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JOSEPH B. DENT, W. GEORGE DEVEDNS,
FRANEK E MARVIN, and HARGLD F TRENT,
Virginia Polytechnic Institute

1979 504 pages (approx.) Flexibie Binding

The new 81 edition of this text-workbook intro-

duces students to the fi .m«:tammmﬁ principles of
engineering m’fﬁphw% Basie technigues, de-
seriptive geometry, technical practices, types of

e
enginsering graphics, vectors ck art
g“raphg and graphical caleulus ai‘t prese
a conclse and straightforward manner.

Crver 200 illustrations (580% new or revised) in-
crease student comprehension. Correlated with
the textual material are 131 tear-cuf problem
sheets, of which half are compietely new This
edition also features expanded and revised
u:apu:ru on Techrnical Practices snd Engineer-
ing Drowings. An Ingtructor’s Manual with
course outlines, lesson plans, and complete sol-
utions is a‘vadla?oh, gmh

Second Bdition

GEORGE C. BEAKLEY,

fgmzmm State University and
W LEACH,

Cemsui‘tmg Enginser

1875 368 poges (approx.) poper

A concise and informative introduclion fo
career ohjectives, Coreers in Engineering and
Technology presentas the important methods of
problem golving and the concepls of creative
design. This Second Edition isa major revision.
s Al Edmpmm have been updated and rewritten.
= The chapter on Technical Sketching Haw been
improved,

= More emnphasis has been given to the role of

the technician and technologist.

» The 21 gystem receives extensive coverage.

¢ The hook offers equal consideraton to students
of engineering and engineering technology.

» Bxeellent iHustrations and many worked-cut
problems are featured throughout the text.

A complimentary Instructor’s Marnucl is avail-

able.

N PU. /i (O, INC,

866 THIRD AVENUE, NEW YORK, NY 10022




Books tor Architecture Courses from Kendall/Hunt

Third Edition

by Lawton M. Patten, Professor, Department of Architecture, lowa
State University and Milton L. Rogness, formerly Associate
Professor, Department of Engineering Graphics, lowa State
University

1977 —208 Pages—8 1/2” x 11" —Paper—$8.95

rc tural

by Robert |. Duncan, Department of Architecture, University of
MNebraska

, 1hird Edition

1977—161 Pages—8 1/2” x 11"—Wire Coil—$8.95

Examination Copies Available Upon Reguest

Write:

Kendall/Hunt Publishing Company
2460 Kerper Boulevard, Dubuque, lowa 52001
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ELECTION
RESULTS

As usual, the Nominating committee pre-
sented last Fall a slate of officers which
guaranteed that the Division would be the
real winner regardless of the cutcome of
the election.

That outcome has been announced by
Chairman Kearns, and the new officers are:
Mary Jasper, Director of Publications;
Charles Keith, Secretary/Treasurer, and
Paul DelJong, Vice Chairman.

Those newly-elected officers will take
office in June and join the Board under the
able leadership of incoming Chairman
Leon Billow,

To those new officers, the Division
extends its best wishes for a productive
and constructive term of office. Perhaps
even more important, the Division owes
- and extends - a large debt of thanks to
those who also ran; they have contributed
tremendously in the past and will surely
continue to play important roles in
keeping the Division a strong and viable
group. Bob Foster, Frank Croft, John
Kreifeldt -- our hat is off to youl

Clyde H, Kearns
Chairman, EDGD

Cover: Scenes from the campus of
Louisiana State University, pro-
vided by Clarence E. Hall. Thanks,
Clarence!
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EDITORIAL

This is the last regular issue of the
JOURNAL that we will have the task - and
privilege - of producing. That sentence
requires a little clarification.

First, while it is the last "regular"
issue, there gtill remains the upcoming
INDEX issue, which - we hope -~ will precede
the Annual conference. A lot of assembly
remains to be done.

Second, I said "we'" and must - even
if it smacks of nepotism - recognize that
if it weren't for my dear wife Judy, none
of this would have ever been finished.
She hammers out articles and letters at
the most unlikely hours, and has to put
up with some pretty awful editorial notes
and dictation. On top of that she works
for peanuts. Many who attend conferences
know my "'better half", Judy, - she's zlso
quite a character - and I'm sure you'll
join me in thanking her for her help,
patience, and support.

It would be at least criminal te fail
te recognize and thank Ed 0'Niell and the
Kendall/Hunt Publishing Company people for
their work and generousity. They are great
people teo work with, and Ed can't do enough
to make the Journal a success...and they
sure have teo '"f£ill in a lot of blanks”
working with us amateurs. Ed, T hope vou
will accept my sincere thanks and extend
them to everyone there who contributed so
much.
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Last, while the JOURNAL is a huge
tagk, it is an unparalleled experience
that we wouldn't give up for anything.
Working with all the authors, reviewers,
Directors, editors and readers has been
more enjoyable and broadening than I
can describe. I have said before and
bellieve even more firmly that EDGD is
made up of the finest peonle in the world.

Looking back, a good many things
we did - going to Metric format, for in-
stance, but I wish we had been able to
accomplish more. There are many things
unfinished - even unstarted - that would
be positive and constructive for the
Division. There's a message in rhat
for us all, 1 believe; and that message
is do what you can, contribute what
you can, but that nothing will ever be
done if you don't start.

The JCURWAL is healthy. Articles
continue to come in and the new REditor
will have material to work with, which
is important. I wish that person all
the best, and take this opportunity to
pass on the statement that Jim Earle
gave me three years ago -- " You only
have nine more issues to go ", which
says it all pretty well.

2

Thanks to you all for vour
confidence and help.




MIDYEAR CONFERENCE HIGHLIGHTS

When the Mid-Year Meeting 1s
scheduled to be held in the "Sun Belt",
we "Snow Blrds" 1n the north flock down
to escape the bitter temperatures and
bask in the sunshine. SURPISE!!!

This year Mother Nature dealt a cruel
blow to us and gave the southeast

and Starkville, Mississippl, in par-
ticular, a cold blast of arctic air
that sent the ftemperatures down to
near zero and made many of us feel

as though we had never left home.

Without regard to the very cold
weather, the meeting was both enter-
taining and informative. Sessions
on Cartography, Computer Graphics,
and Metrication highlighted the
meeting. & rousing session about
the need for sraphics in upper level
endineering courses stimulated much
discussion in the meeting and in
the social gatherings. Informative

Frank Oppenheimer Presenting the
Oppenheimer Award to John Demel

VIISSISSIPPI STATE UNIVERSITY

tours of The Herschede Hall Clodk
Company and Gulf States Manufacturing
Company were available to Conferees
and their spouses. Persons who toured
the Herschede Hall Clock Company
discovered that clocks were not the
only product manufactured there.
Herschede also produces an electric
trowling motor for fisherman.

A highlight review would be
incomplete without expressing the
appreciation of the Division to
Mary Jasper who developed and co-
ordinated the program. In Vancouver,
Mary struck up the battle cxy "Y'ALL
COME". TFor those of us who came,
we were not disappointed. The Division
recognizes Hunter Eubanks and all the
staff of the Engineering Craphics
Department of MSU for heing such
gracious hosts. TWe thank you and
look forward to your hogpitality
in the future.

Student Union Buildinc at MSU

|
§
H
H

Mary Jasper, Uilbur Pearson, and
Leon Billow discuss the day's events
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from the

COMPUTER USE
IN

FRESHMAN DESIGN PROJECTS

AT TEXAS A &M
UNIVERSITY

Opperheiner  Afnard

ABSTRACT

This paper presents the overall plan
to use computer-aided desing and computer
graphics in the freshman design project.
Progress in scoftware development and
equipment evaluation is covered in some
detail. Costs for data processing and
proposed egquipment are also discussed.

INTRODUCTION

During the past three years the
Engineering Design Graphics (EDG) staff
membars at Texas A&M University (TAMU)
have visited a variety of industries.
These industries include aircraft,
petrcleum, heavy manufacturing, and
electronics. All of these have either
computer graphics or computer-aided
design (CAD) in some form. The ultimate
system is produced by National Computer
Systems of Minneapolis which goes from
design to product without a drawing.
With the cost of computer hardware de-
creasing, the capabilities for computer-
aided design and computer graphics is
now in reach of smaller industries and
engineering firms. These trips to
industry and their results inspired the
staff to consider introducing CAD and
computer graphics into the freshman
engineering design graphics courses.
The problem was to determine how they
might best be used. The program for
teaching the gtudents the basics in
graphics and descriptive geometry
are well established at TAMY.
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idyear conference...

John T. Denel
Texas A & M

Alan D. Xent
Texas A & M Texas &4 & M

Viilliam H. Zacgle

Therefore, it was decided that the
design portion of the graphics courses
was to be used as the vehicle for
demonstration and use. A proposal
was submitted to the national Science
Foundation's Leocal Course Improvement
(LOCTI) program to sur.ort the develop-
ment of such a design package. The
award to TAMU was made in May 1978.
This paper discusses the coverall plan,
the progress thus far, the eguipment
selection, and the computing costs.

THE PLAN

Engineering students at TAMU take two
two-credit Engineering Design Graphics
courses., In each of these they partici-
pate in a design project. The goal for
the EDG computer-aided design package is
to show the advantages of CAD and com-
puter graphics by having the students
use them in the design process. The
students are to be users for this package
not programmerxs. They do some program-
ming in their Introduction to Engineering
courses offered by the various engineer-
ing departments, but the level is not
such that they can do the sophisticated
programming reguired for computer
graphics and finish their design project
within the time reguired.

The package was to be developed
in both FORTRAN and BASIC languages
and to include a sketching routine
and a standard fastener library as




part of the design work. Investiga-
tions have shown that almost all
computers which support FORTRAN will
support BASIC and it is now the in-—
tention to do the development in
BASIC so that even microcomputers
can use the package.

When wvisiting industry, the EDG
staff found that the design process
had not changed but productiwvity
could be increased simply by using
the computer-based aids +to design
and analysis. Thus the package is
being developed around the design
sequence that is currently used in
the freshman design project. This
design seguence consists of six stages:
Preoblem Identification, Preliminary
Ideas, Refinement, Analysis, Decision,
and Implementation. The computer
can be used in each of these stages
but neot for all processes in each
stage. 'The package will have some
software for each stage of the design
preocess rather then just the two
areas mentioned in the previous para-
graph. Some details on the package
are provided in the next section.

In industry, the design is gen-
erally kept in a central computer
with the contributions and modifica-
ticns made to that central design
data bank by the designers. The
student design projects, a product
design, will be set up in a similar
manner. They will keep their designs
on some storage medium (disks,
filoppy disks, or tapes) and then
make changes and modifications to
their design and store the new in-
formation on their disk.

PROGRESS

Spring and Summer 1978 ~ the
computer equipment available prior
to the contract award was the TAMU
Data Processing Center's (DPC) com-—
puter and it's peripherals. This
computer is an Amdahl 470-V6 that
uses an IBM 370 cperating system
which supports various levels of
FORTRAN, APL, TSC (for graphiecs),
and WYLBUR (an interactive text-
editing and batch program submittal
system). An off-line drum plotter
is also available. In the spring
of 1978 some of the students irn the
EDG 408, Computer Graphics, used
WYLBUR to write programs in FORTRAN
with the output being generated either
on a printer-plotter or a drum-
plotter.

During the first summer session,
a Tektronix graphics términal was
obtained from the DPC for the cost
of the terminal maintenance. At the
same time, a student was hired to
develop software and learn how much
T80 could de in the development of
a software package and how expensive

it was tc use. The first software
written was a program to help the
students use WYLBUR. The program,
called LITTLE WILLIE, was tested
during the second summer session by
the computer graphics students. A
discussion of the experience with
LITTLE WILLIE is leccated in the
Student and Staff Response scction.

Fall 1978 - For the fall semester
the goals were to develop the overall
plan in more detail and use WYLBUR
and the Tektronix terminal to deter-
mine what they were capable of and
what sort of costs could be antici-
pated. As was stated earlier, the
design process had not changed.
Thus, a program was written that
would be a monitor for the creation
and use of interactive files on
WYLBUR. This program is called
CREATOR and is shown in Figure 1.

Lmﬂ

|
. N
oslsh || eaeL,
[FEAT. : hﬁjw [serinevce wusts || ocsion |

DIRECT. ; —T*g

L@ﬂ [NFCR,

Figure 1. The CREATOR Package

There will be two types of files,
Although both will be interactive

to a certain extent, some will merely
ask guestions as to what topic the
user wishes to see and then display
the information reguested. These
will allow him to store on his media
the portion that he needs and then
returns him to the main file for his
next step. Figure 2 shows the
organization for Problem Identlfica-
tion. 1In this case, population data
and other similar data will be stored

T
h-(EARERﬂN - L—<
"‘ERRDXENL LHE L"‘

i
HP[E SRAPH !
’—«[LURVE T

Figure 2. The Problem Identification Stage
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in the moderately interactive or
infermation files. The interactive
file that draws graphs will be heavily
interactive and each step calls for
the user to answer a guestion and
then the results of that answer

are displayed. An example is shown
in Figures 3 and 4. This is typical
of part of the questiocns that are
asked. Those that have already been
asked and which created Figure 3

are responses to: What type of
graph do you wish to draw?, How

wide is your graph?, How high is
your graph?. A more complete dis-—
cussion of the experiences with the
software written thus far is in the
Student and Staff Response section.

The next step is the Preliminary
Ideas stage shown in Figure 5. Here,
brainstorming is done first to es-
tablish the many possibilities for
solutions. Although the computer
might be used for this activity, it
is planned that this will bhe done
by the groups of students without the
aid of the computer. Once brain-
storming is finished, the students
can store their ideas on either disks
or tapes. The files that have been
developed for Preliminary Ideas are
GINPLOT and GINPLOTZ. Two—
dimensicnal sketching can be accessed
through the GINPLOT program as shown
in Figures 6 and 7. GINPLOT can draw
lines, points, circles, polygons,
rectanglés. and put text anywhere

Figure 3. Bar Graph Example T

Fiwure 4. Bar Graph Example I1
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desired on the screen. FPigure 7

shows an oblique drawing and the

X-Y coordinates used tc display that
figure. GINPLOTZ will provide
orthographic drawings and pilctorials,
but at this time has not been tested
and will be reported in a future
paper. GINPLOT was originally written
for the amdahl, but was rewritten

in BASIC when a microcomputer was
loaned to the department for a week.
Circles on WYLBUR were very difficult
to program and the examples shown
were generated with the microcomputer.

Figuzre 5. The Preliminary Ideas Stace

Figure 6. GINPLOT Example-Functions

Figure 7. GiNPLOT Example-Flgure’
and Coordinates



The Refinement stage, shown in
Figure 8, 1s a process that takes
the sketches developed in the Pre-
liminary Ideas stage and initiates
scale drawings of the products to
be developed. To do this, the
student must be able to retrieve the
slketches that he drew during the
Preliminary Ideas stage and modify
those to become scale drawings.

This means that to be successful and
efficient he must have access to
standard thicknesses of materials

and standard fastener sizes and types.
Thus, Refinement is a combination

of GINPLOTZ with additional capa-
bilities and information on standard
parts and materials.

The rest of the design process is
vet to be develeped. The Analysis
stage will allow the student to have
limited kinematic linkage and strength
of materials analysis capabilities.
Since cost is an important design
factor, the Analysis files will con-
tain this data and will be created
so that they can be updated as needed
and utilized in the Decision stage
of the design process. The imple-
mentation stage, for the TAMU students,
consists of developing a set of working
drawings of thelr product. Whether
the CREATOR package will be capable of
doing things like dimensioning and
building a parts list will depend on
the hardware available. Programs can
be written to do this, yet it remains a
question of whether a small computer can
efficiently handle the software reguired.

STUDENT AND FACULTY RESPONSE

Some of the computer graphics students
found WYLBUR eagy to use, but others had
preblems because they could not visualize
the interaction within the system. In
order to make WYLBUR less complicated for
the students, LITTLE WILLIE was written.
It was designed so that the students
could sign on the computer the proper
commands .

This program worked very well for the
students who had not used WYLBUR before.
However, it was written so that the
student had to wait for some information
to be printed ocut before he could answer
the guestions which prompted the
computer to do the next operation. They
became impatient with LITTLE WILLIE and
eventually learned to use WYLBUR. This
experience showed that the interactive
programs were valuable but must be
written with the user in mind and must
be tested constantly to get the usexs
reactions. Freguent users of inter-
active programs beomce familiar with
the sequence of cperatiocons. The soft-
ware must anticlpate this and give the
user the option of reading or rejecting
explanatory material.
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Figure 8. The Refinement Stage

Prior to the beginning of the fall
semester 1978, a presentation was made
to the TAMU EDG faculty. This was done
to provide some continuing educaticn
and to keep them up to date on the pro-
gress of the project. Two activities
were planned. The first was a printer-
plot graphing routine that would allow
an infinite variety of bar graphs to
be created on the alphanumeric CRTs.

The second was to have the staff use
LITTLE WILLIE to write a program. The
staff members were organized in teams

of twos with one staff member who had
deone some programrrung ané one who had
very little or no programming experience.
Although there were some minor problems,
most of the staff members understood the
rudiments of how the system worked

and appreciated the interactivity of the
syvstem. The understanding was due to the
uge of graphical aids to explain the
system and what different commands did.
These faculty demonstraticns will be
continued at appropriate times so that
when the final package is ready the
staff will be ready to use it with a
minimum amount of transition time.

After GINPLOT was written, two EDG
classes were given the opportunity to
work at the terminal and generate
pictures. The first group was the
Industrial Freehand Sketching class of
which none of the students had any
previous computer or computer graphics
experience. The second group was the
Computer Graphics class consisting of
a cross of engineering, computer science,
and engineering graphic option students,
most of which had limited computer
experience but little, if any, computer
graphics experience. To familiarize the
students in both classes with the
GINPLOT routine, handouts were distri-
buted for reference, followed by a
short verbal explanation and a brief
visunal demeonstration to illustrate
GINPLOT and it's computer graphics
capabilities.
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For the Industrial Sketching students
to be given this type of opportunity
brought about mixed emotions in the
class; some were apprehensive while
others were ecstatic. After the demon-
str&tion, three or four students each
class pericd were to use the system.
Most of the students were afraid of the
system and terminal fearing that they
might break something if they pushed
the wrong button. When mistakes were
made by the student, the system was set
up to "beep” at the user prompting a
new command to continue the program.
Through the use of the "beep" and
reassurance from the instructeor, the
initial fears cf the students diminished
and they successfully created pictures
on the CRT and recalled and modified
their pictures. All the students
enjoyed working with GINPLOT and could
see its possibilities in the area of
sketching but would have like to spend
more time on the system.

The Computer Graphics class had prior
experience using WYLBUR to write and
submit bateh programs. These students
found that GINPLOT gave them a powerful,
flexible tool to create drawings and
that it was easy to use. They alsc
thought that using the terminal was
enjoyable and most of the students
looked forward to the new developments
for GINPLOT. Although these students
did not complain about the computer
response time for drawing and replotting,
they had not had the opportunity to work
at communications. rates higher than 300
baud. The few staff members who used the
microcomputer-supported terminal to
draw pictures with GINPLOT at 9600 baud
subsequently found the WYLBUR-supported
terminal to be very slow.

The graphical aids used for the
EDG staff orientation also worked
well to explain WYLBUR to the students
in computer graphics during the fall
semester. Additional graphical aids
were developed to explain the opera-
tion of GINPLOT tc the students in
Industrial Freehand Sketching and
Computer Graphics. Examples of the
type of graphics used toc explain
WYLBUR are shown in Figures 9 and
10. These were originally developed
as a series of five overlays but .
are shown here as composite drawings.
Figure 9 explains that the WYLBUR
user =its at a desk (active file)
and he hasg at his disposal the con-
puter and a filing system in which
to store his programs. If he uses
the correct series of commands, he
can write a program, make a copy
of the program and store it in his
file, submit the program to the
computer for processing and retrieve
the output. He alsc has the options
at any point of getting rid of the
copy on his desk, removing all file
copies, and throwing away the copy
of the program that has been sub-
mitted for processing.
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Figure 10 shows a little man
that will jump out of the files and
help the computer user. Rather than
using computer commands, the little
man asks the user a series of gues-
tions abcout what the user is trving
to do. When the user answers the
littie man, he then translates the
answers intc the commands that the
computer must have to function.

The little man can be thought of as
LITTLE WILLIE or any interactive
program {execute file).

COne will also notice that addi-
tional file cabinets have been added
for storage and access to the CREATOR
package used in the design process.
Each file cabinet will hold a certain
stage of the design sequence with
its drawers catagorizing the informa-
tion and interactive (executicn) files
necessary to complete that stage. '

These will alsoc offer room for expansion
in the future as well as cross reference

between the cabinets or stages of the
design sequence.
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Figure 9. WYLBUR Graphic Aid
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THE ROOM LAYOUT AND WORK STATICN

At present, the TAMU graphics
classrooms hold 42 students. The
classes have traditionally been divided
into teams cof eight students to work
on the design project. A layout or
floor plan that might be used to intro-
duce computer-aided design into the
design project can be seen in Figure 11,
This arrangement would feature one
design station for each four to eight
students and one for the instructor
that would be integrated with the
existing television sets. Thus, the
instructor can create a picture.on his
terminal and have it displayed simul-
taneously on the television sets to
show. the students what they should
gee on their terminals. The illustra-
tion shows a central computer for the
classrooms,. but until work has been
completed in establishing costs for
the various computer and terminal
options, it is yet to be decided
which types. will be utilized. The
Hardware Options and Computing Costs
section will describe the information
that has been gathered as of this
time.

The students in the freshman EDG
classes now spend about one-third of
their time (two hours out of six -
lhours per week) on the design project.
$3ith +wo hour work perlods, the stu-
dents can have at least one-half
hour at the terminals per wesk, oxr
by having teams of two students they
can be at the terminal for an hour
agsuming that one terminal is avail-
able for each four students. This
system will also reguire that two
out of the present six classrooms be
converted to "design laboratories”
and each section will have a graphics
class in onme classroom and a design
laboratory in another classroom.
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Figure 11. Typical Classroom
Floorplan

A typical terminal will he a work
station that is composed of an intelli-
gent raster scan refresh CRT and a
digitizer board. The hardware will
have to be very durable because the
arrangement described above will have
each work station in use ten hours
per day and five days per week. &
drawing of the proposed work station
is shown in Figure 12. The reasons
for choosing the components of the
work station are discussed in the
next section.

HARDWARE OPTICNS AND COMPUTTING COSTS

Three types of computers were con-
sidered for use with the design package:
the large central computer (Amdahl),
the minicomputer (DEC PDP 11/34,

Data General ¥ova, H-P 1000 Series),
and the microcomputer {North Star,
Cromemco, TImsai, etc.). Three types
of graphics terminals were also con-
sidered: the storage tube, the in-
telligent raster scan refresh terminal,
and the intelligent vector scan refresh
terminal. Of these, the combination
which appears to be the best at this
time would be the raster scan refresh
terminal with either the mini or
microcomputer. The cost of +the in-
telligent raster scan terminal is only
siightly more than the storace tube
and its maintenance costs are about
half of the latter ($25-30/mo.).

The vector refresh terminals cost
zhout three times as much but do have
many desirable features. Costs for

24 raster scan terminals and digitizer
bhoards is shown in Figure 13 under

the heading of HARDWARE., This cost
for terminals would be the same no
matter which computer is used.

Figure 12. Proposed Desigh Work
Station
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Computer ve Microcomputers

Experience showed that TS0 ($5-20/
hr) was tco expensive for multiple
users. A cost comparison of the Amdahl
(using WYLBUR at approx. $1/hr) and
microcomputers over a one-year period
can be seen in Figure 13. The operating
costs, for one year, on the Amdahl
would pay for six microcomputers and
although there would be annual main-
tenance costs, they would not be nearly
as much as the operating costs on the
Amdahl. Under current conditions, the
communicaticns with the microcomputer
would be about eight times as fast
as with the Amdahl and six microcompu-
ters would suppoxrt 24 terminals re-
guired by the EDG department for the
freshman courses. The total cost for
this setup for two rooms, including
about 510,000 for a printer-plotter
for each room, would be about $170,000.
This cost should go down somewhat over
the next few years as computer hardware
costs go down. The maintenance for
such a system would be about $12,000
per year. This would be the large
portion of a maintenance person's
salary and this will be considered in
lieu of maintenance contracts. More
details are available from the authors
on hardware and computing costs but
each institution must consider its
regources as 1t makes its choices.

. Figure 14 ghows the microcomputer
and Tektronix terminal used for some
of the devclopment work. The micro-
computer consists of a Z80A processor,
32 kilobytes of memory, a single disk
drive and operates on floating point
BASTC. .

PLANS FCOR THE FUTURE

During the 1979 spring and summer
sesslons, the software will be f£in-
ished. This will include modifications
to the software already written and
writing the new software required for
the design process. The components
of the design package will be tested
in the EDG specialty courses during
the spring term. Then, during the
summer, cne or two design groups in the
ED3 105 and 106 courses will use it
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for their design project. The modifi-

‘cations dictated by the users' experi-

ence (teachers and students) will be
implemented in the summer or fall
sessions of 1979.

Files of eguipment brochures with
specifications and costs are maintained
in order to monitor the latest develop-
ments in computer hardware. Thus,
specifications for the needed equipment
can be easily prepared when funds are
made available. Tt is doubtful that
the College of E gineering will be
able to fund all the costs of eqguip~-
ping the EDG laboratories and funds
will have to be regquested from industry.
The visiting engineers who come to
campus for the freshman design program
(EDa 105 and 106) will be given
demonstrations so that their companies
will be aware of the design package
and how it is being used. This should
facilitate funding requests to in-
dustry.

CONCLUSICONS

The design process has not changed
but the speed with which the design
is completed and the number of alter-
native designs which are considered
have been increased through the use
of the CAD and computer graphics.
This plan for having the students use
some of the latest computer systems
is an attempt to keep up with the cur-
rent. technology. The changes that are
proposed here will require the students
to know their graphics better than evexr
before and will require the graphics
instructors to stay abrest of the latest
technolocical changes.
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year conference...

REVITALIZING THE ART
OF GRAPHICS IN MECHANICS

J.M. Henderscn
University of California, Davis

S.L. Cotter
University of California, Davis

J.L. Meriam
California Polytechnic State University
San Luis Obispo

The concluding naragraph from a recent
article in Science entitled "The Mind's
Eye: Nonverbal Theought in Technology" is:

"Two results of the abandonment of non-
verbal knowledge in engineering colleges
can be predicted; indeed, one is already
evident. The movement toward a 4-year
technician's degree reflects a demand

for persons who can deal with the complex-
ities of real machines and materials and
who have non-verbal reasoning ability that
used to be common among graduates of engi-
neering colleges. In the longer run,
engineers in charge of prejects will lose
their flexibility of aonnroach to solving
problems as thev adhere to the deoctrine
that everv nroblem must be treated as an
exercise in numerical systems analysis.
The technician, lower in status than the
systems engineer, will have the ability but
not the authority to make the "big" dec-
isions, while the svstems engineer In charge
will bhe unaware that his nonverbal imagin-
ation and sense of fitness have been atrec-
phied by the rules of a syvstematic but
intellectually impoverished engineering
approach. '

The message of this article is simply that
" "Thinking with plctures' 1is an essential
strand in the intellectual history of tech-
nelogy development'.

The authors of the nresent naper, who
represent three generations of teaching and
studying mechanics, are concerned by the de-
cline in the use of and emphasis on visual-
ization, perceotion, conception, and graphical
communication in mechanics. Mechanics is a
gecometric subject; the configuratioms of
structures and machines and the vector quan-
ities that govern their state of rest or
motion all require spatial renresentation.
"Thinking with pilctures” should become an
esserit1al part of the teaching and learning
of mechanics. Improving the canacity of
students to handle the geometry of mechanics
is the focus of this paner.

1This article is written by Euzene S. Fer-
guson, a nrofessor of historv at the Univ-
ersity of Delaware and curator of technology
of the Hagley Museum in Greenville, Delaware;
?g%gnce, Vol. 187, Wo. 4306, p. 827, Aug. 26,

That's the Problem?

The results of the recent national survey
of mechanics teaching® and the mechanics read-
iness test™* clearly point to a decline in
student preparation in geometry and graphics,

In 1975 the Committee on Curricular Em-
nhasis in Basic Mechanics of the Mechanics
Division of A.S.E.E. conducted an extensive
national survey of instruction in mechanics.
Two of the toplecs sampled dealt with the
extent to which graphics and vector mathe-
matics were in current use. Between 85 and
28 recognized engineering schoels responded
with the following results:

Statics Dynamics
Vector Vector
(Use) Graphics Math  Graphics Math
Significant 4 57 3 72
Moderate o 17 6 15
Sparing 52 9 41 9
Not at all 21 2 3¢ 2

Although there may be some variation in inter-
pretation as to what constitutes the use of
graphics, still the resnonses clearly show

that granhics in one form or ancther is quite
generally used only sparingly, whereas vector
mathematics is extensively used. Without min-
imizing the need for and advantage of develop-
ing student ability with vector analysis,
especially for spatial problems, it is clear
that there has been a significant shift away
from graphical vortraval and analysis in favor
of the manipulative analysis inherent in vector
notation. The systematic bookkeeping of i's,
j's, and k's, dots and crosses, and rules for
determinant expansions have been substituted

in place of graphical-peometrical representa-
tions. Considering the basic geometric nature
of mechanics and the power which visualization
brings to the subject, the trend away from
graphical emphasis is considered to be a signi-
ficant loss which by no means has been offset
by the gain in manivulative knowledge of wvector
notation. Students should be encouraged to
gain a working knowledge of wvector analysis,
but it should disturk us when they lose the
facility to formulate and communicate through
wigualization.

What is needed in mechanics instruction
is to strengthen through graphical emphasis
the capacity of students to visualize and
then couple this ability with effective use
of vector mathematics. Without a doubt the

*Engineering Education, Vol. 67, No. 3
Dec. 76, p. 249,

**The Mechanics Readiness Test - A Study of
Student Prenaredness for Mechanics, by Virgil
Synder, Michigan Technological University,
and J.L. Meriam, California Polytechnic State
University. (Presented before the annual

2

meeting of ASEE, Vancouver, B.C., June 20, 1978.)
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students who make the best use of vector
mathematics are those who have been able to
visualize the granhical and geometrical sig-
nificance of that mathematics. 'This balance
of emphasis on both graphics and mathematics
needs revitalized attention in today's mech-
anics classrocms.

Strong evidence of the weakness. of current
students in the geometric side of mathematics
has been revealed by the Mechanics Readiness
Test, sponsored by the Mechanics Division of
A 5. E.E. This test was taken by over 9000
second-year engineering students enrolled in
4-year engineering programs throughout the
country in the fall of 1977. OGut of 25
technical questions covering elementary con-
cepts, mainly in mathematics, 20 of them
depended in large measure on geometric con-
figurations., Considering the elementary nature
of the questions, a score of 80 percent would
be a reasonable expectation for students with
a normal background in algebra, geometry,
trigonometry, and beginning calculus. The
national average, however, was a shocking 51
percent, indicating that current students have
not had sufficient drill in the physical and
‘geometrical applications of mathematics to
prepare them for the analyses required in
mechanics and cther engineering subjects. This
inability to handle the geometry of simple
mathematics also reflects in considerable
measure their lack of training in -graphical
skills. Most perceptive teachers of mechanics
have observed that a student 1s better able
to calculate a geometric relation if he or
she can draw it clearly.

To ensure meaningful learning in mech-
anics teachers need to place emphasis on the
most imnortant aspects of the subject, and

414°

B=

assume n= O.25

force which you must exert on the handles to push or pull the load over a 2-in. curb.

The loaded wheelbarrow weighs 200 !b and has a 16-in. diameter wheel, Estimate the
Make reasonable assumptions for any additional required information.

.
n
2

S~
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the geometry and graphiecs of mechanics should
be considered as basic fundamentals. Teachers
should set good examples in all areas of re-
presentation and should develop their own
skills in graphical portrayal, especially when
using the blackboard as a primarv means cof
communication. The '"do as T say, but not as

I do" approach has no place In the teaching

of mechanics. '

In most mechanics problems, as in the
majority of problems of engineering analysis
and design, the first important step is a
sketch or other graphical expression of the
given situation. It is at this point that
the direction of the analysis usually takes
shape. It is said that peorle fzll into two
general categories ~ word people and picture
people. Engineers are essentially picture
veople who must deal directly with vosition,
form, and motion. For them, graphics is a
vital skill and we should do all we can to
develop this capacity. :

Consider now several specific examples
of the advantage and need of graphical por-
traval. Figure 1 includes a typical statics
problem and a properly organized and presented
solution. The graphical portions of the
solution embodied in the free-body diagrams
were developed prior to the mathematics and
therefore served as a correct guide for the
rest of the sclution. The understanding of
the quantitive portions of the selution is
greatly facilitated by the grarhical portraval
of the problem. Two dvnamics problems recently
assigned in one of the author's classes are

2Henderson, J.M., and Meriam, J.L., Study
Guide for Engineering Mechanicg, Statics,
Kendall/Hunt, 1978
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shown in Figures 2 and 3 along with szample
portions of several solutions submitted by
the students. All the examples are work done
by typical students who were fully capable of
understanding the concepts involwved. The
conclusion is obvious; the students do not
value and/or do not have proper facility with
graphical representation and communication,
and this lack is a decided handicap to them.

Sketching Skills

To visualize an object in three dimen-
slons, and hence to better internret its
spatial situation, facility with isometric,

oblique,. and perspective sketching is of

Jerald henderson's talk at the recent mid-
yvear conference,'"The Need for Graphics in Upper
Level Engineering Courses', was bhased on this
paper, which he delivered at the 1978 Annual
Conference in Vancouver. He presents an excel-
lent argument here for development of graphic
abilities, and led the way toc an exciting and
thought—provoking session at Mississippi State.
That entire session ig included here, as pro-
mised in the Winter issue. This paper, along
with the following two papers and their accom-
panying commentaries, will give the interested
reader some real food for thought!

Paul 5. DeJong,

P.E., ed.

tremendous value. Note the clarity of the
free-hand sketches shown in Figure 4. A
good sketch reveals the significance of the
physical actions by and on the body, and
reveals any geometrv which must be described.

Artistry in sketching should not be
discouraged but is certainly not a prereguisite
to effective graphical reoresentation. The
construction of sketches using only a few
rules of graphics can be executed effectlvely
without artistic talent. For example, re-
presentation of acute angles (other than 45
angles) as either greater or less than 45
ags to distinguish clearly the sine from the
cosine when calculating compeonents is a useful
graphical technigque,

50

Very few students seem to lknow how to
represent a circular object, such as a wheel
on a shaft, or the end of a cylinder, in a
pictorial sketch. The right-angle relatiocn
hetween the shaft or cylinder axis, and the
major diameter of the ellipse, as shown in
Figure &, has not generally been taught. This
simple observation has a dramatic effect on
the portrayal of circular objects.

Fmohasis on sketching in mechanics and
other engineering courses has a much broader
effect on students' abilities than merely ex-
pediting the solution of problems assigned in
the course. Graphic facility serves as a
vital intellectual and c¢reative step in bring-
ing concepts and ideas into reality, as well
as a help in describing and understanding
existing and proposed ideas and concepts.
Sketchlno is a v1ta1 extension of an engineer's
mind.

Computer graphics is a rapidly expanding
area that. is usually introduced to eéengineering
students in machine design or ontimization
courses relatively late in their undergraduate
careers. The ability to visualize and represent
spatial objects using the nrinciples of des-
criptive geometry or vnictorial representation
can also be greatly strengthened through the
use of computer graphics. Two of the authors
have observed the effective use of an inter-
active graphics program and cathod-ray tube
display. All beginning graphics courses
could benefit by including this type of op-
portunity for students as it offers an effect-
ive way to develop their skills of spatial
vigualization.

Mathematical Analysis

Mathematics is probably the most import-
ant tocl of an engineer. Much of the mathema-
tical analysis used by engineers is graphical
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Figure 4 - GSome good free=hand sketches

or geometrical by orlgln The prlmary link
between most physical situations and their
resulting mathematical model is develovped
through the choice of an axis svstem. How
many students can choose an anpronriate axis
system where the choice rests orlmarWIV on
existing geometric convenience?

In using vector onerations such as the
cross-product representation of the moment of
a force about a poink, it is essential that
the student be able to visualize the spatial
geometry of the cross product in graphical
terms, as indicated in Figure 5. In mechanics,
the routine maninulation of symbols, such as
the determinant expansion for the eross product,
is devoid of meaning { and usefulness) when
the geometric significance of the overation is
not fully understood.

The geometric representation of vector
addition with a vector polygon reveals at a
glance the full significance of the vector
equation involved and brings to light the
meaning of each step in the solution. The
methed of solution could be trigonometric,
graphical, or vector algebraic; all three
sclutions have their place, and a good sketch
of the vector combination hrings all three
approaches into perspective. For example,
the solution of a typical relative acceler-
ation equation for plane motion might be
illustrated by the equation




£

Flgure 5 -~

Reprasentation of the geometry of the moment of a force about
a point and about a line

P=V, +V, +V, +0Q

1 =2 =3

vhere the Vs are known vectors and P and O
are known in direction only.. After the relat-
ionship is portrayed graphically as shown in
Figure 6, the advantage of summing components
normal to P or normal to  to avoid the nec-
essity of simultanecus equatlons can be fully
realized. A vector alﬂebralc golution, on

the other hand, will invariably lead to sim-
ultaneous equation for a problem of this kind.
Also, the choice of a trigometric or graphical
method of solution can be made easily.

V, Vi

Figure 6 - Example vector polygon for a plane motion problem

Frequently, when there are several ways
to develon a concept in spatial representation,
a graphical approach can bring out central
ideas in a simple and intuitive way. In
contrast, an algebriac, "grind-it-out"
although systematic, can often cause one to
lose sight of the point of the entire develop-
ment. In addition, algebraic mistakes are
common and often difficult to catch. This con-

approach,

trast is especially evident, for example, when
dealing with directional derivatives in spherical
coordinates. In this case the problem is to
find-

of 26 o6 oF 28 28 oF 28 24
or’or 'or ‘28’ 36 26’ 29’29 o0
in terms of #, &, @ and the unit vectors
7,8, ¢ shown ‘in Figure 7. Algebraically,
the easiest way 1s to express the unit vectors

, and in terms of the unit
vectors i, j and k,then differentiate and
re-express in terms of the spherical unit
vectors. Take é€5¢ as an example:

F=cosd cos@ i +cosdsin®) »sm ¢k
Qf;s;b¢ cose i -sindsinédvcosg k&
% 27 . 7

. =L

Figure 7 shows how this same result can be

obtained graphically with less complication
and more clarity.

80

Lim

AY 8¢ -}
Ap-+0 A <5 ®

Figure 7 - A directicnal derivative im spherical coordinates

Mechanics Instruction

There has been a trend te develop the-
symbolic and manipulative side of the theory
of mechanics without first develeoping adequa-
tely the physical and geometric understanding
of the problems. Without geometric under-
standing the symbolic and manipulative concevts
have little value, especially in the teaching
of elementary mechanics.

The identification of three-force
members in equilibrium problems, and the
associated concurrency noint, is greatly fac~
ilitated by a graphical nortraval of the sit-
uation. The concept of stability can be
easily defined and visualized using the fam-
iliar graphical representation of the potential
function where the total potential energy V
of a body is shown as gravitational potential
energy as in Figure §. Imnortant stability
characteristics can then be readily identified
by visualizing the moticn of a marble resting
on this "'potential surface.”
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Representation of a potential surface

Figure &8 -

The use of a rotating axis system and
the resulting Coriolis acceleration term is
often a major source of misunderstanding for
mechanics students. Differentiating a position
vector twice will give the correct expression
for acceleration but offers little help to the
student in understanding the physical signi-
ficance of the "2 wx u " term. Once a student
obtains a physical understanding of the Coriolis
term, then a wide variety of problems can be
handled analytically with accuracy and under-
standing. We suggest that the following
straight-forward graphical presentation is a
significant help in understanding what usually
is obtained by formal differentiation. The
straight rod in Figure 9 rotates about one end
with a constant angular velocity w relative
to the rod. By looking graphically at how
the velocity vector changes from time t to
time t + At one can see the two contributions
to the Corioclis term. This simple example
clearly shows how the Coriolis term comes from
the rotation of the path and position change
of the slider on the path. Once these ideas
are understood by students, then problems
with more geometric complexity can be handled
more successfully.

Graphics can be used to give one an
intuitive feeling for an analytic concept.
An example of such a concept is the product of
lnertia. Even without arriving at an exact
formulation, much can be learned from investi-
gating the magnituyde and sign of the product
cf inertia va =~fxy dm by examining simple

Vipar =(+ Ay + “/

Arw\ + rwae/-:- MA@\

+— at, take to limit

_4;—\’_=_@ =uw\+r-c..>"r/+ U
d= C :
o Coriolis term
6m+AVﬂ0) =) A
’ i
Figure 9 - The Coriolis problem

sketches, keeping the mathematical formulation
in mind. Consider the thin rod criented several
ways in Figure 10. Cases (a) and (b) are
prositive and the value of (b) is larger than (a).
Cases (¢) and (d) are zero and case (e)

has a negative value for T, These simple

raphical examples give a visual "feel" for
- &

what the orientation of the body implies
about the product of inertia.

Conclusion

If the purpose of mechanics instructicn
was merely to train students to solve existing
problems, there might be more justification
to center our efforts on the routine, mani-
pulative aspects of mechanlcs problems. However,
the objectives of instructors should extend
far beyond the routine solution of the existing

Concluded on page 63...

Figure 10 - Products of inertia
I)’-y }O Ixy ?O Ixy = O Ixy = O .Ix) < O
Y Y y HV
X X I —_ X X
(@) (b) (c? (d)
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WHO NEEDS GRAPHICS?

Karl A. Brenkard, Dean
School of Engineering
University of Mississippi

Before we consider the question of
engineering graphics, I would like to review
some history of engineering educaticn in
the United States. This history will consist
of five reports and some World War II exper-
ience. In 1920, the Wickenden report was
released. He set a goal for engineering ed-
ucation as professional educatlon. He rec-
cmmended post scholastic experience as a
cooperative effort between the schools of
engineering, industry, and professicnal engin-
eers. He really defined a rather narrow ed-
ucation. Having done this, he then turned
around and said we must have a broad education
by saying, "Engineering is not a sharply de-
fined professional field, but one of a wide
range of types and levels of activity which
should enlist a correspondingly wide variety
of indiwvidual talents. 1t needs the one-
talent, the five-talent, and the ten-talent-
man. The most obvious defect in our present
general scheme of engineering education is its
inflexibility, in that it affords little
alternative to the standardized four-year
program of our engineering colleges."

This was the beginning of the recognition
of the basic problem of engineering education -
whether to be a narrow, professicnal education,
or whether to be a broad, general education.

As a result of the Wickenden study, un-
fortunately, no coocrdinated nost scholastic
experiences were invorporated. Diversity
came to be all-inclusive: if an engineer
needed to know something about management,
add a course in management. As engineers
must work inside a social structure, add
social sciences and humanities - and this
went on and on.

As a result, the engineering courses
became very practical and engineers were
taking many hours which were at the expense
of hasic sciences and mathematics.

There were two Hammond reports, one in
1940, the other in 1944. Hammond leaned
toward more diversity. He sald, "Engineering
educators should not limit thelr aims to
preparing voung men for professicnal reg-
istration and practice.” Having established
a breadth of education, he then hedged by
saying, "Advanced training for the higher
technical levels should be included in the
general program of engineering education
but should not become its dominating aim."”

In 1944 he recommended increased emphasis

on basic science, humanities, and social
sciences. Again, instead of coming out

with a direct answer he vascillated by saying,
"To weaken the educational base of profess-
jonal study would, of course, defeat our
entire purpose."” Thus he gave us no sol-

ution to the problem of professional versus
general education.

By 1952 when the Grinter Report came
out, engineering education was in a turmoil.
We required anywhere from 10-15% more hours
than the other baccalaureate programs. The
report itself recommended a return to the
basic sciences with a definite commitment
to humanities and sccial scilences. In a
way it completely sidestepped the issue of
the professional education versus the general
education. Actually, it recommended a strong
bifurcated program in which scome of the
schools would be strongly science oriented
and some of the schools would be strongly
professionally oriented, But he made the
mistake of leaving the impression that the
schools such as MIT, Michigan, Cal Tech,
Wisconsin, Stanford, ete., would be highly
science oriented schools and somewhat less
well known schools would be professional
schools. As there were very few deans who
did net want to have a school as good as MIT,
almost evervbody went for the engineering
science program. So we ended up again with
no solution to the professional education
versus the broad general education mroblem.

The general result of this was an in-
crease in science and math and more human-
ities and socilal sclences. Thig was done by
reducing the content in professional engin-
eering and in design. Thus the traditional
ideas of a professional engineering school
were completely lost sight of.

In 1969 the ASEE Report of Goal of
Engineering Hducation, which I will call
the Walker Revort, recommended a pre~engin-
eering program for the general education and
a fifth yvear for the prefessional education.
To me this seems like a logical sclution to
the problem of general education versus pro-
fessional education. After all it is -the same
route that was taken by the well recognized
professions of law and medicine.

Unfortunately, very few schools were
willing to drop their four-year programs
for the first professional degree. This made
it very difficult for other scheools to go to
a five-year program. Consequently, today
we stand in the same position that we stood
in in 1920. We have no solution tc the
question of professional education versus
general education.

In the. Second World War there were many
innovations of science that were brought to
bear In the war effort. Innovations such as
radar, jet engines, and nuclear bombs.
Unfortunately, when it came to the engineering
of this eauipment, the engineers did not under-
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stand enough of the basic sclence to do the
job and so the main engineering was done by
physicists and chemists. This was one of the
reasons that the Grinter Report recommended
increasing basic sciences and math in the
engineering program.

Where are we today? We have the same
basic struggle between professional engineer-
ing and general englineering. The National
Society of Professional Engineers is trying
very hard to bring back the professional
concept to engineering education, but the
professional path has still not accepted the
pre-engineering-engineering five-year concept.
My perscnal opinion is that we have gone too
far toward general education andwe are not
educating our engineers in the professional
concepts of engineering.

With all this history, what should this
have to do with graphics? The role of the
engineer has changed - instead of working
on a drawing board turning out drawings
showing his design, the engineer has become
a general technical problem solver, with
technicians and computers doing the final
and detzil drawings. Today we are more con-
cerned with developing the mind of the engineer
and less with develoning his skills as a
machinist, draftsman, etc.

Does this mean that the engineer has no
need for graphies? The advancement of the
high speed computer certainly means that
the graphic sclutions are obsclete. However,
the engineer still must be able to communicate
his ideas to other engineers, to technicians,
and technologists. He must be able to read
drawings and he must be able to communicate
his ideas. Therefore, we must teach him how
to read and communicate via graphics. It
is the contention of the engineering scientists
(at least this one) that this can be done in
a one-semester course. We do not need to
teach him to be an artist, which is what we
tried to do in the 30's.

The demands of sclence, mathematics,
engineering science, humanities and social
science, and engineering design in the student’e
program are such that it is impossible to

',offer any graphics without deleting some course

that is more important. The continuing ex-
pangsion of knowledge will make this situation
worse not better. Therefore, I see not an
expansion of engineering graphics in the
engineering curriculum, but a continuing fight
to keep it from being eliminated altogether.

COMMENTARY_ON DEAN BRENKARD'S PRESENTATION

My disagreement {from the flcor on
4 January 1979) with Dean Brenkert's pos-
ition that one semester of spurious formal
instructicn is sufficient for an adequate
coverage of the rudiments of engineering
eraphics was not a wild shot from the hip,
fired to attract attention, but a carefully
aimed barb at all those in positions of
administrative authority who have a gross
misconception of what constitutes "func-
tional literacy” in this subject area, and
the time and effort required to develop
minimal competency in the beginning engineer-
ing student. Over the past thirty years,
I have had a close association with engineer-
ing graphics instruction to include teaching
in the classroom, writing instructional
material, and planning, organizing, and
supervising educational programs which in-
cluded engineering graphics. During this
time I have had the opportunity of and res-
ponsibility for monitoring the progress of
nearly thirty thousand first-year students
. of engineering graphics through programs
organized in a variety of time frames. T
cannot prove my subjective contenticn that
one semester {3 credits, six hours) is woe-
fully inadequate for developing a "function-
al literacy'" in engineering graphics, but T
have considerably more confidence in my
empirical judgment than in, what appears to
me to be,. a superficial and somewhat biased
opinion. ‘

T understand and appreclate the Dean's
(any Dean) responsibility for maintaining a
tight rein on subject matter specialists
who are constantly lobbying for more time
for their parochial interests. With a fixed
amount of time available, it 'must be care-
fully apportioned to favor the most essential

elements of the total program at the expense
of the merely desirable. And this is what
bothers me. Engineering Graphics, along

with mathematics, physies and chemistry,

is one of the four cornerstones upon which

a sound engineering education is based. To
construct a super-structure of sophisticated
academic courses on a foundation lacking or
weak in one or more of its major elements is
te seriously shertchange both the student

and the engineering profession. Tn recent
vears I have had some contact with young engin-
eers with graduate degrees from "nrestigious"
engineering schools who were in fact function-
ally illiterate in the graphic language, and
even worse, were blissfully unaware of that
ignorance until called upon to perform some
routine task which required a basic under-
standing of a set of engineering drawings.

I suggest that engineering administrators

put aside preconceived (and perhaps mistaken)
notions., Find out what is and should be in-
cluded in a present-day engineering graphics
program. Find out how an adequate oreparation
in graphics can significantly reduce some of
the learning difficulties in more advanced
courses. Find out what employers expect the
new engineering graduate to know and be able
to do. Find out what constitutes functional
literacy in engineering graphics, and how much
time is realistically needed to acauire the
rudimentary knowledge and basic skills. I
fear that, unless something is done soon to
rebuild this crucial cornerstone of engineering
education, the entire superstructure is in
danger of collapsing from its own weight.

William B. Rogers

Professor, Engineering Fundamentals

Virginia Polytechnic Institute and
State University

Blacksburg, Virginia
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from the

idyear conference...

THE TOTAL CONCEPT OF
GRAPHICS AND DESIGN
IN THE ENGINEERING CURRICULUM

Dr. Charles W.
Dames & Moore,

Newlin
Consulting Engineers

Graphics is an impertant part of the
engineering curriculum because it is a vital
communication process for engineers. Graphics
is to engineering as english composition and
grammar are to a novelist. An engineer often
thinks in terms of gravhics and visualizes
problems solutions graphically. Not only de
engineers communicate with one another through
graphics, but it is important for clear and
accurate communication with the public the
engineer serves,

I am associated with a large consulting
firm which specializes in environmental engin-
eering and earth sciences. Prior to assuming
my present pesition, I spent 25 years in civil
engineering education.®
the importance of graphics in engineering are
based on these experiences with practical
examples drawn from soil engineering projects.

Graphics is an integral part of design

and design is the key element that differentiates

the engineer from the sclentist. Designs are
visualized and presented graphically; thus,
an individual who has not developed a feeling
for graphics cannot function effectxvely as
an engineer, He or she must be able to vis-
ualize a problem in both two and three dimen-
sions. Let me give you an example. An earth
dam is normally analyzed for stability and

seepage by working with a typical cross-section

through the dam. This section may be properly
analyzed but if the third dimension of the dam
ig overlocked fallure could result from undet-
ected discontinulties at another cross-section
or in the abutments. An engineer experienced

in visualizing problems Iin three dimensions

is less likely to make a mistake in this type

of problem.

An ocutstanding session was held this
morning where various aspects of computer
graphics were discussed. It was pointed out

* Prof. & Head, Civil Engineering Dept.,
Arizona State University.

My comments to justify

that engineers now have the capability of
direct dialogue with computers by viewing
the graphical output and observing the res-
nonse that a structure would have to changes
in geometry or material properties. There
are those who have said that the emergence
of the computer has decreased the need for
training of engineers in graphics. What
could be farther from the truth? Computer
graphics is putting the emphasis back on

problem visualization where it belongs and

away from the drudgery of numerical compu-
tation. The really valuable engineer is
the person who uses computers as a tool ‘so
that efforts may be concentrated on vital
engineering decisions. Graphical displays -
produced by a computer are useless unless the
user éan interpret the significance of the
display. The advent of computer graphics
has simplified the engineer's work because
it eliminates the need to make the mental
conversion from numbers to graphics.

Another example drawn from recent soil
engineering experiences involved a subsurface
water pressure relief system from a dry dock.
The solution of the seepage equations for
such a problem can either be obtained from
a relatively sophisticated computer program
or can be gketched by hand. Both abproaches
could be used effectively but my practice
in this area is to never rely exclusively
on the computer solution even though the
results give greater precision. When the
flow net is sketched, the engineer geéts a
gut feeling for the problem and for how flow
would be altered if certain boundard condit-
ions or parameters are changed. In addition,
incorrect computer output may be easily de-
tected. Freehand sketched flow nets are a
graphical solution of seepage vroblems that
are a valuable ald in the visuallzation of
a physical phenomencem. Often seepage Dro-
blems are so complex that it is impossible
te sketch a flow net; however, soil engineers
generally will visualize the solution of such
problems in terms of a flow net even though
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they never put pencil to paper. The dry
dock problem was solved scolely by the ap-
plication of flow nets -- a necessity in
this case because the work was conducted in
a remcte location where there was no access
to computers.

If an engineering problem isn't describ-
ed graphically, it must be described either
verbally or mathematically. To overemphasize
any one approach is a mistake. For example,

I am concerned about the trend toward math-
ematical deseriptions at the expense of graph-
icg in engineering education. There are

these mechanics teachers who feel that there
is no need to draw a freebody diagram because
they feel that statics problems are adequately
described by the equations of statics. Others
do not teach Mohr's circle because the state
of stress at a point can be described math~
ematically. My experience, like many others,
is that if I can sketch the freebody diagram,
I have the problem solved; also, there is no
need to remember the equations for the two
dimensional state of stress at a point because
they can be obtained directly from the graph-
ical representation.

Why has there been z reduction in the
graphics content of the engineering curricula
in receént years? In my opinion, the answer
to this question can be obtained by locking
at what has happened to design in the engin-
eering curricula since graphics is an integral
part of design. In my opinion, there were two
major factors involved: (1) Sputnik, and (2)
the increasing bureaucracy in educational in-
stitutions. The reaction of engineering ed-
ucation to Sputnik is well-known. The math-
ematical and scientific content of programs
was increased without increasing the number
of credit hours for gradwation. As a result,
traditional engineering courses had to be
eliminated. Design courses were some of the
first to go. Scientifically oriented faculty
members were in demend and the number of
scientists on engineering faculties increased.
Federally sponsored research hecame a major
controlling factor in the financial planning
of schools. Scientific research was the
carrot held before young faculty members so
it was a natural reaction that their interests
should move away from design even though they
might have been trained by design oriented
faculty.

As universities became more bureaucratic,
decisions on salaries and promotions were
taken away from the Department Chairman and
placed in the hands of committees. With the
decision making remote from the individual,
decisions were based on criteria that could
be documented. Does he have a PhD? How many
papers has he published? How many research
dollars has he brought to the university? 1In
such an environment, the new faculty members
that were hired were young PhDs without prac-
tical experience who were interested in
scientific research.

We are now in the third or fourth gen-
eration of faculty whose primary interest is
geientific research. The PhD remains a
requirement for new faculty and these faculty
have been brought up in an environment where
the design philosophy was deemphasized. At
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the graduate level, we have FhDs training
PhDs to train other PhDs. I do not wish to

dmply that doctoral degrees and research are

not a vital part of the engineering education
system. Instead, it is my opinion that the
educational pendulum has swung too far in

the direction of mathematics and science and
objectives could be better achieved hy bring-
ing it back nearer dead center.

In conclusion, T would like to cite a
fact of 1life that is central in the operation
of 2 consulting firm, We deal directly with
the public and our only product is written
Teports.
engineers who attest to the validity and form
of the reports. 8ince the document consists
in large part of graphical representations,
how can an engineer fulfill his cobligation to
the public without having a firm foundation
in graphies? :

COMMENTARY ON DR. MEWLIN'S PRESENTATION

Charles Newlin pretty much hit the nail
directly on the head with his presentation
at the Division's Annual Mid-Winter Conference
at Mississippi State. 'Tis a pity that those
of us in attendance at the meeting and readers
of the Engineering Design Graphics Journal are
the only ones who are exvosed to his theme -
and most of us don't really need the reminder!

Perhaps the most interesting, and no
doubt most controversial, segment of his
remarks addresses the recent evolution of
engineering education. Having denarted a
distinguished career in engineering education
to devote full energies to the practice of
engineering, Dr. Newlin is in an excellent
position to assess the impact of recent trends.
Research and subsequent publicatlions have
become the Hely Grail to be sought after at
any cost. It is the life blood of the faculty,
without which tenure and promotion cannot ex-
ist. The teaching (or what passes for teach-
ing) of undergraduates has become a method-
olegy to spawn future graduate students for
more research and still more publications.
Does it really matter that the huge majority
of these same undergraduates will not go on
to graduate school but must go forth to engin-
eering practice with only a baccalaureate
degree? Wouldn't it be great if government,
the source of most of our research funds,
were to emphasize the practical application
of current knowledge to the soluticn of pro-
blems by approving significant funds tc sup-
port and improve undergraduate teaching?

You mayv have recognized a widely accepted
definition of engineering in the previous
sentence,

Thanks for your message, Charlie Newlin.

W. George Devens, P.E.

Professor, Engineering Fundamentals

Virginia Pelytechnic Institute and
State University

These reports are signed by registered




from the

A METRIC AMERICA:

idyear
conference...

Klaus E. Kroner
University of Massachusetts

WHY HAVEN'T WE
GOTTEN THERE SOONER?

Although metrication is making good
progress in some ieclated sectors of our
society, the effort for the U.S. as a
wheole is dragging along at an incredibly
slow pace. It is the purpose here to
identify some of the reasons for this
situation and to suggest that we, as
individuals, need not wait for govern-
ment guidance or edicts in order to
contribute our share to this national
goal.

Hans J. Milton, who is active in the
official metric conversion effort in
Australia, gave a talk at the June 1978
Annual Conference of A.S.E.E. in
Vancouver, in which he correctly pin-
pointed some basic causes for the slow
progress towards conwversicn. He stated:

"It has been said that the greatest
obstacle to metrication is lack of
awareness of people, Or ignorance.
The 'natural resistance to change',
that is so common to all people, is
readily exploited by a few anti-
metric commentators and leaders who
feel that they are preserving heri-
tage and traditions when they oppose
change. In general, the anti-metric
group seems to be poorly informed
on the concepts that underlie
measurement, whether it be in metric
units or in customary units. Their
predictions of costs and problems
are wild and extravagant guesses,
but not factual. Some groups have
adopted a 'future--not present'
approach, designed to postpone
metrication out of reach of the
immediate time frame”.

One might add to the causes which he
mentions, the lack-luster and foot-
dragging attitude of the Congress as
well as anti-metric stances taken by
certain government agencies, as shall be
illustrated later.

Without reviewing the relatively long
history of earlier attempts to encourage
the U.8. to adopt the metric system as
its predominant system of measurements,
let it be noted that in 1968 the Metric
Study Act led to the formulation of a
federal report published in 1971 entitled
"A Metric America, A decision Whose Time
Has Come". Tour years later this was fol-
lowed in Congress by the passing of Public
Law 94-168--the Metric Conversion Act of
1975--and the eventual appointment of the
U.8, Metric Beoard in 1968, as had been
called for in the '75 legislation.

It is useful at this point to briefly
review the eight major recommendations of
the above mentioned report of 1971 and
note any progress made for each of them.
The recommendations were as follows:

1. "The United States should change
to the international metric system
deliberately and carefully through
a coordinated national program".
--This suggestion has not yet been
carried out as we have no coordi-
nated national program as of this
date.

2. "The Congress should establish a
central coordinating body to guide
the change",

--The U.8, Metric Board was final-
ly appointed for this purpcse in
1978.

3. '"Detailled conversion plans and
timetables should be worked out
by the sectors themselves within
this framework".
~-Thus far conly some individual
corporations and a few federal
agencies have developed such plans.
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4, T"Early priority should be given to
educating school-children and the
public at large. fo think in metric
terms."”

--Considerable progress is being
made in many states towards educa-
ting the children, but metric
training for the adult population
is woefully lacking.

5. "Irmediate steps should be taken
by the Congress to foster U.S.
participation in internmational
standards activities."

——What limited participation has
taken place and has been encour-
aged by industry trade groups
rather than Congress.

6. "Any conversion costs should lie
where they fall".

~=This has been widely accepted as

an appropriate policy, although
these potential costs have often .
been greatly exaggerated.

7. "The Congress shculd establish a
L0-year time frame for the United
States to become predominantly
metric™. Y
--The Act of 1975 did not mention
a time frame at-all.

8. "There should be a firm government
commitment to convert".
--With the possible exception of
the N.B.S., there are presently
few commitments by government
agencies. Where specific conver-
sion plans had been anncunced,
some of them have been retracted
(Fed. H'way Adm.) or delayed
(Hat. Weather Serv.).

While looking for other examples of
obstacles to a deliberate and speedy con-
version to metric, along came a Report To
The Congress by the Comptroller General
0of the U.S8. General Accounting Office in
October 1978 entitled "Getting A Better
Understanding of the Metric System--
Implications If Adopted by the United
States". This 39 mm thick document and
its companion Executive Summary are de-
signed to cast doubt on the wisdom to
change, and twist certain events or mis-
interpret other writings so that the
reader 1s bound to arrive at erroneous
conclusions. Even the title implies ‘that
the metric system may not be adopted,
and a statement on the cover includes

the sentence: "Whether the Wation's
measurement system should be changed is
a guestion still unresolved". This is in

direct contrast to the intent of the
Metric Conversion Act of 1975 in which
Sec. 3 it specifically states that:
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"Tt is therefore declared that the
policy of the United States shall
be to coordinate and plan the in-
creasing use of the metric system
in the United States and to estab-
lish a United States Metric Board
to coordinate the voluntary con-
version to the metric system.”

In Sec. 6 we find that:

"It shall be the function of the
Board to devise and carry out a
broad program of planning, Coor-
dination, and public education,
consistent with other national
policy and interests, with the

aim of implementing the policy set
forth in this Act".

It is quite clear from the language in
the Act that it was indeed the intent of
Congress in 1975 to encourage the speedy

" and coordinated change to the metric
system and provided for_the means of

accomplishing this--namely the procedure
for establishing the U.3. Metric Board.
Yet,  the authors of the Report conclude:
Teea.. it is pot the current United States
policy to convert from the present
customary system to the metric system."
The GAO Report cited a case of unfair
trade practices in conhection with the
changeover; specificdlly, hidden price
increases of distillery products as the
industry changed to metric size bottles.
This is the only instance documented,
yet the tone ¢f the narration implied
hat price gouglng was wide-spread and to
be blamed on the changeover to metric.
Many observations in the Report,
however, were falrly recorded To guote
a couple of these: .

"A majority (60 percent) of the
largest U.S. industrial businesses—-—
the Fortune 500--who responded to
GAO's guesticnnaire believed con-
version would facilitate trade....”
"General Motors has found that as
more experience is gdined in metri-
cation, conversion cost estimates
decrease. For example, General
Motors estimated in 1978 that its
metrication costs will range only
between 3 and 4 percent of its
original estimate made in 1966,

Both state and sducational agencies
and engineering education' received good
marks in the GAO document. Among other
statistics, the target dates for pre-
dominantly metric instruction in 23
states were listed, with. thirteen of
them scheduled for 1980. The American
Socciety for Engineering Education, and
particularly it's Metrication Coordina-
ting Committee, were cited as having
come out strongly in encouraglng metric
instruction in engineering schools.



However, some professors which were
interviewed by the GAC warned that
", ..national conversion will be slow
because many of the decisions which will
influence its progress will be made by
these who have not been given sufficient
reasons to change" and "the beauty and
logic of the system is not enough to sell
it. We need national commitment and
marketing people to promote it." It
would appear that the authors of the GAO
Report are examnples of what is alluded
to in the first of these two quotes. Per-
haps they were influenced by the positions
taken by labor and small business—--two
sectors who have never given their whole-
hearted support to the metrication effort.
The second guote would indicate a need
for the U.S8. Metric Board to engage top-
notch public relations firms to promote
acceptance and conversion among the
general public. The argument expressed
in the GAC Report that the Board must
refrain from favoring one measurement
system over another is just not accept-
able. Why have a coordinating body at
all, if it is not allowed to pursue its
change vigorcusly and be free from such
unrealistic hurdles. Thus, the GAOQ
Report states many facts, though not all,
gquite correctly; but the conclusions,
especially as stated in the Executive
Summary, are not valid reflections of
those facts and give a distinctly nega-
tive impression about the entire metri~
cation effort. What is particularly
distubing about all of this is the fact
that most potential readers will study
only the Executive Summary and give
relatively little attention to the main
report which contains a more appropriate
assessment of the entire matter (if only
the cover could bhe ignored).

Turning to a different subject, a
recent issue of the Metric Monitor
{published by the Metric Commission,
Canada) showed that public opinion toward
metric conversion grew increasingly in
favor of it during the metrication pro-
cess both in Canada and Australia. 1In
both countries the governments provided
effective leadership and worked under a
gspecific time frame to accomplish rela-
tively smooth transitions.

Small group or even individual efforts
can often result in the initiation of
metrication withcocut awaiting government
edicts or guidelines. Already in the
early 70's metric speed limit signs went
up beside their customary counterparts in
the city of Huntsvilie, Alabama, due in
part to the presence of large numbers of
scientists who had long been familiar
with metri¢ measurements. Another exam-
ple is the erection of directional road
signs on a college campus (Univ. of
Massachusetts) expressing the distances
in kilometers as well as miles, and the
indication of wall lengths in meters on
the walls of selected classrooms. These
projects were the direct results of a
self-appointed faculty metric committee.

The author recently used the occasion
of a real estate transaction to have the
surveyor draw the plot plan with a
metric scale, metric contour lines, and
the lengths of the preperty lines ex-
pressed in meters., The surveyor was
most happy to oblige after ascertaining
that a plot plan drawn to metric units
was a perfectly legal document in the
affected government jurisdiction. Most
such professicnals are well acquainted
with the metric measurements and are
pleased to use bhoth.

In summary, it can be said that this
country cculd and should be making much
more progress toward becoming predomi-
nantly metric. Certain agencies and
sectors of cur economy can be identified
which are deliberately sabotaging the
road to a smooth transition. This resis-
tance and delay 1s truly not in the bhest
interegts of U.S. trade, domestic or
foreigh. Better progress will result
from intensified educational and train-
ing programs as well as by individual
efforts to help the public to understand
and properly use SI. It is the hopes
that this country will not much longer be
that foreign island in a metric world:

This article is based on a talk presented
by the author at the Mid-Winter Confer-
ence of the Engineering Design Graphics
Division ¢f A.5.E.E. at Mississippi

State University, January 4, 1979.
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from the midyear conference...

Edward V. Mochel
University of Virginia

" GOING SI”

2000 ——

7 TODAY

METRIC CONVERSION ACT

REPORT

MILLER-PELL BILL The title of this paper started as

$ 1 "Where Are We Going,'" but since I believe
we are ''Going SI," the paper will concern
itself with two related questions. They
are, ..

- (1) how fast are we going?
{2) what path will we follow?

To establish a perspective on where we
are going, at what rate and by what path,
- Figure 1 shows a time scale with some met-
rication events on it. The first dot at
_ the bottom of Figure 1 shows the date of
1790 when Secretary of State, Thomas Jef-
ferson, recommended to Congress a system
similar to the French system using decimal
arithmetic throughout. Congress ignored
- this recommendation.

1900 —

In 1817 John Quiney Adams, alse Sec-
° INT. BUREAU OF WEIGHTS retary of State, began a four year study
& MEASURES - PARIS recommending the metric system. This
study was also ignored upon completion.

i In 1875 at the International Metric
Convention in Paris, 15 nations established
a permanent bureau, still in existence, to
handle all international matters concerning
the metric system.

Those who aittended the Midyear Conference
will immediately realize that this material
® J.0. ADAMS is similar to a Paper given at Starkville,
Mississippi on January 4, 1979, Ed is an
entertaining speaker and provided this
wealth of information in a most enjoyable
1800 — way. You will find the paper good reading.
The question that cccurred to me then occurred
to me again here: Are some faculty members
really half - ST'd?

Paul 5. Delong

Figure 1. Chronclogical display Editor
of Metric Events Affecting the U.S.

1

& T. JEFFERSON
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Figure 2. State Educational Systems Policy Toward SI in 1976.

In 1260 this group, the General Conference
on Weights and Measures, formally titled the
system "International System of Units™ abbrev-
igted as "SI'". The United States was one of
the 36 nations participating in this move.

In 1968 Congressman Miller and Senator
Pell put a bill through Congress directing
the Secretary of Commerce to investigate
costs, procedures, implementation of metri-
cation.

The report of this study came out in
1971 titled "A Metric America, A Decision
Whose Time Has Come".

In 1975 the Metric Conversion Act
was passed by Congress which involves an
approximate ten year changeover period. We
are about one-third of the way through this
period. :

The vertiecal bar in Figure 1 represents
this ten year span. The 1975 Act provides:

(1) voluntary changecver.

{(2) costs lie where they fall - no
subsidies.

(3) ten vear period (estimated)

(4) establish a U.S. Metric Conver-
sion Board.

This concludes establishing where we
are historically with respect to SI in the
United States.

Now I will attempt to depict what the
picture of metrication is at present for
educators, or what math we can follow.

The results of a recent surveyl reported
in the Journal of Engineering Education
show that

11 states require metric education in
publie schools,

28 states encourage metric education
in publiec schools, and

11 states have no provision or did
not respond to the questionnaire.

This information is shown in Figure 2. This
means that students will be coming to college
already familiar with SI and will expect to
continue using these units.

Another article? in the !Journal of
Engineering Education by Paul Berrett, past
chalrman of ASEE’s Metric Coordinating Com-
mittee contained the following recommendations
for engineering educators:

(1) Although textbooks in SI‘'are not avail-
able in all subjects, departments should
convert data in the textbook problems to
SI and require students to solve the pro-
blems using SI rather than convert the
answer . ce :

(2) At least half of all examinations or
quizzes should be in ST as a start.

{3) A changeover of laboratory equinment
to SI should be planned, 'both modifying
0ld equipment and nurchasing new.

(4) 1t is of the utmost Importance that the
changeover be to SI and not to some
garbled metric system.

{5) Require that each student and faculty
member have a copy of ASTM E 380-76.
This is available from the American
National Standards Institute as
Z 210.1 for $4.00 per copy.

() People must be told that this is not
a Eurcpean system, or the old metric
system, but that it is a new system,
barely 18 years old.

(7> The coherence of SI must be stressed.
The new units and the system of writing
them must be stressed. The units which
have been eliminated must not be used.

{8) Departments should conduét seminars on
31 for both students and staff. SI
should be presented by film or slides

J.E.E. April 1977, page 674.
J.E.E. April 1977, pages 672-3.

o =
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LECTURE HOMEWORK QUIZZES,

EXAMPLES PROBLEMS £ XAMS TEXTBOOKS

60

)
n"d

a0 EREBEENRE
L)
a8 n'-'nn-'n.alln

RESEARCH PUBLICATIONS
PRGPOSALS

ALL sI

HALF SI
L Jws
Figure 3. Results of a Faculty Survevy at University of Virginia in 1977.
Table 1. ' Almost AL1/A11  About Ealf  Very Little
S I Units 5 I S I
Used in lecture examnle in courses 32 36 31
Used in homework problems 29 39 31
Used in quizzes, exams 37 30 33
Used in present textbooks:

for Fall 1977 27 33 40
for Spring 1978 23 33 43
Used in research proposals 48 21 31
Used in publications in last year 34 24 23
YES NO

Have copy of ASTM "Standard Metric
Practice" 1976 50 50
Use this for reference 45 55
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to the whole engineering faculty at

a scheduled faculty meeting, as well

as to students. Posters can be made

up for placement through schocls to
advertise SI. Making up postetrs, comic
or seriocus, could be projects for pledges
to the honorarv socileties.

(9) Be sure to proceed with reason, in a
spirit of helpfulness, and not to be
too critical of the mistakes of others.

Gene Mechtly of the University of I11-
inois, Chairman of the Metrication Coordin-
ating Committee of ASEE, listed the follow-
ing timetable for SI in engineering courses
in a2 recent memo:

MGSTLY ST AT PRESENT

Staties, Dynamics
Fluid Mechanics
Thermodynamics
Heat Transfer
Design Graphics

1579 Strength of Materizls
Machine Design

1980 Structures
1983 Concrete Design
1984 Construction Design

This past year I circulated a question-
naire among the engineering faculty at the
University of Virginia. The questionnaire
was an attempt to find out how the faculty
was progressing in changing to SI units,
Eighty of the 120 faculty memhers returned
the gquestionnaire, and the results are shown
in Takle 1; all values are percentages. The
same data are shown in Figure 3.

The November 1978 issue of Journal of
Engineering Educaticn had ‘a questionnaire on
page 164 on SI units entitled "Checking
Your SIQ" by George F. Hauck, University of

Missouri. I took fthe questionnaire and asked
five other members in my department to take
it. The results were a range of 427 - 68%
correct with a 52% median and 547 average.
Thus, we answered a little better than half
correctly. After this poor showing, I tried
to analyze the common errors, and summarize
what knowledge was lacking. I recommend

the following:

(1) Obtain a good reliable, recent source,
such as ASTM E 380-76.

(2) Learn the seven basic units names and
symbols.

(3) Learn the names and symbois for the
derived units you use in your work.

(4) Memorize some rules of punctuation.
For example, don't use capital letters
for a name {(meter) or symbol (m) unless
the name is a proper name (Celsius),
symbol (C). Don't use a period after
a symbel.

(5) Learn the prefixes which serve as multi-
pliers. F'xau'n,ples prefix (kilo),
symbol (k), multlpljcatlon factor (IO ),
.example: Kilometer, symbol (km).

6y Try to think in terms of SI units in
-~ your dailly life.  Learn your height,
Z weilght, etec. in ST units.

- If you are willing to invest a couple
of hours time and have an open mind, con-
version to SI will be a relatively easy
experience. I suggest you test your SIQ,
and this will help you diagnose what areas
you need to study.

The calligraphy on page 31 is
another example of the fine work of
Gretchen Weber, Iowa State University.

copyright & 1979 Gretchen Weber
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Sponsored by the
ENGINEERING DESIGN GRAPHICS DIVISION, ASEE
on its 50th Anniversary

LIBRARY OF CONGRESS CATALOG CARD NUMBER 78-68611 PRICE: $15.00

The International Conference on Descriptivé organized in chronological order as they were
Geometry was held June 14-18, 1978, in Vancouver, presented so that the reader may experience the
B. C., Canada. The conference, sponsored by the. Conference just as it happened. Hundreds of photo-
Engineering Design Graphics Division of ASEE, pro- graphs and figures are included to illustrate the
vided the opportunity for gecmetrists all over the text material. The name and address as well as a
world to convene, exchange ideas and discuss new photograph and biographical sketch of esach author
developments and applications of descriptive are Included with each paper. TIn addition, an
geometry. alphabetical listing of all attendees with their

addresses is included in the Appendix,
Histeorically, the Gonferencé commemcrated the

- . . . et
Engl?egrlng.Deslgn Graphics DIYIS}on 5 ?Oth Year of ORDER YOUR COPY(S) NOW
providing significant leadership in engineering
education. There were a total of 115 registrants Whether or not you attended the Tntarmational
and 53 spouses and guests who convened from 11 S X

fri 6 C a3 . d 30 stat Conference on Descriptive Geometry, certainly vou
COURLTLEs, Anadilan provinces an states, will want to purchase a copy of the PROCEEDINGS.

1td i i ati 2Te. . . . .
resulting in a truly international atwmosphere Anyone teaching or doing research in the field of

. , . Fngineering CGraphics will find the PROCEEDINGS a
Taking almost 4 years from idea to reality, "
? most complete and up-to-date summary of the "state
the Conference was perhaps the largest undertaking "oy i
s ) X N L. S of the art'" in descriptive geometry, computer
of the Engineering Design Graphics Division in its

. L o, rraphics, and medular Instruction in graphics.
long history. According to participants, the grap ’ grap

Conferencelwas mo§t.§uccessful and %gft attendees To order vour copy simply complete the order

eager to plan a similar cenference in the near form below and mail with your check for the proper

future,

- amount to:
The PROCEEDIKGS are a complete and permaneht carland K. Hilliard. Editor

document of the International Conference on . Proceedinés‘ - :

Descriptive Geometry. Ttfs 196 pages include the 239 Riddick-Hall

complete papers of 41 authors of worldwide esteem North Carolina State University

who participated in the Conference. TFapers are Raleigh, North Carolina 27650

L
f— — —— — — — PLEASE PRINT OR TYPE = — m— —— o o o e e e e e e e e e e e e — — — —

FOREIGN ORDERS PLEASE NOTE!

NAME

ADDRESS Foreign orders will be meiled Air Mail., To
cover the cost of postage, please add $2.00 Tor
ecach copy ordered. Also, please gend a check Tor
the fu:1l amcunt made out te be drawn from a United
States bank in US dollars.

Please send me coples of the PROCEEDINGS: R

INTERNATIONAL, CONFERENCE ON DESCRIPTIVE GEOMETRY at MAKE ALL CHECKS PAYABLE TO:

$15.00 each. A check for is enclosed. Engineering Design Graphics Journal
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v 1979 ANNUAL CONFERENCE

Again in 1979 the Engineering Design
Graphics Division has planned a busy and
interesting series of events for ASEE mem-
bers and guests during the Annual Meeting
at Louisiana State University June 25-28.

Let us look briefly at the program highlights
to help vou plan your schedule for the
conference. See the accompanying timetable
for dav and time of each event.

TECHNICAL SESSIONS

EVENT 1648 - The technical sessions kick off
with a distinguished panel dis-
cussing administrative structures
for freshman engineering programs.
This session, moderated by Larry
Northup from Towa State, should
provide a wealth of information
in an area that is receiving a
great deal of attention at this
time. A portion of the session
is reserved for audience comments
and questions.

EVENT 2552 - Frank Jankowski from Wright State
moderates a session on human fac-
tors in engineering design. This
session has been a part of EDG's
program for several years and is
highlighted by spedkers from in-
dustry. See page 34 for more
information.

EVENT 2645 - Mary Jasper from Mississippi State
has put together a [ine program.
on freshman vear design, a tonic
that has been missing from our
program recently. You will learn
directions of design in the first
vear.

EVENT 3238 - Some of the latest developments
in teaching engineering graphics
will be presented in this session
moderated by Amogene Devaney. A
lot of successful innovations in
teaching never become known. Here
is a great chance to learn directly
from the innovators.

EVENT 3544 - Francis Mosillo, University of
Illincis - Chicago Circle, pre-
sents another program on the pop-
ular subject of computer graphics.
His speakers will report on recent
developments in computer graphics
education.

EVENT 3634 - This is a new topical area for
EDG programs - Computer Program-
ing for Undergraduate Engineers.
Blaine Butler, Purdue University,
has assembled a fine groun of
speakers, including two from in-
dustry, for this session on what
should constitute the first com-
puting course for engineers as
well as uses of programming tech-
niques by undergraduate and be-
ginning practicing engineers.
This should be a very informative
nrogram.
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PREVIEW

CO-SPONSORED EVENTS

Three events of interest to EDG Division
members are being co-sponsored. If your busy
schedule will allow, plan to take in one or
more of these.

EVENT 1827 - Rap Session on Creatdvity spon-
sored by Engineering Design Com-
mittee,

EVENT 2293 - Metric Standards sponsored by
Metrication Coordinating Com-
mittee and moderated by Ed
Mochel.

EVENT 2559 - CAD/CAM in Engineering Technclogy
sponsored by Engineering Tech-
nology Division.

CREATIVE DESIGN DISPLAY

Be. sure to leck for the room with the
Design Display which will be open Monday
afternoon to Wednesday nocon. See the design
nrojects submitted from all levels of engin-
eering students in the keen competition feor
Lirst place. The EDG Design Committee has
put Torth a great deal of effort inm securing
a distinguished group of judges and providing
the format for our students to present their
projects.

BUSINESS AND MEAL EVENTS

To conduct the business of the EDG
Division, several combined meal and business
sessions are scheduled. If you are new to
the Division, you can best become zacguainted
by attending the Annual Awards Dinner (EVENT
2734) and the Business Luncheon (EVENT 3434).

EVENT 1144 ~ Buslness meeting for Design
Committee and Creative Design
Digplay judges (closed).

EVENT 1738 - EDG Division Executive Committee
(closed) .

EVENT 2734 - The Annual Awards Dinmer. Meet
and greet old and new friends
and join in the fun and fellow-
ship (and some business) of the
EDG Dilvision's highlight occasion
of the year.

EVENT 3434 - Annual Business Meeting and
Luncheon. The business act-
ivities of the past year and
upcoming year are presented
in an informal atmosphere.

As vou plan your 'Southern Vacation"
this vear to Louisiana State, comsider
attending as many of the Division events
as vou can. Your support by attendance
will help insure more Line programs in the
future.
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EDGD to SPONSOR ANNUAL CONFERENCE SESSTON 0
HUMAN FACTORS ENGINEERING AND COST PARAMETERS
IN ENGINEERING DESIGN

EVENT 2553

Many engineering programs focus on equip-
ment performance as the most important design
parameter. That approach may have been sat-
isfactory in the previous decade. However,
with the ever-increasing operational and sup-
port (0 & 8} costs, it has become imperative
that these costs be considered at the earliest
stages of gsystem design. Human resource
factors account for the majority of the 0&S8
cost so 1t is necessary to bring these factors
to bear early 'In the design process. These
human resource factors are: personnel, man-
power, training, and other sunport rescurces.

Much work has been done to develop a
comprehensive approach to achieve the above
objective. Although the process apvnlication
is somewhat involved, the concept is straight-
forward. The first speaker, Dr. Andrew J.
Czuchry, will highlight the main features
of the process with a simplified examnle.
Material will be provided thsgt could be
utilized in the classroom to illustrate how
0&S costs can be reduced when human rescurces
considerations are utilized to influence en-
gineering design decisions.

The second speaker, Donald Phelps, of
NCR, will discuss and illustrate how human
factors and operational and support costs
are important to industry and must he factor-
ed into engineering design.

Finally, Dr. Jchn Xreifeld:t of Tufts
University will discuss the imnlications for
engineering education. His thesis is that
engineers, both new graduates and theose con-
tinuing their education, will be more effect-
ive if they have an appreciation and under-
standing of how human resdurce considerations
can be utilized to influence engineering de-
sign decisions.

This Session will be held on Tuesday,
June 26, 1:45 -~ 3:00, See the Conference
Program for location. '

Purdue University, Vest Lafayette,
Indiana, has available two faculty positions
at the instructor or asslstant professor
level in the Engineering Graphics area of
the School wf Engineering, for appointment
beginning August 1979. The M3 degree in
engineering or a closely related area is
required. Candidates with the following
qualifications will be given nreference:
Industrial experience or related teaching
experience and active participation in
appropriate technical societies; the ability
to coordinate beginning drafting courses
with different discipline objectives;
and the ability to work with students,

- Jobs

BIOGRAPHICAL SKETCH

Dr. Czuchry received his PhD in Elec-
trical Engineering from the University of
Connecticut in 1968. He ie a member of
the senior staff and is currently serving
as Director, Advanced Systems for Dynawics
Research Corporation. Dr. Czuchry develop-
ed a total systems approach for solving a
broad spectrum of logistics and human ve-
scurce problems. This approach nprovides
a methodology for influencing engineering
design decisions based upon total system
support requirements. He has been a2 major
contribufor on more than 20 military and
c¢ivil programs. He has 15 publications
and mere than 25 Government technical re-
ports. He received the USAF Systems Com~
mand Technical Achievement Award in 1973.

BATON ROUGE!

faculty, and administrators in a broad
academiec environment. Applicants should
have interest to advance. in more than one
of the following areas: revresentations
by computer aided drafting, numerically
contrelled manufacturing, electrical and
electronic design, construction systems,
photo and mapping, or industrial illus-
tration. Send resume and references

te Professor K. FE. Botkin, MGL 103,
Purdue University, West Lafayette,

IN 47807, before 1 June 1979, Salary
dependent upon qualifications. Purdue
University is an Egqual Opportunity/
Affirmative Action employer.
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IMPACT OF
OVERLAY TRANSPARENCIES

IN

ENGINEERING GRAPHICS
INSTRUCTION

Dr. R. Meenakshi Sundaram
Tracy B. Nabers

01ld Dominion University
Norfolk, Virginia

INTRODUCTION

During the past two decades englneer-
ing faculty all over the country have been
under immense pressure to reduce the total
number of semester hours of study and to
include new technological developments in
the curriculum at the same time. This has
resulted in a drastic reduction in number
of credit hours for application type courses
such as Engineering Graphics. It is a mat-
ter of record that in most engineering
schools, Engineering Graphics courses have
suffered a loss of six semester hours --
from nine semester hours to three. Although
the fresh engineering graduste is generally
no longer expected to work on the drawing
board he or she is often expected to possess
the engineering graphics skills as a design
and communication tool. For some time the
engineering graphics faculty have been con-
cerned about the development of this skill
in the engineering students. Frankly, the
current level of skills developed during a
one-semester engineering graphics course
does not seem to be adequate for the job
demands of a mechanical design engineer.

The dilemma: How to develop the required
knowledge and skill within one semester?
Two solutions seem to surface. They are:
(a) use of educational technologies in
instruction; and (b} use of self-paced
instruction coupled with brief classroom
instruction. This research study is con-
cerned with the use of transparencies -

& tool of educational technology - as
potentially effective and efficient instruc-
tional media in Engineering Graphics
education.

Basically, the experimental design of the
study was the presentation of a series of very
well-planmed and organized presentations making
use of lecture and blackboard sketches and
a second series utilizing commercially avail-
able transparencies with well-planned and com-
pletely integrated lectures. Subjective ob-
servatlons were made by the instructor con-
cerning the speed, ease of coverage, and vol-
ume of material covered by both the methods.
Students were also required to evaluate both
methods of instrueticon. Evaluations of the
two methods have also been made by using stat-
istical and other approaches.

Statement of the Problem and Litersture Survey:

It has been disturbing to note that a
third of the students enrolled for the Engin-
eering Graphicsé course either dropped out or
failed the course for the past several years..
This trend in our school need not necessarily
represent the national trend. There are
several possible causes that attrlibuted to
this dismal attrition rate. Some of the pos-
sible problems are:

(a) Our need to cover too much material in
too short a time.

(b} Many students have inadecuate abilities
to visualize and form z mental picture.

(e) Lack of interest in the subject.

(d) Lack of aptitude to work on the drawing'
board.
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{e) Many teachers of engineering graphics
¥
are not highly skilled in executing
sketches rapidly and accurately.

(f) Inability te relate the importance of
thig course to the practice of engin-
eering.

{g) Inability or lack of interest by many
students in putting in the great zmount
of time required for this course at
home .

Application of educational technology
to non-engineering courses seems to have
proven very successful. If the number of
educational articles being published and
the educational technolegy equipment and
instructionzl material being advertised is
any measure, then the recent growth of such
educational methods must be phenomenal. In
this research project, the investigators
made use of commercially-available trans-
parencies. Upon purchase, they were inte-
srated into the lectures. A series of
lectures alternating blaekboard presenta-
tions with transparency presentations were
made in an effort to evaluate the impact of
transparencies. This evaluation of effec-
tiveness was done using several different
approaches. '

Literature on engineering graphics was
surveyed for develeping a2 methodology for this
project. It was disappointing to note that
very little published research has been done
on the use of educational technolegy in im-~
proving engineering graphics instruction.
There are studies on the use of educational
technology in improving instruction of other
engineering courses. Engineering graphics
is unique in the sense that no other engin-
eering course demands the mental image form-
ing capabilities of this course. Hence, we
were particularly interested in studies re-
lated to engineering graphics. The work of
C.W. Chance (1) on the use of colored trans-
parencies in engineering graphics instruction
was reviewed.

Teachers of engineering graphiecs are
always searching for methods or materials
that can eadd zip to their classes. The
authors share their experiences in using
commercially-available transparencies in
an attempt to improve their course. In
the paper, they carefully describe their
methods, the materials they used, and the
results they cbserved.

The writers have acknowledged that the
experiment was not well-controlled. Pos-
sibly because of this, the results do not
show a significant difference between the
two teaching methods (with or without
the commercial transparencies). One
cannot know if a similar comclusion might
have been reached using more stringent
controls. Nevertheless, important know-
ledge can be gained from the paper which
teachers will find wvaluahle.

- Dr. Larry L. Northup
Towa State University
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J.H. Earle's (2) work con an experimental
comparison of three self-instruction formats
for descriptive geometry, though not directly
related to our study, was found in existance.
As this is another approach for the improve-
ment of instruction, this work was not review
ed. Notwithstanding ocur disillusionment and
disappointment at this apparent dearth of -
information, it was decided to write to. sev-
eral engineering graphics instructors across
the country to find whether any of them could
provide us with a lead on published work as
well as let us know what they were currently
doing in thisg area.

The directory of the Engineering Design
Graphics Division of the American Society of
Engineering Education was used to obtain the
names and addresses of some leaders in this
field. - A list of forty-two professors was
compiled and a survey letter mailed to each,
The letter requested information on the use
of audicvisual materials for instruction in
engineering grpahics, research which has been
conducted or which is currently being conduct-
ed. Twenty-one replies were received. Six
did not have any information to offer. TFive
of them gave references to resource material
with one giving information on research work
by C.W. Chance (1). Twelve of those respend-
ing indicated that audiovisual materials
are being used to teach engineering graphics.
Some apparently give only a few lessons by
the audiovisual mode while others teach entire
courses. In some cases a format resembling
self-paced instruction is used. While per-
haps 20% - 25% of the departments may be
using audlovisual materials to some extent
there does not appear to have been much res-
earch designed to evaluate the effectiveness
of audiovisual materials for instruction in
engineering graphics.

Methodology of the Study

At the cutset, brochures and catalogs
from different audiovisual instructional
material dealers were obtained. Overlay
transparencies suitable for the courses were
purchased from several companies, A list
of these transparencies with the sources and
costs appears in the Appendix. Upon receipt
of these materizls they were reviewed and
incongistencies in notations were removed.

A detailed day-to-day instructional plan for
lecture instruction was prepared integrating
the overlay transparencies bought. Although
overlay transparencies were purchased for all
the topics taught in the course some of

them were not used since lectures were alter-
nated between overlay transparencies and
blackboard sketches. This strategy of alter-
nating the method of presentation was required
to evaluate the effectiveness of the overlay
transparencies in improving instruction and
developing the required skills.

At the end of each lecture, the students
were required to evaluate both modes of pre-
sentation. A statistical analysis of these
student evaluations wasg made in order to
determine the student's perceptions of
the relative effectiveness of the two methods
of instruction.



In a typical engineering graphics course
it is expected that topics such as: use and
care of drafting instruments, lettering, geo-
metric construction, theory of orthographic
graphic projection, orthographiec projection
of points, lines, planes, simple sclids,
auxiliary projection, freehand sketching,
sectional views, basic dimensioning and
production dimensioning are covered. The
Pre-test was designed covering the above
topics teo test the prior knowledge of students
enrolled in this course.  Only a few of the
freshmen of this group were exposed to some
kind of mechanical drafting either in high
schools or on the job before coming to 0.D.U.
A pre-test was given to determine the draft-
ing knowledge the class brought to the course.
This test, as already pointed ocut, was a very
comprehensive one with completion-type aues-
tions, A sample of the questions in the pre-
test given was: '"'When a visible and an in-
visible line coincide, the line
takes preference”. Alsoc pictures of some
solids with multiple views and one/two miss-
ing lines were given in the pretest. The
post-test administered at the end of the
semester was designed to test for the same
skills and knowledge as the pre-test. The
questions were essentially the same but in
‘a different form. That is, the format was
changed from completion to multiple-choicce.

A typical question on the post-test was:

"In an isometric drawing a circle on the
surface of a cube is drawn as (a) A parabola,
(b} a hyperbola, {(¢) a circle,
(Readers interested in having a complete set
of the pre-test and post-test are encouraged
to write to either of the authors.)

Mean difficulty indexes of pre-test
and final examinations were compared for
questiocns given from blackboard presentations
and transparency material presentations.
Ratios of number of course "incompletes" to
total number of students enrclled were com-
pared for the past four semesters. To en-
sure uniformity in grading by different
instructors of the lab work and tests, a
standard written instruction procedure for
grading was developed. This was found to
be extremely helpful in grading the lab
work and tests. :

Analysis and Discussion:

This portion of the report is primarily
devoted to a description of different ap-
proaches used in evaluating the impact of the
use of overlay transparencies in engineering
graphics instruction. An extensive search
of literature, as pointed out earlier, threw
light on only one study that was performed
during the early sixties at the University
of Texas by Clayton W. Chance (1). There
are some major differences between his study
and this study at 0ld Dominion University.
The first difference is that his study was
performed te evaluate the effect of overlay
transparencies in teaching Engineering Des-
criptive Gecmetry whereas in our study this
subject material constituted only 607 of
all material covered. Second, the overlay
transparencies were made by the researcher
himself in contrast to using commercially
available transparencies. Third, lectures

(d) an ellipse.’

with either transparencies or with blackboard
sketches were given to a small audience of
about 23 compared to an audience of over
100 for the lectures given for our study.
Lastly, he had control as well as test Zroups .
For our study the group was exposed to both
methods of lecture presentation alternately.
The methods of evaluation used in this study
are discussed as follows.

a. Opinion of the students: As written
elsewhere, the opinion of students were
sought at the conclusion of each of the
ten lectures presented with overlay tran-
sparencies and nine lectures giwven with
blackboard demonstrations. They were

particularly required to rate the lecture

on the following aspects using four
scales; (1) not at all, (ii) a litrle,
(111) moderately, and (iv) a great deal.

(1) To what extent did the presentation
help you to understand the principles
discussed?

(2) How much did the presentation aid

you in Torming a mental image of the

physical relationships existing in
the problems discussed? . . - :

(3) How well did the presentation appear

to be organized?

(4) Did the coverage of the material

seem to be thorough?

(5) How confident are you that you could

solve a new problem inveolving the

same principles as those discussed in

the presentation? .

The responses were weighted and mean
response numbers were obtained for all 10
transparency lectures and nine blackboard
lectures. A statistical test at 95% signif-
icance level did not indicate any appreciable
difference between the two methods. It was
thought that the two methods might have some
signiflcant effect as perceived by students
when tested on the responses obtained for the
five questions individually. Ironically, it
was found that at 95% significance level
student responses did not indicate a signi-
ficant difference between the twc modes of
instruction. It has been reported by C.W.
Chance (1) that the colored transparencies
were found to have helped in improving the
performance of the students. The conflicting
conclusion drawn in this study based on the
students' opinicn may not be a true indicator.

For onme thing, as the students were reveatedly

exposed to this rating form, they may have
tended to check the responses even without
reading the questions. Furthermore, as has
been the case previously the students were
given some briefing in the laboratorv related
to the solution of assigned problems. As the
end of the semester neared a sizeable number

of students started missing the regular lecture

which emphasized general principles and de-

pended more on application oriented laboratory
This uncontrollable

lectures to bail them out.
factor contributed to the reduction of the
number of filled-out questionnaires returned
to the lecture instructor. The comments
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received from students seem to indicate that
the students would prefer a mixture of black-
board and transparency mode of presentation.

b. Comparison of course incompletion ratio:
It was indicated earlier that this course has
always posed a real threat and challenge to

a majority of the engineering and engineering
technology students. It may be worth mention-
ing that more students register for this
course -a second time than any cther course

in the engineering school. Therefore, it

was assumed that a comparison of ratiocs of
students who did not complete the course

to the total number enrolled for the course
would probably indicate any significant
impact from the use of transparencies.
Students who either dropped out or failed

the course were included in the category

of students who did not complete the

course, The faculty have observed that

most dropouts are due to the student either
falling behind in completing the assigned
laboratory work or failure on tests. .0Often
both factors are involved before a student
finally decides to give up. The following
table gives relevant data and incompletion
ratios.

TABLE - 1

COURSE INCOMPLETION RATTO

Fall Spring SDriﬁg Fall

Student; : T

Categories 1875 1976 1977 1877

No. of Drops

and Failures 35 43 33 41

No. of Passes 60 55 68 82

Total 95 98 101 123
" Incompletion

Ratioc 37% LT 33% 33%

From the ratios computed for four sem-
esters, 1t is hard to tell whether trans-
parencies have really improved the drop-
out and failure ratioc. The very high ratio
in the Sprimng 1976 can be attributed to
. instructor wvariability. It is also to be
recognized that only 10 lectures out of
a total of 28 utilized transparencies.

By inference, one might conclude that the
effectiveness of instruction was not improved
gignificantly with the use of overlay trans-
parencies .in this course. :

¢. Evaluation based on mean difficulty in-
dexes for the descriptive geometry portion
of the course: Difficulty index, a measure
oT how easy a question is in a test, is used
for evaluation in education. This course
was about 60% descriptive geometry and the
rest bagic principles of engineering drawing
such as geometrical construction, freehand
sketching, oblique drawing and multi-view
drawing. It has been observed for several
years that our students have diffieulty in
understanding the concepts of descriptive
geometry. TFurthermore, approximately one-
third of this class has received from cne
semester to four years of high school
mechanical drafting, but had not been ex-
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posed to descriptive gecmetry. The diff-
iculty indexes on the pre-test were strongly
Influenced by this previous experience.
S8ince a disproportionate number of non-
descriptive geometry topics were by chance
taught by blackboard sketches, the Inves-
tigators decided to usze only the mean dif-
ficulty index of those questions related

to descriptive geometry on both pre and post
tests to evaluate the impact of the trans-
narencies.

In the post test, there were 12 ques-
tions from descriptive geometry and six of
them were taught using transparencies and
the other six using blackboard illustrations.
In the final examination 32 questions appear-
ed from descriptive geometry, 20 of them
taught with blackboard illustrations and the
rest, 12, with transparency materials. The
mean diffieulty indexes and the standard
deviations computed are shown in the table.

TABLE 2

DIFFICULTY INDEX FOR QUESTIONS

FROM DESCRIPTIVE GEOMETRY

Method of Instruction Pretest Final
: B Exgmination
Blackboard Presentations
Mean ) “0.1400 0.6495
Standard Deviation 7.1380 0.2185
Audio-Visual Methods
Presentation
Mean 0.1983 0.6967
Standard Deviation 0.0736 0.2062

It can be inferred from the difficulty
index that both modes of instruction showed
an improvement in the students' knowledge
of the subject. The difference in the mean
difficulty index levels between the pretest
and final examination for the blackboard
presentation is about 0.51 and for the
transparency presentation is about 0.50,
There does not geem to be ahy major difference
between the blackboard and transparency
lectures. Hence, it cannot be said that
transparencies helped in comprehending
descriptive geometry principles any more
than blackboard sketches.

From the three evaluation methods used
and from the experience of the instructors
in the use of transparency materials, it can
be sald that the transparencied have not very
significantly effected any Improvement in
the instruction. Thig may be in contradiction
to the findings of C.W. Chance (1) due to the
differences between his study and our study
as enunciated earlier. However, it may be
concluded that the transparencies do offer
the following advantages:

a. Aides the instructor in organizing and
presenting the lectures.

b. Affords more time for classroom questions
on the subject material covered. :



¢. Enables the instructor in reviewing the
basic steps in problem solving by turning
overlays easily and rapidly.

d. Helps to improve the viewing image and to
make a move professional presentation.

e. Makes a rapid review possible,
f. The speed of presentation makes it possible
for a laboratery instructor to give a quick

overview of a lecture.

Benefit-Cost Analysis:

With a view to develop a benefit cost ana-
lysis for this project, it was attempted to
catalog all the benefits accured with the use
of overlay transparencies. The cost was easy
to compute and the total cost of this project
including renumeration receiver for working
on this project by the investigators and the
cost of the a/v material bought is about
$3,800. Assuming the transparencies could
be used for a period of five years (twice
a year) the tctal number of times the trans-
parencies used were found to be ten times.
The benefits that accrued to the students
from other evaluations were found to be very
negligible. However, for the lecture instr-
uctor it was found tc be very helpful in
organizing and delivering the lecture mat-
erial efficiently. As reported elsewhere
a/v materials alsc enabled lecture instructor
to cover more material in the scheduled
class time. It is difficult to assign dollar
values for these benefits. Hence, the idea
of computing a B/c ratio was given up.
However, the authors believe that in light of
the advantages enumerated and the small costs
involved the advantages gained are worthwhile.

Observations and Recommendations:

(a) Transparencies: Considerable effort
was required in an attempt to adapt the pur-
chased transparencies to the text. Changes
in notation were required and took a con-
siderable amount of time. Generally, there
are two apprecaches used in teaching engineering
graphics. One might be classified as a
theoretical approach while the other places
emphasis on a mechanical step-by-step "how
to" dinstructional procedure with little or
no reference to the theoretical basis. The
textbook by Heoelscher (4) and others used
for engineering graphics at 0ld Dominion
University places emphasis on principles
while the transparencies seem tec have been
developed with much more of a "how to'
approach in mind. To what extent, if any,
this difference in approach may have made

in the outcome of this study would be dif-
ficult to ascertain. In the process of
reviewing commercially available film strips
and slides, it was observed that a majority
of these seem to be made for high school

and vocational school students rather than
college-level engineering students. If we
were given a chance to redo the whole study,
we would be inclined to make colored trans-
parencies of our own -- suitable for the
course content -- rather than buying com-
mercially avallable films. Taped instruction
along with f£ilm slides probably if developed
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may alleviate the problems posed in the in-
struction of this course. Alternately, a
self-instructional format of taped instruction
with film strips/slides may also be another
tool of educational technology that can be
beneficial.

(b) Observations on students comments: The
students comments obtained are not very num-
erous when considered from the total number
of ratings. However, they do seem to support
the findings from the statistical analysis

of the student evaluaticns. The students in
this class seemed to have some preference for
the lecture-blackboard presentations. Some
students recommend both. The potential
effectiveness of the lecture-transparencies
mede of instruction may have been reduced by
one or more of the following:

1. Instruetor had a tendency to speed up
presentation too much.

2. The lecturer believes that the principles
of descriptive gecmetry were not develop-
ed as thoroughly when transparencies
were usad as when blackboard sketches
were used. It is the lecturer's impres-
gion that the transparency presentation
often placed emphasis on the "how to"
rather than the "why'".

3. The lectures were presented in a two-
hundred seat auditorium. The projector
can not be moved away from the screen
by more than ten feet. Censequently,
some students had difficulty in reading
the notation on the transparehncies.

(c) Methodology: The methodology used in
this study was alternate instruction between
blackboard and transparencies for a series of
lectures. Instead, if a class of over 100 is
divided into three groups, one control group,
one group receiving instruction only with
transparencies with very little blackboard
sketches, and the last group with both trans-
parencies and blackboard sketches, it would
have been very easy to evaluate the impact of
transparencies. Of course, these three grouns
must be homogencus and. comparable groups. It
may be necessary to isolate those who have had
some mechanical drawing in high school and
also the students who are enrolling for: the
second or third time to make the outcome of
the study much more meaningful and realistic.

(d) Other Observations: It is conceded

that in an educational research study there
are so many variables that can be contrelled
and sc.many uncontrollable wariables. In this
short duration study although every effort was
taken to keep all the wariables under control
there were a few instances when some of the
variables simply were uncontrollable. TFor
example, during the progress of the study as
mentioned earlier, several different laboratory
instructors gave numerous lectures during the
assigned lab period. Students approached the
lecture instructor during office hours seecking
help with problems for which instruction was-
given earlier in the class with transparencies.
Instruction during office hours made extensive
use of freehand sketches. - Also, some students
felt that they did not get adequate time for
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discussion because the lectures were glven for

a large class in an auditorium.

1.
In conclusion, this has heen a very re-
warding and excellent learning exmerience for
the investigators. Regardless of whether
transparenciles do or do not improve instruction,
the course content has been improved. This 2.

study has necessitated focusing our attention
on the students and course content as never

before.

Also, the pretest gave us a much

clearer knowledge of the background know-
ledge of our students in engineering graphics. 3.
The engineering graphics faculty are now more

conscious of potential problem areas in the

course.
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List of A/V Materials Purchased:

Description

Drafting Equipment and Techniques

Freehand Technical Sketching

An isometric Illustration of an Object

in Space

Top View, Front Elevation & Right Side
A Level Line and the Angle with the

Frontal Image

A Frontal Line and Angle with the

Horizontal Plane
A Series of Auxiliary Views

True Slope, Bearing and True Length
Three Oblique Intersecting Lines

Three Intersecting Lines

True Slope, True Length and Bearing
Point View of Two Parallel Lines
An Oblique Line and a Profile Line

Appearing Parallel

Amount  Source

$116.50 ADG, Inc.

100 Parkdale Rd.
Hopkins, Minn. 55343
87.75 "

7.35 Creative Visuals
879 W. Broad St.
Richmond, V. 23220
7.35 "

7.35 "

7.35 "
7.35 "
7.35 "
7.35 "
7.35 "
7.35 n
7.35 "

7.35 '

The True Angle Between Two Intersecting
Lines

Shortest Distance frem a Point to a Line

True Size of an Cblique Plane

True Slope of an Obligue Plane

Angle an Oblique Makes with the Frontal
Image Plane

To Determine the Shortest Distance

To Find the Shortest Distance Between
Two Nonintersecting

The Shortest and Shortest Level Distance

The Shortest Distance Between Two
Non-Farallel

Intersecticn Between an Oblique Plane
Vertical Cutting

To Find the LIne of Intersection

The Line of Intersection Between Two
Planes ‘

To Find the Line of Intersection of Any
Two Oblique Planes

True Size of the Dihedral Angle by
Projection
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7.35

7.35



List of A/V Materials Purchased:

Description Amcunt

To Find Where a Line Pierces an Oblique

Plane 7.35
To Draw a Line Perpendicular to a Plane 7.35
Passing a Plane Through & Point : 7.35
To Find the True Size of the Angle a Line

Makes 7.35
The True Length of an Oblique Line 7.35
Angle Between a Line and Plane Solved

by Revolution 7.35
Projecting a Circle Upon an Oblique Plane 7.35

Orthographic Projection and View Selection 11.00

" " Yiew Arrangement 6.25
Point Projection : 8,95
Primary Auxiliary Views 10.25
Auxiliary Views of Non-Symmetrical Surfaces 11.00
Summertrical Surfaces, Cylinders and

Irregular Shapes 10.50
Completion of Principla Views from
Auxiliary View 11.00
Secondary Auxiliary Projection 11.00
Secondary Auxiliary Views 11.00
Reveluticon-Rotation of Objects 8.95
Types of Pictorial Drawing 2,30
" Oblique Drawing T 5.40
Pictorial Drawing Cavalier 6.65
Oblique Cylinders 6.05
Cabinet Drawing 1 4.70
Oblique Drawing II 6.05
Principles of Isometric Drawing 6.65
Isometric and Non-Isometric Lines 5.40
.Parallel Curves in Isometxic 7.55
Non~Igometric Curved Lines . 8.15
Developing an Isometric Circle 8.75
Igometric Circles 8.75
Locating Isometric Circles at a Given
Point 8.15
Isometric Arcs and Tangents - 6.05
Isometric Drawing Cylinders and Arcs 7.55
Consgtructing Isometric Cylinders 6.05
Application of Isometric Cylinders 7.55
Arcg-Non~Iscmetric Shapes Pully Blocks 8.15
Constructing a Non-Isometric Silot 7.35
Intreduction to Selecting 4.55
The Cutting Plane 6.65
Three Applications of Full Section 8.75
Sectlon Drawing Full Section 6.65
Section Drawing Half Section 6.65
Offset Section 6.05
Revolved Section 6.65
Removed Section Hammer Handle 6.65
Broken Qut Section 6.65
Other Types of Sections 5.75
_Assembly Sectioning 6.65
Pictorial Section Drawings 5.15
TOTAL: $750.95

Source

Creative Visuals

879 W. Broad St.

Richmond, Va. 23220
"

John L. Glisson, Inc.
819 W. Broad St.
Richmond, Va. 23220

1

John L. Glisson, Inc.

819 W. Broad St.

Richmond, Va. 23220
" .
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Jon M. Duff :
The Ohio State University

VISUAL PERCEPTION:

THE PROBLEM OF

CREATING VIRTUAL SPACE

Professor Duff quite eloquently and
authoritatively presents some basic concepts
dealing with a subject which should be of
vital concern to every reader. While one
may question whether "many' engineers have
possessed the visualization powers demon-
strated by Tesla, the issue and facts are
nonetheless quite clear. I was a bit dis-
appointed to find no answers to the problem
of teaching Visual Percention, but realized
the author hadn't offered solutions, just
the problems and. a great deal of careful
thought on which to build. It is now the
task of some advocates like author Jon
Duff, Bill Vanderwall-or you-to 'solve"
the "preblem" presented....which logically
requires mention of an earlier, less pro-
found article on teaching visualization,
which appeared in the JCURNAL, Winter 1977,
V 41, nl, p 47, and might prove helpful...

Paul S. DeJong, P.E., ed.

Anyone who has studied, taught, or
practiced any of the systems of projection
employed in the visualization of objects,
brocesses, or design relationships has
flirted with a powerful psychological
phenomononn. The inability of students to
recognize this phenomoncon has caused
teachers of allied subjects to join in a
common lament: that fully 20 percent of
drawing students manifest a total inability
to "see™ the missing third dimension, that
60 percent "see" with only the greatest
difficulty, and that onlv 29 percent are
able to actually jump into the drawing,
that is; to make full use of the capab-
ilities of the image. '

VIRTUAL SPACE

This ability to see is a complex psycho-
perceptual relationship which allows the
creation of three-dimensional space of no
measureable depth. This is called "virtual
space' and represents the real experience
of psychologically creating some three-
dimerisional form on a two-dimensional sur-
face. Sufanne K. Langer, in her book Feeling
and Form,* presents an aesthetitian's View
of the creation of virtual space. She did
not explore the relationship of wirtual space
and technical visual production, the task
which is undertaken here., She also did not
explore the instructional or androgogical
implications in her concention of the creation
of virtual space.
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This existence of three dimensions on
two-dimensional surface is the paradox of
technical drawing and the major limiting
force keeping designers, engineers, and
technologists from realizing the Full potential
of the visual image as an active design tool.

The creation of virtual space has its
parallels_in other fields of creation. Authors
subcreate” entirely valid secondary worlds
which exist as geruinely as the primary world
we all live in. Many of the truly gifted
engineering scientists have been able to test
their inventions mentally, through a form of
precognition, hefore the first drawings were
ever made, Nikola Tesla was able to build,
run, and inspect his electricgl contrivances
for wear in a mental process.

VIRTUAL SPACE: THE CORE OF ENGINEERING GRAPHICE

The orthographic system of projection
requires the observer to assemble the three-
dimensional cbject from the correlated views
through a '"reading" process. This unnatural
procedure commenly presents problems to those
without graphical fluency. Modern systems
of descriptive geometry are designed so that
complex graphical relationships may be viewed
from a unitary viewpoint. Even those with the
ability to manipulate such images often demon-
strate the inabllity to see directly in virtual
space. They either move around. in 90 degree
spurts or unfold projection boxes. The fact
remains that the virtual spatial relationship
existed in the virtual space of the very first
projection.

That this virtual space does exist is
pointed out by the several texts which have
used the device of the 3-D stereo image in
order to facilitate its recognition (see in-
side cover of Fall, 1977 EDGJ as an examnle).
The image viewed through the glasses is the
view of virtual space existing conventionally
in the orthographic Image. A problem exists
when a student views the meaningless stereo
image without the special glasses, the images
being incorrect in virtual space. The teacher's
charge is to encourage the student's develoo-
ment of his or her own "orthographic eyes”
which assemble virtual space without 3-D
devices. :

Engineering graphics is but one field
which relys on the creation of virtual space.
Indeed, each time a mark is made on a two-
dimensional surface, virtual space is created.
But it is enpgineering graphics, as opposed



to graphic art, graphlc design, or fine art,
which places exacting and predictable demands
on the creation and use of this virtual space.

THE ACT OF CREATION

The point at which technical and fine
drawing-were cleved marks a critical peint
in understanding the importance of the act
of creatlng virtual space. Executing an
engineering drawing has often been taught
as a set of mechanical steps which, if follow-
ed systematically, will result in the same
product as that produced by one creating
virtual space. What is lost in the mechan-
ical creation is the synergistic benefit of
the conscious creation of virtual space;
the activity which is of true - even
aesthetic-value.

The creation of virtual space and the
reading of virtual space are not separate
activities. - Also, the creation of virtual
space is not the same as the making of a
drawing. Following is the most important
concept concerning the creation of virtual
space. As you read it, think of the psycho-
logical differences between making a drawing
(a two-dimensional representation of the
object in wvirtual space) and actually creatlng
the object in wvirtual space.

"In virtual space the object is act-
ually comstructed; in a drawing an’
image of the object is represented on
a two-dimensional surface."

THE ABILITY TO CREATE VIRTUAL SPACE

There appear to be three distinct
groups to consider whén attempting to guide
the development of this facility in creatlng
virtual space. Each of these groups requires
a different androgogy in order to facilitate
the greatest use of the image as an active
reinforcement of the design process. ZEach
student will develop a different level of
expertlse, both in seeing wvirtual space and
in actually creating the form. It is the
teacher's charge to gulde each student in
the development of his or her greatest
potential to use virtual space as an active
analytical tool.

The three groups which must be consid-
ered are:

These individuals actuwally con-
struct three-dimensional form
on the two-dimensional surface.
As a participant in virtual
space they are able to mentally
junp in and out of the plastic
surface. They create virtual

space.

Group One:

Group Two: These individuals create the
representaticn of three-dimen-
sicnal form on the two-dimen-
sional surface. They tell
themselves that they are creating
virtual space, but they are act-
ually visual mechanics. Their
drawings may be outwardly iden-
tical to the view of objects
created in wirtual space by

CGroup One, but are not for them,
the same. The images are sym-
bolic of the e objects in virtual

space.

These individuals see the symbols
of objects in virtual space as
flat, two-dimensional diagrams.
The representational image is
lost and the drawing takes on
the visual vitality of a tic-
tac-toe diagram.

Group Three:

Fully 20 percent of the general vpopul-
lation fall into Group Three, 60 percent in
Group Twe, and 20 percent in Group One.
Ideally engineers, engineering technologists;

designers, and architects should fall into
Group One. But as is often found; they den’t
they won't, or they can't.

The idea of creating virtual space, as
opposed to pushing a bunch of lines around
on a two-dimensiocnal surface, i1s not a new
one. Every teacher of graphics has experienced
virtual space to some degree. The preceeding
discussion raises the following questions
which concern students, practitioners, and
teachers of graphics. g

1. GCan the ability to create virtual .
space be developed in every graphlcs :
student? P

2. Should the aBlllty to create virfhal
space be develcoped in every graphlcs
student?

3. If wvirteal srace is in fact created;
what 1s its relationship to the solving
of wvisual problems?

4. What is the androgogy which results

in the development of graphical fluency

to the point where the creation of virtual
space becomes a casual part of the design
process? '

5. What is the relationship of creating
virtual space to other acts of creation

in engineering design such as mathematical
modeling, simulation, and conceptual
systems design?’ "

Addresgsing these questions, espe01a11y
in the context of the definition of the pop-
ulation into the three working groups, will
assist in making virtual space more access-
able to more individuals.
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D ey A NEW ORTHOGRAPHIC

In an effort to help students (and
myself) visualize multiple successive
Auxiliary views the orthographic medel
described below was devised. It is vre-
sented here as 1if it were being presented
to students,

....(See Figure 1). If we now tzke

- cur apparatus to the glass sphere
(with the cobject inside) and affix
cne of our spikes to the north pole of
the sphere and the other spike to some
place on the equatcor and then look down
through our flat pane at the top we will
see the Top View of our obiect just
as we would if we had the old glass box,
and if we then look through the flat
plane at the equator we will have a view
which we can call our Front View just
as we would if we had our glass hbox.
Then if we disconnect the spike from
the north pole only and pivot it around
so that it too is attached at the equa-
tor (making both spikes on the eaquator,
but at different points on the equator)
and again proceed to look through our
flat planes we will see what will cor-
respond to a Front and Side View as if
we had ocur old glass box.

FIGURE |

Where we detached the spike from
the north pole above, if, instead of
swinging it around to the equator, we
had stopped at some intermediate point
on the sphere, then looking through the
flat pane we would see what corresponds
to a First Auxiliary View - and of course,
since we did not move ocur other spike
from the equator, a view through its pane
would still represent a Front View. If
we now leave our spike at the new-found
intermediate point and disconnect the
one at the equator and pivot it around
to any convenient point on the sphere
we will have what will correspond to
a Second Auxiliary View when we lock
through the flat pane. This process
may be continued ad infinitum, dis-
connecting one end, pivoting it arcund,
disconnecting the other end, ete.,
creating an infinite number of auxiliary
views, a new one with each new location
of the tim. And where principal panes
and added auxiliary nanes serve as ref-
erence planes with the old glass box,
our reference planes will now be served
alternately by the two flat panes
attached to our rim.

= L Figure 2 iz a modification that has
merit in that the orthogonal nature of the
i apparatus is more apparent and the folding
F GURE 2 line is seen, but I personally do not prefer
: it because it '""feels" clumsy as T mentally
Copyright (© 1979 R.P. Kelso step it around the sphere.
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Lyndon 0. Barton

Mechanical Engineer,

E.I. duPont de Nemours & Co.
Instructoer,

Delaware Technical & Community College

THE ACCELERATION

POLYGON -

A GENERALIZED PROCEDURE

The acceleration polygon method is pro-
bably the fastest and most common among the
graphical methods employed in solving problems
in Mechanisms. Yet for most beginners -
students in particular - the construction of
the polygon itself can be a puzzling exercise.

To simplify this problem, the following
generalized procedure has been developed.
This procedure is best described by consider-~
ing the four-bar linkage mechanism ABCD
shown in Figure la , where the driven member
AB has a clockwise angular velocity, Waps
.and a .counterclockwise angular accel-
eration, oy It is required to find the
acceleration of point C, aa.
PROCEDURE

1. Determine the velocities of all points
on the mechanism including those with com-
bined motion. This may be done using the
ingtant center method, the effective com-
poment method, or as in the present case
the relative velocity method.

2. Define a starting point o', called the
polar origin. All absolute acceleration
vectors originate from the polar origin.

By absclute acceleration, we mean the real
or true acceleration of the point as ob-
served from a fixed frame of reference such
as the earth,

FIGURE la - FOUR-BAR MECHANISM

3. Lay out known components of absolute
acceleration of the drive membﬁr starting
with the normal acceleration a B =

AB x wZAB parallel to AB,
the tangential acceleration (aT =

then adding

: . T
AR xanB) perpendicular teo it (aN ,L a B).

The summation of these twe components de-
fines the absolute acceleration of point B

_ .N
(aB =ag o+ B)'
o ap is not given,

If an angular acceleration

then aTB does not exist,

and a B becomes the absclute acceleration
]

: p as b'.

It is important to use a lower case letter

for clarity.

of point B, Define terminus of a

4. 8Select another point on the mechanism
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FIGURE 1b ~ VELOCLTY POLYGOHN
-- STEP 1

that has absolute motion and is rigidly
connected to point B, namely point C, and

layout its normal acceleration component
(aNC = C/D/CD) parallel to link CD.

Normal components of acceleration are
readily determined from the velocity data
and the link orientation.

5. Through the terminus of vector aNC,

construct a perpendicular to represent the
corresponding tangential acceleration

(aTC) whase direction is known, but whose

magnitude ls as yet undefined. This line
containg the point ¢', the terminus of

acceleration of point C, = an.

-

6. To completely define the tangential
acceleration aTC, we must seek to relate

point C, whose acceleration is only par-
tially known, to point B, whose acceleration
is completely known. To do this, we con-
sider the connecting link BC and the accel-

eration ¢f B relative to C

T
+ a B/C)'

VZB/C/BC, and ob-

(a =N

B/C B/C

N =

Layrout vector a B/C =
serve the following:

¢ The direction of this vector 1s obtained
by assuming that point C on the link is
fixed while point B rotates about it. In

-this cése aNB/C lies on the link and is

directed toward the center of rotation
assumed.

& In accordance with the Polygon Convention,
relative acceleration vectors normally
do not originate at the pole (o'), but
extend bhetween the termini of the absclute
acceleration vectors to which they relate.
. For example:

means that polygon vector goes from

Fp/C
¢’ to b', and
8¢/ Means that polygon vector goes from

b’ to ¢', where b' and ¢' are the termini
of absolute vectors on the acceleration
polygon, and B and C are the corresponding
.points in the linkage.

7. Through the terminus of aNB/C’ construct

a perpendfcular to represent the correspond-
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CLOSURE
STEP 8

o' QRIGIN
=2 STEP 2 )

<
STED? 5
FIGURE lc - ACCELERATION POLYGON

ing acceleration aTB/C whose direction is
known, but whose magnitude is yet to be

determined. This line alsc contains the
point ¢’, the terminus of a..

§. Wow since ¢' lies on both aTB/C (Step 7)
and aTC (Step 5), it fellows that the inter-
section of these two lines will define that
point. Therefore extend aTC until they inter-
gsect and label the point of intersection c'
(use lower case).

9, Finally, lay out the vector from origin

o' to terminus ¢' to define the required
absolute acceleration ae and a vector from

terminus ¢' to point b' to define the rel-
ative acceleration agra-

A gquick check of the comnleted polygonm should
reveal the balanced vector eguation

aB = ac + aB/C

SPECIAL CASES
SLIDER-CRANK MECHANTSM

The slider-crank mechanism shown in
Figure 2a may be considered a special case
0f the four-bar linkage mechanism where, in
Step 4, the normal acceleration of the slider
C (aNC) has zero length since its radius of
rotation is infinite. Thus the tangential
component of acceleration (aTC) originates

from o' and becomes the absclute acceler-
ation of C (or ac).



P

FIGURE 2Za -~ SLIDER CRANK MECHANISM

v
o, C <

P

- v
v B/C

b

FIGURE 2% - VELOCITY POLYGON -- STEP 1

T,

' a® CLOSURE
: (sTEPS 8 & 9)  6rIGIN
Y S S €L D

FIGURE 2¢ ~ ACCELERATION POLYGON

QUICK-RETURN MECHANISM

Another special case is the quick-
return mechanism shown in Figure 3a. Here
point B slides on link CD and is coinecident
with point C. There is no connecting link
between B and C, and hence no normal accel-
eration. Instead we determine the Coriclis

, B AR, CD
acceleration (aCOR = ZVB /VC @
OR ZVB/C GJCD) where VB/C and Wep are ob-

tained from the velocity data in Figure 3b.

2VB cx ab
STEP 6

For Coriolis acceleraticon, we always consider

the linear weloecity of the slider with res-

pect to that of the FEtatinE body and the
angular wvelocity of the 1ink on which the

5liding occurs. That is, VB/C not V

c/B’
and Wep Dot ‘”AB)'

Accordingly, in Step 6, connect 2V

terminus b' in the conventional manner ob-
serving the following:

B/C “op FO

4 _-DIRECTION
v{oy CORIOLIS

~B (0N BLOCK)
C (0N RCD}

FIGURE 3b - VELOCITY POLYGON -- STEP 1

That thig vector hasothe orientation of
VB/C when rotated 207 abeut its tail in

the direction of we (counterclockwise
in this case).

That since point B relative to point € on
the link is being considered, the polygon
vector must go from ¢’ to b' (reverse
letter sequence).

ORIGIN

STEP 2

D

CLOSURE

EIEND)

FIGURE 3¢ - ACCELERATION POLYGON
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NUMERICAL, EXAMPLE (See Figure 4)

Let AB = 1.5 in., BC = 1.5 in., CD = 1 in.,
Wap = 1 rad./sec (CW), and

2
GAE = 0.5 rad./sec (CCW).

Problem: Determine ag-
SOLUTION O

Step 1 Determine the velocities

v

B~ AB x W,p = 1.5 x%x 1= 1.5 in./sec

VC = 1.45 in./sec (from Figure 2b)

V., = 0.8 in./se from Fi b
B/C in./sec  (from Figure 2b) FIGURE 4a - FOUR-BAR MICHANISM

Step 2 Define polar origin

Step 3 Determine acceleration of drive polnt® \ﬂ:'
N 2 A pJ
ap = AB X W, = 1.5 x1 1.5 in./sec 0 - o
aly = AB x a,p = 1.5 % 0.5 = 0.75 in./sec? “\5\\\\\\\
v
N, .T : B/C
a = a_ + a
B B B AY
: B
Step 4 Determine normal acceleration of point b
directly comnected to drive point '
a¥, = v2 = 1.45%/1.0 = 2.13 in./sec?
L Scale: 1 in = 1 in/sec
CD
Step 5 Add tangential acceleration (undefined * FIGURE 4b - VELOCITY POLYGON
Tength) :

aTc —l— aNc

Step 6 Determine relative normal acceleration
between drive point and related point

a' = v2 ./ Bc=0.8%/1.5 = 0.426 in./sec”
8/c = Vasc . . . _

Step 7 Add relative tamgential acceleration
Tundefined length)

T N
a8 Rr/C —l~ a g/c

Step 8 Close polygon and define tangential aT‘
accelerations in Steps 5 and 7 B/C

T . T 1
a’, intersects a B/C at ¢

Step 9 Determine required acceleration

R T
. " ag

+ a c = 3.2 in./sec2

Scale: 1 in = 1 in/sec?

FIGURE 4c - ACCELERATION POLYGON
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SUMMARY

The generalized procedure outlined above
may be summarized as follows:

1. Proceed from the "known" to the "unknown'.
" That is,

(a) Lay out absolute vectors whose magnitude
" and direction are known.

(b) Lay out components of absolute and rel-

ative vectors that are known (magnitude

and direction) or can be determined.

These include normal accelerations and

Coriclis acceleration.

{(c) Add to the components in (b) their cor-
responding tangential accelerations
(directions only), and extend these to
cleose the polygon.

2. All absolute vectors on the acceleration
polygon originate from the pole o', while
relative vectors extend between the termini
of the absclute vectors.

3.¢(a) A vector that originates from b' and
terminates at c¢' represents the rel-
ative acceleration of point G to that
of point B on the Ilink.

(b}

The choice between ap/e and a6/ makes

no difference in the polygon configur-
ation or thé results, except that
these vectors have opposite senses.

ENGINEERING
GRAPHICS, Com-
munication, Analysis,
Creative Design,
Fifth Edition

By James S. Rising, Maurice W.
Almfeldt, and Paul S. DeJong

lowa State University

4, Two undefined vectors such as aTB/c.and

T

a ¢ will contain the point ¢' on the polygon,

and will define that point where they inter-
sect.
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10° kead angle
promotes brushing
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Look what design has done

for the toothbrush

What makes the new Reach toothbrush design different from others?

it's the fact that from the shape and length of the handle
to the toothbrush head, human factors were the main concern.

By J. Roger Guilfoyle

There are few products in such general use as
the toothbrush. Almost everyone brushes with
some regularity, and children, from an early
age, are instructed that brushing helps prevent
cavities and maintains healthy gums.
Nonetheless, despite frequent exhortations
from dentists that proper brushing is essential
to a healthy mouth, people persist in being

_sloppy about their dental hygiene. In fact, it’s

estimated that the average person spends only
about 65 seconds at each teeth brushing.
Although the earliest mention of tooth-

" cleaning 1mplements is found in Chinese rec-
ords of the 17th century, the toothbrush as we

know it is the creation of William Addis, Addis,
an Englishman, designed the first toothbrush in
1780, Addis™ tcothbrush had a bone shaft and
natural .bristies. The bristles were drawn
through hoies bored in the head of the bone
shaft and were secured by wire.

The first American toothbrush wasn’t pat-
ented until [857, but since then American inge-
nuity has more than compensated for the slow
start. Today, there are hundreds of patents cov-
ering various aspects of manual and mechani-
cal brush design and operation.

One of the more significant developments in
modern toothbrush design occurred in the
1930’ at a DuPont plant in Leominster, Mas-
sachusetts. Tt was there that nylon menofila-
ment was first substituted for hog bristles. This
development substantially increased DuPont’s
product volume. )

In an effort to make another such quantum
leap, DuPont approached the Applied Ergo-
nemics Corporation of Westwood, Massachu-
setts, in 1972. Two of the principals in this com-

" pany, Percy Hill and John Kreifeldt, are also
‘professors in Tufts University’s departmcnl of
‘engineering design, A third, Louis Calisti, is a
dentist.

DuPont’s objective was simple. It wanted to
increase sales of its nylon and plastics products
so it asked Hill and Kreifeldt te design an im-
proved manual toothbrush. Ameong DuPont’s
requirements were that the tocthbrush out-
perform competitive products and that it be
commercially. practical.

DuPont came to us,” Hill recalls, “because of
some work we had previously done on dental
equipment. Someone at DuPont had seen a re-
port on a study we made about ways o im-
prove the efficiency of the dentist’s office work
station. That’s why they contacted us.”

Hiil points out that though the problems in-
volved. with the dentist’s work station were
guite different from designing a toothbrush,
DuPaont had nevertheless been impressed with
the painstaking methodology Applied Ergo-
nomics used in its previous research projects,

Applied Ergonomics started on the project
by reviewing existing information on the de-
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sign of tooth-cleaning devices—especially their
comparative effectiveness in protecting dental
surfaces from materials that cause cavities and
other tooth problems.

Human factors not used )
From this research, Applied Ergonomics se-
lected more than 63 articles and studies and
115 patents for intensive study. These patents
covered such areas as bristle configurations.
handles and grips. “Significantly,” Kreifeldt
says. “we found no human factors research on
toothbrushes in any of the material we re-
viewed.”

At this stage It their research, it became
apparent to the design team that plague re-
moval was the primary objective, with gingival
(gum} massage second. “We came 1o this con-
clusion. says Hill, “as a result of our literature
search and from a series of consultations we
had with dentists.”

The consensus of the dentists was that the
most impertant consideration in improving
toothbrush design was to develop 2 model that
would provide better plague removal.

The design team then began a study of the
public’s dental care habits and attitudes by
means of a questionnaire distributed 1o 300
adults. Purpose of the survey was to determine
individual brushing habits and to learn what
the. respondent’s regarded as their main tooth
problems.

Based on the questionnaire results, the de-
sign team made a detailed drawing of the
mouth to show which areas were the most diffi-
cult te brush. The drawing also showed the di-
rections lhe average person brushed various
dental areas.

“This kind of information,” says Kreifeldt,
“helps the designer focus on the basic prob-
lems. For example, the drawing made it ob-
vious that a toothbrush that wouid make it eas-
ler to brush the inside surfaces of the back teeth
would be unquestionably desirable. The de-
signers also found that ease of brushing is a
critical consideration. Research showed that
the more difficulty a person has in brushing, the
greater the plaque build-up the individual will
have. ’

What’s best in a toothbrush?

Says Hill, “From respondents to our question-
naire we also learned that the toothbrush with
the greatest appeal is one that is a comfortable
size; has a full brush-head of white, level
bristles; and & plain, simple handie.” In addi-
ticn, the questionnaire indicated that a firm
brush is preferred. However, in their research
the design team found that persons who use
hard bristles frequently damage their tooth
enamel and also are more likely to suffer gum
trauma.



After analyzing the results of the question-
naire, the design team made comparisons of
the forms eof many toothbrushes. Says
Kreifeldt: “We compared the length and widih
of the head and handle and the weight of the
toothbrush. We also compared other features
such as bristles, and then grouped the tooth-
brushes according to their various features and
their price.” )

At the same time, the designers obtained de-
tailed measurements of hands, teeth and
mouths, With this information, they were able
to evalnate the geometry of existing brushes
and to set physical specifications for the tooth-
brush they were developing. '

After approximately eight ‘menths of re-
search, however, the design team found it stiil
needed additional information. “It was clear.”
says Hill, “that we had to get more facts about
how users handle a tocthbrush, and the rela-
tionship of the toothbrush to the specific dental
areas.” :

Consequently. the design team made a series
of tme-motion studies to obtain détails on the
way people brush their teeth. They studied how
much time people devote to brushing different
mouth areas and the stroke direction they use.
They also examined the way people manipu-
late the brush.

As a result of the tme-motion studies.
Kreifeldt says, “We discovered that virtually
all the subjects rotated their grip on the brush
handle, Furthermore, half of them also
changed their grip position on the handie,”

This information convinced the design team
that a contoured grip was undesirable because
it hindered hand movements. And, since they
had identified a need to resist rotational and
linear manipulative forces, they knew that
round handles would not be a satisfactory hu-
man factor desig. '

In addition. round handles presented an-
other problem: the diameter -of the handle
would have to be small enough to fit into the
standard bathroom toothbrush holder. Meet-
ing this requiremént, the designers found,

——— BACK AND FORTH

LARGE AREA = MORE DIFFICULT

SMALL AREA = LESS DIFFICULT ROLLIKG MOTION

would make the toothbrush handle oo weak.
“Based on our information about brushing

direction and the correlation of the toothbrush to.

the hand, ™ says Hill. “We realized that the con-
ventional ‘popsicle stick’ handle was not the
best design solution—that the handle should be
more rectangular, particularly at the forward
end, to produce the ‘ease of manipulation” re-
quested by questicnnaire respondents.”
To further validate their toothbrushing stud-
ies, the design team had hidden observers, us-
ing one-way, see-through mirrors, watch proj-
ect subjects brush (heir teeth. The designers
also made studiés of plaque removdl and the
effects of brushing time and bristle diameter on

plaque removal from the buceal {outside}, lin-

qual {inside). and mesial-distal (hetween) sur-
faces of the teeth.
In these studies, subjects were asked to brush

their teeth [or a total of 130 seconds. The sub-

jects” plague was scored prior to the first brush-
ing and then after each successive 32.5 second

interval. The designers used four different

bristle diameters in these tests and two differ-
ent tuft densites. The test brushes with 55 tufts
had bristles that measured .006 inch and 011
inch.

The tests showed that brushes with bristles

011 inch in diameter removed plaque the best.
The ones with .006 inch bristles proved to be
the least satisfactory.

UP AND/GR DOWN

Diagram shows the mouth of un average person
distorted 10 reflect the divection af brshing each
area and the difficulty of brushing different
areas. Information wes obtained from a gues-
Honnaire distributed to 300 adulis to determine.
brushing habits.

In addition to the information gained about
bristle diameter, the plague-removal studies
also demonstrated that there was considerable
room for other improvements. “We found, for
example,” says Kreifeldt, “that only 50 percent
of the initial plaque is removed in the nermal
65-second brushing time.

Work up prototypes

. Using information from the questionnaire, the

ume-motion and plaque-removal studies. the
designers drew up a list of specifications. These
specifications led to development of two pro-

totypes.

“Each of the prototypes.” Hill says, “had in-
dividual characteristics which required testing.
For example. one prototype had a bilevel

- bristle-head, with soft outer bristles and firm

inner bristles.”

The firmness of the inner bristles was
achieved partially by using a wider bristle and
partially by extra dense packing of the bristles.
The extra density of the bristles was made pos-
sible by using a hexagonal rather than a lingar
hele arrangement.

“What we found,” says Hill. “was that the
firm feeling. desired by many users, can be

_achieved without using hard bristles which of-

ten cause tissue trauma.” This prototype had a
slightly rounded handle that tapered toward
the bottom end,

The alternative prototype had bristles of the
same diameter, but slightly shorter in length.
According to Hill, shorter bristles increase the
feeling of firmness. The handle of this pro-
tolype was also tapered toward the bottom, but

‘itwas trapezeidal in cross-section. Both designs
wwere produced in sufficient quantities to test

their effectiveness in plaque removal and alse
10 measure conmsumer acceptance to the new
product.

The prototype tocthbrushes were then eval-
nated against two other commercially avail-

‘able toothbrushes. Test results showed that

both prototypes were superior to the others in
removing plaque, :
Continued

Sketches of various early stage design concepls.
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What design has done for the toothbrush

Two prototype designs selected for testing, Study
results indicated a preféerence of the head of Pro-
tofype A, bottom, and the handle of Prototype C.

In the final design the two preferred elements
were combined, along with additional refine-
menis.

w4 DR e

%
00Ok (oe® TR =
R Z
%

NOTE' ROUNMD BRASTLE =MD,
ROuND AL CoRrRMnmRS
AND EDGES oF HanDuE

AMND BRWEN READ,

*45 DriLw (0.082) -
34 Hores, % DEER ——

© TWE OUTER RowS, 0007 TINEX
\OuTEa o 12 TuFTs ,waa/TurT, P2 La,
' oW
HNER R - THRER INKER RowS,0.015 TUNEX
22 TURTS, 6o/rurT, ‘Yz LG,

P [ e

ANMULAR KANURL & £ SPACIMG

1

A

~ RANDLE DOLRET

1
| e

FANINTRIW-N -
LA UKL AN

- AN L
FINE SAhRDBLAST

THIS AREA ONLY.
PoLisy ALl oTheE=
PREAT — RAMND (=
AND BRUSWV.

PULAR MIEEorR
SCALE DRAWING Fom,
THMARN. OF SUPER. DL PAR

52 / ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1979




This article is a discussion of work
done by twe well-known members of the
division, Percy Hill and John Kreifeldt,
both of Tufts University and principals
in Applied Ergonemics Corp. Many of our
teaching and practicing creative design
and related courses should find a lot of
“"case study'" material here for class
discussion, There are alsc interesting
and unusual drawings that demoustrate
effectively the importance of comolete
details and dimensionine.

 Materidls arid- coipanentst
Brush. handle: (njection” melded and drilled nylon.

We want to take this ownortunity to
thank Mr. Georee Finley, editor of
INDUSTRIAL DESIGN, fer permission to

uge the article.

- P.5, DeJong

* Bristles: DUBGTIL Tyhek stranded nylon:filgments, -

Final toothbrush design combining Profotype A
and C concepts {left).

*45 DR (0.082)

34 HOLES, 3-?_2 oEE e

Propcrtionate plague reduction
scores for three test toothbrushes

Total Surface plagque
(Mesial-distal, buccal and lingual areas)

0.¢
0.2 b
Proportionate
Plague 04
Reduction
0.6
0.8
10
[u} 55 T2 0%
Brushing duraticn in seconds.
——REACH

-+ es Commercial Mo, 1 ==~- Commercial No. 2

Following are the results of typical clinical
study of the Reach toothbrush as compared
with other eommercial toothbrushes.

Objeciive findings, Clinical Study No. 2: 447-
patient study, Reach vs 2 other brushes, all with
dentifrice,

Patient composition: 149 subjects in each of
three test groups, testing the Reach brush against
twe leading commercial brushes, Subjects’ ages
were between f7 and 70. All individuals tesied
employed their normal brushing technigues. Un-
like the previous clinical study, subjects were
aflowed free use of a major dentifrice. (The same
brand of dentifrice was wsed by all subjects.)
Objective: To determine the comparative effec-
fiveness of the three test brushes on dental plague
deposits.

Methodology: Based on a cumulative removal of
plague evaluated al three selected intervals; total
brushing duration of 109 seconds, ie., subject
brushes for 55 seconds, then for 7 seconds, then
Jor 37 seconds. Brushing times were determined
by actual in-heme monitoring of 131 use-test
pariicipants.

Brushes were issued in a random order un-
known to either the hygienist-scorers or the indi-
viduals recording the plague scores. Each of the
447 brushes had been assigned a code number,
entered on a scoring sheet for later identificasion.
All scoring and procedural details were identical
to the earlier dentifvice-free test.

ENGINEERING DESIGN GRAPHICS JOURNAL

Conclusions:

Both in total plaque removal and in gingival
plague removal, the Reach brush removed sig-
nificantly more plague than the two brushes of
standard design, regardless of surface or zone. A
high magnitude of consistent effectiveness; :The
degree-of effectiveness of theReach [brush in
removal of gingival and total plague inereqsed,
proporiionately withihelengih of brushing time.
However, regardiess of the brushing time period,
the area of the mouth,’ orjtype of plague!in-
volved, the Reach brush was found consistently
more-effective in plague removal compared with
the two standard-design brushes.
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What design has done for the toothbrush

Interviews with users indicated a preference
for the head of the bilevel prototype and the
trapezoidal handle of the other. As a result, the
designers blended the best features of the two
prototypes into a new product, called the
Reach toothbrush (trademarked name).

The Reach toothbrush has tightly packed
bilevel bristles arranged hexagonally. The
raised outer rows of .007-inch diameter bristles
provide gingival cleaning. The inner bristles,
.010-inch in diameter, are designed for plaque
removal.

Reach has a slender, clongated neck that
joins the head to the handle. According to the
designers, this neck makes it easier to get at
hard-to-brush areas, particularly the back
teeth. -

The Reach toothbrush has the smallest and
most compact brush head on the market. Stud-
ies show that it suits adult mouths of all types,
regardless of dental arch variations. As Hill
points out, “The small toothbrush head makes

the user concentrate more on brushing. The

N

user does {wo teeth at a time, not four or five.”

The Reach tocthbrush’s angled, shaped
handle is designed to provide a comfortable
grip and to be easy to manipulate, A further re-
finement is the contoured area for the thumb at
the joint of the handle or neck which makes
brushing easier.

Gel client support

As Hill recalis the history of the development
of the toothbrush, “DuPont was extremely sup-
portive throughout all the development phases.
At one point, when we were insisting that the
holes in the toethbrush head had to be drilled
tightly and hexagonally, and the DuPont engi-
neers in Leominster (Massachusetts), were say-
ing it couldn’t be done, DuPont’s management
backed us up. They said, ‘if you can’t produce it
this way, then we will take the project to some-
one who can.’”

Reach was introduced nationwide last fall by
Johnson & Johnson. which acquired the rights
to the product from DuPont earlier this year.
J&J is sanguine about Reach’s market poten-
tial. “The Reach toothbrush is not just another
toothbrush,” says Richard Czerniawski, “but a
major innovation in home dental care.” Czer-
niawski is the Reach produect director at John-
son & Johnson. '

Describing the company’s plans for promot-
ing the product, Czerniawski says, “Reach’s
marketing program will include year-round
TV adveriising ‘and professional, trade and
consumer promaotiens, This is the first for home
dental products.”
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Left

The final product featuring all the carefully
worked out huiman factors {oothbrish innova-
tions. ’

Below

Package for the Reachtoothbrush is designed to
best display the human factors design that went
into the final product.




Ming H. Land
Miami University

APPLICATION OF
ODAKA'S EQUATIONS
FOR PERSPECTIVE PROJECTION

TO THE DETERMINATION
OF SCALES AND ELLIPSE GUIDES
IN AXONOMETRIC DRAWING

INTRODUCTION

In three-point perspective, the object

is placed so that none of its prinecipal B
edges are parallel to the picture plane .
(PP); therefore, each of the three sets
of parallel edges will have a separate van-
ishing point (VP). As an illustration,

the three-point perspective of a cube is
shown in Figure 1. The three front edges,
0D, OE, and OF, meeting at O, are located
along the comverging lines from O to the
three vanishing points, A, B, and €. Let
LBOC =a , LCOA =8, and L ACB = ¥
Odaka's (1978) equations describe the
three-point perspective of a cube in the.
three equations (1) shown in the box below,

where a = 0A, b = 0B, ¢ = Q0C, d = 0D, : G
e = 0E, £ = QF, S

These are Gdaka's equations of perspective

projection from which equations for other : _ Figure 1
types of pictorial projection can be de- : )
rived. :
2 2 )
a4~ - ¢rascosfB - asbscos¥ + b-c-cosa=(g‘a—d)
b2 - as+bscos? - b.cscosa+ c.a-cosf8 \d b-e/.
2 T S L
b™ - a-b-cos? =~ bsc.cosa+ c.a-cosﬁL(ﬁ_b—e) r
c2 ~ becicosor - c.a.cos88 + asbrcosy ‘e o-f
a+ g + Y =4Re .
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For axonometrie drawing, since
a-cos 8 =Dbecos &,
and b+cos ¥ = c+cos f§ ,
the following Odaka's equation are obtained:

(See Figure 2)

_ tos cos ¥ W
L coS O - . le 2
1 . Cos ¥ cosd
cos f
...... 2
1 _ cos o cos # 9 >"" &
cos ¥ _[Le
] . CO8 Y cosa@ i
cos B
a+ B+ ¥y =4 RL /
where L EOF =a , LFOD =8 ,
LDOE = ¥, e = 0E, d = 0D,
f = 0OF,
Figure 2
APPLICATICONS

From equations (2), & new formula
for dimetric drawing is derived; and a
commonly known formula for dimetric draw-
ing is proved. The foreshortened scales
for dimetric and trimetric projection can
easily be obtained by using these equations
and formulas.

1. 1In isometric drawing, the object is
placed so that all three axes are at the
same angle with the picture plane. Since

¢ =f = ¥ , therefore, from equations
(2), we obtain e = d = f. Hence, in draw-
ing, the projections of the three isometric
axes use the same scale and make equal
angles (120°) with each other.

2. In dimetric drawing, the object is
placed so that two of its axes make the
same angle (over 90°) and the third axis
makeg a different angle with the picture
plane. The two axes, which make the same
angle with the picture plane, are fore-
shortened equally. They use the same
scale in drawing; and the third axis uses
a different scale. An indefinite number
of combinations of angles are available
for dimetric drawing. Let's assume that

56 [ ENGINEERING DESIGN GRAPHICS JOURNAL Spring 1979

the two equal angles are o and § ,
and thus cos @ = cos B . From equations
(2), we cbtain

_cos & cos f
L cos ¥ e 2
] _ Cos ¥ cosa f
cos 8

substitute cos 8§ with cos @ to the left
side,

1 - cosza cos VY - cosz o
cos’ ¥ - cos ¥
T - cos ¥ cos a 1 - cos ¥
CoS &
2
cos Y - cos” o
cos Y(lL - cos 7 ),
o _ 2
since coszq: = [cos gég——jullf]
v 2
= [cos (180° - — ﬂ
_[ 7]2
= |- cos —5
_ 1+ cos ¥
-z -
Therefore,
1 + cos 7
cos ¥ - cos’a _ cos ¥ - 2
cos ¥ (1 -~ cos 7 ) cos ¥ (L - cos ¥ )
_2cos ¥ -1-cos?
2 cos ¥ (L - cos ¥ )
_ cos ¥y -1
2 cos ¥{(1 - cas ¥ )
_ ~ 1 _ e2
2 cos V¥ f2 *
We now have 2 e cos ¥ = - fz,
A
cos ¥ = - E—ﬁ. ...................... (3
2e :

Equation (3) is the fundamental equation
for dimetric drawing from which the angles
and scales data for dimetric drawing can
easily be obtained. As an example, con-
sidering that « = 8 = 103.5, and

¥ = 153° , we obtain by substituting inte
equation (3),
f2 f2
cos 153° = - ==, or - 0.8910 = - =,
2e e



assuming that £ = 1,
-0.8910 = - I
Z2e

e” = 0.5612,

The dimetric drawing of a cube for this
example is shown in Figure 3.

Figure 3

In a similar manner, an equation for
dimetric drawing in regard to cos @ or
cos # can be obtained as follows:

a=8 , cos &=cos g ,
cos ¥ = cos (360° - o - 8 )

= cos (360C - 2 @& )

= cos 2 o
= cosza - sin?‘a
From equations (2),
2
cos o cos B cos”
L 1-— 7
cos ¥ _ cos " & - sin o
1l - cos ¥ cosa 1 ~ cos ¥
cos f
.2
- 8in” o
2 . 2
cos o ~ sin” o

1 - cos%u+ sinza

.2
- sin" o

2 .2
cos o~ sin"a

sin2a+'sin2a

- sinza 1

i .. 2 2
cos & - 8in

o 2 sin"o

-1

2 (cos2 o

- sin2 o )

-1
2(cosza

~14+ cosza )

) 2
= - ) ) = 6@?) .

2 (2 cos“a -

We now have

2

2 e? (2costa - 1) = -f°,

2 _ -
cog” o = Sy

since 180° > a> 50°,

cos of =<

Equation (4) 1s the commonly known formula
(Giesecke et al., 1974, p. 516; Luzadder,
1977, p. 219; Martin, 1968, p. 84) for
dimetric drawing, and is thus proved by
Odaka's equations. As an example, con-
sidering that e= g = 1279, and e = 4,
we obtain

292 - f2

cOos o = - ——
Ze ’

2 2
cos 1279 = - 0.5018 = - gﬁ——:—i——w,
Ze

assuming that e = 1,

Y
0.6018 =2 £~

2 »

1.4487 = 2 - £2,

£2 = 0.5513,

£ =0.7625 ¥ 3,
&

e=d=1.

Figure 4 shows such a dimetrie drawing.

Figure 4

3. In trimetric drawing, all three
planes are unsqually foreshortened; there-
fore, the axes are unequally separated.
Like dimetric drawing, an indefinite num-
ber of combinations of angles are available
for trimetrie drawing. Odaka's equations
(2) for axonometric projection can be used
to determine the foreshortened scales in
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trimetric drawing. As an example, given

@ = 105%, 8= 1159, ¥ = 140°, for a
trimetrie drawing, from Odaka's egquations
(2), we obtain

1 - Cos ¢ cos g
cos ¥ = (EL)
cos Y cos o

cos B

cos 105 cos 115°

cos 140° - (EL) 2
N cos 140° cos 105° £/,
cos 115°
1.1428  _ (ji) 2
1.4629 £l
let £ =1, e” = 0.7779,
e = (.88
similarly,
1 cos B cos ¥
- 2
cos & — (51)
;. _cos Y ¢os o af,
cos B
] . cos 115° cos 140°
cos 105° - (gj 2
| . cos 140° cos 105° al |
cos 1157

substitute e = 0.88, we have

2

d 0.5029

d

0.71

See Figure 5 for such a trimetric drawing.

’
EORED,
\ 7

Figure 5

A dimetric or trimetriec scale is not
complete unless the angle-size ellipse
guldes are found for each plane. The oro-
per ellipse templates can then be used to
draw circular features by simply locating
the center of the circle to be drawn. Cus-
tomary methods of finding angle-size el-
lipse guides in dimetric or trimetric draw-
ing such as the semicircles method (Sau-
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vageau, 1971, ». 14; Thomas, 1878, p. 183)
and the auxiliary views method (Brown,
1974, p. 207; Earl, 1977, p. 518) require
not only a tediors process of constructing
additional views but alsc a large space
consumption. Through a mathematical an-
alysis, Odaka (1978) has developed a third
method which is more efficient and econ-
omical in every respect. The trimetric
drawing of a cube found in Figure 2 is
given. The angles of ellipse to be used
on the front, right, and top planes are

& , ¢ , and 1 respectively.
Odaka's equations for 4 , ¢ , and n
are in the following forms:

c032 g = cOS o
cos ¢ - cos B cos Y
COS2¢ _ cos # L. &)
cos B - cos ¥ cos
COSZU _ cos ¥
cos ¥ - cosacos 8

The angle-size ellipse guides for axon-
ometric drawing can easily be determined
by using these equations.

1. In lsometric drawing, we have
o =8 = y = 1209, and
cos ¢ = cos B = cos ¥y = ~0.5.

From equations (5), we obtain

Z 5 _ -0.5 _
cos” 6 = 0.5 = (-0.5) (<0.5) D.6667
cos 6 = 0.8165
6 = 35% 16"
6 =¢=1n=35 16" (Use 35° ellipse)
2. In dimetric drawing, there are two

equal angles. Let's assume that o= ¥ =
130%, and B = 100°. From equations (5)
we obtain

cos? g = coszn ~0.6428
-0.6428- [(-0.6428)(-0.1736)]

= 0.8521.
cos # = cos = 0.9231L.
8 = n = 22°37 . (Use 25° ellipse)
similarly
cos @ = 0.5439,
¢ = 57°03. (Use 55° ellinse)

(See Figure 6)




55°

40 ’ﬁ?

Figure 6

3. In trimetric drawing, there are three
unegual angles. Let's assume that o =
115%, A = 105°, and ¥ = 140°. TFrom
equations (3), we obtain

cos” 6 = 0.6807.
cos & = 0.8250.
8 = 34%24"' . (Use 35° ellipse for the front)
cos” ¢ = 0.4445.
cos ¢ = 0.6667.
¢ = 48°11 . (Use 50° ellipse for the right)
2 -
cos n = 0.8750.
cos n = 0.9354.
n = 20%3 . (Use 20° ellipse for the top)

{See Figure 7)

20
35 50°
i 5

Figure 7

Since angle-size templates are common-
ly available in Increments of 59; this
makes 1t necessary te select the size near-
est the angles. For isometric, dimetric,
and trimetric projections, the same 1"

The Engineering Design Graphics Department
of Texas A&M University is seeking applicants for
an assistant or associate professorship. Duties
will include the teaching of engineering graphics
and descriptive geometry to freshman engineering
students, Applicants should be competent in and
able to teach specialty courses such as computer
graphics, electronic drafting, pipe and vessel dra-
fting, nomography, ete,

It is preferred that applicants have a doctor's

JobS

angle-size ellipse templates are used for
all 1" circles. However, for isometric,
dimetric, and trimetric drawings, one
should use the 1 1/4" angle-size ellipse
template for a 1" ecircle, because such
drawings are made 1 1/4 times larger than
the actual projection.

In sum, Odaka's equations of per-
spective projection are the mathematical
foundaticns for all types of pictorial
projection, Odaka's equations of axeno-
metric projection, and equations (3)
and (4) described in this paper, can be
applied to the determination of scales
in dimetric and trimetric drawings.
Odaka's equations for the angles of in-
clination can be used more efficiently
than conventional methods to find the
angle-size ellipse guides in axonometric
drawing.
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P s Robert P. Kelso
SPRING '79 PUZZLE Agsistant Editor

Given: Two successive orthographic project- ggglnizrigg Ee?ign Srépgigs Journal 4
ions of two oblique limited planes pariment ol Industrial Engineering an
of arbitrary orientation that do not Computer Science .
appear to intersect. Louisiana Tech University

Ruston, Louigiana 71270
Construction: Without determining the line

¢l intersection between the given Due to the short response time between the
planes, construct a third obligue Winter and Spring issues this vear, the
plane such that it makes a specified solution to the "Perplexahedron" (repeated
angle with one of the given planes below) of the Winter '78-'79 issue will be
and a different specified angle with deferred until the Fall issue. At this

" the other given nlane. writing no solutions have been received

(we did ir, but DeJong must still be

Solutions will be published in the Fall issue. working) so help is needed!

Please submit vour solutions to:

WINTER '79 Puzzle
/A

\ L PERPUEXAHEDROMN

; I CONSTRUCT A PATTERNMN USING FOUR
Vs SQUARTS AND DIAGONALS AT SHOWN-

e / B 2. ADD THE ASSEMBLY TABS AND LARSLS.
' LU OUT THE PaTTERM

~
[

i 4. FOLD ALl SURFACE LINES, WEERPING THE
~-H#t;7 LINES AND LABELS OM THE QUTER SUREACE.

S.ATTACH THE TARS TO THE SURFEACSS, AT
. THE PLACES INDICATED, TO CREATE A
e / A CLOSED BOX.

. & . YOU RAVE A STRANGE B0ox WITHR TiGHT
IDENTIC AL SURFACES AND SOME ANGLES
/ THAT LOOWK INTERESTING.

\ PROBLEM

\ USIaG CoNVENTIONAL DRAWING METHODS
C AND TECHNIQUES [ NO CALCULATIONS)

. COMNLTRUCT TWO PRINCIPAaL VIEWS oF

THIS PERPLEXAHEDRON
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WINTER '78-'79 "Filler" Prcblem

Complete the top view

RIGHT SIDE VIEW

FRONT VIEW

Figures 1, 2, and 3 are solutions to

the Winter '78-'79 "Filler" problem. Figure
1 was suggested by Paul Strickland, a student
at Louisiana Tech University. There are pro-

bably infinite possible variations and com-
; binations on these themes (especially, on
{ Figure 3). For instance, the "circular"
- appearing center piece might be negative

(and seen as a hidden line in the tov view).

FRONT VIEW

RIGHT SIDE VIEW

Figure 1

FRONT VIEW RIGHT SIDE VIEW

Figure 2

RIGHT SIDE VIEW

FRONT VIEW

Figure 3

Note that normal views of the planes surface
will project as ellipses.

We are interested in receiving more
unique sclutions.

The 'Corner' also needs puzzle candidates
for future issues so 1f you have a good one
up your sleeve send it in. Anything is fair
game-visualization nroblems or what-have-you.
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Abe Rotenberg of the University of
Melbourne has contributed a proef to go
with his solution of the Fall 778 Puzzle.
Hig solution ran in the Winter issue.

The problem again:

fiven: Two limited skew lines of
arbitrary orientation and length in
adjacent orthographic views.

Find: The general condition® (or "mest
general solution") which will yield all-
views-of -the-two-lines-in-which=they-
appear-equal-in-length.

*a geometric configuration so oriented
in space such that the elements of the
figure represents lines of sight, zll
of which will yield views of the given
lines as appearing equal.

Seclution: Figure 4.

2,

Proof:

See Figure 5.

Figure 5. /

Let BC and DE (Figure 5), BCFDE, be two
arbitrary lines.

(i) Draw AB such that AB=DE and AB//DE;

{(ii) Construct a cone with its vertex at B
and having a circular base satisfying
the following conditions:
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Then,
I.

Figure 4
(a) the base plane S1AC;
(b) the base plane S passes through the
midpoint M of AC (AM=MC);
(c) the diameter MT of the base circle

is an orthographic vrojection of
AB on the plane S.

ANY orthographic view in the direction of
ANY straight line generator of the above
cone is a solution of the problem.

and conversely,

iT.

NOTE :

An orthographie view in a direction NOT
parallel to any of the straight line
generators of the above cone is NOT a
solution of the problem.

For BC=DE,
The cone degenerates into the plane S.
All generators of this "cone", except
BT (BT.S), hecome lines in the plane
S, and BT becomes a point of S. Ortho-
graphic views in the direction of any
line in the plane S and in the direction
AC are solutions of the problem in this
case,



FROOFS of propositions I and II: IT. Let L' be an arbitrary point in the plane
S not on the circumference of the base

I. Let BL be an arbitrarv generator of the circle of the cone, We will demonstrate
cone. Then MLITL (since MT 1s a diameter that rhe orthographic view in the direct-
of a cirecle passing through the point L) ion BL' is NOT a solution of the problem.
and, hence, MLLRL (the "three-perpendi-
culars theorem™: +4f a line ML, in a plane In the view in the direction BL', b will
S is perpendicular to a projection TL-of- coineide with 1' and am=mc (since BL’'
a-line-BL~on-S, then MLIBL}. is the direction of viewing and AM=MC).

_ . Hence for ab to be equal to be, in this
It follows that, in an orthographic view view, it is necessary that ac|ml'. . But
in the direction Bl (i.e. in an ortho- two mutuzlly perpendicular lines, AC and
graphic projection on a plane PLBL), ML', will appear in an orthographic view
as mutually pervendicular if and only if
(i) 1m L ac (since P/ 1M and AC L LM): at least one of them is parallel to the
(ii) am=mc (since AM=MC), S projection plane., Clearly, since BL' is
{iii} b coincides with I (since P | BL).™ not perpendicular to ML' or to BT (BT/AC),
there exists no projection plane which
Hence ab=bc and, since two parallel lines i1s parallel-to-ML'-or-~AC-and-which-at-the-
(AB and DE) equal in length will remain same-time-is-perpendicular-to-BL'. It
parallel and equal in any orthographic follows that an orthographic view in the
view, de=be, q.e.d. direction BL' is NOT a solution of the

problem, gq.e.d.

*% Lower case letters are used in this proof R \
to denote orthogravhic projections of the See you in Baton Rouge.
correspending points in space,

Robert P. Kelso
=

GRAPHICS IN MECHANICS, 1 d £ . . .
: concluded from p.18 application that these broader objectives can

iproblems. The larger obligation is to develcp be realized.
can understanding of concepts and the capacity . X . .
toc use this understanding creatively by bring- The 1ntelllggnt use of graphlcs ln.mECh'
ing students inito contact with new and nonroutine anics is a prime instrument in apprgachlng .
‘problems. This objective is often lost when these objectives. Therefore, a revitalization
‘Instruction centers on the solution of over- of the use of graphics in mechanics is nec-
_simplified problems designed mainly to illus- essary to get on with the job of producing
itrate a principle and to test manipulative creative and productive engineers who can
‘facility. - It is only when principles are - use effectively their "mind's eye”.

‘called upon toc help solve problems which are
new, interesting, and possess significance of
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Foreign 10.00 20.00 ——

Engineering Design Graphics Journal
Amount Enclosed § G. K. Huuuawp, Circulation Manager
239 Riddick Hall

North Carolina State University
Raleigh, North Carolina 27667

Please make your check payable to: Fngineering Design Graphics Journal
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edge of desk. §
Literatiire Avsilable, §

@

@

]

. . .

Get The ArtCadi Habit T :
@

and be more efficient at the job An Airbrush Holder :
o Good-You @

VOU d@o ¥ will buy an ¢
B ,_Airbrush ; @

- just so you T3 &

" Designed for CUMRERCIAL ARTISTS, e Imhzim Y %aegiuzzdiegatfii _ »
RRCHITECTS, EMGINEERS & DRAFTSMEN | : slangard sized @ir- A notger 4
bruslj]ess. prolects &

Sﬁr same ai):ngsh. 3 :

Art Stares Attaches to | @

L]

L]

&

@

|Plus “PIGGY BACK” for felt markers # Literature Availoble

At Art Supply and Biueprint Siores ; b
+ Designed 1o hoid the hand tools you use the most. =i’ gty
i One hole will hold 3-4 brushes. beyond | | rﬁf @&‘\

| * Holder can be removed without removing bracket, bth
& Sharp tools can be placed point down without dulling
Consists |
of two

! edge ! |

i or breaking point. f @

t & Holds toofs on desk from lavel {0 45 degrees (average L5 -

[ desks are s\amed 12 to. 16 degrees). 05
paris. Goes <
on in Seconds.

Let Your Art, Engineering or b iag B

Arlcadu"‘ producis Box 5591, meoln Nebraska 68505‘/!!
!
i
%
Templates §:

Mumrm% Dwier KnowYou - |,  srewnome "985
Want

Artcadi™ products Art Supply Stirj;J
E0EOCEUPOO0OCOTRVRPRETIOOHVOOCBOCPOE0DHORO0CORCRGRCEIRORCERIDO0IOLRORETD

d& pm& ucths. \, Box 5591, Lincoin. NE 68505

PR EBLO0IPIDNO00PPOOSHNBIOOGEIDDPECRRIRRIODODPORPOPEEDER

TP ETS HEOSVAEDSOETDISEREIPEDED

COMPUTER
GRAPHICS

by John Demel, Robert Wilke, Tim Coppinger
and Ronald Barr.

A day.-by-day book of problems that will lead
your students through the course, with the
minimum of computer hardware.

This is the first book of its kind to be
introduced. Quit talking about computer
graphics and do it, with the help of these
authors from Texas A&M.

Write for vour inspection copy. (Avail-
able in early June.)

Creative Publisrhing Co

B0OX 9292. COLLEGE STATION, TEXAS ~ 77840
PHONE 713- 846 - 7907
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ut Earle on youwr list for compliate cov-
f;:*fag’ge of Engineering Design Graphics

Enginearing Design draphics, Third Edition
E:"W &e‘mas M. Earle, Texas A & M Universily

! i popular texibooks in the fisld of engines
;ivdec b ot ﬂziﬁmeeriﬁg qra

ing
oz and

this p;es'ﬁ 1? ,di‘{iﬁﬂ TN mg:wh
princinles related o the pn SHENa

N

Contants: mmﬁ.

Design Process. .
Enginesring D“a-mrc‘ Standa Edw Eﬂe i Rﬂ i Funda-
mental Spatial Relationshipe. Primary Auxi hfm \fsﬁw Suo-
cessive Auxiliary Views volution, interssctions. Develop-

mernts. Design Analy Vecior Analysis, Analysis of Design
Data. Design Documentation. Pictorial Presentation. Deoi-
sipn ad Preseniation. Imnlemsniation. Design Problems
/5‘4«'}“"?/,‘! 'f‘-:f{ $ Q"a

ﬁe@mﬁgﬁﬁ':v% Geomeiry, Second Edition
Dresoriptive Geomelry is presented 25 & problem-solving tool
and as g means of developing solutions {0 technical prcb
lams. Photas of products and sguipment demonstrale
various practical applications, and programed ingtruction
technigues enable students 1o move at their own pace. The
second edition uses both English and S units throughout,
nroviding a cholce for the instrucior, and a second color to
HNghlight significant topics.

Contents: introduction to Descriptive Geometry and
Graphics. Application of Descriptive Geomeiry. Fundamantal
Spatial Helationships. Premary Auxiilary Views. SBugcesgive
Auxiliary Views, Revolution. Intersactions. Dovelopments.
Yaciors, Analysis of Design Dala. Appendices.

(GIT7E), 1876, $75.885

 Design Drafting
Fh,@ book covers ali the necessary fundamentals for afirst

- course in mechanical drawing. Practioal applications, photo-

graphic examples, and & chapter showing the refailonship

of design to drafiing contribute graatly 1o student interast
and motivation. A unigus and exiremely useful feature of
the taxl iz a chapter on carsers in enginesring tachnology
and drafiing.

Contents: ihroduction to Drawdng. Techoical Carcer
tering. The Use of inslruments. C eomei Construction.
The Deaign P ;. Crthographic Projsction. Orthogr
Sketching. Pig iary Visws and Fevoluiion
tions ang Con s, Fastensrs. Dimensioning. Working
jrm Ji"m: Cams, Gearg, and Sorimts. Grephs and Data
: cz *}wnaopmeﬁm Technical Hus-
. Introduction to Descrln
{J:L:::, IE ’"? $14.95

&:'Z—EG!“GU.A'},;.

Eﬁﬁ;éﬁ@é‘%i‘ﬁng Design Graphics Problems |
By James H. Earle, Samuel Cleland,
Lawrence Stark, Paui Mason, Morth Bardel]
and Timothy Coppingsr,

aff of Toxas A & M Univorsily

A dasign- sroblemns worklxook filled with a varisty
of probiems in boin enginesring graphics and descriptive
geometry. Gels freshmean thinking and communisating in
graphics. Feaiures include: mlm arous photos keved o
apnroprigts problems, industrial sxamples to add realism
o the problems, Sl units in ‘orpera?ea throughout, and
answers to ali problems available in a solutions manual,

Qrign

Contents: Genaral, Lellering. inatrumenis. Scales. Geomet
ric Gonstruction. Orthographic Sketehing. F“v“m:
Orthographic Projection. Auxiliary Views. Sediions and Con-
ventions. Points, Lines, and Planes. Trus Length of Lines.
Fdage Views of Planes, Cut and Fill and Quicrop. Angles
Hetween Lines and Planes. Skewed Lines, Angle Betwesn
Ling and Plane, Ravolution. int
Vaciors. Data Analysis. Empirical e—q= a’wrs Momograms.
Graphical Caloulus. Dimensioning. Threaded Fastenars.
Working Drawings. Computer Qrapmcs.

(G171%), 1076, §7.95

i you would Bike to be considersd for complineniary exami-
natfon copies, write to Tom Hobbins, Editor, Sclence &
Mathematics Division, Plezse includs course tiffs, enrcl-
mrent, and author of text now in usse,

| Sketohing.

sectons and Davelopmenis.

Science & Mathematics Division

Addison-Wesley Publishing Company

FReading, Mazsachusstls 31867
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