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INTRODUCTION

Although noise was the central theme, the objective of this three-day Sym-
posium was to discuss all of the factors, and their interactions, that affect the
performance of tires in doing their intended function. We ware especially con-
cerned with the relationship of these factors in regard to the potential for reduc:
ing highway tire noise, or that portion of community noise.

A second objective was to provide a written record, this Proceedings, to serve
as a statement of knowledge as of November 1976, This Proceedings contains all
of the presented papers, a transcript of the panel and individual discussions during
the Symposium {edited for clarity and brevity, but not substantive content}, and
saveral pertinent statements submitted subsequent to the meeting.

The planning for this Symposium started with the basic premise that the ex-
istence of highway tire noise was recognized and that a redefinition of the prob-
lem was not needed, We frankly wanted a statement of today’s facts, test data,
and engineering observations. The papers and discussions presented at the Sym-
posium represented many viewpoints; no one paper or presentation can be con-
sidered as a total response to the objective of this meeting, Indeed, we sought
oppesing viewpoints in order to provoke discussion and to get people involved
in the dialogue.

There are many rather diverse topics wrapped around the central theme.
These may well point out that tire noise measurement is in its adolesence, striving
for maturity but not without some growing pains, The state-of-the-art seemingly
still rests in individual, isolated studies as basic research or engineering investiga-
tions, in many instances concerned with very fundamental behavior,

Some of the papers spoke about impending regulatory action In one form or
another, We, of course, recognize this eventuality, But first, we felt that, through
this Symposium, we must define the issues and begin to elicit the information
that Is still needed. Then, hopefully, some conclusions can be drawn.

* xon



This Sympasium was conducted by the Society of Automotive Engineers un-
der a research contract from the U.S, Department of Transporation, Office of
Noise Abatement, Responsibility for its definition and content was given to an ad
heoc steering panel reporting to the SAE Vehicle Sound Level Committee, This
panel had several tasks: planning the technical program, soliciting participants and
papers, arranging for the final program, participating actively in the Symposium,
editing the transcript of the discussions, and preparing an overview statement
(which follows these remarks). The members of the ad hoc panel, or those wha in
part constitute the ““we" in the remarks above, are:

Wiiliam A, Leasure, Jr.
U.S. Department of Transportation

Seymour Lippmann
Uniroyal Tire Company

Asa Sharp
Goodyear Tire and Rubber Company

Larry Strawhorn
Amarican Trucking Assoclations

Willlam J, Toth
Society of Automotive Engineers

Ronald J, Wasko
Motor Vehicle Manufacturers Association

This Sympaosium has gone from concept to reality in about eight months. it
is to the credit of the authors that they were able to meset the constraint of
limited time in so able a manner,

Recognition is also due those who acted as moderatars of the Symposium
sesslons: John D. Eagleburger, E, Clair Hill, Robart L. Mason, Nicholas A, Miller,
Robert H. Snyder, and George R, Thurman,

The arrangement of the Proceedings roughly follows the program of the
Symposium: prepared statements followed by discussion for both the heavy
truck tire and light vehicle tire panel presentations, and groupings of contributed
papers in general topical areas, Some re-ordering of papers has heen done to im-
prove the continuity of subjects being presented,

It is hoped that you will agree with the steering panel that the objectives of
the Symposium have been met with the publication of these Proceedings.

Ralph K. Hillquist
Symposium Chairman
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SYMPOSIUM OVERVIEW

The Symposium served as a unique opportunity for tire and vehicle manu-
facturars, truck fleet operators, and government 10 pool their current professional
thought, data, and engineering recommendations on the many facets of highway
tire noise and interrelated factors, A considerable body of new information was
brought out by, and for, this meeting,

If anyone assumed prior to this Symposium that the design and application
of a pneumatic tire is a simple, straightforward procedure or that the tire-road
interaction process which generates tire noise is a well-understood phenomena,
his presumptions should now be dispelled. But, although divergent positions were
taken durlng the Symposium and seemingly contradictory data were presented,
trends can be identified in certain areas.

Tire noise, primarily truck tire noise, can be a source of community annoy-
ance, especiaily in residential areas near high-speed highways. Many operational
and design variables - speed, load, pavement surface, tread design, wear, size, in-
flation pressure, etc, - and their effect on tire noise have been documented,
although not necessarily quantified in all cases. Whether the existing measurement
procedure, specifically SAE J57a, is adequate to ensure accurate measurement of
these effects remains an open question.

A strong concern for safety (both driver and public} and an attendant eco-
nomic concern {both real costs and liability} were voiced by the heavy truck panel,
Specific items cited ware: carcass |Ife and resistance to road hazard damage; tread
depth and wear rates, in regard to traction and handling; tread-carcass separation,
for avoidance of highway litter and accompanying hazards; and ejection of snow,
mud, and debris from tread voids as it influences traction.

Tread wear was identified as a key factor in tire noise, vehicle handling and
traction, and fleet economics. For all of these, sufficient data do not exist to
enable a valid quantitative relationship to be established. Clearly, further study
and definitive results are needed in these areas.

Pavement composition and surface texture were identified as major factors
affecting the tire/pavement interaction concerning both traction and noise genera-
tion. Some surface textures, such as those resulting from grooving or drag finish-
ing, can have a significant effect on the absolute, and relative sound levels of rib
and cross-bar tires,

One paper presented lateral and longitudinal traction data indicating that rib
tires generate higher cornering stiffness and skid coefficients than cross-bar tires
on hoth wet and dry test pavements. The tractive effort which ¢an be sustained
by tires operating on deformable surfaces such as mud or snow remains unguanti-
fied, although one paper cited better snow traction obtained using lug-type tires.

Tire use practice/cost generalitites are difficult, if not impossible, to make
on the basis of data presented, For example, some fleets reported difficulty in ob-
taining a single retread per radial carcass while others reported an average of three
to four retreads. Although each fleet’s tire program will be different due to the
variety of truck configurations, geographic routes, fleet maintenance practices, or
fleet retreading policies, trends should develop, Additional data are needed to
quantify the array of current tire use practices and to evaluate possible effects of
changes from these practices.

Heavy truck tire selection is appparently based on the flget operating and
economic experience, with a view to the success of the past rather than to a fore-
cast or promise for the future, However, emerging regulatory actions {for example,
FMVSS 121) indicate that greater constraints in tire selection may be placed on
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the heavy truck manufacturer and user as adequate in-use performance and com-
pliance to regulations must be gonsidered, This suggests that an integral considera-
tion of tire, vehicle, and pavement properties, including their respective contraints,
is in order. In effect, a re-evaluation of priorities of the compromises or trade-offs
in performance characteristics should be studied,

Many of these factors were also apparent in the selection process for pas-
senger car tires, Additionally, the passenger car criteria included the interior naise
contribution of tires, through the chassis and Isolation systems as well as from ex-
terior noise radiation,

The test requirements and procedure of SAE Recommended Practice J57a
were cited in many of the papers as inadequate for reliable and reproducibie test
data. However, some papers reported test results obtained by variations of SAE
J67a open to interpretation, The problem is not a fundamental failing of the test
procedure, but rather the difficulty of determining reproducible absolute sound
levels for all tire types within the test practices of users of SAE J57a. Thisis
compounded by the effects of different test surfaces, climatic conditions, and
other such variables on test results. Thus, SAE J57a may be better suited to
rank ordering of tires or tire-development activities than to determination of
absolute sound levels for all tire types.

Outdoar noise testing can be costly and time consuming and is weather de-
pendent; therefore, the concept of indoor testing deserves special attention since
the potential benefits are great. Initial data from one manufacturer’s laboratory
wheel look encouraging, and the cancept is being explored further. It must be
remembered, however, that such a test must also relate to the community noise
exposure.

Present understanding of the mechanisms of tire noise generation is incom-
plete, but progress is being made, Many researchers, however, are simply looking
at tread related problems and not at the carcass itself. [t is apparent that both
“vibration” and "‘air pumping” can be significant generating mechanisms. Still
neecled is the necessary understanding to allow for technological advancements
that will lower the present apparent noise floor.

There is a need for research focused in the following areas: (a) physical
characterization of tire/pavemant interaction and/or development of “standard"
test surfaces; [b) development of alternative test procedures to SAE J57a; and
{¢) determination of tire noise generation mechanisms, so that design of tires
can incorporate this understanding. To these ends, the tire and vehicle manu-
facturers might participate fn joint research projects, so that their individual ex-
pertise in the tire engineering process can be brought to bear on the problem.
Also, highway design personnel need to be Involved regarding road surfaces that
pravide good traction and water runoff properties, yet do not signigicantly in-
crease noise lavels., The work in the United Kingdom shows that this can be
done,

Looking at the basic theme for the Symposium, highway tire noise, it
becomes apparent that a logical and orderly pracess for its definition and
abatement can not be drawn from the information contained within the
Proceedings. Many areas were uncovered in which a lack of substantive data
exists. Nonetheless, it is felt to be necessary te evaluate highway tires as an
integral part of the total highway transpertation system, using as a starting paint
the data (both hard and soft) presented at the Symposium, Further research and
test activity should not be unmindful of current and future regulatory activity,
and if well-conceived and firmly founded technically, ean lead to a timely reduc-
tion of highway tire noise.
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HIGIMWVAY TIRE ROISE is the congoern of oulstand-
ing specialists from the [lolds of tire manufactur-
ing, truck fleel operations, automotive manufnctur-
ing and governmont, The Department of Transpor-
tatlon obvioualy hellevos this is an important sub-
ject which needs the attention, theught nnd inputl
from all of these scctors H the best information (s
to bhe made avaliable 1o moet the needs of State
and Fedoral establishmenls in addressing the
paramount [saucs of environmental coneorn today.
SAE and {ndeed this Conference are dedieatod Lo
pooling prolessionnl thought, data, and enginoering
recommendations - not regulatiens - not talking.
Government actlons are discussed, but anly as
they sot thoe perspectivo. Professional work must
be separated from the politlenl efforts that may
follow on the subjoct of tire noise,

Many people have heen invelved with tire nolse
from the 19505 when a ground awell of public
concern was first beglnning to focus on truck
noise as an envirenmuntal problom, Others have
added their offorts since that time. In the early
19508, environment and ccology wore not yet the
mn' thing, There were, however, growing groups
of coneerned citizens who lived nenr toll roads and
major arterial highways who began {o band to-
gether to try to exert influence on the nmorphous
mass of transportation,

Virtually all states had innocuous kinds of
motor vehiele codes which required motor vehlelas
to be equipped with adequate mufflers and pro-
hibited the use of mufflor cut ouis and the ke,
The youngaiors of the day enjoyed jacked down
cars equipped with Hollywood mulflors which
resulted in the "sound of power." Enforeement
of noise regulations were sporadic and judgemonts
a8 to what was, and whatwas not, an adequato
mufller wero gquite subjective. The ability of law
onforcomeoent agencios to be elfective in enforee-
ment of thege statutes or motor vehiclo codes,
wns dependent upon their willingness to spend o
great dopl of time belore Judges to oatabllah
eredibility of thoir judgement over that of the
offender who would contest any citation,

THE EVOLUTION OI" STANDARDS

The net rosult, ef course, was that very

Keyinote Address

W, H, Close
U. 5. Rapt, of Transpartation

little in tho way of offective enforcoment, excopt
for the most obvious violalors, wns expericnced,
Nonctheloss, the Industry reeopnized that thore was
a problem and that the problem was growing,
Tharefore, in 1954, tho Autemohile Manufacturers
Agsocintion {AMA), which is, of course, the
predecessor o the current MVMA, adoptod &
voluntary truck noise standard of 125 gones,
mensured at 50 It under maximum noiso producing
test conditions,

The AMA voluntary standard and the uae of
sones as tho metrie were [airly loosly delined and
fairly loosely subseribed to by members of this
association, hut wore, at least, recognized by the
goneral field of truck manulneturing,

The erodibility of an {ndustry group to set
forth o Recommended Practico or to address this
as n voluntary standard left something to be deslrod
in the view of many people, lHence, tho AMA
appronched the Soclety of Automotive Enginocers
{SAE) and requested that this prefessional body
take 1 look at the quaostion and try to determing
what could bo done to develop a consensus standard
in this area. In 1957 the SAE roviowed the mattor
and ndopted the Standard J672, which also preseri-
hed 125 sones, measured at 50 ft under test
condltions loosely prescribed,

In the ¢nso of the AMA and the SAE, in the
1950 time frame, no health or annoyance eriteria
oxisted by which theso groups could mnke
dotormination as to what would be a sulflciently
qulat recommeonded limit of noiso, but rather,
tho numbers established were arrived at through
fury test and were completoly subjoctivo evalua-
tions of quiet, noisy, moderately nolsy, ete.,
and “'good englnecring practice. ' The 125 sone
limit and instrumentation required to measure
and determine complinnee with thig Hmit werp
somewhat cumbersome, lowever, those too
represented the nominal practice of the day and
most importantly, the AMA and SAE set in motion
a foree to hold the line on nolse during o time in
which truck horsepower wis climbing rapidly,

In the early 19608, state regulatory elforts
woere begun in the attempt to bring about eontrol of
traffic noises and trucks, In particular, wore iden~
tified a8 a major neise source within the traffle mix,
The State of Now York wna the first to adopt a



noise regulation that Included rondsido tosts Lo
ensure the malntenance of adequnte mufiling
systems throughout the 1ife of the vehiele. Con=
troversy over the clfects of tive noise had creaied
enough uncoriinly as to limit the ultimate legiala-
tion to teats of vehieles al speeds of 35 mph or
less, Subsequently, the State of Cnlifornia
entered the pleture with similar roadside nojse
togts, llowevor, their appronch to the prollem was
ta add on sovera! decibols 1o account for the nddi-
tion of tire nofsc at speeds In oxeess of 45 mph,
Subsequent revisions of the Califorma nolsc stand-
ards to reduce the low speed truck nelse wero
offoctively puraued, Howevor, contling
uncertninty regarding tho contribution of tire nolsc,
left the high speed limit where 1t was injtdally
placed, ot 90dB, using an A-welghted sound lovel
and measured 50 [t to the side of the vehielo path,

During the ecourse of dellberations by state
regulators, a sories of tests were run by interested
sectors of the Industry. In 1063, the Americenn
Trucking Associntions, Ine, (ATA), conducted n
series of truck nolse tests nt Saugerties, New York,
This study produced a number of conclugions on
truek noise which had previougly been subject to
much speculation, but little demenstriation, The
ATA study was tho first report in the opon litora-
ture that identified contributions of engine rejated
nelge and tive nolse to overall truck neise, The
report concluded with four recommendations -
three of which were divected to truck manufncturers
and opurators and the fourih to tire manufacturers,
This final recommendation to tire manufaciurers
gtated that:

"Plro manufacturors must devate o great deal
maore alfort to cantrol of truck tive nojse by design-
ing quietness into the iruck tires in the sune
manner that hos been done in passcagar et tires,
If methods of quieting present duy truck tires are
known to the tire Industry thoy should he made
availablo to their own dealers and to motor
earviers without delay, "

As a result of the above recommendntion, in
1904, the tire Industry took its first steps townrd
setting up internal guidelines for dealing with truck
tire noise, Througl the ausplees of the Rubber
Manufacturers Assocjatlon (RMA), the tire industry
contucted o program to identlly the magmiide and
oxtent of the truck tire noisc problem. A study
conducted on the New York thruway by RMA per-
gonnel combined a series of truck and tire survoys,
nolge moasuromenis and jury Judgemenis us to the
dominance and annoyance of tire noise nd o part of
the sounds of trucks paasing by a point heside the
rondway.

The resulta of this study wore nover publishod,
However, summaries of the study by personnel In
the tire Industry have indieated that tive noise was
identified by them as o major source of annoyance

in about 40% of the trucks which passed hy tho
Judgement point,

‘The next significant contrihutlon in the iruck
tire noise aren ceeurrved n Sepltember 1968, whon
the Guneral Motors Proving Ground issued o
report enditled "Troek Tive Nolse: An Initial
Survey of Tiro Noise Yoriablos," This study wis
made aveilable in n limited fashion within the
industry, but it was the first to provide n consistent
sot of controlled parnmetrie mensurements regard-
Ing the noise levels generated by truck tires
operating on a viviety of road surfaces with the
vehicle consting past the microphone, The study
¢learly indieated the effeets of speed, load, and
wear on Lire noise and the noise level differences
amanp soveral tread typoes,

Next on the agenda of nctions, we have glmost
simultancous steps taken by the SAE Veliclo
Sound Lovel Committee to establish a Truck Tire
Noise Subcommittee and the Initintjon of tire
noise studies by the Dept, of Transportation, with
work being performaed by the National Durenu of
Siandards.

The ehnrge to the SAE Truck Tire Noise
Subcommittee was Lo dovelop a lest procedura
and a recommended sound level Tor truck tires, ..
"consistent with the SAE Recommended Practice
for maximum exlerior sound lovels of heavy duty
trucks and buses, J 366.' The Dept, of Transpor-
tation, on tho other hand, wns inlerested in
developing an exiensive sorles of Hre neisce tests
to aseertain the more fine grain elemoents of the
mateis whioh hed been fnitiated In the GM Proving
Ground study and to hroaden the informuation base
within the open 1tovature.

The DOT program was undertaken with the
realization that other programs ndministered by
the Depnrtmient, speclfienlly the intersiate highway
program, hnd heen ndding high speod rondways nt
a rapid rate with the result that during the 1960s,
the nvernge speed of trucks on Inferelty routos
was inereasing at about 1 mph per year, The DOT
program was condueted with the closc cooperalion
of the Ameriean Trucking Associntions and several
member firms who provided in-gservice tlres for
the testing and special high powered trucks, when
needed for testing combination vehicle tive noise,
The SAE Truek Tlrve Subcommittee was composged
princippily of personnel from the tire manufacturers,
augmented by automobile and truck manwneturera
and governmens personncl,

It Is inforesting (o note that despite the limited
charter preseribed for the Truck Tire Nolse Sul-
commillico many hours were spent on Initial
deliberations of tho subecommitice focusing on what
is the best approach to testing and placIng objeciive
ntmaricen! values on tive nalse, This Is to cnaure
that tho annoyance within communities adjreent to our
nation's high epecd highways would be minimized,
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It Is not enough to be able to say: "lere is n lest
procedure which generaics n reliable, repeatable
number, " That number must be branslatible into
reduced nnnoyaneo for those residents adjacont

to highways or the lest procedure and the cffort to
comply with It are worthless, This paint can

not be aver—stressed.

ADMINISTERING NOISE REGULATIONS

Weoare, of course, concerncd with the
prablems that may rosult lrom administering
regulations,  Ilowoever, the ulthnale objective of
all of thig effort is to provide tools and unterstancd-
ing which will facllitate the reduction of communiy
neiso lovels and the annoyanee nssocitted with
tire noisec,

In-gervice noise limils, [n Calilornia lor
example, hawveo put a partial lid on tire nolse, hut
aonforecement has been lmited, In the beginning,
at fenst, California highway palrolmen did not
wrlie cllationa on high spred nolse violators if,
in their judgement, tre noise was the cause of the
vialation, In 1871, howovor, the Californin
legislnture addrossed the Issue of new produgt
regulations for tires, as recommended by the
spueinl noise study group thoy had commisasioned.
The lagislature enncted Scetions 27502 ang 27503,
which stipulatod that remtlptions were to be
developed by the California Ilighway Patrol and flled
with tho legislature eight months after the Federal
study on tire nolse s available and that sueh
regulntions were to become effective one yerr
after auch filing. It was the intent of the legisin-
ture that the Commissioner of the Mighway Patrol
would consider recommendations of the U, S,

Dept, of Transpertation beforo developing inde-
pendent standnrds for tirve neise that would
stipulnte that no dealer or person holding o retal
sellor's pormit could sell or offer for sale, ele, ,
a tire which was not in compliance with the
regulations when they come into effeet. The
logislation wisely included economic and technolo-
glienl feasibility and public gnfoty among the
criterin ta be considered by the Highway Patral in
developing the rogulations,

Shorlly alter thoso deliberations, the Fedors!
Congressionnd activity, through Title 4 Amendments
to the Clean Alr Aet, empowered the U, 8,
Environmoental Protection Agency to conduet n
comprehonsive atudy of noise and to make recom~
mendations for Fedornl legisiative action, It Is
(ntoresiing to noto that during public hearinga held
by EPA, representations were made by the BMA
which polafed out that while there are tives that
are quioter than thoso found in nominal praetice
at the (mao, traction and cconomic considerations
nrpue perauasively for the use of the nolsier tres.
Limited data regarding traction wore summarlzed

and the contentlon was made that the guicter tres
provided slgniflieantly lower vilues of traction and
thug would represent o conlllet hetween safety and
cnvirenmental concerng,  Thoe RMA provided an
Appendlx to thelr statement contadning the lhmijled
dida nvailable on the subject which, H analyzed in
a selective way, supported their contentions of
reduced traetion, Ihut theso datn also supportoed
contentions that trnetlon could he improved by
using quieter ifres. The overall conelusion a
hataneed asseasment of these data would loster s
that the understanding of tire traction and its ellect
or relationships with noise was inadequate Lo really
answer the question at hand,  Similarly, it was
evident that while there was a very clear preference
of motor carriers for the use of noigy cyoss -har
type tires on drlve axles of their trucks, the real
cconomles af their use was not elear, bul was very
highly coloved by apparent economies associoted
with such tires as n result of the high mileage,
first trend performanee ol suel tires, Also
ovident at the time was that ecrtaln, predominantly
retread, tires wore in fafrly wide wtse which had
unjustiliably high noisc levels by any standard of
assessment,

I is cortainly snfe fo say that when the Noiso
Control Act was enneted in the [all ol 1072, [nfor-
mation was insufficient to justify the immedinte
development of regulations regarding tire nolsc
tlespiie the fnet that it was well known Lthat ehoices
hatweon the pocket rotread, the cross=bar and
the rib tire wero being made which nlfeeted
community noise, The develapment of regulntions,
howover, would also have to address salety, that
[a, tracilon, and economle impacts which were
less wel! known,

It wastkd not be suflicient merely to lind
cxamples where n given quiet tive was offered fov
snle and applicd by consumers and say - "that
proves the feaslhility ol n regulation at the level of
that particular product, "' Such oxamples would
net praove the rensonablencess of o sintewide or
nationwide regulatlon, ‘Thus, it is reasonnhle
to obsorve that the reguiatora turned their
attention to arens where answers regarding safety
and ceonomics were hetter known, [t was,
haowever, gvident that il angwers could be found
to support tire nalse regulations, community noise
benefits could be realized in a shorter period of
time following ennetment of regulations than any
other mojor notse control wetie, simply becauso
of the rapld turnover rate of tires.

Meanwhile, in the case of truck nolso reguln-
tions, for example, the test procedure calls for n
lightly loaded vehiclo passing-by n microphona with
a wide-opon throtlle and not exeecding 35 mph,
expressly to minimlze tire nolsc. It hing been
determinod, however, that even applying the
quietest tires to a large truck tractor, tire noiso
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is virtually equal to the lowest demonstrated chgine
noise levels proeduced today In resoareh programa
and is lurking immediately below the range of
fnfluenee of noise produced by the exhaust, fan,
engine, and drive-line of trucks that could be
demonstrated to he In complianee with the Ferdornl
noise standards applicable for trucks in the 19808,
The problem of reallzing the benetits of truck
enginoering noise control are more eritical when
we look at a fully loaded multi-axled truck cruising
ol high specds on n highway near Impacted areas,
Here wo see that the noise control on trueks and
automobliles s demonslrated to bo vory offective
according (o tho test procedure, but in the highway
situntion, all the benofits of nolse reduction -
through mufling, through use of quiet or thormatic
fans, englte wrapping and cocooning, modilientions
which add thousnnds of dollars of cost and hundreds

of pounds of weight to the vehicle - are eompletely
lest duc to the dominunco of tire noise at the high-
spoed cruise conditlong,

Ona hepes that sufficlont information s
prescntly available to address the many facotod
problems of Live noise control, that suflicient
datn have been gathered by the proleasional
engincers working an the problem of tive noise
in the intervening years to sufficiently answor
the questions so that the publie servants charged
with profocting the environmoent can move forward
with tholr deliberalions te fulfill thetr legislative
mandalos and produce reasonable reguelations = [
that ha their conclualon - so that the benefits of
tive noise control may be realized by the many
thousanda, and, indeed, millions of cltizens who
reside near the high speed highwnys of Californin
and ol our natlon.
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THE TRANSPORTATION INDUSTRY hus an impor-
tant equity in the asle vehiele, It has advanced to
using ndheslves to hold the vehiele's sheet metnl
panels logother, ambient wir sensors now deliver
megsages as part of an eleetronic brake system
and tho automatic transmission is & production
line item on trucks eapable of bauling 80,000 b,
Thon why not have quict commorceinl vehlcles s
well ?

Tiro and vehicle manulneturera are working
toward this end, llowever, I would lke to explore
Lriefly some concorns on this subject. On the
positive side, overall volhiele nolse levels drop as
new products are developed to mect this challenge,
Convorsely, the move te quict has also introduced
complications ond serious quostions relating to
the human henefit, and of course, commorcinlly,
the eest, Profit may not bo the sele objective of
husiness but it is primary. Government and
induatry researchers have heen activoly engapged
in vehiclo nolse study for years, It is Imprectical
for Industry to agsimilate the findings in an abbre-
vinted porfod and then act to an Imposed timetable
to ugo the knowledge to mool rostrictions without
introdueing cost penaltlos to the user, Manufnc-
turers have resenrch and dovolopment programas
to provide some checks and balances to govornment
on theso teehnien] issues, amd have performed
quite well in ndvaneing Lhe stato-of-the-art of
vehiele engincering, This includes tre noise
control,

Over the years we have glven the tiro manufne-
turer our vehiele detn,  The manufacturers are the
cxperts who pravide v, the user, o productlon
tire that will meet our needs, They have worked
hard to moet industry requirements, a task that Is

Vehiclo and tire manufocturers are currently
working to preduce qulot commerelnl vehicles and
tires, While much time has beon spent hy both
government and {nduatry to gather data to cut
vehiele nolse, it seems that industry and govern-
ment now wish to {nterpret this datn and make use
of It in n short period of time, DBut this etnnot be
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not always casy, Manufnoturors must be ablo to
supply us with tiras that will perform under many
varying conditions and be compatible with the total
vehielo,

AManufacturers can, [ Leliove, build tires with
new trend designs to meet reasonable nolse require-
ments, Dut, what are reasonable requirements ?

The greatest concurn in any new tire require-
ments is tho timo table involved., We at Global
Van Lines have some tire control problems that
are unique to some other segments of the transpor-
tation Indusiry, Wo maintain a fleet consisting
almos! entirely ef independent owner operators.
These over-the-rond vehleles run loaded at [rom
40, 000 - 80, 000 1k with both single and tendem
drive axles. Miloa operated in n year will vary
from as few as 40,000 to as many as 160,000,
These varying duty eycles obviously diciate that
we have moroe than one sct of tire types lo uso,
Using lug tires on drive axles glve an oxtended life
and lower coal por mile, It s concolvable thata
tractor eould run for 2 - 4 years on o new sct of
drive tires. With o new tre regulntion requiring
the change over {rom those Lires to o quicier radinl
or straight rib tiro, tho cost to indjviduals and
corporations, both in changeovers and obsolescence
of inventaries, 1 hope, would bo a conslderation
of anyane involved in aweh n regulation,

INVESTMENT

Glohal Van Lines is currently using radial
tires on the mujorily of newer equipment, but as
tire eosts risc the Company I3 extremely cognizant
of Its inveatment in tires apd of courae tho return
on the invesiment in them. They are functional

done without consideration of coest,

Wo must consider the Indtial Investment of
new tirea, the labor involved and imporiantly
the national avallability of those preducts as re-
placameonts are needed. Only with the full coopera-
tion of government, manufacturers, and the trans-
portation Industry can thls be nccomplishoed,
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and affoctive but it ghould be strossod they are used
gelectively on newer equipment apeeified for the
trangpertation of heavier loads longer distanee,

In the hougeheld industry eseh vohicle must stand
on its own merits. Radinls nro too exponsive to
ugo on all units, espeeinlly thoso making [ew Intor-
oity trips, Switching o them just for such hauls is
net fersiblo elther, ns #t singloe tire roplacement
constitutes & $17, 00 labor cost.

TIRE SOURCE AND AVAILABILITY

This i & vory delieate and complicated {asue.
Globnal Van Lines has used most tire brands,
foreign nnd domeatic, hoth in bins ply and radinl
ply tires and have encountered consldarable diffi-
culty with most domestic radials. One of our
coneerns is, should we bo forced to use all radinl
tires In the fulure, could domestie and foreign
manufacturers supply the industries' total nceda ?
Do they have the capacity to meet the demand and
would tha tires be acceptable for sale economic
usa ? We have found In the last years that all sizes
of radinl tires in the United States are nol readily

avoilable, As wo inventory tires in only one loca-
tfon in the cowntry, on the West Coast, and attempl
to keap our inventery at n rensonable loavol, Globn)
relies on local dlstributors to {lll the majority of
our now Lre needs ot our homo torminal, At
other loentions In Lhe country, when {t beccomes
necossary to replace Ures wo must contact o
digtributor fn that loeslion and purchase the tire
on 1 natlonal nccount program sct up with the
varfons manufaclurers, This is hecessary in that
we do not have a terminal Lo terminal oporation.

In the houschold buginess our servico s door to
door, and I am concerned nbout the avallabllity
neross the nation of Lres to meet new qulel tire
regilations {n the caso of omoergencies such as
this.

[ am confident with the total vehiclo nolse
level regulations wo already have, I menuincturers
of both vehicles and tires continue to develop new
products and tread designs, tho trucking Industry
will voluntarily meol rensonablo and functionnl
govornment challenges in the offort to crenta qulet
trucks,



THE PROPER TIRE APPLICATION obviously must
start with the many varled safety and/or legallstic
paramoters that nre affecting the t1uck transporin-
tion industry and progross through a sories of
aconomic ¢rftorin to insure n cohealve coordinated
program to facilitate safe ad economicnl trans-
portation. There exists a widosproad opportunity
for tmproved tive and retrend selection In Ameriean
floots bagod on objectivity and factual deeislon mak-
ing, The lormat aa follows can be used in o teeh-
nieal avuluation to determine 8 proper Lire or
rotrend program hecded for various applientions.
The flrst thing thnt must Lo done 1n this leehnical
avaluation la to dotermine tho genernl oblactives

of the tire and retrend sclection program.

GENERAL PROGRAM OBJECTIVES

Tho genoral program objectives include using
products and procodures which will result in satis-
factory salety, legal complinnce, customor and
driver ncceptance, nnd product and vendor servico,
Those general objectives must contributo to mini-
mum LONG TERM total trangportation costs for
direct Ure and rolveading costs and indirect nsso-
clated costs of malntenance, (el and woelght.
These abjectives me geneval fn nature. Each
appliention problem should bo defined in torms of
the genoral objectivea, This will insure that no

A floet tiro program {s stnfed in torms of
gonoral objectives, spociftc application fnctors
and concopt factors related fe economle and mo=-
bility considerations in tiro and rotread seloctlon,
Those must directly contribute lo minimum, pro-
sent value long-term totnl transporiation costs for
dirvoctly nnd Indivectly related live costa, within
the parnmetors of snfe, dependable and legnl opern-
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genernl objective {8 Ignored aince onch has eithor
a direct or indireet effect on the overall cconomics
of float operation,

TECIHNICAL CIIARACTERISTICS - Once wo
havo delined the application in lerms of satisfying
the goneral objectives, wo must investigato thoe
vartous technienl charactovistics of the application
Iin question, ‘This detalled investigation will inelude
oxpocted statle and dynamle loads to bo earried on
oaelh tire nnd eneh axle, Thig eriteria will nor-
mully dotermine minimum tire size and ply rating,

The ratfo of the weight on the drive nxle or
nxlos ovor the totnd gross combined welght (GCW)
will offect the drive tiro traction yequirements.
Our exporionce Indicatos that several applicntion
requiremants demand tho use of n high traction,
nggrossive, self~cleaning trond. A few examplos
of this vequirement are trucks and tractors which
operate In an unlonded condition In snow or mud,
Wo havo oxperionced numorous accurrences of
units stuck in torminnl yards, hills, londing docks,
nnel truck stops for lack of nggressive tread drive
tlres.

The alternatives to appressive troad tires are
uneconomical to say the loast. Those includa
annders, iire chalns, shovels and tow tiucks or
rofusnl of customer londs in poor wonthar or with
off-road londing or unloading sites. We have had

tlons, At the prasent time, there does not exist a
viablo nlternative lo high traction, aggrossive,
solf~clenning tread in many drivo tirve applientions
aatlsfying the long~term ecconomic considerations,
A vehlcle that is immobilized cannct supply a frans-
portation {unction and, therofore, tho cost por mile
is infinite.
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conslderablo oxpevlenco with those alternatives
over the yoars. Chalns ave heavy {reduce paylond),
dangerous (hack injurles when Installing and hreken
cross chaeins), expenatve (orlginal cost and high
malntonance costs), ad noisy (on iee or dry pave-
ment).  The vehicle fs often setting in tho middle
of tho roadwny in bnd, low visibilily weather when
an atlempt s made to stall chalns, ‘his e n
sovarg safely hazard to the Installor and 1o othor
vehicles on the read. Chains alse cause damage

to the road surface, The vehielo's downtimo alone
for lnek of aggressive tread drive tives far sur-
pitsses the extrn original cost of the high truction
tiro.

The applieation must bo Investigated ng to the
elimatie conditiens including nmbient tompeorature,
ITent can bo o limiting [netor on tirn eareass life
and directy alfect tire cost.  Thoe spead and speed
duration that tho tires will aperate at glven amblont
and vondbod tomperatures are Important teelnleal
considerations. ‘I'he highor the nmbient Lamporature
and the higher tho spoed and speed duration, the
shorlor careuss lifo,

The torrain and rondbed characleristies [nelud-
Ingr amount of grade, curves, type of roadhed
surfnce must ho defined in order to reselve the
proper Uro solutlon. Both hills and curves Enfluence
tractlon requirements and affect tlre economica ns
does typoe of romdbed, For example, our experiencoe
in the coppor mines of Avlzonn and {ron mines of
Minngsota resulted in the selectlon of steel cord
tires for puncture vesistance. Wo have ostablishad
that twoe layors of rotrend on n radial tre eprenss
18 a cost effective program to reduco impoet gl
cut relnted tive fallures In a northemn Towa quarry
operation.

Each tive applieation technienl definftion must
include any unusual or shnormanl operatlion charac-
teristies. If any eritorln is slighted, it could in-
validate the entiro appliention definition. Examples
Inelude the porcentago of time or miles a vehlele is
loaded, how tho vehicle weight is distributed, ve-
hicles running In lime dust or running on 0 roudl
littored with stocl serap. A partially leaded Hquid
bulk tralley nsconding a steop grade has severe
traction probloms caused by the wolght transfer
from the drive wheels. We have encountered simi-
lnr examples in recent years and these conditions
did Influence our tire seloction,

TECIHNICAL CONCEPI FACTORS

Oneo the application chnracteristies have boen
dofined in both genoral aljectives md technleal
factors, wo compare the delinitions to the docision
eriteria in the Moet gonoral tive policles and proce-
dures to determino where this speclilc nppliention
is In phose with oy elashos with our current stan-
tamlg, The technical concept foctor doelsions are

under continual reviow and collectively roprasent
the eurrent ire program, Our curront position on
these concept factors do influenco our finnl decision
on all speeliic tive npplication studies,

One concopt [actor we thoroughly Investigntod
was the sieel radinl versus the bias ply tire and
subsequently wo adoptod steel radiad tires as our
floeot standnxd, T'ho nasocinted fucl savings, tive
tamage reduction and extended carenss lilo were
varinblos in our doeision. Mmny yoars ago the
tubeless tire was establighed as our fleetl standard.
The lHghter welght, reduced number of component
parts, reduced lfre hazard, and reduced malnten-
anco coniinue to fully justify this policy,

The dunal tire versus single tire concept is heing
rg-ovalupted. Whoerens wo now usa only dual tires
on drive and trafler axles, our tests Indieate that
the radial singlo tire will save as muech [ucl com-~
parod to radial dunls ag the radinl dual tive saves
compared to bins tives, In addition, the single tive
costs and welghs loss than two dunl tives,

Another coneopt factoy 18 stralght rib versus
crosshar or aggrassive trond Lires (or drive tire
application. The need for apgressive tread tives
hns heen proviously discussed. Aggressive troad
tires are purchased for a number of drlve Lire
applieatlens and most radial carcassos nre retread-
ed with an ageressive tread. Of the available
alternatives to aggressive troad drive tives, there
Is no viable option in our oporation.

We have invostigated high trend tives vorsus
low tread tires and found (hat our most cconomical
procedurg wans to purchase premium high troad tirves
cxcopt where tire hioat was a controlling application
factor. Qur number one cpreassos aro retronded
with 20/32 iread dopth welghing 2, 7 pounds por [oot,
Cuareasses which have had ropalrs are retroaded
with an 11/32 weighing 1, 7 pound per foot, The
lighter trend allows suporior eareass hont disslpae-
tion nnd reduced fallures,

REVIEW OF POLICY

Ro-ovaluation of our retrending program Is
underiaken on an nnnual basis.  New tlres with the
hest eareasses available ave purchassd since we
retroid pll enrcnsses possible, Currently cold
rotrending is usad, predleated upon our fnflure
experionce on "hot retreading' which was double
that of cald retroading, The milengo roceived
with our cold vetraad on n radinl carcnss (s
nonyly double that formerly oxperiencod with hot
rotrends on bias ply ilres.

Standnvdization {8 a poliey of our floel which
s npplied to tiros wherover possible. While
ofiontimes o smaller alze tire wonld satisly the
goneril objoctives and tho teehniend application
fnetor, the neoded sizo i3 increased to agroo with
our standard size, Currently, 95% of our



revanue equipment {s on one of two slze tires.

We also standardize tirgs by voandor so that three
vendors supply 90% of our totnl Hres, In
chooslbg our normal vowdors, soveral factors are
consldared. Theso Include vendor reputation,
fingnelnl ginbility, engincering capability, produe-
tion quality econtroel, avallabllity of loeal sorvice
and technienl assistance, and tho avaflability of
the product itself. Any vendor that has serlous
problems In any of these nreas would ereato an
undeslrable risk.

The normanl purchase tarms olfered to us by
our potentinl vendors are studled in deplh, These
includo the price discount stimeture and resulting
originnl tive price, the payment tarma, freight
costs, warchouging costs, and handling costs.
Qriginnl tive prico has to be adjusted lo compensale
for the purehase terms, For instance, payment
tarms of 60 days efter tire dellvery could be con-
sidered o 2% reduction in tre price. By
purchasing n 6 month aupply of tives with deliveries
throughout the G months, a quantity prico discount
is sometimes avallable, If the Inrgo purchase
must he dellivered nt one time, warchouse and
handling costs must be compared to Lthe amount of
the quantity discount. The usc of the ccenomic lot
alze formula will establish shipping quantity.

2nP
Economic lot slze formula Q = [=== can be

used during this evaluntion. c1

Whore:

Lot Size

Consumptlon Foreenst (annuand)

Order Costs

Unit Cost

Inyontory Carrying Chargoa

Conversion Faetor for Averago Inventory

RHEOQYAD
won

ot onn

12,000 TIires
$20

£200

= 12%

2 (12000)(20)
\200)(. 12)

‘This could be modified for shipping quantity
requirements.

Vondor warranty s nnother Important faclor,
No fleot intenda to have the tirg allures associnted
with warranty, A tire warranty usurlly does not
compensata for necldents, downtime, equipment
damage, sorvico calls, and ete,, that could be a
result of o workmanship oy matorial related tire
Failure.

Warranty I8 then n "deductible’ insurance
policy. Howevar, a warranty policy can nlgo bo
a measurement of a vendor's [alth in his product.

n

Ll e B -
0

142 nnits

=

o

Warrnnty Is sometimes a nogotlable part of the
purchase agreemont and ean partially protect a
feet from the finanelnl effects of pour product
quality.

Wo chose spocific solutions o our particular
npplication by Investigating specific tives by brand,
canstructlon type nnd tread design, We again must
rely upon the industry exporlence and ouyr own
empivienl data for spocifie tires neluding tread
wenr rale, eavenss veeappability, tire failure prob-
lems, tho tires susceptibility to [rrogular wrend
wenr, and tire carcass markot value, Carcass
market valuo 18 mportant ns & measure of earenss
vocappabilily (I retreading is planned. If retreading
is not planned, careass dispesnl value must be used
in enleulnting tho present volue Hre cost per milo.

Tlre weight can be an Important factor in many
applications where tho total vehicle welght is legnlly
regulated and the envgo charactoristics flow load-
ing the units to the maximum legal GCW. A 101b
Ughtor tire will allow 180 b more paylond on
an 18 tire combination unit ench load. [ each
pound of payload g worth §2.00/year rovenus, thon
$360/yonr tneronsad revenue por unit could be
poasible with the lghter tives,

CONSTANT REAPPRAISAL IS NECESSARY

It Is vitally Important that our analyats
program doos not conso with tho implementation
of the dosired solutlon. A constant reappraisal
is necessary In owdlor o determine whethor or
not our gpocific solutions are In fnet providing
gatisfactory resullts and also whethesr or not our
factor docisluns continuo to be valld, A vivid
oxample of the need for reappralsal eccurred in
a float wo purchased in 1974, Tho application of
this fleot was in an aren with which we had little
knowledge, oxparlence, or base data. The appliea-
tion solutlon has baen changed lour different timos
{n this fleot and o satisfaclory solution has yot to
ba nchieved. We ara continually experimenting to
improve the tire problem rosults In this given fleat.
Several vendors have beon involved in the problom
and they are also expanding thelr kmowlodge becauso
of the probloms encountered.

ECONOMIC CONSIDERATIONS

Tho various tochnienl consldorations and concept
factors we have discussed can bo redaced to quanti-
fiuble economie costs by the individunl tire user.
The koy variables in a particular application from
an economic point of view Include:

1. Initiol tive cost

2, Expecled trond lfe and nasecinted diroct
and Indirect costs such ns ropairs, downtime,
warennly recovory, and fuel or wolght savings

3. Salvage value of tho careass and/or
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TANLE 1 = ILLUSTHATION OF ECONOMIC COSTS OVER TIRE LML
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Manth Tires Fuibure AMedian uhilily  NHunning Talal Jtunnlng Costs Rocapping Costs
Frem Start Itnle I ruuel Rt Cosls/ Milus Prosent Present
Inltinl Cyeln of Cyely . Lite/Tlre i TLiw (1)) Tolnl Valtto l'estal Value

Inftlal “T'read 1000 10 i, 000 HH 20 05,10 20,000 18, 912,61 1, G50 | 10,330, 53

I Tsl Cap K10 o0 112,500 5 2 01,64 16,200 | 13,720,077 | 2,870 | 17,443 0%
a2b 2l Cop LI HY)j 1011, 260 ot {0 H1,634 0,720 2270, 16 7, 160 5,400, 00
45,0 Al Cap 170 0 100, 000 a5 an 17,000 weon 1 2,36, 6 L1170 720, 42
17,5 1ih Cap an G0 7, SOD 20 2,375 | 520 __ BOB.BB | we | --

TOTALS AR7,084 | &40 | A2 0HD, 4G | 75,240 | 63,042, 93

Initlal Investmoent 200 x 1000 s200, 000
RNunmng Costa & Reenpping

Costs 1eg, s
Present Value of Running Costy

and Reeapping Cosla LG, 424

expeoted recappability

Tho emplrical data required to undertnke o
comparative annlysis of verlous tiro slternatives
can ho obtnined (rom user historienl datn, usor
test data and/or industry test data. Since tiro cost
involve expenditures over time, the time valuo of
money ~ the fuct that a dollar cost in the [uture ls
lese expensive than a dollar spent todny - ean play
1 roll in sophisticated cost annlysis, Tho coneopt
of discounting casgh flow to n not present value is
widoly usod In financinl nnnlysis of elternntivos
and can be applied to tire cosis. The tire that
results in the minlmum prosont value por mile of
tread 1ife Is proferred. The following {llustration
dopleta nn analysis of tiro costs using the present
value per mile methodology. The present valuge
mathod s particularly approprinte to use whon
avaluating tive nlternativesa that extend hoyond n
ane year time interval.

To illustrate this concopt of net present value
applied to the factors we digcuased conalder the
followlng nasumptlons:

1. Tho Initiol cost of a steul radinl tlro is
$200, 'The fallures are random over the life of
the troad,

2, The firat roenp costs an avornge of $55 per
tire (1/2 drive tread snd 1/2 trailer troad) and
subsequont trailer caps cost §45 each.

3, 'The running costs Including dismounting,
mounting, repaiving, wroecker calls, and downtimo
are $20 per oviglnnl tire or votread spread uni=-
formly over the trand life.

4. Tho expocted fuilure ratos and recappability
rates nre prodiented as shown in the table.

5. The uange rato is 10,000 miles/month with
four cyclos of tread,

. ‘T'he present value discount rato is 12%/yonr
(1%/monthy,

Toble 1 represcats n particular tire alterative
from Initinl purehnse to finnl capplng four yoars
later, The total cost, excluding inltlal purchase,
for 1,000 tires is 125,080 [or running and recap-
ping over 257 milllon milos of tread lile. Discount-
ing thoso fulure costs to a present value hasis
results In 17.45% reduction overall to $100, 4246,

Tho tatal preaent value, including Initial inveatment
of $200,000, 15 $306,426 or o 1.2 mil/mile prosent
value.

A fleet tire program is stated Ip torms of
goneral objoetives, spectfic appltication [nctors
andl concopt fnetors related to econemle and
mobility considorations in tive and rotroad sclec-
tion, These must directly contribuie to minimum
present valup long~torm totnl transportation costs
for divectly nnd {ndivectly relnted tire costs within
the parameters of aafe, depondable nnd lagnl opora-
tlons, At tho present time tharo doos not exist a
vinble altornatlve to high tractlon, nggressive,
self=clenning tread in many drive tire appllcations
sutislying the long~term economlie considerations.

A vohicle that Is lmmohilized ean't supply a trans~
portation function and, thercefore, the cost per mile
{3 Inlinits,



OUR PRIMARY OBJECTIVE in sclecting tires for
oporation in tha [leot haa boen the safoty of both
our drivers and the gonoral publie, and secondarily,
protecting tho property transported, Adoption of
tubolass typo tires in 1067 has cnchanced nehicve-
ment of the above objectives. Obviously, total cost
of operntion ia of major concern, but hns not taken
precedenco over the primary objeetive of furthoring
safety, In the future, safety will continue to be the
primary objective regardless of ndditional fnotors
that must now be conaidered, such ns fuel ceconomy
and nofse,

Ta achieve our primary selcctieh objective,
the tires purchased have boen the highest quality
tires manufactured by the major domestie producers,
Hopefully, in purechasing the highest quality tires
available, apecifieally a durable eareass with a
high degree of intogrity, {allures would be mini-
mized and total operating costs would he reduceod,
The above appreach has until recently, antisfactorily
achieved our objectives while controlling tolal tire
aperating cost at o reasonable level, During the
list 24 montha, an alarming degrec In degradation
of tive durability hus beon experionced, renching
unliveble proportions,

BIAS PLY TIRE EXPERIENCES

Trapscon hag annually purchased 15,000 -
20, 000 new tires during the 1070 thru 1975 poriod,
New tire purchnsas have conatituted approximately
50% of the total number of tires In service, New
tire selectlan is based upon continual testing and
evaluation of tho verious products currently nvail-
able, Unlortunately, tive quality and durability ls
by [ar, the most varlable and unpredietable faetor

Transcon has gnined extensive operating ex-
pericnce with tuboless, 11,008 x 22,5, nylon cord,
bias ply construction tires mounted on 7.5 x 22, 5
aluminum wheels, The slx year period of 1570 thru
1975 will be discugsed, furthor supported by datn
derived thru September of 1976, During this peried,
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ohequnterad In o fleet operation. The tire that ia
performing setisfactorily today may exihibit totally
unneceptable performance when next purchased,
hence the need for continual testing and evaluation,
In our operation, salety has too {requently been
Juopardized due to unprediclable variations in
quality and durablHiy.

In 1970, of the total new tires placed in servico,
10% were removed and serapped due to non-repair-
able enrcuss domage and faflures, These tives
could not he repaired and/or recapped to permit
contined usage, Of the 105 scrapped, 20% were
adjusted by the tire manufacturor on the hasls that
the eareass deficioncy was their responsibility.
Thurelore, of the fotal new tires placed in serviee,
2% were serapped due to manufneturing deficiencies
and 8% were scrapped due to a combinatien of road
haznrd damage and ahuse such as "running flnpt",

Dy the end of 1975, 507 of the new tires placed in
gervice during the year wore serapped due to
careass damage or fuilures, with the manufncturers
assuming respensibility for 80% of the fallures.

Of the total new tires placed In service in 1975,

A% were sereppod due to manufacwring defi-
clencies, wiereas the number serapped due to

fleet induced problems had nominally Inerensed
fram 8% in 1970 to 10% in 1975,

From the standpoint of safety, the ramifien-
tions of our current experience 18 alarming.  New
tires are operated In the most safoty sensitive
equipment position, the teactor steering axlal It
i our policy lo romove stecring axlo tires at 50%
tresd wenr which (s approximately 50,000 miles ar
3 1/2 manths of operation, The earenss [nilure
mileage is unprediciable, does ocour at early mile-
ages, and oceurs much too frequently, particularly

the signifieant factors and operating parameters
affecting tire durability have not ehanged, Engine
horsepower, geared spocds, avernge londs, routes
and typo of oporation have remuined constant,
Portinont, fleet Mneis are summarized [n the
Appendix for the period 1970 thru 1975,
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in the steering nsle position,

From an economie standpoint, the cost of
bias ply Lives hil lnevreased 20% during 1975, and
6% during 1976, is compared to 1970 lovels, By
the snme tokon, the new tire orlginat enveass Mflure
rate attribuinble to manufaeturing deficiencics in-
creased by an astonomieal 1900%, invalving 105 of
the new tires pluced in serviee in 1975 as opposed
to 2% in 1970,

Reenpping 1s an important facior in minimizlng
tota] tire costs. [listorically, it has heen possible
to recap o lire at lenst 1 1/2 times prior to serap-
ping the earenss due to [ailure or non-ropairable
damage. Currently our cost to recap a tire is less
than 25% of the cost af a now tire, Therefore, the
valuo of the cnarcnse, if recappable, represents
756% of the totr] new Lire cost. Assuming 1 1/2
recaps per new thre and the cost of installing lwo
recaps per tire carenss, the operator obtained 2560%
total tread wear for 150% of the cost of the new
tire,

Of tha tatal tires in service, reeaps have
constitted appraximately 50% of the fleet Lire
population during the period 1970 - 1974, In 475,
the perecentage dropped to 30%. In September of
1976, the percentage dropped further to 20%,

In 1970, 50% of the total tires recapped were
removed Trom service nnd scrappod due Lo earcass
damage and failure, In 1975, 70% of the total tres
recapped wero romoved [rom service nnd scrapped,
Since Moy of 1976, virtually all the tires reenpped
have heen romaoved [rom serviee due to earcnss
failures., The adjustment rate for recapped tives
has varied irom 25 - 30%, In other words, the
prepondaerance of the recap fullures are duc to
parcass Mnilures of the samo nature that have nf-
flicted the new original eareass, Only 24 - 30% of
tha veeap failures have heen attributable to cdeficient
repalrs, workmnnship and materials in the recapping
process.

In summary, we are faced with a 50% failure
rate of new bins ply tires reprosenting n 100%
inorease since 1070, ‘The fallure rate nitributable
to the hazarda of fleet operation has ranged from 8%
in 1070 to 10% fn 1976. The drastic increase in
the faflure rate of new tires has heen reflected in
aur recap experlenco.  Wheveln, we could ohiain
at least 1 1/2 reenps per tire in the period 1570 -
1974, the fuflure rate has increased fo virtunlly
100% in 1974,

Wo can ne longer purchase a new bias ply
tire with sufficient careass durnbility and integrity
1o opernte {or the usable tread life of the tire, let
nlone a earcass that can be recapped,

It would seem that {ubeless bias ply tires
would be at a high siate of development, Our flect
experience has beon goined through 10 years of
wsage and until rocently our experience hna hoen
faveorahle. Safety of operation haa degonorated to

an inolerable level, the economles preeliude

further purehnses. We conjecture over the demise
of the wheless Mas ply tre. After all, the tive
industry hag received inerensingly gronier amannts
of assiatance from the federal governmment Iy the
form of increasingly complex and stringent vepula-
tions to promoto and jnsure safety in the usnpo.of
commerceinl highway vohicle tives, Now that Lle de-
sired thearetical lovel of sufety has been nehieved
and Insured through the regulatory process, we have
mounted an all out atlack on the undesivable anviron-
mental aspeel ol tires in operatlon - nolse, Wil

this also be pursued with the same seeming disre~
gard for safety and cost exhibited In the implementa-
tion of the FMVSS 121 brake regulation?

RADIAL TIRE EXPERIENCE

Presontly, 25% of the totsd Ures In our opora-
tion nre of tubeless, radinl ply, steol cord, steel
helted congtruction, These tires were not selected
on the basis of extensive testing and evaluation,
rather, they wero purchased indesperation due to
our reeenl disappointing experienec with tho form-
erly rellable tubeless, bias ply tire. The majority
of the radial tives have heon placed in service on
traller axles, This [s consldered the lenst sensi-
tive position from the standpoint of safety and the
lenst demanding in terms of the factors that are
reflected Ly rate of trend wear and earenas dur-
allity and integrity.

These tires represent o major investment in
the fneo of unfovorable ceconemies. The premium
for n domestie radial tire for sleering nxlo or
trailing axle usage is 26% ns compared 1o a bins
ply tire of compurable tread depth, Radial tires of
demestic manufaciure are not presently avallable in
tread depths and configuration comparable to current
lzins ply, cross bar, deep tread deaigns, The
premium for n radis) versus bias ply tire for drive
axle usoe is 12% grentor for 45% less usebio tread
wear depth,

In the fall of 1975, radinl tires were installed
on {he drive nxle position on 25 {ractora, Five
tractors ench were equipped with three domeatic
bramds, five tractors wore equipped with a compar-
able depth tire of loreign manulncwre, and five
troetors were equipped with a deeper tread depth
tire supplied by the same fovelgn manufaeturer,
Our purpose was 1o determine on an aceelerated
busls, original now tire carcass durnbility, and
further, carenss vecappability aie durability, None
of tho new original curcisses fniled while worn
down to the point ol recapping. It should be noted
that the original earceass durability testing was
conducted during the least demanding wintor months,
The test radinl tires wore recapped and opernled
during tho summer of 1976, ‘The carcass faflure
rato for Ures ol domestic manufneture ranged from



25 - 65% during tho {ivst recap phase of teating.
The two types of Toreign manwlactured tires did not
incur nny Jirst recnp tre faileres. Tho lest tires
were removed recently due to traction limitations
in wintor oporation,

Ag aoroesult of this test, it was concluded that
the radial tire eareass oxhibited a high dogreo of
durability and integrity during the original tread
1ife when opernted on the drive axle, The first
reeap eareass durability varied boetween the brands
tested, some were consldered antislactory, some
wore not.  No appreciable differonce was detected
In tread wenr mileage botween radial and blas
ply tires. The totol tiro mileago achioved was
directly proportional to the initial trerd depth.
Cross bar hlas ply tires provided 30% more mile~
age than the domestic vadials. In conjunetion with
this test, Mas ply, vib trend tires were operated
on the drive nxle, The trend depth was comparable
to the domestie radiala. These tres provided 55%
of the milenge nehieved hy the radials and 40% of
the milenge achieved with craosg bar bins ply tires.

Baaed upen original tread wear milenge, the
premimm coat of radial tires cannot be economic-
ally juatified, We ennnot predict carcass lifo in
torms of recappability at this timo, and econamic
justiftention for the use of radial tirves Is depondent
upon this faotor, We prefor to base our tire solee-
tiott on extenslve testing and evaluntion, however,
from the stnndpoint of aafety, we see no alternative
to converting our oporation to radinl tires despite
our limited experience,

In addition to 1ack of economic juatiication,
radinl tires prosent the following additional problems
as opposed fo hins ply construction:

1, Available troad configurations provide In=
sulliciont drive axle traction,

2, 'The tire chain conliguration currently used
on hias ply tives will dumage e sidownlls of ra-
dial tires. Therciore, now tire chaing must he
designoed and purchased prior to converting drive
axle tires to vadials. OQur radial drive axle
aperation will ke Hmited during the forthcoming
winter to five troctors due to lack of tyactlon and
tire chain compatibility, These tractors will carry
tire chains deslgned {n an attompt to provide the
required eompatibility,

3. Erratle wear when operated on steering
and tralling axles,

4. Diffioulty in applying hot type recaps, Cold
recaps requiro o good shoulder condiilon and this is
the aren where erratic and rapid wear is encoun-
tered,

5, Dlffieult to repalr punctires in terms of
precluding molsture ingress in the steel belt and
carcass cord arca, If not completely senled,
moisture ingress results in corrosion of tho stecl
materials and oventual faflure. Proper repairs
require two to lhiree thmoes ns long to accomplish

ns bias ply tire repaivs.

6, When eperating ns duals, the tire dinmotors
must bo mated to mueh closer tolernnces, the snme

ig true {or nir pressurcs

in dunl assemblics,

7, Inthe event of & earcnas failure, the steal
tire clements causo a much higher degree of

damage to the equipment,

This is espeelally

eritienl In tormas of fdjacent steoring and brake

sysiem compononts,

8, Radial th-ea aro not readlly available In

sulficiont qunntitios,

9, Last but not least, he Inck of oporating
experience in the nee of n rapld eonverslon to

radial tire usage,

APPENDIX

TRANSCON PLEET STATISTICS, 1970-1075

Type:

Routes:

Annug! Revenue Miles:

Avernge GCW Weight:

Line ilaul Equipment:
Tractors

Typot

Engine Horsopower:
Geared Speed;
Tratlers

Typo:

Transcon Lincs {s
common earrier of general
commodites

Operates coast to const
over 42,000 route miles,
serving 100 terminals
loented In 29 states

00 - 130 million

40,000 - 65,000 depondent
upon trailer type

850 tractlors, 3500 trutlers

4 x 2, single drive,
COE sleopors
6 x 2, singlo drive,
COE sleopers

240 Ip

58 mph

28 i, aingle axle,
doubles Lrailers
45 ft, tandem axle,
semi~trailors
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Tires
Population:
Annual Tire Mtles:

Typo:

S{zo;

25,000 - 32,000
1.7 - 2,3 billlon

75% tubelesa, hins ply,
nylon cord

11,00 x 22,5

Wheels
Type:

Sizos

Aluminum disc

7T.5x 22,5



IT MIGIIT BE NELPFUL te briefly go through
the evolution of Ryder Truek Lines!' tire program
to aequaint you with the approaches thal are being
taken In this common carrier flect,

Back in 1807, Ryder Priuck Lines operated on
10. 00-20 tube type tirea, Atthe time, we had
selocted a standnrd steering axle tire and had a
accond choice a8 en alternale. ‘The selection was
made as a result of testing tires through the mile-
age ohlained, the cappability and the number of
caps, and the anfety factor and adjustments, A
the same time, we had selected 3 or 4 brands of
drive Ures on the aame basls, with preforence
glven ta that showlng the loweat cost per mile,

Tire costs in the common carrier [ndustry are
usually around 2% of revenue and, therefore, have
an important impnct on the gperating ratio and
prolitability of the truck line,

In 1969, we alarted tosting tubeless tives,
since wao felt that we no longor wanied to stay with
tho tubo type as it hod problema such as e possi-
Lility of tolal blow=outs, tire fires, excessive
downiime, and delay of serviee. Ouv tire {estis
were conducted on a run between Charlotle, N, C.
and New York City In & aleeper operation. Qne of
the Immediate henefits was 5 recduction {n rond
{allures by 60%. The renson for this veduction
was obvious, although nalls which gel caught in
tires will stay in the enrcnss and the tire may de-
velop into n slow leaker, the tubeless tive ean be
alred up without repair. A punctured tube by
comparison, neods to be patehed (or possibly re-
placed since old (ubes usually sireteh) immedintely,
requiring on the spot tire reinstallation or replace-
ment.  In additlon, we found thal tubeless tires ran

As a common carrier, Myder Truck Lines is
part of the transportetion sysiem of the Unlied
States in n free enlerprise cconomy. [ need to
point out the {ree onterprise concept, since we only
ean exist and perform our transportatlon serviee to
the Amorlcan public if we are operating on a prof-
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coolor than wibe type tives, Based on our experi-
ence ot that time, we decided to convert our entire
tractor and traller (leot to tubeless {iros.

Depending on the number of vehiclas whiel
need to be converted in a large fleet, it takes sev-
eral yenrs to accomplish this gonl, I would like to
make the point here that whatever conelusion will
be drawn from this Sympesium, as far as nolse
levels and tire requirements are concerned, before
a final deeislon {s made, the lime faclor of conver-
sion must be given very careful consideration, as
any type of short range legislation and enforcement
will shut dewn the trueking Industry. Ido not be-
lieve either the government or our (ndustry can
afford another cost and safety debaele similar to
the one we nre now golng through beenuge of some
unwise provisions in the new air brake regulation,
FMVSSRI, and I urge both cautlon in tha approach
that is being taken and sulficient leating of equip-
menl in serviee prior to {Inalizing any type of rule
making,

STEEL BELTED RADIAL TIRES

Alter convering our fleet lo tubeless tlives, we
looked 1 steel helted radial threa and their useful-
ness in our tire program, Basieally, we tested the
fuel savings first and aiter we had favorable exper-
lenees In that area, we then looked at the tread life
and eappability,

We found in our testing that baek in 1973, wo
had some 3 - 10% fuel savings by using stecl belled
radial tires depending on the brand of Hre, As far
us cappability 18 eoncerned, we were ohlaining
1 1/2 eaps on the bias tubetess tive and very shortly

itable basis, Over-regulation in the areas of equip~
ment operation, emisslons, nolse, or performence
requirements ean have n detrimental effect on the
entire transporiation system and subscquently e
detrimental to the American economy.
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found oul that with the stecl belted radial Hres, wo
could oxpect 8 - 1 caps. Obvlously, the purchase
priee of n steol belted radinl tive is quite bigh,
hawaver, the cost/mile definitely decrenses as tha
same circiuss is eapped 3 or 4 times versus 1 1/2
times on the blas tire, Al this time, T need Lo
mention thal we are operating with a tag axle con~
figurnatlon, Our tractors have three axles, onc up
frent for steering and two in the back. Only one of
those two rear axles is powered, therefore, Is
called lhe drive axle, and the other which lielps
carry the load bt [s not connected to the engine Is
called the tag axle. As this arrangement leaves
only the drive axle to transmlt the power Lo move
the cquipment, it experiences more rapld tread
rubber wear than either the steering axle or the
tag axlo.

Iniilnlly, we found In our radial tre siudy that
wo could expect 7000 miles/32nd In of tread depth
on steorlng axles. For the drive wheel posltion
wa cowld expeel 1000 miles/32nd and 14,000 miles/
32nd on the tog axloe position. With these projec-
tions, we are looking at the following mileages:

Stearing Axle Tires 112,000
Drive Tires G4, 000
Tag Axlo Tires 224,000

The faster Lread wenr on the drive axle tires
is obviously offsct by the longer trend life on Lthe
tag axle tire. The cost per mile on these tires,
dopends on the inidal prico of acquisition and I
have not computed that beeruse each carrier and
cach fleol will have a slightly different purchase
price which would either inorense or decrease the
cosl per mila.

Tho difference in price between a bias tire and
a radial tire is from a low of $9, 70 to a high of
%58, G9, depending on the tire brand used, We are
now testing an addlilonal three domestle brands and
one forelgn brand of radial tres. Our initial fuel
tesis show that progress has been made in increas-
ing the fuel mileage as a result of redesign of the
tire, Ouricsts are not concluded, und at this singe,
it Is too enrly to say If the tread wear and the cap-
pability will turn out Lo be competitive with the hrand
we nre operating at this time.

The change from tube type to steel belted radlal
Lires has virtually eliminated the need of Ure banks
enrouto and we have approximately 4000 tives at
our major linehaul shop tucntlons and at the termi-
nals throughout the system. In addition, we have had
no report of any aceldents as the result of tire fail-
ures.

Non-untiormitly of state and federal laws and
regulations relating o the use of tires makes it
quite difficult for common carriers operatipg through

vaylous reglons within the Unlted States. T would
like 1o mention one of the state recqulrements such
18 the use of snow lires or clalns, depending on
the weather comditlon nnd rend condition, We have
found that tho steel helted radinl Ure does perform
wall withoul ehains and oven without any aggressive
type tug will handle equipiment on Intersinle high-
wnys and over four lane stale ronds, even in the
porthern part of the country,

TIRE MAINTENANCE

One of the most important fnctors of a Ure
progrem 1s not the purchase of tho tire but mein-
tenance of the tire and the program [tself, Fifty
percent of the tire program is the problem of in-
flatton. DIroper tire [nflation will incronse the
tire Ulo, [t will Increase the tread life, tho tire
will run cooler, and depending on the tiro that (s
being operated, [ will provent blow=-outs [rom heat
bulldup, We, at Ryder Truck Linea, goauge stcer-
ing nxle tires physically nt ench fuel siop and once
& week In all othey positions. 'T'his [requency ls
higher than the recommondation of the tire manu-
facturers, however, inorder e have control, we
find it necessary for us lo do that, A recent cheek
on our fleet showed that 93% of our tires have the
proper pressure, and wo are operating on 90 1b
cold. ‘Three porcent were slightly over-inflated,

3 were running bedween 75 = 85 1, which we
consider low, and only 1% had loss than 70 1b, We
consider a tire with G0 b fiat,

Altor making sure that one ean maintain the
correel alr pressure for one's operalion, the next
itlem In a good tire program (s proper malching or
making sure that tires run logether as dunls and
used together on an axle, all have virtually the
same dlometer, Remomber those nro 18 tires on
a iractor/semi-trailer with r different wear rale
on ench of the axlea, which means tires are not
veplaced in new sets as may he more typleal for
pnssenger ears.,

Notonly will mismatehing nffeet tire life nsnlarge
tire paired with a smaller one will tend to do most of
the worlk, itwill nlso affect diffeyentinls on drive
nxles, Here, larger Uros on one side of an axle will
turn arcundmore slowly than smallor ones on the
other side and that action will have to be compensnated
for in the differventint crusing rapid wear, We match
fires within 1/4 in, Ina large {leot, this presents
one of the greatoest challenges to keeping an effective
tire program, In addition to our contracl employ-
ees, wa are engaging our supervisors In our major
shops heavily in our tive program. They double
checl units on the yards, which have already heen
servieed, for inflation, as well as for matehing,
For example, during tho [irst [lve months of this
year, our supervisors checked 101, 706 tirean
second time to assure we have the proper alr pres-



sure and the proper matching on the vehieles.

In additlen to the salety and woear of stoel belted
rudlnl tires, il 1s obvious to everyone here that
there nre benelits in tho noise area, lowever, T
porsonally belleve thal the preposals for noise reg-
ulatlon and enforcement which would forco iheir use
are premature, From the Information I have, the
tire Industry {8 not equipped and the [leets are not
rendy or {n a satisfactory financinl position to ab-
sorh the conversion lo steel belted radial tlyes
within the time frame that Is proposed.

As far as noise loevels are concerned, a survey,
using the SAE J67a, pass-by vehicle tost and utiliz-
ing the slow response methed, we found that the
tivos generally fall within the following ranges:

Rib Ladinl 460 dB(A}

Crosg-bar Iadial 72 dB(A)

0. E. Qb Dias 71-73 UD(A)

Cross-bar Blas 75-30 dB(A}

The Investigntion furthor showed that the fol-
lowing factors have an allect on the nolse lovels
generated by the lires in vac and by the tirg main-
lenance practiced by the fleets.

1, 8poed -3 - 6 dB{A) increase for ench 10 mph
Inctonsa,

3, Inflation - Underinflated tires produco
higher dB(A) levels than properly inflaled Lives
with the same lond,

3, Slzoe of Tire - Sound levol Inerenses 1 ~ 6
dB(A) with decrease in nxle helght from 22 - 20 in,

4, Number of Tires on Vehiele - poubling
nuember of tires increasos levol 2 - 3 dB(A),

G, Stago of Wear ~ Sound level Incrensoes
2 - 5dB{A} from new Lo worn out stage dopending
an deaipn.

i, Type Trowd Deslgn - Lug tires are goner-
ally 4 - 8 dB(A) higher than circumforentinlly
ribbol HHres with snme ply constructlon,

7. Ply Construetion - Generally radial tire
constructions are about 2 - 3 dB(A) lower in nolse
loval compared to comparable tread doslgn in bins
tires,

8, Road Surfuce - Smaooth concrele surlrce
ylelds 2 - 4 dB(A) highor levels than conrse ns-
phait aurfnee,

9, Mensurement Distanee - Doubling mons-
uremenl distance decrenses level ¢ dB/A) and
converaoly halving distance increnses the samo
amount,

Those comments were surveyed by the RCCC
Tire, Wheel & Rim Study Group which polled tire
munufncturers durlng the early part of 1975,

Whilo the spproach that we have taken is »
suilnble one lor us, thal does not menn it wil]
work for overyone's {leet or every equlpment
oparator. The swme holds true for tire solection,
for tire capping where we use a cold capplng proc-
oss, a3 well ug of monitaring a tire program,

TIre tesls shoull bo condueted on an indlvidunl Tleet
basls or on nn Indlvidual operntor basia te coma up
with tha hest Ure for a speeiflle appliention, This
holds trus for over the rond, n the city operations,
ag well as in off the road operations, One of tle
most encouraging things that has happened during
the pasl two yenrs Is the effort that has hean made
hy the domestic tirs industry to put a product on
the market which will bo In a position to compote
with himports, Ilowever, taking the domestic sup-
plles nnd the Imports, there will nat be sufficient
tiras available for common earrier operationa Lo
meel proposcd notse requirements, unless tho

date for implementation and enforcement are
brought Lo the polnt to allow an ecenomical conver-
slon to less nolsy Lires and to allow for additional
reaeiarch nnd development by tire manafacturers Lo
have n satisfactory product on lne. As far a3 our
tire program i8 concerned, we use recnpped |ires
for drive, tag, and trailer nxle positions, For
snafoty, wo pull steering axle tires at 6/32nd in of
trend depth and move them to the trrller position
for wear down to the 3/32nd which we consider
nccessary for proper eapping.  Drive nxle tires
areusedta tread depths of 3/32nd and are then pulled
for capping.

Accounting praetiees nre different from ono
flect to the next, and | den't helieve they should
play a part as far pg the ugo of tires In n common
enrrier fleot i8 concerned, Obviously, equipment
trade cyeles plpy & part in the type of modifientions
you will have Lo make (o your tire program to re-
tnin tha botter parforming tire In your fleet and
tarn looso of those that are not porforming 18
spoclfied, Through making o conlinual snalysls of
such factors, Ryder Track Lines Is presently using
Michelln stoel helted radinl tires with rib type
tread on ail axles. Our recaps are Bandng,

In conelusion, [ hope that 1 have been able to
glve some Insight to the type of probiems that can
e expected [n a1 tlre program in @ common crrrier
fleet. I alsc hope that [ have bean able Lo stimulate
some thought as to the mle making and implemen-
tation of desirable noigo loevels. I think I have
pointed out the difficulty financinlly, as well as
time=frame wise, In converting large common enr-
vier flects from one typo of tire Lo rnothor.
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Tire Design Considerations
for Refuse Vehicles

A, H, Bergor
Brawning-Farris Industries
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THE REFUSE INDUSTRY more and more Is devol-
oping precedures through whielh trucks are seleetad
to nohleve maximum performance and chassis
longevity, Among tho tiinga to bo accomplished
through propor vehiclo specifications 18 minimizing
the amount of dumping time, measured from the
moment o refuse truck rlrst entors o landfill to the
time it loaves that aren. The eycle lnvolves having
tho truck onter the iandfill area, empty its load,
and loave in o minlmum period of time with n maxi-
mum of maneuverability oase,
Many variables contributo to the length of stay
at such a sito. Thesao include flat tires, {reeing a
stuck load, walting to be dlrccted to the propor dump
aren, coffee breaks, weighing statfons, bad terrain,
poor mancuvarability, and equipment brenkdowny,
Tire rolated questtons which muat be taken into
congideration when ostablishing equipment specifl-
cations for refuse vehiclos Include:
1, What affect do front flontation tirea have in
n landfill ?
2, What affect do cross-lug tires, us opposcid
to somi-lug tires, have on traction in a landfill?
3, What affact does an oxtro-deep troad on a
cross-lug tire havo on traction In n Landfill ?
4, What nifect doos an oxtra-deep lug troad
have on natire's solf=cleaning nabllity 2
5. What affect do the differences in width and
ground contnet nren hotween different tive models
of cquivalent sfzes have on performance ?
These fquestions nnd othor related questions
make selection of n henvy duty refuse truck n com=

Brownlng~Farris Industries (BFI) oporates
approximately 3500 trucks In 37 states and Canada.
Those oporations all involve moving trash [rom the
customar to, in most cases, alandiill, This type
of buginess is unique and cortninly very difforent
from goneral freight haullng, It generntos apeeinl
problema which should bo consldered by those
writing noise rogulntions,

T'he basle aren to be discussed |s oporation in
the sanitary landfill, BFI estimates that on the
average its trucks meke six trips per day into such

21

ABSTRACT

plox task. Considoring such a purchase rosults In
0 $25,000 - $50, 000 investment, It must be made
wigely.

BFI has xun tosis to gathor data neoded to help
miake such doeisions, Whnt [ollows will he based
upon the portion of thut work lnvolving tives, which
wins porformed in 1973 and 1974, Tho findings
should not bo talkon as nbsolute. EHowevor, It is
felt that tho conditlon of the landfill surfaco aren
should be considorod ns the only variable having a
slgnificant affoct on them,

REAR TIRE TREAD EVALUATION

There were two primary purposes (or tosts
shown in the {ollowing figures, They were:

1. What differonces, If any, result in a land-
i1l from tho use of deep iread cross-lug ronr tives
in lieu of standnrd tread of semi=lug trend rear
tives?

2. What affect does engine torque have on
starting ability of o truek in o londfill?

For Tire Analysig, throe sets having oight tires
ench wore usad,

Set 1 conslsted of 10, 00-20 - 12 ply tivos taken
from a BFI refuse truck. Those tires woro con-
sidored typicnl of ronr tires used by many refuse
ecompanles, (See Flg, 1)

Set 2 consisted of elght 10, 00-20 -~ 12 ply
Ganoral ND Luggor tives, 'Those tives are usod
by some refluse companiea and are congldered (o
have goad gripping ability In o landfill, (Sco Fig. T)

an avenn, For that reason, tives satisfactory for
conditions oneotntored there must he used. In
choosing such n tire, however, tha fnct thal many
piclups and the trip to the landfill itsoll will be
made on hard surfaced ronds and highways cannot
e overlooked. “That important consldovation s
borne out by the fact that in spite of the slow condi-
tlons encountared at tho dump sito, BT estimates
Its trucks nvornge 18 mph eversll and speclfics
thot they ba eapable of 65 mph top spaeds.
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PFig, 2 - Minimum-traction condition

Sot 3 consisted of olght 10, 00-20 ~ 12 ply tires
that had & BPI modified tread design. The modified
tread was necomplished by hand-cutiing olght pre-
mium quality extra-deep tirves, [ wag anticipated
that this troad pattern would provide excollent
gripping ability In a lnndfill. (Sce Flgs. © end 10}

A Munek R685ST truck powered by the 24711 1*-906
1b=it stondard ENDTG75 Maxidyno ongine wps se-
locted for the fivst test run (Fig. 1). It had 10,00~
20 - 12 ply semi-lug roar tires typical of those
uged on many Tefuse trucks.

Fig. 4 = Lack of an ndequate lug trond was primary
cause of the bogging down

In Flg. 2 with two engines chalned to the frame,
the renr nxle welghed 10, 500 1, approximnteoly tho
same as the tandem axle of a roll-off chassis would
walgh altor a box had been ompticd. This Is a mini-
mum traction condition, When miy resistance was
cncountered, the Uros hroke away, usuully with the
right front and left rear tives spinning at tho some
time,

To Increasc traction, four ndditionnl engines
ware added in Flg. 3, increaging the load on the
tandom nxlo to 18,000 1b, T'his simulated the empty
tandem nxle welght of o [ront londer after dumping
{ts lond, Tractlon Improved with tho added welght,
however, tho nadequate tive trend aiill resulted
in its froquont loss. Notae tho spinning of the for-
ward nxle of the tandem.  The troad pattorn of the
non-spinning roar nxle clearly shows tho powoer-
divider was of no help.

Two englnes and the semi-lug rear tires were
noxt mounted on ot new Mack R68G8T truck., It was
powered by the 285 11P-1080 1b-{t Intercocled Muxi-
dyne ENDTG76 ongine. Vhe transmlasion, reavr
axle ratio, governedengine rpm, and wheel base were
identienl to the just tested RG8GST truck, The Im-
mediate driver renction wns one of groater pulling
crse. This engine clearly was not working ns hard

Flg. 8 - Simulated empty tandem axle welght of
front lender aftey dumpling its loud

TFig. § - Poor traction of rear tives resulted in
truek being badly bogged down



Fig. G - Poor condition of tives 13 obvious reason
for loss of traction and {requent tirve sldownll cuts

common to the refuso indusiry

as the smaller Maxidyne. The drivors compnred

tho rear whael traction of this power-train carrying

only two engines to the rear wheel tractlon of the

RG86ST pawoer-train enrying six anglnes. Although

there was some tive spinning, It did not occur as
often ns with two englines on tho other truck. The
lack of an ndequate lug tyvend was tho primary
enuge of the bogging down shown in Fig. 4.

Tha totn] paylead was inereasod to six engines
In Flg. 5. As a result of the poor traction of the
ronr lires, tho truek hogged down badly at one
point, Tho truck wans rockod sevoroly for sovernl
minutes in an unsuccessful attempt to freo it.

Dospite many nttempts by the driver to [reo it,
tho truck in Pig, 6 had to be towed, As had hap-
pencd with the REISST truck, the automatic inter-
nxle power-divider was of no holp when the truck
wag stuck beoause both tires wore spinning on the
same side.

Note the condition of the tires in Fig. G ~ an
ohvious roason for tho loss of traction and frequent
tiro sidewnll cuts common to the refuse Industry,

The following opinions were voicod at this point
in teating:

1, The truck probably wounld not have golien
stuek If it had been equippod with eroas-lug tires,

Flg, 7= Croas=lug tires

Fig. 8 - Roar tires did not spin, cross-lug tires
had radieally {mproved performance

19 * "-‘-: T 'y,
Fig, 9 - Rear tirves replaced with BTFI modifled
10.00-20 ~ 12 ply super lug tives

2. With the semi=luyg tires presently on the
treck, the truck might not have gotlen stuck with
an automatie Inter-wheel, Intor-axle power dividor
combination as this would have allowed unbroken
momentum without n less of traction,

3. The truck deflnitely would not have gotlen
stucl IF it hnd been aquippod with both cross-lug
tires and combinatlon powor dividors,

For the noxt test shown in Fig. 7, Genaral
10, 00-20 - 12 ply ND Luggor tires were mounted

Wi

Fig. 10 = BFI modified tives hand cut to produce
extra trend pattern ond to glve superior traction
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and clay

on the stoadard Maxidyne powered RG85ST truck,
Two englnes woro ngain chained to the frame to
increnae tho tandom axle weight to 10,500 1b,
Evoerything was identicnl in this test lo that shown
in Figs. 1 =3 oxcept (or the cxoss-lug tires.

The engine held fairly constant at 800 rpm and
seomoed to pull easier with the extra traction tires
(Fig. 8). Atno time did tho renr tlyss spin, Thoy
continually kept biting and pulling for maximum
traction. There was no question that the eross-lug
troad tives had radienlly improved performance,

It wns deeided that increasing the payload on
tha General ND Lugger tires would bo of no addi-
tional valuo, since tho effocts of additional weight
had alrendy hoen detormined. Withaut disturbing
the two engine paylond, the rear tires wore re-
moved and BFI medificd 10.00-20 < 12 ply auper lug
tires wero Instnlled (Flg. 9).

The BFI modifiod tires wore hiand cut to produce
a unfque extra tread pattern, anticipnted to give
superior traction both in the Inndfill and on wet hard
surfaces. Special noto should be made of the depth
of trond and gaps hetween lups (Fig, 10).

The dopth at the center of the tirve and 2 in
elther mide of it was 20/32 In, Premium tread
tires usually have a maximum depth thero of
13/32 tn. 'Tho tread depth from 2 in of centor to
the outor width of the tire wans 40/32 in, ‘Fhore,
premium tires usually have a maximum depth of
20/32 In.

The extra wide gap between Iugs provides oxtrn
cooling, It also nllows additional room for Jug
flexing which helps keep mud and clay butldup to a
minirnum,

Thore waa no naticeable parformance difforence
betwean these tires mnd the standnrd ND Luggers
when used on the RE8GST truck having the two engine
tast load,

Nota how the Iug flexing has begun to push out
the mud and elay In Fig, 11, A closo cxamination
shows that the mud Is being pushod out at the outor
bar onds where the ubber dopth is 20/32 in. At

f w &

Fig, 12 - BFI modified super luggoer had oxecellont
cloaning characteristics

the center tio bar, where the rubber depth is only
13/32 In, the mud and eloy are recelving & minimum
of push becnuse of the limltod amount of nvallable
flex. The floxing is noted hy tho gaps betwoon tho
murl and rubbey, This tirve 15 considorad a good
eleaning tire,

The BFI modificd super luggor had excellont
cleaning characteristica. Note how the mud and
clay havo been cleaned and pushed out ns o rosult
of suporloy lug flexing in Flg. 12,

Next, the General ND Lugger tiras wero In-
stalled on the higher powerod RG86ST tmek
(FMig. 13). Two engines were chained to the framo
for a 10,500 Ib tnndom axle loading. Tho terrnin
was conslderod one of the werat in tho tost avea.
Asg hnd been axperienced in going to the higher
powared truck before, theve was an immediale
sensation of efforiless pulllng ability. The Intor-
ixlo powar dividor workoed hetter In this test. When
ono tire begnn to spin, it Immediately seemed to
grab agnin, Tho power divider nlways scemad lo
be shifting the tractlon to the pulling axle. The
truek seemed to mancuver quite ensily.

In Fig, 14 without changing the two engine pay-
lond, tho rear tires wore changed to the BTT modi-
fletl supor luggora. As a result of all the criss-
crosa driving, the terrain was becoming very soft

Fig, 13 -~ Goneral ND lugger tires were Inatlled
on the higher powered R68GST truck
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TFig. 14 = Renr tiros are changed to BFI modlited
super luggers

with many ruts and creats, With those super lug
tires there was no spinning of any kind,

Four additionnl angines were added to the pay-
lond In Fig. 15 to incrense the tandem axle load to
18,000 1b, Tho BYFI super lug tiras remained on
the rear, The truck would not bog down nt all ns
long as the engine ramalnoed in the 800-1000 rpm
rongo. At 1200-1400 1pm, and under advorse
torraln conditlons, the tires had n tendoncy to
begln spinning. This wns attributed more to o
light tandem nxlo loading than to the tread design,
Tha condition was ensily correcied by letting up
elightly on the nccelorator, In pravious tests with
the same truck and the same load, but with semi-
lug tires, tire spinning oceurred at a fnr lower
rpm. Tle maintenance of traction and excellent
mnanouvernbllity wns dofinitely a result of the super
Iug renr tires.

Although difficeult to bellove, the truck In Fig, 16
was stopped and started in the rut shown without
any reur tiro spin, This wns attributad, In part,
to the tread depth and design of the BFI moadliled
ronr lug tires,

Overall, it was detormined that poor trend an
the driving tires gove poor results in the landfill,

TFig. 16 - Four additional engines were added to
the payload to Increase the tatdem axle load to
18,000 Ib
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Fig. 16 = Truek was stopped nnd started in
rut shown withoul any rear tire spin

The BFI designed roar traction tires offerod an
ndvantage over not only highway and semi-lug
trenes, hut alse over standord depth full croas-lug
tires. ‘That advantnge was an nbillty to maintnln
maximum gripping power, The extreme depth of
the lugs nllowed above normal lug flexing which
rosulted In o rapld cleaning tire. It resisted mud
nnd clay eaking betwoen the luga and appeared to
have maximum rosistance to sploning.

FRONT TIRE SIZE EVALUATION

The primary purpesc of the following group of
toats was to evalunte what driving differonces, If
nny, result from the usoc of front floatation tires
In licu of stendard 16, 00-20 or 11.00-20 tires in
goft wet landfill torrain. Tho truck solected was
u Mack MBGBES Maxidyno with an E-2 Pack
FLGO-30 front londer. T'he bady was weighted with
skids contalning six used diesel engline blocks,

Prior to any londing, the complete truck was
wolghod with the blnde forwnrd. ‘The empty senlo
welghts wore:

Frant Axle - 16,740 Ib  Tnrndom Axle - 17,630 1b
Total - 33,370 1h

In the firsi group of test Tung, the packing blade
was loeated in tho forwnrd position, The slkids were
In the forward end of tha hody and shored from the
rear to prevent any load shifting, The scalo welghts
were:

Frant Axle - 19,390 Ibh  Tandem Axle - 23,060 1b
Total - 42,460 1h

This londing simulated o heavy front loader or
a roll-off with a contalner heavily loadoed at the front
of the box, Maximum weight was on the [ront axle,
in the secentl group of test runs, ihe skids (puy-
load) were moved as fnr to the roar as posalble and
wore shored by the packing hlade at the rear of tho
body, The senle wolghts wore:
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Fig, 17 - Wlth 19,350 Ib  on the front axle, Lthe
two L0.00 - 20 tires Immediately sank into the
seggy ground

I'ront Axle - 12,450 1b  T'andem Axle - 30,000 1b
Total - 42,450 1b

This loading simulated p hoavy rear londor
(25-31 yd3) or n roll-off with a containor heavily
loaded at the rear of the hox. Minimum wolght was
on the front axle,

In Flg. 17 with 19,390 1b op tho front nxle, the
two 10, 00-20 lives immediatoly sank Into tho soggy
ground. Note the slick track of the sepposed Iug
tiros (Fig. 18). Theso "lug'" tires had ne gripping
ability whatsoaver,

An attempt was made to back out the truck.
Forward-revorse rocking provod unsuccessiul,
Finally, the truck hod to be towsd (Fig. 19).

To determineg the offect of hotler rear lug tires,
in Fig. 20 tho rear tirves were changed to the BFI
designed 10,00-20 supor lugs. Tho front tives
were not changod. Tho truck scemed 1o pull con-
aldarably beiter. 'I'he Initial ronction was that
front flontation tires might not be nocessnry with
the supor lug tires on the rear, Howevor, with the
concantrated load of 135 Ib/in® still on tho front
tires, the twek agnin bogged down,

An attompl wag madg to back tho truck out,
avaluating what additional traction tho super lugs
now provided, With the front tirea setiled into the
ground, it quickly beeamo ovident that tho extra
gripping ablllty of the rear tires wus of lillo value
in thig aftuation and again the truck had to be towed.,

Next, flontation 15-22,5 ~ 1G ply tires wore
installed on the {ront axle (Mg, 21) qund cojt=
tact nroa per tire was Inercasod [rom 72 in? l.o
100 in% mduc[ng the tire lond from 135 1b/in® to
97 /In%,

The BFI designed supor lug tires remained on
the rear. Dosphe continual watoring of the test
aren, the [ront tires now floated nnd rolled over
tho torrain, There was much less of o tendency
to plow or bog down than with the 10,00-20 {ront
tires.

When the truclk's forward motion was slopped,

Fig. 18 - Noifo tho slick track of the supposed lug
tires, These "lug" lires had no gripping abilily
whntsoaver

1t was relntively ensy to voclk the truck botweon
first goar and roverse. Note the [loating character-
Istics of those front tlres as compared to the sinking
characteriatics of the 10, 00-20 [ront tires shown

in Fig. 17,

OBSERVATIONS AND CONCLUDING REMARKS

in addition te the dnta developed in the material
ulrendy shown, othor testing was done with wider
{186, b-22,5) front Dlontalion tires, dilforing Iront
axle loads, n varlety of total ovaerall gear voduc-
tions, and equipment bullt by engine and truck
manufacturers othor than Maclk.

Many things weta learned rolutive 1o oparating
trucks In the landfill, Soma invelved that area it~
solf. Loeal repulations requive that tragh In such
paces be covered with dirt daily. This practleally
guarantees a slippery lop surfaeco which has many
tire damaging hazards Just under it,

Loaded equipment cuts through that top ayor
of dirt and gets traetion from tho materinl below,
That results in much sldewnll damage lo tires and
oxperienco lo date shows tt to be worso with
radinls, Alsoe, problems with achieving ndequate
traction are groater for the unleaded vehicle leaving

Fig, 19 - Forward-reverse rocking unsuccessful,
the truck finally had te be towed



Fig, 20 - Ronr tires chinged to BF1 doslg‘ned
10, 00 - 20 super-lugs

tho dumplng area than they nre for it when it enters,
loaded.

Maintaining vohleular momentum was the koy te
keeping nxles from sinking and proper front tire
flaatatlon wna necossary to achiove that, Equnlly
important is a constant, aderquate tractivo offort
output from the drive axles. Proper floatntion of
{ront tires combined with traction lugs en the roar
enablos the truck to roll over tho terranin instend of
plowing or sinking into it,

Superior flontatlon in landfill conditions is pro-
vided by 15-22, 5 nand 16. 5 x 22,5 [ront tires.
Using them reducos the tendency of tho [ront end to
gink and that results in less rear tive spin coused
by tho need to force the vehiclo up out of deep [ront
tire ruts. When the front tives sink to tho extont
thoir esenpo anglos arc no longer relatively low
(the angle between n tangent drawn perpendicular
to that tire radiua bisecting the wadge of material
in front of {t, and n plane parallel to the roadway
surfaco) even an aggrossive roar tire troad may

7

Fig. 21 - Floatation 15-22, 5
installed on the froni axle

16 ply tirea were

bo Inadequato to keep the truck moving,

A very low ereeper goar was of no valuo In
provonting or overcoming problems enused by
oither non~-[loating front tirves or drive tives with
non-aggreasive trond. The nature of the terrain
makos {t movre assentinl 1o be able to malntain
teaction when traveling through a landfil than
having o croopor gear to nssist In lrying to got out
of the hole onee tho truck hns stopped. The momen-~
tum lost when the driver shifts to a very low gear
aannot bo rogained, Furlhor, starting initally in
such o geny Jdoos not pormit speeds high cnough to
koep tho necessary momentum,

A linal concluslon, for purposcs of this Sympo-~
sium, Is that very aggressive lug type drive tires
aro gbsolutely necossary for suceossful operation
of refuse trucks in londfllls, Banning auch tives
in the name of noise reduction would result in
extremely oxponsive pltemato mensures (such as
towing all equipment in and out of dump site) belng
necessary.
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A Manufacturer Looks
for Quiet Tires

W. C. Long
Ganeral Mators Corp.

TIE SELECTION FOR HIGIWAY VEHICLES
requires much conaideration by the vehlele manu-
[agturor, Some of the selectlon criteria are the
following:

1, The load rating of the iire and the
corrasponding vim or wheel must match or be
cqual to, or greator than the rating of the axles
on the vehicle,

2, Ona must consider tire carcass durability
for the varjous operating conditions,

3. Tread wear,

4, Hetreadability is important by reason of
the fact that 75% of a truek tire's life 1s spent in
the rotroaded condition,

G, Ride and handling. Tlre Input to these
phenemenn ig becoming more and more important,
and may soon be taken out of the subjective evalun-
tion into the moasurable area,

G, Cost por mile,

7. Weight of the tire,

3, Rolling reslstance. A fnct that will
heecome Ineronsingly important as the cosl of
[ue! Increnaes,

9, Road haeard resistanee,

10, FMVSE 119, the now tire rogulntions and
corresponding requiremonts under FMVSS 120,
the new wheel regulation,

11, FMVSS 121, the recent air brake regula-
tion,

12, TMVSS 105, the hydraulic brake regulation,
and

13, Noisolevel requirements,

Vahicle manufacturers must consider fans,
engines, mufllers, tires and related wind nolses,
Primary consideration is tho 35 mph pass-hy test
with noisc lovels measured while the vohiclo 13

The aelection of a heavy strvico tire for
highway (ype vehleles requires careful considera-
tion by the vehicle manufacturer.  All the Improve-
monts that have been made in hoavy service tires
gince 1923 nro atill with us, bul It must also be
noted that o few itema thal woro not with us five
years ngo, such as FAMVSS - 105 and FMVSS - 118
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in its maximum acecleration, Considering an

83 dB(A) low speed stamdard, heavy seryvice tiro
nolse {5 not a mojor eontributor at 35 mph under
the present J3GG6h conditlons. The 50 mph const-
Ly tost (SAE J57a) was devised inan effurt to
separate the varlous sourcees of noise emitied by
truek thres, Sinee the 1972 "Truek Tire Noise
Symposium" sponsorved by SAE as part of the truck
meeting at Fort Wayne, Indlana, mueh progress
hag been made by the thre manufneturers toward
the development of a quloter drive axle Ure,

Let us now consider what a truelk tire has
to do, It must support loads in n varioty of
envivonments, and at a variety of speeds, Thig
accounts for the proliforation of tire constructions,
tire materials and tread patterns used in track
tires, We require that the truek tire ride and
handle ns woll as possible, 1t must have durability
oxtending inte hundreds of thousnnds of miles, and
must be recappable. It must meet certain require-
maents because of the FATVSS ~ 121 air brake law,
the FMVSS ~ 119 Tire law and now we must
congider potential maximum nolse level require-
moents, Al the GMC Truek and Coach Division, we
find that some lower puss-by nolse level Lires are
now avallable.  Lower noise level traction tive
reguintions will hnve obvious offeets on eusiomer
demands for cortain type tives, 1 has been common
practice for many years in the trueking industry
for the customer to speclfy all sorts of tires fram
a large variety of manuicturers.

Beenruse of regulations such nag FMVSS - 121
and the upeoming noise level regulations, we
helievo that it wilt be Impessible for the vehlcle
manufachiver to honor such requests or speeifien-
tions from our cuslomers for certain type tives in

through FAMVSS - 121 roquirements have been
added, 1In view of the impending nolse level
requirementa for highway type vehleles, much
work has been done by vehicle manufncturers to
depress the various sounds emitted by their
respective vehicles,
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the fuure,  This represents n major chango in
truck manulacturing policies and the purchaser's
desires.

Asz you might suspeet low noaise requirementy
will eliminate some of the well known "eross bar”
and ""erosg ug" type tives that have heen famllinr
to our truck customers for a long Ume., Thia is
abvioualy most important on tandem axled vehicles,
hut it 1s felt that contro) of engine related nolse
and contrel ol tive noise will yleld acceptabie low
noiae level trucks,  Another diffienlty to be
considered Is the nolse level produced by roeapped
tives, becepuse the varioty of retreads is grent
and Lhis is of course, boyond tho vehicle desipner's
control. Thls situntion is most [mportant to the
truck owner becauso 75% of n truck tre's life is In
the recap stale,

Speeially vehicles, or highly vecationnlized
vohicles, such as those used In mining, logging,
farming or off~highway operations, might present
# apeeinl tive problem to tho user of the vehlele,

It is conaelvable that speeind vehiclo tires coutd
spend 99% of their life In off=highway use and yet
be penalized in traction requirements beeausa of
the noise level modifications requlred for the
small amaunt of time spent on the highway to
abtnin fuel ar repairs.

In the past, drive nxle tivres wore developed
with thicker, Mocky treads (known as "up" tires)
at o small premium price. ‘I'Mis type of tire has

been the backhone of economienlly sound truck
operations, The using vehicle yields more miles
per tire dollar spent. A real tive bargein,
Although the eross [ug tive hns been ono of the
major components which hay helped the develop-
ment aof the trucking fidustry, ihe very nature of
this tire and its relrewd consins hove eaused some
of our vehiculnr produets lo beeome nolsy at
highway speeds,

In an oflert to detormine what the minimum
sound level obininable on any truck is, enrly SAE
J37a mensurements were mide on completely blank
tires, The lowest tevol found wis GB dBB{A). This
I8 considorably cuicter than the levels ohserved
on some of teday's production tires, Ploase note,
howovor, that such a quiet tire s complotely unsale
for higlway use.

It {8 10 the domestle tro manufacturer's credil
that they have already developed and aro preparing
ta ship new qulet drive axle tires, The new tires,
we {rust, will produce equnrl or hatter tread life,
tractive effort, superior braking enpnbilities and
lower sound lovels.

It should nlso be obvious to tho users that
new tires require all new molds, and a probable
increaso in lire prices, Whether or not ot further
deerense in lire noise levels of drive axle tires
is poasible; the ebvious quesiion [s "will il be
cost cffective 7"
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HNEAVY TRUCK TIRE SELECTION AND USE
PANEL DISCUSSION

Mr. E. Clair I was moderator,

Papers were prepared and presented by the
following panolisis:

1. My D, R, Watson presented "Qulot Tives -
An Ovorview!!,

2, Mr, Al Bervger proscentod "Tivoe Design
Conglderations for Refuse Vahlelos'.

3. Mr. W, C. Long proesented "A Mnamtlncturer
Laoks for Quiet Tives",

4. Mr. B. Bolstnd (presentor) prescnied "Current
Ileet Tire Eeonomies™.

5, Mr. K. D. Penaluna presented "Economic and
Mobility Considerations in Tire and Retread
Selection",

6. Mr I Vollmer prosentad "Iire Use Inn
Commeon Corrier Flect',

Following the prosentutions, the {loor was opon
for questiona,

MR, HINDIN: Mr. Walsen made n stilomaont
that radial tires were Loo oxpenaive for those move
Ing vans making few Intorelty trips. [ assume you
are saying that the radinl tive 1s an interclty tive,
but pet n {ntracity tire. Can you comment a bil
further on that?

MR, WATSON: On a high cube fumiture von,
usunlly 13 it 6 In high, drop {rame, a radinl tive
jusgt does nol perform sufficlontly to warrant pur~
chasing it, We are totally on alr ride suspension,
and with the combination of tho high cube, that
suspension, and a light load, the radial tive doesn't
perform any botter than a bins ply tive, inour
oxperlenco,

It has n tendoney to wear Irregularly on a
traller axlo, and cup out promaturely. Our tractors,
are nlso lopded light, and a mnjority of thom have
afr ride susponsion.

Our bnafe radinl problem s [rrepular weayr
and premature cupplng on the light loads with the
nir ride suspenslon,

MR, HINDIN: “That's with a 10,00~159

MR, WATSON: That goes clear through the
10, 00~20'a, Our drop [rames are all the 10, 00-20's,
Our 10. 00-15's are on the electronle vans, They
are basleally for rond use, and wo have to go to
rodials on the mafority of them. They are londerd
more heavily, Wa sUll encountor the prolilem
with the aiv vido susponsion and the high cube. It
ggems the high traller with the low floor and the
amunll tives on that aly ride suapoension cresles
many different problems than on o regulay spring
suspension [reight van,

MR, HERSHEY: We had some comments
nbout the use of the tiras for refuse velicles, Do

you have any ostimute of how many trucks are In-
volvod tn this kind of service whete they actually
have to go Into lnndfills, inte this mud?

MRt. BERGER: Idon't have an axnct fguro
of how many refuse trucky thero ave in the United
States.  The number I have seon published is in
exeess ol 80, 000.  Your question is how many of
theso have lo o into the landfill, and [ think you
nve tnlking about 90, 44%. If they don't go into n
Llandfill, the only other place they eon o is to a
transfor station. Boeeausa of their cost, there are
vary foew of themi. Ultimnately matorial tnken to a
transfor station must be cavried o a landfill. That
is dono with tractor-trallers, so you avoe replacing
possibly four loads of a city~type rofuse truck, but
now you are carrying it with an 18-tire tractor~
treallor,

In one senso you ave only cutting down by
roughly halfl the number of tires, Wo still have lo
dump the trash {n the landfill; somoehow It has to
gat off the road Inta the landfill,

MR, ITLL: OFf course, you all romember that
trash trucks nre net tho only ones that travel hoth
on and off tho road. You have dump trucks, off-
highway construetion vehiclas, and farm trucks.

I wouldn't venture n guoss as to how many of thom
thero are.

MR, HINDIN: On your molility worl, M.
Boergoer, Instend of using dunl tives on the drive
axles, have you used large single tires?

MA, BERGER: Yes, we have tried that, “The
preblem is that on a tandem axle, we know wo are
hauling 36,000 1b legnlly, We also know that
beenuse of the uncertninty of what wo are carrying,
thut we have p tendeney to run overlonded., It is
possible we might go to 44,000 lb on a tandem.

Wo have leprned, If you divide thot by four
rear tives, you [ind you necd a single tive that ean
carry 11,000 1b, We know of none for the drive
axles,

Even whon we went to 18-22. 5 flotations, and
maintalned the nir pressure to got the maximum
loading, we wore running overloaded, and had pre-
malture tive failuros. ‘There voally s not & {lolation
tiro Lhat will do this.

Tha second problem we ran into whon we tried
a Inrger tire was that thers was no wheel equipmont
to handle it on the rear of the trucks, Wo have had
to take such troes off the truck drive nxles.

MR, COULTER: One of the things that wo aro
congidering is requiring the substitution of rib
tivos on some types of vehicles. One of the things
coming out of this meating is, that for some ol the
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teets, vib tives are perhaps a way of going that
will cost a lttle bit move manoy, And wothoy

fleot Is In o sltuation whora doing that {s Impossible.
Anyhody that has to wanday through the mud and the
gluck of a construction site 1s golsg to have a lug,

Ave the typas of vohielos that are now running
and which neod to operate on lug lires, nlarge
enough portion of the freewny traffic to worry
about?

It might be that all that s vequired in the way
of regulntion {8 to exompt the follow who spends o
[nir amount of time ofl~rond and has to keep lugs.
But regulato the flects that operate from central
clty polat to central city point and nre able to run
on quioter tires. Is it worth regulnting thom inde-
pendently of averybody else to get the heneflt, ar
are thero enough of the off-highwny vehlcles on the
highway 1o show vory lttle benefit?

What I nm trylng to ask s {f, in the long term,
{from the [lguras I huve seen theve s not much
point in dolng anything for the next few yorrs until
tha now vehicle regulations start to have an Impact
and start to bring tho levels down) should we bo
tnlking about regulating only the fleots that ave
operating on the rond and leave tho others nlone ?
1s that worth it, or will it jusl cnuse confusion ¢

MR. HILL: I don't renlly know how you would
separate them because you have many vohicles that
nre operating both on and off-highway in the form of
loggevs, plywood haulers, chiphaulers, bull haulers,
cte. 1 olse think that it s probably falr to sny of
those on the highway, whothar they are common
carriers or whataevey, 75% of thelr drive position
tires are cross rib design heenuse of cconomies.
Is that ahout right?

MR, LONG: I would say that, maybe higher.

MR, STRAWIIORN: I think a rosponsc is that
jackrabhita don't comploin about nefse, What you
ave aaying is that tho long-haul carvier is the ono
you would be looking nt, nnd what I am snying is
that most of his timo {8 spant driving by the jack-
rabbits,

In tho central clty on the heltways whero the
complaints come from, this is where tho garbage
hawlera are working and this {8 whare the dump
trucks aro working. Although the overall percent
of such vehicles may he low, and thair totnl mile-
ago may be low campared to the leng-hnulers,
tholr work 18 right In the aren where you got tho
complaints.

So [ think that's whore you et the problem, and
I don't believe diffeventinting or separating just tho
long-haul enrriors would help, bocause those vo-
piclea left would still be making noise.

MR, CLOSE: Mr. Derger, [ noticed in pll of
youyr testa mnd plctures your handeut tlre waa new,
while the othors weren't.

Do you have experience 03 to how long the now
handeut tive stays new and gives you that new troe-

tion porformnnco?

MR, BERGER: Iknew that question wns going
to be asked, so I brought the information.

When we stariod this Live test program thera
were sevoral arens that I had ns objoetives. The
firat thing was to get out of the land{ill, which we
ngecomplished.

Tho second thing was to veduee tho flat tives,

We also looked for trond 1ife, and recappability.
Wo may bo {n the refuse husiness, hut we aro in the
trucking businesa Just like everyhody oclse. Wo
Jjust haul n different commodity.

In working with the tire manufacturer in crenting
these doep lug tives, e was very hesitant s to tho
trend pattern that we wanted, but based on the ple-
tures und subsefuent discussion, two molda wera
made, The purpese of the mold (by the way, thesa
ware tubeloss molds) wns to got enougl tives to
to detormine troadwear rales.

They were lorrible. Wo are talking about any-
where [vom 260 ~ 400 miles por 32nd, which is very,
vory exponsive.

Another thing we found out, liowever, was thal
beenuse these wore tubeless tives with an inflation
sealer ndded, we lind eliminnted 50% of our Mats,
and for the firat time in our lives, we were netually
leeeping the tives on the truck long enough to see
what some of our other tive problems arve.

Tho first reports of this typo wero that tho tirse
on the rear axle of the tandem were wearing faster
thon tho {ront nxle of tho tandem,

This roport enmo out of an operation In San-
dusky, Ohio. New, the normal reaction to soma-
thing liko this s somebody put in n wrong rear
axle ratio, One nxle is running at one ratio and
tho other is mnning nt another ratio.

S0 we want to Sandusky, We dld everything in
our powaer {they hael the right ratles) hut couldn't
detormine why one nxlo was waoaring fastar, The
ronr ixle of the tandem was wearing lwice as fast
as the front nxle, but everything wns wenring
cvonly,

Then we atarted Lo got reports from San Joae,
Californin vory similay to that. A subsoguont
fnvostiggation proved 1o us Lhat boonuse of all the
mancuvering that we wore doing, the front nxle of
the tundem was acting ke a single axle tractor,
Bt the renr nxde, bocause of the solid suaponsion,
was being dragged nround.

Now we had an opportunity to truly soc tread
Hfe. The tire manufacturer built enough tires for
us to put them an six tnndom nxle trucks. The
noise lavel did not change, even though these tires
wore mado from n moeld, They wore not handeout
tiros.

Wo had them mado from three difforent com-
pounds, which we teymed A, B, and C. Tho tiros
ware hranded, tnd we did get different tread life
with the different compounds,



Wo still weron't happy oven though we actually
got up to 600 miles por 32nd, Again, [t depended
on the typo of oporation, If we are talking nbout
tha front loader, that picks 100 to 150 contninors
n day, depending on several varinbles, it doos o
1ot of twisting, going into npartment complexos
and very tight avens, On the othor hand, trucks
that have loss trequent pulls, which we eall rolloffs,
do a lot more driving during the day.

Anywny, we trled to analyze the troad wear por
32nd,

I have some {Ipures with me that arve astro-
nomical, in my oplnjon, We nre talking obout
1505 miles per 32nd. Rememboy, we started ot
200 and 300 miles per 32nd. Every month wo
cheek the mileage on the trucks for this test, also
the air pressure, the tread dopth, and the wonr
rate per 32nd,

We {ind that ng the trend starts to wenar down,
tha wonr rates docrensa, in other words, with the
tires new we could be talking nbout 839 milos por
32nd, then up to 9650 miles, 985 miles, 1120 miles,
1259 miles, 1223 miles. Agnin it Is Inlevosting
that on the front axlo of the tandem, the two right
tires are at 1223 miles the two loft tires at
1505 milea. This tells us the truck 13 meking mere
right turns than left turna.

1t nlgo tells us that this s n eity-type truck. It
happena to bo [n Talrfax, Virginia servicing Wash-
ington, DC. That truck goes nlong a lot of divided
highways or four-lane highways, takes a right,
ploks up the trush, comes out, takes o vight; every-
thing 1g o right turn. e {s pivoting on the right,

Sandusky, Ohfo Involved n two=lune highway, n
loft Into a plant, a vight out, n right fnto a plant, a
right out, We aro able to tell by the wear rato of
the tires what roule the driver Is on.

What we aro [ntorested In was wly we Jumped
to 1500 miles per 32nd, The koy is rotation,
watching the alr pressure and rotation,

We are still not happy, but we are making
progress, so [ would sny in answer to the question,
when we started out woe recoghized the [act that the
lug tire wears vory, very quickly, but we arenl
the point where wo nre gelting bettor and better
mileage.

MR, CLOSE: low long do those tiros provide
you onough traction lo pull out of the dump?

MR. BERGER: What do you mean, how long?

MR, CLOSE: [low much wenr can you sustaln
before you are unable to get out? Whon do they
stop wiggling nnd atop wearing so much that thoy
stop digging out of the dump?

MR. BERGER: There is no question that the
less trend we have the more we must he towed out,
From a porcentage point of view, it Is difficult to
say, hecause this is still a test program going on,

When tho Lires are brand new, traction I
pheromenal. T don't know ot what point of depth it
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ahanges. 1o know this much: when wo tried
radinl tives ~ whieh have halfl the depth - fwo
interosting things happoned; [irst, we dldn't have
the tractability in the landfill beeause a radial lug
tire fa not really a lug tire,

The seeond thing wo have lound out - which T
cannel doetument beeaunse [t has only been done at
a couplo of companies, and I am not really at the
point where I want to stand up and wave a {lag = hut,
wo soem to got o fnstor wear factor out of a radial
tire than a non=radinl,

The only reason we ean think of for that hnp-
pening is that we do 80 much squivming (turting
maneuvers that produece much tread serubbing),
and the radial thre Hkes lo stick, so we arc nctually
wiping out more rabher hecanse of that,

We don't obtain ns good mileago, even with
rotation, with o radial tire, as we got with g bins
ply tire, but it is not at the point where 1 can stand
up and say that I am nbsolutely aceuraie,

1 den't know how low of a troad depth you must
have to notlceably lose traction. I do know this
mucii: the difference between 20 and 10/32nds
makes a difference, so I would have te say that
when the 40 gets down to 20, we are in trouble,
lowever, tho othor thing we are doing - and this
is one of the vequirements on the tread I mentioned -
is that {n the beginning we had 20/32nds of tread in
in the fnner four in, two in on cither side of the
eenter har, When we get down to 20/32nds, which
means there 1s no eenter bar really, the tire looks
worn smeotl In the eenter, so we effectively start
with 20/32nds,

MR, NILSSON: Was your tire tread in any way
a rundom [zed pattern, or was [t equally spreed?
Wag the space between bloeks different around the
tre?

MR, BERGER: The tire we used wits #th
exlsting tre that we subsequently cut up, and we
did open it up for o constent gap.

Now, from the shape of the tire, it opens up
more townrd the outside than in the middle, but it
is n constant gap oll the way around per in out. All
the dinenslons were the snme,

I might add that with regard to the Lire T mon-
toned, from which we nro obtaining 1500 miles per
382n¢l, 15 not the tire we showed here. Regnrding
the tire woe showed hero, the best woe havo been
nblo to abtaln is about 00 miles per 32nd,

We went to n different tread design with a
difforent tire manufncture, and very sffectiveoly
have gotten n 60% Increase in milenge,

MR, NILSSON: Soyou can make even quieler
tras if you nre randomizing the tread pattorn,
maybe ?

MR, BERGER: That's entively possible, It
can he qguioter, and It is entirely pessible that wo
cin get hotter tread wear,

T might state that when you tnlk nhout 1500
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miles per 32nd on n 40/32nd tire, you are tnlking
aboutl 60,000 milea and for the refuse industry if
you can get 25,000 ~ 30, 000 miles before something
dumuages the tire, you nre doing well. We could,

In working with the tire companies, possibly come
up with o compromise in quictor tires and still
achleve long milengo and good production, Bul [
think it is very, vory difficult and I think it re-
quires o grow deal of 1ima,

MR. MASON; I havo one moro guestion on
that quiet tire,
1ow did you documant the nolse of 1t?

MR. BERGER: We didn't mensure it, We
wre fquite clear ns to what the sound of a wearing
tire Is, Riding by the slde of the trueks In an huto-
maobile, we anticipatod the normal sound nnd it did
nat ocour,

Whather that means that o quicter tire ean run
at 88 dB{A) and not bhe henrd, but another ean run at
72, Tdoubt that [s the ¢nse, [ have to assume it [s
n quieter trve,

MR, BERGER; Iwnnt to nsk n question of
Mr. Close or apybody else from the govornment,

Thore wns n presentation mado this mornlng
by Mr, Loasure that scems to counter o lol of the
information given hore, and bosed on what has been
gold this afternoon, Iweould lke comment as (o
whethor or nol wo are all off basa, oris thisa
bit of an cdueation to the point that we can feel
thore is some hope for what we nre trylng 1o ae-
complish hore?

Is this really tho good guys agninst the bad guys,
or what do you think at this point with reforence to
the totnl economics, the teaction and all that? 1s
there a trade-off hetween noise and cconomies ?

MR, CLOSE: I guess I would preftce the an-
awer by anying I didn't henr one sot of angwers
coming frem this panel, but n whole variefy that
sort of expand ihe speetrtm [rom totally successful,
quieter tire aperation on the Etst Const and Midwest,
to some feelings that, '"moige he damned", whieh
used to he tho answer recojved from one earrier,

Safety was the predominant thing that was
driving ane operation to what happens to bo quieter
tirea, Others say, "We need what looked like
nelsy tires, but we don't hear neise coming out of
them. "

1 dida't hear ane answor, | hope you didn't
eithor. We have invited n cross-section of views
to try to put these answers, or these opinions, or
datn, on the record, so that those who will make the
deciston about tre noise regulaiions - and [ can
tell vou right now I am not the decision maker ~
will inve a good record to look at, and that this
reeard will be dotermined in r professional society
mecting rather than {n tho advorsary halls of a
regulatory hearing in Washington,

Does that anawer your question?
MR, BERGER: Lel me phrase 1t very quiclly.

In your opinion, although you don't make the rules,
Is there an aron for conslderation for the apecinlized
carrler, bo it Ruan or Hrowning-Ferris or anyone
like that ?

MR. CLOSE: 1 think in terms of Lhe covaidera-
tlons that will be glven In Cilifornin, In the past
tho Highway Patrol has indieatod thejr concarn
with all the spoeialized interests of motor velilclo
safoty, noise, ote, Iam sure it will happon agnin,

In terms of what will follow the idontifleation of
nelse from tres as a major sourco of noise, agnin
the censidoration of all of the economics, and
sufety fnctors, will bo given. [ow the answer will
come out and how much welght will be glven ten
hauler of ene commodity versus n hauler of another
commodity, 1 cortainly couldn't guoss,

MR, CAMPBELL: The writion record will
show that Mr. Leng displayed pletures of five or
six of what he enlls quist eross-lug tires in contrast
with picturoes of real eross-lug tires, whiel are
currently heing used. The written rocord may not
show that the so-called qulet eross-lug tires are
not really oross-iug tires, ‘Thelr ugs wore out
down sufficiently to make them quicter, to nppronch
the circumierentinl rih dosign conflguration,

1 doing that, you make more of o rib tre and
less of a cross-lug, se you have an in betwoon tiro.
The snmo poes for its porformance eharncteristies,
it 1s going to perform the way it looks, somowhero
{n between 1 eross-Iug and a rib.

There is no {ree lunch on this tread design
business, I you are going to give up some of the
croas-lug, then you arg going to givo up somo of
the features {hat the cress-lug provide.

Without that understanding, Mr, Long's pnper
might he somewhnt mislending,

MR. LONG: Iwouldlike to volunicer a
challenge to tho tiro manufneturers ot this slage
af the gome, [ think tomorrow and the next day
will soo some [{reworks regarding SAE J57u,

You all know that a standard surlnce s the
one thing that we really need in the measuromont
ol tire noise lovels. 1 want to give you tho gorm
of nn ideg; mayhe you enh make something out of
it,

If you consider o singlo wheel trailer somewhat
similar to or exnety ko the ono that Mr. lckling,
sitting back there, and Mr, Wilken hnve developed,
upon a track mnde of some super material, the
material of the futuro, you might be able lo goner~
ate a ompletely standardized surfaeo so that some -
bady testing the tire in Goleborg, or Yokohama, or
wharever it might be, would obtain the same results
that the domoestic tire manufncturers or the regula~
tary ngencles would mengure,

A single whee! trailer dragged the tire down
upon a frack composed of an advanced composito
material, Advaneod composiles are made of g
varlety of new materials, Ihe one I have with me



happena to he woven Teoflir and high modulus
gravity materinl, Tt will support fantastic londs,
and you ean contrel tha surface,

It can e made in any thickness and innny
length, Yeou would, of course, have to tack it
down to your frack so0 it wouldn't movo during the
tast cyele, You cun mull that one aver, gontlenen,
I hayo a sample hore, and if anyone wants to look ot
it he may,

It {a mado by General Dypamies in San Dicgo,

A socond idea is for our [riends {n tho govern-
mantal agencies, Why don't you keoep your highways
clean? 1 believe that if you had high-specd elenners
for the fedoral highways or state highways, as the
caso may be, that we weuld avoid a lot of the prob-
loms noticed on tho [ront tires of trucks. Intrusion
of metal, particularly in the right front tires, is a
problem to fleet operators,

You may wish to design high-speed trucks,
ralatively high-apeed cleanors, oporating in the
aren of 50 mph, containing only magnets Instond of
the swoepers, I think n lot of our problems on the
highwnys would be alleviated.

MR. STRAWHORN: Ican't stand to see Mr.,
Ames not saying anything, so I will pick onhim a
littlo bit.

We have talked quite a bit about various wear
rates beeause of difforent types of operations, but,
Mr, Ames, you have the same oporation, only you
go in various parts of the gountry, Certainly your
tractor and semitrailors, and to n logser dogroc
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your doubles, aro run in the mountainous parts of
the Wost, the plains In the Midwest, and the rolling
country {n tho Enst,

1 would Ifke to hear your comments on, given
the samo tires on the same equipment, what the
tervitory itaolf hns to do with tire wony,

Il we enme up with a wear rato or a cost per
mile history of the {ire in genernl, would that be
samething that would be true for each region, or
does it vary markedly between regions ?

MR. AMES: Iwil sny reglons will vary con=
aiderably; the more hills, the more turns you havo,
tho mare trend wear you will bave, The Intaratate
Ighway is the freest way to run, T really don't
check olosely by regiens, T watch cost por mile
and know what my tires are averaging per 32nd,
and what the hest buy is, because we nre going
to run all routes anyhow,

MR, IILL: ! don't belicvo there is any ques=~
tion that terrain and opernting conditions make a
differonce. In our own operations, as an cxample,
wo certafuly don't expect to get the same trend
mileage operating over the pagses out of Denver at
11000 ft as we nro pgoing to get {n Texas going
across the prairie,

In o Mgh density arca whero we have a lot of
stores within a matropolitan aren, we wipe off
more {read mancuvering than we wenr off going
down the highway, You can plek it up iImmediately
in tire ecoat per mile figures from division to divi=
slon, depeading on their loeatien,

T R
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Functional Requirements for
Light Vehicle Tires

J H, Schutz
Chryster Corp,

A VEHICLE MANUFACTURER must choose {ires
for n vehiele with a definition of that vehlcle

and nll Lthe physical and legnl roquirements flrmly
in mind, Tire selection critaria discussed in this
paper are vehicle marketlng, complinnce to
Federal Standards, ride quality, handling, tire-
vahicle uniformity, tire durability, Mgh speed
enpability, rolling resaistance, skid snd traction,
tire wolght, and variong miscollnneous frctors,

VEHICLE MARKETING

Vohicle marketing fnctors [nfluence the basic
clioico of tires as to the desired performance lovel
of ride, tread wear, handing and other qualities
that make up porceived volue [n Lhe eyes of the
customer,

Styling and mnrketing dictate appearance
factors Including aspect ratio, sidewnll treatment,
and trend pottern, Al qualities must, of course,
be wolghed agalnst cost,

COMPLIANCE 70 FEDERAL STANDARDS

Tire and Rim Associntion recommended
practice, Fodernl Motor Vehlele Safety Standarvds
105A, 109, and 116 and [ndividual state reguirp-
ments determine the minimum sizo tive for n
particulnr vohlele, the width and configuration
of the whoeal rlm, and the loevel of dry traction
performnanece in conjunetion with the vahiele's
braking capabllity, The tire's tolerance of
overlond and high speeod operation, {t8 resistance
to impact damage, and the ability of the rim to ro-
tain tha tire both under sovere sido load and upon

Tlre solection ks an important task forn
vohiclo manufacturar, No other component has
such a combined Influence on & vehlele's ride,
handling Interior and exterior nolse jevel, stopping
ability, and appearance, Tires supplied on n new
car affect the customer's perceived volue and con-
sequent aceeptance of that vehlcle and, later on,
thelr replacoment 18 [koly Lo be the largest aingle
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ntr loss nre also govarned by these lows, The
Lire-velicle system must eomply with requlve-
ments for humpor heights, headlght aiming, ronr
vialbit{ty and nolse tovel, In addition, tires

are a significant factor In the vehicle's per-
formance in omission and fuel sconomy tosting,
Future regulatlion thut might furihor influence thre
soloction includes the incroasing levels of fupl
oconomy and reduced pass-by noise,

RIDE QUALITY

Ride quality selectlion Is lnrgely 1 subjective
process dono by n ride Jury comparing eontrol
tlres with experimentnl seta. Evaluations nro
generally made over a spocific combinntion
of publie roads with o varlety of surfice textures
und small impaet bumps,  Ratings of all tactlle
andd audible sensations are made ushyg a 1 - 10
rating system which roliles to customer aceeplance
and competitive proetice, The ride quality In-
fluenced most by tires s impact hershness, o
combinntion of nudible and tactile sensations
produced inside a vehiele traversing n vandonly
rough surface. Pnrticular segmenis of the sound
gpectrum stand out beeause of resonimees in tho
tlre carcnss or the vehicle suspension, structure
or bedy cavity.

"Boom, " for example, I8 a relntively narrow
bund low frequency intorvior audible disturbanee
which certaln radial play tire-cquipped vehicles
are prono to exhibil beeause they have a floarpnn
resonnnce thal 18 too elose In (requency Lo n
radinl ply cavenss rosonance. "Rond noise"
likewise Is an interior disturbance made up of 4

malntenance expenae for the [irst or socond owner,
Consideration of many fuctors lends Lo the
solection of tires for originnl equipment use, This
paper reviews the major objectives of a new thre
nppraval program at Chrysler. Tive selection
from a vehicle manulacturer's peint of view starts
with a definitlon of the vehicle and n review of the
physical and legal vequirements that pertaln,
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gorios of vehicle resonances responding to the
tira carcass which is being oxcltod by a course
rond surface, Changlug o tire's resonant
reaponse signiflcantly is not usunlly possible
othor than by altering the bhasic construction of
tho tire, from radinl to hins for example. Small
shifts in {requency rosponse, howover, cun often
be made to enhance the ride quality of a parti-
culnr tire-vehicle combination without adversely
affecting other performance parnmeters,

Trend noise and alup are alrborne disturbances
that nre partieularly influenced by the trend pattern
and tread radius, The tive manufacturer attempts
to devise o trend eloment sequenee that minimizes
narrow band tread nolse or whine, while producing
desired performanco [or trpction ind tread wenr,
Evaluntion for tread whine s mado on closed
aurfnco asphalt which accentuntes uny whine
tendenoy sind 18 done subjectively and objeetively
with both interior and esterior puss~by recordings.

Tire slap ovor expansion joints {5 rated
subjectively nnd {s primarily dependent upon
tvond element demplng and tread radius,

HANDLING

vehicle handling s strongly influcnced by
tires, Tire-velicle matching fs done initially
on an ohjective basis with computor models of
the vehicle and tire force and moment character-
{stles of current or proposed tires, TFina! tuning
of bath the suspenslon and the tires is done
lavgely by subjective jury gvaluntion with some
use of iInstrumented vehlcle dynamie compnrlsons,
Eloments of handling include:

1, Transient Stability,

2, Sioady State Stubllity,

1, Diroctionn] Stability,

4, Nibble,

5. Steering Eifort, and

6, Groove Wander.

rrnsient stobitity eonsisting of lane change
and evnsive mancuvers |s important In terms of
prediotebility in the hands of an avorage drivey
Quickness of stearing response, steoring galn,
and the degreo of damping in recovery all are
tnfluenced by the tives and all alfect the driver's
confidence lovol in the vohicle,

Stoady state stubllity 1s influenced somowhat
less by tho tives excopt that the driver tends to
sonso the vohicle's performnnce level Ina steady
state tum such as an gxprosswny ontranee ramp
Ly the noise level or protest cmanating from the
tives, Directlonel atnbility, or tho tondency of tho
vohlele to maintain direction with n minimum of
atooving input, 183 funetion in part of the tire's
solf-nligning torque and agnkn s evaluated by vide
jury, Nibble isa vida cvaluator's term for the
Liro's ability to resist traversing a longliudinul

ridge at o shallow sngle such as & pavement
shouldor or enhle car track, Radinl tires,
Lecause of Ltheir low enmber gensitivity, nre much
auperior to Has types in this respoct. Groove
wander, ov the slight side-to-side shulfte that
oceurs on grooved pnvement al first wis thought
related 1o nibble but investigntions have shown It to
o primarily related to the trend pottern and is
groove and vib gpacing,  ‘Treud pattorn develop-
mont nimed at eliminating {that tendeney is under-
way. Steering effort both in dry parking and In
low speed maneuvors is a function of both tire
construction and tread width, and is measured
objectivoly.

The tire tread pottern is o significant In-
fuence in all nspects of handllng, partleularly
translent stability whore shoulder rib and trend
alement stiffness are factors, and groove wander
in which rib width nnd spaclng nre eritieal.

PIRE-VEHICLE UNIFORMITY

Tlre-vehiclo uniformity refors to noise and/or
viheation felt inside the vehlelo which 1s genorated
on a smooth road surince as a result of irregu~-
lnrities in the tires., These qualities are signili-
eant in tive selection only in that the tiro manu-
frrcturer must be nble to produce n sufficient
yield of tires having balance and uniformity
levols that cause o minimum of ride distrubances,

Ride nudits of selocted ilvo s8tg are used
to establish halmee and unliormity specifications
for ench car line, spocificntions for which the
fire mnnpufacturer must sereen on 2 100% basis,
Ride disturbances that are related primarily to
tire uniformity includo shake, a high speed vibra-
tion oceurring al wheol revolution frequency
(10-20 eps); roughneas, a higher {reguency {20=-
100 ecps) tactlle or audible disturbanee in the
middle speed ranges; waddle, n low gpoed low
[requency laternl and/or vertical shulfling of Lhe
vehicle; nnd lend, a constant Interal force
generated by the tires which the driver must
overceme (o maintain a straight hending,

TINE DURABILITY

Tlre durabllity performance ia determined in
s number of ways, both by the tire and veblele
manufpeturer, nnd bolh on the rond and in the lob,
Rond endurmnce is determined by tread wear,
enrcass and bead integrity, ond belt and Lread
integrity. The lord formulas which are used for
gstablishing tire load-inflatlen talles are
assentinlly emplrically derived from the durn-
hility Mstory of tires in typlenl service. Current
durabllity testisg is ntended to rellect the limits
o1 extremes of cusiomer service and lnsure a
margin of porformance under rengonable opernling
conditlons,
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Customer oxpoctntions for lire performanco
canler around troad wenr, a diveet monsure of
value received. Accardingly, tlre manufaclurors
must be awnre of factors nffecting tread wanr [n-
cluding ellmatic and rond surfnee condltions
wherever the tire {a likely to be used, nnd any
unusual influence from particular typos of ve-
hicles such ag those with {ronl wheel drive, In-
dependent reny suspension, or other suspansion
goometry faclors,

Knowing nll this, the tire engincer must
devise trand wenr tests which project renlistic
nmilenge vnlues,

The vehlele manufacturer must fivsl declde on
n marketing bosls what tires the custamer will
necept, and then nfler selocting suilalle candidntes,
do whatever rond tesling is nocessary to confirm
thelr performance,

Accelormed ondurance tosting is done hy both
the tire and vehicle manufacturers to confirm a
tira's integrity while being subjected Lo high
cornering louds, driving and bhraking torques,
severe {mpact loads, all on a varlety of road
surfnces at loads up to and ineluding the tire's
maxiumum rating,  Durability testing of any new
trond pattern must also inelude a thorough

Investigation of irregular wenr tendencles such
as shaulder or centor wenr, hecl and Loe wear,
cupping or scalleping, and learing of tread
elements, Indoor whoel duraiiliity I8 used enrly
in # tiro devolopment program to conflirm Lhe
design beflore time consuming road testing is
bogun, and then is maintained n8 o quality audit
test during production,

HIGH SPEED CAPABILITY

High speed capabillly may seem unimportant
In this age of lawored specd lmits nnd powor-
limiuing emigslon controls, however the fact ro-
maing there nre sit{!l many cars eapnble of
approaching 100 mph and the tires must withsiand
apecds of that magnitude. Actunl rond lests of
high speed durabllity musl be vun to conllyrm n
deslgn, nnd are done with three high spoed tires
and one test tire on o epeclally prepared vehlele
on a teat track, Laboratory teste again nre used
to maintnin 0 check on a construction during
production,

Two calogories of vehleles require tires with
apeclfie high speed cortifiention: polics pursait
vehicles and those Intended for export to certnin
European countries. Vaorlous pollee agencies
vequire 125 mph enpubility, wherens the Europens
requirements nre usually that tho vellele manu-
ncturer determine Us top speed and then supply
certifieation that the tirea applied will run at that

gpead,
Tread puttern variationa must be evalur ad

41

for tholr effect on high speod ehunking, Lenring,
or cracking,

ROLLING RESISTANCE

Rtolling resistance of tives is n substantin]
portion of averall vehicle drag and (hus Is an
lmportant quanlity in the emisslons-fue) cconomy
development,

Currvently, the mosl successful technigue for
vating tive effects on fuel cconomy is a dirept
vehicte rond test mensuring fuel consumption
comparing control tires with teal tires, Lab
meqsurements of rolling resistance on large
dinmetor wheels are not always good Indientors
of road performince muinly beeause of the alight
revarse deflection in the contact patch,

A much groater dlaparily oxists balween read
performance and the Clayton dynamometer userd
for vehlele emigsion tests bocause its two 8 In
diameter rolls on 17 in centers enuse sovere
locnilzed streas. Radial tives, ns a result,
are generally worse for dynamometer fusl
aconomy than bins types, the roverse of thelr
typlenl rond porformance,

Selection of oplimum constructions for rolling
resistance s atill done on the road, but ipvesti-
gntiona of dynamometer porformance are currantly

netive.
SKID AND TRACTION

Good dry traellon performance la necessary
for compllanee with MVSS 1054 nnd 18 genarally
allninable with current 78 series tires. Corre-
Intion hotween skid trailer values and vehicle
performanee lins proved difficult so the hulk of
our testing 18 run with vehieles selected at the
maximum GVW for ench thre size.

Superior wet traetion and resisionce to
hydroplaning have been goals through all the
developmont phnsea of the ariglna! eqguipment
level radinl ply tire, This developmont lina baen
nchleved through comparative testing of many
experimenial tread patterns holl for wet sidd
using skid tratlers or instrumented vehleles and
for water flow pattorns uging ginss road surfacos.
Thig testing, done by tire and vohicle mami-
fneturers, hes produced trend patierns which yield
exceptlonal Lraction performance at very litle
incrense in noise lovel compared with typleal
blag belted tires, Pattern changes, sueh ns for
improved proove wander, must be compnrad with
oxisting designs to insure nccoptable performance,
hoth for traction nnd nolse level,

Show and lee traction performance of new
deslgn highway trond tires Is ostablished usually
al n winter test stution on a frozen lnke, or
some similar expunse of flat undisturbed snow,
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by mensuving pulling power and stopping distonces
compnred with existing highwny and snow irends.

TIRE WEIGHT

Tire welght has not really beon a factor In
tiro sclectton prior to the past year when {uol
oconomy targets ware estnblished thal stimulaled
wolghi reduction nclivity, Weight reductions
witheut significant changes {n tire porformance
are heing nchloved in bips, bins~helted and radinl
types, Target weights based on vendor compari-
sons and estimntes of welght saving potential
are established by model year nnd may influonce
sourcing.

MISCELLANEOUS FACTORS

A varioty of other mlscellnneous tosla are run
on any new family of tires to Insure thelr
galisfuctory performanco Including ozone cffecls
on sidewnll compounds, curb sewlfing Lo compara
differont sidewnsil configurations for tho degrec of

protection glven the whitewall or raised lellors,
aned o plant mounting trinl to establish tire and rim
compatlbility through an automatic mounter,

A test that perhaps should bo considered o
durabillly test Is one run with pew familles of tires
o determing thelir run-soft capabllity, that Is
their tolerance of under-inflation, tho degroo of
warning {n the form of vibralion, nolse, or
handUng deterioration given tho drivor preceeding
a failure, nnd Lthe ultimate modo of fallure re-
sulting from under-inflation,

To summarize, any new tire desipm that 18
considered for orlginal equipment use is subfected
te n wide varlety of tesls Lo [nsure the expocted
ride and handling performance of the now vehicle
and to provide the optimum combination of trend
Nfa, durability, fuel cconomy, skid and traction
all In conjunction with an aeceptablo noise level.
The interrelntionships nre complex and any
algnificant shift In omphnsis has the potantinl for
detertorsting the halance In porformanece the
customer hns come Lo expect,
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Tig. 1 - [tems to bo considered in ire - vehicle
gystem

THE MODERN AUTOMOTIVE TIRT has progressed
a long way with the motor vehicle [rom ita inltial
inception. It is a vital factor affecting many as-
pects of lhe vohicle and therefore must be deslgned
and consldered ns a part of the entire vehicle and
not ns an entity.

Fig. 1 depicta items that must be considered in
the tire-vehicle system. Each of these ls impor-
tant, but equally Important ia the interrelationship
among the ltems to achieve n balanced deslgn, I
would like to 1Hlustrate, very slmply, what would
happen to our lires Il we optimized each of these
items by itsel{, This will illusirate the interrela-
tionships and the importance of having a balanced
design that provides the best overall tire-vehicle
combination for the customer,

WEAR

Let's optimize our tire for wear and sece what
we would have to trade-off, Our lire would look

A tire on a vehlcle I8 not a separate entity to
be considered only in itself., The tire is parl of
the entire vehicle and this enlive vehlicle must be
consldered In making tire selections,

Just aa important are the components of a tire

ABSTRACT

762007

Tire Parameters
and Trade-Offs

J, D, Velte
Ford Mator Co,

Fig. 2 - Oplimize wear

Iiko Flg. 2. It would have hard, thick troad with a
strong, steel belted radial ply carcass, a fairly low
aspeci ratlo, and higher pressure,

The result of this dealgn optimization would be
to penalize ride, wat and dry traction, noise, cost
and welght as outlined in Table 1.

RIDE

If wa optimize ride, our tiro could resemble
Fig. 3, and would have a fine ribbed soft tread that
was fairly smoaoth, o very flexible sidewnll con-
structlon, and a low pressure~n fat balloon tire if

you will,
A5 you can see In Table 2, optimizing for ride

results in n degredation in wear, handling, impact
and cut resistance, and rolling reslelance.

and the vavious paramelers to be considered in
tire demign. Care must be laken that any attempt
to optimlze a single parameter does not jeopardize
the overall quality.
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Tubly 1 = Peusdus 0 with Wea e Opimlrud

uramelery Teade-00ty
WEAIL - OPTIMIZER
RpE = WORSE DUE 70 NEAVIER CONSTRUCTION
HANDLING = LQUAL O SLICHTLY BETTER

WET THACTION = WORSE DUL 16 HAND TREAD

IHEY TRACTION = WORSE DUE TO LESS FOOTPRINT

IMDACT/CUT NESISTANCE - BETTER

ROLLING EESISTANCY - BETTEN
HOISE = EQUAL DN SLIGNTLY WORKE
CQST = KLIGHTLY MORE
WEIGNT = WolIsE

Fig. 3 - Optimize rlde
HANDLIRG

If we "vote for handling', our tire will have an
nggressiva tread dealgn, & low aspoot ratio radial
ply earcass, o softer slightly thinner tread com-
pound, and higher tire pressure. (Seec Fig, 1)

A8 shown in Table 3, with handling optimlized,
the result will be a tire that's worse fer wear,
ride, noise, and cost.

WET TRACTION

Optimizing for wet traction, as in Flg. &, will
lead us to a tire that has low aspeet ratios, lower
prossuro, and & tread design that hns & good open
eross pattern to let the water [low away from the
footprint area, A softer tread compound would be
used,

With wet lraction oplimized, we will loss oul in
wear, handling, rolling resistance, and noise s
outlined in Table 4,

Table 2 = 'fPrade-cHis with (lide OpLmzed

Purimuters Teadue-iHin
WEANL = WOHSE DUR Toy LOW BRESSURE AND
IR N ELYMERTS IS TIE TIREAD
NIEHE = DETIMEZED
BANDLING = WORSE IFE 7O LOW PHESSURE AND

FLEXINLE SIDEWALL

WET TIACTION = EQUAL QL BETTER

NRY THACTION = EQUAL L BETTEI

IMTFACT/CUT RERISTANCE = WORSE DUR 'TQ PLESIRLE CONSTRUCTINN

NOLLIKG RESISTANCE - WORSE
NOISE - SLIGHTLY BETTER
CONT - LQUAL
WEIGHT - EQUAL

Fig. 1 - Optimize handling

Tablo = Trmlu=ria with ludllog Oplimized
Pumsmelors Trale-0lfe

WEAR = WORSE NUE To SOPTER, THINKER
THEAR COM BOURR

HINE = WOUSE DUE 1O LOWER ASPECT BATICO,
TIGHEN PRESSUNE
HAKDLING « OPTIMIZEL

~ DETTER DY TO AGGRESSIVE TIEALY,
TOW ASPECT HATIO

WET THALTION.

DRY TRACTION ~ REFTER DUE 7O SOFTEIL COMPOUR)

™MEPACT/UT RESISTANCE ~ EQUAL

IOLLING NESISTANCE ~ EQUAL OH BISTTER

NOISE ~ SLIGITLY WORSE DUE TN AGGRESSIVE
TREAD

COdT = BLIGITLY WONSE

wEianTr ~ EQUALOR DETTER




Fig. 5 - Optimize wet traction
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‘Tuble b - Tradi=Oftn with ey Tractign Optim Lol

Paramelors Trniluscagfa
WEAR = WONSE HIE 10 SOITER, THIRKER TREAD
RIDE = WOUSE DIZE TaH LOW ASPECT HATI0
HANDLING = BETTER
WET TRACTION = WORSE LUE TO HLICK TREAD
THEY TRACTRIN = QPTINIZED
IMPACT/CIT NESISTANCI - WORSE BUE TOSOFTER, TIINKEN TREAD
HOLLIKG RESISTANCE = WOISE DITE TO LAHGER TOOTPINT AREA
NOHSE = BETTER
COST = WORsE

WEIGHT = WOEE

PFarmmeters
WEAIt
RIDE
HANDLING
WET THACTION
PIRY TIACTION

i MBACT/CUT NESISTANCE
ROLLING RESISTANC)
NOISE

CONT

WEIGHT

Tuble 4 « Trade-Offw wlth Wel Traction Optinzed

Trudu-0ils
= WORSE DUE TO SOFTEIE TIEAD COMPOURD
- EQUAL
= WOISE DUE TO LOWER PRESSURE
= ONTINIZED
= EQUAL

= BETTEN DUE 10 LOWEN PIESSURE,
“SOTTER COMPOURD

= WORSE DUE TO LOWER PURSSURE,
ROFTEN COMPOUND

= WOIHE DUE TO OPEN CROSS PATTERE
TREAD DESIGN

= EQUAL Fig. 7 - Optimize Impact/eut reslstance

= EQUAL

FMe. 6 -~ Optimize dry traction

DRY TRACTION

I'm sure you will reeopnize the California
dragslor slick If we optimizo for best dry tractlon!
The tire in Fig. G will have o very wide, soft,
thinner tread with no tread patiern end a very low
aspeoct ratlo,

AB you can gee in Table 5 doing this will ad-
versaly affect wear, ride, wet tractlon, impact and
cut resistance, rolling veaistance, cost, and weight,

IMPACT AND CUT RESISTANCE

Optimizing for impact and cut resiatance will
require a thick tough tread with closed tread pat-
tern, a belt wrapped down in the sidewall aren,
thick carcass, and lower inflation pressure. These
features are shown in Fig. 7.
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‘Table 1 = Trado-0ifa with mpact/Cw peaisiance Optimi sl

Parnmedves Trude-0fin
WEAN = NETTER
RNy = WORSE DUE T THICK THEAR,
THICK CANCAKS
HARDLING = EQlALL

= WORSE DUE 70 RAND THEAT, CLOSEL
THEAD PATTENN

WET THACTRIN

DY THACTION = WaltsE (UE To IARD THEAD

IMPACT/CUT RESISTANCE = OPTIMIZED

NOLLING RESISTARCE = WOISE DUE T0O INCREASED T ALASS

Tulile T = T rofo=¢A0s with Dolliag Healatance Cptbmirest

ssciees Trulo-is

WEAR - WORSE DUE 1O BARDEN, TUINKER THEAD

RIDE ~ WORSE NDUE TErTIGIE ASPECT BATIO AN
SR AIDEWALL

MANDLING = BETTERDUE TOSTIFY; SIDEWALL

WET TRACTION = EQUAL O BETTEIN DL PO OPEN PATTENN
ANDHTHIN TREAD

= WORKE BUE TO NERCCED FOoTeINT
HARDEINCTREAD

MY TRACT IR

= WONSE NUE TO TIINNER THEAIAND
HGHEn PrRESS!RE

IMPATTACTT NESISTANCE

BOMSE < BGUAL (0 SLIGHTLY WORSE BUL T HOLLING RESISTARCE - HETIMERD
TIHLK, MARD TRIEAD Nulsk - EQUAL

cos - 51 DUE T JEAVIE NSTRICTON

T WOHRS I DS TE JEAVIEN CONSTRUCTTON e, o SLIGIFPLY WORSE
WENT - WOHSE 5T AVIE NRTHICTION

i WOHSE DITE 7O UEAVIEI CORSTHLCTION WEIGHT - SLIGHTLY WOlsE

Flg, 8 ~ Optimize rolling resistance
Fig. 9 - Optimize noise
Spe Table 6 for the complete 1ist of trxlo~oifa NOISE

that nre made when impact/cut resistance are
optimized. Providing the bast impnet and cul
rasistance will dograde the tire for ride, wet and
dry tractlon, naoise, rolling resistance, cosat, and
woight,

ROLLING RESISTANCE

Providing the hest rolling reslstance (Fig, 8)
will ereate a radinl tire with a lighter conslructed
steel bolt that has a higher aspect ratio, stifl
aidewall, a higher pressure, and harder, thinner
Lrend with open pattern.

As you ean see In Table 7 optimizing rolling
rasisiance provides a lot of negatives - wear, ride,
dry traction, impact/cut resislance, and cost &

wolght,

Optlmizing for nolse would probably give us a
radial ply tire with o thin, straight, lightly ribbed
tread, a medium stiffness - higher aspect ratio
carcass, and slightly higher pressure. See Fig. 9.

As detalled in Table & optimizing for noise
would cruse us to lose In the arpe of wear, ride,
handling, wet traction, and Impact and cut resis-
lanes,

CHOICE INVOLVES TRADE~OTTS

As you have seen from the examples, a tiro Is
a complex combinatien of {tems that must all be
considered and properly halanced to provide Lthe
best result for the customer on his vehlele. We
would not imply that any of these characterlstics
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Tuhle ¥ = Trade-(ls with Kolsv Ophimlzed

Parameters Trude-0Hs

WEAI = WORSE DUE PO TIINNER TizAD
DK = WONKE DUE TonnGhiza mucssune
NANDLING = EQUAL O WORSE DUE 10 nECEn

FOOT IR
WET THACTION + WORKE DUE T TREAD DESIGN
DHY TIACTION » LQUAL
IMIPACT/CLY RESISTANCE = WOISE BUE TO THISSER TREAI
ROLLING RESISTANCE = EQUAL O SLIGITLY BETTEN
KOLSE = FHVTIMIZERY
CosT = ERQUAL GE SLIGHTLY HETTER

WEIGHT = EQUAL DI SLIGHTLY DETTER
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fs beyond Improvement - surely the siendy progress
made by the tire manefacturers logether with
vehicle manufacturer's efforls during the hMstory

of the nutomotive industry offer suffleient proof to
the contrary. T am sure that improvements will
conlinue.

But we would like to atress the point that
trade~offa nro involved, and that care should bo
oxerelsed lest we, in atlempting Lo optimlze any
one parameter, wind up providing our customers
with n poorer overnll tre for his vehicle.
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General Motors Passenger Tire

VEHICLE APPLICATION DETAILS must be
analyzed first. Theso Include iloms like the phy-
slen] space availalble within the wheel wells, the
tire static londed radius requirements for ground
clenrance and bumper helghts, individunl wheel
londs at various vehicle loading conditions and
whother the vehlcle 1s [ront or rear drive. laving
delined these basic parameters, {t is thon pessible
to uge u tire selection chart, shown in Fig, 1
which allows the possible tire alzes considered for
use on the vehlele to be compared in torms of
their overall dinmeter plotted against their section
width, The chart shown lllustrates soma new
1ISO-T&RA meiric tires that are designed with
section width {nerements of 10 mm nnd aspect
ratlos in 5% increments of 70, 75 and 80, The GM
originnl equipment toleranco boxes are indieated
around the nominnls, Varloug vehlele dimensional
constraints are then plotted on the ehart; for
pxample, maximum nllownble tive width consiraing
either the tire width {{self for undriven wheols or
tire width plus ehain elearance dimensions for
driven wheela, Thoe overall dinmeter of Lhe tire

is 1imited by either the velicle pucknging clonr-
anees or static loaded radius requirements,

These constderations define the maximum
width and Q. D, of the tire, In addition, vehicle
mass analyses define the requived tire lord eapa~
city, A velfele muat be equipped with Hiresofn
size that have sufficient load enrrying capneiy
for both normal load and maximum velicle load
conditlons as required by Federal Stundurd MVSS-
109,

The purpose of this paper is to provide an over-
view of Lhe process al selection, development and
approvil of General Motors original equipment TPC
passenger car tres, Wo have ntiempted to mini=
mize detatl [n ench apeeific aren, but fatond to
provide a genoral comprehension of the thought pro-
cesses invalved and the procedures used to scleet
the proper tire slze nnd type for a vehicle, We

a9

Performance Criteria

Kennath G, Paterson, Fraser D, Smithson, and
Fredrick W. Hill, Jr.
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Given then a group of tires that meet the di-
mensional and load requirements, g sclection enn

e made that is compatible with the overall (ntent
of any given velicle model.

For example, n vehielo
that is intended to have a sporly character might be
cquipped with a tire with a0 wide, sporty appearance,
The particular combination of ride and handling

characleristles desired for this model eould include
o firm, relatively hard subjective ride feel, For
this siturtion, a 70 series tivo could he selecled
und the appearance muda more compntible with the
ABSTRACT

will then deseribe the lire performanee critevia

involved in the overall development and approval
process and will subsequently conslder tire nolse
requirements in somewhat grentor detall, The
paper will conclude by describing the General
Molors Tire Performance Criterin (TPC) System,

which i3 n documentation of the General Motors

Tire Performnnce requirements and lest proeedures,
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averall model intent by using ralsed white letiers

on the sidowall, Other velele models might use

75 or 80 nspect rat{o tires with somewhat different
combinatlons of overall performance charneteristics
thnt would be more compatible with that particular
application,

TIRE DEVELOPMENT AND APPROVAL PROCESS

Onee tho tire size nnd type have been selected,
it is then the responsibility of our 'Fire Development
activity to provide the tire suppliers with n series
of drawinga describing the produet required, These
drawings covor the overall thre dimenslons and
tolerances lor (hese dimonsions, sidewall stamping
Information and eonfiguration and a tread design
guideline, The latler drawliy describes several
brsic dealgn constraints such ns tread widih,
minimum void aren, number of ribs and their
percent of troad whith, and/or which ribs may be
eross vented, the rumber and size ratio of blacks
in vented ribs and other items which rre consldered
to be pertinent to a Ure tread pattern's potental
to provide adequate notse, {raction and wear per-
formanea, The kerling nnd off shoulder design is
not speeified or given guidelines and it is the
vendor's prerogative lo use these arens to provide
an appearanee consistent with his overall appear-
ance gonls, The vendor is also provided with any
mdditional specific gonls that may be required for
original equipment application of the tire, These
might include Lre weight limits, some indiention of
the intended ride characteristies, ote.

At this paint, cnch supplior prepares o lre
mold drawing incorporating the basic tread and
tire dimonsgions provided hy Generrl Motors and
atyles the design to fit the nestheties of his parti-
cular tire lne., Experimental molds are then
ordered for ench size nnd tire typo, Upon recelpt of
these molds, Initial tire snmples are bullt and
supplied to Genernl Motors, These Initial samples
from the tire supplier are first eheekod to see
that they mect the print requiroments,

In the development of a now tread design, the
tive 1s thon subjeetively evaluated for in enr noise
porformance, Onco the In car nolse genoratod by
the tire is eonsidered by an oxperienced jury {o he
satlafnelory relative to n known noiso "control™
tire, the passhy nolsc level of the development tire
canstructlon {8 mensured, After the complete
dovelopment and npproval proecss has been success-
fully completed, the passby noise level is agrin
mensurced on getunl production samples ol each fin-
ally approved tire construction to verify that pro-
duction built tres also meel the porformice re-
quirement, (A more complete discuasion of tire
noise conaiderations Is given in the following sce-
tian,) A development tive that hns suceessfully
met the dimenalonal and nolse performance require-

ments {g then ovaluated for wot and dry tracllon par-
formance.

Simultancously, with the previeusly deseribed
evaluations which are very dependent on trond
patters, the tire submission {s aldo tested 1o
determine it foree and moment or handling pro-
pertes, These are quaniitaiive measures of the
Interal foree (cornering) and steering moment
capabllities of the tire nnd are fully describod in
Refs, 1, 2and 3,

IT the tire exhibits forco and moment propertics
in the renlm of those dosignated as initinl goals
derived (rom pasl tire history and initinl vehlele
computer simulation and 18 adequate for tractlen
and noige, the tire constractlon would be provided
to the particular vohlele development gyoup that
has the overall total vehlele dosign responsibitity,
Vehlele development people would then suhjeclively
evalunie the tire to dotermine whether the Ure has
aceeplable ride and handling when applicd to their
vehiele, I {n the first attompt the vide or handling
is nat aceeptable, the tire vendor would make re-
submisaions of slightly tuned congtruetions until
acceeptabilily is obiained, Once the tire has heon
approved for ride and handling, it is evaluaied using
additional Ure qualifieation tests, Theso caongist
of a high speed evaluation and an accelerated Lre
emlurance test, which evaluates structural ntegrity
and relative wenr poteniinl,

Detnils of a1l GM T'PC tests and requirements
have previously heen preasented [n Rel, 1, Onee sl
required tests have been successiully comploied, a
particular tire submission has then verified that It
hns been designed Lo meet the General Motors tire
performance requirements, 'The tre development
group subscquently fssues an engineering approval
which tells our Purchasing and Quality Assurance
groups thal this particulnr construction submitted
by the tire supplicr has met the specified ongincer-
ing requiremaonts, The supplicr is then required to
provide the Quality Assurance Deparimoent with an
initinl production sample of the partieular Lire
cangiruction from each munufacturing plant that
Intends to manufncturs that tire, Tho initial
praduction snmple is then evaluated for dimensions,
forcoe and moment, weight, uniformity, high speed
capability and passby noise, Il the tire again
suceossfully completes all of these tests, the tire
wlll reecive qualily approval which allows shipment
lo Generstl Motors assembly plants,

TIRE NOISE CONSIDERATIONS

The prececding discusslon has been a brief
averview of the process of selecting, ebtaining
engineering approval and releasing & iire for n
Gonernl Motors preduction vehiele, We will now
expand on the provious discuasion al tire noiso,
The initlal considerations of tire noise are embo-



died in the trend desfgn guide drawing, This draw-
ing has been doveloped over many years of tesiing
and the guidelines set out for rocommended range
of total number of blocks, block size varintlon,
pereent void aren, numher of groovos, groove
width, seo through, ete,, are intonded to provide
an optimal balance of wenr, tractlon and nolse
while still atlowing some freedom for Indlvidual
tire suppliera te provide Identily for their Hre,

It has beon determined thal a consideralie amount
of trend vold aren {approximaltely > 28%) and Intoral
groave conlent Is required In a trond design i n
tire [s lo provide adequate wet and snow (raction
performance, Towever, a tire that has thie kind of
voiul area and laiern] content noed not necessarlly
he a '"noisy" tire, If duo care s taken in {ho selce~
tion of the numbher, shape, sizeo and sequencing of
the bloeks and the distribution of vertienl pressure
in the contact paleh is properly controlled, then

n high traction, long wearing tire with relatively
low helge performance can he produged, However,
if one were to doaign only to reduco the notso emit-
ting propertics of o thre, tho guletest tire would he
one with a very non-agressive tread design or no
design at nll, Unfortunatoly, this tire would have
very poor wet and snow traetion performi nee,

The proper footprint preasure distribution is
very importaat, as n "quiet” tread pattern can be
made nolsy by improper shoping of the tire contour
and subsequent redistributlon of the tire vartleal
loadIng among the various troad riba nnd blocks
{*). The footprint leading edge shapo 1a also in-
strumental in determining the elfective phasing of
Lhe various tread rows. it ig primarily lor these
reagona thal actual produetion samples of tire
constructions are agnin mensered alter o tire
constructiion (and tread patiern) has been given
engincering approval, Subaequent production
build varintion that conld result in o modifiention
of the contnet pressure distribution ean result in
a "nolsy" tire even though tho developmont tires
with the snmo tread pattern were sulficiently "quiot",

We have requived that tires used as origlan]
cquipment on GM vehlcles will be s quict as
rensonably possible, relative 1o both our environ-
mental passby noise oriterion as woll as n subjec-
tive {n car nolse eriterion, while still providhy
desirable nll weather traetion capability, troad
tife, vehiele vide and handling and desirable per-
formance in nll other nreas [h which the tre isan
Importent element in the overall vahicle syatem,
Whilo this session Is strossing "environmenta)"
notae, we must cengider in ear noise porformance
nlso, a8 thoe Interior of the vehlcle {s tho enviren-
ment of Lha occupants.

*Numbers in parenthescs designate Relorences at
end ol puper,
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We use two teat procedures to allow us to
evaluate & tive's overall nolge performance, The
pnsshy noiso test invalves n set of four eandidate
tires instnlled an a vohicle that {8 consted cengine
off, In ncutral past & micraphone loented 25 1t
from the vehicle lana of travel, The dbA woeighted
sound level measured must be no more than 4 dbA
greater than the noiso lovel generated by a sct of
four control tires. The control tires for this test
are bias belled ASTM E501 Standnrd Skid tires.
These tires are straight cireumferential grooved
tires with five solid ribs, no eross vents and no
kerfing, Consequently, they represent a low
passby nolse lovel tiro on o surface with smooth
maere texture. Measurements have shown this
contrel tire to have passhy nolse levels approximate-
1y 2 =4 dbA below the range of the bins belted tires
previotsly used on GA vehieles, The ratlonale
lsehind the tire paasby nolse lest procedure and a
summary of the experience oblnined usfig it nro
discussed In detail in Refs, 4 and 5.

A Ure that exhibits ndequale prssby neiso
performance can sill generate tonnl noisec that ean
be objectionable to the vehicle passengers, Con~
gsequently, the subjective In ear ovaluntion uses i
jury of four or five cxperienced raters, Two
identieal candidate tires are Installed on the vear
poafiions of the vehlele with biank treaded tires on
the front positions, The vehicle 1s nocelerated to
approximately 60 - 70 mph on 1 smooth roadway
with minimal macro {exture (n newly surfaced
asphalt rond is veprescutative) and allowed to
eonst down [n neutral to approximately 30 mph,
The most annaying nelse level detected during the
congtdown i{s rated by cach of the Jurors, Tho
ahsolute lovel of the rating scale is initially de-
termined relative to the soise level of o "nolsy"
control tire which is run belore each test sequence
and periodieally throughout a scries of ovalurtions.
For o Ure approval ride Invelving mare than ono
enandidnte, the jurors nra nol told what tire they
are evaluating other than the Initial “ealibration"
run with the "control" tire,

These Lire nolso 1est procedures nnd require-
ments then allow the development of a rudial tire
with environmeatal pagsby noise levels no higher
than those generaled by the blas belted tires
praviously used on our vehicles and interior nofse
performance that is not objectionnble to the vehicle
aecupants, This ean he accomplished without sneri-
ficing performance in all the other areas in which
the tire must provide desirable overall vehicle per-
formance,

GENERAL MOTORS TIRE PERFORMANCE
CRITERIA (TPC) 8YSTEM

As 0 menns of providing decumentation of
our origingl equipment tire performanee refuire-
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ments to provide guldance to our cuslomots nnd
aftermarket tire manufceiurers, General Motors
has adoplod 0 formal Tire Porformance Criterin
(TPC) System. This system cavers the following
dimenslonal and performaonce nreas,
Dimoenslons
Maximum Size
Static Loaded Radiug
Rovolutions Per Miloe
Endurance
High Spaed
Tractlon
Wol
Dry
Snow
Pnasby Nolsg
IForee & Moment Charncteristics
Carnering Coeffictont
Allgning Torque Coefficlent
Lond Sensitivity
Lond Transfer Sensitlvity
Uniformity
Radinl Forece Variation
Lateral Torece Varintion
Conleity
Plyslear
Balance

(For a detailed reviow of theso oriterion, consult
Ref, 1)

The apecific objectives of this system were
to provide the General Motors Corparation with
improved specificationa for eriginal equipment tires
so that all the auppliera’ tires are equal to or above
specified minlmum performance tevels, and to
provide the customer with a ayatem by which he
could ldentlly and obiain replacoment lirea designed
to provide performance characteristics comparahle
to thosa of tho original equipmont tires originally
installed on liis vehicle,

Car ownars replacing thelr tirea with tires
marked with the same TIPC specification number as
thoae provided originally with the vehlcte will get
tires that wore designed to have equivalent dimen-
slons and performance characteristics, This s
important as It offera the cuatomer an opportunily
to more nearly maintain the deslgn characteristics
of his vehiele and should eliminate much of the
confusion that nccurs during purchase of replace-
ment tires,

GM also furnishea TPC apeclfications to all
repiacement tire manuineturcrs which quantify the

tire characleristics considerced necessary te beat
muet the needs of GM vehicles, In acdditlon, o
service hna also been eatablished te make avallable
to replecement tire manufneturers Information which
will enable them to provide equivalent roplacemaent
tires [or General Motors vehleles,

SUMMARY

The intent of this paper has besn to provide some
insight into the overall process used by Genoral Mo-
lora lo select, develop and npprove original equip-
ment tires used on GM vehicles, These tirea
must produce n vehlele/lire system with n proper
combination of perfarmance charnetoristics in all
of thoso nrens that are Influenced by the tire, All
of the Tire Performance Criterin (TPC) areas have
heen presented, including a tire pnssby noise re-
guirement, An in enr saubjective tonnl noise require-
mont I8 also put on originnl equipment Ures. While
both of these nofse performance requirements aro
certainly considercd important, it should be obvioua
that all the other tire performance arcaa arve also
important, and that & proper bhalance of all tire per-
formanee properifes is necessary in any tires
applied 1o GM velicles.
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WHILE IT IS NO DOUBT EXTREMELY YALUARLE
to get n group of sclentists and engineers apecializ-
ing in one partletlar subject together to exchange
information at & sympoaium, thore is a great and
natural tendency for such an nssemblnge to suffer
coliectively from what is relerred to theso days ns
"tennel viston',

I attended a aymposium on tire tractlon threo
years ago whero the attitude of most of the non-
tire people seemed to be that we should forget nll
other aspects of tire performanceo in order to
improve wet pavement traction capabllity,

In April, 1075, when tho offects of the oil
slortige were attll on evoryone's mind, n symposi-
um was held under SAE nuspices on the subject of
fuel economy where the prevalling attitude of non-
tire peeple secamead to be that we should forget all
other nspects of tire performance and eoncontrate
on reducing rolling resistunce,

1 have the grent ferr that many non-tire peoplo
rt this time will bo of the oplnion that we should
forget about all other aspects of tire performance
and concentrate on reducing the noise ereatad by
tho internotion of the tire and the road,

TFortunately we have In 0 sympaosfitm &n
opportunity to put all tire performance eriteria into
perspective nnd to relate nolse to the many other
consideratlons which are equally or more important
to the eonsumer and the general publie,

The purpose of this paper |s to review [n
general torms the process of tire selection and
performance eriterin for Hght vebieles - particularly
passenger cars, as seen from the viewpolnt of an
original equipment tire supplier.

This paper proposes the role of passenger ear
tires in overall community noise is minor, There
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TIRE NOTSE REDUCTION

Another partleipant in this program will discuss
the history of tire nofse reduction and it fs pointed
out that tread deslpgn noise treatments (serambling
of the slze of the individual tread clements) was
practieed in the tire Industry in the cnse of passen-
ger ear tlres starting as long wgo as 1931,

Elimination of anpoying (requency concentri~
tiong resulting from tire trend patterns have gone
hand-in-hend with increnscs In traction elements
withln the tread dosign so that passongoer car tire
passhy neise hns not been a reengnizabln gource of
{rritating noise to tho publie for many years,

In a 1972 SAE paper, Galloway and Jonea (1}*
reported the results of an oxtensive survey of the
population relative to the scurce and annayance
fnotors of noises percoived {n their normal environ-
ments, Tho only tire nolse mentloned was sfuenl,
nnd tires were not otherwise {dentilled ns a recogni-
#able contridutor to vehicle noise,

Vargovielk (2) reported In 1972 that under crulse
conditlons tire/rond nofsc was a partial factor in
total noise below 500 Mz and o major contributor
to tho total vohicle noise above 500 Iz, An ex-
ception ot the higher frequency waa the high power

*Numbors {n parontheses deslgnate References
at end of pnper.

is almost nothlng that ean be done to reduco prssen=
gor car Lire nolse below its current level, The
author statoa that the nolse pereelved inside the

car |g just ns Important to conskder as prasshy
nolse, Lastly, the author sireascs that noise i8
only one of many factors which must be congldored
in designing and selecilny tires [or pagsengoer cars.



Fig. 1 - S8imple trend design

sport compnet ears where engine/exhnust nolse
wasg o major factor, Under nccclerating {open
throttle) conditions engine/cxhaust noisec was the
dominant source.

Four years Inter, Veres {3) stated his con-
clusion that under crulse conditions tires had
become the dominant source for all passonger
cars - apparently due to the elbmination of high
powered sport compnet cnrs from their line.

TIRE/ROAD NOISE VERSUS OTIER VEHICLE
NOISE

To put tire/read nolse in somo perspective
rolative to tho other vehlcle noises, T would like
to quote from the Roport of n Pancl of the Federal
Govarnment Interagency Task Force on Motor
Vehicle Goals Beyond 1080, issuwd this year:

"In normal operation the roise output of most
automobiles Is fairly wall balanced among sources,
Thus, whilo tire noise may dominate in somo situa-
tion, redueing the emissions of that source might
effect only a small gonoral improvement before
wind, exhaust or engine nolse hoeame dominant.

If major reductions in automobile noise are to he
realized, it may be nceessary {o attack all sources
simultenoously, "'

Somothing must be mentioned regarding the
cffect of the road on the tire/road noise. We cnn
do no bettor than to quote Veres' to the effect that

rond surface textures can change the neise creatod
iy a given tive by as mueh as 6 dB, This is con~
firmed by Fuller (1), PFuller actually found a varia-
tleh in noise of more than 10 dB3 on a group of

clght conerote surfaces and of 4 dI¥ on a group of
six bincktop surfaces - all with tho saameo tire,

Veres' work confirms tire compnny data which
Indicates that there is a range of something like
4 dB from the fuictist, least aggressive tread
pattern that eould he made {elthor a complotely
bald tire or ane having o simple design such as
shown In Fig, 1) to the noiglost, most aggressive
paitorn utilized (such as the snow tire dusign
illustrated in Fig. 2).

Veros also documented the effect of vehiclo
speed and environmental factors on the perceived
nofse level ol n given tire,

Bracd on tho work published by Veres and our
own test results, it apponra that the factors
inyolving "ire" nolse generation can be related
quaniltatively as follows:

Range of Quictest to Noisiost Tire Deslgn
att0mph 3 dB

Range of Quictest to Neislost Surface
at0mph 6dB

Elfect of 5 mph Speed Difforence

248

Efllcet of Possible Temperature Variation within

15 min 2dB

Flg. 2 - Snow-tiro dosign tread is
nn oxample of aggressive troad
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None of this tnkes into effeet the pdditional
nalse of ahout 2 dB which would he added if the rond
surfnee wero wet,

It Is ol Interest to note that the swow tire illus-
traded in Fig. 2 {8 actually quicier than the tive
Nustrated in Fig. 1 on vory smooth surfnecs.
Fulter's paper desoribos In some detail the effect
of different surface texwres on tho noise gonerated
by tires,

The sum of all this so far ig that there is litlle
hape of reducing pnssonger ear noise lovels by im-
provemonta in current tive tread pattorns. Lven
if it wora practical to eliminate the troad pattern of
n tire altogother, negleeting the disastrous effcet
an wet pavoment traction, we would have a reduc-
tion of losa than 3 dB3 In naise on somo surfncos
and an neiunl increasae fn noise on othor surfrees.

In discussing noise genorated by tires in contact
with the rond, it should bo recognized that there are
othor types of noisos which are of importance to
the occupants of the ear. In this country, ear
oceupanis have as much right to be consldered ns
byatandors slong the road, aince almost ull of us
aro in a ear for o substantisl amount of time each
woeek,

Othor types of tiro noiso nssessed during tho
proeess ol tire seleetion for o new vehiele Inelude
expansion joint slap, cornering nand hraking squeal,
and a variety of sounda which become amoying due
to regonance of various components af the vehicle,
Beenuse eneh vehliele hns differeat resonating
members, the names [or such nolses cover a
wide area ~ such words as hoom, hiss, buzz,
rumble, cig. erop up ih tive evaluation work with
each modoel change.

Practically nono of these noises heard in the
vohicle interior ean ba measured with a deelbol
meter sinee it 1s not the amplitude of Lhe nofge
which crontes the irvitation; it is the particular
combination of peak requencies.

This matter of mepsuring tire nofse with n
sound level meter as comparad with spectral
analysis will no doubt receive further aitention
duripg this Symposium.

ORIGINAL TIRE SELECTION

The procoss of tire sclection In thoe case of an
original equipment applieation covors a multitude
of fnctors, ol which nolse is only one. 1would
like to emphasize the Inrge number of tire propor-
ties which must be suitable before a tive Is rocopted
for applieation 1o n now vehiclo,

Indtinl cvnluations of a candidate tire goenernlly
inelude the nspeets of performnnce listed below:

Appearanco,

Bizlng,

Ride,

BS

1nndling, and

Noisa.

Each one of these itema could be hroken down
even further,  For example, handling could include
forec and moment measurement, straight-nhead
stahility, response to steering inputs, stability
in a trangiont manouver, ete.

Appenrance may scem to bo out of plage inn
liating of product evaluations but I don't think that
engineers can he hlind to the neeessity of providing
proper eppoarance [rrespeetive of [unction, As an
oxample, we might refer back to Fig. 1 which
Mustrates a tread pattern which has vonsonably goad
straight-ahoad braklng ability on wet pavemonts
lut would ohviously be completely unnceeptabla, due
to 1ts appearanco, to the consumer,

Having satislied the performance eriteria
established by the car manufacturer relatlve to
these Initinl Evaluntiens, tire samples are then
tested for o number of othar properties which list
as Final Evaluntions l:olow:

INgh Load,

High Speed,

Treadwenr,

Traction; wot, dry, snow,

Power Loss,

Nething has been shown in these lists of per=-
formance evaluntions relative to governmont
anfoty standards. As T am sure a1l of you are
aware, complianeo with the Fedoral Motor Vehicle
Tire Safety Standonvds, which include tests for high
apeed, endurnnce, breaking onergy, bead push-off
and physical dimensions is o nocessity before the
first tire ean be sold,

Flnally, tire characteristics which relato to
vibrations below the audible level nre measured for
evory tive applied to new velolos, These moasure~
maents inelude balanes, radial foree variation (both
ovorall and harmonics) of the londed tire and
Intornl force variation. In addition tires for some
vehicles require measurement of bread run-out,
conieity {pscudo eamber) and ply steer,

SUMMARY

Summing up, 1have nitornpted to make tho
followlng points:

1, That the role of pnasengor ear tivas in tho
evarall community noise situation I8 extromoly
minor, Thore is almost nothing we can do lo reduce
passengor ear tive noise below its present lovel -
and there doosn't appear to be dny consunier oh-
Jection to the prosent noise level, unless squeal s
considered as a part of tire nolse.

2, The noisos generated by tires which are
pereo{ved inslde the ear are just as important ns
the pnsshy neise bt boeause of the complexity of
in-the-cnr npise duc to resonance of enr compo-
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nents, the attack on this lype of noise relates moro
to frequeney whifting than to sound level reductlon.

3. Nolse is only ano of o mullitude of [actors
whieh must bo considered in designing and sclect-
Ing tires for prssengor cars.  While notse and
other nesthetic considorntions cannot bo forgetten,
those tire porformanee qualities which relate to
sulety nnd cconcmy must he given priority when a
trade~off {s made If the public is to he properly
served by the tire seleolion process,
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