





























SAE readies cars for competitions

by John Cole

Having just at-
tended the 1991 Soci-
ety of Automotive En-
gineers International
Congress & Exposi-
tion in Detroit, Mich-
igan, the SAE will
turn its plans to com-
pletion of their cars,
which are to be raced
in mid-May.

At the International Congress & Exposi-
tion, held the last week in February, the club
presented a booth consisting of photos and
information about the Mini-Baja and For-
mula cars.

For its booth, the SAE won an honora-
ble mention award from the Exxon Corpora-
tion, consisting of a $125 prize. Dr. Rick
Roby was also presented an award, an Out-
standing Faculty Advisor award from the
International SAE organization.

The SAE is currently completing work
on a Mini-Baja car and a Formula car. Later,
tests will be run to determine the perfor-
mance of the cars, and modifications will be
made. Final completion of the cars is pro-
jected for early May, in order to train the
drivers and to be ready in time for the mid-
May competitions against schools from the
United States and Canada.

The Formula competition is to be held
on a track at the GM Proving Grounds in
Millford, Michigan. The Mini-Baja car will
participate in the Mini-Baja East competi-

tion which will be held on off-road terrain.

Each year the Mini-Baja team starts on a
fresh car while the Formula team is allowed
to carry over the car from the last year, as
long as it was new the previous year.

Last year the Formula team raced two
cars, both carryovers (with modifications)
from the previous year. Both ranked in the
20s as the cars performed very well in presen-
tation and design, but both had engine fail-
ures because of a broken fuel-injection sys-
tem.

This year the formula division will
present one completely new car, since both
of last year’s cars were carryovers. There will
be one new Mini-Baja car presented.

Formula competition cars are pretty
open when it comes to requirements. There
is a volume displacement limit, a horse-
power limit, and a few other minor restric-
tions but otherwise it is left to the disgression
of the clubs as to how they design their
engines.

This is opposed to the Baja competi-

tion, which starts by
giving everyone the
same Briggs & Strat-
ton engine, Theallow-
able modifications to
the engine are mini-
mal, thereby placing
emphasis on the struc-
tural design.

The Mini-Baja
car must be able to
handle off-road ter-
rain. It is tested in
such areas as crossing logs and being able to
float and propel itself on water. Both cars
face safety considerations as a high priority
in the judging of their performance.

The SAE cars are designed, built and
raced by students, mostly juniors and seni-
ors. Dr. Roby, the Formula car advisor, and
Dr. Hal Moses, the Mini-Baja car advisor,
oversee, give guidance, and review the stu-
dents’ technical work.

Students of any major are encouraged to
participate. Help from freshmen and sopho-
mores (and graduate students) is especially
welcome because they can carry on their
knowledge to the next years. Students from
such diverse majors as business and compu-
ter science have participated in the past.

The SAE kicks off with an interest meet-
ing in September; however, students may
joinatany time. For more information, con-
tact the current president, Vince Hatcher.

According to Dr. Roby, “The industry
really looks favorably on students with this
kind of hands-on experience.”

SEC News

by Howard Kash

Engineers’ Week, February 17 through February 23, 1991,
was a great success and we would like to thank all those involved.
Special recognition goes to SWE (Society of Women Engineers),
ASME (American Society of Mechanical Engineers), IIE (Institute
of Industrial Engineers), and AIAA (American Institute of Aero-
nautics and Astronautics) as the overall participation point
winners in that order.

The week began on Sunday, February 17, with the second
annual SEC Olympics. The American Institute of Chemical
Engineers (AIChE) won first place in the competition.

After a week of special seminars and presentations, an Atti-

tude Adjustment Celebration (party) was held in the Terrace View
Clubhouse. The exceptional turnout showed that engineers really
do know how to have a good time.

The concluding event, 15-minute airplane rides around
Blacksburg, turned out to be a bigger success than we expected.
250 people showed up to take the 15-minute tour but unfortu-
nately we were only able to give 69 rides. We apologize to those
who did not get to participate. Next year we’ll bring a 747.

By the time this issue is printed, the SEC and NSPE spon-
sored EIT exam lunch will have been given and the annual SEC
Superstars competition held. A full report will be forthcoming in
the September issue.
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Pupil becomes teacher

by Paul E. Gray

(Editor's Note: A professor of electrical engineering at the University of
Wisconsin-Platteville, Paul E. Gray graduated from Virginia Tech in 1962. At
Tech, he received his B.S. and M.S. degrees in electrical engineering).

At one time or another each of us reminisces about our first
undergraduate course in linear circuits. We often share our experien-
ces as horror stories especially during an alumni gathering where
classmates abound and laughter is unrestrained. Stories are good
things to share.

I have a favorite story about the professor who taught me linear
circuits. The story is not one of horror, but one of growth — my
growth to his off-the-cuff challenge as he taught my youth and
tolerated my immaturity.

I remember sitting beside his desk expressing my feelings of
boredom. Boredom with the repetition required to do multiple wye/-
delta calculations for the assigned problem shown in Figure 1. He
accepted my complaint, “...that it took two sets of batteries and 20
hours of sweat to calculate only one of the three required Thevenin
equivalent impedances.” He didn’t want to hear that.

Adding fuel to the fire, I complained that “we’” needed to be
shown a less frustrating way to solve the problem. I jabbed a raw
nerve.

Irritated, he declared that he did not know a better way because
one did not exist. My ignorance assumed the defensive, saying that
“we”’ might find a better way somewhere in the library. That defense
was weak.

With a gotcha chuckle he challenged, “Ok, you go find one and
show me.” I was trapped! Mumbling several colorful adjectives, I
retreated from his office.

He was right: library visits did not produce a better way and the
assignment was scored at a lousy 85%. The story should end here.
However, stubbornness replaced common sense and I plotted my
revenge, 1.e., to find a better way — and show him.

As years passed, I did not find a “better way” to solve that
problem. I simply made one up and gave it a name — the reference
node r model. Obviously one should get to name what one invents
— selling the idea is another matter.

Preparing the r model as my defense, I phoned my linear circuits
professor and sche-
duleda “‘show him”
session. My objec-
tive was to achieve a
change-of-grade
from 85% to 100%.

At Homecom-
ing in late October,
I found him talking
toa group of “we’s”
(my old classmates)
whom he had brief-

18
Figure 1. The 85% problem.

ed as to the “show him” event. Laughter was unrestrained, but I
resisted being roasted.

Wasting no time, I steered the conversation toward the 85%
problem (schematic in Figure 1). “We” recalled the task — that of
sweating too many hours to calculate three Thevenin equivalent
impedances (ZTH) at node-pairs (5,6); (7,8); and (6,7). He imme-
diately recognized the problem and defended his position, i.e., a
change-of-grade would be made, if and only if, this r model idea
proved its worth. And so I laid the 85% paper in the center of the table.

Anticipating a change-of-grade battle the “we’s” edged closer to
the table and the discussion became technical. My teacher listened as
I prepared to show the r model to be a “better way.”

My defenses required a foundation. Specifically, “we” talked
about the progression of concepts (series/parallel/wye/delta) used in
solving the problem shown in Figure 1. I told him that I appended
the r model idea as an extension to this progression, i.e., series/paral-
lel/wye/delta/r model.

Smiling, he asked if the r model results produced the three
correct answers — as he pulled a solution sheet from his pocket.
Nodding in the affirmative, I countered with the tabulation

1. ZTH(5,6) = 4.1 ohms
9. ZTH(7,8) = 6.0
8. ZTH(6,7) = 9.1
4. ZTH(2,0) = 25

5. ZTH(4,0) = 7.9

He responded that the first three answers were correct and asked
how I calculated ZTH(2,0) and ZTH(4,0). Remarking that the r
model calculates all the ZTHs, I showed him how to find the equi-
valent impedance at each of the 55 node-pairs within the network.

Watching his eyes, I could see the change-of-grade inching
closer. He wanted a simple example — to see how the r model
worked. Producing the schematic shown in Figure 2, “we” derived
the KVL equations where

| 1.0 -0.5 | | V1 | | 0 |
| I * | =1 |
| -0.5 0.75 | 1 v2 | I 0|

and solved for the matrix inverse
(P) = (U] & [Q)

V1 1 u@,1) u(,2) | ot
| -

| 1.5 1.0
s |
|1 1.0 .0

| |
| | s | |
1 vz | | U(2,1) v@,2) 10 2

-

One of the tipsy “we’s” made the remarkable observation that
Gray'’s solution was the zero matrix. OQur professor only increased the
laughter when he remarked, “Finding ZTHs within a network
requires that it be source free or dead drunk.” He returned to examin-
ing the tabulation where

ZTH(1,0) = U(1l,1) = 1.5 ohms
ZTH(2,0) = U(2,2) = 2.0
ZTH(1,2) = U(l,1) + U(2,2) - U(1,2) - U(2,1) = 1.5
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Refilling our glasses, he pocketed the 85%
paper — accepting the object of my revenge. It was
forgotten. The evening was young. “We” shared
more horror stories, agreeing to meet at tomorrow’s
luncheon. It was a happy evening. I wanted to stay
but he did look ancient and tired.

Lunch included memories that I had long

Figure 3.

since forgotten, rudely interrupted by the dinging

(1, 1)= 0.1500E+01
(2, 1)= 0.1000E+01
(1, 2)= 0.1000E+01
(2, 2)= 0.2000E+01

Figure 2. Simple example.

that spoons make glasses cry out in pain. It was time
to listen to speeches and awards — how boring.
Everybody got an award!

I too was called forward to receive an award
— not recalling what I had done to earn it — Oh!

He liked the example and prodded to see others: one containing
controlled sources and one containing energy storage components. I
came prepared and laid three additional examples on the table
(schematics shown in Figures 3, 4, and 5).

The “we’s” examined the example shown in Figure 3 conclud-
ing that his hand calculations matched my r model result, i.e.
ZTH(1,0)=2.0 ohms. He asked, “‘Is this r model a new way to look at
old problems?”

Tasting the change-of-grade, I pointed to the example shown in
Figure 4, challenging him to hand calculate ZTH(5,0). He looked at
me and complained that maybe we could find the solution in the
library. The “we’s” hooted in their laughter when I wrote {ZTH(5,0)=
2.0 ohms} on a table napkin and displayed it in matador style. I was
prepared to present all thirty-six of the ZT Hs to be found within the
network but they weren’t needed.

Explaining the fourth order network shown in Figure 5, I pro-
duced ZTHs, voltage gains and transimpedances as ratios of poly-
nomials in complex frequency, s. For example the characteristic
polynomial is

2 3 4

char poly = 0 + 3*%3 + 17*3 + 22*3 + B*s

where the zero root says that the network possesses a node which does
not have a dc path to ground. Using the r model computer
simulation 2 3

0O + 6*s + 23*3

2TH(6,0) = U(6,6) * {-==-==—rco--ccom=coses-ces- }
char poly

I showed the r model solution to contain whatever behavior is needed

Oh! my thoughts signaled that the “we’s”” may be
planning to roast me. Instead, I was awarded my 85% paper, framed
in glass and clearly restored to 100%. At the bottom was written in his
ancient scrawl, “I am vanquished... Gads!... the teacher is now the
student.” We said our goodbyes.

Three weeks later he called to say that my promised examples
and derivations had arrived. He expressed interest in how I derived
the r model and used it to examine the op-amp, the transistor and
other network behaviors including driving point impedance. Of
special interest was how the r model permitted him to “better”
manipulate networks containing controlled sources.

He stressed the idea that the presence of controlled sources
traditionally prevented an intuitive grasp (by his students) as to how

a network behaves. He ®_ 2,  Figured.

felt my idea could ad- . S—_The complicated

dress this problem and ¥ o &1\ g example.

wanted permission to i #s

use the r model in his - —r—Aa ®

introductory circuits _Nws . - % i P

course — “of course J oA 13 (5 4

I'm delighted,” as my ™ i) \ f

head swelled. ® PR ® |5
Then he chuckled

his revenge. He wanted z'sf .

to co-author a book a-
bout the r model. I
should have sensed it
coming — that man is
always sending me to @

by the problem solver, e.g., transadmittances, current gains, etc. That | the library to find noth- " -
did it! He waved the napkin in surrender. Revenge, sweet revenge, to | ing and invent some- I
find it dissolve into laughter. thing. =
Figure 5. A Fourth Order Network.
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Design

Continued from page 4

tee, a team’s car will be disqualified from the heat if:

Any flying apparatus is used,

Any team member touches the car after the race is started,
Any remote controls are used,

Willful damage to the track by team members or car occurs,
Willful damage to an opponent’s car, the judges, or the oppo-
nents themselves by team members or their car occurs,

The vehicle emits jamming signals, or

7. A combustion engine of any type is used.

OF p o8 N

o

THE TEAM

This year’s team is made up of ten electrical engineers and one
faculty advisor, Dr. William T. Baumann. Since the start of fall
semester, the team has met each week in strategy and design sessions.
Each person or group of two people received their own subsystem to
design, and have put in many hours seven days a week soldering,
tweaking, drilling, and cutting various components of the car.

Says team member Rob Bergstrom, “The experience is great. It
allows you to actually build what you designed rather than simply
solve a problem with predetermined constraints and boundary con-
ditions.” Here, the only constraints are given by the race rules.
Beyond that, team members are free to design and build what they
please — and students get exactly what they design, good or bad.

“You have to take into consideration many variables and con-

cerns that do not come into play in book problems. In the real world
you have to consider, among other things, cost, partavailability, part
defects, tolerances, and, most of all, error caused by the human
factor,” says Jeff Nevits, another team member.

THE CAR

The robot itself has three wheels, the back two being driven by
high-torque motors. These powerful motors are needed to power the
battle-ready chassis, built around a 12”x11” sheet of %” aluminum.
The car is limited in its dimensions by race rules, but Tech’s team
designed the car to stretch the limits.

The motors are secured with steel clamps and all sensors, the
computer, and the ball handler are held in place with nuts and bolts
rather than epoxy, which some teams have used in the past. “Com-
ponents mounted with epoxy tend to break loose at the least oppor-
tune moment,” said Keitz.

Last year, the team was testing the car in New Orleans the night
before the competition, when they had trouble with the servo. They
had brought spares for all the other components except the servo.
Murphy’s Law strikes when least expected and never plays fair.

“This year we are using lots of metal to make the car as sturdy as
possible,” said Keitz. Outside of encasing everything in lead, every
effort has been made to render this year’s car indestructible.

But as the Solar Car team learned last year in the Tour de Soul,
the mechanics can be perfect but the electronics must be fully deve-
loped as well.

On the electronics side, a whole array of technology has been
utilized to produce a winning combination. With the need for added
intelligence, the robot this year has brains provided by the PCOW, or
Personal Computer On Wheels.

The 80188 microprocessor receives data through the interface
board from an assortment of sensors. Bumpers on the front and sides
of the car are complete with microswitches to indicate when the robot
collides with an obstacle (the entire track is surrounded by a wall).

Hall Effect sensors count the number of times the motor gears
revolve. They work in conjunction with the line sensors to allow the
robot to navigate its way along the grid to find the ball and make it
through the gate.

There is even a sensor to determine whether the ball has been
picked up or not. A modem is used to receive the transmitted codes at
the start of the race.

CONTINUING THE WINNING TRADITION

This year’s team has high hopes for the April 8 event. As the
deadline nears, team members are hurrying to get all the systems
working. “I will be a lot happier when we get all the stuff mounted
on the car so that we can test it,” said Dr. Baumann.

Testing will be a crucial part of the ultimate success of the car.
The seperate subsystems will have to work smoothly together in
order to have a winning combination, and many hours will have to
be spent debugging the software and adjusting the sensors and
motors.

This year’s IEEE Hardware Project Team appears to be up the
the tough task of bring home the gold once again.
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THINK

WORLD-CLASS

That's the first step. But engineers, just like compa-
nies, don't get to be world-class by just thinking about
it. You've got to make the right czoices, get the right
experience and make it all work for you, better than it
does for anyone else.

So at GM, that's why we believe in giving our
engineers a wide range of experiences and opportuni-
ties. With over 30 divisions worldwide, we can offer
you an incredible variety of valuable, real-world experi-
ences. Not only will you be encouraged to try new and
different assignments, you'll be challenged to go as far
as your ambition and talent will take you.

And, although it's GM’s sheer size that allows us to
offer this wide range of opportunities, you'll work in a
team atmosphere, so you’ﬁ never feel lost.

If you're open to global thinking and are interested
in working in an advanced technical environment that
encourages a broad base of experience, come and have

a talk with a GM representative. It's one dis-
cussion that could make a world of difference m

in your future. GM is an Equal Opportunity
Employer.

An Invitation For Engineers
Who Are Global Thinkers
On Campus Sept. 16-17
and Oct. 1-2 at The Expo
GM will be interviewing the following Engineering

Disciplines for full-time positions: Electrical, Mechanical,
and Industrial.




ENG I NEERS

It might be a nuclear sub or a billion
dollar aircraft carrier, at the Norfolk
Naval Shipyard you can provide
engineering support for the | YOUR
maintenance and testing of the most ;
sophisticated technology in the world. 9
Hands-on experience will challenge your FUTURE S
personal creativity, stimulate and
enhance your engineering knowledge,
and accord you a good measure of
responsibility on important projects.
Located in the Tidewater Virginia
area, the shipyard is surrounded by a
vast array of recreational and cultural
activities. Just minutes away, the resort
city of Virginia Beach hosts water
activities of all types and descriptions.
Also, the shipyard is just a short drive
from the Blue Ridge mountains with
their spectacular fall foliage and
numerous winter ski resorts.

U. S. CITIZENSHIP REQUIRED
AN EQUAL OPPORTUNITY EMPLOYER

NORFOLK NAVAL SHIPYARD

ENGINEER RECRUITMENT (N)
INDUSTRIAL RELATIONS OFFICE
PORTSMOUTH, VA 23709-5000
(804) 396-4052
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