reguires the subroutine
to draw polygons.

and YTR with N sides. The polygon sub-
routine, Figure 4, can also be used to
approximate circles. Subroutine polygen
introduces no new programming techniques
but is a logical extensicn of subroutine
hexagon.

Nested DO loops are best illustrated
by having students write a program that
constructs a bolt circle. This also re—
inforces the concept of having one sub-
routine call ancther. See Figure 5.
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To introduce the READ statement a
bar graph can be used. The students are
asked to write a subroutine that will read
one card at a time, calculate the bar
height and then call the rectangle sub-
routine to draw the bar. See Figure 6.
Data storage and subscripted variables
using the dimension statement can be in-

SUBROUTIME BRGRAF (TORSC,BARS,BEH,BGE} — )
U TOPSC IS THE TOP SCALE VALUE DH THE ¥ AX)S .
€ BARS 15 THE MUMBER OF BARS IR THE GRAPH
€ WOBARS 5 EQUAL TO GAKS |
€ BGW,BaH ARE THE BAR GRAPH HETGHT AI\’D WIDTH
c s 15 THE SPACING BETHEER BAR b mgw —
CoBW I3 THE BAR WIDTH = 25 -
C ¥JNG IS 35, THE DISTAKCE THAT THE PLAT
£ MOVES AFTER PLOTTIMG EACH B —fias— SO FsMOmARS)+ 3
C UATA_ 1S THE DATA WHIEH BIVES THE BF\R HETEIFT S= B /(SHABARS + 1)
EALL RECTAN (0.0,0.0,B84,BG6H] AND
- Brw(s GeoARS + 1) []] sw=es
uu

/ - 25¢MORARS] + 5 —
A N

KINC = §
00 50T = 1,HOBARS FRaL EI;R
READ, DATA =
ERAT, DATA i OO 155
GALL RECTAR (:(INC 0.6, B, Bl mi%\i‘%;'*ﬂi‘l
¥TNC = XINC + 3,0%
50 CONTTHUE
« RETURN
EKD SFA BOH 7 Tapse

7
BH= 5F(DATa)

Figure 6: This subroutine will draw a bar
graph any size and with any
number of bars.

THIS PROGRAM WILL PLGT A BROKEM-LIHE

GRAPH. - TT WILL READ ARD STORE THE

DATA POINTS USING THE DIMENS DN

STATEMENT AN THEW RECALL THE

DATA AND FLOT THE BROKXEN-LINE.
DIMERSION x{8),%(B)

V{P_’S lS HE RUMBER OF POINTS

o & moooo

HIS DD LUGR  READS AND STORES DATA
DO 30 1 = 1,WPTS.
READ [%,10t] x(z) ¥(T)

m FURMAT fzr30.3

30 CONTTNUE
wm CALL PLOT STATEMENTS Ditdl THE
AND ¥ AXES.

CALL FLOT (D.0,0.0, J]

oo

PLET (0.0,0.0,2)
This Do LOOP PLDTS THE BROKEN LTHE,
D AD T = 1,RPTS
¥

]

¥PLT w K1Y
PLT = Y[1
CALL PLOT [XPLT,YRLT,Z)
40 CORTINVE
CALL PLOT {0.0,0.0,3)
5700
£Ho
F/SDATA,
2.0 1.4
4.0 3.0
8.0 6.0
8.0 4.0
10,9 e
FeEND

Figure 7: This program will read data and
draw a broken-line graph.

SUBROUT IME DBLOYUE
€ THIS SUBROUTIHE WIiJ, SLAT DBLIQUE
¢ DRAUTHGS OF 3rD FILGURES

CokMON X[ 100} Y

HYRAHE = h.0

.5

Ioo) SZ11498) | 1PEN(100)  HDATA

5F = 0.5

THETA « &f,

SHT = SIHITHETA:
C5T = 05 [THETA=.0175) B

90 50 0 = 1,KUATA : -5

. 0178)

F ztsk|cose —

KPLOT = X{J} + Z[J}=6FeLsT ;
¥PLOT = ¥[2} + Z[J)ESFesT l—— e RPLOT e e
[P w IPEN[S}
CALL PLOT (XPLDT,YPLOT,IF) WELOT - ¢ 4 2[00

50 CONFI3uE K-ﬁL Xt Zpr,cos &
RETyRN YPLOT = -+ Z(5F) SIN &

END

Figure 9: This subroutine will take three-
dimensional data and plot an
oblique drawing.
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troduced using the broken line graph as

shown in Figqure 7.

Orthographic views of an object are
an excellent way to introduce formatted

data input and the common statement.
Figure 8.

See

Obliques, Figure 9, and isometrics,

Figure 10, are a logical extension of

the of the three dimensional data deck.

l‘/
C THIS IS A AN PROGRAM THAT WILL CALL READIN AND P
©  FRONT AND &SIUE IN ORRER T0 PLOT THE FROKT AND g
G RIGHT SIBE VIZWS OF THE DESIRED OBJECT .
COMMON X(100) ¥ {109) ,Z( 1006}, IPEKL 1O}, NDATA -
CALL REABIR
CALL FROAT \>/
CALL ks|DE
STOF
END

+/< ?\/\_.QAY\O

OBJECT TO BE DRANH

SUBROUTIHE FRONT
€ THES SUSROUTIHE PLOTS THE FRONT WIEW FOR
L A 3-D FIRURE,

CORKON X{100}.¥(130).Z{100), IPER(in0}  HBATA

9 20 0 = i HDATA

HPLOT ]

YPLAT = ¥(J)

IP = IPCR{JD

CALL PLOT {¥FLCT,YPLCT,|P)

20 CENTINIE
KETURK
EdD

SUBROT{HE RS |2E
C THIS SUBROUTIME PLOTS THE RIGHT §1DE
C YIEW FOR A 3-0 FIGURE,

CaMpON x[mn) 201607, 2{100] | 1PEN (00}, HOATA

XTRANS = &,

YTRANS w 3. a

oo 3 = |. HOATA

KPLOT ~ 21 ) XTRANS

¥ELOT = Y

= rPEnU}

CALL BLOT IXPLGT,PLET,IP)

30 COATINUE

B R - - TS
L MRS S D e R R e S e

EEwLD AR LSO R RS S o ary

P L 3 o 1 R R RS RS e 12 PG P e R e D

EFYUR?J -+ DATA HECESSARY TD
EdD DRAW THE QBJSCE

SUBROUTIHE REAGTH
C YHIS SUBROUTINE REACS 14 MHD STURES THE
U BATA FOR 3-0 FIRURES Y Y
cakkiok £[190),¥{i9}, 201000, IPEN(100) HDATA 4 .
HDATA = O [

Y 50 J =1, 109 -
KERD (3,101 nnno VAL, YO0, 2000 IPEN L)

HH FORMAT .3‘]0

ERE]
NOATA = MDATH + l i
490 CONTINUE i ¥
P

35 WRITE (£,102) KDATR

102 FORRAT ' 1, 10X, KDATA =',13
RETURK —ATRAN S
2]

FRONT ANC RIGHT STDE WIEWS OF THE DBJECT

Figure B: This program will read and

store data for three-dimensional

;j]

figures and plot orthographic

views.

L, =

v KPLOT = XGOS & + 2 CO5 @

SUBROUTLHE |SOMET f— seLar -
L TRIS SUBROUTINE WILL PLOT 1SOMSTRIC
£ DRAWINGS OF 3-D FFOURES,
COMATH x(icol Y{830},2(199) , FPEN{16E) . uDATA
ATRAMS =
YTRANS = 6 o
CST = C0S{30%,0575)
SNT = STH{30F.0075)
00 60 J = | KDATA
{14057+ 2{J1RcsT + xTRANS
2 ~RCIVESNT + (U] 4 ZLOYESAT = vTRANS
ik = IPEd(a}
LALL PLOT [%PLAT,¥PLOT, 1F)
CONTIHUE
RETHRM
EHD

o™
&

Figure 10: This subroutine constructs
isometric drawings.




The "IF" and absolute value state-
ments are used in the axonometric sub-
routine to separate the axonometric portion
of the program from the perspective mod-
ifier, Figure 11.

CONCLUSION

Some students will not be required
to write computer graphics programs during
their careers. The will, however, be
using the power of the computer graphic
machinery either in computer-aided design
or analysis. The authors believe that
the above approach when coupled with dis-
cussions of new computer equipment, current
degign applications and field trips will
be an excellent foundation on which the
students can build for the future.

SURROUTIYE A%
THIS SUBROUTINE Wi

4
4

g
08 IPEK{ 100 HDATS

b

“\\‘-

4 L5 TRETR /37 .79
CF = CASITHIZST. 298]
ST = SIKITHETR/S 7, 5360
SF o= BIKIPHI /57, 2596)
C 78 = 1IDAT,

LY

PRISISSCERLY + P3, 5t
PRASISF {RDY - PRADES!

SF 4 XTR
S0 = YTR

Figure 1l: SUBROUTINE AXOMET constructs

axonometric and perspective
drawings.

AN OPINION

Dr. John T. Demel and Dr. J. Tim
Coppinger presented a paper, "Using
Graphics to Teach Computer Programming
at the mid-year meeting of the Engin-
eering Design Graphics Division of ASEE

~at Tuscaloosa, Alabama, January 5, 1378.
This paper was a most informative one
for those of us who are in the process
of learning computer preogramming and
how it can be used in the engineering
design graphics field. The speakers
emphasized the fact that they had been
"uneducated" in the use of computers
and computer language. The course
was developed based upon research done
by Dr. Jack C. Brown in his disser-
tation as well as work which Dr. Brown
had done in the development of a com-
puter graphics course and was modified
for the computer hardware available,
Assuming that students in the course
and prior to the introduction of the
computer programming had certain foun-
dation knowledge of graphics, the pro-
gram was developed using an analysis
study first for the development of
sub-routine programs needed for sach

design. This then was followed by

the application of these sub-routines
to each design problem as needed and
injected into the complete program

of each problem. This technique has
several values. First, it does not
require great indepth study and prior
knowledge on the part of the inmstr- =
uctor. Second, it provides for =z
logical analysis of each design pro-
blem and forces the designer to apply
principles of logic and step by step
sequence in the design process. Third,
it teaches the student how to apply

the use of computers and computer
language to design early in the stu-
dent's degree study. Finally, by use
of a printer plot simulation program,
the student learns guickly the accuracy
of his work. As one who is in the
process of learning the application of
computer language tc engineering design
graphics the method used by Dr. Demel
and Dr. Coppinger seems valid indeed.

Charles W. Keith
Professor

School of Technology
Kent State University
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from the midyear conference ...

Copyright (& 1978

Larry D. Goss

Assoclate Professor

Division of Engineering Technology
Indiana State University, Fvansville

METRICS IN THE MARKETPLACE

The United States adopted the metric
system as an acceptable system of measur-
ment in 1866. 1In 1893, the official yard
and pound were defined from the standard
meter and kilogram. In 1975, President
Gerald Ford signed the Metrie Conversion
act (P.L. 92-186) urging phasing in of
81 units over a ''reasonable period”

(which has been construed to be ten years).

We are now in the midst of that conver-
sion period. Some industries now claim
to be "90" or some other percent con-
verted to SI units, but the industries
that make those claims are ones which
can make the conversion without involving
the public (their consumers) in Ilearning
g measurement system which is different
from the one to which they are accustomed.
The medical profession, for instance,
normally does not involve its patients
in the details of treatment. The system
of measurement used for medication or
for describing an operation makes no
difference to the patient. It is relat-
ively easy, therefore, for such an in-
dustry or any industry which does not
have to involve the public in its
measurement system to convert to SI.
Automobile manufacturers represent
another industry of this nature. The
system of measurement used in manu-
facturing a car is not a fundamental
factor in the sales appeal of the veh-
icle. Therefore, it has been reasonably
easy in terms of public resistance for
this segment of the economy to convert
to SI units.

But what about those industries
who merchandise their products by
weight (or mass), length, or volume,
and who must rely on the general public
to make a decision at the point of
purchase to select their product in-
stead of the competition's; such items
as foodstuffs, hardware, and sundries.
These industries also are converting
te SI units, and they have the monu-
mental task of simultaneously educating
the public in the measurement system
itself. Compounding the problem of
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educating the public on ST units is
the apparent confusion many manufact-
urers have concerning the system. In
particular, many manufacturers are
currently exhibiting a lack of under-
standing concerning the use of symbols
for unit names and the form the names
themselves should take. The word or
symbol for grams can be found written

as ”g.“’ |PG.I" ||GmS-I|, ||gms-||, |IGR.|Y,
”GM.“, ”GMS-IT, ||GRS-||, ||Gr'|!, TIC;{D-Fl,
and "GRAMS" on currently stocked items
in any supermarket -- all of which are

incorrect. The standard on Metric
Practice (ASTM E380-76) is very expli-
cit on the form that symbols and written
unit names can take in SI and it appears
to this observer that a great public
service could be performed if manufact-
urers of all consumer items would vol~
untarily abide by those guidelines in
the labelling of their produects. As it
stande now, there appears fo be no reg-
ulation on the form of SI unit names

Professor Goss made his inter-
esting and well-researched highly
visual presentation with very little
formal comment. A great deal of
discussion took place and comments
volunteered as the slides were pre-
sented.

It was an enjoysble presentation,
and unfortunately probably loses some-
thing in translation to the printed
page,

Note how few "hard" conversions
are found in these many illustrations.
I hope Larry takes his paper to the
National Assoclation of Manufacturers
or some similar body.

Paul 5. DeJong
Towa State University




and symbols being printed on consumer
products. The resulting confusion by
the general public in trying to inter-
pret what the manufacturer intended to
say can only lead to added public re-
gistance to the forthcoming 51 con-
version.

The following examples are indic-
ative of the types of errors in SIL
labelling which currently can be seen
on the shelves of any supermarket or
hardware store in the United States.
The number of errors in each example,
plus additional comments, are listed
at the end of this article. Look
through the exzamples. If you have
trouble picking out the errors, maybe
you too need to brush up on the guide-
lines for unit names and symbols in 3T.

Fig. 1. Two errors.

Fig. 2. One error.

Fig. 5. Two errors - Why couldn't

this company have listed the

volume simply as 1.862 L7

ENGINEERING

One error - This is an excel-
ent example of the confusion
which can result from using
the lower case "L'" as the
symbol for "liter", but the
error lies elsewhere.

Two errors - The guidelines
indicate that a unit name can
be capitalized when it is
used in a headline. This
surely doesn't qualify.
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Une error - The wine industry
as a group has made this error
in the molded information in
all of its bottles.

Two errors - Besides the errors
of form, there is the error of
a completely wrong unit symbol
being used here. Another ocne,
similar to this, showed "MISKG"
as the unit symbol for torque
on a wrench. Look for it in
vour local K-Mart.

Fig. 7.

Ne errors - It is indeed a joy-
ful occasicn te f£ind the occas-
ional manufacturer who handles

SI correctly.
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Two errors - The electrical
industry has adepted a smug
attitude in some guarters be-
cause they always have been

" ic", but that doesn't keep
them from making mistakes.

Fig. '10. Two errors.

One error - "grs." is the ah-
breviation for "grains" in ap-
othecary measure and as such
is not in error, but the same
combination of letters is also
used to indicate "grams" and
that can lead to all sorts of

confusion. (See Fig. 16.)



Fig. 14.

-One error.

LFig. ISu‘.Tﬁo errors.

Fig. 16. Two errors - Plus an erroneous

symbol.

Fig. 17. Three errors.
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" Fig. 18. Two errors.
' Flg. 21. Three errors.

19.  Two errors -.notice the dif-

- erence in size of the decimal
marker and the period. Oné
‘has the feeling that the manu- . .
facturer wasn't sure whether Fig. 22, 'Iwo errors.
there should be one. or not so
he put in a little one to be
on the safe side.

Fig. 23. Two errors.
Fig. 20. One error.
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which is marketing by wvolume
has made additiomal errcrs by
using the abbreviation "cc"
instead of "em?" ,. and the
really appropriate symbol
should be "ml". :

PRICES FOR BACK ROWS

Fig. 24. Two errors.

Fig. 27. One error - Actually this ex-
ample locks reasonably correct
until one realizes that what
is being priced are metric cap
screws. Then it's apparent
that everything about the en-
.tire specification is wrong.

ahuhsnhn

Fig 25. One error = A good.many meg- - -
suring devices make the add-
itional mistake (as this one
has done) of not only committing
an error of form, but of indi-
cating the wrong units as well.

The unit designation on this
should really be "em".

Fig. 28. One error - Similar to Fig. 27,

o . this example looks ‘deceptively
close to being correct; but
once again it is being used to
specify cap screws and at best
can be described as.drastically
incomplete.

Fig. 26. Twe errors - Both of these
baby food containers contain
4 % ounces. But one is lab-
elled in avourdupois ounces
and the other in fluid ounces.
Now one is labelled in mass
and the other in volume, which
may be acceptable, but it would
be less confusing to have all
products of a similar nature
marketed by the same units.
Unfortunately, the company
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A QUICK APPROXIMATION of the
- DEVELOPMENT ANGLE  of an  OBLIQUE CONE

In many cases it is convenient to es- Using this method on a computer, the

tablish the value of the development angle division of the circumference cculd be
of a cone if, for instance, material is to greatly increased to, say, 100 to 200.

be prepared for the actual construction of
a conical envelope.

The development angle « of a right
circular cone is that of a sector given by

ac = 360 &

where R is the radius of the circular base
and L, the true length of the generating
element. However, it is generally con-
sidered quite diffieult, if not impossible,
to establish in advance the development
angle of an oblique cone.

Mathematically, this angle is given by
an integral of the elliptic type which
could not be solved by the usual methods.

However, application of the Computer
to this problem permits this angle to be
calculated very accurately, Further, a
Computer plotter c¢an be used to prepare
an alignment chart, through which, given
the particulars of the cone, a quick ap- A lk
proximation of its development angle can —_ T s —— 3 %
be made accurately. ST-»‘ 7 S

Development of an Obligue Cone:

Given the cone as shown in Figure 1
in a first-angle projection, the usual
graphical method consists of dividing the
base circumference into a number (n) of
equal parts, then developing the cone en-
velope as one would an inclined pyramid
of the same number of faces, placing one
triangular face next to the other, using
the true length of the elements, Figure 1

Xier i Yien

36 / ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1978



(o]

T

Assuming Angle DT= -

H = height of the cone

P = its angle of inclination

R = radius of the hase circle
we have . OV = H/tan P

It is possible to compute the true léngth’
of the cone elements in a Fingle lcop, as-

follows:

LI:‘VQOv-OA)2+H2='\4OV+R)2+H2

L= (OV=0K) 2+ (RsinDT) 4+H2

= V{OV+ReosDT) 2+ (RsinDT) 2482

Ly= V/(OV+Rcos2DT) 2+ (Rsin2DT) 2412

. EETC S 2 3
L= VH{OV+RCOS (n-1) DT} “+{RSIN {nh=1) DT} “+1

L417T1= yﬁ6v+Rcos nDT) 24 (Rsin nDT) 2+H2

Figure

ENGINEERING DESLGN GRAPHICS JOURMNAL

The development itself is shown in -
Pigure 2, The previously mentioned faces
can be plotted as triangles of sides Ly,
Ly, L3...Ln and of a constant base 57

given by:

8T = \/2RZ (1-cos DT)

The vertex angle DA of the first triangle
can be computed using the law cf cosines:

cos DA = {L1? +L,%2 -8ST?) /2L;-L,

and so on for the remaining triangles.
The development plotted in Figure 2

was based on the dinensions assumed for

the cone shown in Figure 1, i.e.:

H=2"; P=45°; R=1"; n=60,"

In this case the total of the dev-

elopment angle DA=A, was computed as
108°.

2
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Alignment Chart:

By converting this program into a sub-
routine, computing the angle of development
for different ratios of H/R, starting from
0.1 vup to 10, and angles of inclination P
from 5° to 90° we have plotted several
curves for every 5 degrees.

The resulting series of curves shown in
Figure 3 could be also interpreted as being
the representative curves of the functicon
H/R=f (A), where "A" is the development
angle of the obligque cone, and sach curve
is the locus of the cones of inclination P,

The various curves, thus plotted, form
a convenient alignment chart which could be
put to use in most practical cases,

Application:

Assuming we want to find out what
would be the angle of development of the
envelope of an cblicue cone whose height
is 7"; its base radius R=2" and its angle
of inclination P=40°,

Using the alignment chart shown in
Figure 3, determine £first the ratio H/R
which in this case is egual to 3.5; then
starting from that point on the H/R scale
and moving parallel to the axis A, draw
a line up to the curve P=40° on the chart-
-otherwise stop at a point estimated by
interpolation.

From that point move down to read
on scale A: 54° which is a good approx-—
imation cf the angle of development.

Notes:

1. The alignment chart employs the ratio
H/R and not separate scales of H and R.
Such separate scales could have been re-—
presented in a sub-nomogram using the
scale H/R as a reference scale, but this
would have limited use of the alignment
chart to specific dimensions of the cone
height and its base radius, while the
ratioc H/R covers a much larger range of
practical cases.

However, the nomogram shown in Fig-
ure 4 has been provided for a guick ref--
erence which could prove useful in many
cases.

Figure
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2. The function curves, shown in Figure
3, being similar to the y=x" (m< o) type,
could have been plotted as practically
straight lines, but this would have in
turn reduced the accuracy for small values
of the ratios H/R and reguired the use of
logarithmic scales instead of the simpler
linear scales illustrated.
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Q: What is as scarce as hen's teeth?

A cross word from Almfeldt!

[IFELDT'S CROSSWORD

Copyright © 1978
M.W. Almfeldt
Professor Emeritus
Towa State University

Maurice W. Almfeldt, better known
as "Al" to most of us, composed this
crossword puzzle a long time ago and
recently plopped it on my desk, com-
menting with his dry New England humor
that HE didn’'t know what it was good
for; and that I could throw it away better
than HE.

I was amazed, to put it mildly.
How peocple construct these things
has always been a mystery to me, and -
here was cne of the Gifted, right in

our midst, in the person 2 Dl lfeldt.

30, here it is. . Wayne €. Dowllng
looked lt over and noted that there were
a2 few undefined two-letter combinations,
but no doubt you can. get past: thOSe
Have Eun The treat 5..0n AlL.

We'll have the solution in the
Fall issue. That should give vou plenty
of time to figure out 101 Across and
17 Down. .

Across

1 Position
5 Size description
9 Actual sizes
N Unified (Abbr.)
17 Dip direction
18 Professional Engineer (Abbr.)
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19  Measured size of an object

20  The act of entering

21 Compass direction

22 A sub-division of a chaoter in text
23 Dry Dlazo print

25 Multiplied by itself

27 Compass direction

29 Important factor in any design



83

89
90

9L
93

26
97

98
101

102
103
115

107
108
110
111
112
113
115
116
118

120

122
123
124
125
126

Eradicate

Non-arrow side in welding
A common type of gage
An S-shaped curve

A sloping edge

A type of elbow

To tie together

Ratio of side opp. to adj.
Branch of engineering
Helical ridges
Quotient

Side view

A common type cof screw
An example of an annular torus
Isometric picture of a sguare

A machine whose cutting tool travels
Freehand drawings

A thin flat plate connecting 2
more solid parts

A horizontal view

A form of welding

A device for fastening a collar
te a shaft

Determined by two points

A period of time

Mate

A measuring device

Machines used to produce smooth
gsurfaces

Method of copying an original
drawing

Ratios of the side opp. to the
hypotenuse

To separate

Used with ink

Aeronautics (Abbr.}

Designation for time in the
Eastern time zone

Orthegraphic specifications for

{(Abbr.)

‘single part.

Self evident principles

Keyway

A commen material for piping

A style or type used to
emphasize importance

Rotational speed (Abbr.)

Inner circle of a Hyperboloid
of Revolution

Friction reducer

Slot for a key

Federal Commission responsible
for reactor monitoring (Abbr.)
Pincers for holding small objects
Spacers

Hidden

Inside diameter

Twice original size

Egg shaped

Tabulated values

Used to close a pipe

Horizontal portion of the slope
ratio

Shows locations of cities, rivers,
ete.

Constant elevation

Opp. of right hand

Unit of time (Abbr.)

Lettered, on an office machine
Threaded, removable or permanent
devices

Down

Lateral distance traveled in 1
revolution of a helix
A common type of pin

[N, R Lo

10
11
12
13
14
15
17
21
24

26
28
29
32
36
38
39
41
42

43
45
46
47
49
51
53
54
55
57
58
60
61
62
63
67

69
71
74
77
78
79
82
84
85
86
87
88
92

93
95

100
104
106
108
149
110
112

114
116
117
119
121

Connector between 2 different
shaped openings

Important part for a bolt
Commonly called ozalid print
Operation performed on a milling
machine

Soc. of Automotive Engineers (Abbr.)
An important method of projection
Branch of engineering

Measure of surface

Opposite of down

To interpret and understand
Substance

Thread reliefs

Non-parallel, non-intersecting
Functional assemblies of components
Quantity required

Direction & slope angle of

steepest downhill line on a plane

A permanent fastener

Malleable alley of iron & carbon
Company {Abbr.)

American Standards Assoc. (Abbr.)

On the inside

Three outlet pipe connector
Electric welding

Three times original size

Surface formed by revolving a

conic section

Straight thread specification

Used as a reducer in piping

A framework for supporting a roof
Used for listening

The ultimate geal of any problem
Liquid used in pens

Master of Science (Abbr.)

To thread a hole -

Opposite of front view

Small compass

Spheroids o o
A common material used by industry
Mathematical symbols

You are studylng to be one

A fastener, threaded on both ends
Surface defined by 2 intersecting
lines

Vertical portion of the slope ratio
Arrow side of weld gymbol

Measured value or distance

Readjust a drawing

Perpendicular tc a plane

Circular, helical fasteners

A form of welding

Plans and sketches a new cbject, etc.
A high pressure valve

A view showing 3 principal planes

A short pipe

Examine carefully

Stress relievers at the intersection
of 2 unfinished surfaces

All parts put together

Composed of lines

Top or map view

Graphical representation
American (4Abbr.)

To enlarge a hole

Permanent fastening

A fine whetstone

Employed

Sometimes used in expressing

a bearing

Latitude (Abbr.)

A round fastener, usually tapered
A form of welding -
United States (Abbr.)
Symbol for Wide flange
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Robert D. Ladue, PE

Professor

Department of Engineering Graphics
The Chio State University

HOW WOULD YOU DRAW IT?

ABSTRACT

Those with no previcus experience in computer
programuing who are interested in computer graphics
may be cverwhelmed by what they perceive to be
complicated hardware and- computing languages as

well as the probability of using higher mathematics.

This paper points out that user and program-
mer aspects of hardware are easily understood and
that & computer language can be learned without
mmch diffioulty. Furthermore, a great deal can
be done in computer granhics using mathematics
at a level no higher than simple analytical geo-
metry and trigonometry. In fact, a strong back-
ground in engineering graphics may be more useful
than an equivalent mathematiecal background.

"Almost any set of mmbers may be presented in
the form of a picture that will describe their
relationship far better than any tabular listing, ™

R.A, Holekamp

"I always say that when you can eXpress some-
thing about which you are talking in rambers
then you know something about it,"

Lord Kelvin

INTRODUCTTON

The quotations given above may appear to

be contradictory. However, the first is another
version of one of Confucius sayings - "A nicture
is worth a thousand words" - with which most will
agree. When cne considers that a digital computer
is only a device for high speed manipulation of
mmbers (even though drawings are the Fimal out-
put), the significance of both statements relative
to computer graphics can be seen.
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ne experience common fo most of us is that’
of making a picture by drawing straight lines to
comect a series of sequentially mmbered points.
In some cases, the instructions might indicate
that no line was to be drawn between certain
points in the sequence.

Essentially, the processes followed in pro-
ducing computer generated drawings are the same
as those described above. Some type of graphical
output device under computer comtrol causes lines
to be (or not to be) drawn as the "pen” of the
device is moved (in straight lines) from point
to point.

In scme cases, there are four numerical values
associated with each point involved in the drawing.

1. A mmber identifying the sequence in which
the point is to be used;

2, The %, y coordinates of the point;

3. A mwber indicating whether or not a line
is to be drawn between the previously located
point and this point.

As far as this paper is conderned, we will
classify those interested in computer graphics

as users or programners. The user wants to be
able to go to a graphics teminal. and produce

This paper by Bob LaRue was presented
at a joint Tllincis-Tndiana-North Central
Section meeting in April, 1977. The two
other papers given at the same session
appeared in the last issue (EDG Jowrnal,

v. 42nl, pp 12 & 22.)




graphical output with a minimm of effort. This
means little or no language capability. On the
other hand,. the programmer is interested in pro-
ducing graphical software for use in a camputing
system. We will consider the mindmum languzge

and hardware knowledge required for this type of
individual "and will exanine how a good knowledge
of engineering graphics can be extremely useful.

HARDWARE.

“While there are meny types of graphical
devices which can be.used to imput information
into the computér, “théy will not be discussed
in this paper. As-far as output devices are
coneerned, x-y plotters and cathode ray tubes
{CRT) will be briefly: examined.

Plotters are relatively slow operating de-
vices in which the computer controls the relative
motion between a pen and the pletting surface
(paper, film, etc.).” Om a flatbed printer the -
pen is mounted on a carriage which permits move-
ment in both x and v directions. The paper on
a drun plotter moves in the x-direction, while
the pen moves in the y-direction.

Depending upon the transmission linkage
hetween computer and CRT, the speed at which a
graphic display can be completed will vary be-
tween slow (although faster than the plotter)
and extremely fast. In general, CRTs can be
classified as storage or refresh types. Both
work because the surface of the tube is coated
with a phosphor which will give off light when
struck by an electron beam. Storage CRIs have
high persistance phosphors on which a line may
remain for an hour after it has been generated.
Refresh CRTs utilize low persistance phosphors.
A line may need to be "redrawn'’ 60 times per
second if the viewer is going to have a picture
to lock at.

Let us assume that the terminal used in con- -
junction with the programming discussed in the
remainder of the paper will have a storage type
CRT for displaying graphics and/or messages from
the computer and keyboard (similar to a type-
writer) which will be used by either programmer
or user to send messages to the computer. Thus -
we have a simple interactive graphics system.

Minimm knowledge of this hardware is what
happens when certain special keys on the key-
board are pushed. It also might be well to kmow
where the on-off switch is located!

LANGUAGE

A computer language is a means of commun~
icating with the computer so that certain desired
results can be accomplished. There are many
languages whick can be used to do computer graphics.
Most hardware manufacturers will furnish (for a
price) programs which will produce various types
of graphical output, Minimm requirements are
for encugh "software’’ to permit programming the
varicus functions which the hardware is able to
perform, Inmost cases, -this software will be
compatible with the language used on the computing
system. -

The programmer mast learn the language in
witich the graphical programs will be written.
In general these languages (BASIC, FORTRAN,
APL, erc.) are easy to learn. Meticulous care
must be used when writing a program. Vhat may
appear to he a relatively insigaificant error
{(ie., omission of a parentheses) may produce
total disaster when the program is run.

Perhaps the most important thing to be
learned (and this applies to any language) is
the logic involved. A program is a logically
arranged sequence of step-by-step instructions
which describe a process to the computer.
Another characteristic of programming is that a
relatively short, properly written program can
produce an enormous amownt of useful information.
This is possible because the camputer can repeat
a short sequence of commands very rapidly. By
changing the values of mmbers used for each
repeated computation ( and these changes can
also be programmed) new results are obtained on
each successive run through a program sequence.

TNTERACTIVE GORPUTER GRAPHICS

Once the user has established commmication
with the computer (through interactive use of
keyhoard and CRT), the camputer might ask - "What
do you want drasm?’ Assume that a program to
draw various gecmetric shapes is being used.

The user might respond by typing in the word
CIRCIE. At this point the computer would probably
request the location of the center and radius

or diameter of the circle. After this information
was received, the requested shape would be drawn''
on the CRT. -

How would. you draw it? . Probably by. locating .
the center on the drawing surface, setting the
radius on a compass, and drawing the circle. If
a circle template with the proper diameter was
available it might be used instead of the compass.
Notice the similarity between the cperations here.

What was involved in developing the program
for the user? We will omit the comversational
part. of the program and consider requirements
after the shape, size, and location have been
made available to the computer.

A general equation for a circle is
' 2 2.2
&-xJTH -yt = (1)

where x and v are points on the circle; x, and
¥ are coordinates of the center of the circle;
and v is the radius of the circle.

A program could be written usmg this equa-

tion but there are a few disadvemtages as far as
graphical output is concerned.

The following set of equations is mich easier
to use and produces as good (if mot better) results
than equation (1)

x =1 cos & +xc ‘ (2a)

and

g
1

r gin@® + Ve (Zb)
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Definitions are the same as for equation (1).
However, € is an angle measured from the center
and x-axis of the circle.

The program reguired to produce the circle
would include the following sequence of steps:

1. Choose an increment, d 9 |

2, Set 6= 0;
3. Compute x, v and MVE® to this lo-
cation;

4. Increment 6

5. Compute x, v and DRAW® to this lo-
cation;

6. Repeat steps 4 and 5 until the circle
has been completed.

If an appropriate value was selected for
the resulting graphical output would look like
a circle. However, it would actually be a reg-
ular polygon with a large mumber of very short
sides. Consider what the resulting output might
have been had equation (1) been used with equal
x~increments.

A LTNEAR GEQMETRIC PATTERN

The particular geometric pattern (see Figure
1) to be discussed in this section is to demon-
strate that the programmer may have several op-
tions as he develops a program for a particular
geometyric shape. In all probability, the user

Figures 3a, 3b, and 3c show that the pattern
can be constructed using squares. This approach
might appeal to the draftsman who has a square
template. Once the size of the small squares
have been established only the Iocation needs
charging to permit all five small squares to be
produced by one program segment.

g o
O
Lt a

{a) (6)

{e)

Fig. 3 Square Corrponents. of Pattern

would request PATTERN and be asled for information
including location, slze and orientation.

~

] ]

[ L]

Fig. 1 Geometric Pattern

How would you draw it? Figures 2a and 7h
show one way in which the pattem might be man-
ually produced. A light 7 x 7 coordinate grid
could be drawm; the end points of all horizonial
lines located and those lines drawm; and, finaily,
a similar procedure could be followed to produce
the vertical lines. Even though there are scme
repeated patterms in both horigontal and vertical
line sets, this approach doeg not seem to be
amenable to easy programming.

—_— |1
_ 1 ! ||
(a} (b)

Fig. 2 Horizontal and Vertical Line Components
of Pattern

* MOVF, means that the electron beam is to move
from its current to new lLoecation without "draw-
ing"' a line while DRAW indicates that z line is
needed.
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If the program segment is expanded slightly
to permit constructing squares having sides which
are incomplete, the same segment could be used
to construct the large squares,

5till another approach is illustrated in
Figures 4a and 4b vhere geometric elements in
the shape of the letter P are used to construct
the total pattern.

o

d—o

{2) {v)

Fig. 4 lLetter 'P' Camponents of Pattern

It has previously been mentioned that plot-
ters are quite slow. If plotting efficiency is
defined as the ratio of the total length of line
drawn to the total travel (including movement
where no lines are drawn} it is suspected that
nlotting efficiency would be different for each
of the three approaches shown. This is a con-
sideration that should be evaluated when devel-
oping programs for use on a plotter.



GASKET

The pattern shown in Figure 5 would norm-
ally have cne large and two smell circles within
the outer boundary. Since the requirements for
producing circles has already been discussed, the
boundary shown will be used to illustrate another
aspect of programwing for graphic output.

g—

Fig. 5 Gasket Border

The information supplied by our user (aftrer
he has requested GASKET) would include the circle
information as well as the center-line distance
to the center of the small arc and the radii of
both arcs.

How would you draw it? Probably, using the
information as input by the user, the tangent
would be constructed between the two arcs Iin one
quadrant of the total pattern. Then utilizing
the symmetry (around both axes), the location of
the remaining tangent points could be easily es-
tablished by transferring measurements beCween
quadrants.

Computing the coordinates of the tangent
points as well as the angular relationshipns needed
to construct the arcs can be done using a simple
right trisngle relationship. The programmer
should sketch the tangent construction and see
that the hypotemuse of the triangle is equal to
the distance from the center of the large arc
to the center of the small arc and that one side
of the triangle is equal to the difference be-
tween the radii of the arcs.

Again, a short program segment is all that
is needed to commute these relationships. Fur-
thermore, a repeating pattern exists around the
border. Arc, line, arc describes the gecmetric
components in each quadrant of the figure. This
relationship can be used in establishing the
repetative portion of the program.

RIGHT CIRCULAR CYLINDER

The last geometric shape was chosen to
demonstrate that looking at a three-dimensional
geametric shape from the viewpoint of its gra-
phical representation may be of great help to
the programer in his development of graphical
programs.

The user call to the computer for this pro-
gram might possibly be BEER CAN. Hopefully the
computer would request diameter, length, axis
location and orientation rather than what kind
and how maryy.

Figure & shows the general orthographic
view of a right circular cylinder with axis
inclined to the viewer's line of sight. Notice
that one end 1s represented by a complete ellipse,
the other end by a half-ellipse and that these
two components are comected by a pair of straight
lines,

Fig. 6 Right Circuler Cylinder

Just as a clrcle could be nroduced by a
gmall program which was wrovided with location
a diameter information, an ellipse program can
be developed. For the cylinder representation
the ellipse segment would require location of
center, major and minor diameters and orient-
ation of major axis.

In the orthogrsphic representation of a
right circular cylinder, the centers of the two
ellipses are at the ends of the axis of the cy-
linder. Furthermore, the length of the major
diameters is AIMAYS equal to the diameter of
the cylinder and the orientation of the major
diameters is ALWAYS perpendicular to the cylinder
axis. (It should be emphasized that the rela-
tionships that have just been described are for
those lines as they would appear on a drawing) .
One other factor is that the minor diameter Is
parallel to the cylinder axis and, therefore,
perpendicular to the major diameter of the
ellipse.

The length of the minor diameter can be
related to the view length of the cylinder axis.
The equations necessary for this relationship
and also for determining the locations of the
ends of the axis can be established by the pro-
grarmer from a set of axonometric views constr-
ucted to show these relationships.

Finally, it should be noted that the two
straight lines that complete the view extend
between the ends of the major diameters of the
two ellipses.

CONCLUSTON

Since computer graphics is finally coming
into general use in industry, there need to be
programs for developing users and programmers.
For both types an understanding of engineering
graphics can be very useful. TFor the program-
mer, knowledge of lanpuages and some mathematics
is essential.
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With that fanfare we are elated
to announce the appointment of Robert
P. (Pat) Xelso to the position of
Editor of the Puzzle Corner, {or what-
ever he chooses to call it) and thank
him in advance, but not for the last
time, for his contribution, Pat will
serve for an indefinite period, pro-
bably limited conly by his endurance.
In this position, he will select puz-
zles and compose whatever material
seems appropriate for the column. It
appears that it may be quite a task,
but Pat is certainly up to the
challenge.

General Approach:

Achieve a single orthographic view
in which the given lines appear sym-
metrical and in which the "working lines"
connecting their end-points appear par-
allel, )

This 1s accomplished by (&) constr-
ucting a plane containing-one-of-the-
working-lines-and-parallel-to-the-other-
working-line and {B) conatructing ancther
plane perpendicular to the plane-contain-
ing-the-working-line and which also passes
through the mid-points of both owrking
linesa. The edge view of this latrer
plane will define the line of symmetry,
therefore, the projection which shows
the edge views of both planes (by pro-
jecting the end-view of their line of
intersecticon) will show the given lines
to appear symmetrical and the working
lines to appear parallel -- which is a
solution.

The problem last posed in the Puzzle
Corner (EDGJ Vol. 41 Number 3 p 62) was
toe find the view in which two skew lines
would appear equal in length but not
parallel. The problem was originally
suggested by Professor Abe. Rotenberg
from the University of Melbourne, and
at this peint I must apologize for mis-
quoting Professor Rotenberg whe act-
ually said "Perhaps, the statement
'There are at least three ways to sclve
this problem' applies to any solvable
preblem of Descriptive Geometry." In
any event, it still seems to be an
accurate and appropriate observation.

Figure 1
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In addition to the original pro-
blem and solution submitted by Professor
Rotenberg, a solution was received from
the new Puzgzle Corner editor, Pat Kelso,
who has joined Louilsiana Tech University
at Ruston since his last submission and
whose solution to this problem appears
in Figure 1. Professor Walter N. Brown
of Santaz Rosa Junior College also res-
ponded again with a solution to the
new problem. The method used by Pro-
fessor Brown was also used by Professor
William P. Harrison of VPI & SU, whose
solution appears in Figure 2 with a
description.

Figure 2

Professor John Boyden of the State
University of New York at Canton submit-
ted a solution appearing in Figure 3.
The method is essentially the same as

that used by Professors Brown and Harrison.

Several of the solutions received
in the Puzzle Corner have been accom-
panied by problem suggestions, and 1
am sure the editor will want to con-
sider them for future problems. The
new Puzzle Corner problem was among
several submitted by Profesgor Boyden
with his latest solution. It looks
like a real challenge.

THE PROBLEM OF FINDING EQUAL~BUT-NON-PARALLEL PROJECTIONS OF TWO SKEW LINES IN SPACE

A general approach to the solution of
this problem is to obtain a point view (PV)
of the shorter of the two given skew lines
and then to rotate in that view until the
projection of the longer line shortens to
the shorter length already found in the
adjacent view. By this approach, then,
the problem reduces to that of finding
what angle of rotation will produce the
desired projection length, Once that
angle is found the desired view in which
the projected images of the two lines
appear equal {but not parallel) can then
be constructed, The specific steps per-
formed in the attached drawing are as
follows:

1. Obtain a PV (Plane 2) of the shorter
line (CD).

2, In Plane 1, obtain €D projection
length L by transferring CB's TL
to any convenient locatlion between
(and touching) the tralectory trace
lines through pts. A and B. (This
transferred TL is the length and is
located in a paraliel position to
which A,B, would be shortened by a
cow rot%tlon through 8 degrees about
the PV.)

3. To find 8: in Plane 2 lay off L
frem the PV, perpendicular to Plane
1, forming one leg of rt. triangle
abe; then, length A B, as hypotenuse Ag
thiough the PV (at 4)2gives the re-
quired angle © between perpendicular
ax and its rotated positien ax'

4. At angle 8 from Plane 1, project the T
final orthographic view into Plane 3
where_the projected image of AF and D5
line CD will have equal measure.

w PH
e frelry
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Given: an cblique triangular limited
plane, and point not in plane,
in any two successive ortho-
graphic views.

Find: two orthegraphic views that

Y would define the diameter and
center location of the sphere
l whose surface passes through
each plane vertex and also
passes through the non-planar
peint.

Figure 3

Send your sclutions to the Qfficial
Journal Puzzle Corner Editor: Professor
Robert P. Kelso, Head, Engineering Graph-
ics, School of Engineering, Louisiana
Tech University, P.0. Box 4875, Tech
Station, Ruston, Louisiana 71272.

FINDING VIEW OF TWO UNEQUAL SHEW LINES
LENCTHS APRPEARING NON-FARALLEL € £QUAL

. BOYDEN /7S

Bu
LINE BY

THRIANGULATE A,
LEG LENGTHS
NELEDELD 70
EQUAL SHORTER
LINE , AT THE
LONGER LINE
POSITION
FAROM VIEWING
PLANE °2

FIND SHORTER
REVOLLTION

o,
& @ ]
3
FIND END VIEW /_J e
OF SHORTER
LINE /;/2/ TWO S
/P/ES ten A,
22% PROJIECT
VIEVY
THAT WL
FORESHORTEN
THE LONGER

LINE BY THE
DISTANCE OF
LEG FROM
AARALLEL

7O VIEVING
FPLANE 2
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These professional quality plastic triangular scales are
made of durable, impact, white plastic with a matte
non-reflecting finish. Precision sharp engraved gradu-
ations, accurately divided. Colored furrows for quick
scale identification, Durable design for lasting service.

N2 & CML2
FT. 6 M2

LENGTH

IN.& CM.

PN
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Metric Architect Scales
Na. 746PM — 30cm. Divided: 1:1, 1:2, 1:5, 1:10, 1:20, 1:50
Metric Civil Engineer Scales
No. 743PM — 30cm. Divided : 1:100, 1:200, 1:300, 1:400, 1:500, 1:600

l—Metric Mechanical Draftsmen’s Scales ~——

No. 745PM — 30cm. Divided: 1:15, 1:20, 1:2b, 1:33%, 1:560, 1:100

No. 748PM — 30cm. Divided : 1:20, 1:2b, 1:33%, 1:50, 1:75, 1:100
Standard Metric Scales

No. 747PM — 30cm. Divided : .01, .02, .03, 05, .025, .0125
(Formerly No. 247P With Same Graduations)

YO.¢7 M.
Ml € KM.

YOI M7
MI.* & K.Y

YD M2
ML o KM

$4.50 ea.

FOR EVERY INDUSTRIAL, COMMERCIAL, PROFESSIONAL & VOCATIONAL APPLICATION—

PROPORTIONAL
SCALE
Matric Proportionai Scale

Mo, MTI5 smrmssscenenss §4 50 g,

Repreduction computer, 130mm diameter,
of engraved PV, showing proportional
enlargement and/or reduction in millimetres.

| 6 In. MOULDED PLASTIC POCKET SCALES |
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FOR TECHNICAL AND INDUSTRIAL USE
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FOUR BEVEL ARCRITECTS' SCALE

FOUR BEVEL ENGINEERS' SCALE

MNo. 310A—The 6" architects’ scale
is graduated in fractions of an inch to
the foct—open divided, divisions before
zero full divided—acale graduations 1%,
i, 3, 1 %, 3%, 135, 3-inches =
foot. Packed in vinyl cases, lightweight
and handy for pocket and desk use.
Four beveled white edges.

No. 310M-15CM Metric Division $1.75

No, 311E—The 6" engineéts scala id~
graduated in decimal parts to the inch—
full divided throughout—13 and 50, 30
and 40 parls to the inch Madse in high
quality plastic to withstand rugged uee.

Packed in vinyl cases, lightweight
and handy for pocket and desk uee.
Four beveled white edges.

Mo. 311M-15CM Metric Division $1.75

Supplied in plastic sheaths.

A choice of popular metric scale divisions in 2 bevel design.
Color-coated center sections for easy identification,

Sharp, engraved divisions on ductile whiie plasiic edges
forjaccurate drawing. $4.95 ea

30cm. METRIC DRAWING SCALES T
No. 570M — Divided: 1:1, 1:5 Propertional mm to cm.

METRIC — ENGLISH

No. 1956
$2.00 ea.

Mo. 571M — Divided: 1:1, 1:2 Proportiohal mm to cm.
No. 572M — Divided: 1:1, mm, 50ths Full Size {.02}.
MNo. 573M — Divided: 1:2, mm, 50ths Full Size (.02).
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o Enlacged View o Enlarged View
of First lnch of First MM

% This scale is designed and recommended by Automotive

and Aeronauiical Engineers in Draiting Room Fractices.

Fine Quality —Durable Design Scuwies With Sharp Black
Machined Divisions on White Matte Finished Edges

METRIC — ENGLISH CONVERTER

A Quick, Ready & Easy Reading Converter for ac- @
curate every day uge 1t handles direct scale conver-
sions for units of Length, Mass, Area, Volume, Pres-
sure, & Temperature, Qverall size B% x 3-3/4.

2 MADE OF DURABLE VINYL. LtAMINATED )
CONSTRUCTION FOR LIFE-TIME SERVICE, °
8 2 COLOR SCALES 6 TABLES FOR QUICK &

EASY READING

CONVERTER

*FRONT SIDE CONVERTS
# In. 1o Millimeters

a Qunces to Grams

® 5q.In.to 5q. MM

o Gals. (U.S.) to Liters

® Yds. & Ft. to Meters

®  Pounds to Kilograms

® 5g.Yds.to S5q. M

% Cu.In, to Cu. CM

- 8 REVERSE SIDE
iConvarts:
Miles to Kilometers

@ |mperial Gal. to Liters

® Fahrenheit to Ceicius

@ Lbs. per sq. inch to Kilopascais

®  Cu, Hards to Cu, Meters

Contains:

Complete Conversion Table

Table of Fractional In.to 15",

Cenverted on slide scale to De-

cimal In. and Millimeters

2 List of International System
ISI1 Base Units & Symbols.

$1.25

PCC/A — Double stitched Genuine Leather 6" Scale
Sheath with built in pocket clip.

AN for Qualily al the Right Frice
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