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PROBLEM BOOKS
FOR ENGINEERING
GRAPHICS,

Communication-Analysis-
Design, Fourth Edition

C. Gorden Sanders, Carl A.
Arnbal, and Joe V. Crawford,
lowa State University

This proklem book series facilitates un-
derstanding the fundamental principles as
well as making practical applications of
them in industrial-oriented problems. Each
unit includes o statement of objectives,
some onalytical thought questions, some
semi-programmed instruction with answers
on the back of the sheet, some word de-
scription problems, and some partial-lay-
outs with word specifications. Photographs
from industrial firms enable the student to
visualize the objects in their actual setting.

Book I—136 pages—prob. $5.75
Book 11—150 pages—prob. $5.75

For examination copies write;

ENGINEERING
GRAPHICS,

Communication-Analysis-
Design, Fourth Edition

James S. Rising, M. W. Almfeldt,
and Paul §. De Jong, lowa State University

Completely revised, Engineering Graphics presents
a readable, integrated introduction to graphical com-
munication, problem analysis, and creative design.
Included throughout the text are carefully drawn
illustrations and step-by-step procedures for problem
solution. Outstanding coverage of vector quantities,
graphical mathematics, and construction of charts and
diograms is provided. Sample problems of progres-
sive difficulty conclude each unit.

Of Special Note...

® Information updated to reflect changes in the
standards.

® New vunits on creative design, electrical and elec-
tronic diagrams, and computer aided design.

® New treatment of pictorial systems, graphical
mathematics, basic dimensions, production dimen-
sioning, and design drawing.

® New emphasis on industrial applications.

408 pages—8 1/2” x 11”—cloth
bound—1970—%$8.95

l}h VWM. C. BROWN COMPANY PUBLISHERS
2450 Kerper Boulevard, Dubugue, lowa 52001



THE

YOU'VE BEEN WAITING FOR—

FUNDAMENTALS OF ENGINEERING GRAPHICS

Joseph B. Dent, W. George Devens, Edward A. Bender, Frank F. Marvin,
and Harold F. Trent, all, Virginia Polytechnic Institute and State University

Here is a clear, concise, and well-illustrated treatment
of essential concepts of engineering graphics. Suitable for
one- or two-term introductory courses, this textbook-
workbook leads the beginning student from lettering,
sketching, and pictorial drawing through use of instru-
ments, scales (including metric scales), and geometric
construction. Building on this foundation, the authors
present orthographic projection and auxiliary views in a
straightforward, integrated manner. The progression
from points to lines, then to planes and solids, provides
the student with a “building block™ approach to descrip-
tive geometry or applied spatial relationships.

Vectors, intersections, developments, technical prac-

complete the text portion.

Practical application of principles is emphasized in the
109 printed problems following the text. Problem sheets
are arranged in sequence with the text material to permit
variety in scheduling laboratory and homework assign-
ments.

The Instructor’s Manual is designed to assist the in-
structor in preparing complete course and lesson material
adapted to his particular requirements. The manual con-
tains a complete course outline and lesson plans (ninety
one-hour periods) keyed to the text material. Complete
solutions to problems are included.

tices, working drawings, graphs, and graphical calculus 1974 approx. 400 pages prob. $10.95
TECHNICAL DRAWING
Sixth Edition
The late Frederick E. Giesecke, the late Alva Mitchell,
the late Henry Cecil Spencer, and lvan Leroy Hill, Hlinois Institute of Technology

The sixth edition of this renowned book retains those
features that have made previous editions so successful
while incorporating changes necessary to bring it com-
pletely up to date with the latest trends in engineering
education and the newest developments in industry.

Drawing on their long experience, the authors have
included all the fundamentals of the field needed by sci-
entists and engineers alike.

Current educational emphasis on the design function
is reflected throughout the text, most clearly in the chapter
on design and working drawings. Much new material is
integrated to give the student a better understanding of
fundamentals of the design process.

Several other significant changes have been made:

o There is a new two-column layout.

A second color is used.

# The most recent American National Standards { ANSI
Y 14) are followed.

¢ Several chapters have been extensively revised.

e A number of drawings have been converted to the dec-
imal-inch system.

® The quality of the drafting and precision of the draw-
ings are even more outstanding than in past editions.’

e Many problems and iflustrations have been revised or
redrawn to make them more contemporary.

1974 867 pages $11.95

And to help your students get the most out of Technical Drawing:

"TECHNICAL DRAWING PROBLEMS, Series 1
Fourth Edition
The late Frederick E. Giesecke, the late Alva Mitchell, the
late Henry Cecil Spencer, and Ivan Leroy Hill.
1967 103 pages $5.95

TECHNICAL DRAWING PROBLEMS, Series 2
Third Edition

The late Henry Cecil Spencer and Ivan Leroy Hill.
1974 approx. 90 pages $6.25

TECHNICAL DRAWING PROBLERMS, Series 3
Second Edition

The late Henry Cecil Spencer and Ivan Leroy Hill.
1974 approx. 80 pages $6.25

Each is an excellent collection of problems of graduated
difficulty in the areas usually covered by the first-year course.
Topether with detailed instructions and references, the prob-
lem sheets enable the student to learn more on his own.
Problems are interesting, problem layouts are clear and open,
and the drafting is of exceptional quality.

Series 1, Fourth Edition, is available with a new work plan
that refers to the new edition of the text. In the new Third
Edition of Series 2 and the new Second Edition of Series 3,
problems have been revised or replaced, new sheets added,
and many problems converted to decimal notation. The con-
tents of each workbook are in accord with the American
National Standard Drafting Manual, Y14.

MACMILLAN PUBLISHING CO., INC.
100A Brown Street, Riverside, New Jersey 08075
In Canada, write to Collier-Macmillan Canada, Ltd,, 11258 Leslie Strect, Don Mills, Ontaric



ENGINEERING DESIGN GRAPHICS JOURNAL

PUBLICATION BOARD . .
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ome pictures are not
for mother’s eyes.

She wouldn’t understand.

But a client would. He'd look at every However, Earle's second still uses the
detall. And it better be perfect. Or  step method to guide students through
afse. the entire design process. It's application

S0 your students have to know their  of descriptive geometry and graphical
stuff. With ENGINEERING DESIGN principies remains at the freshman level,
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gestions for supervising student design to-be.
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The school year 1973-74 has been a good year
for the Division of Engineering Design Graphics.
We can look back with pride at the accomplish-
ments made by our Division; and those of you who
made these accomplishments happen, can enjoy a
great deal of satisfaction for your efforts.

This year has seen an intensive study of the
Division's By-Laws in an attempt to develop a
new set of guide lines by which ocur Division will
be governed. Many are to be congratulated for
the fine work that they performed: Borah Kreimer,
Bob Hammend, Claude Westfall, Bill Rogers, Ed
Mochel, Ron Pare', and Ken Botkin. Those working
on these by-laws have received extensive input
from the members of our Division at-large, and
they have had a considerable task in refining
these ideals into a workable set of rules.

Another outstanding activity participated in
by our Division was the Midyear Meeting held in
New Crleans, Louisiana under the sponsorship of
Louisiana State University. We are particularly
grateful to the Engineering Graphic STaff of
L.5.4. at Baton Rouge and L.S5.U. at New Grieans.
The major burden for making the excellent ar-
rangements was carried by Clarence Hall and
Boris Boguslavsky, both of L.5.U. The program
and facilities were outstanding for this meeting
which was attended by ocur members from throughout
the nation,

We, the Editcrial Committee of the Engineer-
ing Design Graphics Journal, are appreciative of
the support that we have received from contribut-

EDI'TO

'S PAGE

ing authors and from our readers whe have shown
an interest in our publication. Special efforts
have been made by associate editors Bob Foster
and Garland Hilliard in presenting news of the
Division. Clarence Hall has been an effective
Advertising Manager, and Clyde Kearns has been
instrumental in maintaining a current and active
subscriber list.

We have tried to change the format of the
Journal somewhat to make it both more attractive
and more effective in transmitting current news
of our Division., The slate of officers was pub-
lished in the Fall issue to assist the subscrib-
ers and members of the Division in selecting the
candidates for whom they would vote. The pre-
liminary draft of By-Laws that will be approved
this summer were published in this issue to in-
sure that membership was aware of the changes
that were being proposed. A complete cutline of
the Midyear Meeting was advertised by the Journal
in advance of the meeting as a means of making
our members aware of the plans of the program
meeting. A brief resume of the Annual Meeting
is covered in this issue te entice more of our
members to attend this excellent mesting.

We will continue te encourage members of the
E.D.G. Division tc submit news items, formal pa-
pers, and informal announcements that would be
of interest to our readership.

We look forward te an active year in 1974-75,

Engineering Design Graphics Journal, Spring 1874
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BACKGROUND :

Computers are an important tool in the en-
gineer's bag of problem solving techniques.
More and more engineering offices and depart-
ments have their own terminals. It is only na-
tural that many of these organizations would
like to have graphical, rather than numerical
output. Plotters, cathode-ray tubes, graphical
tablets, and mini-computers have improved in re-
liability, and in general, have become less ex-
pensive than the prototypes of the late sixties.
Graphical output from computers is no longer an
experimental toy. This means that the eagineer-
ing student should have at least an introduction
to computer graphics, and the best place for
this introduction is in engineering freshmen
graphics courses.

Engineering Design Graphics Journal, Spring 1974
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Figure 1: After obtaining the computer printout,
students hand plot the results. This procedure
is valuable in locating errors before Gerber or
Calcomp plots are made.

PUTER GRAPHICS
OR EDG

CLASS MAKE UP

During the fall of 1973, computer graphics
was introduced to three classes of approximately
40 engineering students each at Texas A§M Univer-
sity. The students in these classes were pri-
marily first semester freshmen. Some students
had no background, some had teoured the computer
center, some had six weeks of instruction, and
some were completing a basic programing course,
By the end of the first semester only one out of
six students felt they were somewhat proficient
in computer programing. Needless to say, with
the varied experiences of the students the in-
structor had to assume that the students had no
knowledge of computers.



J. Timothy Coppingexr
Texas AGM University

1
2
3
4
5
6

X=3,

Y=4,

SUM:X%V
BRINT g X 4¥ySUM
STNP

FND

f/EDATA

0.3000000F O1 0. 70000008 Ol

0. 4000000F 01

Figure 2: The first assignment was a program
that adds two numbers and prints their values
along with thelr sum. This procedure allows
the students to become familiar with the input-
output precedures of the computer center.

INTRODUCTION TO COMPUTER GRAPHICS

Subroutine TRI (&,B) will draw a Tight triangle, A, wide and, B,
high with the ergin at 0,0.

$UBNOUTTNE TRT (A,B}

CALL PLOT (D.,4.,%)

€ALL PLOT (A,0.,2}

—l_ CALL PLOT (9. ,5,2)
=] CALL PLOT {0.,0.,2}

CALL PLOT (D.,0.,3}
RETURN

; ! END

I

Subroutine TRIANG (X,Y,A,B} will draw a triangle that can be
shifted an wount X and Y from tho orgin. A and B is the width
and height Tespectfuilly.

SUBROUTINE TRIANG (X,¥,4,B}
CALL PLOT {X,Y¥,3)

A=A

YY=¥+

B 2
GALL PLOT (XX,¥,2)
—— CALL PLOT {X,YY,2)
CALL PLOT (X,Y,2)
Y

i [a R 4] CALL PLOT (X,¥,3)
4+
. a RETURM

END

Subroutine PLOT (X,Y,TPEN) momially causes a lins to be draws,
howsver during check out the foilowing subroutine PLOT shouid
be used. [t causes the value of X,Y, end TETH to be printed.

SUBRDUTINE PLOT {X,Y,1PEN)
WRITE (5,101) X,Y,IPEN
101 FORMAT (' ',5%,'X=',F10,3,5X,'¥=",F10.5,5K, ' IPEN=",12]
RETURN
o

ASSIGMMENT Write a subroutine that will drav a rectangle "W wide
and "H" high, with the lower left comer having
coordinate K,Y.

Write a main program that reads the values of K,¥,H,
and |l from data cards and calls subroutine RECT (X,Y,W.H).
The student may select his own values for X, Y.W, and [l

Punch the necessury cards, Tun the program, and
hand plot the results. This asslmment is due at
the end of the class period.

BASIC DECISICNS

Several basic decisions were made which af-
fected the material to be presented. The first
decision reached was that three, two hour class
periods would be scheduled. Of this time, ap-
proximately half would be in the classroom and
half in the computer center. A team approach
was used for two reasons. At least one of the
six- to eight-man team members should have a
knowledge of the computer ianguage and key punch
procedures. Secondly, there was a limited number
of key punch machines available to the students
during class time.

PROCEDURE

The introduction to computer graphics took
place in three steps, one step each class period.
The first period was devoted to a history of com-
puter graphics, a slide presentation of the com-
puter graphic facilities, and an introduction to
Fortran. Only the Fortran necessary to under-
stand the programs tc be used was covered. The
proper control cards were supplied and discussed.
This lecture took approximately 75 minutes of
the two-hour period. After making the assignment
to write a program that adds two numbers the in-
structor accompanied the class to the computer
center where the programs were processed. The
assignment was turned in te the instructor before
the end of the class period (Figure 2).

During the second class period, additional
Fortran fundamentals were discussed and the con-
cept of Subroutine Plot, which draws a line, was
introduced. Most computer graphics programs use
either Subroutine Plot or something very similar.
For example, in CALL PLOT (X,Y, IPEN), the X and
Y are the coordinates of the point to which the
line will be drawn, and the IPEN will control
whether the PEN is up or down. A dummy, or check
out subroutine, Subroutine Plot, which would
write (numerically)} the values for X, Y, and IPEN
was supplied prepunched. The students could then
use this information and hand plot the numeric
output to obtain their plot.

It is important to realize that even if a
school does not have plotting facilities, the
procedure of using hand plots can be used to
intoduce computer graphics. Due to the large
amount of time needed to obtain an actual com-
puter plot they were not used. This time lag is
a local problem and actual computer plets would
be preferred. A subroutine that would draw a
triangle anywhere on the page was given to the
students (Figure 3). After class discussion, the
students were assigned the problem of writing a
program which would draw a rectangie. (It is the
same as Subroutine Triangle with the addition of
one card). Again, the instructor accompanied the
students to the computer center and accepted
their hand plots of the data generated by the
computer before the end of the class period
(Figure 4).

Figure 3: During the second class meeting, a
subroutine that would draw a triangle was given
to the students and discussed. The students
were then asked to write a subroutine that would
draw a rectangle.

Engineering Design Graphics Journal, Spring 1974
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€ THIS PROGHAM SHOULD URAW A RECTANGLE 3 INCHES HIGH AND
¢ 2 INCHES WINE wlTH LOWER tEFT CORNER AT X=2, Y=].
1 READy X YaWsH
2 PRINT. X Yo HeH
3 CALL RECT (XaYswsH)
4 sTOP
5 END
6 SUBROUTINE RECT X, ¥awsid)
¢ THIS SUBROUTIBE DRAWS A RECTANGLE WITH LOWER LEFY CORNER AT
€ CODROINATE X, ¥. We WIDE AND My HIGH
7 CaLL PLUT (X.Y.3)
8 KX=X+ud
9 YY=Y+H
10 CALL PLOT{XK,¥Y 2)
il CALL PLOT{XX:¥YYy2)
12 CALL PLOTIX.YYW2)
13 CALL PLOT(K Y421
14 CALL PLUT(X.Y¥43)
15 KETURN
is END
7 SUBROUT INE PLGT (XaY+TPEN]
C X AND ¥ ARE THE COORDINATES 10 WHICH THE LINE IS5 BFING
C  DRAWN, IPEN=3 MEANS PEN UP AND.LPEN=2 MEANS PEN DOWN
18 WRITE (&6+100) Ao¥e IPEN
19 101 FORMAT (' 48K+ 'X="WFl0.3,5K Y= aF10.3,5%, ' IPEN=' (12)
20 RETURM:
z21 END
F/SUATA
€. 20000G0E 0L UL l0ud0UoUE 01 Ua 20000005701 0. 3000000F QL
x= 2.0GU = 1.000 IPEN= 3 .
X= 4,000 ¥= 1.00u IPEN= 2
X= 4.000 Y= 44000 IPEN= 2
K= 2.000 ¥= 4,060 IPEN= 2 4
A= 2.000 Y= 1.000 IPEN= 2
%= Z.000 ¥= 1.GU0 IPEN= 3
3
go 2 4

TOPSC

~— 3% 5% BARS -+ S8 —
BGW

Figure 4: The completed student assignment for
the second class period shows a program that
draws a rectangle and a hand plot of the results,

The third class period was devoted to the
discussion of a subroutine which would utilize
the students Subroutine Rectangle to draw a bar
graph. After considerable discussion this sub-
routine was supplied to the students prepunched,
The assignment was to supply the appropriate
data, main program, and hand plot the results
(Figure 8}.

FUTURE

During the spring of this year this same ap-
proach to the introduction of computer graphics
will be used in all freshmen drawing courses at
Texas AGM University. Since there are approxi-
mately 950 students, it is anticipated that all
programs will be supplied to the students pre-
punched. There will alsc be several meetings to
further coordinate the activities of the faculty
in this area. Possible expansion of the program
will be considered for the Fall semester,

Several topics that might be included are broken
line graphs, polygons with any number of sides,
hex head bolts around a bolt circle, orthographic
views of an object, oblique and isometric draw-
ings. 1If more time is allotted, either plots
from the Gerber or Calcomp Plotters will be used.

Engineering Design Graphics Journal, Spring 1974
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Figure 5: Transparencies are used to speed the
presentation to the students. The one illustra-
ted aids the student understanding of the vari-
able names and development of the subroutine
that draws a bar graph.

CONCLUSION

It should be remembered that this approach is
an intreduction. The students are not expected
to be computer programers after three hours of
instruction and three hours of practice. The
students felt that the instruction was very worth-
while, and that more of the course should be de-
voted to it. A separate course in computer gra-
phics is offered for those students who desire to
delve into computer graphics in detail. It may
be concluded that an introduction te computer
graphics can be included in existing engineering
freshmen graphics courses with a minimum of dis-
ruption to the existing course curriculum. It is
also important to remember that actual plotting
capabilities are not necessary when the hand plot
technique is used.

Figure 6: At the end of the third class period
the students submitted to the instructor a pro-
gram that draws a bar graph along with a hand
plot of the numerical output.



X AND ¥ ARE THE COORDINATES TD WHICH THE LIMNE IS BEING
DRAWN, IPEN=3 MEANS PEN UP AND IPEN=2 MEANS PEN DOWN

VaSX T H= L0034 8K Y=, F 10,3, 5%, *IPEN=" 12}

[XeYsiaH)

THIS SUBROQUTINE DRAWS A RECTANGLE WITH LOWER LEFT CORNER AT
WIDE AND H. HIGH

TORPSC, BA

RSy BGW, BGH)

THIS SUBROUTINE DRAWS A BAR GRAPH. TOPSC 1S THE TOP MOST SCALE
VALUE., BARS IS5 THE NUMBER OF BARS THAT THE GRAPH WILL

RGW [S THE BAR GRAPH WIDTH., BGH TS THE BAR GRAPH HEIGHI
THE FOLLOWING EXPRESSTON CALCULATES THE SCALE FACTOR SF FOR

THE FOLLOWING EXPRESSION CALCULATES THE SPACE BETWEEN THE BARS,S.
THIS [5 BASED ON THE BAR wIDTH. BW, BEING TWICE THE SPACE WIDTH.

NOBARS IS THE INTEGER VALUE OF THE NUMBER OF BARS

XINC INCREAMENTS THE X VALUE IN THE RECTANGLE FQOR THE BARS

BW,

BH )

THES EXPRFSSION CHANGES THE VALUE OF XINC IN DRDER TO DRAW

THES DRAWS THE RECTANGLE FOR THE BARS TOQ FIT INSIDE

IPEN=
IPEN=
IPEN=
IPEN=
IPEN=
FPEN=

IPEN=
IPEN=
IPEN=
IPEN=
IPEN=
IPEN=

IPEN=
IPEN=
IPEN=
IPEN=
IPEN=
IPEN=

IPEN=
IPEN=
IPEN=
IPEN=
{PEN=
IPEN=
IPEN=
1PEN=
IPEN=
IPEN=
1PEN=

1 TOPSC=125,
2 BARS=4.,
3 BGW=4.
& BGH=6.
5 CALL BRGRAF(TCGPSC.BARS+BGW.BGH)
& sToP
7 END
A SUBRDUTINE PLOT (XY IPEN)
c
C
9 HRITE (64101) XsY.IPEN
10 101 FORMAT (1
11 RETURN
12 EnND
13 SUBROUT INE RECT
C
c COORDINATE X, Y. L)
14 CALL PLOT (X,Y.3)
15 AX=X+U
16 YY=Y+H
17 CALL PLOT{XX:¥.21
18 CALL PLOTIXX:YYs2)
19 CALL PLOTIX.¥Y,2)}
20 CALL PLOT({X.¥»21
21 CALL PLOT(XaY,3)
22 RETURN
23 END
24 SUBROUTINE BRGRAF {
C
c
[ CONTAIN.
C
C THE VERTICLE AXIS.
25 SF= BGH/TOPSC
C
[
26 S=RGW/13.%BARS+L.])
27 BW=2,%§
[
28 NOBARS=BARS
C
29 XINC=5
30 00 10 T=1,NOBARS
31 READDATA
32 PRINT+ DATA
c BH CALCULATES THE BAR HEIGHT
33 BH=DATA*SF
c THIS RECT 15 THE BARS
34 CALL RECT (XENCs O
C
c THE NEXT BAR
EL XINC= XINC + 3, * S
EL 10 CONTINUE
C
37 CALL RECT (0.0, +BGH,BGH)
38 RETURN
39 END
F/EDATA
0.1000000E 03
X= 0.308 Y= 0.000
X= 0.923 ¥= 0,000
X= 0.923 Y= 4.B800
x= 0.308 Y= 44800
x= 0.308 ¥= 0.000
xX= 0.308 ¥= 0.000
0.7500000E 02
X= 1.231 Y= 0.000
X= l.B46 Y= 0.000
x= l.846 Y= 3. 600
K= 1.231 ¥= 3.600
x= 1.231 Y= 0.000
A= 1.231 ¥= Q. 000
0.5000000F 02
= 2.154 Y= 0.4000
= 2.769 Y= 0.000
A= 24769 Y= 24400
A= 2.154 Y= 2.400
X= 2,154 Y= 0.000
Xz 2.15% Y= 0.000
0.2500000F 02
A= 3.077 = 0.000
A= 3.692 = 0.000
A= 3.692 = 1,200
A= 3.077 * 1.200
X= 3.077 = 0.000
X= 3.077 Y= 0.000
X= 0.000 = 0.000
X= 4000 = 0.000
X= 44000 = 5,000
X= 2.000 * 6.000
X= 0,000 = 0.000
X= 0.000 ¥= 0.009
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Isometric Views of Circles on a Sphere

Jack Arwas

Technion, Israel Institute of Technology

GENERAL CONSIDERATIONS

It is common practice in many books on cos-
mography, geography, and physics, to show the
main circles on a sphere, namely the equator and
the zero longtitude circle as shown in Fig. 1,
with disregard to the rules of axonometry. The
main reason might be the belief that there could
be no point north of the North Pole, nor south
of the South Pole, and that these points should
be so indicated in the drawing.

Another reason might be the difficulty in
determining the length and direction of the
ellipses axes, and especially, the location of
the tangent points on the contour circle. It is
therefore important to establish a simple method
to find the length of these axes and the points
of tangency for all latitude and longtitude cir-
cles, assuming the axis North - South as being
vertical.

LATITUDE CIRCLES

Latitude circles are the horizontal circles
of ‘the sphere, relative to the isometric direc-
tion and as projected on the horizontal and ver-
tical planes shown in Fig. 2. The isometric
drawing of the sphere is the circle shown in
Fig. 3, its radius p _ %—r; v being the actual

radius of the sphere. The usual construction to
find R is shown in Fig. 2.

(a) visibility: The highest point A in the iso-
metric drawing is obtained by the ''shade™ con-
struction shown in Fig. 2. The height H of the
horizontal circle passing through point A is that
of the ellipse fully visible in the isometric of
the sphere and tangent at point A. All circles
above H will be represented by ellipses fully
visible. Between the zero level and H, the
ellipses will be partly hidden - between the two
tangent points on the contour circle.

Engineering Design Graphics Journal, Spring 1974
11

Figure 1: The equator and the zero longitude
circles are conventionally drawn with disregard
to rules of axonometry.



LARGE AXIS
SMALL AXIS

\ﬂy RN
%/‘ H \T ZSEOL
\ I
N/

Figure 2: Determination of the latitude circies
on a sphere.

Figure 3: Location of the tangency points on an
isometric projection of a sphere,

S

Figure 4: The location of the ellipse axis.

At zero level half the ellipse will be visible.
At levels between zero and H only part of the
ellipses will be visible and at H and below, the
ellipses will ke fully hidden.

{b) Ellipses axis: The large and the small axis
of the various ellipses are obtained through the
asual construction shown in Fig. 2. In the iso-
metric drawing, the direction of the small axis
and that of the large axis perpendicular to it
is Z.

(¢) Tangents: For the circle at height G in Fig.
2, the construction shown in the horizontal plane
based on the projection on a side plane and re-
versed direction - helps to find the tangent
points B and C, and the subsequent isometric
location of these two peoints situates them on the
contour circle of the sphere, as shown in Fig. 3.
These points are important as they constitute

the transfer points of visibility.

LONGITUDE CIRCLES

These circles have in common the N and 8
points shown in Fig. 5, representing the North
and South poles.

{a) Visibility: The ellipses representing the
various circles are all half-visible in the upper
part between the two tangent points.

(b) Ellipses axis: To find the direction of the

small axis we assume the circle to be represent-
ed, as being in the plane ¢, The perpendicular
line to plane o through the center of the sphere
is shown as DY and Dy in Fig. 4.
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In the isometric drawing shown in Fig. 5,
the perpendicularity between Dp, and the large
axis, remains for the reason that the large axis
is parallel to the isometric projection plane,
and we can therefore determine the direction of
both the large and the small axis, which. coin-
cides with D,-

The length of the large axis of the o ellipse
is equal to the diameter of the sphere and the
length of the small axis is obtained through the
censtruction shown in Fig, 5, where ND = R and
NE = OF.

It should be noted that circle & is seen in
Fig. 5 as a straight line.

{c} Tangents: The two tangent points of the var-
ious ellipses on the contour circle are located
at the ends of the large axis and constitute the
transfer points of visibility.

CONCLUSTON

It can be seen in this example that graphical
methods can be effectively used to determine
axonometric views of longitudes and latitudes
on a sphere. This is a basic and necessary step
in solving problems in cosmegraphy, geography,

Figure 5: Construction of longitude circles. and physics.
GES
axis
Isometric Visibility direction| length Tangents
Drawing ’
¥
Figure : 2
Sphere Contour
circle C radius : R
Figure 2
Latitude above H : all small B 2 Figure 2
ellipse below -H : none axis Leure B,C,....
betweentH z
between tangents
Longtitude upper half small . large
ellipses between axis Figure 5 axis
Tg. points dI ends
Figure 6: Summarizing table of values. :l‘

5
@
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NOTE: This paper was chosen as the best presen-
tation given at the Midyear Meeting in New Or-
leans, January 1974, and was awarded the Frank
Oppenheimer Award.

Metric Integration for Basic Engineering Courses

By W. George Devens

Virginia Polytechnic Institute and
State University

The editorial in the first issuwe of the new
"American Metric Journal'', (Mr. Robert A. Hopkins,
Editor} is entitled, "Look Out for the Metric Ex-
pert". Mr. Hopkins' premise is that there is me
such thing as a "metric expert”. I assure you
that I fully agree with him. Mr. Hopkins alse
states that '"metric speakers should concentrate
on that area of metrology that deals only with
their own specialty or profession'. Following
that sound advice, let me share with you a few
thoughts confined to our field of engineering
education, specifically, "Metric Integration for
Basic Engineering Courses'.

When most of us were young high schoel stu-
dents pursuing a first course in Chemistry, we
were intrigued by our initial exposure to grams,
cubic centimeters, liters, and meters. This
"foreign" system of weights and measures lent
additional aura to the experiments and calcula-
tions, making us feel a great deal more '"scien-
tific'" than had we used the familiar inches and
pounds. We were somewhat aware that the system
stemmed from France, though we probably didn't
know that a French monk, Gavriel Meouton, initial-
ly conceived the basic meter as early as 1670
and that the metric system was adopted by France
in 1795. We were, however, impressed with the
powers of ten relationship of units of the sys-
tem, could see why scientists would prefer such
a system, and no doubt wondered why the system
couldn't be applied to all. Of course, the
answer was obvious. We had "our'" system, ''they"
had "theirs', and we weren't going to change
even if their system might be better. Continu-
ing through our engineering education, we were,
unhappily perhaps, required to use the "centi-
meter-gram-second'" system in science courses,
but relieved to get back to the old familiar
"*foot-pound-second' system in most of our en-
gineering courses.

Fortunately, though scme will disagree,
there have been changes for the better in the
1st thirty years. More and more Americans have
found themselves intimately involved in every
nook and cranny of the world. Though our planet
is still approximately 40,000,000 meters in cir-
cumference, the world is a much smaller place in
which to live. As members of the world communi-
ty, it is high time that we subscribe to a uni-
versal standard as basic as the International
System of Units (SI).

American military men have long used the
meter as a basic unit of linear measure. Mili-
tary maps contain metric grids; artillerymen
compute range in meters; and kilometers, as
familiar as miles, are called '"clicks" in mili-
tary jargon. American golfers in EBurope have
found it easy to translate the metric lengths
of each hole into yards by simply adding 10%
to the metric distance for a close approximation
- goecd enough for most people's game! The me-
tric system has unobtrusively worked its way
into our daily life in many areas. We purchase
8, 16, and 35 millimeter film, electricity in
kilowatt hours, and pharmaceuticals by grams
and cubic centimeters. Industry has taken the
lead in adepting metric wmits. Such giants as
General Motors, International Harvester, Cater-
pillar, and Ford have integrated the system in-
to engineering design and production. Automo-
bile mechanics have long used metric tool sets
to work on imported vehicles and equipment.

Some of out state highway departments are now in-
cluding kilometers on theixr interstate road signs
as well as adopting the highly graphic European
style traffic control signs. Like it or not,

the metric system is here, has been here for a
long time, and should be legally adopted as our
standard. Perhaps the next session of the U.S.
Congress will move us more rapidly in that di-
rection.
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THE ROANOKE TIMES, Sunday, December 9, 1973  A.-$

Of Metri

By GEORGE GALLUP

PRINCETON, NJ. — In
eyery major nation of the
world, exscept the United
States, the metric system is
the standard system of
weights and measures. In this
country-—still on the tradition-
al system of pounds, yards
and gallons—only  slightly
more than half of the public
indicate awareness of the
metrie system and only three
in 10 can accurately describe
it

At the sare lime, however,
awareness of (e metric syS-
fem ameng the T.S. public
has grown since z 1565 Gallup
survey on the subject—from
29 per cent in 1963 to 44 per
eent in 1671, t6 34 per cent in
the latest nafionwide survey.

The present survey, howav-
er, shows that while mare
than half of Americang saw
they have heard or read
about the metrie system; only
about three persons in 10 of
the fofal sample are alble to
correctly describe this sys-

0.

Among the three in 10 who
give a correct description of
the system, opinion divides
about 3-to2 in favor of adop-
tion,

While the hill to convert to
metric has still not passed,
some indusiries have already
gone metrie, The textile in-

ic Syste

U.S. More Awme

%

Gallup Poll

To obtain a2 measurement of
awareness, all persons in the
current  survey were first
asked this question:

“‘De you know whal the
metrie system is?”

Tollowing s the trend in
awareness:

Trend in Awarencss
of dMetric System

A persons whe indicated
awarenass were then asked:

“Would you please fell me
what the ierm ‘metric sys-
tem’ means to you?”

Here are the responses
based on the aware group:

Frofinition of Mebie System
Correcd
Incorrect ................2%
Not Awarp of Term ...... 46

Those who are aware of the
metric system and can give a
correct description of it, were
then asked this guestion:

“Would you like to see the
U.5. adopt the mefric sys-
tem?

Here are the resulfs based
on the aware group and those
who give a correct descrip-
tien, wilh the trend:

Favor er Oppose Adeption?

WHAT 18 THE METRIC 5YS-
TEM?

1. The metric system was
devised in France in 1795, and
Itas since been adopted hy
most nations of the world, Tt
is legally recogpined in the
United States, but has never
een officially adopied.

2. A distinctive [eature of
the metric system js that it is
based en fawiors of 10, like
our coinage system, that is,
numbered or proceeding by
tens.

3. T4 ix a systern of weights
and measurcs in which ihe
gram is the Dasic unit of
weight, the meter is the unit
of length and the liter is the
measure of capuacify or vol-
ume,

However, it is generaly
used by scmntlsts, and certam

ke rdmtlnn i ‘L A s
indusirtics in this country use

it for the sake of precizion.
For example, the meiric sys-
tem is used in pharmacy and
in ihe optical industry; the
medical profession uses it for
preseripiions,

The Army and Marine
Corps  adopted it for many
purpeses in 1957, The mnajor
part of activities of the Na-
lisnal Aeronautics and Space
Administration have  been
converted to (he melric sys-
ftoem te reduce errors from
mixed usage.

dusiry for example, has FaVOF oonooenneanrnnn, 16% The
adopted  the new system, OPPass  ...ovoveiieniinnn. 10 The fable below gives some
while the American wine in- Ne Opinfen .............. 3 equivalents:
dustry is planning to do so. Thase Unaware or Inelr .......2.54 ceniimeters
Recenlly the California Divi- - Incorrect .............. 71 Foot .......... 0.204% meter
slon of Ol and Gas cenvert. The results veported are Mile ...... ..L809 Lilometers
ed—the [irst state agency in hased on in-person interviews QUANTITY
the United States, it is be- with 1,502 adults, 18 and old- Flaid Ounce 29.57% milliliters
Lieved, to make the change. er, interviewed i n more than Quizrt . .. 0948 Jiter
In addition, signs showing 3066 scientifically selected lo- Gallen .. ....... 3.185 liters
. . distances in kilometers as well calities in the nation during WEIGHT
Figure 1: A mews item show- as in miles are beginning to the period Sept., 7-10. Grain . 64.799 milligrams
ing public opinion concern- appear on the nation’s high- ounee ...l 2 38.35 grams
ing the metric system. Ways. Pound .. .... 453,592 grams

Our problem as engineering educators is to
determine how and when to best integrate this
world standard of units into our classroom in-
struction and laboratories. In a recent article,
Dr. Henry Kroeze, Chairman, Engineering Depart-
ment, University of Wisconsin submits that "edu-
cating engineers and scientists to think and de-
sign in metric should not pose a problem. One
U.S. concern that converted voluntarily a few
years ago reported: 'We gave them a two-hour
pep talk and that was all there was to it. With-
in two months they all preferred working and de-
signing in the metric system'." Dr. Kroeze was
speaking primarily of engineers in industry. The ''applied" science courses basic to en-
Obviously, these engineers have a real incentive gineering include Engineering Graphics, Survey-
to convert when their employers decide to make ing, Statics, Dynamics, Strength of Materials,
the move. I wonder if we are as ready in higher Thermodynamics, and Blectrical Theory. Our
education, current course material in Statics, Dynamics,

Reviewing current text material and instruc-
tion for basic engineering courses at my own
institution, I find a range of metric usage from
nil to exclusive., Maximum metric usage occcurs
in the ''pure' science areas of Chemistry and
Physics. Chemistry uses the c.g.s. system ex-
clusively. Physics used the m.k.s. system ex-
cept in those areas devoted to "mechanics”,
where there is a reversion to the f.p.s. systenm.
Mathematics, dealing mainiy in the abstract, in-
volves few units but when they do occur, the
f.p.s. system prevails.
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Metric System On Way

Committee hearings on  the
adoption by this country of the
metric system have been held and the
U. S. Sepate has cpacted such
legislation. Some years will be allowed
to put the metric system into
operation. It will put other
measurements on more or less the
same footing as our monetary decimal
system now operates. [t will be
strange and difficult at fust to shift
from yards to meters, from gailons to
liters, from miles to kilometers, but
once the strangeness is overcome, it
will be much simpler.

Jonathan T. Utin, sixth grade
science teacher at Gilbert Linkous
Elementary School in  Blacksburg,
makes an excellent supgestion toward
the adult populaticn getting used “to
thinking” in the metric system. Here’s
his excellent idea as described in a
letter sent to the local media
(newspapers, radio, and television
stations): ]

“Sometime in the next few years,
our couniry is going to change from
its present measurement system to the
metric system. Also, we are going to
change from the Fahrenheit scale to
the centrizrade scale.

“In our schools we are teaching

children to use these methods of
measuring, hoping that the children
will gradually get ‘the feel’ of them.
But we must also educate those
Americans who are not -in school.
Thus I write to you, the news media.

“My request is simple. I ask that
you ADD to your readings, reports,
and forecasts of the weather, the
femperature in degrees centigrade. By
deing this 2long with the temperature
in Fahrenheit, a feel for ‘new’ system
can happen; a tearning by .doing
method. It will make our lessons in
school more relevant and functional.

“I hope that you will support this
idea. I really do not think that it is
jumping the gun’; and I know it will
work-they did it this way when they
changed over in Great Britain.”

For many  years, American
scientists have been using the metric
system of measurements in  their
work. Manufacturers, especially those
with large foreign markets, have
advocated changing to  metric
measurements which is to a great
extent world-wide. It's coming te this
country and steps to prepare for using
the metric system must be taken now
before Congress makes use of the
metric system mandatory.

wilention
agruihors!

Beginning with the October
1974 issue, articles published in
Engineering Education will pre-
sent units of measure in both
English and metric (51} terms,
Papers submitted to the journal
after January 1, 1974, should
use both unjts where it is rea-
sonable to do so. Papers that do
not conform to this require-
ment shall be returned to the
authors.

UNEQUALED FICTURES OF THE EARTH for weather forecasting
are produced by the newest of the Air Force's satellites,

Visual and infrared {IR) sensors bullt by Westinghouse

Electric Corp., Pittsburgh, bring back highly defined pictures
with resolutions from 3.2 km {2 miles) to 0.5 km {0.3 mile}.

IR sensors producd imagery represeniing ienperature.
Combining the visual and IR images, the type and contour

of clouds as small as 600 m (2,000 1) can be determined.

SOVIETS ARE GETTING CLOSER TO FUSION with a hot plasma device

Figure 4: A typical use of
metrics in the Research Trend-

letter.

Figure 2: An editorial from the Montgomery
County newspaper, News Messenger.

that produces a stable plasma celumn at 1-million C, Developed
by nuclear physicist Peter Kapitsa, several hours of life

are ascribed to the 20-cm plasma arc, This is a long step toward
fusion reactor staiity, even though the temparature is still

far 1o low to permit a continuous reaction.

Strength of Materials, Thermodynamics, and Sur-
veying in completely dominated by the English
system of units. Electrical Theory finds itself
with somewhat of a mix of units, while in En-
gineering Graphics we have barely scratched the
surface of introducing the metric scale. Inches,
feet, and pounds prevail.

So, what is being done to hasten acceptance
and usage of SI? Certainly the various metric
oriented organizations, governmental, education-
al, and industrial, are now taking the lead in
publishing and distributing an ever increasing
flow of information. Newspapers will play a
major role in bringing the metric message before
the general public. The Gallup Poll article
from the Roanoke Times (Figure 1) and interest
such as expressed in a recent editorial from a

Figure 3: Recommended standards for authors
in Engineering Education.

small local newspaper, The Montgomery County,
Virginia, News Messenger (Figure 2) are examples.
Education and Industrial Journals have begun to
use, and some require the metric system in
printed matter. Note the use of SI in a recent
"ndustrial Research" Trendletter (Figure 3)
and the note to authors (Figure 4) published in
the "Journal of Engineering Education'. These
are all steps in the right direction, but of
limited value to us as engineering educators in
our classrooms.

Most of our engineering courses are built
around a particular text. I believe our most
pressing need in engineering education is basic
text material with all text, illustrations,
problems, and experiments utilizing the metric
system exclusively. The problems and costs as-
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sociated with the preparation of such text ma-
terial are emormous, but not insurmountable.
Texts will need revision, new editions proving
both boon and bane for publishers and suthors.
Instruments for metric measurement must be ac-
quired, or existing English system instruments
recalibrated. Visual aids and conversion tables
must be prepared and utilized. Dual usage of
the English and metric systems should be avoided
since this tends to foster reversion to the old
system. We, ourselves, and our students will
not become adequately familiar with the metric
system umless we are, in effect, "forced" to
use it on a daily basis.

We will be required to learn and to teach
the prescribed norms for dimensioning in SI.
While dual dimensioning may be necessary in in-
dustry for some years to come, it is not at all
necessary in our engineering classrooms.
Graphic students will think in millimeters in-
stead of inches; surveying studemts in meters
rather than feet. Students in engineering de-
sign courses should be encourages or, better
yet, required to compute and design in the met-
ric system. Why not - it's easier!

We recently ran into a small problem in il-
lustrating the meaning of the figures at the
left of metric scales. A number such as .025
is associated with a ratio of 1:40. We could
find no accepted '"names' in any literaturs, so
we have decided to call the decimal number the
"scale factor™ and the ratio the ''scale ratio™.
Obvicusly, the scale factor is merely the deci-
mal equivalent of the scale ratio.

P,

-~

In the final analysis, it's going to be the
individual engineering teachers who will, or
will not, provide the stimulus and impetus to
implement SI in engineering education. As you
well know, change comes rather slowly in col-
leges and universities. Teachers of fundamental
subjects such as Engineering Graphics, however,
are in a position to initiate and hasten the
change over to SI., If you teach metric at the
basic level, higher level instruction must fol-
low suit.
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Seven short years ago, in my own college,
there were very few members of our one hundred
sixty man engineering faculty with experience
in computer programming - and more than a few
lacked interest. At that time, we developed
and implemented our Engineering Fundamentals
Program for first year studemts. Included in
the program is a course in computer programming.
Believe me, we had to hustle that first year to
stay one step ahead as selected faculty learned
the subject with the students. The effect of the
freshman course was immediate! Since rising
sophomores were going to have a basic knowledge
of programming (and would clamor for more), the
degree granting departmental faculty were forced
to get into the game, which to their credit,
they have done. Today, it is a rare engineering
professor who is mot at least somewhat adept at
computer programming. Why not use the same type
of gambit to go metric? - and the time is now!

I quote from a recent issue of '"The Military
Engineer": "You better start practicing metric
and thinking metric or it may hit you like

1,000 kilograms of brick!" You'd better believe
it.
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Midyear Meeting

Jan. 24-26

The annual midyear meeting of the Engineer-
ing Design Graphics Division was held January
24-26, 1974, in New Orileans. Headquarters for
this meeting was the Fountainbleu Motor Hotel
located near downtown New Crleans. Sponsor for
this meeting was Engineering Graphics Depart-
ment of Louisiana State University with Profes-
sor Clarence Hall and Boris W. Boguslavsky,
both of L.S.U. serving as hosts.

Registration was Thursday afternoon January
24th with the Executive Meeting at 6:15 that
night. The Executive Meeting discussed old and
new business of the Division with primary em-
phasis on refinement of the rough draft of the
new By-Laws of the Division of Engineering De-
sign Graphics. These By-Laws will be submitted
for approval during the annual meeting in New
York this summer. Chairman Ken Botkin presided
over the Executive Meeting and received reports
from all standing committees.

Dean Roger W. Richardson greeted the atten-
dees at the general session held at 9:00 Friday
morning. Dr. Richardson is Dean of the College
Of Engineering at Louisiana State University.

Excellent papers were given following the
general session by Professor Klauss E. Kroner,
University of Massachusetts; Bob R. LaRue, Ohio
State University; George Devens, Virginia Poly-
technic Institute; and Ms Naomi J. McAfee, West-
inghouse Electric Corporation. During the noon
luncheon, an excellent movie depicting the plan-
ning, development, and construction of the Su-
perdome being built in New Orleans was presented
by a staff member of the construction company.

Papers were presented Friday afternoon by
Robert J. Foster, Pennsylvania State University;
Wilfred J. Tolman, Brigham Young University;

Don Beattie, Queen's University; and Thomas R.
Long, West Virginia University.

The Honorable Mrs. Hale Boggs, U.S5. House
of Representatives, gave an after dinner speech
following the annual banquet held Friday might.
Her topic was the legislature status of the
metric system of measurement.

A ladies tour was orpanized for wives of the
attendees that included visits to famous land-
marks in the old New Orleans ared. Ample time
was provided for sightseeing and visits to the
many historical spots available in the area.

The meeting was both informative and enjoy-
able, providing academic stimulation and relax-
ation. The facilities and conveniences provided
by the Fountainbleu Motel contributed greatly
to this well-organized meeting. The meeting
adjourned with the conclusion of the annual

S5

The "Superdome" was the topic of the noon lunch-.
eon and was presented by Mr. Charies F. Cronin.
(L to R: Mr. Cronin, Ken Botkin, Ms. Laner, Dean
Richardson and Vice Chairman Claude Westfall).

Dean Roger W. Richardson, Louisiana State
University and Chairman Ken Botkin, Purdue
University.

Francis Mosillo, Chicago Circle, discusses
a topic with Bob LaRue, Ohio State University.
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Application of Graphics to Mechanical Design

APPLICATION OF GRAPHICS TO MECHANICAL DESIGN
By George Raczkowski

Texas AGM University

Graphical methods are used extensively in
solving problems in all areas of mechanical de-
sign. In general, graphical methods are simple,
practical, and easy to learn; they provide im-
mense visual effect and aid in the understanding
of the principles involved. Therefore, they are
powerful tools that should be used whenever
possible in both education and application. By
showing examples of problems facing the student
or designer in practice, some of the advantages
of graphical methods over analytical will be
pointed out,

The engineering student is exposed to
graphics from the beginning in ENGINEERING
GRAPHICS courses and these principles are used
in later courses. Reduction of a system of
forces in STATICS, finding the resultant by
force polygon, and determining equilibrium con-
ditions are performed by graphical methods. The
same applies to DYNAMICS where one should use
graphical methods whenever applicable, even as
a supplementary methed. It helps in understand-
ing the theory involved when operations on vec-
tors and motions are under consideration.
Unfortunately, some textbooks do not cover
graphical methods, but rely only om analytical
methods. When studying kinematics and dynamics
of rigid bodies, determining velocities, ac-
celerations, and forces, problems could often be
solved much faster by using graphical methods
rather than analytical methods.
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Let us examine a slider crank-mechanism
as shown in Fig. 1 as an example that lends it-
self to solution by use of graphics. Given is
the angular velocity of the crank equal to
1 rad/sec (clockwise), and the mechanism's di-
mensions as drawn to scale. Required: Find the
acceleration of the slider point B.

Similar problems are assigned and solved
in mechanics and mechanisms courses. To solve
the problem, the analytical solution is shown in
Fig. 2 with some of the arithmetic ommitted. Yet,
it is a lengthy solution as compared with the
graphical solution shown on Fig. 3 and Fig. 4.
Only seven lines needed to be drawn with one
simple calculation to work the problem with
approximately 1% of error as compared with the
three-decimal-point accuracy of the analytical
sclution. It is apparent that the graphical
solution is far better and faster in this case.
The graphical error is a result of inaccuracies

©of drafting. It accumulates in laying out

angles, drawing perpendicular or parallel lines,
transferring dimensions, or using scales(often
too small).

Yet another approach in solving the same
slider-crank mechanism is shown on Figs. 5 §&«.
The mechanism is drawn for a number of successful
crank positions with 30° crank intervals in
Fig. 5. Fig.&a shows the displacement, velocity,
and acceleration curves for the slider obtained



VELOCITY :
V=@ KT =~ ke (T+[732] )= 17320-]
Vi = Va~ VB/A =732 -] +Wamk X
X(+32-1732])
Vg T = L7325 ]+3Weys [ #1732 4y, L
O=-1+3Wesa - Dppm =5 Asec Figure 1: Given: Slider crank mechanism as shown.

VB =732+ (L732) =72 3/0 L'p_s_ Angular velocity of cramk = 1 Rad/sec CW. Find:

Velocity and acceleration of slider at pt. B.

ACCELERATION :
/T;} =;4‘; +*As/a

Ap L= 0a x Va+ Dap x Vayn #0515 /o
- —
~|& ]k
- |=
17220

é? ';* }' Figure 3: Step 1: Draw given velocity of A from
iy e point Oy to scale, Draw directions of Vg
a)ﬁ/A X[@/ﬁ X/:;/A) = 7“%3/(X 0 0 t5|= iﬁ V(];E/Lz pe\::'pendicular to AB. Point of inter-
#347320 secticn is the solution to equation:
B _ AL (B/A
I - Vo= + V
/3¢ +'/‘72./ V= 2.3 ips
ApT =~T=I7B2]~ 151 +.192] -
+3dpm ) 17327 o =t G
0=~ /732+./92+3 Uy,
~Lgp=+.57
"‘Z . - -

A =15 (172N 5! ) A7 opst

- Bp/a=e38
Figure 2: Amalytical solution of slider-crank ) a
solved graphically in Fig. 1, Fig. 2 and Fig. 3.

Figure 4: Step II: Draw accelerations from Op by
solving the Eq. given below:

2 .2
- N T. Calculate A,= V,,,,=2.00 ips
AB—-AA+AB/A +AB/A A" TA/R
N _ 2 _ 2 _ .2,
and AB/A = VB/A/AB = 1.,15%/3.46 = .38 ips
Next draw a line perpendicular to AIE/A and find

peint b.

AB is the answer.
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Figure 5: Different crank positions of a slider-
crank mechanism.

by laying off the displacements of the slider
and next differemtiating graphically (5) the
displacement and velocity curves. The analysis
is complete for every position of the slider,
whereas in the previous methods only one position
was analyzed. Although the previous two methods
give velocities and accelerations for different
points of only omne position, there are advantages
and disadvantages of the methods considered and
should be chosen depending upon needs of the
designer. The subject of MACHINE DESIGN could
be divided into Analysis and Synthesis of Mech-
anisms and Dimensioning, or Strength of Materials
sections. Analysis means studying a given mech-
anism. To perform the task, graphical methods
are used for finding positions, instantaneous
methods, drawing velecity and acceleration poly-
gons, determining forces, differentiating and
integrating functions and laying out cam pro-
files, etc,

Synthesis means designing the best mech-
anism and its dimension for a given motion.
Examples of application of graphics are: guiding
a point along a specified curve, correlating
angular positions of two or three cranks, guiding
a body through a number of distinet positions,
developing function generators, and other uses.
Descriptive geometry(by consecutive auxiliary
views) is used in solving for displacements,
velocities and accelerations of spatial mech-
anisms, which in many cases significantly simpli-
fies the selution of the more difficult cases
{2 & 4) as compared with those of planar mech-
anisms.

To show how powerful, yet simple the graph-
ical method could be, let us design a mechanism
which will guide a rigid body shown on Fig. §
from position AB to A'B'., A four-bar mechanism
is one of the simplest and most suitable for
such a job. As shown in Fig. a-c¢ it is solved
by arbitrarily selecting centers 01 and 02 on
the perpendicular bisectors of AA' and BB',

One can choose any suitable system of four links
as a solution.

Another example shows the advantage of us-
ing the graphical method to design a function
generator y = log x; l< x <2 with three accuracy
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Figure 5-a: Displacement, vocity and acceleration
curves for a slider-crank obtained graphically.

points. Figure 7 shows such a function generator
linkage in which the motion of rocker Rz corre-
sponds to x and the motion of rocker R4 to the
function y = F(x). The starting position of

¢ = 457, the total swing of 60° of the input rock-
er, and the starting position of x = 0°, and the
total sweep of the output rocker of 60° are found
by transforming the linear values of x and y inte
degrees. The analytical solution regquires set-
ting up and simultaneously solving a system of
three equations for the three unknown values of
link ratios. The equations are given below as
follows:



I

A A
A / FIG.6 o
FIG,6 FIG.6 a olg ﬂ o,
Step 1: Find bisectors of line AA' Btep 2: Choose any point 0) along the Step 3¢ Copnsct O] with A and O3 with
and BB'. line which is the bisector. Repeat & to obtain a four-bar-mechanism
Given: A rigid bedy of length AB, and for 0. A particular case is when

which will satisfy the required con-

Q) toincides with 03. dition of guiding body AB to ATB'.

its pesition.

Find: A mechanism which will puide
body AB frem position as shouwn to
postion A'BF.

Figure 7: Given: Starting position ¢=45°; total
swing of input link 60°; total swing of output
link 60°; $13=60°; ¢1,=30°; ¥13=60°; ¥12=35";
Rj= 1 in., and assumed Ry as equal 0.79 in,
Find: A four-bar mechanism(Rz;R4) which will
satisfy the required conditions.

Figure 7A: Step 1: Draw line 0307 equal 1 in.

to scale, and line 01A] as equal R2. Draw an
angle of 30° to obtain line 01A;. Connect peints
A202 and draw angle 35° as shown. Find bisector
of AjAs by geometric construction. To find
point A's swing an arc of OzA,.

K1 cos 49.020 + Kz cos 5.614 + Kz =

cos (49.020 - 5.614)

+ K2 cos 35.10 + K3 =

cos (75 - 35.10}

K1 cos 100,98 + Kz cos 57.056 + Kz =
cos (100.98 - 57.056)

Solving for Ki, K2 and K3 yields:
Ki = -0.6629; K2 = 1.2566 and K3 = -0.0894.
The relationship between the constants K1, X2,
Kz and the link lengths Ry,... Ry is given by the
following formulas:
K =% -r%_-R®_R%/ 2RR,; /K =

3 1 2 4 274 2

RI/R4 and K3=R1/R2.

Let us assume R,=1.600 in. and substituting it
into the above values for Kl’ K2’ and K3 we ob-
tain:
R2=0.7936 in.; R3=2.034 in, and R4=l.515 in.
A four bar-linkage with such dimensions will
generate the log function as required.

K1 cos 75

Quite a number of mathematical operations
were omitted in solving this problem analytically,
particularly in setting up the system of equatioms.
The graphical solution is shown in Fig. 7 a-c.
This method is also called the inverse method.
Briefly it follows: first a line 0102 is assumed
of any length (in our case Rf = 1 an.) and drawn
to a suitable scale, and another line is drawn as
the input link R2. To check the analytical solu-

"tion with the graphical solution Rz was chosen to

be equal 7.7936 in. as obtained before from solv-
ing the three equations.

Next, angles ¢ 12 and $13 were constructed
and points Az and Az found. Joining points Aj,
Az with peint 02 and drawing angles ¢ 12, ¢ 13
in the directions as shown on Fig. 7a and 7b
gives points A} and A3. The intersection of the
erected perpendicular bisectors of A;Ab and
AqAL determines the fourth point B1 and the re-
quifed links R, and R,.
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BL
T

Figure 7 B; Repeat construction as described

in step 1 for point Az. Point B1 is the point
of intersection of the two bisectors obtained

from steps 1 and 2. This point determines the
length of line R3 and R4.

By comparing the two methods one can ap-
preciate the simplicity of the graphical method.
When checking the results R3 and R4 as obtained
by graphics with the calculated values by solving
the three equations analytically, one observes
that they are the same, which proves the correct-
ness of both metheds.

DIMENSIONING AND DATA ANALYSIS

Dimensioning machine elements is also simplified

by using graphical methods.

Some examples are:

1) Mohr's Circle for finding stresses, strains,
and moments of inertia

2) Shear and bending diagrams of forces and
moments, deformations of beams

3) Fatigue diagrams; etc.

Also, as could be seen from the assignment
sheet 80 for engineering design graphics students
included (Fig. 8), some data must be plotted be-
fore being analyzed. Without drawing the curves
first, it would be impossible to determine the
yvield stress which is one of the most important
characteristics of materials. The method used to
determine the yield stress is commonly known as
the offset method and is strictly a graphical
method. The same applies to the other guestions,
that could not be answered without drawing the
curves first.

SUMMARY

As could be observed from the brief des-
cription of different solutions of problems,
graphics plays a dominant role in mechanical de-
sign. With the rapid developments and improve-
ments of computer graphics this will remain as
such for a long time to come. When comhined
with analytical methods, graphical methods are
of great importance and hundreds of new appli-
cations are published in original works. Even
handbooks of graphical methods are availabie
(3) giving quick solutions to typical design
problems. Today's students equipped with elec-
tronic pocket calculators seem to forget ahout
the great opportunities in simplifing their so-
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Figure 7C: Step 3: By connecting 07 with By and
Ay with Bl the mechanism is completed. From
point By by swinging an arc other positions were
shown.

lutions by a simple sketch or drawing. There-
fore, it is the instructors responsibility to
point them out whenever possible. Such was the
intention and purpose of this article. Every
other area such as civil engineering, electrical,
or any of the leng list of specialities could
point out numerous examples of applicatiohs of
graphics to their problems.
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DATA ANALYSIS

MOST DATA MUST BE PLOTTED GRAPHICALLY BEFORE IT GCAN BE ANALYZED, THE DATA IN THE
TABLE BELOW WAS TAKEN FROM A TWO RUN COMPRESSION TEST OF A STEEL SPECIMEN, PLGT THIS
DATA AS STRESS-STRAIN CURVES FOR EACH RUN SEPARATELY IN THE SPACE BELOW. FROM THE
CURVES, DETERMENE FOR EACH RUN: dé\,

1. YOUNG'S MGDULUS "£" USING A FORMULA E =52 5,532(/06} E,7 52(/06_} P5/

2. PROPORTIONAL LIMIT OR STRESS AT WHICH THE CURVE BEGINS TO DEVIATE FROM A STRAIGHT
LINE PORTION OF THE GRAPH.

PLLT ]G4 KSIrs 25 KS)

[ 3. MAXIMUM DIFFERENCE IN STRESS

WHILE LOADING AND UNLDADING

FOR THE SAME VALUE OF STRAIN.
MAX DIFF. /{6 A5/

ALSO, ANSWER THE FOLLOWING
QUESTIONS:

1. DID THE YOUNG'S MODULUS
CHANGE IN RUN TWQO AS COM-
PARED WITH RUN ONE? _

DID THE PROPORTIONAL LIMIT
INCREASE IN RUN TWO? ¥V ES

30+
STRESS STRAIN
(KSL) SURIHEN
RUN 1 RUN 2
Up  Down Us  Down
o 0 0 (.05 0 L.50
0 2.5 0.07 .20
: 5.0 0.16 ©.35 0.15 L5
10,0 0.32 0.67 0.30 180
\; 15.0 0.45 0.92 0.45 L%
& 20,0 0.65 120 0.60 2.10
X 22.5 0.75 130
P 25.0 0.% 140 0.76 2.26
3 21,5 L25 145 0.89 2.3
n 29.0 1.50 150
Ty 30.0 1.07 2,42
QO 3.5 1.35 2,49
[y 35.0 L15 2,52
v, 3.5 2.65 2.65

COURTESY TO MTS SYSTEMS CORP.

ﬁ NN ;;gﬂgggg“”ff \ .
0= wiod '"ST‘RA/NL/N//N

Figure 8: Data analysis of stress-strain curves.

Engineering Design Graphics Journal, Spring 1974
24



[et’s

Claude Z. Westfall
Vice Chairman
Engineering Design Graphics Division

The Enginesering Design Graphics Division
has changed considerably since its inception in
1928. Through the efforts of its first chair-
man Thomas E. French and those that followed...
Harry M. McCully, John M. Russ, Carl L. Svensen,
Clair V. Mann, Randolph P. Hoelscher, Walter E.
Farnham, Justus Rising, and more recently...
James H. Earle, Percy H. Hill, and William B.
Rogers, the Division has prospered and grown.
Many changes have cccurred in the last forty-
six years. There have been several changes in
the emphasis of graphics, new areas of involve-
ment have been entered into, and tweo changes in
name have occurred. More recently a Self-Study
Committee and a Journal Study Committee proposed
several long range recommendations related to
the operation and organization of the Division,
New By-Laws have also gone into effect since
the Annual Conference at Iowa State in 1973,

For the year 1974-75 the Divisioen will
continue to promote the interests and activities
that pertain to graphics and design. The focal
point for carrying out activities will be the
Mid-Year Conference to be held at Williamsburg,
Virginia, and the Annual Conference to be held
at Colorado State. Individuals in charge of
institutional graphics programs are urged to
find ways to get their younger members involved
in the work of the Division. An opportunity to
attend either or both of the Conferences would
be a good way to introduce these people to the
Division.
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et Involved For 1974-75

A concern frequently expressed by individ-
uals of the Division is that there is a need for
more member participation. The membership is
now urged more than ever to take part in its
programs, to share their new innovations in
graphics, and to take an active rele in commit-
tees that are vital to its operations. Several
committees that have been inactive will be a-
bolished for the year 1974-75, Others will un-
doubtledly be added. Your concerns and interests
will help the new chairman to develop those
committees required to carry out the work of the
Division. Current operating committees are:

Liason Committees

Public Relations
Educational Relations

Industrial Relations

Technical & Professional Committees

Graphics Technology

Computer Graphics
Thecretical Graphics
Engineering Design Education
Teaching Techniques

Human Factors in Design



Claude Z. Westfall
General Engineering
University of Maine

Programs Committees
ASEE Annual Conference

Mid-Year Conference
Exhibits
Creative Design Displays

Zones Activities Committees

Zone I

Zone 1T Responsible for planning
Zone III geographical activities
Zone IV

Publications Committees

Engineering Design Graphics Division Journal

Additional committees in other areas of
interest as expressed by the members will also
be formed. You are invited to respond to the
following questions.

1. Areas of interest that you would like to
see developed.

2. Committees that you have an interest in or

would be willing to work om.

3. Program suggestions for the Mid-Year and
Annual Conferences, 1974-75.

There will always be a need for a place
and time to exchange ideas. Issues will always
confront us, and problems will need to be re-
solved. In the final analysis, the future of
the Division will depend on the determination
of each member to do his or her part.

Comments should be sent to:

Claude Z. Westfall
Department of General Engineering
202 East Annex

University of Maine
Orono, Maine 04473

book review

INTRODUCTION TO DIGITAL COMPUTER PLOTTING

by T. €. Smith and ¥. C. Pao
Gordon and Breach Science Publishers, New York

This book is quite well dome. It is illustra-
ted with many plotter-drawn graphs and drawings
that give ample evidence of the power and scope
of computer plotter graphics. The book includes
listings of the programs and subprograms that
generated the plots, with comment cards and ac-
companying explanatory text. Calcomp and Complot
subroutines as well as some Job Control Language
statements are explained, compared, used and the
resuiting pictures shown.

I especially liked the illustrations of the
transformations of letters, figures, and objects
--the scaleing, translating and rotating; these
operations help the reader to think of the digital
computer as containing a collection of an almost
infinite number of templates, each with a choice
of hundreds of sizes and attitudes.

Other illustrations in this book include bar,
solid and broken-line graphs; curve fitting, two-
and three-dimensional views with visibility shown,
Mohr's circle, contour drawings, gears, Moire's
pattern, a floor plan and an electrical schematic
diagram.

Photos of plotters and computers are inculded,
plus a plotter-drawn example of pen and paper
movements. To help locate information in the exact
columns of control cards, a scaled photo of a
numbered computer card is placed below card list-
ings. Although a knowledge of Fortran is assumed,
a motivated novice should catch on by careful
and thoughtful reading, with occasional reference
to a Fortran text. Subroutine arguments (the vari-
ables shared by different program components) are
commented upon and explained. I think that if
this or a similar text could be made available in
advance to those attending computer graphics con-
ferences, all would benefit.

Overall, this is a worthwhile textbook that will
help students understand, appreciatg, and use
plotting hardware and software.

Reviewed by Professor Norman Buchanan

General Engineering
‘Pennsylvania State University
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Scales and Alignment Charts

Using a Digital Plotter

Part Cne
Prof. Clair M. Hulley
University of Cincinnati

Frequently scales for non linear functions
must be created and the time to lay them out by
hand can be very large if the functions are com-
plex and highly non linear.

While there are many linear and special
logarithmic scale routines available on a digi-
tal plotter none are flexible enough to be gen-
eralized.

To satisfy this obvious a curved scale rou-
tine{CRVSC) and a program to annotate it called
(LBL) was written. These programs were written
for a 16 K, 1130 I.B.M. computer driving a
4-1/2 X 6 foot Calcomp 718 plotter on line with
a step size of 0.001 inch. A print out of the
program is given in Table 1.

To convert to a 360 or 370 computer would
only require contrel card changes and a removal
of the cards requiring the data switch two(CALL
DATSW). The NUMB, PLOT, and SYMB are the stand-
ard Calcomp number, plot, and symbol routines.

Subroutine LBL is automatically fed proper
information from the CRVSC routine. It will
center the value above or below the tick mark
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for values from £.001 to 10000.0(positive or
negative). Values outside this range require
the usual procedure to factor out ten to the
nth power and place this in the scale title.
Also, LBL routine will place the value to the
right or left of the tick mark, and move it as
close as possible as well as suppress the value.

You will note the card following LBLOO04O
and also following CRV00040 is the card to ob-
tain a listing. If this is the last card with
an asterisk in column one, and if C is placed
in column 80, the card can be left in the deck
and reversed end for end to get a listing as you
desire. The same technique can be used in de-
bug write statements by placing a C in column 80
and turning the card end for end to pldace the
deck back in de-bug status.

The customary subroutine argument list is
shown on card CRVO0060. The last two arguments
are external x and y scale functions. This is
useful in making alignment charts where several
scales and functions are involved. If oniy one
scale is to be drawn, the card following CRV(O0060
should be used and the functions stored on disk
as FXFZ and FYFZ,



s LR

«F1 ETE LEL
/7 FOR
«ONEWORDINTEGERS

c

[ OOWN 115 UP 117 RIGHT 18 LEFT 22
RETURN
140 IF (Z) 150,180,180
1S5S0 IF (Z + 1+) 170:17Q.180
160 NN = NN + 2
GOTO 180
170 NN = NN+ 4
180 CALL NBMB(X — ( (NN + N} »~ 2e) = 1 » SIZE»Y +
ASIZE »Z:0= s MN)
150 RETURN
200 CALL NUMBI(X + «1:Y - 0510 » SIZE+ZsO=3sN)
RETLRN
210 IF (2) 820240240
220 NN = 2
IF (ABS(Z) ~ 9.89) 240,240,230
220 NN = NN + ALOG(ABS(Z)) ~ 2.302585 + 0-001
240 CALL NUMB(X ~ 1 - (NN + N + 1) # 10 = SIZE.Y -
10« s N)
RETLRN
END
<7 OUP
«STORE WS UA LBL
PN & =]
s P
»OELETE CRVSC
s FOR
«ONEWCRDINTEGERS

SUBROUTINE LBL (XY IsZsN>SIZE)
DIMENSION IL(S)

DATA IL D% 'U*s "N*» "R L%~
CALL DATSW (2, ISWa)

GOTO(10-30) » TSWa

WRITE (3:20) XYL ZeNSIZE
FORMAT (2F10: 4 AL0:F20-8,T40:F10:2s*** ")
IF (ABS(Z) - 1:0) 40,5050
NN o= A
EOTO
NN = ALOG(ABS(Z)) ~ 2.-302585 + 1-.001
D0 70 JI=1-5
JIT = JI
IF (I - IL(J4IN) 70:80,70
CONTINLE.
JJT = 4
GOTD (2051405 180,,200,210) » JJT

IF (Z) 300,130,130

IF (Z + 1-3 120,120,130
MN = NN+ 2

GOTD 130

NN = NN+ 4

CALL NERBIX — € (NN + N) ~» 2e) = 1 » SIZE,Y -

ASIZE»Z-0- M)

» IST SOURLCE PROGRAM

C

10

SUBROLITINE CRVSC (ZMIN» ZMAX s XINC » YINC s FXF Z:FYFZ)

LEL00140
LB.C0LS0
LELOCLIE0
LBLO0L70
LBELCO1E0O
LBLOOL30
LBLOO0=00
L-BL00=21.0
LELCCE=0
LELCOZ30
LBLOO240
LEL 00250
LB 0050

019 = SIZEs-1 = LB 00270

LBL.00280
LELC0O=30
LBLOOZ00
LB 00310
LBL.00320
LBt 00240
LEL 00350

09 w SIZE»-1 = LE.Co=60

1.BL.00370
LBL00380
L BLOOI=0
LBLCO400
LBELQO410
LB 00420
LBELCO430
LB 00440
05«10 = SIZEZ»LBL00450
LBL 00480
LB 00470
LBLo0480
L B1.00430
L BL 00500

CRYQOOLO
CRVYORO20
CRvYOCOa0

C
CRVODOE0

JENTY s ENIX s XAMZ » NIMZ (CBVRC ENITUOREUS

INTEGER BLANA CRVOOOE0
DIMENSION IMAJ(40) »Z0EL (40) s LELRL (10) » ZCHNG (100 » TACT (10) CRVOOD20
DIMENSION SIZE (10) CRYOO1Q0
DATA BLANK L sZERDONE-* " . s0ssldles CRVOO1410
IPN = 3 CRVOD1Z0
ZoE = 0001 CRVCDA30
OX2 = O-= CRVOO140
Z = ZMIN CRvOOA1S0
X = FXFZLZ) » XING CRVOQLEBD
Y = FYFZ(Z) ~» YINC CRV00170
Z = 2Z + ZIE CRYQO1E0
CALL PLOT (XY IFND CRYO01380
IPN = 2 CRYOO200
X o= FXFZIZ) ~» XINC CRVCO210
YY = FYFZ(Z) ~» YINC CRVOOE20
CALL PLOT(X: YV 2) CRYOOE30
B = SORT( (X — X » = 2+ (Y — YY) » » 2) CRYOO240
IF (O - -01) 12:18,14 CRYOO250
IF (O - 005 16,16,18 CRVYOOEESD
ZDE = ZOE ~ 1-5S CRVCCEAD
GOTD 20 CRVCO=80
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I5 ZE = ZIE = 41-5

CRVOO230

i82 IF € - ZMAX) 20,2082 CRVCOZ00
20 2 = Z + Ik CRYC021.0
GoTO 10 CRVOOE20

g2 £ = ZMIN CRYQO330
READ (2501 Ne (ZOHNG () » ZDEL (D s IMAJC D o LBLRL (LD s TACC () s STZE () s J= CRVOD340

di N CRVOO3S0
CALL. DATSW (2, ISWS) CRVOOZE0
GOTO (24251 » ISWD CRYOO370

24 WRITE (330N CZOHNG (U3 » Z0DEL (L) s IMAJ () »LELRL () s TACC () s SIZE (J) : JSCRVOD3E0
L3 eN3 CRV0D32280
28 IF (LBLRL(1) - BLANK) 30:28,20 CRYOO400
a8 LBLRL (1) = L CRYOD<410
30 IF (SIZE(L) - ZER) 34:32.34 CRVCD420
o2 SIZEY = ONE CRYQO430
B4 NTNL = N - 4 CRVOD440
OO 48 KJd=LNvINL CRVYO0450

IF (LELRLIKD + 1) - BLANCG 38.35.33 CRYQO0480

I LBERLKI + 1) = LB KD CRVOD470
2 IF (ZADCIRY + 1) - IFIX(ZERD) ) 42:.40,42 CRVOO480
40 TADC K + 1) = TACCIKD CRVOQ430
42 IF (SIZE(KJ + 1) - ZERD) 45:44:48 CRVOOS00
44 STZE (KJd + 1) = SIZE (K CRVOOS1i0
48 CUNTINUE CRVOOSE0
GOTO (48, 521 « ISWE CRVCOS30

48 WRITE (3: 501 Ns (ZOHNG (D) » ZOEL (LD s IMAJ (D) sLELRL () s TACC (LD s SIZE () + J=CRVOOS40
445N} CRVOOES0
S0 FORMAT (Z10- (EF10:Z» T10: DX AL » TLO»FA0-2) ) CRYOOSE0
D2 ZOHNGINY = ZOHNGIND = 1-001 CRVOOS70
ICNT = 4 CRVOOSE0

Jd = ERVOOSS0
S4 K = FRFZ(Z) » XINC CRVOOB00
XKA = K CRVOD510

Y = FYFZ{Z) »~ YINC CRVOOS20
YYY = Y CRYOOE30
Il = IMAJCL CRVOO840
00 B85 I=4isIM. CRVOOES0O

Z = Z + ZEL A CRVOOEE0
XX = FRFZOZY 7 XINC CRVOODEZ0
Y o= FYFZ(Z) ~ YING CRVOOEE0
O = XX ~ XXX CRVCOSS0
IF (ABS(DX) - «4iF - 5) S5,.55.58 CRVYOO7C0
86 OX = SIGNC-00ZL 0%} CRVCO710
S8 AN = ATANC (YY = ¥YYY] »~ DO CRVOOZ7E0
ANG = AN » 180. »~ 214155 CRVOO730
OXSAV = OX2 CRVOD740
Z2 = Z + ZDEL(D CRVOOZS0
X2 = FXFZ(Z2) ~ XINC CRVOOZER
OX2 = X2 - XX CRVOOZ70
Y2 = FYFZ((Z2) ~» YINC CRVOOZFB0O

IF (ABS((XE2) - -1E - 35) GO-80:82 CRVOO7S0
B0 M2 = SIGN{.-C0L-OXE} CRVODE00
B2 ANE = ATANC (Y8 - YY) ~ IS CRVOOE10
ANGNLY = ANE = 4B0. ~ 3144839 CRVOOEE20
ANBAY = CANG + ANGMD 7 2o CRVOO830
IF (OX «» OX2) B4.85-66 CRVODE40

Bd ANGAYV = ANBGAY + B0 CRVOOES0
88 CONTINE CRYOO8SD
LELR = LBLRL Y CRVOO870

IF (I - 1) B4.B2.84 CRVODE80
E3 IF (I + J - Bl 78:7Q.72 CRVODESO
FC BAVAN = ANG CRVOO300
HSAY = OK CRVOCS1.0
78 AVANG = (BAVAN + ANGY ~/ 2. CRvVQ0=20
IF (BAV » MY 74:786.75 CRVCO230
74 AVANG = AVANG + S0 CRVODS40
76 CALL SYMB(XsYsABe 1D AVANGs ~ 43 CRVOO==0
CALL. SYME (XY 02,0, AVANG: - 47 CRVOOSSE0

IF (JONT - 1) BO-78.80 CRVOOE70

A8 CALL LEE. (oY LELR s ZMING: TALE (L) »SIZE (.0 ) CRVOOSE0
=OTD 82 CRVOOSS0

B0 CALL LBL COYLBLRZ - ZDEL (I »TACC (U »SIZE (I Y CRVOL1000
82 IF (4-001 » Z = ZMAX) Bd4.S58.98 CRVOLOLO
B4 CALL SYMBOOGYYr 08135 ANBAVs -~ 4 CRVOLO20
WK = M CRVOLO3D
YYY = ¥YY CRVOL1040
SAVAN = ANEN CRYOL1050
858 CONTINUE CRVOL080
Z =2 + ZDEL (D CRVO1070

IF (ABS(ZHNGLY Y - 4¢3 8,858,880 CRVOLOB0
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88 IF (ABS(Z ~ ZOHNGJD)Y - 18 - 4) 895,595,904 CRVO4L0S0
S0 IF (ABS(Z - ZOMNG(NY) - olE - 4 » (ABS(ZOHNGINID)) 54054.82 CRYQLL00
22 IF (ABS(Z - ZOHNG(D)Y -~ oiE - 4 = (ABSZHNG))) S5:85.84 CRVOLL110
S4 ICNT = & CRVO1120
GOTO =4 CRVOL.130

85 £ = NG LD CRVO1L140
d= 0+ 4 CRVD11S0

ICNT = & CRVOL1B0

GOTO 54 CRVOL1L70

S8 RETLRN CRVOL180
END CRVOLL=S0

ss P CRVOL200
=STORE WS UA CRvsC CRVOL210

THE SCALE ON THE RIGHT: -+

THE TWO FLNGTIONS WERE s+«
FYFZ=0.
FYFZ=SQRT (21

CALL CRVEC(OsSe3sderls)
DATA CARDS WERE -« .« .
a
1- 1 q L =1
B 2 4 L
9.00 5 a1 L
—-2.0 -%.00 9.0
! 8.90
N 7.0
~2.80 6.00
L g.00
4-3.0 -3.00 4.00
T 3.00
-3.60
3-8 2.00
~4-4.0 -4.00 1.00
T ’ 0-50
-4.50
dl.s.0 ~5.00 g.00
EXAMPLE 1
THE CENTER
THE TWO FUNCTIONS WERE
FXFZ=0-
FYFZ=Z
CALL CRVEC (~5e s—2=21-sds)
nﬂhcnufwaz-u-
-2 .1 4 L =] -a
LEFT HAND SCALE--.
THE TWD FLNCTIONS WERE::«-
FXF2=0-
FYFZ=Z
CALL CRVELS (-Sep=Rasleale)
DATA CARDS WERES- - - -
1
N -] 4 R i

Example 1: The calibration of an alignment scale.

The use of the routines are best illustrated
by examples. In example 1, the functions are
FXFZ=0 and FYFZ=SQRT(Z) creating the vertical
scale on the right. The arguments in the call
statement are ZMIN {starting value=0.}, ZMAX
{terminating value=9.), XSCALE and YSCALE, which
are the scale factors in units per inch. These
correspond to the constants used to multiply the
colums of the alignment chart design matrix.

The first data card indicates in an 1 10
format the number of data cards to follow.
{Three in this example)

Each card then contains in order the value
at which the present tick mark spacing changes,
the increment between tick marks, the number of
ticks between major(longer)ticks, where to place
the value (L to left, R to right, U above, D
down or N no label), the number of digits after
the decimal point (no decimal point if -1) and
the reduction factor in the number size if other
than 0.1 inch high numbers are desirable.

In this example, the increment is to be
every 0.1 until 1.0 is reached on the scale.
Other anmotations are four graduations between
major tick marks, label on the left and label
with two digits after the decimal point; and
since the last field is blank, standard size
labels.

If no instruction is given on the first
card, the label will appear below and full size.
If no instruction is given as to size, position
of the number, or the number of digits after the
decimal point on succeeding cards, the previous
card option is carried forward.

These time-saving options have not been
fully used in these examples to prevent confusion.

The second data card indicates that the in-
crement is to change to 0.2 for values between
one and six, label left with four minor tick
marks between labels, carry forward the size and
accuracy as on the first card.
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CREATIVE ENGINEERING
DESIGN DISPLAY

1

EXAMPLE 1 Continued

FLINCTIONG ARE
FXFZ=0-
EYFZ=ALOG (Z) /2 » S0RSES
CALL. CRVECCL-s10xsdssd=r3x)

DATA IS
2- '1 @ R 1 7
Fe -2 4 i
B. .5 1 N 1
10. 5 1 L

Example 1: (continued) Calibrated and located
alignment scales.

By utilizing this program non linear func-
tional scales may be graduated with a minimum of
programming effort. To satisfy the needs of a
user not too familiar with programming built in
defaults were introduced. ¥For the user with a
very involved function and a need for complete
flexibility of increment selection and numbering
a simple one card input over-ride is provided
when he desires a change.

Part 1 should serve as the only background
needed to easily construct any functional scale
along a straight line.

Part 2 will show how this can easily be ex-
panded to curved axis nomographs with a very
large saving of time and effort.

The Committee

Ralph Blanchard, Co-chairman

Borah Kréimer, Co-chairman

Paul DeJong, Display coordinatoxr

Dr. Gecrge Sandor, Local arrangements
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WANTED: YOUR PARTICIPATION

You and your students are invited to participate
in the Seventh (reative Engineering Design Dis-
play to be held during the 1974 ASEE Annual
Conference at Renssalaer Polytechnic Institute.
This display is sponsored by the Engineering
Design Graphics Division and needs your support
to maintain its reole as an important part of the

" conference, RPI officials are very enthusiastic

about the display and have arranged to locate
the 1974 display in a wide corridor surrounded
by meeting rooms, where projects will receive
maximum exposure. Be sure you are represented.

If you have not seen previous Design Displays,
you should know that entries have ranged from
sets of design and working drawings to a com-
plete design report with models or prototypes.
Each school may enter up te seven projects, two
freshman and one each from sophomore, junior,
senior and graduate levels and one from a coop-
erative program. Team projects are limited to
eight students. Display space limitations are
such that each project should be set up for dis-
play on a table measuring 30" deep and 36" and
48" wide,

Support for the display has grown greatly and is
very encouraging. The James 5. Rising award, a
cash award, has been established to encourage
outstanding designs. Industrial support and
cooperation has provided for recognition of
schools and individuals winning in each category.
Schools will receive plagues for first place
winners and all individual winners will receive
certificates. These awards, it is hoped, will
encourage more students toward creative design,
both in the classroom and in their professional
careers.

Judging of the display will again be done by in-
dividuals from industry, ASEE Division chairman
and distinguished educators from various dis-
ciplines. This diversity, in the judges back-
ground assures cbjective evaluation of the pro-
jects: which invelve many different disciplines.

If you have further questions, please write or
call Paul Defong(address below) for additional
information or applications. This does net com-
mit you to display but will provide the committee
with the information needed to estimate space
requirements at Renssalaer.

Paul S. DeJong

Coordinator

Creative Engineering Design Display
Engineering Graphics Department

403 Marston Hall

Iowa State University

Ames, Towa 50010

Phone: (515) 294-6524



for design-oriented engineers

ENGINEERING DRAWING AND GRAPHIC
TECHNOLOGY, Eleventh Edition

Thomas E. French and Charles J. Vierck, University
of Florida. 1972, 984 pages, §12.95

In the eleventh edition of this classic text,
Professor Vierck recognizes the increased emphasis
on graphic communication and design without sacri-
ficing the development of drafting skill and precision.

Major changes in the basic format of the text
foster easier reference use by the student, and sophis-
ticated use of a second color facilitates greater
separation within figures and improved readability
throughout the book.

A unique feature of this edifion is that it fills
the gap in existing texts between machine drawing
and design information. Chapter 14, “Fundamentals
of Design,” now features material on definitions of
design, explanation of design categories, procedures
for design, and a discussion of aesthetics.

FUNDAMENTALS OF ENGINEERING
DRAWING AND GRAPHIC TECHNOLOGY.
Third Edition. 1972, 648 pages, $11.50

This briefer edition of the standard text incor-
porates all the major changes in design, format, and
use of color of the larger version. A compilation of
the first eleven chapters, this handbook begins with
an examination of the instruments used in drawing
and moves on to discuss lettering, sketching, and
design. It has been expanded to include an additional
chapter on drawing for engineering design and con-
struction.

GRAFPHIC SCIENCE AND DESIGN, Third
Edition. Thomas E. French and Charles J. Vierck,
University of Florida. 1970, 848& pages, $14.95

The highly commended third edition increases
the coverage and scope of graphics to meet the newer
concepts of representation, documentation, graphic
counterparts and design.

No other available graphics text offers a pre-
sentation so relevant to the needs of the profession.
To this end, new chapters on graphical-mathematical
counterparts, fundamentals of design, and professional
problems supplement the text. In addition to its new
four-color format, the book has been methodically
reorganized to stress continuing breakthroughs in
graphic knowledge.

PROBLEMS IN GRAPHIC SCIENCE, Third
Edition, Charles J. Vierck, University of Florida, and
Richard I. Hang, Ohio State University.
1972, 60 pages, 135 pages loose-leaf, $7.95
Designed to accompany Graphic Science and
Design, Third Edition, by French and Vierck, the
problems in the new edition reflect the current
trend toward making graphics more mathematical
for computer graphics purposes. Two features which
set this book apart from others in the field are the
authors’ use of the “direct method” for solving
descriptive geometry problems and the use of both
preplanned (partially drawn} and non-preplanned
problem sheets which allow the instructor maximum
fiexibility in assigning problems.

Prices subject to change without notice,

! n i McGRAW-HILL BOOK COMPANY, 1221 Avenue of the Americas, New York, New York 10020
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Robert J. Foster
Pennsylvania State University

T'hey Who Start

in Engineering

By Robert J. Foster

Introduction

The American Society for Engineering Educa-
tion (ASEE) is conducting an Engineering Student
Retention Study, now in its second year. One
may recall that this study seeks to determine
why students remain in or leave engineering.
Funded by the IBM Corporation and the Gemeral
Electric Company, and directed by Dr. Edward
Kraybill of the Pennsylvania State University,
the study has three major facets.

The focus of this paper deals with one facet
which is to utilize data of the American Council
on Education (ACE) for 52,000 students tracked
during four consecutive college years (1).

A second aspect, still in progress, is the
anaiysis of data from engineering freshmen via
a questionnaire developed specifically for this
study. It is hoped that responses during the
first year, correlated with academic status the
second year, will yield differing patterns use-
ful to engineering educators. Results for
3500 freshmen of spring 1973 should be available
by summer 1974. A replication study should be
completed within a year.

A final facet of the ASEE study is the com-
pilation of information on specific freshman
programs which have proved successful in retain-
ing engineering students. An expected output
i5 a booklet to be available to interested per-
sons describing constructive efforts in reten-
tion at various engineering schools.
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Background for ACE study

In 1966, ACE collected data from the entire
freshman class of 217 institutions. A 150-item
questionnaire covered demographic information
and items concerning aspirations and self-con-
cepts of the students. In 1967, ACE followed
up with a random sample of 250 students from
each school (or all students when fewer than
300 freshmen were enrolled). For these 51,721
students in all majors, dropout status was pro-
vided ACE by the schools, as well as college
ability test scores and high school grades.

The same students were again traced in
1970-71 as to academic status. From this, sev-
eral measures of retention were developed, in-
cluding:

1. Student returned for a second year.

2, Student received a bachelor's degree in
four yvears.

3. Student received a bachelor's degree in
four years or was still emrclled.

With their data ACE produced tables including
these relating the effect of high school grades
and Scholastic Aptitude Test (SAT) scores on
persistence imn college. Also developed were
regression equations which related demographic
and personal characteristics to persistence.

It occurred to those persons in the ASEE
study that much valuable information on students



starting in engineering lay buried within the
ACE data. None of their results were broken
down by major. It appeared appropriate to tap
this rich source and see in what ways students
starting in engineering were like or umlike
students in general in terms of academic persist-
ence (2).

Dr. Alexander Astin of ACE kindly made a-
vailable raw data for the subset of 4025 students
who had started in engineering. To make data
comparable to Dr. Astin's, his weighting proce-
dure was used according to the following equa-
tion:

N, school's freshman class 1966

Weight N, school's students sampled 1970

1966 freshmen for all
N,schools in that cell
N,1966 freshmen in schools

sampled in that cell

X

A cell represents a particular sampling strati-
fication, for example, men in a public four-
year ccllege within a specific high school grade
and SAT range.

Certain procedures are employed by the writer
to highlight and clarify trends:

1. Cells must have 25 or more students to be
used.

2. Percentages are rounded to the nearest
whole number

3. High schools grades are grouped as A,B,C,
rather than A, A-: B+,B,B-; C+,C,
Similarly, SAT scores are sometimes group-
ed.

4. Data involving SAT scores umder 770 verbal
plus math and over 1469 ave deleted due to
few students in these cells.

5, Women and black students are included im
the overall data, but are not presented
separately due to few nuwbers.

Kesults

Table 1 shows that students who start in
engineering persist as well as students overall.
They do take longer to receive a bachelor's de-
gree in some field, not necessarily engineering.
The data indicate that while students may be lost
to engineering due to transfer, they do stay in
higher education. In fact, more students start-
ing in engineering weturn a second year than
students in general.

Figures 1 and 2 dramatize the effect of high
school (HS) grades and SAT scores or persistence.
By any measure, excellent HS grades and high SAT's
help a student to persist. HS grades and SAT
scores seem approximately equal in their ability
to relate to persistence. One does note, however,
that for starters in engineering, low HS grades
and low SAT's appear to have a more adverse ef-
fect on returning to college a second year than
for students overall. Also, as in Table 1, it is
evident that considerably fewer starters in
engineering receive a degree in four years.

Table 1

PERSISTENCE RATE FOR STUDENTS

Percentage
Starting in  All
Students who: Engineering Students
Returned second year 80 78
Received degree in
four years 38 47
Received degree in
four years or were
stiil enrolled 62 59
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Figure 3 and 4 give the interrelationship of
HS grades and SAT scores, when observing return
rates for the second year. One sees the tend-
ency for high SAT scores to negate the effect of
low HS grades. Conversely, the effect of low HS
grades and low SAT's seems even more pronounced.

Figure 4 indicates that starters in engi-
neering having low HS grades and low SAT's have
less chance of returning a second year to any
field than students in general. This may imply
that freshman engineering programs are indeed
tougher academically than other programs, and
that dropout is a greater risk in engineering
than elsewhere when a student has a weak aca-
demic background. However, since engineering
programs often have high admission requirements,
students who transfer out tend to do well in
another major. Table 1 shows that these two
effects tend to cancel one another, giving on
the average equal persistence into the second
vear for both groups.

Persistence in receiving a degree in four
years is provided in Figures 5 and 6. Figure 5
suggests that engineering starters having high
HS grades and high SAT scores graduate in four
years with considerably less difficulty than
those with less impressive credentials. Perhaps
those students who do transfer from engineering
can proceed at an accelerated rate to make up
non-transferrable credits. That they do not
quite catch up is seen in Figure 6. On the
other hand, low SAT's seem to be a handicap even
with good HS grades.

Comparing Figures 3 and 5 shows that HS
grades converge toward high SAT scores when
measuring persistence into the second year,
However, HS grades diverge when measuring abili-
ty to graduate in four years. TFor starters in
engineering, ability to enter the second year is
strongly HS grades dependent if SAT scores are
low, but ability to graduate in four years is
dependent on HS grades when SAT's are high.
Overall, the combination of high HS grades and
high SAT scores is sufficiently powerful to
enable starters in engineering to have an ex-
cellent prebability of entering a second year
in some field, and a reasonably probability of
graduating in four years.
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Une realizes that merely measuring ability
to graduate in four years would be an incomplete
measure of persistence. Many students get "off
Schedule" as they pursue their academic carcers.
Recent writings even suggest that breaking a
lock-step cycle of scheduling is helpful to
many students.

Figures 7 and 8 certainly indicate that
starters in engineering do tend to prolong their
baccalaureate education, as do students in gen-
eral. The persistence percentage in these two
figures are well above those of Figures 5 and 6.
(Table 1 also notes this effect). Again strong
HS grades and SAT scores help a student to per-
sist.

Figure 8 shows that engineering freshmen
with HS grades of A persist better than A"
students in general. This may suggest that aca-
demically strong students who transfer from en-
gineering are actually strong persisters. HS
grades of C more adversely affect starters in
engineering when SAT's are low. This is probably
due to the increased difficulty (or reluctance?)
of such students to continue education.

Multiple regression analysis led to the de-
velopment of Tables 2, 3, and 4. Sixth-one items
of the ACE questionnaire were selected as being
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PERCENTAGE RECEIVING DEGREE IN FOUR YEARS

of possible interest in the study of engineering
students. Approximately one half of these were
statistically significant in reducing unaccounted
error. The top six items for sach measure of re-
tention are given in the three tables.

The regression weights are such that they
satisfy the equation:

Probability of X = bl a + b2b +...+b6f

where X = event of a retention measure
bl’ b2,...b6 = regression weights

a,b,...f = variables

Items which are consistently positive in their
contribution are high school grades, ability test
score [(SAT), and financing of schooling aided by
parents. Negative factors vary somewhat by mea-
sure predicted. Present in a negative manner
were smoking cigarettes, stubborness, turning in
a paper late, and planning to marry in college.
Planning to be an engineer was a detriment to
graduating in four years.

It must be realized that regression equations
applied to human beings do not constitute pre-
diction equations of high accuracy. They are
helpful when applied to large groups of persons,
but are very risky when used to predict the ac-

REGRESSION VARIABLES FOR STARTERS IN ENGINEERING
RETURNING A SECOND YEAR

Variable Regression Weight
High school grades .167
Smoked cigarettes -.0%4
Ability test scores .087
Parents financing 075
Intellectual confidence -.044
Stubbornness -.043

Table 3
REGRESSION VARIABLES FOR STARTING IN ENGINEERING
GRADUATING IN FOUR YEARS
Variable Regression Weight
High school grades .156
Ability test score .103
Turned in paper late -.090
Smoked cigarettes -.064
Plan to marry in college -.060
Future career = engineer -.059

Table 4

REGRESSION VARTABLES FOR STARTERS IN ENGINEERING
GRADUATING IN PFOUR YEARS OR STILL ENROLLED

Variable Regression Weight
High school grades .179
Smoked cigarettes -.095
Ability test scores .079
Turned in paper late -.076
Parents financing . 065
Stubbornness -.059
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tions of an individual. In this study, the re-
gression equations improve by some ten percent
the prediction of an event by chance alone.

Conclusion

One can conclude that students starting in
engineering persist in cellege as well as any
students when both groups have strong high school
grades and high SAT's, However, if a student is
weak in his academic preparation, starting in
engineering would tend to decrease chances of
entering a second year in any field.

In other respects, students who start in en-
gineering have patterns of academic persistence
much like students overall. Freshmen engineers
do not appear to be a "unique breed'" in terms of
their success or failure in completing their
academic careers.

Nevertheless, the freshman year is one of
considerable risk for many who begin in engineer-
ing. It would appear that careful academic coun-
seling and monitoring would be a minimum service
needed by engineering freshmen. The weaker ones
may need extra assistance. TFor the strong ones
who leave engineering to do well elsewhere, the
question remains: why?

References:

(1} Astin, Alexander W. College Dropouts: A
National Profile, ACE Research Reports,
Vol. 7, No. 1, February 1972,

(2) Grateful acknowledgment is made to Dennis M.
Freeman for programming ACE data into the
Penn State Computer,

| ' 1% “it's Rensselaer
ASEE Annual Conference
June 17-20, 1974

Rensselaer Polytechnic Institute Troy, New York 12181
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Irwin Wladaver has been named recipient
of the 1974 Distinguished Service Award given
by the Bngineering Design Graphics Division.
This award is the highest award that can be
given to a member of the American Society
for Engineering Education. The presentation
of this honor will be made at the EDG Annual
Banquet in Troy, New York, June 19, 1574.

Associate Professor Emeritus Irwin
Wladaver recently retired from New York
University where he had served many years
in their Engineering College both as a tea-
cher and as an administrator.

Professor Wladaver first became a member
of ASEE in 1946. He first appeared on a
Division program in 1951 at Lansing, Mich-
igan when he presented a paper based on his
Doctor's Dissertation earned in 1950. He
presented other papers in 1953 at Gaines-
ville, Florida; in 1956 at the summer
school at Ames, Iowa; in 1958 at Wichita,
Kansas; and in 1965 at Washington State
University.

He was editor of the T-Sguare Page of
the Engineering Education Journal from 1954-
1955. Professor Wladaver sexrved three vears
as editor of the Engineering Design Graphics
Journal from 1956-58. oo

In 1958 he was elected secretary of the
Division by the membership, vice-chairman in
1959, and chairman in 1960. After completion

\ward
IRWIN WLADAVE]

of his duties as chairman, he was a member
of the Special Awards Committee from 1961
through 1964.

In addition to his many contributions to
the Division, he co-authored four problem
books in engineering graphics with Professor
L. Q. Johason and authored two textbooks in
mechanical drawing that were prepared for
the United States Armed Services Institute
which were published by McGraw-Hill Publish-
ing Company. He authored a slide rule manual
for a German manufacturer.

The index of the first twenty-five years
of the Engineering Design Graphics Journal
was prepared for publication by Professor
Wladaver. He was also instrumental in the
preparation of the twenty-fifth anniversary
issue edition of the Journal of Engineering
Design Graphics which traced the development
and history of our Division.

Professor and Mrs. Wladaver are now re-
siding at Apartment 305, 1615 West Avenue,
Miami Beach, Florida. Their phone number
is 305-673-0581.

The Division of Engineering Design
Graphics is deeply indebted to the many
contributions made to it since 1946 by
Irwin Wladaver.
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The Use of Determinants in the
Construction of Nomographs

The purpose of this paper is to show the
application of third order determinants in the
construction of a workable chart for equations
containing two or more variables. It is assumed
that the reader has a working knowledge of third
order determinants as applied to first year col-
lege mathematics.

In Figure 1, it is assumed the straight line
intersects three vertical lines {scales) P, Q,
and R. Let the coordinate points, with reference
to the 0-X and 0-Y axes, be labeled (XpYp),
(XqYq}, and (XrYr) where the straight line in-
tersects each vertical line. From the figure
the following is derived:

Yg-Yp _ Yr-Yp
Xgq-Xp Xr-¥p (1)

YpXq + XgXr + YrXp - YrXq - YqXp -YpXr = 0 (2)

Equation {2} is the expansion of a third or-
der determinant for the equation,

P+Q=R

when the value of each variable is expressed in
terms of its coordinate points. The determinant
is shown below.

Yp Xp 1
|Ya Xq 1= YpXq+YqXr+Yr¥p-Yriq-YqXp-YpXr = 0
Yr Xr 1

If Xp and Yp are functions of the variable P,
the P scale may be graduated according to values
assumed by that variable. In a like manner,
scales Q and R may bhe graduated according to
values assumed by those variables.

In examining the above determinant it is
found that:

1. The elements of one column are all ones.

2. The elements of any row contain only
variables not found in the other two rTows.

3. At least one of the coordinates in each
row of the determinant may be constant.
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Any equation which can be expressed in a
form identical with that above, subject to the
three statements, can be represented by a nomo-
graphic chart.

Seeing that at least one column will have to
be made to contain only ones, the original de-
terminant may have to be transformed. This is
accomplished by multiplying the original deter-
minant, which equaled zero, by another that does
not equal zero. The determinant, that is to be
used as a multiplier, consists of constant ele-
ments which are determined by:

1. The length of the scales for the inde-
pendent variables.

2. The distance between the scales of the
independent variables.

3. The distance aleng a scale where a given
value of the variable will be plotted.
(its coordinate points).

These conditions will be determined by the
one making the nomograph. There have been some
general forms of matrices developed for trams-
forming different determinants. These will be
discussed later.

The following rules for the transformation
of determinants are given here without proof:

1. A column may be interchanged with another
column or a row with another row, without
altering the values of the determinant.

2. A column may be added to ancther column,
or a row to another row, without altering
the value of the determinant.

3. A column or a row may be multiplied by
any quantity without altering the value
of the determinant.

In analytical geometry, if three points are
on a straight line, the determinant used to ex-
press the area enclosed by lines commecting
these points is equal to zero. The reason for
making all nomographic determinants equal to
zero, when a straight line is drawn through the
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Figure 1: Positioning of the vertical scales.

three scales, is that values for each variable
can be located that will satisfy the given equa-
tion.

Now consider the equation:

P+Q=2R

where P varies between limits (0 to 1)
Q varies between limits (0 to 1)
R varies accordingly (0 to 2)

The desired scale is to be one unit in
length.

Using the conventional method of constructing
a nomograph, the scale modulus for each variable
is:
.

Mp = g1
My = o = 1
M = 3= 1/2
Xp = 1(P)

Xq = 1(Q)

Xr = %

The graph for this equation is shown in
Figure 2.

The determinant for the equation in terms of
the variables is developed as follows:

PO1
QlLO0| =P+Q-R=0
R 11

Each row contains only variables not found in
the other two rows, but it is not in nomographic
form because there is not a column consisting of
ones .

By observing the rules for transformation it
is possible to change the determinant into nomo-

—1.0 2.0 10—

L"\
ol

Figure 2Z: The graph of the equation: P + Q = R

graphic form. This is done by adding the ele-
ments in the second column to those of the third
column and then dividing each row, by the value
in the third column.

POl PO 1+0 PO1
Q10| =|g1osl|=Qil]= 0
Ril R 1 1+1 R11

773

This last expression is in nomographic form
with Y coordinates values for each variable in
the first coJumm, and the X coordinate values in
the second column. The coordinates for the var-
iablies are,

Xp = 0 Xq =1 Xr = 1/2
Yp = P Yq = Q yr =5

This means that the P scale will coincide
with the Y axis and will be graduated in the
positive direction. The Q scale will be on unit
to the right of the origin and graduated in the
same direction. The R scale will be halfway
between the two, and parallel to both., The R
scale will be graduated in the same direction as
the other two. The modulus for each scale is
obtained from the determinant when in nomographic
form. The scale is the coefficient of that vari-
able in the determinant. The algebraic sign of
the elements of the determinant has the same
meaning here as when making a graph of a straight
line using Cartesian coordinates.

In the above nomograph, if it is considered
that the P scale is coinciding with the Y axis,
and a line drawn through the zero value of the
three scales considered as the X axis, the chart
will be identical with one made from the deter-
minant developed.

To express, in determinant form, an equation
with two or more variables frequently requires
several tries., After some experlence, one scon
learns that a given form of equation will fit a
general determinant form. After some additional
study one develops a feel for what type of nomo-
graph tc use for given equations. Knowing this
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and having a general idea of how and where the
scales of the independent variables will appear,
the determinant becomes easier to develop.

All equations are not as easy to express in
determinant form and to graph as the one above.
The limits of the independent variables may have
various ranges. For example, one variable may
vary from zero to ten while the other may vary
from zero to a thousand. To be able to construct
a uniform chart with scales about the same length,
it will be necessary to have different moduli for
different scales. This involves transformation
of the original determinant. As mentioned above,
the elements of the matrix of transformation de-
pends upon:

1. The desired length of the scales for the
independent variables

2. The distance between the two scales in (1)

3. The location of one or two particular
values of the two variables along their
respective scales

The position of the dependent scale and its gra-
duation will be determined when the conditiens
above have been determined.

Consider the same equation as above but for
different limits of the variables.

P+Q=~R
where P varies from 10 to 60
where Q varies from 30 to 40
where R varies from 40 to 100

The desired scale length of both P and Q is 10
inches. The P scale shall conincide with the ¥
axis, and the Q scale shall be seven units from
the origin. The solution of the problem is as
follows:

PO1 P01
Qlop=0 (Ql11=0
R11 R11

22

This last form is in nomographic form and is
the same as shown previously. It must to be
transformed before a umiform chart can be made in
accord with the new criteria governing the nomo-
graph. Most, if not all, equations capable of
nomographic solution can be expressed in the
following form:

Yp 0 1
Yo Xq 1| =0
Yr Xr i

where the P scale coincides with the Y axis, and
the Q and R scales are parallel with it, and
placed a given distance from the origin. As pre-
viously mentioned there are some general forms of
matrices of transformation for certain forms of
determinants. The matrix shown here will usually
effect a suitable transformation for a equation
involving the sum of two variables. The matrix is:

1 0 0
A2 B2 C2 # 0
AS 0 C3
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Before multiplying the original determinant
by the matrix of transformation it might be well
to show how one determinant is multiplied by an-
other.

(A[X *A Y +ALZ) (B X +ByY +B 200 (C X +C)Y +€.7 )

(A Xy +A Y +AZT)) (B Xp#B Y #BeZy) (CX)+CyY o 4Ca2y)

(A Xg#A Y obAsZe) (B Xo+B Y #BeZy) (CyXywCyY 14Caly)

The transformation of the original determinant
is as follows:

PO1 1 00 (P+4,) 0 G4
Q10| X |[A B, Cyl= [(@A) B, C, =0
R11 AL 0 C (ReAy*AZ) By (C,¥C5)

Now change the last expressiom into momographic
form.

P+ A, 0 1
s
R4 5 1| =0
C, Cy
R+ Ay + Ag By 1
T TG, T+ G,

The reason for the elements that appeared in the
first row of the matrix is that the P scale did
not change during the transformation.

The coordinate points of each variable in
the nomograph according to the determinant are:

P+ A

YP =—E——3 XP =0
‘ 3
Q+ A, B,
Yq = ——2 Xq = ==
Cy Cy
R+ A_ + A B
2 ¥ Az 2
Yr = e 2 Xp =
C, *+ Cg C, +Cg

It must now be decided where certain values
of the variables will occur on each scale. The
value of the constants in the above expressions
depend upon the choice of the position of cer-
tain values of the variables. The value P = 10
shall be plotted at the orgin of the coordinate
system. The value Q = 40 shall be plotted at
the point Xg = 7, Yq =10.

Solve for the value of the constants by
substituting in known quantities.



50— —100 — 40
— 90
50— -
RL
— 80
40— B -
~la. —70 P+Q =R —35
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Figure 3: The nomograph of the determinant.

Yp(60) - vp(10) = L2 =210 ¢ =5
C, 3
10 + AS
Yp(10) = —x—> = 0 Ag = -10
Yp(40) - Yq(30) = 0= 010 ¢, =1
2
Y + A2
Yq(40) = wpom = 10 A, = -30
B B
Xa(40) = ¢ - 7227  By=7
R - 40
Yr = g
ir = %

The design of the completed nomograph can be
readily observed substituting the values of the
constants into the determinant;

P-10 0 1

5
Q-30 7 -

I r 1] =0
R-40 7

) 5 !

The nomograph for this determinant is shown
in Figure 3.

NOTE: The values Yr and Xr were entirely depend-
ent upon the location and limits of the other two
scales, The modulus for each scale is the co-

efficient of the Y coordinate of the variable. e
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WHAT'S GOING ON?

What's going on in this big U.S. of A. in
engineering design graphics education. We
would like to know and EDGJ readers would
like to know. The Journal needs YOU and YOUR
contributions if it 1is to be effective in
reporting the current activities of its mem-
bership. From the four corners of the USA and
foreign nations, the Journal reflects, keeps
current, disseminates and unifies individual
effort toward common goals.

If vou have a short announcement: a pro-
motion, a unigque course, a new technique, a
question, a bit of humor, "toot your horn"
under this column. We will All listen., Mail
all news items to Garland Hilliard, Associate
Editor, at the address shown on the inside
front cover.

SELF~PACED GRAPHICS AT NCSU

Garland K, Hilliard, John L. Crow, Johmn F.
Freeman, and Dr. William J. Vander Wall of
North Carolina State University were instruc—
tors/proctors at the ASEE Institute on Effec-
tive Teaching held at the Velvet Cloak Inm in
Raleigh, North Carolina on November 5 and 6
of 1973,

The Institute was conducted in a workshop
fashion on the strategy, preparation and man-
agement of self-paced instruction. Dr. Lee
Harrisberger, Dean of Science and Engineering
at the University of Texas at the Permian
Basin was the principal lecturer.

All of the Basic Engineering Graphics
courses in NCSU's School of Engineering are
being taught by the self-paced method. The
graphics faculty have been experimenting with
gelf-paced instruction for over two and one-
half years, and have gradually developed both
the content and the method to the point that
they feel they have one of the best self-paced
courses in the nation. Hilliard presented a
talk on NCSU's experiences with self-paced
graphics Instructien.

=S

Engineering Design Graphics Journal, Spring 1974
42



E. D. G. PROGRAMS
OF THE FUTURE!

Contact Gordon Sanders, Director of Pro-—
grams, Engineering Design Graphics Division
of ASEE, NCW! NOW, meaning NOW NOW or FUTURE
NOW if you have:

Good subjects and substance for PAPERS.
(Include a concise, meaningful abstract
and a comprehensive description of the
subject.) State your preference for
when and where...

Good suggestions for:| ¢. Cordon Sanders

403 Marston Hall

Towa State University
Ames, Iowa 50010
Phone (515} 294-3117

Panel Discussions
RAP Sessions
Industrial Trips
Ete,

Good ideas for:

Future Themes

Subjects to be Covered

Number of Jointly Sponsored Meetings

Agenda for Luncheon Meetings and Awards
Banquets

Banquet Speakers

Etc.

Give us excellent MATERIAL, and we will give
you excellent PROGRAMS,

DEVENS AWARDED FOA

The winner ¢f the Frank Oppenheimer Award
at the Engineering Design Graphics Divisdion
Mid-Winter Conference was Professor W. George
Devens.

Frank Oppenheimer established the award to
encourage and reward excellence din the presen=
tation of papers at Engineering Design Graphics
Division Meetings. The award of $100 and a
certificate is given twice yearly; at the
Division Mid-Winter Conference and the American
Society for Engineering Education Annual Sum-
mer Conference.

Professor Devens is Chairman of the FEngi-
neering Fundamentals Department at Virginia
Polytechnic Institute and State University,
Blacksburg, Virginia. He presented an informa-—
tive and refreshingly novel talk entitled
"Metric Integration for Basic Engineering
Courses" at a paper session of the Division
Mid-Year Conference held January 24-26, 1974
in New Orleans, Louisiana.

DECEMB
12 o | § M T W T § §
1234567
13 § 910111213 14
15 16 17 18 19 20 21
14 22 23 g:} 75 26 27 28
29 30
DED. 1974
4 Spenda .
3 - P ™,
“=..d, colonial weekend

withus.

Discover the 18th century in historic houses and shops and public
buildings. Indulge yourself on superb food at the Groaning Board
banguet and the Plantation Breakfast. Play the famed Golden Horse-
shoe Galf Course. Colonial Weekends, every weekend from January 4
through March 1 (except February 15), include two nights’ lodging,
four meals, ticket to exhibition buildings and craft shops, golf and
special activitics for $85-390 plus tax per person per weekend.

ENGINEERING DESIGN GRAPHICS DIVISION

THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION

‘Colonial Williamsburg

Williamsburg, Virginia
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1974 ANNUAL CONFERENCE

Rensselaer Polytechnic Institute will host
this year's 82nd ASEE Annual Conference. RPI
in Troy, New York will be the hub of activities
from June 17 through June 20. A full week of
exchanging the latest in engineering education
ideas, exhibits, presentations, and entertain-
ment awaits all those who attend.

You are. invited to double your pleasure
and double your fun by combining the confer—
ence with a New York state vacation. A side
trip to Niagara Falls, the Adirondack and the
Catskill Forest Preserve, Howe Caverns, the
Atlantic surf, Lake George and the skyscrapers
of New York City offer but a few of the attrac-—
tions within convenient access along the state's
100,000 mile network of modern highways. RPI
is the Hubl

ASEE
Annual Conference
June 17-20,1974

Rensselzer will celebrate its feunding 150
years ago as the first school of engineering
and applied science in North America. Stephen
Van Rensselaer founded the school in 1824 for
the unique purpose of "instructing persoms,
who may choose to apply themslieves, in the
application of science to the common purposes
of life." The preceding quete very closely
resembles this year's conference theme:
"Resources and the Quality of Life."

Today, RPI
in continuous

is the oldest engineering school
operation in any English-speaking
country. The academic community is made up of
approximately 3,600 undergraduate students,
1,200 graduzte students, and 320 faculty mem-
bers together répresenting 50 states and 65
foreign countries.

The faculty and staff at Rensselaer invite
you to attend and hope you will leave with
memories of a pleasant time and information
on the latest innovations in engineering edu-
cation.

FINGER LAKES

&,
W[}P‘P’ﬂ/ﬁy

RP1 is the Hub!

#,
4z%e¢4%,
4

This year
it's Rensselaer

L.George New
Hampshire
Vermont

Massachusetts
Boston 167 milesk

i

Connecticu!

‘Aliegany State Park

«

Catskill Mts.

[evew

. Long Island Sound

New York C:ty\%

Pennsyivania
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EDG Annual

Program

The Engineering Design Graphics Division of
ASEE has gone all out to follow the expressed
wishes of ASEE headquarters. To this end this
vear's Annual Conference will feature fewer
events, better events and cross division lines
more frequently with co-sponsored events.

All technical paper sessions invelving the
Engineering Design Graphics Division will be
jointly sponsored with other ASEE Divisions at
RFI. For example, on Monday from 3:45 until
5:30 p.m. and from 9:00 to midnight, the Engi-
neering Design Graphics Division and the Engi~
neering Design Division will jointly sponsor a
paper session and "rap" session. Engineering
Design will be in charge of the two sessions.
Similarly, the sessions on Tuesday and Wednes-
day will be jointly spomsored. Our Division,

EDG, will be in charge of the Wednesday session.

In order to fairly test this plan for broad-
ening our horizons and strengthening our pro-
gram, why not attend these four jointly spon-
sored sessions and decide on an informed basis

the relative merits of jointly sponsored ewvents!

It might be noted that fewer events and
joint events almost certainly cut down the
number of participants from a given division.
The other side of the coin presents the possi-
bility of having better quality technical ses~
sions through selectivity. Either route to
successful program planning requires enthusi-
astic and positive response to the "call for
papers” for both the mid-year and the Annual
Meetings. Generally speaking, selecting a few
from several will assure better quality than

by selecting(?) the "only ones we get!® R.S5.V.P,

MONDAY

7:30 a.m.
EXECUTIVE COMMITTEE BREAKFAST -~ BUSINESS
MEETING (By Invitation)
Kenneth E. Botkin, Chairman
Engineering Design Graphics Division

8:00 ~ 9:45 a.m.
CREATIVE DESTGN DISPLAY - COMMITTEE MEETING
(Closed)

Ralph Blanchard, Chairman
Northeastern University

12:00 Noon ~ 1:30 p.m.

CREATIVE DESIGN JUDGES LUNCHEON (By Invitationm)

Ralph Blanchard, Chairman
Northeastern University
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Conference

3:45 p.m. - 5:30 p.m.
JOINT PAPER SESSION

Sponsored jointly by Engineering.Design
and Engineering Design Graphics with
Engineering Design in charge.

9:00 p.m.
JOINT "RAP" SESSION

Sponsored jointly by Engineering Design
and-Engineering Design Graphics with
Engineering Design 1n charge.

TUESDAY

12:00 Noon ~ 1:30 p.m.

ENGINEERING DESIGN GRAPHICS BUSINESS LUNCHEON
A business luncheon meeting for membership
participation in Division affairs

Kenneth E. Botkin, Division Chairman
Purdue University

3:45 - 5:30 p.m.
JOINT PAPER SESSION

Sponsored jointly by Educational Research
and Methods and Engineering Design Graphics
with E.R.M. in charge.

Dinner
ANNUAL AWARDS BANQUET

Recognition and Awards for outstanding

Division members

Change of leadership ceremonies

Creative Design Awards

Recognition of Creative Design contest
judges

Featured speaker and/or other entertainment
Kenneth E. Botkin, Division Chairman

WEDNESDAY

8:00 - 9:45 a.m,
THE COMPUTER IN EDUCATION - MATHEMATICS AND
- COMPUTER GRAFPHIGS
Sponsored jointly by Engineering Design
Graphics and Computers in Educatien and
Mathematics with EDG in charge.

Presiding: Byard Houck, Jr.
North Carolina State University

A Computer Graphics Course
Wayne C. Dowling
Iowa State University

Freshmen Engineering Students -~ How We Add
Their Interests - via Graphics, Computers
and Design

Richard T. Delorm & Thomas C. Smith
University of Nebraska



AL ALMFELDT RETIRING

Remember when "Kilroy was here!" showed up
in both likely and not-so-likely places?

It seems appropriate for members of the
E.D.G. Division of ASEE to, at this time,
express their collective appreciation to Al
Almfeldt of Iowa State University for "being
here'" (a faithful member of the divisiomn) for
the past twenty-two years.

Al will retire from active teaching on
June 1 this year. We appreciate his past
performance and want him to remain active
in the Division present and future,

Professor Almfeldt started his long and
illustrious teaching career as an Instructor
at Rhode Island State College in 1935, He
became an Assistant Professor at Syracuse
University in 1946 then went to Iowa State
as an Associate Professor in 1951 and was
appointed Professor im 1960...Almost forty
yvears of teaching.

He was elected Engineering Professor of
the year at Iowa State University in 1966 by
the students in the College of Engineering.

He has co-authored many editions of Engi-
neering Graphics texts and Problem books.

Al has been Secretary, a member of the
Board of Birectors, a member of the Executive
Committee and various other committees of the
E.D.G. Division of ASEE and has attended meet-—
ings on a regular basis.

Yes, Almfeldt was here-—and we appreciate
his being "Al" and a loyal member of the divi-
sion for 22 years., Keep up the good work,

Al Almfeldt!

Maurice Amfeldt
Iowa State Univer,

DESIGN PROBLEMS

By James H. Earle

One of the strongest aspects of current en-
gineering graphics programs throughout the na-
tion is the exposure of engineering students to
the development and representation of design
ideas. This ability to deal with creative ideas
and their implementation is essential to the en-
gineer since this is basically the engineer's
function,

The engineer is a designer who must develop
his ideas through many preliminary freehand
sketches., In turn, these sketches must be re-
fined and modified and developed into instru-
ment, scale drawings. From these scale drawings
the geometry of the designs is defined and es-
tablished, the product is then analyzed, and
finally engineering graphics is used extensively
in representing the details of its construction.

Many excellent problems can be found in
current magazines such as Design News. A typi-
cal situation that lends itself to classroom
implementation is the manually propelled boat
shown at the right.

This page could be reproduced and given to
a class of students with the requirement that
they take the idea from this point through a
complete set of working drawings. The first
assignment could be to establish the geometry
and dimensions that would encompass human fac-
tors necessary for its operation. Next, they
should be concerned with materials, methods of
assembly, hardware, and method of installation
in a standard boat.

You may even wish to require that they con-
duct a market survey, build a working model or
prototype, and inventigate methods of obtaining
a4 patent on this design. Hopefully, this ap-
proach would stimulate additional creative ideas
that might also perform the same function., No
other single course can as effectively cover the
developmental and executional aspects of a de-
sign as an up-to-date course in engineering de-
sign graphics.

We are hopeful that this example will suggest
how design concepts can be introduced to your
students.
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Feet flip fin,
free fingers for fishing

Oscillating motion of flexible fin
propels, steers small boat

R. F. Stengel, Senior Editor

let’s say you have a small boat, and
you like to go trolling for whatever
bites. Motors are noisy, eat fuel and
may spook the fish. Rowing is a
good alternative, but you can’t grab
a pair of oars and a fishing pole at
the same time.

Inventors have proposed all
conceivable (and some hard-to-
believe) schemes connecting human
feet to propellers, paddlewheels or
fins by power trains that range from

chain drives upward to Rube Brotot d d by i '
Goldbergs. rototype (demonstrate y inventor's

s . L. son) reaches 4 knots in calm seas {or
William Gross, an engineer [iving  swimming pool, as shown).

in Rancho Palos Verdes, CA,
discloses a propulsion scheme of
such classic simplicity that one is
reminded either of the sketchbooks
of Leonardo, or Oog the Nean-
derthal straddling a log and dipping
a leafy branch in lieu of a-paddle. A A APPROXIMATE
The sketches show how it’s done. PEDAL BAR TRAVEL

This development (Patent applied  How to operate It: attach crossbar (color)
for) makes one almost wonder about  to tubular member. Provide pedals at each
the wisdom of building solid-state- end of crossbar. Assume seated position,
instrumented water tunnels and facing aft. Place feet on pedals and actuate

. . .. pedal bar. As fin oscillates, flexing shape
studying the propulsive efficiency results in propulsion. If midpoint of

of tursiops truncatus. oscillatory arc is offset, e.g. to starboard,
boat will execute starboard turn.

How to build it: Instail board lengthwise between transom and seat. Provide vertical pivot
point where indicated. Bend tubular member (color) as shown. Insert one end into pivot.
Push flexible fin (procurable from sporting goods section) over other end of tube. Fish at
end of trolling line is not essential component of construction.
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MBETRIC SCALES
By James H. Earle

Metric units are being used with more fre-
quency in the United States, and it is apparent
that this system will replace the English system
within the next few years. This switch-over
will be encouraged both by legistation and by
the large industries who Influence national
standards and specifications.

Students should receive a reinforcement of
the metric system from their classes in engineer-

ing design graphics. This will serve to strength-

en the introductions that they have received in
physics and chemistry.

An immediate problem encountered in switch-
ing over to the metric system is the specifica-
tion of scales that students should have avail-
abie to use. Probably most instructors would
prefer that the students use both the English
system and the metric system from time to time
in different types of problems. In order to be
equipped to handle both systems, the students
would be required to have an engineers' scale
and architects' scale in addition to metric
scales.

A temporary method of providing scales for
your students are the printed scales shown on
the opposite page. These scales will be repro-
duced on 8 1/2" X 11" sheets and given to all

the students at Texas AGM University in order
for them to begin using metric units in a rou-
tine fashion as they use engineers' scale at the
present in the English system. These scales
were developed by Dr. George Raczkowski of Texas
AGM and were drawn by a computer plotter to in-
sure a high degree of accuracy (Note: there may
be a slight error in these scales due to the
reproduction process in printing}.

This page may be removed from your Journal
and reproductions made from it in quantities

sufficient to provide each of your students with

a copy. It is intended that these sheets be
folded along each scale in order for the cali-
brations to extend to the edge of the fold,
thereby making it a more functional device with
which to measure. The scale is calibrated with
10--60 divisions meaning that each centimeter is
divided into ten wnits, twenty units, thirty,
and etc,

Eventually, when your students have made a
complete switch from the English system to the
metric system, they will wish to acquire perma-
nent metric scales to serve their purposes.

In the meanwhile, these scales will provide you
with & means of introducing metrics at no cost
to your students. '

INTRODUCTION TO

EUGENE PARE
LYMAN FRANCIS
JACK KIMBRELL

FOR AN EXAMINATION COPY OF
THIS LADR MANUAL WRITE
PULLMAN PUBLISHERS
SVW 215 SKYLINE

PULLMAN, WASH 99|e3

LIST 4.00
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Books for Architecture Courses

ARCHITECTURAL
DRAWING

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

This text presents architectural graphics, building construction fundamentals,
and methods of drawing for a one year course in architectural drawing,
Hundreds of expertly reproduced drawings and diagrams, and numerous il-
lustrations of well-known architects’ work heighten the value of the textual
material. The chapter on Building Construction contains criteria for choosing
building materials and types of building construction. Two fundamental prin-
ciples for constructing shadows on perspective drawings are outlined and
photographs of existing buildings illustrate shades and shadows from sunlight.
Typical charts and graphs that an architect might use in presenting preliminary
studies and reports are included.

The chapter headings are: 1. Lettering; 2. Basic Drawing Tools; 3. Types of
Projection Drawing; 4. Oblique Projection—Oblique Drawing; 6. Sections;
7. Building Construction; 8. Dimensioning; 9. Graphical Vector Analysis;
10. Geometry in Architecture; 11. Perspective Drawing; 12. Shades and Shadows;
13. Reflections; 14. Presentation Drawings; 15. Charts and Graphs.

190 Pages — 8%" X 11" — Cloth Bound — $6.95

ARCHITECTURAL DRAWING PROBLEMS

by Milton L. Rogness,

and Robert I. Duncan, Assistant Professor of Engineering Graphics
Towa State University

This workbook is a collection of 109 problems which are correlated with the text-
hook described above, The problems are designed to be thought provoking,
logical, and practical. The alternate assignments permit added drill when neces-
sary, and variation of assignments for different classes. In order to emphasize
the practical value of the fundamentals, special effort was made to provide
architecturally oriented problems.

112 Pages — 8%" X 11" — Wire Coil Binding — $6.50

Complimentary Copies Available Upon Request

l_“l}[' WM. C. BROWN COMPANY PUBLISHERS
2460 Kerper Boulevard, Dubuque, lowa 52001
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