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Go Westinghouse,
YOUH g Man ' A modern fable with

e technical overtones.
Once upon a time
there was a young sen-
jor in college named
Jack who couldn’t de-
cide about his future.

He wanted to do
something worthwhile
after graduation.

But there
many things to do, it
was hard to decide. He
could go on to gradu-
ate school, or join the
cia, or volunteer for

social welfare service, or participate in a protest movement
.. or he could enter the business world.
Many of Jack’s friends

urged him to steer clear of

big industry.

were SO

“There are no challenges
in air-conditioned offices,”
they warned.

And it was a challenge
Jack wanted the kind of
challenge his forefathers
faced on the frontiers.

Then he met a
Greeley.

Mr. Greeley recruited col-
lege students for Westinghouse Electric Corporation. He

was a kindly man to whom Jack
opened his heart.

Mr. Greeley described to Jack the
exciting things being done by West-
inghouse all over the world. * Jack was
fascinated and asked many searching
questions about the world’s 21st
largest corporation. At the end of an
hour, Mr. Greeley advised Jack:

“Go Westinghouse, Young Man.”
Jack did.

The first few weeks were difficult.
There was so much to learn.

Mr.

Jack was to discover that at Westinghouse, learning was
a way of life, that a career with Westinghouse was one
long process of education and re-education.

Later Jack was permitted to decide which of six big
groups he would like to join.**

Jack selected the Westinghouse
Electric Utility Group.

With the Electric Utility
Group Jack learned about water
processing, about power genera-
tion, about underground dis-
tribution, and many other
things. Jack had not realized \T)
how important to the survival L
of modern man is the world of 1 ;
electric utilities.

It was hard work. Sometimes after a particularly trying
day Jack would get discouraged. Then he’d remember the
warnings of his friends, back at college. And he’d wonder
whether he had done the right thing.

Then came Jill. Pretty, intelli-
gent, warmhearted Jill. Jack had
met Jill at the drinking fountain
in the Utility Group Water Prov-
ince Department.

Jill was an engineer with West-
inghouse (Editor’s Note: Women
are welcome at Westinghouse, an
equal opportunity employer).

Although the work became more
and more difficult and the hours
longer, Jack with Jill at his side
persevered.

Then came an assignment to join
a team of Westinghouse engineers

and scientists. The team was being sent to an underdevel-
oped nation in a faraway land to help rebuild a large
coastal city.

Jack and Jill's assignment: Help build a power plant
that would use nuclear fuel. (Nuclear fuel lasts longer
than coal or oil. And it’s cleaner.) Energy from the nuclear
plant was used to change salt water from the nearby sea
into fresh water that the poor people of this country could
use as drinking water.

Working late one evening on the job site, Jack caught
someone in the act of sabotaging
the construction of an extra-high-
voltage distribution system. This
system would bring power from the
nuclear plant hundreds of miles
into the inland areas of the country.
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After a dramatic chase through
the winding streets of the city, a
chase in which the international
police and cia participated, Jack captured the subver-
sive agent. A grateful nation presented him with its high-
est award.

Finally, the project was completed. It was hard work but
it was good work. Thanks to the Westinghouse team, mil-
lions of people would live better.
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The citizens of the country were grateful. They wanted
Jack and Jill and the others to stay

. offered them more than their
present salaries as an inducement
... but Westinghouse fringe bene-
fits more than offset this offer.

At the airport, where a sad but
affectionate crowd of citizens
gathered to see them off, Jack
turned to Jill and asked:

“Will you marry me?”’

Jill smiled and said: “I will if
you promise to let me join you on
other equally important turnkey
projects that Westinghouse is co-
ordinating in some of the major
cities in the United States.”

Jack promised, and they lived
happily ever after.

Moral: Awaiting you at Westing-
house are challenges, hard work, build-

ing block education, adventure, some travel and, yes, even romance.

You can be sure if it's Westinghouse

For further information, please contact: L. H. Noggle
Westinghouse Educational Center, Pittsburgh, Pa. 15221,
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Who says your only future at
International Harvester will be
in farm equipment?

This snorkel-equipped fire-fighter is only one of hundreds of different trucks made by International, world’s
largest producer of heavy-duty trucks. We're also a leader in construction equipment. Our farm equipment busi-
ness is at an all-time high. We're an important steelmaker, too. We even make marine engines. And we're rapidly
expanding our aerospace side.

When you choose a career with International Harvester, you choose a career in POWER. Providing mechanical
power for everything from high-speed tractors to helicopters is our business. A two-billion-dollar-a-year busi-
ness. Because we make so many different mechanical power products, we need a variety of engineering talent.
Especially mechanical, industrial, agricultural, metallurgical, general and civil engineers. We offer you an ideal
combination of opportunity, responsibility and individual treatment. There’s plenty of room for you to grow at IH.

ifoes thisﬂ_w‘_lqok IiIge a

S— - ——
XY SRR \ R S -

T

v

International Harvester puts power in your hands | |

Interested? Contact your Placement Officer to see an IH representative when
he visits your campus. Or write directly to Supervisor of College Relations,
International Harvester, 401 North Michigan Avenue, Chicago, lllinois 60611.

AN EQUAL OPPORTUNITY EMPLOYER
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Often the question is asked “Isn’t
it unusual having a combined office
of Admissions and Placement?” Yes,
as a matter of fact it is. Yet, if one
studies the two areas carefully it
becomes so obviously logical that it
really seems strange that the com-
bination is so rarely found.

Actually, each phase of the office
function complements the other. This
is a service organization in which the
relations aspect is of major import-
ance. The public served by both
Admissions and Placement are over-
lapping and so intricately involved
that it is sometimes impossible to see
how they could operate efficiently
if they were separate offices.

For example, the student public
which it serves should be well
known by the Placement officer.
Who in the college can know the
family and pre-college background
of a student better? To a successful
Industrial recruiter this is valuable
information. On the other hand,
who can better present to the pros-
pective student and his parents, the
earning and growth potential in col-
lege and after? This has been a

great boon to college recruiting as
well as a motivating factor for stu-
dent success in a rigorous academic
program.

Of course the employer public is
just as important. Annually, this
office serves at least five hundred
firms, of all sizes and kinds, in one
way or another. Nearly two hundred
recruit actively on the campus; more
would attempt it if it were physical-
ly possible and economically feasi-
ble. Many of these contribute funds
and laboratory equipment. Others
maintain scholarships which amount
to thousands of dollars each year.
They are all looking for well edu-
cated engineers and scientists, and
they know where to find them. As
one representative said in a long-
distance telephone conversation
when asked what kind of an En-
gineer he was looking for. “I don’t
give a d - - -, I just want another
Rose Man!”

The faculty and administration
Public is a third one served by the
combined offices: First, we bring in
the excellent raw material for the
faculty to mould into well-rounded,

Layout by Denny Randle

educated young men, ready to take
on the responsibilities of modern-
day industry.
looks to us to bring in young men

The administration

who are not only academically cap-
able, but who are also responsible
citizens who can carry on the tradi-
tions that have been set by other
Rose Men—another one of the
publics this office serves — the
Alumni Public.

In this latter respect we feel a
strong obligation to seek out capable
individuals for each new class so
that each can take his place in help-
ing to maintain the high standards
of excellence which Rose Men have
set in the world of education and
industry.

In conclusion, this office offers it-
self as a liaison office for the entire
operation of the Institute. Each rep-
resentative from Admissions and
Placements attempts to present a
proper image of excellence to the
various publics of Rose. In all con-
tacts it is our aim to demonstrate
that Rose is a college where there is
real concern for each of its clients
and each of its students.




Better Grades In Less Time

That’s right, by following the simple steps given
here you may actually be able to raise your grades
and at the same time study less. But before we start,
let me go on record as saying that there is no replace-
ment for studying. If you simply won’t study, you
may soon win an all expense paid trip from Uncle
Sam.

A careful look at the approach we take to studying
may reveal a most important time saver. Don’t dawdle
when you begin to study. Jump right in and start to
work. If you definitely don’t feel like studying, then
don’t. Get a date or go into town. Get away from your
room and forget about your problems. When you re-
turn, you will be in a much better mood and will prob-
ably accomplish more than if you had spent the whole
time studying.

Another step in cutting the time spent studying is
in the field of problem solving. Too often, we become
so concerned over one problem that we fail to do the
others. It would be much better to see a friend for

the answer to a problem we find especially difficult
than to spend all night just doing one problem.

Another aid to more productive studying is a feel-
ing of competition. Compete with someone else of your
own caliber to see who can get the best grades. You’ll
find you can study much better if you've got some
money riding on the outcome of the next test. A good
way to cut down the time required to get prepared for
a test is by taking good notes. To help this, become
interested in class, try to think ahead of the prof and
know what he is going to do before he does it. You
may surprise yourself with your own intelligence.

Lastly, the best method of getting more knowledge
out of each “study hour” is to exam your own method
of study. For two or three weeks, keep track of all
time spent studying. If you’re honest about it, you
will find that much of the time you thought you were
studying was just time spent thinking about studying.

Just remember, if you don’t study, it won’t be long
until you won’t have to.




Got an idea?

DBII‘OII Edison’s interested.

1. Edison engineer, Dick Popeck, wanted to find
a more effective method of determining the
amount of pole decay.

3. Tran5|stonzed circuitry was designed. And a
Sonic Pole Tester was built and tested.

New ideas grow at Detroit Edison. The picture story
here shows the progress of one, from its concep-
tion through its development, to finalization.

The development of the sonic pole testing de-
vice* has benefited the company and the young
inventor both economically and professionally. The
device helps Detroit Edison serve the electric in-
dustry’s customers better and more economically.

Uses for the sonic pole tester range from the
examination of wooden railroad bridges to the de-

SOUND

2. Dick’s idea: Measure the time required for
sound to travel through a pole. Sound takes
longer to traverse a decayed pole.

4. Ed Hines, Director of Research, (Ift) dicsseé
patent coverage with inventor Dick Popeck.

termination of the soundness of standing timber.

Detroit Edison’s forward looking management

. its engineering and research facilities . . .

along with its liberal patent policy . . . make it an
ideal place for the young man with ideas.

If you are interested in putting your ideas and
energies to work—write to George Sold, The Detroit
Edison Company, 2000 Second Avenue, Detroit,
Michigan 48226, or better yet, visit him when he
interviews on the campus. *U.S. Patent Applied for

DETROIT EDISON
AN EQUAL OPPORTUNITY EMPLOYER




HYPERBARIC
OXYGENATION

by TOM HAKES

Layout by Tom Trueb

HO (Hyperbaric Oxygenation) in-
volves the exposure of living matter,
both plant and animal, to an oxygen
bearing atmosphere at pressures
greater than the atmospheric partial
pressure of oxygen. The technique
presently has useful application in
the medical treatment of circulatory
and respiratory insufficencies, gas
poisoning, anaerobic infections, and
others. A sealed chamber similar in
nature to the decompression cham-
ber used by the Navy in the treat-
ment of Caisson disease (the bends)
is required for the application of
oxygen at high pressures—the ex-
pense and complexity of the equip-
ment and the technique accounting
for the fact that the use of HO
therapy has not yet entered the
realm of common knowledge.

CURE ALL

HO has not always been an en-
tirely scientific affair. Some (meta-)
physicians of past centuries turned
to air as a cure all. Its use was ra-
tionalized by the same dogma that
proposed leeches, devils, etc. as
medical tools; but while these phy-
sicians were unable to prove that
pressurized air was the panacea,
they did succeed in initiating the
study of engineering and theory that
led much later to scientific HO. The
first recorded use of a hyperbaric
chamber was in 1662 by Henshaw in
England. and in the United States
J. L. Corning reported his exveri-
ments with compressed air in 1891.
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There began in the late 1920’s in this
country a series of charlatanish
financial ventures, once again using
compressed air as the cure all; but
the fad died out after protests from
several medical authorities. In the
1950’s HO became an accepted medi-
cal tool first through the efforts of
Dr. Boerema in the Netherlands and
at present is the object of intensive
research by many others.

The value of HO derives ifrom
Henry’s Law which states that an
increase in the partial pressure of a
gas increases its solubility in a
liquid. Consequently oxygen can be
transported to the cells as a physi-
cally dissolved molecule as con-
trasted to the limited amount of
oxygen which is transported as oxy-
hemoglabin at atmospheric pres-
sures. For example: breathing 100
per cent oxygen at 3 atmospheres
increases the effective arterial oxy-
gen tension about 20 times over
normobaric condition, thus the red
cells are carrying only a very small
portion of the oxygen present.

It was the preceding set of circum-
stances which allowed Dr. Boerema
to “lower the level of hemoglobin
in young pigs to 0.4 vercent, ex-
changing the blood by vlasma or by
macrodex. The animals breathing
oxygen at a pressure of three at-
mosvheres in a high pressure tank
lived for 45 minutes with a level of
hemoglobin not comvatable with life
atmosvheric vressure,
They were alive practically without

at mnormal

Author Tom Hakes is a Senior Elec-
trical Engineering major from Green-
wood, Indiana. He is active in LE.E.E.
and Lambda Chi Alpha fraternity. This
is his first appearance in the Technic.

any hemoglobin (0.4 per cent) for
fifteen minutes. During all this time
the ECG showed no pathological
changes, the circulation and blood
pressure remained spontaneously
normal.” (“Life Without Blood” by
Dr. Boerma)

It was further, the same phe-
nomena which allowed Dr. Boerema
and others to place rodents and dogs
underwater within the confines of a
hyperbaric chamber and by raising
the oxygen pressure sustain life in
this submerged condition for periods
ranging from a few minutes to
several hours.

The potential scope of HO as a
medical tool can be seen by a listing
of the conditions in which HO pre-
sently offers the opportunity to treat
in a more effective way.

CIRCULATORY INSUFFICIENCY
Traumatic arterial injury
Cerebrovascular accident
Myocardial infraction
Perpheral vascular diseases
(ulcers, ete.)

Decubitus ulcers

Frost-bite

Burns

Pedicle skin grafts

Intestinal obstruction

Fractures with marginal blood
supply

POISONING
Carbon-monoxide poisoning
Barbiturate poisoning
Cyanide poisoning

(Continued on page 32)
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GUEST EDITORIAL

THINK NEGATIVE!I-TOO

by DR. DENNIS SAPP

Associate Professor of

Civil Engineering

Layout by Bill McCord

Consider a piece of pipe. What is
important about it? Is it the ma-
terial of which it is made? Its shape?
The relationship among its physical
dimensions? It could be made of
lead, glass, cast iron or aluminum,
shaped round, square or oblong, and
its manufacturer could boast about
its particular attributes, such as low
cost, strength, lightness of weight or
resistivity to various fluids which it
might be called upon to convey. Or,
it may have a combination of attri-
butes brought about by amalgamat-
ing various material ingredients and
dimensions to yield a light, strong
and durable piece of pipe, or an
extra heavy, corrosion resistant one.
Also, it may have been subjected
to a myriad of functional and per-
formance tests which testify to these
particular attributes. If so, its pro-
ducer will not be reluctant to make
this information available to a po-
tential consumer. In fact, he will go
to great lengths to distribute par-
ticularly favorable results. In his
literature will be found various
tables, charts, diagrams, and verbal
explanations describing a piece of
pipe that is the result of years of
research and experience. The manu-
facturer is proud of it. And rightly
he should be. He is able to predict
with reasonable certainty its per-
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formance when subjected to most of
the tortures which may be imposed
by nature or man. He has a ready
built solution to someone’s particular
problem.

But, from the consumer’s point of
view, what is really important about
this piece of pipe? What is he in-
terested in? What is he buying?—
THE HOLE DOWN THE MIDDLE!
—And is this not what the manu-
facturer really has to sell? The
empty space within the pipe, shaped
by the pipe itself into an efficient
and dependable environment through
which the product of the consumer
may safely flow to its destination, is
his commodity. Regardless of what
the manufacturer may advertise as
the desirable features of his pipe,
the emptiness within is what the con-
sumer will be buying. The anti-
pipe. The negative of the pipe it-
self. In fact, the manufacturer has
nothing to sell—the, oh, so valuable
nothing within the confines of his
highly researched and tested piece
of pipe.

And so it is with most of the en-
deavors of an engineer. It is his job
to shape some environment or to
create some device which will, in
some way, benefit his client in par-
ticular, and mankind in general. The
physical existence of the handiwork

Dr. Sapp at work.

itself is not important to society, but
the effects it will have on the per-
sonal lives and happiness of its mem-
bers, are. The traveling salesman
not fundamentally interested in the
intricacies of the internal combus-
tion engine under the hood of his
car. He wants to get from A to B.
The physical size and allowable
stresses in the cables supporting the
roadway he drives along, over the
Golden Gate, are also of no par-
ticular concern to him. He just
wants to get across. One reason tef-
lon is nice is because it produces
such a saving in labor in the kitchen.
But, how many housewives are real-
ly interested in its molecular struc-
ture or method of manufacture?
What is it we are really trying to
say here? The pipe user doesn’t par-
ticularly care about the engineer?
Perhaps. The salesman and the
housewife never even think of the
engineer? Probably. But, are we
saying that these folks are of no
concern to the engineer? No! In
fact, just the opposite is the intent.
The effect a creation has upon the
user is of paramount importance to
tht creator and is the most important
source of feedback into a design that
is available. The engineer who

(Continued on page 22)




An idea can go through anything

Here’s a close-up of our new $5,000,000 facility  here, cloistered, nourished and encouraged. Our

called Timken Research. engineers and metallurgists work on product
We expect great ideas to come out of this building.  development and equipment development. They
It's located outside Canton, Ohio, about have one aim: to produce Timken® bearings,

ten miles from our headquarters and main Timken steel and Timken rock bits that will

plant. deliver even longer life at lower
Timken Research is one of the ==X QUALITY TURIS D% cost in more applications.

largest research and development i \¥ TIMKEN The Timken Roller Bearing

centers in the bearing industry. — Company, Canton, Ohio. Manu-

Here we match up tough prob- || TAPERED ROLLER facturers of Tapered Roller
lems and inquisitive people. \ BEARING Bearings, Fine Alloy Steel and
Applied research flourishes \E Removable Rock Bits.
An Equal Opportunity Employer
Timken bearings sold in 116 countries, manufactured in Australia, Brazil, Canada, England, France, South Africa and U.S.A.




Requirements and Development

Designing with PS

The effect of high pressure on the
properties of metal was first noted
by P. W. Bridgman in 1912. The
pressures used ranged up to 180,000
psi. One of the effects noted was
that under these conditions the plas-
tic flow was much more extensive
than that normally encountered be-
fore rupture.

The same year Bridgman also pub-
lished a paper dealing with the frac-
ture of rods subjected to radical
pressure along portions of their
lengths. In this work the peculiar
effect termed “pinch-off” was first
revealed. Pinch-off is the phenome-
non by which a radical hydraulic
pressure of sufficient intensity
causes a rod to sever with a tensile
type of fracture, even though the rod
may be compressed axially.

Having already developed piston-
cylinder equipment for generating
fluid pressures up to 450,000 psi,
Bridgman found it relatively simple
to incorporate a tensile testing setup
in which movement of the high-
pressure piston encountered one of
the grips holding the test specimen
and moved it so as to cause elonga-
tion. By measuring the pressure in
relation to the stroke of the piston
he could determine the final plastic
behavior of the part at a given pres-
sure. It was characteristic of Bridg-
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Edited from Western Electric Engineer

man’s test that the environmental
pressure was not constant but rather
increased linearly with the extension
of the part. This condition obtained
because he depended upon the com-
pressibility of the fluid to allow the
piston to move sufficiently to elon-
gate the specimen. In general, this
period, which culminated in Bridg-
man’s receipt of a Nobel prize in
1946, was extremely fruitful in that
it provided much fundamental data
relating material behavior to pres-
sure. Since that time a number of
other workers have duplicated and
improved on the Bridgman tech-
niques of deforming metal under
pressure.

INTRODUCTION

By the use of high-pressure tech-
niques, ways have been found to
make metal parts of improved quali-
ty at reduced cost. Similarly, com-
plex parts have been made in a
single operation in cases in which
several operations were previously
required.

Although in one sense all metal
forming involves the use of high
pressures (because high contact
forces are needed to move the ma-
terial plastically), high-pressure
metal forming is characterized by
the use of high forces to alter the

by Frank Nigh

basic formability of the material. As
described in the above material,
the fact that such alteration is pos-
sible has long been known as a lab-
oratory phenomenon; however, until
recently the phenomenon has not
been developed as an industrial pro-
cess. Now as a result of recent de-
velopments high-pressure forming
includes a variety of processes that
are designed to take advantage of
the changes that occur in metals
when they are subjected to enor-
mous pressures.

PROPERTIES OF METALS
UNDER PRESSURE

The degree of deformation, or the
measure of ductility, can be taken to
be the ratio of the original cross-
sectional area of the rod to the area
of the neck of the deformed speci-
men. As shown in Table 1, the in-
crease in ductility so measured
varies considerably with both the
kind of metal and the pressure em-
ployed; however, in particular cases
such as that of copper and certain
types of steel the increase in ductili-
ty can be remarkable.

At the same time the metal is not
softened in any sense of the word;
in fact, metal deformed under pres-
sure can become harder and stronger

(Continued on page 25)




Develop your

‘differinduality”
at DuPont

It develops faster.
What's “differinduality”?

Our way of expressing the individual traits
that make you different from every other
technical man...that's what it is. It
may be the way you tackle prob-
lems, a special knack you have for
lab work, or an ability of yours to
make the complex simple.

At Du Pont you can develop all of your
talents fully and perhaps discover new ones.

Like “differinduality.”

Learn more about Du Pont. Send this coupon
for a subscription to the Du Pont magazine.

E. I. du Pont de Nemours & Co. (Inc.)
3657 Nemours Building
Wilmington, Delaware 19898

Please send me the Du Pont magazine.

Name

As a graduating technical man*,
you should look into the opportu-
nities that a career at Du Pont offers
you to develop your individual gifts.

Class Degree expected

College

My address___

You work with top men in your
chosen field, men who know what
it's like to be young and eager for increasing
responsibility. There's opportunity to grow in a
growing company. You get experience quickly
by working on many different problems, many
different projects. Your scope increases.

Zip Code

*This year, our recruiters will be at your
school looking mainly for: Ch.E.,M.E,, |.E,,
E.E, C.E., chemistry, physics, and mathe-
matics graduates. Du Pont is an equal oppor-

tunity employer.

Better Things for Better Living . .. through Chemistry




ELECTRO - ACOUSTIC ANALOGY
OF AN
AUTOMOBILE MUFFLER

by
ROGER HYBECK
Sr. E.E.

Layout by Johnson and Stephen

The fundamentals of Electrical
Engineering are a powerful tool for
understanding a physical system.
Through an electrical-circuit analo-
gy one can apply electrical-circuit
theory to a physical system. This
guides his thinking and understand-
ing of that system.

Once one becomes familiar with a
particular analogy, he can draw the
electrical-circuit diagram of a given
system. This gives him a schematic
representaton of the system which
helps him visualize the concept of
its operation. With the system
drawn in a schematic form, he can
very easily write the differential
equations to describe it. Also, he can
apply the network theorems he has
learned electrical-circuit
theory.

In the laboratory one can set up
an electrical-circuit to simulate a
physical system. In this way he
learns about the response and capa-
bility of a given system without
actually building it.

from

By use of an electro-acoustic an-
alogy we can learn how an auto-
mobile muffler attenuates recipro-
cating engine noise. The first step
is to understand the analogy between
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Roger Hybeck is a native of Cleveland,
Ohio. He is a senior electrical engineer-
ing student. He is a member of Lambda
Chi Alpha and LLE.E.E.

the electrical-circuit and the acous-
tical-circuit. By comparing the fol-
lowing differential equations we can
see the similarty that exists.
Electrical-Circuit

v = Ri

di

d
—Ld

idt

Acoustical-Circuit

p=Rau

L
a

i

P — udt
Ca

v—voltage

i—electrical current

R—resistance

L—inductance

C—capacitance

p—pressure

u—volume flow

R,—acoustic resistance

L,—acoustic inductance

C,—acoustic capacitance
Looking at these equations, pres-

sure is analogous to voltage. These

variables are often known as
“across” variables because they are
measured with respect to a reference
(atmospheric pressure or an electri-
cal ground). Also, from these equa-
tions, volume flow is analogous to
electrical current. These variables
are often known as “thru” variables
because they measure the flow of
some quantity (m3/sec. or

lombs/sec.) .

The constants Ra, La, and Ca in
the above equations describe the
acoustic elements. Figure 1 shows
the analogy between the electrical
elements and the acoustical ele-
ments.

The acoustical resistor has more

cou-

forms than the narrow slit. General-
ly, acoustic resistance is associated
with the dissipative losses occuring
when there is a viscous movement
of gas through a fine-mesh screen or
through a capillary tube.

The numerical value of Ra de-
pends on the pressure vs. volume
flow characteristic curve of the de-
vice. Most likely this curve will be
nonlinear as the v-i curve is for a
transistor. Therefore, the acoustical

resistance (the slope of the p-u




Electrical Elements

Acoustical Elements
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Figure 1. Analogy between Electrical and Acoustical Elements.

curve) will depend on the operating

point.

An expression for acoustic ca-
pacitance and acoustic inductance
can be derived from physical rela-
tionships assuming small incremen-
tal changes in pressure and volume
flowabout an operating point. The
results of such a derivation are:

oLy
a A

V—volume of element
g,—ambient density of air
C—speed of propagation
l—length of tube
A—cross-sectional area of tube

Capacitors and inductors are en-
ergy storage elements. The electrical
capacitor stores potential energy in
the electric field between its plates,
while the acoustical capacitor stores
potential energy in the “pressure”
field within the closed volume. The
electrical inductor stores Kkinetic
energy in its magnetic field while
the acoustical inductor stores kinetic
energy in its “velocity flow” field.

Now that the electro-acoustic an-
alogy has been developed, lets use
it to explain how an automobile
muffler works. The automobile muf-
fler has a twofold purpose. It must
attenuate reciprocating engine noise
(A.C. pressure waves) while still
allowing exhaust fumes (D.C. pres-
sure) to flow through. This means
that complete attenuation will not be
possible.

a. Automobile Muffler

Figure 2.

A pictorial of a simplified auto-
mobile muffler is shown in Figure
2a. The electrical-circuit diagram
shown next to it in Figure 2b can be
drawn from inspection of the pic-
torial.

The electrical-circuit in Figure 2b,
is known as a low-pass filter. It
passes D.C. and low frequencies
while attenuating high frequencies.
Therefore, the automobile muffler is
a low-pass acoustical filter. The di-
mensions of its acoustical elements
can be designed so that the muffler
will pass subaudible frequencies
while introducing high attenuation
for the audible frequency range.

The concept of the low-pass filter
can be visualized if one recalls the
frequency characteristics of an in-
ductor and capacitor. The inductor
acts as a short circuit to low fre-
quencies and as an open circuit to
high frequencies. This effect can be
visualized in an acoustical inductor
(tube). The low frequency flow
passes through easily while much
more pressure is needed for high
frequency flow. The cavacitor acts
as an open circuit to low frequencies
and as a short circuit to high fre-
quencies. This effect can be visual-
ized in an acoustical capacitor
(closed volume). The low frequency
flow builds up pressure while the
high frequency flow passes through.

Looking at the low-pass filter in
Figure 2b we can see that the in-
ductors will pass the low frequencies
but not the high frequencies. There-
fore, the high frequencies flow
through the capacitors to ground.

b. Low-Pass Filter




COMING




OCTOBER
MISS
TECHNIC

ELLEN DE RUYTER

Coming, going, or from any angle
Ellen De Ruyter is an eye-filling Miss
Technic. Ellen is a freshman at Indiana
State majoring in elementary educa-
tion. She was born in Holland and
lived in Europe for 12 years, but now
Columbus, Indiana is her home. As a
hobby, Ellen enjoys skiing on both
water and snow. She is blond, 5 8,
and 34-22-34 in the appropriate places.
Need we say more?

Pictures by Rupp




MEET THE CLASS OF '66

They’re members of Bethlehem Steel’s 1966 Loop Course
—graduates of colleges and universities from coast to coast.

What is the Loop Course? Since 1922, we have conducted
this course to train college graduates for management ca-

reers at Bethlehem Steel. Hundreds of men at all levels of

management, including our Chairman, started as loopers.

The *66 Loop convened at our general offices in Bethle-
hem, Pa., early in July. After five weeks of indoctrination,
many of these men were assigned to facilities throughout
the country for further brief training at the operations be-
fore undertaking their first job assignments. Others, such
as sales and accounting trainees, remain at the general
offices for longer periods before being assigned.

Although our primary need is for engineering and other
technical graduates—such men have many fine opportuni-
ties in all phases of steelmaking, as well as in research,
sales, mining, fabricated steel construction, and shipbuild-
ing—both technical and non-technical graduates are needed
for most of those activities as well as accounting, purchas-
ing, traffic, finance and law, industrial and public relations,
and general services.

You’ll find a great deal more information in our booklet,
“Careers with Bethlehem Steel and the Loop Course.” You
can obtain a copy at your Placement Office, or drop a post-
card to Personnel Division, Industrial and Public Relations
Department, Bethlehem, Pa. 18016.

BETHLEHEM STEEL

An equal opportunity employer in the Plans for Progress Program




We promise

you the moon

at AC Electronics...
but that’s only part
of the story.

Want to help land men on the moon? Fine. We're build-
ing the guidance/navigation system for the Apollo
and LEM spacecraft that will put them there. But that’s
only a sample of the challenging and rewarding
career opportunities waiting for you at AC Electronics
. . . specialists in research, development and produc-
tion of guidance, navigation and control systems for
military, space and commercial applications.

You'll work in research, design and development on
such advanced projects as the new Self-Aligning
Boost and Reentry system for missiles (SABRE);
Manned Orbiting Laboratory (MOL); a self-contained
Navigation System for naval ships (SSCNS); Titan
[11-C Space Booster; on avionics systems for super-
sonic aircraft; and on a fire-control system for the new
Main Battle Tank, a joint U.S.-Federal Republic of
Germany program, and advanced digital computer
development.

Your opportunities for growth and advancement in
a career at AC are limited only by your own ability and
initiative. Our Career Acceleration Program covering
both technical and management preparation helps

pave your way. Our Tuition Plan pays your tuition
costs when you complete college-level courses. In
addition, you enjoy full General Motors benefits.

If you are completing your B.S. or M.S. degree in
EE, ME, Math or Physics, we invite you to inquire about
opportunities at any of our three locations: AC in
MILWAUKEE — our Main Research, Development and
Manufacturing Facility; AC in BOSTON—our Research
and Development Laboratory specializing in Advanced
Inertial Components and Avionics Navigation/Guid-
ance Systems; AC in LOS ANGELES — our Research
and Development Laboratory specializing in Advanced
Airborne Computers and Ballistic Missile and Space
Booster Guidance/Navigation Systems.

PhDs, please note: Positions are available in all
three AC locations for PhDs, depending upon concen-
tration of study and area of interest.

For further information, see your college placement
office about a General Motors/AC on-campus inter-
view, or write directly to Mr. R. C. Schroeder, Director
of Scientific & Professional Employment, Dept. 5753,
General Motors Corporation, Milwaukee, Wis. 53201.

%) AC ELECTRONICS
(/\) DIVISION OF GENERAL MOTORS

An Equal Opportunity Employer




SPORTS

ROSE'S
FOOTBALL

At last, Rose Poly’s football repu-
tation is changing. Once the play-
ground of any sandlot football player
Rose’s campus is facing a football
revolution. Predominantly consist-
ing of freshmen Rose’s past teams
showed inexperience or perhaps
even the lack of “football savvy”.
However, with the coming of Coach
Dick Martin three years ago Rose
once again started to recruit players;
the result of which was last years
“kiddie corps” which helped lead
the Engineers to their first winning

season in nearly a decade.

With a year’s the
“corps” is no longer “kiddies”, but
is filled with a growing desire to
put Rose back on the road to foot-
ball recognition. With this goal in
mind the players came back the first
week in September to prove that
last year’s season was no fluke.
Under the direction of Coach Martin
and the line coach Leo Kelly, who
has been put on as a full time mem-
ber of the coaching staff, the football
team is training for what is to be a
most grueling and hopefully a re-
warding season.

experience

Without any seniors this years
team is Captained by three juniors:
Terry Joyce, Benny Bradburn, and
John Shambach, all of whom were
standouts on last year’s team. The
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FUTURE

by GARY MEEK

Layout by Marty Goodwine

lack of seniors has put the team to
no serious deficit in that next year’s
team will be basically the same.
This year’s freshmen found it dif-
ferent than previous classes with
sophomores and juniors solidly in
starting positions. However, due to
the lack of depth some of the fresh-
men will get quite a bit of game ex-
perience this year. Among the top
standous in the frosh class are Jim
Bumgardt, Bill Gurley, Chuck Boe-
senburg, and Mike Newburg.

Rose’s offensive and defensive
units will be essentially the same as
last year’s team with two main ex-
ceptions. Bill Lewis, a standout de-
fensive star and Gib Bosworth, an
excellent quarterback have parted
via graduation and although their
shoes will be hard to fill, this year’s
team hopes to make up for their ab-
sense in spirit and desire. Benny
Bradburn and Charlie Hills have
stepped in to try to fill the quarter-
back rosition while Steve Mueller
and Fred Valenti are trying to plug
Bill Lewis’ linebacker
spot.

The entire defensive backfield,
which had one of its best seasons
in years last fall is back with Tom
Vetters, John Jacobi, and Charlie
Hills sharing the safety positions
while Jerry Novotny, Terry Joyce,

defensive

Author Gary Meek is a senior whose
home town is Indianapolis. He is major-
ing in mechanical engineering and is a
member of Lambda Chi Alpha fraternity.

and Benny Bradburn work out as
corner backs. A year’s experience
has also improved our defensive line.
This year’s line is led by Jack Me-
hok, Pete Doenges, Gordon Higbee,
and John Shambach all of whom go
both ways on offense and defense.

The backfield although not as ex-
perienced as last year, but with a
much greater potential, has two year
veteran flanker back, Mike Mefford,
snaring passes with sophomore ace
Lonnie Minnarich punching out
yardage on the ground. The new ad-
dition to the backfield was moving
Fred Valenti, a defensive end last
year, to fullback. Fred runs hard
and is likely to be a double threat
to opposition this fall.

If the team is exvected to have
any weaknesses, they are in its pas-
sing game. It is going to be difficult
to replace a quarterback of the ex-
perience and caliber of Bosworth,
but the team expects to have these
problems ironed out once it gets a
couple of games under its belt.

In conclusion it looks as though
Rose’s football future has become
increasingly brighter since the com-
ing of the new look in athletics at
Rose. Rose no longer is going to lay
down and be laughed at on the ath-
letic field, but, as was evidenced by
last year’s team, Rose Poly is going
to fight back! ! ! !







THINK NEGATIVE!-TOO
(Continued jrom page 10)

neglects this fact from his thinking
is unconsciously reducing himselt
from a benefactor of mankind to a
mere manipulator of physical laws
and mathematical symbols. It is true
that he must be an expert in doing
these “positive”, tangible chores,
but his very philosophy of life must
be one which has the benefit of man
somewhere near its core. And, this
philosophy must necessarily carry
over into his daily acts as an en-
gineer. He has to consider society
and its input into his design.

In the Civil Engineering Depart-
ment here at Rose, we began offer-
ing a new course last year entitled,
“Civil Engineering Design and Syn-
thesis” (C.E. 407). It was our hope,
when thinking about this course,
that we could create one which
would emphasize, in some way, the
ideas just discussed. That is, we
hoped to present an approach to C.E.
design based on the requirements
of the environment which was pro-

posed to be altered. We wanted to
emphasize the valuable input society
has tor our design problems. It is a
last quarter senior course and con-
tains students who are fairly well
versed in the fundamentals of the
various aspects of component design
and are ready to meet the more gen-
eral and complex problem involved
in the design of a complete system.
Last year we conducted a study of
the local airport, Hulman Field*
with the hope that a certain amount
of realism could be brought into the
classroom. We believe the project
was as successful as it could be con-
sidering only one quarter was al-
lowed for its completion. The boys
prepared a preliminary report and
presented it twice, once to the stu-
dents at Rose and once to group con-
sisting of a representative of the
local Board of Aviation Commis-
sioners, the guest speakers who had
made presentations to the class
earlier, and other interested local
people who had participated in some
way in the project. It was well re-
ceived by nearly everyone present.

Since the presentation, we have
heard several remarks about the re-
port, from different people con-
cerned with the airport environment,
ranging from ‘“very good” to “very
bad.” Some errors were noted and
many differences in opinion were
expressed. All of this indicates to
us that the report was at least read
with some interest. We believe this
is good, although incidental to the
purpose of the course so far as Rose
Polytechnic Institute is concerned.
With regard to a topic for con-
sideration this year, a few have been
mentioned. We could treat the prob-
lem of the beautification of Terre
Haute’s waterfront; or, the traffic
flow through the city; or, the prob-
lem of making the Wabash river
navigable; etc. There really are an
unlimited number of projects which
could be initiated. We consider it
most important, however, to select
real situations involving real people
and their attendant socialogical and
environmental problems.

*Guest Editorial, ROSE TECHNIC, May,
1966, p. 28.

OCTOBER INTERVIEW SCHEDULE

Monday, 10th

BELL TELEPHONE LABS
A. T. & T. LONG LINES
INDIANA BELL
WESTERN ELECTRIC CO.

Tuesday, 11th

NORTHERN INDIANA
PUBLIC SERVICE CO.

MUELLER CO.

ALLIED CHEMICAL CO.

McDONNELL ATRCRAFT

Wednesday, 12th

NATIONAL STEEL CORP.
HAMILTON COSCO, INC.
TEXAS GAS TRANS.
CTS CORPORATION

Thursday, 13th

GRANITE CITY STEEL

EATON YALE & TOWN

GULF RESEARCH &
DEVELOPMENT CO,

GULF OIL CORP.

JONES & LAUGHLIN
STEEL CORP.

Monday, 17th

THE BENDIX CORP.—
MISHAWAKA DIVISION
BENDIX PRODUCTS—
AUTOMOTIVE DIVISION
THE BENDIX CORP.—
PIONEER CENTRAL DIV.
THE BENDIX CORP.—
PRODUCTS AEROSPACE
THE PROCTOR & GAMBLE CO.

Tuesday, 18th

GENERAL MOTORS CORP.
UNION BAG-CAMP PAPER
THE CINCINNATI GAS &
ELECTRIC CO.
COLUMBIA RECORDS DIV.

Wednesday, 19th

GENERAL MOTORS CORP.

INLAND STEEL CONTAINER

INLAND STEEL CO.

INDIANA & MICHIGAN
ELECTRIC CO.

Thursday, 20th

GENERAL MOTORS CORP.
J. I. CASE CORP.

Friday, 21st

ALL DIVISIONS OF
GENERAL MOTORS

Monday, 24th

PERFECT CIRCLE CORP.

GOODRICH-GULF
CHEMICALS INC.

U.S. STEEL CORP.

E. 1. DUPONT DE
NEMOURS & CO.

Tuesday, 25th

DUPONT

ANDERSON, CLAYTON & CO.
INTERLAKE STEEL CORP,
SINCLAIR REFINING CO.

Wednesday, 26th

DUPONT

UNION CARBIDE CORP.—
MINING & MATERIALS
AND LINDE DIVISIONS




moon man?
moon talk!

Imagine hearing from the Man on the Moon!

You will. And the first American voice that speaks to earth
from moon will arrive by the help of a Motorola transceiver.

Each of the 8 major phases of the historic Apollo space mission
which will carry the first American astronauts to the surface of
the moon—from pre-launch checkout. ..through moon landing
and exploration . . . to earth return—will receive the critically
important support of Motorola electronics equipment.

But back to moon talk. Enroute to the moon—a Motorola Up
Data Link on board the Command Service Module will receive
mission data from earth. When the Apollo astronaut speaks to
earth from the moon, a Motorola transceiver will help send his
voice to us. A small Motorola-designed backpack antenna as-
sociated with the communication system will relay his words to
LM (the Lunar Module that lands the astronauts on the moon),
where the transceiver assists in relaying them on to earth.

A Motorola transponder will also help provide television, voice,
and digital communications. .. across 238,857 miles.

Actually—ever since the first Mercury space flight in 1961,
sophisticated Motorola electronics have played a vital role in
controlling, signaling, tracking, and communicating in Amer-
ica’'s manned space programs. Motorola equipment has been
on every single U.S. manned spacecraft mission. Reliably.
Official mission reports confirm that a Motorola unit has never
malfunctioned or failed to operate on any of these flights.

So when the conversation gets around to ‘““moon talks' and
“moon walks,”” count Motorola in. And, by the way, you'll find
Motorola’s name on plenty of down-to-earth products, too!
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TRUST THIS EMBLEM WHEREVER YOU FIND IT

MOTOROLA




You’ve spent 4 years (or more) preparing for ajob.
How many will you spend finding the right one?

You don’t need to waste a single year “exploring.” Talk to the
Allied Chemical interviewer—now. You'll find he does what most
other interviewers don’t.

He tries his level best to place you where you want to be. The
right work...on the right product...and, if he can, in the right location.

It isn’t always easy, but most times it works out fine. For

Allied Chemical is a large company whose various operating divisions
embrace over 100 plants...12 research and development centers

...and a coast-to-coast network of sales offices. Our product list exceeds
3,000. Our interviewer will try to help you find a job within this

vast complex that suits your talents, inclinations, and college training.
One you’ll want to stick with and grow in.

Ask your placement office when our interviewer will be on
campus. Come prepared with all the questions

you can think of and ask for information. You'll get it—
and more. If you can’t meet with

him, write to: Director of Placement,

Allied Chemical Corp., 40 Rector

Street, New York, N.Y. 10006.

An equal opportunity employer
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R&D
(Continued from page 12)

than is usually the case. Again, as
shown in Table 1, the true stress at
fracture in the test previously de-
scribed is much higher under condi-
tions of high pressure than under
normal conditions. It would thus
appear that under pressure the ma-
terial follows the normal work hard-
ening curve much farther before
fracture occurs.

By elongating samples under pres-
sure and then retesting without pres-
sure Bridgman found that the ma-
terial retained the high strength de-
veloped under pressure and still
exhibited greater ductility than
specimens prepulled to the same
hardness without pressure. This ef-
fect gives rise to the suggestion that
parts made by forming under pres-
sure would have superior quality.
The real significance of this idea is
economic; parts made of inexpensive
materials could become equivalent
to parts made of more costly ma-
terials.

In addition to the residual increase
in strength, some of the historical
data show that materials normally
used for tools display a higher yield
strength under pressure. Since some

of the useful materials for parts in-
creaes in strength to a lesser extent
under the same conditions, it is evi-
dent that tool life might be increased

MATERIAL

Pressure (Psi)

TRUE STRESS AT INiTIAL AREA

Fracture (Lss) AReA oF NECK

P. W. Bridgman:
1045 Steel

1020 Steel
Ketos’
Tool Steel
Aluminum
Copper

Brass

Tungsten
Carbide

Atmospheric
405,000

Atmospheric
420,000
82,000
334,000
Atmospheric
410,000
Atmospheric
410,000
Atmospheric
390,000

Atmospheric
380,000

176,000
355,000
112,000
286,000
351,000
640,000

22,000

63,000

86,000
100,000
120,000
194,000
300,000
770,000

A. Bobrowsky:
Tungsten

Beryllium

Molybdenum

Atmospheric
200,000
Atmospheric
390,000

Atmospheric
270,000

L. F. Vereschagin:
Brass

Steel

Atmospheric
450,000

Atmospheric
450,000

H. L. D. Pugh:
“Mild” Steel

Copper

Atmospheric
112,000

Atmospheric
44,800

150,000
70,000
115,000

MATERIAL

Pressure (Psi)

SHEAR STREss (Psr)

Indium

710,000
142,000

14,200
3,550

Aluminum

710,000
142,000

45,440
11,360

Copper

568,000

69,580

Nickel

710,000
142,000

123,540
17,040

Iron

710,000
142,000

142,000
18,460

Tungsten

710,000
142,000

163,300
15,620

Chromium

710,000
142,000

174,660
45,440

Table 2. Shear Stress under Pressure.

Table 1. Tensile Tests under Pressure.

by conducting forming operations
under pressure.

Unfortunately, the fatigue strength
of tool materials under pressure has
not been examined; however, it
would be reasonable to assume that
this property is also improved.
Such an improvement would be very
important in cold forming operations
presently characterized by expensive
tooling and frequent breakage.

Under high pressure the torsional
shear strength and fictional behavior
of metals also change. As shown in
Table 2, when thin samples of dif-
ferent metals are twisted between

(Continued on page 26)




R&D
(Continued from page 25)

opposing anvils, an increase in the
pressure exerted by the anvils re-
sults in inreases in the torsional
stresses required to shear the
samples; however, the amount of in-
crease in each case depends upon the
specific metal involved.
PRESSURE GENERATING
EQUIPMENT

To take advantage of the unusual
properties of materials under high
pressure it is necessary to provide
equipment capable of containing the
tremendous forces required. At the
same time—and this requirement is
one of the more difficult aspects of
high-pressure work—the equipment
should also be capable of being
cycled repeatedly. To these ends a
number of methods are now avail-
able.

The earliest form of high-pressure
chamber, a piston and cylinder ar-
rangement, continues to be the most
useful for purposes of metal form-
ing. Of such arragements the sim-
plest is a monoblock design consist-
ing of an open heavy-walled cvlinder
filled with suitable fluid and ores-
surized by pistons thrust in from
either end.

It can be shown that, even if the
wall thickness of the vessel were
increased indefinitely, the contain-
able pressure would avvoroach a
limiting value equal to the yield
strength divided by the square root
of three. For the stongest available
material, which has a yield strength
of 300,000 psi, the maximum con-
tainable pressure in this type of
vessel is less than 173,205 psi.

The situation can be improved
considerably by making the vessel
out of a series of shrunk rings such
that a tangential compressive pre-
stress exists at the bore before pres-
surizing. Yet even with this im-
povement limiting pressures are less
than 250,000 psi. Furthermore, if
the pressure vessel is to be used for
production cycling, it is necessary
to use fatigue strength in place of
yield strength as the measure of
strength. In this case the maximum
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usable pressure becomes only about
150,000 psi for the best possible de-
sign.

To attain higher pressures it is
necessary to apply a radially sup-
porting force to the outside of the
pressure vessel. Bridgman found a
way of supplying the required sup-
port by using a tapered bore jacket.

PRESSURE EXERTING

TEST
SAMPLE

PYROPHYLLITE ANVILS

GASKET

Figure 2

As shown in Figure 1, the tapered
jacket was forced down onto a pres-
sure vessel designed with a match-
ing taper on its outside surfaces. By
coordinating the application of this
support with the rise in pressure in-
side the vessel he was able to de-
velop fluid pressures up to 450,000

psi.

Although it is very useful, this
type of equipment suffers from the
difficulties involved in coordinating
the increase in the radial pressure
with that of the fluid pressure. In
addition, variations in friction be-
tween the tapered members are hard
to overcome.

On the other hand, the applica-
tion of high pressure need not utilize
fluid. The pressures can be made
possible by compressive forces,
which are concentrated over a small
area at the point of application and
spread out quickly through the
conical configuration behind the
sample; thus the overall stresses are
not large. This concept is the prin-
ciple of “massive support” developed
very effectively by Bridgman. Al-
though the particular equipment de-
scribed is not used in metal-forming
operations, it does serve to point the
way toward effective designs utiliz-
ing this principle.

Another type of pressure-generat-
ing equipment that might possibly
be applied to metal forming is the
multiple-anvil press. This apparatus,
which was used in the early work
to synthesize diamond, is used ex-
tensively today in materials investi-
gations, particularly those in which
high temperatures as well as high
pressures are required. As shown
in Figure 2, the equipment consists
of four or more truncated pyramidal
anvils that can be driven together by
hydraulic cylinders to enclose and
apply pressure to a central volume
in the shape of a tetrahedron or cube.
Initially, the anvils are separated by
a pyrophyllite gasket shaped to line
the closure space and enclose the test
sample. Pyrophyllite has the ideal

(Continued on page 28)




what’s so special about Collins?

Unusual career opportunities? Fringe benefits?
Ideal locations? Exciting work? Advancement poten-
tial?

Well, almost every industrial concern can offer
those.

We can show you dozens of photographs of ca-
reer people working at Collins, using the finest
facilities and tools available. But that isn’t the whole
Collins story.

You see, one of our biggest specialities is you.
Your speciality is special at Collins. Every major
engineering breakthrough at Collins can be traced
to an individual specialist or team of specialists.

Which leads to another speciality: state-of-the-art
communication systems. Collins’ record of “firsts”
over the years is an enviable one: single sideband
development, space communication systems, air-
craft all-weather landing systems, high-speed data
communication and message switching networks —
to name a few.

We suggest you contact Collins’ representative
when he’s on campus. And contact your college
placement officer for details.

The rest of the Collins story? We frankly can’t tell
you at this moment.

You'll be writing it.

COMMUNICATION / COMPUTATION / CONTROL

Za)

COLLINS
"

COLLINS RADIO COMPANY / DALLAS, TEXAS « CEDAR RAPIDS, IOWA « NEWPORT BEACH, CALIFORNIA « TORONTO, ONTARIO

Bangkok « Beirut « Frankfurt « Hong Kong * Kuala Lumpur « Los Angeles * London *

Melbourne « Mexico City » New York ¢ Paris « Rome * Washington « Welling




R&D
(Continued from page 26)
properties of becoming compressible
and ductile under high pressure and
also of having an extremely high
coefficient of friction — the latter
property allowing it to maintain its
sealing position without extruding
outward. In addition, pyrophyllite is
machinable and an excellent insu-
lator or heat.
A NEW PRESSURE VESSEL

To form the more difficult ma-
terials it is desirable, nevertheless,
to have a vessel capable of cycling
repeatedly up to 500,000 psi. Such
a vessel has recently been developed
incorporating many of the outstand-
ing features of the higher-pressure
equipment. The new vessel can also
be as easily loaded and unloaded as
the simple piston-cylinder device.

As shown in Figure 3. the new
pressure vessel is primarily a rela-
tively thin-walled cylinder made of
hard materials. The particular cy-
linder diagrammed has a two-inch
bore and a seven-inch working
length. To support this chamber a
number of radical segments are
mounted to its outer surface and
held in place by a thin press-fit ring.
The whole assembly in turn is en-
closed by a shrunk-ring iacket that
will contain a oressure of 60,000 psi
with fatigue. In addition, to suoport
the ends of the chamber and prevent
high fluid pressure from “pinching
off” the chamber wall, conical mem-
bers are vrovided at the too and
bottom. The lower one is threaded
into the outer iacker, and the uvper
one is made to act as a hvdrauli~
piston. Finallv. vpassagewavs are
drilled through the uover cone to al-
low fluid to pass from the region
iust above the high-pressure cham-
ber out to the large iacket.

In overation of this pressure vessel.
the inner chamber. into which the
part of test sample is nlaced, is filled
with fluid. and a hvdraulic vbress is
used to force the unver viston into
the too of the chamber. As the ac-
tion of the piston increases the ores-
sure of the fluid. the chamber tends
to expand and thereby permit fluid
to leak past the close-fitting viston.
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This fluid flows through the special
passageways out to the containing
packet, where the fluid applies pres-
sure to the outside of the radial seg-
ments and to the top of the conical
end support. The segments and the
end support in turn transmit the
pressure inwards to the inner cham-
ber, which closes down on the piston
to stop further leakage.

END PRESSURE

60,000 PSI

INNER CHAMBER
\

SHRUNK 500,000
RING JACKET  PSI

RADIAL SEGMENTS

Figure 3.

Since the supporting fluid pres-
sure in this design acts over a large
area while the high-pressure fluid
within the working chamber acts on
a couparatively small surface, equi-
librium can be maintained with
small jacket pressures. For the par-
ticular apparatus shown, for ex-
ample, the jacket pressure does not
exceed 60,000 psi when the working
pressure is 500,000 psi. Furthermore,
the inner cylinder expands and con-
tracts by only a slight amount that
is well within the elastic limit of the
material. The limiting factor in the
design is thus the compressive
strength of the piston.

CONCLUSION
In summary, the major advantage
of high-pressure metal forming lies
in the ease with which otherwise
separated operations can be com-
bined not only can greater deforma-
tion be produced in a single opera-

tion, but also different areas of a part
can be shaped simultaneously by
hydrostatic pressure. Thus some
very complex shapes can be made
at comparatively low cost. And, of
course, improved material strength
is almost always obtained as a result
of the use of pressure.

Although much progress has been
made in the field of high-pressure
metal forming, considerable de-
velopment effort is still required. In
particular, research will be of great
value in the following areas:

1. Development of long-life seals

for very high pressures.

. Investigation of fluid viscosi-
ties and solidification char-
acteristics under pressure.

. Investigation of the strength
and fatigue properties of tool
steel under high pressure.

. Thorough study of the proper-
ties of materials after deform-
ing under pressure.

. Evaluation of the friction
proverties displayed by ma-
terial within a high-pressure
environment.

. More extensive and varied tests
of ductility under vpressure to
obtain formability data.

With the prover comovletion of
work in these areas the future of
high-oressure forming seems un-
limited. Avplications for the new
processes are numerous, and more
are suggested each day.

Aside from the potentially large
use of high-pressure forming tech-
niques, the new development pre-
vents the materials engineer with
a new and very fundamental ap-
proach to forming. He is no longer
limited by the handbook values of
elongation or reducation of area. By
the use of suitable pressure he can
select the level of dutility he needs
for the particular job at hand. Even
more important, he now knows the
absolute level and directionality of
the stress field that must be applied
to the workpiece to form a desired
part. With this knowledge the ma-
terials engineer is armed with a very
powerful technique for working out
process design details.
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