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The Elmer A. Sparry Award shall be given in recegnition of ¢
distinguished engineering contribution which, through epplication,
proved in actual service, kas advanced the art of transoortation
whether by lend, sec orair.

In the words of Edmondo Quettrocchi, the Sculpter of the
Elmer A. Sperry Medel:

“This Sperry medal symbolizes the struggle of man's mind cgainst
the forces of nature. The horse represents the arimitive stote of ur-
contratled power. This, as suggested by the clouds and caleshal
fragments, is esseniially the same in cll the elements, The Gyroscope,
superimposed on these, rearesents the bringing of this power under
contrel of man's purposes.”



Presentation of

77@ (.fngmewa (Jﬁwx/(e/ J%(rfc»-}'r//g-)' 1978

T Robert Puiseux

wilh Cetalion to

The Employees of the Manufacture Froncaise
des Prneumatiques Michelin

Ay

The Board of Award under the sponscrship of

The American Society of Mechanicol Engineers
Instirute of Electrical and Electronics Engineers

Society of Automotive Engineers

The Sociery of Neval Architects end Merine Engineers
American Insfitute of Aeronautics and Astronautics

At the Passenger Cer Meefing of the Society of Automative Engineers
Wednesdey, June 13,1979 Hyait Regency, Dearborn, Michigon
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Founding of the Award

The Elmer A. Sperry Award commemorctes the life ond achievements
of Dr. Elmer A. Sperry (1860-1930) by seeking fo encourage progress
in the engineering of transportation. Much of the grect scope of the inven
fiveness of Dr. Sperry contributed either directly or indirectly ‘o advence-
ment of the art of transportaton. His contributions have been factors of
improvement of movement of men and goods by lond, se ond ir.

The awerd was esteblished in 1955 by Dr. Sperry's daughter, Mrs. Robert
Brocke Lec, and his son, Elmer A, Sperry, Jr.
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Rebert Puiscux

Award Citation

To Robert Puiseux for his leadership
in the development of the radial fire.

Certificate of Citation

To the employees of the Manufacture Francais
des Pneumatiques Michelin for their contributions to
the design, development and application of the
radial lire.



Intreduction

The general principle of construction, to
which the name of “cerial whee!” was
given, was discovered in 1845 by R W,
THOMSON, en English engineer. He
reachec his goal only five yecrs ofter
GOODYEAR developed the process of
vulcanization of rubber in 1840.

His potent, filed in Englend in 1845, in
Fronce in 1846, ond in the U.S. in 1847,
covers the essential features of the
pneumaiic tire as it is known ‘aday
(Figure 1)

Figure 1: Thomson's Pneumatic Tire
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An ancestor of the pneumatic tire, the
“aerial wheel” wes not immediately
cdopted for equipping the vehicles of
inct erc. Admittedly, as applied by
Thomsan fo autemohiles without cny
springs, its introduction was o failure, in
soite of the existence of high qudlity
vulcanized rubber. And it was with solid
tires that the first cutomabiles, Irucks ond
buses were equipped.
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The Beginnings of the Pneumatic Tire
During the last quarter of the 19th
century, the development of the salety
bicyele, drivan by a chain, drew the
atention of aumarous inventors. The
aneumatic tire nermitted this form of
locomation to develon at on overwhelm:
ing pace.

The first preumatic tire for cycles was
manutectured in 1888 by John B.
DUNLOP. Although the arinciple utilized
wos comperable ‘o thet of THOMSON,
it wes nonetheless original because of
the use of crossed strips of fobric in its
censtruction. This fire wes composed of
a fube covered with rubberized fabric,
glued lo the rim, in such manner that
each flal lire look on overtones of ¢
lecslvophe.

The demounting: repair, resewing
end remeunting of this essembly of gum
end glued fobric were delicate and
laborious operations requiring much
time and skill. And the repeired tire hoe
1o be allowed long hours of drying time.

In spite of real advantoges, the key to
the cevelopment ¢f ihe tire wes the
sossibifity of repairing and changing it
repidly in case of necessity. This is whar
the MICHELIN brothers recognized ond
were cble to realize by filing ¢ series of
petents which ended in 1891 with the
creciion of the first demounteble tire
\Figure 2}. The air chamber was inde-
pendent of the cosing, which, itself was
not permenently fixed but held on the

nm b\,' tolts,

Figure 2: The demountable MICHELIN tire
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Figure 3: “Clincher” tire for outomobile

The Evolution of the Tire

In 1895, the MICHELIN brothers equin-
ped, for the first time, an automebile with
pneumalic tires. The tire was ne longer
bolted te the rim, The beeds were
inserted in hook-shaped rim flanges
which matched the hook-shape of the
beads, thus utilizing o system discovered
and patented in 1892 by @ German low
student [Figure 3).

3, Extensible coller
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In 1905, perfecting © system that had
been in use for two yeers, Edoverd end
André MICHELIN created @ tire pro
tected by o rivetted lecther belt, This was
the famous “MICHELIN SOLE" Origi
nally intending to combet skidding [the
tires of the era had no tfread design and
the roads were often muddy before the
general use of asphalt sufacing), it
considerably prolonged the life of the
tire and protected it ogainst flcts. One
aroof of its quolity was given when it
was used on an 8-cylinder, 12-liter
DARRACQ automabile of ¢ speed of
105 mph.

With the eppearence of trucks and
buses, which were heavily locded,
MICHELIN introduced the " ducl” tire in
1908. In 1914, the demountcble stee!
wheel wes introduced, o conceps still
used today. The hub remeins en integral
part of the axle on the cutomobile end
the mounted tire ond whee!l cssembly is
placed on it and ottached to it with nuts.

In o few years, the reguirements for
rapid demounting and replacement help
ed design o aroduct very similar to the
modern fire. The tubular fire gove way
everywhere, excent tor bicycles and
some frucks, 70 o system of o tube
contained withia o removable tire.

As for the tires themselves, the innu-
mercble types tried led quickly fo the
clincher tyoe and ‘o the steel bead wire
type originated in the U.S.A., mounted
on ¢ flat rim, that became the predomi-
nant style shortly after 1920.

During World Wer | and the fellowing
yeors, the circumstonces of the time and
the iastes cf the usar, in conjunction with
the develcomant of automobile transpor-
Iclion, brought considerable imarove-
ment in fire design. Progress was made
in comfort and fraction, porallel with the
upgrading of the road system.

MICHELIN'S answer ta the recent
change was the introduction in 1923 of
the “CONFORT BIBENDUM" assembly,
very much like the modern hias tire
[Figure 4).

Figure 4: The “Confort Bibendum™
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The Birth of the Radial

It was ot this time thot the in- depth study
of the functioning oroblems of tires
intensified and the resulting experience
made way for the redicl tire concep:.
Resecrchers were concerned with the
dynamic instability of vehicles in motion,
so they started to experimentelly estel:
lish & theory of “roog-helding” According
o the theory:

“A vehicle is stable in its poth if the
resistance of the recr tires to the
lateral theust is greater then that of its
front tires. It is unstable in the reverse
case.”

For more than ten years, the reinfarce-
ment layers of the tira casing hed
consisied of cotton strands placed side-
by-side. Several layers crossed aver ane
anctter, from one bead wire ta the
ofher, cecording to ¢ technigue still in
vse and known as “bias construction”

L



Among the paremeters which influ-
ence road-holding, it was chserved that
the angle ot which the different layers
crossed one another was of consider-
cble importance, Simply sicted, it can be
said thet the best roed: handling results
are obtcined from @ small bias angle but
ot the price of great difficulty in
production, due io the increased length
ot the strands. Furthermore, there were
other limitetions fike the lock of comfort
and the availehility of adeguate reinfore-
ing materials.

However, it one does not succeed in
obtaining in this menner the idel in
road-helding, ane could go to the other
extrame, and it was thus, s an experi
ment, that the tirst radial tires were
consiructed, They were composed of
ccbles placed perpendiculer to the beed
wire, This efimincted the stobilization
factyre which a peripherel belt could
nove provided. This design wos totally
devoid of road-holding cheracteristics,
and remained o “school exercise’!
without arectical development,

In the meantime, MICHELIN went
chead in the production of bics tires
intraducing in 1937 the "PILOTE” tire.
Maunted on g wide rim, this tire for the
first time had ¢ height-to-width rafio
(aspect ratio) of less than 1 {Figure 5).
The PILOTE incarporeted the new “Zig:
Zag" tread design with anti-skid sipes —
which althaugh subseguently improved
—are still in use today. For its time, the
PILOTE hed ¢ remerkably high level of
read-halding ability.

Similar etfarts were being mede
aimost everywhere in the world to
cambine better comfert, road-holding
ahility, trection end endurance, end o
the same time fe increcse wear onc
road hazard resistonce,

Figure 5: The “Pilote”
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The cppecrance of new materials,
such as synthetic rubbers, corbon black
and synthetic textiles, contrbuted greatly
to the growing expertise aequired by tire
menufocturers. .

At Michelin, the search for higher-
perormance materiols wes oriented
teward o particulerly originel route: the
use of steel cords. In 1937, the “Metalic”
a stee! reinforced tire came out, It wos
capable of becring very heavy loads,
ond it had excellent heat-resistance
quelities due to the low number of plies
in its cercass (2 or 4) permitting drametic
reduclion in the aumber of blow-outs
then so frequent on lang trips. But chove
cll, the combination of rubber and steel,
crealed cfter ¢ dozen yeors of research,
as well as high-precisian manufacturing
technelogy aftained at this time, made o
considerchle conribution te the develop-
ment of the radial tire.

World Wer |l disrupred or stopped
meny aclivities in the company, but the
research cctivity continued. Seeking fo
reduce internal friction thet causes
energy losses and destructive heat builg-
up, and to imzrove rocd-handling, o
series of experimental fires was construct-
ed. One of them, under ite tread,
tectured c belt composed of severcl
steel cord plies, crossing ot a slight
angle. Such ¢ design gave to the crown
@ high leve! of rigidity.



This rigid crown design ws first tested
on o bies casing, the only one at that
time cvailcble. The result was not
encourcging, the new lire being definite-
ly too shiff. So it was decided to try ©
redicl cosing, resuming the experimen-
lation of the radicl concept studied
earlier. The test soon revealed thet this
combinction allewed the crown end the
casing fo work guasi-independently,
givng the fire road-hendling cbilities for
greater than previously achieved, In
addition, the crown stobilized by the belt
reduced tread squirm and dramatically
improved fire resistance to weer.

This new assembly wes original

nough to lock like ¢ bird cage, the
redicl plies representing the bars and the
crown fhe roof. Bul the bars were so
close tc each other thot the resecrchers
called it a fly cage o, in French, @
“cage @ mouche” cbbrevicted: CAM
{Figure 8.

The oatent for the rodicl fire was filed
in France on June 4, 1948, but there wes
still much to do. A decision was made to
concenirate all of the efferts on develog-
ment and manulacture of the metericls
necessary for production. This wos ¢
mencgement decision end ¢ tribute must
be paid to those invelved, primerily
Robert PUISEUX.

Such ¢ redicel chenge, of course,
demonded e firm commitment to face
fhe new reguirements;

~ f& reach on unknown degree of

production precision to meke tires
without lgterel pull end consequent-
ly develop, economically, a new
level of systematic quality assurance.

— to inificte & new sales policy io

check the morket resistance io such
a long-lite fire; to cdvocata the
mounting of the same type of tires
on one oxle, and preferably on
cne vehicle; to market ¢ more
expensive product with oulstanding

Figure 6: The CAM tire

handling performance thus creating
@ new standard and & new cless of
fires,

io show to the car manufociurers,
ot first reserved but generally en-
thusiastic ofter a few tests, the
benefit of the chonge and gain
their acceptonce.

In ecrly 1948, orly o few sets of fires
were available ond in June 1948, real
sales begon, The new fire was called
e

Complete tire lines had to be devel-
oped for passenger cars, light and
heavy trucks, and ecrthmaoving mo-
chines, in the midst of & rapidly expand-
ing motor industry and changing as well
as growing conditions of use. Around
the world, every tire manufacturer,
faced with opproximately the same
cliernctives, reccted cccording to their
traditicns, their market and their mecns,

While MICHELIN, followed by some,
moainly used steel as the reinforcement
matericl, they alse developed different
fabrics, such as rayon, for use in
cassenger car end cgriculture tires.



Recent evalution of high-module fibers,
such as gless and aremids, hove infre
duced since fhen new passibilifies for
deversification end progress.

The Radial Technique

The classic tire, which is also called
diagonal, conventional, or bias, is com-
posed of an assembly of textile layers,
superimposed ot & given angle. The
number of olies, and tharafore the
thickness of the corcass, increases with
the locd to be borne (Figure 7).

Figure 7: Bias Tire

While in mation, this construction is
the source of internal triction generating
a high degree ot heot which is domeg:
ing to the integrity and the fatigue life of
the tire cnd clsa increases the rote of
tuel consumption,

The sidewalis of such o tire cannot
lex freely under the load. The resultis
imperfect tread contact with the ground
and 6 squirm in the centact crec leading
to rapid and irregular waar as the mest

naticeable consequence.

The progress cchieved these last faw
years hos permitied notcble improve-
ments: sironger tabrics permitting the
reduction of the number of plies, and

synthefic rubbers strengthening fhe resis-
lonce fo various odverse conditions. But
if the conventional construction still gives
good results in cerlcin very perticular
applications, in a general sense it hos
been surpcssed and made obsolete in
most current cpplications,

In the radicl tire [Figure 8), the cords

Figure 8: MICHELIN X Tire

of the cosing run erchwise redially from
becd to beod. These cords mey consist
of textiles, naturgl or synthetic fibers, or
steel. In most coses, only one casing ply
is necessary. Usuelly ene finds in pas-
senger car fires one (or two) plies,
generally rayon but possibly nylon or
polyester; in truck fires and up fo the
largest of the ecrthmoving fires, one
finds only o single ply of steel cord,
These cords Hex under the lood and
cushion the irregularities of the terrain.
The casing is belted by severcl plies of
cords placed ot ditferent angles, which
reinforce and stabilize the trecd.

The bels, that has great transversal
ngidity and greot radial flexibility, is olse
very resistant 1a local deformation,
parmitting the tread to roll like the track
of a tank. In relation to the intended



application, the construction cen vary
markedly. In this menner, ecch part of
the radial tire, sidewalls and tread, works
independently of each other with &
minimum of interference, and fulfills its
specific function [Figure 9).

Figure 9.
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1. Redicl casing with cords cunning

archwise from bead to bead
2. Bel composed of severc! plics of dee! corde
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The cdventages of the radicl tach-
nique cre considerable. With such o
canstruction, experence has shown that
it is possible to:

— dissaciate the functions of the

sidewalls and the tread;

~ do oway with friction
between ples;

— reduce to a minimum the squirm in
the contact patch.

The consequences cre no less remarkable:

— increassd mileoge, ot least twice as
much cs the bics lire;

— improved traction, by structural
change end not just read design
change;

— increased straightline stability;

— reduced hect build-up in the tire,
therefore longer life for the materic!
cnd better ratraadability;

— decreased fuel consumption since
the tire abserbs less energy;

— improved comfort and protection
of the vehicle, the casing having
grecter vertical flexibility.

Qver the years, by upgrading the
quality of besic materials, by perfecting
manufocturing processas, or by refine
ments in construction and design,
MICHELIN has incessantly sought te
develop the possibilities of the redicl
technique and to enlarge the field of iis
applcation. The aim was a diversifice:
tion of the products in order to scisfy all
categories of users.

The X tire, for passenger cars, is the
oldest of the generation which has
undergone spectacular development,
The ZX and the XZX followed it. As of
1965 the XAS, with an asymmetriccl
structure and tread, was offered to
demanding users of fast cars. It has been
followed by the XVS, the XWX and the
XDX.

Radicl fires hove naw heen included
ininternctional stenderds, such as
ETRTO (European Tyre and Rim Techni
cal Organization) TRA (Tire anc Rim
Association) and I1SO [Internafional Cr
ganizetion for Standards). The U.S.
Deperiment of Transportetion took the
radicl tire into consideration in Stan-
dards 109 and 110.

The redicl has shown adventages
which are even more perceptible in the
area of equipping trucks and earthmov-
ing mechines. The diversity of situctions,
vehicles, users cnd cssignments has led
to different types of tires being cracted,
assuring in all circumstances, © maxi-
mum, of profitability and reliability.
Without enumerating all of them it
eppears useful to emphasize the spec
teculor advontages abiained in rapid
long distance transpertation, as well as
in off-the-road operations on yielding
terrain, such a8 mud end sand.



Subweys ecuipped with tires likewise
benefit from the radial technigue. It was
in Paris in 1951 thet the Metro rolled on
tires for the first time. These tires were of
the bias ply " Metalic” type. But since
then, in Mentreal, Mexico City, Sontiaga-
de-Chile, Marseilles, Lyons, Tokyo, end
of course, Paris, the redicl hos been
intreduced, bringing considerable pro-
gress in energy saving, endurance,
comfor, weight reduction, and economy.

The latast barn of the radial car fira
fomily is the TRX. The TRX banefits from

Manufacture of the Tire (Figure 1C)

the laiest advancas in radial construction,
made possible by the edoption of & rim
arofile which was specially studied (TR
profile). These advances ore particulorly
effactive when the new construction is
combined with the adeption of a low
aspect rafic (on the order of 0.60).

Mounted on these specicl-prefile rims,
with @ seat diameter increased for an
identicel extericr tire diameter, it mckes
oveilable more spece to house the
braking systerm.

Figure 10.
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Market Penetration of the Tire
(“Radialization”)

Western Europe —~ US.A. (Figure 11)
Beginning in France, the radicl tech-
nigue has spread rapidly in Europe end
it is becoming widesprecd throughout
the entire werld tocoy. By 1975, the
rodail tire wes equipping 86% of pes
senger cars, 71% of light rucks ond 79%
of heavy trucks in Western Europe end
almosl 100% of all culos and trucks in
Fronce.

In the United States the redidlizetion
of the auto market wes insignificant in
the ecrly 70's. Today, however, the rote
of rediclization has just pessed 40
percent in the replacement market and
exceeds 70% in the crigingl equipment
merkel. Perallel evelulion is seen in the
iruek lire market, slowed only by the
huge investments reguired for the many-
facturing of redicl tires, Bigs fires cre
xeeping severcl solid positions, perticu-

Figure 11: Radialization of possenger cars

larly when it cames to the aquipmant of
soecific types of machines.

MICHELN, the nioneer in radials, is
still first in worldwide production of
radicl tires with more than 75 million
units made in 1977.

All tire manufacturers are new produc:
ing radial tires. Some of them have
afteripted new opproaches by using belt
materials other than stael, ravon or

glass, for example.

The general spread of this advanced-
rachnology tira parmits the realization of
precious aconomies of materials, as well
as the reduction of fuel consumption in
automative vehiclas. In return, it requires
more sophisticated and expensive tool-
ing, more precise methads and more
rigorous quality control at all stages of
areduction.

Through it, the tire has become tha
most characiaristic axemple of a mass-
consumpiion ariicle produced through
refined tachnigues.

|
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Robert Puiseux

Robert Puiseux was born on March 1,
1892 in Paris, France. He attended
school atthe Lycee, St. Louis, majorirg
in mcthemetics. His education was
interrupted by World War | in which
he served as a lieutenant and arfillery
observer. In 1919, he joined Michelin
and initially his responsibilities includ-
ed qudlity control, resecrch, and test-
ing. He assumed greater responsibili-
ties until in 1938 he was elected to the
position of co-gerent serving in that
capacity until 1950, at which time he
assumed the position of gerant, hold

ing that coffice until his refirement in

1959.

Forseveral years during this period he
also served as Chairman Societe des
Automebiles Citroen. Since his refire-
ment he has continued to serve Mich-
elin as a Member of the Conseil de
Surveillance of the Compagnie Gen-
eral des Esloblissements Michelin.
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1o Williom Frengis Gibts ond his Assoziates for development of the 8.5, United Sictes,
te Dencid W. Douglas end his Associates for the DC series of air transport planes.
toHarold (. Hamilton, Richard M, Dilworth ond Eugene W, Kellering end Citction totheir
Associotes for the diesel electic locomotive,

ic Ferginand Forsche inmemoriam) and Heinz Nardhaff and Citation ta their Associates
fa- devalopment of the Volcawagon cutomohile

1o Sir Geoffrey De Hovillend, Major Frenk 8, Heiford {in memaoriem) end Cherles €,
Wolker cnd Citation 1o their Associates tor the tirst jet-powered eircratt end engines.
te Frederick Darcy Brodden ard Citation to *he Enginearing Department of the Marine
Division, Speny Gyroscope Company, for the three-oxis gyro-scopic novigationg!
rererence,

to Robert Gilmere Lelourneau and Citation te the Research and Development Division,
Firestone Tire and Rubber Company, far high speed, lerge copecity, carth maving
equipment ond gicn! size fires

lo Lloyd J. Hitberd fer cpplication of the ingitron ractifier 1o railrocd metive power.

te Earl A. Thempsen and Citotion ta bis Associctes for design ond development of the firs:
ratobkly successlul cutemaobile rensmission,

lo iger Sikorsky and Michcel £, Gluhareff and Citetion to the Engineering Departmert of
the Sikersky Aireraft Divisian, United Aircealt Corparation, for the invention and devel-
opment of the high-lift heliconter leading to the Skyerane.

loMaynard L. Pennell, Richord L. Bouzie, John £, Steiner, Wiliiom M, Cook end Richard L.
Leesch, Jr. end Citetion te the Cemmercial Aicplans Divisian, The Bceing Company, far
the concept, design, development, production and procticel coplication of the fomily of
jet transports exemplified by the 707, 720, and 727,

to Hideo Shimo, Malsuiare Fujii und Shigenen Oishi end Citation to the Jeponese
National Railwoys terthe design, developmentendconstruction of the New Tokaide Line
with its menry imaortant advarcas in railzead fransporatien.

ta Edwerd B Dye(inmemoriom), Hugh DeHoven ond Robert A Woll end Citation to the
resecich engineers of Cornell Aeroncuticel Lokoratory ord the sia'f of the Crosh Injury
Resecrch prejects of the Comell University Medical College.

ta Chrstopher & Cockerel] anc Richard Stanten-Jones end Citation to the men and
women of the British Hoverzrelt Cornoraiion for the design, construction end oppli
cation of a femily of commerically yseful Hoverciaft.

to Dovglas €. MeeMillion, M. Neilsen anc Edward L. Teale, Jr. and Citetions to Wilbert C.
Gumprick and the erganizations of Geonge G, Shere, loc, Babeock ond Wilcox
Cempany, ond the New York Shiptulding Corporation, for the design ond construgtion
of the N8, Sovennah, the first nuclear ship with reccicr, to be operated for commericial
purposes,
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to Charles Stark Droper ond Citefions ta the personnel of the MIT Instrumentotion
Loboretories: Delco Electronics Division, Gencral Motors Corparalion, and Aero Pra-
ducts Division, Litfon Sysiems, forthe successiul opplicetionof inertial guidence systernsto
commercial ¢ir navigation,

to Sedgwick N. Wight! {in memericm), end Gecrge W, Boughmon and Ciicfions o
Williom ©. Hoiles, Uoyd ¥. lawis, Clarence S. Snavely, Herbert A. Wallace, and the
employees of Generel Ruilwoy Signel Compony, ond the Signal & Communications
Divisior, Westngheuse Air Broke Compony, for development of Centralized Trelfic
Ceantral on railwoys

' Leoncrd 5. Hobbs end Perre W. Prait and the dedicoted engineers of the Prott &
Whitney Arcraft Division of United Aireratt Corperation for the design ond development
of the J7-3 turho jet engire.

10 Jerome L Geldmaon, Fraok A, Nemee and Jemes L Henry and Citations te the navel
erchilects end marine engineers of Friede and Goldman, In., end Alfred W, Schwendloer
for revalutienizirg marine carge trersperithrough the designond develoomentof berge
cerrying genercl cargn vessels,

to Clifford L Eastburg and Herley J. Urbech ond Cirations to the Reifrood Engineering
Dapatment of The Timken Cempany for the develeoment, subsequent improvement,
manufacture and apslication of iazered raller becrings for reilrecd end industnal uses.
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