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TheFElmer A Sperry Medal

Purpose of the Award

O The Eimer A. Sperry Award shall be given in recognition of a
distinguished engineering contribution which, through application,
proved in actual service. has advanced the art of transportation
whether by fand. sea or air,

In the words of Edmondo Quattrocchi, the sculptor of the
Eimer A. Sperry Medal:

“This Sperry medal symbolizes the struggle of man's mind against

the forces of nature. The horse represents the primitive state of un-
controlled powar. This, as suggested by the clouds and celestial
fragments, is essentially the same in all the elements. The Gyroscope,
superimposed on these, represents the bringing of this power under
control of man’'s purposes.”
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Founding of the Award

Eimer Ambrose Sperry 1860-1930

O The Eimer A. Sperry Award commemorates the life ang achievements
of Dr. Elmer A. Sperry (1860-1830) by seeking te encourage progress

in the engineering of transportation. Much cf the great scope of the invent-
iveness of Dr. Sperry contributed either directly or indirectly to advance-
ment of the art of transportation. His contrioutions have been factors of
improvement of movement of men and goeds by land, sea and air,

The award was established in 1955 by Dr. Sperry’s daughter, Mrs. Robert
Brooke Lea, and his son, Eimer A, Sperry, Jr.
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Clifford L. Eastburg Harley J. Urbach

Award Citations

CTo Clifford L. Eastourg and Harley J. Urbach for their leadership
in the original development, subseguent improvement, manu-
facture, and application of tapered roller bearings for

railroad and industrial uses.

Certificate of Citation

C1To the Railroad Engineering Department of the Timken Company
for their contributions 1o the development, improvement. manu-
facture and application of tapered roller bearings to

railroad and industrial uses,




Elmer A. Sperry Award [J Foreword

O The economic and industrial growth of America in many ways
parallels the growth and deveiopment of the railroad. Inthe 1800's
our capacity for westward expansion was determined by the avaii-
ability and accessibility of rail transportation.

As our industrial station and economic capabilities expanded, our
technological sophistication eveolved to meet the challenges of a
burgecning economy, The role that the railroad industry playedin
contributing tothat ecenomic development makes our current histary
reflective of our past.

Clitford L. Eastburg and Harley J. Urdoach, have beeninstrumental
inthe development, imprevement, manufacture, and application of
tapered roller bearings to railroad and industrial uses; technological
advanceswhichrepresent significant eventsin the evolution of the
railrcad industry in America,




The Timken “AP"” Bearing

Figura 1. The First Timken Roller Beanng Eauioped Box Car Placed in Service i 1923,

O The Timken “AP" {All-Purpose) bear
ing was first placed in service on Ameri-
can railreads in August of 1954 For 23
years it has provided the rzilroad indus-
try @ means of recucing train delays and
deraiiments by reducing Rot boxes. Roller
bearings have been used on rzilroad
equipment for over 50 years. Showrn in
Figure 1 is a box car that was placed in
service in 1923, Although the state of the
art was centinually advanceg from that
garly stari, the introduction cf the “AP"
bearing was the real turning point for the
adoption of reller bearings far ireight
cars.

First costs of acquisition, handiing, ang
nstallation of the roller bearing made it
cifficult 1o justdy its use in place of fric-
tion Journal bearings when building new
or rabulding freight cars, particularly
those used in railread interchange service.

Although gifficult to justify lhe cost
of rolier bearings for freight cars, adoption
efthem on passenger cars was more gasily
accepled because the owner bencfited
directly,

Railroad Developrment

[1-Clittord L. Eastburg was hircg by The
Timken Company in September, 1827
because of his experience in the railroad
car building indusiry where he had work-
ed for the Bettendorf Corporation, He
was first employed as an Industrial En-
ginger In the Railroad Division.

Eastburg s work congisted of the design
and application of roller bearings to
freight cars, steam locomotives, and pas-
sanger cars, Most of his time in the early
days was spant cn steam locomotive ap-
plications which. like passenger cars,
needed tha raliabiity of roller bearings.
Ther cost would provide s good raturn
on investmen! to the owner

As might be expected, rolier bearings for
Iccomotives were not immediately ac
ceoted without quastion. They had 1o be
proven. This led the company to purchase
from American Locomotive Works, the
first steam locomotive fully equipped, on
all axles, with roller bearings. Eastburg
Gesigned the Dearing apphcations that




were used om this laocomative. This loco-
motive, shown in Figure 2, was loancd
to many railroads for demonstrations. It
successiully convincec railroad adminis
trations of the advantages ot rolier baar-
ings. Later, 111 1934, roller Dearings were
applied to crosshead and all crank pins
of a steam locomotive.

Eastburg was involved in mosi of these
steam locomotive designs and develop-
ments. Concurrently, freight car appl-
cation of roller bearings was also the sub-
ject of intense study

An expenmental application of roller
bearings was made in 1930 to 100 70-
Taon hopper cars which were tested on
the Pennsylvania Railroad, inciuding
complete cynamometer tests. The ex-
perimentai roller bearing trucks wers
completely designed. developed. and
suppiied by The Timken Company. These
were the firs! lests ever made on a com-
plete freight train equipped with roller
bearings. The results clearly demonstre-
ted the advantages of rolier bearings tor
freight cars.

The adoption of rolier bearings for
ireight cars in North Amarica faced the
difficult obstacle of interchange service.
In North America therg were many pri-
vately owned railroads cperating uncer
the standards of the Association of Ameri-
can Hailroads (AAR). These railroads iree-
Iy exchange or interchange freight cars
from one ling to anothar. Roller bearings
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Figure 2. The Faur Aces was the first steam locomolive quipped with roller boarings

represenied a high initial cost compared
with friction bearings. With the inter-
change of cars from one railroad 10 an-
other, the owning railroad would nct
rcalize the full benefit (lower operating
and mainienance costs) of such an in-
vesimenl. Also, the ezrly bousing type
roller bearing applications required sep-
arate spare axle assemblies for cach
different lype of truck side frame, thus
complicating maintenance.

The first applications of roller bearings
were made 1o freight cars which dig not
leave the owner’s ling. This way the owner
was able to realize the full return on in-
vestment

Because of their success. roller bearings
necame siandard equipment on passenger
cars as well as diesel and electric road
locomotivas, which eventually replaced the
steam locometive, Also, approximately
10,000 car seis of housing type roller
bearings were applied to freight cars ine
the 1950's,

While the obsiacle of justitying cost of
roiter bearings on freight cars remained:
the poor performance of the friction bear-
ings continued 10 be responsible for large
expenses from hat boxes which may lead
1w deraiiments and exceassive mainienance

It was against this background of unac-
ceptance of roller beanngs for frexght
cars that Clifford Eastourg was working
o develop an acceplance breakihreugh.
He was now Assistant Chief Engineer—

(o120 onafl gxles It

was built by American Locomotive Worksin 1330 and ivaned fo various rairoads pror 1o being sold to
Northern Pacific in 1833




The present-oay form of the “AP"
(]

7 which s simiar o the onginal design

¥
afaeed i service in 1854

Railrcad Division, having received that
promotion in May, 1943, the position he
held until his retirement May 1. 19862,

In" 1954, Eastburg proposed a new
freight car roller bearing design incor-
parating the idea of producing a double
Cup, seli-sealed bearing with seals press-
ad into both ends of the double cup. This
gea evolved inio the "AP" (All-Purpose)
design, a present-day form of which is

Fure 4,

NEW PLAIN BEARING I
BLACK COLLAR AXLE T

(ROLLER BEARING
AXLE

Figure & This shows the design of the integral
Lox used with friction bearings and how it can
se modified 1o apply the "AR" bearing s0 It is
not necessary to roplace side lrames under
exigiing cars, -

!

shown in Figure 3. The idea was develop-
¢d by the Company’s Railroad Division
working with engineering and the pro
duction depariments. A double cup of
such a design had not been proguccd by
any company up 1o the time of this de-
velopment. So that the bearing could be
assembled as a complele package, it was
necessary 1o develop the design of the
seal as welf as a methed of locking the
seal in the counterbore of the double
cup. Due to previous problems of hous-
ing-type bearing assemblies not being
oroperly assembled and lubricated, the
oreassembled,  prelubricates  bearing
was developed so it could be shipped to
customers and applied to the axlas with
20 further assembly wark,

The simplicity and versatility ot this
new design preassembled, prelubricated,
cated, compiciely self-contained bearing
was what was needed to justify adoption
for freight cars, It was adaptable to high
production, which made it economical,
and could be applied to all types of rail-
r0ad car irucks.

" DIA.
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SHOWING RECLAIMING LIMITS OF WORN PLAIN BEARING AXLES
FOR CONVERSION TO ROLLER BEARING AXLES



AR

_ HORIZONTALSECTION

BT T T T R

1. PARTIAL REMOVAL OF DUST
GUARD FLANGES.

‘2. PARTIAL REMOVAL OF JNTEGRAL
THRUST LUGS.

3. ACCESS HOLE MUST BE PROVIDED FOR
TOOL TO INSTALL AND REMOVE
STOP BLOCK.

4. HOLE MUST BE PROVIDED FOR

- STOP BLOCK CAPSCREW. X

5. WASTE RETAINING RIES: MUS‘Y

BE REMOVED.

8. A LINER IS REQUIRED IN THE
‘ROOF OR CEILING OF THE BOX.

VERTICAL SECTION

Design Requirements

O In 1954, there were aporoximately
1.890,000 freight cars in service on fric-
tion bearngs under AAR jurisdiction.
The Company decided that the design of
the new roller bearing application should
be such that the existing friction bear
ing axles could be converled {Figure 4)
without requiring new axles for change-
overs. The axle strength had fo ba con-
sidared because the rolier bearing axle
would be smaller than the new friction
hearing axle but would be larger than the
AAR shop limit. Stress investications wera

REAR ELEVATION

Fgure 6,
moaified integral box side frame and 2186 .:g@_n
inthe AAR narcow pedestal sina frame 10 teans-
far tha loan from the frame 1o the roiller bezr-
nos

The AAR narrow adapter usad in the




Figure 7 Sectionalview ol roller beanng application in narrow pedesial frama showing how the load 1s
transtecred from the frame through the nerrow adaplor (o the two séts of roliers in the roller bearing

assembly

ey
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|
1
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made. It was found by axle fatigue tests
that the axie cesign recemmended was
satisfactory and subsequently bacame
the AAR Standard, The roller bearing axle
diameter is approximately 5/18" less
than he new friction beanng axle but is
3/16" larger than the road service hmit
The roller bearing axle journal length is
also shorter than the friction bearing axle.
This design alicwed the railroads to modify
existing friction bearing axles that were
partially worn. This resulted in consider-
able savings to the railroads.

Another consideration was given to

existing integral box lype side frames
used with friction bearings. The overall
rolier bearing size was selected so that
il could be applied inside the existing
friction bearing integral journa! box after
aporopriate modifications as shown in
Figure 8. However, it also required a fill-
¢r or narrow adapter (Figure 6) between
the roller bearing and the integral box
which distributes the load over the twe
sets of rollers (Figure 7).

The bearing had to have sufficient cap-
acity 10 provide satisfactory bearing life
and also. within size limits, to fit into

10



the imegral hox side iframes with the
minimum amount of modifications  In
addition to designing the double ¢up, or
ouler race, and tha other auxihary mount-
ing parts, the design of the tools and fix-
ures needad to make the modification to
the inlegral box side frames had to be pro-
vided. Tooling was designed and pro-
cedures were established so that rail-
roads could mzake the necessary maodi-
fications in their own shops,

Far new cars using the “AP" bear-
ing, the criginal approach was to use new,
modified integra! box side frames which
could be cast to suit (Figure 8). However,
a new narrow pedestal side frame, uni-
quely suited to tha roller bearing design,
was concelved (Figure 8) 10 use the same
narrow adapter as used in the integral
box. The new design allowed ftor the

change of wheels without the necessity
of disassembling the freight car truck
which was required with the integral
box sice frame

The narrow pedestal side frame was
acopted by AAR in 1958 2s the alternate
slandard for use with roller bearings and
practically all of the new roller bearing
freight cars built since then have used
this frame design.

Manufacturing Developments

Althouch decuble cups had been made
for many years in the 1apered reller bear-
ing business, it was nacessary to work
with the equipment manufaclurers as well
as The Timken Company development
greup o be able o produce the double

Figure 8. Front view of the modified inteqral hox side frame with (he "AP" bearing in place

1"



cup with the extensicns on each end 1o
accommaodaie counterbores with under-
cuts. The counterbores and undercuts
are required 1o retain the twe enclosure
seals. This design permitted the bearing
assembly (0 be preadjusted, prelubrical-
ed, and packaged by the bearing manu-
facturer,

The developments necessary for the
newly designed double cup and mass
production of the bearing as a whole,
were under the direction of Harlay J
Urbach,

Harley J. Urbach graduated from the
University of Nebraska in 1933 with a
Bachelor of Science Degree in Mechanical
Encineering. He started with The Timken

Company in 1933 in Railroad Enginger
ing and progressed through tha Diesel
Fuel Injection Department, Mechanical
gEngineering Department, and Works En-
gineanng. In 1951 he was named Execu-
tive Engincer.

Althcugh tha “AP" hearing was firsl
piaced in service in 1954, the earlier
bearings were not proguced on high pro-
duction equipment because of lack of suf
ficient volume, Hcwever, the demand
lor roller bearings for freight cars ac-
celerated from introduction in 1854, In
1958, to meet this increasing demand,
The Timken Company opened the first
reller beanng plant for exclusive produc-
ticn of railroad “AP” bearings

Figure 3. Fronf view of the AAR rarrow pedestal frame with the narrow atzpter and “AP" hearing

12



AAR OVERHEATED JOURNAL STATISTICS

REFERENCE: AAR QUARTERLY OVERHEATED JOURNAL REPORT
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AAR Standardization

[} Based on the increased inlerest of the
American railrpads, the AAR adopted tre
first roller bearing specitication in 1958
The specification has been updated ard
al present it 18 AAR Specification M-934
Other pearing manufacturers around the
world have applied for AAR approval and
according to the latest information AAR
has issued certificaie numbers fgr 22

YEAR

) Curve showing perfarmance of plain bearnings and roller basrings

bearings. In some cases, & bearing com-

pany has received more than gng certifi-
caie number because of internal design
changes

All bearings that have AAR approval
are required 10 be designed e tit on the
AAR rolier bearing axle, the AAR narrow
adapter, and AAR narrow pedestal frame

In 19686, roller bearings were made man-
datory by AAR on all new or rebuilt freight
cars of 100-ton capacily and larger. In
1863, they became mandatery on all new
cars, and in 1970, on all rebult cars

The AAR through railroad reports kept

13



statistics on the performance of roller and
friction bearings. Based on AAR daia
from 1970 through 1975 2 comparative
performance plot (Figure 10) shows the
car miles per overheated journal In 1978
the iriction Bearing performance was
800.000 mies/hol box, whereas the
roller bearing was 155 million miles/hot
box.

Based on AAR lates: information. about
63% cof the cars operating under AAR
are eguipped with roller bearings. Not
only has the design of the rolier bear-
ing been used in the United States under
AAR jurisdiction, it has also been adopt-
ed by many rairoads throughout the
worle,

£conomics of Roller Bearings

O Buring the 1950's, many detailed eco-
nomic studies were made comparing costs
of operating a fleet of roller bearing equip-
ped cars versus a fleet of plain bearing
equipped cars. Calculated rates of return
on investment demonstrated the advan
tage of roller bearings The return on in-

vestment increases as laborratesincrease.

This is due to the reduced mainienance
requirements for roller bearings com-
pared 1o plain bearings. The maximum ad-
vantage is obtained with a 100% roller
bearing equinped ireight car flaet,

One example of savings for the rail-
rcad industry is in the cost of ol for the
friction hearings as compared to the cost
of grease for \he roller bearings. Based on
an AAR study “"Comparative Economics
of Journal Bearings" in November 1855,
the cosl was $5867,195.14 for journal
box oil used for periodic repacks and free
oiling for the iriction bearing cars. As-
suming & 2% rate of repacks due o de-
raiiments, floods, and miscellaneous
causes, the total cost for journal box cil
in 1854 was 557 million, At 1876 oil
price levels this would cost $18.6 millen,

Consicering 1974, which is the latest
year for which complete cperating data
15 availladble, approximately 50% of the
freight. car fleet was on roller bearings
and 50% on friction bearings with a
total car fieet of 1,720,573 freight cars.
The 1iotal oil consumption for friction
bearings was 355 mullion liters which, at
1976 prices, amounts to S7.898 mulkon.
As a comparison {or the other half of the
fleet equipped with roller bearings, the
grease consumpfion was 774 thousand
kilograms ata 1976 cost of $519 thousanc.
This ingicates a ratio of oil consump-
tiory between friction bearings and roller
bearings of almost 50 to 1. This is a sig-
nificant savings in the cost of roller bear-
ing grease used versus friction bearing
journal box oil.

World Marke!

O Because many ¢ountries throughout
the world follow the AAR standards, the
“AP" bearing has been used on many
overseas properties. With other stand-
ards, such as in England and Europe, it
nas been found desrable to design bear-
ings similar to the “AP". but with vana-
llons so that they will fil British Stand-
ards or, with othcr variations, to meet
the UIC Standards in Lurope.

Cther Than Railroad

O The "AP" bearing is a sell-contained
unil and does not require the user 10 3s-
sembie, adjust, and lubricate it at the
tme it s anplied These features have
allowed for use on industrial applications
other than railroads, The bearing has
been used on crane wheels, sheave
wheels, table rolls, line shafts, ingot
cars, and many other types of miscellan-
BOUS Bguipment,
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Harley J. Urbach

O Urbach was born in Lincoln, Nebraska
June 26, 1911 and atiended a number of
primary schoois during the time his father
was maving around on the Chicago, Bur-
lington and Quincy Railroad. He gradu
ated from Lincoln High Scheol in Lincoln,
Nebraska in 1828 He received his BS in
Mechanical Engineering from the Uni-
versity of Nebraska in 1933, In 1853 he
compieted the Harvard Business School
Advanced Management Program of Har-
vard University,

He started with The Timken Company
in 1833 in Railroad Engineering and pro-
gressed through the Diesel Fuel Injection
Department, Mechanical Fngineering De-
pariment and Works Engincering. in 1851

he was nameg Executive Engineer and in
1960 Director — Engineering. He was
glected Vice President — Engineering in
1962 and was named Vice President —
Engineering and Research in 1964 He was
elecled a Director of the Company in
1966
roach servec as 2 trustee and vice
president of The Timken Company Edu-
cational Fund, Inc. He held or is holding
mamberships In the American Ordnanca
Association, The American Society of
Mechanical Engineers, the Society of
Manufacluring Engineers. the National
Society of Professional Engineers, the
Ohio Saciely of Professional Engincers,
anc the Society of Automotive Engineers,
Urbach retired fram The Timken Com-
pany on June 30, 1872 and remainad a
Director until 1874

— =

Clitford L. Eastburg

O Eastburg was born in Keithshurg, 1Ili-
nois March 11, 1897 and aitended Daven-
port Linceln primary school from 1802
to 1912 In 1812 he entered Davenport
High School and graduated in 1816. He
attended the University of lllinos. Eastburg
has completed the self-development busi-
ness course offered by the Alexander
Hamilten institute,

From 1918 to 1919 he worked as a
draftsman for the U.S. Ordnance Depart-
ment, Hock Island Arsenal in Rock !sland,
Ilincis. From 1921 to 1927 he worked
for Bettendort Company of Bettendorf,
lowa as a Design Engineer and then zs
Estimater for Freight Car and Steel Cast-
ing Division.

He started work for The Timken Com-
pany in Canten, Onic in September, 1827
as an Industrial Enginesr in the newly
formed Railroad Division, Because of the

interest in applying roller bearings to
steam locomotives, he designed and fol-
lowed through the shop and in the field,
the bearing applications 10 the zxles,
crank pins, main and side rods, and the
reciprocating parts. He designed the
bearing applications on the Timken steam
locomotive Four Aces, which was the first
locomotive equipped with tapered roller
bearings.

In April, 1940 he was rmade Agsistan
Engineer — Railroat Division and in May,
1945 Assistant Chief Engmeer — Rail-
road Division

Beczuse ol his experience in designs
for the railroad applications. he soent
time in 1948 and 1952 in Erglandg, France,
Belgium and Germany helping with the
desygn of beanng applications for loco-
motives, passenger cars and freight cars.

He has 18 patents relating o various
narts connected to the application of
Dearings for radroad equipment.

He retired irem The Timken Cempany,
March 31, 1862
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Previous EImer A. Sperry Awards

1955

1856

1957

1958

1959

1960

1961

1962
1863

1264

1865

to WILLIAM FRANCIS GIBBS and his Assaciates for cevelopmant of the 5.5 Linited
Slales.

to DONALD W. DOUGLAS ang his Associatas for the DC series of air transport planes.

to HAROLD L. HAMILTON, RICHARD M. DILWORTH and EUGENE W. KETTERING and
Citation to their Associates for the diesel-giectric jocomalive.

to FERDINAND PORSCHF (In maemariam) and HEINZ NORDHOFF and Citation to their
Associates for development of the Volkswagen autamabile

1o SIR GEOFFREY DE HAVILLAND, MAJOR FRANK B, HALFORD (in memeoram) and
CHARLES C. WALKER and Citation to their Asscciates tor the first jet-powered aircraft
and engines

1o FREDERICK DARCY BRADDON and Citation t¢ the Engineenng Department of the
Marine Division, SPERRY GYROSCOPE COMPANY., for the three-ax|s gyro-scopic navi-
gaticnal rafarance.

10 ROBERT GILMORE LETOURNEAU ang Citation to the Research anc Development
Division, FIRESTONE TIRE. AND RUBBER COMPANY, for high speed, large capacily,
earth moving eguipment ang giant size tires.

to LLOYD J. HIBBARD for application of the ignitron rectifier to railrgad motive power

to CARL A. THOMPSON and Citation tc his Associates for design and develogpment of the
fizet notably successtul automobile transmissian,

o IGOR SIKORSKY and MICHAEL E, GLUHBAREFF and Citation 1o the Engineering De-
partment of the Sikorsky Aircraft Divigion. UNITED AIRCRAFT CORPORATION, for the
invantion and devaicpment of tha high-lift halicoptar leading to the Skycrane.

to MAYNARD L PENNELL. RICHARD L. ROUZIE. JORN E. STEINER. WILLIAM H. COOK
and RICHARDS L. LOESCH, JR and Citation ta the Commercial Airplare Division, THE
BOEING COMPANY, for the concept, design, development. production ang practical ap-
piication ¢l the tamily of jet transports exemplfied by the 707, 720, and 727,

18




1988

1870

1871

1972

1975

10 HIDEQ SHIMA, MATSUTARD FUJIl and SHIGENARI CISHI and Citation to the
JAPANESE NATICNAL BAILWAYS for the design, davelopmant and consiruction of the
New Tokaido Line with its many imporant advances in railroad transportation,

10 EDWARD R DYE (in memornam), HUGH DeHAVEN gnd ROBERT A. WOLF and Ci-
{ation to the research engineers of CORNELL AERONAUTICAL LABORATORY and tha
stafi of the Crash Injury Rasaarch projacts of the CORNELL UNIVERSITY MEDICAL
COLLEGE.

to CHRISTOPHER S. COCKERELL and RICHARD STANTON-JONES and Citation to tha
men and‘woman of the BRITISH HOVERCRAFT CORPORATION for the design, con-
struction and application of a family of commercially useful Hovercraft:

1o DOUGLAS C. MACMILLAN, M. NIELSEN and EDWARD L. TEALE, JR. and Citations to
Wilbert C Gumprich and the organizations of GEORGE G SHARP, INC, BABCOCK AND
WILCOX COMPANY and the NEW YORK SHIPBUILDING CORPORATION, for the de-

‘sign and construction of the N.S. Savannah, the first nuclear ship wilh reactor, 1o be oper-
-ated for commercial purpeses,

10 CHARLES STARK DRAPER and Citations to the personneal of the MIT INSTRUMEN-
TATION: LABORATORIES: Defco Electronics Division, GENERAL MOTORS COR-
PORATION. and Aero Products Division, LITTON SYSTEMS, for the successful applica-
fion-of inertial guidance systems to commercial air navigaticn.

10 SEDGWICK N. WIGHT (in memoriam) and GEORGE W. BAUGHMAN and Citations 1o
William D, Hailes, Lioyd V. Lews, Clarence 8. Snavely, Herber! A Wellace, and the em-
ployges ot GENERAL RAILWAY SIGNAL'COMPANY and the Signal & Communications
Division, WESTINGHOUSE AIR BRAKE COMPANY, for davelopment of Centralized
Traffic Contral on raitways.

{0 LEONARD S HOBBS and PERRY W. PRATT and ihe dedicated enginesrs of the Pratt &
Whitney Aircraft Division of UNITED AIRCRAFT CORPORATION for the design and de-
velopment of tha JT3 turbo jet eagine,

10JEROME L. COLOMAN, FRANK A, NEMEC end JAMES J, HENRY and Citations to the
naval architecis angd marine engineers of FRIEDE AND GOLDMAN, INC_ and ALFRED
W SCHWENDTNER for revelutionizing marine cargo transport through the design and
development of barge carrying general cargo vessels.







