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PREFACE

The stability and control performance of a vehicle are significantly
affected by tire characteristics through their kinematic interactions with
the road and vehicle systems. Certain tire characteristics can produce'effects
on vehicle operation that have a direct safety impact by affecting vehicle
cornering stability and stopping ability under the influence of wet road sur-
faces, tire tread wear, variations of load, inflation pressure and combined
stecring and braking operating conditions. It is of importarice, therefore,
to have a quantitative measure of the performance of these ﬁ&res at their
cperational conditions.

The experimental effort described here was undfrtaken to establish
a much needed data base on the force and moment propertres of current passenger
car tires. These properties were accurately measured 21 Calspan's indoor
Tire Test Facility. The test results were put into forms suitable for use in
studies of vehicle handling and braking research.

The study reported herein was performed by the Advanced Technology
Center of Caispan Corpovation for the Jepartment of Transportation, Office of
Traffic Safety Research of the National Highway Traffic Safety Administration,
under Contract No. DTNHZ2-81-£-07100, dated April 8, 1981. Work was performed
during the period Aprii 22, 198] through June 1933 with laboratory testing
commencing during May 1981, Mr. Lloyd Emery wus the DOT Contract Technical

Manager. Mr. George T?pia of Calspan was the Principal Investiga:or for t.e
program. ¢

A comprehensive review of the work accomplished under this contract

shows that no innovation, discovery, improvement or invention was made.
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This report has been reviewed and approved by:

. &xcuu.i‘:a . .Pa._ﬁ&,:\, h

Saverio M. Pugliesé& Hea

Vehicle Sciences Section -
Transportation Research Branch

Physical Sciences Department
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1.0 ENTRODUCTIOE

This report contains the results from an experimental program per-
formed for the National Highway Traffic Safety Administration {NHTSA)} by the
Advanced Technology Center of Calspan Corporation. This program sSupports
NHTSA's continuing research efforts to optimize vehicle braking performance
as well as the emergency maneuver capability of prezent and future vehicle
design. The common factors of all vehicle braking and handling performance

are the force and moment characteristies developed at the interface between
the tire and road.

The experimental study reported here was undertaken principally teo
evaluate the force and moment measurement of a selected sample of contemporary
car tires. Fifty tires were initially selected to span the range of passenger
car tire performance characteristics with respect to current tire designs,

Two tests were performed on the dry, flat roadway to obtain free rolling
cornering/camber and braking traction characteristics. The results from these
tests were evaluated to determine which tires performed significantly different
from the group. Twenty-five tires were chosen from this group for extended
testing to examine the effect of wet road surfac=, tire tread wear, inflation

pressure, normal load and combined corviering and braking traction variations.

The major objective of this program was to obtain a comprshensive
data bank of current tire force and moment performance characteristics under
a broad range of operating conditions. An in-depth analysis of the results
was not intended nor included in this report. Only a brief correlation of
the trends is discussed. All data were taken on 2 flat TIRF roadway and have
been stored on magnetic data tape for further analysis,
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Tire forces and moments measured on TIRF are essentially the same as
would be expected on the road under similar conditions. A TIRF/road correlation
study (Ref. 1) along with another previous round-robin study (Ref, 2) proved
this to be true.

The force and moment measurements were processed into modelling
constants and performance coefficients for th: final data presentation. These
data include rolling resistance results and are presented in the data summaries
in Appendix L.

2 6871-v-1




2.0 CONCLUS TONS

The common factor of ali vehicle braking and handling performance are
the force and moment Properties of the vehicle tires. These properties, important
to research and engineeering studies in vehicle performance were accurately

measured on the Calspan Tire Research Facility,

The sample of 50 tire types were selected to represent a diversification
of the population of bpassenger car tires in current usage. Certain considerations
WEre paramount in the tire selection process. The so-called 'high performance!
tires that have been reported to exhibit outstanding characteristics with respect
Lo cornering stiffness, peak lateral force, wet traction and low rolling

resistance were prime candidates,

Under this program, the sejected sample of fifty passenger car tires
were tested and further screened to provide a smaller tire sample for additional

“xtended tescing.

The laboratory test phase of the program successfully achieved the

two mijor objectives:

L. The collection of a large quantity of force and moment data under
an extended testing format--
& ree rolling tests under variable slip angle, camber
angle, normai icad, inflation pressure and wet/dry
road surface,
® lBraking traction at the straight-ahead condition wnder
variable inflation pressure, normal load and dry/wet
road surface,
@ Combined cornering and braking tvaction upder variable

irflation pressure, normal load and tire wear,
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2. The quantification of the cornering and braking data
intc a suitable format readily compatible to the
THVHP simulation tire model., The rolling resistance
data results were also reduced and normalized.

These results are documented and organized in this report.
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3.0 RECOMMENDAT TONS

The wealth of tire data incluied in this report should be examined
in detajil to identify and correlate performance trends and patterns. Under
this contract Calspan tested an array of current automobile tires to determine
their general performance characteristics., Results of these tests, which
include measurements of lateral and tractive .raction properties under a
variety of test conditions are now available for review and evaluation. Data

analyses should include:

iI. Improvement of the Mathematical Simulation Tire Model
in the NHTSA "'Improved Hybrid Vehiciles Handling Program
(IHVHP}" for Improved Representation of Tire Characteristics
Over the Performance Range

One important ingredient for analysis of vehicle performance is

i
i
|
i
!

comprehensive tire data near the limit of control. More comprehensive models
are required due to the needs of vehicle dynamicist evaluations. The current
IHVHP tire math model does not provide for recovery of the peaking and fauil-off
effects in the critical near-limit region. Thus, we need to review all features
of the current model to identify potential and feasibility of revision for
improving the accuracy of fit where high levels of force and moment exist.

The cmphasis should be on goodness of fit of the coefficients at high lateral

forces.

The revision should also iaclude the representation of performance
characteristics of tires from the extended data set. The combined cornering
and braking traction effects will incrsase model fidelity,

I1. Determine the Relationship Among Tire Performance Characteristics

Review the test data for rolling resistance of passenger car tires.

Search for indications of trends in correlating rolling resistance values

with lateral and braking traction characteristics (wet and dry).
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Tire characteristics which may correlate with rolling resistance
include: -
1. Braking traction -
2. Cornering stiffness
3. Camber stiffness -
4. Peak cornering force
5. Self aligning torque
i
An objective would be to identify the possible degradation (trade-off)
of othe™ charucteristics which may be associated with reduced rolling resistance. -
A potential penalty in other performance characteristics due tc reduced roiling
resistance has previously been established with respect to the inflation pressure,
As the inflation pressure increases, rolling resistance decreases. The smaller
contact patch may result in reduced cornering (lateral force as well as self-
aligning torque) capabilities. Such reduction in the aligning torque stiffness
coefficient can deprive the automobile chassis ‘esigner of a significant amount
of the understeer (a measure of lateral/directional stability) obtainable from -
aligning torque compliance effects.
I11. Examine Earlier Data for Comparisons *
To an extent that is practical, determine ranges of values for
fundamental tire performance parameters from new data., It should be recognized
that direct compatability of test conditions may be limited. The current study -
established the 100 percent operating condition to be the maximum nressure-load
values. -
Identify any changes in the maxima/minima of performance patterns, -
Correlate these changes to existing trends in previous studies. For example,
evaluate tho trade-off'sevident in eariier data to the trends in current tire i
performance. -
-y
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Iv. Isolate Special Tire Sets (All Weather, Temporaries, High Performance,
etc.) for Review

V. Evaluate the Nondimensional Approach

A new approach to characterize tire properties has seen developed by
Radt and Miiliken {Ref. 3). This method is based on nondimensionalizing force
and moment parameters as a function of operating conditions such as slip angle,
load and triction-coefficient. This technique should be examined in-depth by
applying it to the available tire data base because it offers two potentially
signhiricant zdvantagos:

1. More accurate and efficient performance descriptions, and

2. Reducei testing requirements

vl Evaluate the Camber Angle ;nfluence at the High Slip Angle Test
Conditions

The vehicle rollover criteria should be investipated to a significant
depth. A closer look at the effects of camber angle at the large slip angle

conditions is needed.

6871-V.]
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4.0 DEFINITIONS AND SYMBOLS

The tire and data nomenclature are summarized in this soaction.

4.1 Cornering and Braking Testing

Figure 4-1 shows the SAE tire axis system* and the quantities used
in reducing and presenting the tire force data. Tables 4-1 and 4-2 list and
explain all the symbols used in computer data recordings,

Data are usually given in customary English units. Sometimes
the use of ST units is required; Table 4-3 facilitates wunit conversion from
one system into the other,

PORITIVE INCLINATION ANGLE

4 o+
)
ALIGNING .~ > f N

TORQUE N
&
o

M.
z
o\\‘o LONGITUDINAL [TRACTIVE}

‘\0}{ FORCE

WHEEL PLANE

ROLLING g / DIRECTION OF
RESISTANCE _ WHEEL TRAVEL
MOMENT M, _ __,.’

" POSITIVE
SLIP ANGLE
ROAD PLANE

TOAGUE TuF. R"Mvm; *M siny

CTR OF

< TIRE MOMENT LATERAL ;
OVERTURNING p}’ FORCE [}
MOMENT
M

L]

Y.:

NOAMAL FOACE F,

Figure 4-1 TIRE FORCES AND MOMENTS ACTING AT THE CENTER
OF TIRE CONTACT (SAE CONVENTION)

*SAE Recommended Practice, '"Vehicle Dynamics Terminology" SAE J670e.
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Table 4-1

LISTED DATA SYMBOLS
DIMENSIONS
SYMBOLS PARAMETERS ENGLISH $.4.

FORCES AND MOMENTS

AVL ANALOG VERTICAL LOAD i N

BFT BEARING FRICTION TORQUE ftib N-m

FR ROLLING RESISTANCE OF STRAIGHT ib N
FREE-ROLLING TIRE (DEF. 1) s

FX LONGITUDINAL FORCE® Ib N !

FY LATERAL FORCE* ™ N

FZ NORMAL FORCE* ib N

HT DRIVE OUTPUT TORQUE (DEF. 3) b N-m

MX OVERTURNING MOMENT* fr-in N-m

MY ROLLING RESISTANCE MOMENT* il N-m {

M2 ALIGNING TORQUE® ftlhs N-m

SFY NEGATIVE LATERAL FORCE (.FY) b N

T WHEEL TORQUE® feih N-m
ENERGY LOSS

ER ENERGY LOSS OF STRAIGHT AGLLING, b/t N-m/m
BRAKED OR DRIVEN TIRE (DEF. 2) !
PRESSURE

p INFLATION PRESSURE i kPa
SPEEDS

N WHEEL ROTATIONS PER MINUTE tpm rom

R WHEEL ROTATIONS PER MILE (OR km) rev/nvi revikm

{DEF. 4) -

Y ROAD $PEED mph km/h
LONGITUDINAL SLIP

sL SLIP - LONGITUDINAL® (DEF. §) - -

SR SLIP RATIO {DEF. 5) - -
ANGLES

1A INCLINATION ANGLE® deg deg

SA SLIP ANGLE® dey deg




Table 4-1

LIST DATA SYMBOLS (Cont'd;
DIMENSIONS
SYMBOLS PARAMETERS 1 ENGLISH | &L
TIRE RADII
RL RADIUS-LOADED® in om
RE RADIUS-EFFECTIVE® {DEF.7) in em
TIME
TE TIME ELAPSED ssc e
TEMPERATURES
CAY CONTAINED AIR TEMPERATURE F c
ST TREAD SURFACE TEMPERATURE F c
RET ROAD SURFACE TEMPERATURE F c
TIRE COEFFICIENTS
NFX FX/FZ - -
NFY FY/F2 - -
NFR FRIFZ - -
F GM f.FUNCTION - -
G G# +FUNCTION - -
H GM 1 "NCTION - -
ATC GM ALIGNING TORQUE COEFFICIENT | em

*DEFINED ACCORDING TO 8AE J670e {see Figure 4-1)
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Table 4-2

SYMBOL MATHEMATICAL DEFINITIONS

NO. MATHEMATICAL DEFINITIONS
1 FR«Fx - BFT 4o (EX @ HT =0}
RL
' AL
3 HT =T - BFT*
4 R = 60 N/V
N x AL
5 | SRepryyyTovsa -
iy N
6 St = -—) x (..-)-1
kN free v
rolling
7 RE =XV aesa
N

"VALUES OF BFT ARE ALWAYS NEGATIVE

e

168.07 FOR ENGLISH SYSTEM
265.26 FOR 81 $YSTEM

THE DEFINITIONS OF ROLLING REJISTANCE,
FR, AND ENERGY LOSS, ER, CAN BE EXTENDED
TO INCLUDE THE EFFECTS OF SLIP ANGLE AND
INCLINATION ANGLE.

11
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Table 4-3
CONVERSION OF UNITS
Tin 2.540 cm
1ib 4448 N (= 0,4538 kgf)
1 pst 0.08895 BAR {= 0.08804 stm = 6.805 kPs)
1 fedb 1.3568 N-m
T mph 1.809 km/m
tom 0.3837 In
1N 022481 (= 0.1020 kgf)
1 bar 14.50 psi (= 0.0869 #tm).
T N-m 0.7378 frib
1 kmjh C.8214 mph
1 daN 10N
1 bar 108 N/m? = 100 kPs
1 kgt 9.8067 N = 2.2048 i

12
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4.2 Rolling Resistance Testing

the pneumatic rubber tire develops the longitudinal and lateral forces
necesiary to accelerate/decelerate and guide the vehicle along a desired track.
in developing these forces, some of the input energy to the tire does not
produce a useful work output and is instead dissipated as hysteretic and
frictional losses. For present purposes, it will suffice to express these losses
analytically in terms of forces acting on the “ire. Since all of the test data
acquired during this phase of the program were with the tire in a free-rolling

state, the applied torque condition is of no interest here,

For the case of a straight free-rolling tire operating on a flat

surface, the power loss, PF’ may be expressed as:
Pe = (FXGI (V) ¢y

where FXF is the longitudinal force and VF is the translational velocity. The
subscript F aenotes reference to the flat test surface. The power loss from a

tire operating on a curved surface is not discussed here.

A free body diagram of a tire rolling on a flat surface is shown in
Flgure 4-2. The ratio of the power loss, P, to the road velocity, V, is the
rolling resistance force, FR, and conforms to the SAE definition (Ref. 4),

ror a flat test surface,

FR, = PF/VF (2)

and, in the absence of a bearing friction torque, the longitudinal force
measured at the wheel axle (FXM)F, is exactly equal to the rolling resistance
force, FRg. Eouation 2 is applicable oniy to a straight, free-rolling tire.

13 6871-V-1
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For the flat roadway tests, the equation used in calculating the FR
data included in this report is;

FRF = =FX + BFT/RLF (a = 0°) (3}
The parameter BFT denotes bearing friction torque that is calculated from
appropriate signals generated by the six-component metric balance or force
transducers on TIRF. Forces, moments and angles referred to in this report

follow the conventional SAE tire axis system previously shown in Figure 4-1.

The Rolling Resistance Force Coefficient (FRC) is defined as the
ratio of the rolling resistance to the vertical load.

14 6871-V.1




i FLAT ROADWAY

FXp

* r=RL; WHENFZ=0

POWER LOSS P « [FXg] [Vl
- ROLLING RESISTANCE FRE = Pp/V = FXp

Figure 4.2 ROLLING RESISTANCE OF A FREE-ROLLING TIRE ON A FLAT ROADWAY
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5.0 TIRE SELRECTION

A representative sample of current tire designs was tested for this
study. In a previous report {(Tire Parameter Study; Ref. 1) 400 tires were
selected for testing. The author stated that "drastic reductions” had to be
made from the total populatisn available. The current investigation represents
one-cighth that number of tires. The extensive methodology previously employed
would have demanded even greater statistical compression of the tire population.
The selection process was inherently reéstrictive with respect to the tetal

population, but extremely successful in identifying a cross-section of today's
tires.

The objectives ¢f this program directly influenced the selection
process for a small sample of test tires. The testing results were to be
analyzed for comparison with the dramatic changes in tire performance character-
istics over the past several years due to emphasis on lower rolling resistance,
reduced tire weight and increased levels of lateral and braking traction.
Furthermore, fthe selection process required that the initial tire sample be
reduced by 50 percent for extendud tire testing. Nevertheless, the 50 tires
for this test program represent a significant cross-section of passenger car
tires available in America. These tires are summarized in Table 5-1.

Sel.ction categories were established in an attempt to identify the
wide range of tire pertformance properties found in current tire design, These
categories included:

High cornering and braking performance
Low energy loss

All weather tires

Temporary space saver tires

Runflat and retread tires

Standard Original Bquipment (OE)
Standard aftermarket

® % ¢ & & = ® 3

Low cornering and braking performance
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Table 5.

SUMMARY OF SELECTED TIRES

pa
[ Tire Sidewall} Tire Sidewall
Tire Haximus Rated] Maximum Rated
General Selection [Type | Hasufacturer Logd Inflation Pressurs ais
Catepory NO . .Distributorj Description Tire Size {1bs} (p1i) Site
High Performance 5 Condyesr Esgle NCT P195/ 70014 1312 35 §.5 8 14
and low Rolling 8 Mithelin TR 220/ 558390 1435 % 165 x 390
Resistance 26 Goodrich Advantage T/A P215/70RI4
49 Continentgl TETTL P195/T0R14 134) 36 5.5 x 14
3 General Duni Steel I PI9S/TSRI4 1463 35 5.5 x i4
4 Pirell) 7 P20S/55VR14 115} 36 6.5 x 14
3 Armstrong Pos-A-Trac NR50-15 2210 12 8.0 x IS
B Stratton Spers Redial P195/70R14 £312 15 5.5 x 14
3 Eapco Pownr Cat., GREO.14 16.0 32 7.0 x 14
44 Duniop GT Qualifier GR60-15 1620 32 7.0 x 18
38 Uniroyal Steel Bolted P20S/T5R14 1532 35 5.5 % 14
4 10 Pireili Pa PIASBESRLS 1250 16 §.0 x 15
ALL Weather 3% Sears Wastherwise PLOS/TSR14 1400 15 5.5 x 34
z Firestona Trax 12 P125/75R14 1409 15 5.5 x 14
12 Bridgestone KD 401 PL9S/75K14 1400 35 5.5 x 14
29 Uniroyal Tiger Pav P195/75R14 1400 35 £.5 2 44
30 Goodyear Arriva P195/ 75014 E4D0 35 5.5 x i4
19 J. C. venney Nenthertamer P195/TSRI4 o0 35 §.5x 14
+
Stangard OE &7 Firestone Celuxe Champiom ] PIS5/BORLY 1069 35 4.5 x 13
o Firestone 121 P195/74R14 1400 15 5.5 x 14
» Firestons 171 F225/7T5R1S 1874 35 6.0 x IS
134 Goodyenr Polystesl Pi55/80013 959 35 4.5 213
1 Goodysar Poiystonl F195/7SRi4 L4090 15 5.5 x 14
33 Goodyear Polystrel P2I5/TSRES 1874 35 6.G x !5
48 Uniroyal Fastrak PI5S/B0RLY 959 15 4.5 x i3
I 199 introyal Stesier P1O5/7SR14 1409 15 $.5 x 14
27 Uniroyal Stesler P25/ 1SR15 1avt 15 6.0 x 15
Standard Aftermarkety 3 Firestone Town & Country | PLOS/7SAI4 F400 35 $.5 % 14
37 Bridgestons ROIGS 165501 % £010 » §.5 x 13
45 Sears Superguard G78-18 1620 32 5.5 x 15
7 Seuperit M501 1855814 1450 36 5.0 x 14
1’ Gonerai Steel Gripper PI25/75R1S 1874 15 8.0 x 13
is Michelin xww P15/ 75R14 1400 35 $.5 x4
21 Goodyear Viva PLIS/I5K14 idoo 35 5.5 x 14
49 Seary Supergusrd FR78-14 1500 32 5.5 x i4
41 Mansfieid Laviar FRTS-14 1500 32 5.5 x 14
23 Moncgonary Gus Miser P195/75R14 1400 15 $.5 x &
J 24 Uniroyak Royal Seal PEOS/TERI4 1400 18 5.5 x 14
" 14 Genarsi Jet Radiai PESS/B0KRIY 959 b2 4.8 x 1%
Low Perforsance 20 Sears Guardssan PLOS /75014 1400 3% $.% x 14
] 4 Loopar Trendsetter A78-13 1060 12 4.5 x 13
25 K-Mart M- 78 278-14 1060 32 4.5 x 14
[ 36 Cooper Glas Belt P155/60RLS 959 3 4.3 513
35 Keliy Sport Mark 1555013 950 2 5213
Springfield
27 Sears Superguard 8.B. | E78.14 1060 32 4.5 % 14
] 18 Rewmington Pionaer PR78.14 1500 n $.5 x 14
~
Space Saver It iniroyal Hideawsy T125/7001% 1500 L11] 5.5 x 15
50 Firestone Tempe Spare T125/70D1% 1500 60 3.8 x 18
Runflat i% Goodyesyr Seif.Support PIOS/ TSR 1400 15 5.5 x 14
1 Retread 44 Fireytons Retrend-Super | ETC. 14 1400 5 $.5 & 14

17
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Underlying guidelines included:

® ¢ ¢ 8 @

The majority of the tires were radial due to

their extensive usage

Selection of a median popular tire size; P195/75R14
Various manufacturers

Size comparisons

Bias, bias belted, and snow tire types

Low aspect ratic tires

Several of the selection categories overlap. Low rolling resistance

tires were includad throughout the selection. Low performance tires include

bias, bias belted, snow and some radial constructions.

P o et e 0 0
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6.0 TEST PROGRAM o

The test program was designed to obtain data measurements from as e
wide a range of operating conditions as possible, These c¢onditions were in
turn applied on as wide a range of tires which exhibited large variations of
performance criteria, In essence, extremes in minimums, maximums and
representative in-between values of tire performance values were generated
at each of the diversified operating conditions. The test program was indeed
an effort to obtain an overall cross-section of current tire performance

characteristics.

The central focus of the program was to generate performance charac-
teristics in a format readily compatible to NHTSA's mathematical simulation tire
model. These chafﬁcteristics were determined in the form of eighteen performance i
coefficients and twenty-two modeling constants as detailed in a previous Tire
Parumeter Determination Study (Ref. 2). In addition, rolling resistance loss

wias evaluated for a portion of the test tires,

It is important to note that the test load and pressure are expressed
as percentages of maximum rated load and pressure in accordance to the Tire and
Rim Association (T§RA) Yearbook. Testing has traditionally used the design
load and pressure conditions. Although significantly higher in value, the

maximum rated specifications are universally accepted,

The total test plan as shown in Table 6-1, was incorporated into t.
parts. Part [ (test group categories [ § II) includes testing of all fifty
tife types, while Part II (test group categories III through X) was devoted to the
"extended" testing on twenty-five of the original tire group. The test categories
are summarized as follows:

I Dry Free Rolling Cornering & 100% PM
11 Dry Braking { e = 0°) @ 100% PM
111 Ory Free Rolling Cornering @ 50% § 150% PM
IV Dry Braking (a = 0°) @ 50% & 150% PM '
v Relling Resistance
VI Wet Free Rolling Cornering @ 100% PM
19 6871-v-1
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sy
VII  Wet Braking (e« = 0°) 2 100% PM
VIII Dry Braking (&= 0°) & 50% § 150% PM =
IX Combined Braking and Cornering Traction on new tires !
@ S0%, 100% & 150% PM-§ LM -
X Combined Braking and Cornering Traction on 50% shaved tires \
e 50%, 100% & 150% PM § LM o
6.1 Part I: Basic Testing -
Part I of the test plan ~cs to obtain cornering and braking character- ~
istics, separately, on the fifty tire types. Testing included variations of
Normal Force FZ, Inclination Angle }' , 5lip Angleol , and Longitudinal Slip SR. -
The remainder of the independent variables, Velocity V, Inflation Pressure P and
Skid Number SN, were heid constant, respectively, V at 30 mph, P at maximum
(100 percent PM) rated regulated pressure and dry roadway surface SN at approxi- -
mately 80. All Part I tests were run on the dry, flat TIRF roadway.
! L)
Basically, two test runs were performed on each tire for a total of
100 tests. The first test was free-rolling cornering/camber (test group -
category 1) while the second test was a braking traction test (test group
category II}. -
%6.1.1 Free Rolling Cownering
.

The free rolling test was initially designed to generate the necessary 1
coefficients and constants. In this case, fourteen tire model constants for the - ?
five cornering computer medel functions of cornering stiffness, camber stiffness, ‘
peak lateral force coefficient, overturning moment and aligning tnrque were

derived. In addition, thirteen cornering performance coefficients such as -
cornering stiffness, camber stiffness, peak lateral force coefficient and pneumatic
trail were subsequently calculated. The tire radial spring rate was calculated -
and is also presented. These values are all located 1n:Appand1x B. Three testing
variation schemes were performed during each free-rolling test: -
1
20 6871-V.1 _.j
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Table 6-1 GENERAL TEST MATRIX (Cont.)
VALUES OF_TEST VARIABLES -
t
|
- i
Normal Load @ : so0%, 100% and 150% of M o
@ : 50%, 100%, 150% and 200% of "M |
Slip Angle (® : Sweep from -1 to +20 degrees at -
a sweep rate of 1 deg./sec.
@ : o,2 4,5, 8, 10, 12, 14, 16, 18 and -
20 degrees
Inclination Anglie @ : Sweep from +20 to -20 degrees at
4 sweep rate of l deg./sec.
® : 0,2, 4,56, 8, 10, 12, 14, 16, 18 and 20 degrees
Inflation Fressure :  50%, 100% and 1S0% of 'M the first of -
six test conditions had a capped inflation
pressure condition. All remaining conditions -
were regulated,
Note 1: The 100% load "M condition is the maximum TGRA rated load at -
. the maximum rated inflation pressure fur each particvlar
tire. -
Note 2: The 100% inflation pressure PM condition is the maximum T&RA -
rated inflation pressure for each particular tire.
|
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L. The Camber (Inclination) Angle-Load Variation was designed

. to produce the effact of normal 1

dad on camber thrust. The

normal load was varied ip three increments from 50 percent,
100 percent,

to 150 percent of maximum rated load. The
- inclination angle was swept from 20 degrees to -

20 degress
at a rate of one degree per second.

The slip angle was neld f
fixed at zero.

9 :
2. The Siip Angle - Camber Angle Variation was executed to show the

combined effect of camber and slip angle.

The inclination
{camber) angle was incremented in steps of

two degrees Starting
from zero 1o +20 degrees,

At each step,

the inclination angie
was held fixed while the Siip angle

was swept from -1 to +20
degrees at a rate of one degree per

second. A total of eleven
slip angle sweep cycl

€5 were performed in this test phase.
The normal lead remained constant at 100% (maximum rated) load,

Lo

The Slip Angle-Load Varj

ation shows the effect of normal
on slip angle, The nommal load

53, 100, 150 and 200 percent of

10ad
was varied in foyur increments:

maximum rated load. At each
normal load increment, the s5lip

angle was again swept from
-1 to +20 degrees

at a sJeep rate of | degree per second. The

inclination angle was held fixed at zero,

oo i,

A warm-up procedure was performad just pPrior to the free rolling test

described above. The 20-second Warm-up run included

setting the siip angle to
grees for an additionaj 1

+ill degrees for 10 seconds and then to -10 de

0 seconds.
During which time t velocity and load remained constant,

45 mph and maximum rated load,

Coinclination angle,
respectively, at ie70,

4
L

No data werc taken during
e WEIJ"Iﬂ“Up run.
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A total of 50 dry, free-iolling cornering tests were completed under

test category I of Part I, These tests were performed at the maximum rated
inflation pressure.

6,1.2 Braking Traction

The braking test was performed to generate the eight tire model
constants for the three braking computer model functions of peak braking
coefficient, longitudinal slip at peak braking force and slide braking coef-
ficient. In addition, five braking performance coefficients such as braking

stiffness coefficient, peak braking coefficient and slide braking coefficient
were generated,

Three controlled slip ratio braking sweeps up to SR = -1.0 {locked
wheel) wers conducted during each braking test. The normal load was changed in
three inev - nts (50, 100 § 150%) of maximum rated load. The slip angle and
inclination angle were held constant at zero degrees,

A total cf 50 dry, braking (straight-ahead} test runs were completed

under test :ategory I of Part I. These tests were performed at the maximum
rated inflation pressure.
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Part II: Extended Tire Testing

&
The extended testing comprised the major portion of the test program,
Test tires were selected from the fifty tire sample in various groups of five,

twenty and twenty-five tires., The five-tire sample was additionally tested:

® at 50 percent and 150 percent inflation pressure (Pm) for both
free-rolling cornering and braking tests, and

® under wet conditions at 100 percent inflation pressure (Pm)
for both free-rolling cornering and braking tests, and

¢ for the comhined braking and cornering traction tests under
50 percent, 100 percent and 150 percent of maximum rated
load and pressure and for new and shaved tires.

The twenty-tire sample was tested under dry braking at the 50 percent
E and 150 percent inflation pressure (Pm) conditions. While the twenty-five-tire

sample was employed to determine the rolling resistance force characteristics,

In summary:
If"'"’"“":"""’ T S “"}
Iiﬂhdl‘"'ﬁ
| i
H DRY COARERING & BRAKING & | 0% P J

PART I
% NIRE TYPES i
=4 ROLLING HESIST

I 20 TIRE TYREE
BRAXING @ 50% & 150% m—]

BTINE TYPRR

CORKERING § SAAKING
#30% & 150% P4

WET CORNKAING & BRAKING
& 100% MM

COMBINEL CONME RING & BRAKING
€ 50%, 100N & 150% OF PM & LM
FOR HEW B THAVED TIRES

LS N
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6.2,1 Inflation Pressure Testing

The free rolling cornering and braking tests from Part I were repeated
on five new tires for inflation pressures of 50 percent and 150 percent of Pm,
All other conditions and testing procedures remained identical. Testing for
the 50 percent Pm condition was performed on one set of tires while testing at
the 150 percent Pm condition was conducted on a separate set of tires,

In all, twenty variable inflation pressure tests were performed under
test categories III (Cornering) and IV (Braking).

6.2.2 Wet Roadway Testing

A total of ten tests were performed on the wet TIRF roadway. A water
depth of 0.020 inches was used during the free volling cornering and the braking
testing. Prior to testing, the wet road surface coefficient of friction was
determined at SN 30, The ASTM testing procedure employing the ASTM E501 passenger
car tire was performed on the flat roadway.

All wet tests were repeats of dry tests conducted in Part I under an
inflaticn pressure of 100 percent Pm. New tires were used for this test phase
to include test categories VI (Wet Cornering) and VII (Wet Braking).

6,2.3 Rolling Resistance Testing

The rolling resistance tests were conducted in a marmer similar to
that specified by the SAE J1269 rolling resistance measursment procedure {Ref. 4 ),
The exception to the SAE procedure was that inflation pressures of 50 percent,
100 percent and 150 percent of Pm and loads of 50 percent, 100 percent and 150
percent of maximum rated load (Lm) were used. The inflation pressure for the
first of six conditions was capped (pressure allowed to rise). Inflation

pressures were regulated during the remaining five conditions. The test conditions
were as follows: ‘
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CONDITION ' 1 2 3 4 6 6
*PRESSURE (%} 100C | 100-R | BO-R | 100-R | 160-R ! 100-R

LOAD (%} 100 160 100 | 100 160 50

DURATION {min) 0 10 16 10 10 10

*C - CAPPED; i - REGULATED

Testing was periormed on the dry, flat TIRF roadway at a constant
velocity of 30 mph. The slip angle and inclination angle were fixed at zero.

Twentv-five tires were measured for rolling resistance force under test category
V.

6.2.4 Combined Cornering and Braking Traction Testing

The combined lateral and longitudinal force traction tests were a
significant portion of the test program. A total of ninety tests were performed
on only five tire types (tire types 1 through 5). Testing was performed on
both new and 50 percent shaved tires.

6.2.4.1 (ombined Testing on New Tires

A separate test was conducted for each of three inflation pressure
conditions (50 percent, 100 percent and 150 perceni of Pm) and for each of three
normal load conditions (50 percent, 100 percent, 150 percent of Lm). The
combination of nine conditions or five new tire types resulted in forty.five
tests.

The testing procedure required that a braking traction sweep from
free rolling to a locked wheel condition (SR = -1) be conducted fur each of
eleven siip angle conditions. During each braking sweep the slip angle was
held fixed at values of 0, 2, 4, 6, 8, .0, 12, 14, 16, 18 and 20 degrees. The

road speed was held constant at 30 mph on a dry surface.
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Testing under these conditions was particularly severe at the combination

of high load and low inflatios pressure. Asymmetrical tire wear (tested at only

positive slip angles) was very noticeable on those test tires,

A total of forty-five combined lateral and braking traction tests
were performed under test categury IX,

6.2.4.2 Combined Testing on Shaved (50%) Tires

In order to simulate wear, the five test tire types had their tread
depths reduced to 50 percent. This tread reduction was accomplished by ''shaving"
the tires on an Amermac Tire Truer available at Calspan. The tread radius was

preserved and the tread depth was reduced uniformily during shaving.

This method of simulating wear was preferred to road-worn wear where
the tread radius and tread depth at the outer grooves present significant
differences. The uniformily shaved tire was more suitsble to the test program
in light of the vast differences in definirg the "average" road-worn tire wear
tharacteristics. Prior to testing, each shaved tire was "scuffed" on the flat
roadway to remove any cutting blade marking and artificially smooth sheen on
the tread. The "scuffing" procedure included applying a 50 percent normal load,
100 percent inflation pressure at a constant roadway velocity of 30 mph. The
tire was then rapidly swept through a s$lip angle range of épproximately t6
degrees. This procedure was maintained for 30 seconds. The tire tread was
then inspected to determine if the tread surface more closely resembled a road-
worn condition. In some cases, this "scuffing" procedure was repeated several
times.

In all, forty-five shaved/combined cornering and braking traction
tests were performed under test category X.

The two-hundred-and-sighty-six test runs are summarized in Table 6-2.
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7.0 TEST PROCEDURES

As explained in the previous section, all tires were subjected to
the basic program (Part I) consisting of two tesis: a free-rolling cornering
test and a braking test. A portion of these tires were also subjected to the
extended testing (Part I1) of the test program, This testing consisted of
repeating the Part I testing under wet roadway conditions and under various
inflation pressure condivions. The tires were also measured for rolling
resistance loss and for combined lateral aud braking traction performance.
The latter testing technique was repeated for both new and 50% shaved tires.

7.1 Free-Rolling Cornering Runs

The cornering test consisted of three separate phases: camber

test phase, cornering/camber test phase and the cornering test phase.

) The objective of this program was to generate experimental data
to support the ongoing development of computer model functions, It was desired
to compute the constants of the model functions from a comprehensive set of
experimental data covering all ranges of interest. However, the running time
had to be kept short to avoid excessive temperature and pressure changes. An
optimal run technique that would deliver a sufficient number of data and
will keep temperature and pressure rise small had previously (Ref. 1} been
developed at TIRF under & similar testing effort. This run technique was
modified to accommodate a significant variation of the current test conditions.

Table 7-1 lists the differences between the previous and current

run techniques,.
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The time duration for the previous cornering run technique (275
seconds) was consistent with the number of test conditions examined. A
significantly larger number of conditions were requested and examined under
the current program and therefore the time was increased to 435 seconds. This
consisted of a 120-second camber test phase in which camber was changed
incrementally between :20 degrees for 3 loads; a 23l-second cornering/camber
test phase in which slip angle was changed incrementally between -1 and 20
degrees for elisven inclination angles between 0 and 20 degrees; and a 84-second
slip angle test phase in which the slip angle was changed incrementally between
-1 and 20 degrees for 4 lcads.

The inflation pressure was controlled to a preset value by testing
under regulated air conditions. This procedure minimizes the force and moment

variations and should enable better correlation of results between test rires.

A warm-up procedure (as described in Section &) was used to raise
the tire temperature to levels similar to those experienced during the actual

run. The warm-up was part of the test rum.
7.2 Straight-Ahead Braking Traction

A 15-second braking run was employed involving three stops at three
different loads. A single stop (free-rolling to lock-up) preceded the actual
test run. Testing experience has shown that results from the initial stop of
a braking run is significantly different from Tepeat stops. Other than this

break-in stop, no preceding warm-up run was necessary.

The braking and cornering tests of the basic program (Part 1) were
repeated in Part Il under wet roadway and pressure variation conditions,
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7.3 Combined lateral and Braking Traction

In this case the normal load remaired constant while the slip angle
was varied from 0 o +20 degrees at 2 degree increments. The slip angle
remained fixed during each of the eleven stops. Similar to the straight-ahead
braking, the injitial braking condition was used as a break-in,

Three parameters comprised the matrix (see Table 6-2) of fixed test
conditions. Load and pressure ranged from 50, to 100, to 150 percent of
maximum rated conditions. All tests were repeated under new and shaved

tire conditions,
7.4 Relling Resistance Tests

Roiling resistance runs were performed under free rolling, straight-
ahead conditions on the flat TIRF roadway. All values are reported for the
flat surface conditions. Six pressure-load conditions were tested for each
tire. The initial condition required a 30 minute warm-up while the remaining
five conditions were warmed-up for 10 minutes each. The warm-up procedures
eniabied the tire to reach equilibrium conditions mainly in terms of tire
tempetrature (cavity and tread) and longitudinal force {Fx). Immediately
after each test condition had stabilized, thirty seconds of test data were

Jecorded.  These test data were averaged and listed in Appendix D,
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8.0 TEST RESULTS AND DATA PRESENTATION

The tire information generated for this test program is summarized in
the data summaries under Appendix D. The tire performance characteristics are
described for free-rolling cornering and rolling resistance testing. Also
included are the straight-ahead braking and the combined lateral and Tongitudinal
braking coefficients. These performance characteristics, in terms of forces,
moments and non-dimensionalized coefficients, should be assessed with respect

to the specific test procedure as well 23 to the operating conditions.

The operating conditions incjiuded testing at the maximum T § RA rated
load and pressure values. The majority of the rest program was conducted under
regulated inflation pressure conditions., The sole exception was the initial

test condition (capped inflation pressure) of the rolling resistance tests.

The various test procedures were described earlier in Section 6,
Emphasis should be placed on the cornering test technique where a warm-up phase
was followed by three testing phases. A considerable amount of data was
amassed here, during which the tire was continuously cycled and subsequently

increasing tire operating temperature.

A tgbulation of some of the test results are included in Table 8-1
for the fifty tire types,

Erief comparisons were made from some of these results, Unless
otherwise stated, the test conditions correspond to the maximum rated inflation
pressure (1.0 P} and normal load (1.0 L). All values shown are averageas
calculated for a specific set of operating conditions,

8.1 Test Hesults

A correlation of cornering and braking coefficients is presented to
identify differences between wet and dry testing procedures, The wet average
Cornering Stiffness Coefficient (CA/FZ) value is 0.212 while the dry average
CA/FZ value is 0.158. The wet CA/FZ shows a significant increase of 33 percent
over the dry CA/FI value,
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TABLE 8-1 [CONT.)

SUMMARY OF VARIOUS SELECTED CORNERING AND BRAKING
PERFORMANCE COEFFICIENTS

CORNERING BRAKING

TIRE

TYPE TEST CALPHA MUY MU MUK
NO, COMMENTS LB/DEG CA/FZ B PEAK PEAK SLIDE
8 DRY: 100% L; 100% P 207 0.133 ] 0.84 0.88 0.69
27 ORY; 100% L; 100% & 202 0.168 087 0B 0.61
28 DRY; 100% L; 100% P 202 0,144 G885 G.87 087
29 DRY; 100% L; 100% p 122 0.087 .87 0.78 0.7t
0 DRY; 100% L; 100% P 160 0115 0.87 0.70 .81
n DAY 109% L; 100% & 188 0121 0.87 0.8 O.its
32 DRY. 100% L; 100% F froci ] 0.124 o889 a.ns 0.85
=] ORY: 100% L; 100% P 218 0117 0.86 084 080
34 DRY; 100% (; 100% P 1i3 .16 0.96 0493 0.74
s ORY; 100% L; 100% P 89 0.084 0.87 0.99 0.74
36 DAY 100% L, 100% P [ -] 0.068 0.6% .02 0.726
a DAY 102% L 100% P 148 4,144 C.82 0.96 0.73
i DRY; 100% L 100% P 04 0,107 0.59 0.86 0.84
38 RRY: 160% 1.; 100% p 174 0.124 0.99 [+ ry - ) .76
40 DRY: 100% L; 100% p 184 413 0.81 X2 064
4% DRY; 100% L; 100% P 188 0.114 {231 .92 083
]2 GRY; 100% L; 100% P 186 0.143 0.89 0.83 1 4.1
43 DRY; 100% L; 100% P 18 0.138 0.87 0.87 a.70
44 DRY; 100% L; 100% P 133 0094 0.88 .84 083
L1 DAY; 100% L; 100% P 181 Q.10 0.88 Q.04 0.74
48 DRY; 100% L; 100% P 2680 0.158 0.82 0.87 9.7t
47 ORY, 100% L; 100% P 340 0.153 0.02 0.8 084
48 DAY 100% L; 100% P " 0.106 0.84 0.82 050
49 ORY; 100% L; 100% P 247 0.159 .89 083 088
B0 DRY.; 100% L. 100% ¢ l 0.A8 0.57
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From previous experience, these results indicate that the percent
increase is Righ. The actusl average CTA/FZ values are, at first glance,
unexpectedly low with respect to the nigh performance tires tested. However,

tire test measurements can be significantly influenced by tire and ambient
temperatures,

For this comparison, the corresponding Contained Air Temperature (CAT)
values show a dry average CAT value of 57° C while the wet average CAT was
387 . As the CAT value drops, the CA/FZ value increases. This trend is

identical to earlier investigations which involved aill dry testing but at
various operating temperatures,

Similarly, a correfation exists between the wet and dry CA/FZ results.

The rate of change of CA/FZ with respect to CAT is computed:

. FK7F? CATE? - CAJT?

N wet dry _ 0.212 - 0.138
Lol e L ary . el
L CAT CAT - CAT 38°C - s7°C
wet dry
= -0.00284/°C

This ratio, -0.00284/° ¢, closely approximates similar studies,

As previously noted, the CAVFZ values reported in this report for
the higher performance tires, seemed, "at first glaice,” to be iow. An
ispection of the majority of other studies shows that the CA/FZ vaiues were
obtained at nearly ambient temperature/tire conditions. Thus, arbitrariiy
choosing an ambient temperature (and similar CAT value) of 20° ¢, the present
CA/FT values are accordingly adjusted with respect to the above relatiornship.
The equivalent CA/F7 value is computed to be 0,263, a more accepted "absolyter
vidiue with respect to the 20° temperature reference,
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In summary, some CA/FZ values for wet and dry testing have been
presented and compared. And, the significance of temperature effects
resulting from testing procedures and operating conditions have been
emphasized.

This should not imply that the results presented in this report need
be adjusted, but rather serves to stress the point that readers should be aware
of the factors surrounding the reported results,

In any event, the rasults presented above have been derived from a
small sample of measurements. They indicate a general trend rather than a
rule or specific values. A systematic analysis should be undertaken to establish
the relationship between the Cornering Stiffness Coefficient {CA/FZ) and
Contained Air Temperature (CAT).

Additional wet versus dry comparisons show that:

¢ The wet Lateral Force Peak (MUYPEAK) coefficient decreased by an
average of 28%.

® The wet Longitudinal Force Peak (MUXPEAK) coefficient decreased
by an average of 23%.

¢ The wet Longitudinal Force Slide (MUXSLIDE) coefficient decreased
by an average of 47%.
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Note tnat the slide braking traction coefficient {(MUXSLIDE}
significantly decreased under wet conditions. From a vehicie safety aspect,

any effort to prevent tire lock-up under wet conditions should be considered.

The average dry test results from the 25 tire types used under
extended testing were also examined. Only those results, taken at the 100%
load and 100% pressure conditions and under cornering, braking (@ o = 0°}

and rolling resistance testing are shown.

The upper (average of 5 highest) and lower (average of 4 lowest)

bounds for five performance coefficients;

. Cornering Stiffness Coefficient, CA/FZ

Peak Lateral Force (FY} Coefficient, MUYPEAK
Peak Braking.Force {(EX} Coefficient MIXPEAK
5lide Braking Force (FX) Coefficient, MUXSLIDE

Rolling Resistance Force {FR) Coefficient, FRC

LA B

are listed in Table 8.2.

- 39 687]1-V.1




e ;

Table 8-2
AVERAGE VALUES OF FIVE PERFORMANCE COEFFICIENTS

Average Averaye
Upper Lower Percent
Bound Bound Spread

CA/FL 0.174 0.097 79%
MUYPEAK 0.95 0.85 12%
MUXPEAK 0.97 0.76 28%
MUXSLIDE 0.80 0.61 3%
FRC 0.0143 0.0094 52%

Where the percent spread is defined;

Upper Bound Avg. - Lower Bound Av.

% Spread = Lower Bound Avg. x 100

Table 8-2 shows the wide variations in performance; MUYPEAK
has a 12% spread while the CA/FZ has a 79% spread and FRC has a 52% spread.
Large modifications can be made to the CA/F? characteristic without significantly
altering the MUYFEAK capabilities,

But in contrast, the possibility of significant trade-offs between
the CA/FL and FRC characteristics is more profound and should be investigated.
From Table 8-2, the overall aversge values for the five performance

characteristics are:

CA/FL : 0.136
MUYPEAK : 0.90
MYXPEAK : 0.87
MUXSLIDE : .71
FRC H 0.0119
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A general comparison to a previous SAE paper {Ref. 5), shows that
four of these averaged value only changed slightly. The fifth value, FRC

was not previously measured.

The significant factor, in this case, is to note that the ongoing
emphasis on lower tire rolling resistance loss has not compromised the overall

tire performance.

A third observation is summarized in Figure 8-1. The plot shows the
averaged FRC test data obtained at the three pressures {50% P, 100% P and
150% Plconditions and under the 100% load condition., The FRC values are 00,0174,
0.0019 and 0.009] respectively for inflation pressures of 50%, 100% and 150%

of maximum rated pressure.
An increase in pressure from 100% P to 150% P shows a 17% drop in FRC
while a decrease in pressure from 100% P to 50% P shows a 59% increase in FRC.

The 3.5:1 ratio emphasizes the consequences of tire underinflation.

Further analyses shouid be made to evaluate the tire temperature

increase and consequential damage to the underinflated tire.
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8.z Baita Fresenration

The test data are presenced 45 summaries of the measured force and
moment results. The voluminous amount of raw data are avaiiable hut not
included as part of this repert. Although a discussion of that data is aiso

provided in this section. Thece data are presented in two parts.

8.2.1 Part [: Data Summaries

The data swamaries are loczted in Appendix D of this report. The
data are ordered according to Tire Type aumber. All summary results, which
include all pertinent test runs for each of the 50 detailed tire types, are
subseyuentiy included after ecch respective Tire Type description. Tabie 6-2

cdn be referenced to readily jocate a tire and/or test number.

The summsries of tle test results include:

1. Tire and Run Identificatien
2. Fuotprint
3. Test data results for:

aj Cornering and braking tests computer modeliling
constants and performance coefficients are
ordered with respect to run number (as listed
in 1 abovej for each sequential tire type.
gﬁ

b) Roliing resistance tests,

Note that the cornering coefficients and constants are not included
tur a4 few of the test runs. Although, the raw data were included in their
entirety under separate cover, For these runs, the test conditions were too
severe for the test tires and the tests were dutomatically aborted prior to
completing the testing sequerce. The test data, to the point of termination,
are aviallable, but not sufficient for the computer program to properly calculate

all ot 1ts coefficients and constants .,
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Some values have already been manually approximated and appeared in

the previous section.

The tire and run identification sheet includes the Tire Type Number
for the purposes of cross-reference and also Tire Size, Brand Name, Manufacturer,
Construction Type, Maximum Rated Lcad and Inflation Pressure, Number of Plies
and Cord Material, Rim Width, Shore Hardness, all tire numbers, DOT Number,
Groove Depth, Water Depth and Test Number of each Free Rolling, Braking or

Rolling Resistance Test,

A figure showing the tire footprint at maximum rated toad and
inflation pressure is presented {or most tire types., Footprints of a few

tires were not obtained due to duplication at g different tire size for
tne same brand name,

8.2.1.1 Cornering and Braking

The list of coefficients and computer modeling constants are
summarized for free-rolling and braking test conditions. The measured
coefficients (Ref. 1) are shown in Table 8-3 and 8-4.

The computer modeling constants (Ref. 1) are summarized in Table §-5.
These constants can be used to describe the tire force and moment characteristics
in the form of a few mathematical equations (Ref. 1). The load FI is always
taken to be positive,
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Table 8.3
TIRE COEFFICIENTS
(for definitioas, see Table 8-4)

|
|

Svmbol Parameter Dimension
CALPHA, CaA Cornering Stiffness* {Def. I) 1b/deg
CA/SFZ Cornering Stiffness Coeff. * degﬁl
COAMMA, G Camber Stiffnegge (Def. 2) 1b/deg
CG/iz Camber Stiffness Coeff. = deg~!
CG/CA Eguivalent S5lip Angle
Cs Braking 5tiffness {Def.3) Ib
(S/FZ Braking Stiffness Coeff. +
MUX PEAK Peak Braking Coeff * (Def. 4)

MUX SLIDE Slide Braking Coeff. * (Def. s,
MUY PEAK Peak Lateral Force Coeff.* (De?. @)
NALPHA, NA Cornering Aligning Stiffaesu* [)ef, ?) ft ib/deg
NA/LZ Cormering Aligning Stiffness Coeff + fr/deg
NA/CA Pneumatic Trail (Cornering) ft
NGAMMA, NG Camber Aligning 5tiffness (Deg, 37, ft 1h/deg
NG/EZ Camber Aligning Stiffness Coefy" ft/deg
NGOG Pneumatic Trai] {(Camber) ‘ fr
SA 0 MUY PEAK Slip Angle at MUY Peak deg
Si PEAK Longitudinal Slip at MUX PLAK (Def. 9)
FRC Roliing Resistance Force Coefficient*
*SAL Recommended Practice J670e
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Table 8-4
COEFFICIENT DEFINITIONS

==
<

Definitions

L= I I B - N P R N R

CALPHA = CA = 3(FY)/3(SA) @ SA = 0
CGAMMA = CG = 3(FY)/3(IA) @ IA = 0
CS = 3(FX)/3(SL) @ SL = 0

MUX PEAK = FX MAX/FZ

MUX SLIDE = FX/FZ @ SL = -1

MUY PEAK = FY MAX/FZ

NALPHA = NA = 3(MZ)/3(SA) @ SA = 0
NGAMMA = NG = 3(MZ}/3(IA) @ IA = 0
SL = (N/V) « ((V/N) €T =0)) -1

where:

SA = Slip Angle

IA = Inclination Angle

Vehicle Speed

N = Wheel Revolutions per Minute

*

Wheel Torque

46

6871-V-]



Table 8.5
TIRE COMPUTER MODEL FUNCTIONS AND COEFFICIENTS

Constants

Dimensions

/

CORNERING STIEFNESS (COEFFICIENTS A0, AT A3) " /
CA = (A0 + AT * FZ.(A1/A2) * FZ *4 2) = 0.017a833

CAMBER STIFFNESS (COEFFICIENTS A3, Ad)*
CG - (A3*FZ-(A3/A4)} * FZ ** 2) * 0 0174533

PEAK LATERAT FOREE COEFFIGIENT (COEFFICIENTS 83, 81, 84)
MUY PEAK « B3 + B¢t *FZ+B4a*F2 e 2

OVERTURNING MOMENT (COEFFICIENTS C1, G2, G217
MX = {C1+C2 = ABS (GAMMA)} " FY *FZ+Ca * GAMMA * F2

ALIGNING TORQUE {COEFFICIENTS K1, K2, k3t

PEAK BRAKING COEFFICIENT (COEFTICIENTS Po, 1, P2yt
MUX PEAK = PO +P1* FZ + P2 *FZ ve 3

LONGITUDINAL SLIP AT MUX PEAK [COEFFICIENTS RG, R1}
SLPEAK = RO + R * F2

SLIDE BRAKING COEFFICIENT (COEFFICIENTS S0, s1, s™
MUX SLIDE =S50 +§1*F2 + g2 *FZ e 2

b/ lag

b/ deg

feib

MZ=(KY*F2++K2+aBS (FYN®FY +K3*F2 s GAMMA/SQRT (ABS .(GAMMAH ftib

+GAMMA IN RADIAN: FZ POSITIVE
++LISTED FOR FIRST AND SECOND ORDER POLYNOMIAL FiTg
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Lateral Force Equations

The cquation used for cornering stiffness as a function of vertical
load is:

Ca= (-3Fy/30) g = [Ay + AFZ - (Al/Az)Fzz] n/180, 1b/deg

The model equation used for camber stiffness as a function of vertical
load is:

Cr = (3Fy/3y)y,g = [AgFZ - (A,/A,0F2%] 7/180, 1b/deg

For peak lateral force coefficient as a function of vertical load, the equation

is:
2
yyp = FyMAx/FZ = B3 * BiFZ + B4FZ , 1b/1b

Moment Equations

The equation used for nverturning moment as a function of vertical

load-lateral force and inclination angle {in rad) is:

Mx = (C) v Cy |v]) FyFZ » CovFZ, ft/1b
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The eauation for tha 411gning torque as 3 function of verticail

locad, lateral force and inclination (in rad) is:

MZ = (k) Kzgpy]) By « K FZy /vy, £t/1b

Longitudinal (Braking) Force Equations

The equation used for peak braking coefficient

as a function of
vertical load ig:

. . 2
“xp T FXsLipg/FT = Sy ¢ S FL S,FZ°, 1b/1b

For longitudipal slip at peak braking for

ce as a function of
viertical load the equation is:

These eight tire model functions contain 22 coefficients, The data

d to

» slip angle and inclination angle conditions.
used to compute the modeling constants and coef
the raw duta recorded on TIRF, In addition,

reduction computer pProgram previously used in Reference 1 was modifie

4ccount for the different load
The program was ficients from

the dynamic SPring rate was

cialcuiated from tae measured Normal Force (F2} and Lo

aded Radiys (RL). The
Spring Rate (ib/in) appears along with the cornering ceoefficient information,
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8.2.1.2 Rolling Resistance

The rolling resistance test data results are summarized in tables
for each of the first twenty five tire types. These data represent the
averaged results from data recorded during each of the six stabilized test
conditions. Approximately thirty data points, taken at 1 second intervals,
were used to calculate the rolling resistance test data. A warm-up period,

as detailed in Section 6, preceded each equilibrium test condition.

The symbols are defined in Section 4. In addition, the Rolling
Resistance Force Coefficient is presented. It is the ratio of the rolling
resistance to the vertical load,

8,2.2 Part II: Raw Data

The "raw" data comprise all data points recorded during the test
program. Each data peint includes all dependent and independent parameters.
These data are available as tabulations for each test run, Also included
are X-Y plots which were generated from the numerical values of the tabulated
results. The plots and tabulation are preceded by a test/tire description of
the test run. The test data have beep organized, for each run number, in the

following order:

e Tire/Test Description
& Plotted Data
s Tabulation,

Several plots were made for each of three test types: 1) Cornering
tests, 2) Straight-ahead braking traction tests and 3) Combined lateral and
braking traction testing.
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The Cornering tests include thr e graphs:

1. A plot representing the camber test phase shows the
Lateral Force (FY) versus Inclination Angle {IA}
for each of three normai loads and at zero

slip angle.

2. A plot representing the cornering/camber test phase shows the
Lateral Force (FY) versus Siip Angle (SA) for
each of eleven inclination angles and at the

100% load conditien.

3. A plot representing the cornering test phase shows the
Lateral Force {FY) varsus Siip Angle (SA) for
edach of four normal loads and at zero inclination

angle,

The Straight-ahead Braking Traction tests include two #Taphs for

cach test:

1. A plot of Normalized Longitudinal [NFX) versus Slip

Patio (SR) for cach of thres normal loads.

«. A plot of Longitudinal Force {FX} versus Slip Ratio

(S8) for esin of three normai loads .

The Zombined Literal and Braking Traction tests also include two

draphs frne cach test:

L.\ plot of Normalized Longitudinal Force (NFX) versus Slip

Ratio SA)} for each of sleven slip angles,

<. A plot of Longitudinal Force (FX} versus Slip Ratio (SR)

for each of eieven slip angles,

The tabulated data includes eighteen selected parameters for each

Last run.,
51 6871-v-]
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Tabulation for Cornering Tests

The eighteven listed parameters include: TE, 8A, IA, FX, FY, FI, MX,
MY, MZ, P, RL, RE, N, SR, T, CAT, NFY, TST.

Tabulation for Braking Tests

The eighteen listed parameters include: TE, SR, V, FX, FY, FZ,
NFX, MX, MY, MZ, N, RL, RE, T, FRS, NFR and PL.

Tabulation for Rolling Resistance Tests

The fifteen listed parameters include: TE, V, FZ, P, FR, ER, FX,
BFT, RL, FY, MZ, CAT, N and SA,

The raw data plots and lists for the ten testing group categories
as described in section 6, have been assexmbled under separate cover. These
categories are under the test headings of free-rolling cornering, straight-
ahead braking, combined cornering and braking and rolling resistance.
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Cornering Tests

% Group I - Basic, dry at 100% pressure
- = Runs numbered 1-26, 53-61, 136~143 and 162-168.

¢ Group III - Extended, dry at various pressures
- ~ Runs numbered 169-17%,

¢ Group V] - Extended, wet at 100% pressure
- Runs numbered 152-156,

Straight-Ahead Braking Tests

® Group [! - Basic, dry at 100% pressure
~ Runs numbered 27-52, 62-70, 144-151 and 179-185.

® Group IV - Extended, dry at various pressures
- Runs numbered 186-195,
® Group VII - Extended, wet at 100% pressure
Runs numbered 157-161,
¢ Group VIII - Extended, dry at various pressures

- Runs numbered 116-135, 206-214 and 216-226.

Combined Cornerihg and Brakigg Tests

o Group IX - Extended, New tires
- Runs numbered 83-94, $7-115 and 27:-286.

& Group X - Extended, Shaved tires
- Runs numbered 227-271.

Roiling Resistance Tests

e Group V - Extended, various pressures and loads
- Runs numbered 71-82, 95, 96, 196-205 and 215.

Table 8-6 shows the averall tire identification to test category

correluton,
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Table 8-8

OVERALL TIRE IDENTIFICATION AND TEST CATEGORY SCHEDULE

EES:: PERLENT OF PERCENT OF
TIRE TIRE TEST TREAD ROAD MANIMUM RATED | MANBAUR RATED
TYeC MANLFACTURER DESCRIPTION e GAoUP DEFTH SURFACE | PAESIURE try) COAD Lyl
+ GOCCYEAR PULYSTEEL PG/ TSR 1 HE% DRY 100% 54, 199, 180 & 00%
" [] 50, 100 i 190%
v l 50, 100 & 160%
" +
X SHAVED
b3 FIRESTONE TRAX 12 PIDETRR TR SALSE AL TIRE TYPE 1)
3 GENERAL DUALSTEEL It |P1gs/ToR 4 (BAME A THNE TYPE 1)
4 CROFEA TRENDSETTER  [AT813 WLAE A% TIRE TYPE 1}
5 GOODYEAR EAGLE MCT PSS TOR 1 & {EAME A8 TIRE TYPE 1)
L3 FIRESTONE m FISE/TOA 14 i EW DAY 199% 50, 100, t6e B 200%
i | 50, 100 & 150%
H G then, 50, 100, 150 & 200%
"w B0, 100, & 160K
v s TR Y []
vt wm 0. 100, 168 & 2005
vH t 20, 100 & 150%
il DAy 0% 18 t
i SEMPIRLT MEaT LT DT BAME A% TIRE TYFE B) oo e
] MICHELIN TAR T20/554 0% SAME AY TIRE TYPE 8) e e e
[ PIRELLY 27 PROBMEVA T (AN :: LL TR R TR —
10 HARLLI ] PIRA/OSRA 1S BAME AY TIRE TYPE 8}
1" URIAOTY AL STEE &n PADS, BR 4 | NEW onY 100% 50, 100, 166 & J09%
] L 50, 100 & 150
v 40, 100 & O%
vin -1 1 ‘
12 BUDGESTONE R0 PIOB/POR Y4 HEAME A5 THE TYPE 173 o -
3 AMETRONG PCE-A-THAL FAS0-E
14 GENERAL T RADIAL FI64/90/13
1% GOODYEAR SELFSUMPORT  [FradrmAa
b1 UNIROYAL HIDEANAY Y13 10018
17 GENERAL STEEL LAPER PIMI AL
i 3 REMINIQTOM MONEER FRYLA
1% 4. C PFERNEYY WEATHEATAMER [F108/ TN Y4
an SEARE GUARDSMAN PIGBITSA A
F4l GOODYEAR VIVA PYRESMAATA
2 SEARS SUWERGLIARD ETR14
2 MO TGOMER Y QA MISER IR/ TIR S
2 UKIROY AL, ROYAL SEAL PIOACTRN 1A
» KMART KT tre1e
" GOODAHH AGVANTAGE T/A {PRI8/F0ATE 1 NEW oRrY " 56108, 140 & F00m
" t 50, 108 & \SO%
7 URIROYAL STEELEN TR {BAME AB TIHRE TYPE ] s
i MICHELIN W tal i LAT
x UNIROY AL TIGER PAW ProR/ AL
E- ] GOOOYEAR ARRIVA MM/ TER 14
M FIRESTOME TOWN & COUNTRY|PISB/ TSRS
3 FHRAESTONE 12 PRIS/TERS
13 GOGOYEAR POLYETREL PRIIN TR
E GOOOYEAR POLVETEEL PESA/BOR 1)
» KELLY SPRINGFIELD BPGRY MARK HERR 1)
u» EOOPE R GLAS BELT PIBE/NGA Y -
3 BRIDGESTONE D108 18R 12
» UNIROYAL STEEL BELTED [ FROM/ 7814
M $EARY WEATHEAWITE [P IB/TRRYS
43 SEARS SUPER GUARD (&3 BT
1t MANSFIELD KEVLAR RS 14
42 STRATTON SPORT RADNAL P16/ 0N 14
43 EMPCO POWER CAT 1] P8
- FIREETONE RETAEAD SUPER [E7014
an staRy SUPER GUARD a1
45 DUNLO® AT GUALIFIER ansd-16
4T FIRESTONE CELUXE CRAMPION F1E5/B0R ]
48 IMNIROY AL FASYRAK PIS5/BOR 1]
4% CONTINENYAL T N PIGA/ TOH 14
s PIRESTONE TEMEA SFARE TA28/70018
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APPENDIX A

TEST SCHEDULL FOR 286 RUNS
Run Number Ordered
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TIRE TEST SCHEDULE

1 30 _[Free Rolling
2 5
3 15
4 24
5 18
6 22
7 2t
8 7
9 4
10 6
11 10
12 9
13 12
14 20 o
k5 11
16 1 ]
17 3 32
18 13 35
19 14 Y
20 16 32
21 17 Y
22 19 35
23 25 32 l
24 27 3
25
26
27
.
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TIRE TEST SCHEDULE

3 ROAD LOAD |  TEST
RUN ! TIRE CONDITION | psi | mph i GROUP
{ -0-3} | [300- ) |
2318 | ory 35 130 JSR=0®-1 | 0 | 0 | (&) T
j‘ 24 {[ ] i
s ] !
o o]
330 21
e
B4
N T
e e
34 j 28
390 1 g
W L g E
T 32 |
1o ; ) { 35 : | i |
T | |
EER
e : 20
L i i
; i ‘ i3 \
L,.... o 14
) ? ) | 32
L6 I Y
17 ,' i T‘+_y' ,
" : o6 Free Rol.ing CZ) 2) Ci) !
L i I‘Y _ | | | | |

A-3 6871V}
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TIRE TEST SCHEDULE

ROAD P v s sA | 1A | LOAD | TEST
RUN TIRE CONDITION | psi | mph deg. | deg | b GROUP
{023} 1 (300- )
57 46 Dry 32 130 [Free Rolling| (D) | (2 3 !
58 40 *
59 41 1
50 2 38
o Y Y Y[¥ ]
62 26 32 SR » 09-1 0 0 ® 11 1
63 30 ‘ <
64 39 35
i 65 46 32
66 38 I
67 a1
68 40
69 2 35
70 23 | Y \/ Y y Y
TR Y | O ls0 Rl o] o [ G |
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TIRE TEST SCHEDULE

ROAD

RUN TIRE CONDITION | pui | mpw deg. GROUP
H ( -0-3) | (300- }

85 51 Dry 52.5/ 30 {SR = O4-1 7 0| 700 IX

86 63 y 530

57 43 35 700

84 35

By 51 4

90 63 530

91 43 17.5 700

g2 35

93 51 Y

94 63 Yy Y 530 Y

95 71 ) |so [feiting o T o] o | (O v

96 7s Y Y'Y Y. Y[ Y Y

97 44 52.5] 30 |SR = 0.1 7 0 ! 1400 IX
i 98 36

59 52 Yy

100 64 y 1060

101 44 35 1400

102 36

103 52 |

104 64 Yy L] 1000

05 44 17.5 1400

LG6 36 |

107 5 | ) 4

108 64 1063

109 45 52.5 2100

1o 37

11 53 ! |

12 45 Yy 35
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TIRE TEST SCHEDULE

' s $A A LoAD TEST
dey. deg. b GROUP -

SR=0#-1 || o {21001 1x

'I
|
l 121 71 52.5 1 -

122 66 48
23 75 52.5 -
124 47

125 58 -
126 32 17.5

127 54

128 57 t =

129 60 Y

130 68 16 R . -
131 71 17.5

132 66 16

133 75 17.5

134 47

138 58 \

138 59 35 Free Rolling

137 61 Y

138 67 32

139 72 34

-
140 65 32 !
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TIRE TEST SCHEDULE

ROAD P v s SA | 1A | LOAD | TEST
RUN TIRE CONDETION pai mph deg. dag. 1] GRO.JP
(-0-3) ,  (300- )
141 76 Dry 35 30 | Free Rolling @ @ 3 I
142 79 60 l + % i
L8l Y Y Y
Lig 59 35 SR = O@-1 | O 0 @ 11
P45 61
[46 67 32
147 72 35
148 65 32 )
149 76 35
] 150 g2 60 '
151 51 \ 7 Y | vy
152 33 Wet S/N 30 {35 Free Rolling (1) | @ | (& VI
153 69 (0.020" wateg) 32
154 73 35
153 77
156 as Y Y. y.y Y
157 x SR = 0#-1 | 0 0 | @ VIl
g 7y | '
L5y ] 33
L60 69 ' 32
L6l 73 v 35 [ Y \ Y Y
Ory Free Rolling (D) 2 3 I

PR S L e el R L R L e R T S
& i
[
S

TR
x
i
i
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TIRE TEST SCHEDULE
COfﬂ\}gﬁ"?DN ;i mph teg. ;:; L%fg i GROUW
. -0-3) | (300- ) g _
E_ 169 14 Dry 137.5 | 30 |Free Rolling !l OTe 11
176 51 52.5 '
I_ 17! 79 16 ]
17: 69 48
T 74 17.5
L 174 73_' 2.5
P i7s 75 17.5 i
{ o 77 152.5 | |
TR 49 7.5
178 48 52.5 Y
17y 94 35 SR = O4»-1 0 o (&) I
180 55 ]
181 105
132 83 i
183 9K 32
154 g6 ]
185 113 35
186 34 L 17.5 v
187 33 $2.5
188 70 16
189 69 48
190 74 17.5
191 73 52.5
192 78 17.5 —_I
193 77 §2.5 |
194 49 17.5
195 a8 s2.5] Y % Y Y ]
196 87 © 1 0 [RMEee | 0 | o1 G v
A-8 6871-v.1
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TIRE TEST SCHEDULE

ROAD P v s sa | 14 | LoaD | tEST

( R u‘:]v ol ;g 3 & CONDITION psi | mph deg. | dag. o GROUP

{57 160 D1y @) | 50 Re3i%E o 0 RO v

198 39 :

199 1 qig |

Uit E 56 i

01 97

02 | 1s

205 10y

208 | 80 ;

205 il6 Y Yy | Y Y y

e f g 52.5 | 30 [SR = 0#-1 0 o | @ ' wviu

207 T 100 f |

205 56 J Y i

054 99 48 ;
B 97 L
I 15 ¥ 1
Q iy s 52.5 E 1
s 0 e 1 ! i
i fa ! 80 50 Y * Y Y
P . E ® | so Rosiing o 0 o | v
Y e 17.5 | 30 SR = 0#-] 0 o1 & VIl

Y 100 i

28 24 Y

214 T a4 16

A~
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TIRE TEST SCHEDULE

ﬁ
ROAD SA ¢ 1A | LOAD | EgT |
| GONDITION pa | moh dey. f deg. a GROUP
;o j ‘]
Dry 30 0 lsp s o1 g __h__ir_,._iﬁlw___}jlu_gm
: ) i
175 1 4;! f ¥ -
Ay a1 <20 O ; 200 X {
Ixn it |
229 1of — Y 3
230 | L | AR 556
231 Ha 48 o | 530 I ";
212 102 - 0 ; e
o TT T v v
¢ 3 ; e — I/
350 ! : 756 ‘
1 B
H i ; I i
] B =i
el ’
v o | 656 |
? f P
! ! f
1 , v "
Y i e i
| i Jfa:.:b " 1:
1.5 ; 11400 -
1 T Y Pt
1 T 1] :
; |
¥ 1312 b .
48 1060 l
2 ; T
¢ ! | '
s 1 400
S0 H
I ' )
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TIRE TEST SCHEDULE

ROAD P | v s sa | A | L0AD| TEST
RUN TIRE CONDITION mi | mph deg. | deg b GROUP
-0-3) | (300- )
253 93 Dry 17.5 ] 30 s =o0o#-1 1 (3 | o ! 1400 ] X
254 112
255 108 Y
256 86 Y *1312
257 91 52.5 2160
258 110
259 106 Y

l 260 84 ¥ 1968

I 26l 101 48 1590

A-11
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ROAD

TIRE TEST SCHECULE

v

LOAD

SA TEST
{ -0-3) | (300- )
281 53 Dry 17.5] 30 | SR = o#-1 | (7 0 | 2100 1x
282 104 16 1590
283 88 52,5 1968
284 89 35
285 90 : 17.5
285 Y Y Yy Y Y Y[ Y'Y

A-12

o871-V-i

-~
8
]
-
P
o
b
¢
B
¢
7
-1‘?
I
o |
!

P |

-3 -




Tire Test Schedule {(Con't)

Slip Angle Schedule (:): Sweep from -1 to +20 degrees at a sweep rate of
1 deg/sec

flip Angle Schedule (D): 0, 2, 4, 6, 8 10, 12, 14, 16, 18 and 20 degrees

Inclination Angle Schedule (:): a) Sweep from -20 to +20 degrees at a
sweep rate of 1 deg/sec while at zero
slip angle

Inclinatiou Angle Schedule (D: b) 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 and
20 degrees while sweeping Slip dngle

Normal Ioad Schedule (:): aj 50%, 100% and 150% of LM during inclination
angle sweeps

Normal load Schedule (3): b) 50%, 100%, 150% and 200% of LM while at zero
inclation angle

Normal load Schedule (:): 50%, 100% and 150% of LM

Normal Load (E} - Pressure (:) Schedules:

l Condition

' Parameter 1 2 . 3 4 5 6

] . )

| (S Load (%) 100 150 100 | 100 190 50

| ©*Pressure (%) | 100-C | 100-R | 50-R | 100-R 150-R | 100-R
| Duration (MIN) | 30 10 10 10 10 10

{

*Pressure: C - capped air, R - regulated air

A-13 6871-v-1
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TIRE IDENTIFICATION SCHEDULE FOR 115 TIRES
Tire Number Qrdered

&
E
I

B-1 6871-v-1




v b—— [ i g e £ L i ke b oo

& ¢ £ ¥ ¥ € g £ £ | . A A
zt IS0 HEf 643 0y yI¥sL/s61d INCLSADAT uE 1z
L1 OVZ  Ans HHOY ¥444I¥9 T33IS TVNa ST¥SL/522d TvadNI9 oz
8¢ 0zs HO ONdv aaL13d 133is y1uss/sozd TYAOUINN 61
£ 0St 42 wiev II1 134Ls Tvnd viysL/se1d TVYHINTD 81
N 065 OVD S4in YALLAS aNFYL $T-BLY ¥3d00D LT
I 0ty aqdar 63rd 801 Oy £TUSSoT f w01 3I00TYE 91
1t 0z¢ g WVidy dFT133LS PTaSL/561d TIVAUHIRIT 5T
121 00 ¥t M3V TVIGVY 1AC £IH0R/SS 1d TVEINIS 14
9¢ 0St  N9D  +3dn L13d sv19 £T08/5S1d AId00D £1
X4 0SP AN HH4V ¥T1IILS STUSL/STEd TIRORINN 41
g 6SE  XZST UMY XdlL 06£HSS /022 NITEHO IR 11
s 10T 9¥X  HHAH 1z STdsL/szed INOLSTYIA ot
cc 1.0 OHO IBDIN T34LS X104 HOLSOD S1¥5./522d ¥vIAd009 6
9 [P0 SLX W¥ZM 2L YlaSL/s614 GNOLSTH T4 8
z 180 QUL WAZM Z1 XVl PI¥SL/S6Td INOLSTHIA L
15 08¢ ¢HX WXOA JAMINNOD § NMOL 3118 MONS rIdSL/S61d INOLSTHI 4 9
1 v0  ZHG VAIW T491S X104 WOlsiD v14SL/S61d YVIAG00D S
ot 0FY OHA VYan VATHUV YIYSL/S6Td HVIAG00Y v
ce 68 wvY Sddd VIOV d9 N¥VW LHO4S £1¥SSST ‘NddS ATTEX g
" O¥F 050 VIgxk NCTJANVITS 3XnTaq £ 140875514 INOISEYIA 2
v 662 OHI vINM TVIAVY 1331SAT0d £1408/551d AVHAGO09 I
{dOINGTHIETTY { -00¢)
TdAL THIL ‘ON TvIH3S - 100 NOILdINOS3Q 3HIL 3zIs ¥IUNLOVINNYI .ou .w.m_»

IINAIHIS NOILYIIANIGE 3HIL

6871-V-1

B-2

i
i
:
i
i




e s e g L e L e

et

1 Y0  ZHA VMW THHLSATOd WOLSND yINSL/S61d AVIAAGO0D 2y
or I¥T  6VY  dnga EENER NN R] $T-0949 JO'INNG i
st 160 181 AAID aal13d VN adns S1-8(9 SYvis o¥
rA 4 12U ol¥ 6ig 0/ TVIOQVY 1304S v14S0£/561 NOLLVYHLS 6¢
134 8IS 3AM gV 09 IVIGVY LVD ¥IMOd v1-0945 00dwd 8¢
b4 180 i1 WIZm Z1 XVl “ " £
4 IS0 (Ml WVHZM Z1 XVl “ " 9¢
< 10 QUL VIZM Z1 Xvil " " S¢
9 120 SLX  WXZR 1z " " 147
9 0 £LX  VIZM 124 “ " €€
9 bl SIX WIZM 124 " " 4%
4 1£0 (Ul WIZm Z1 Xvil Y1usL/561d INOLSTHIA £
1y LIS $9N  §1A1 AN YVIATN p1-8.48d a1 ISNYH n¢
6§ 160  TyZ Wid) ISIMAIHLVIM vi¥sL/S61d SYvIS 62
61 i1t Ald  WIAH LELCAN BRI PIHSL/561d AGNNZ4 "D T 8z
07 0IS  #LT WIHD NYIISLIYRO vIYSL/S61d SUVYAS Lz
of 00S 22T 8D MvADEIaNs vi-8.44 SUVIS 92
il | 8¥l  vz1 874d ¥3INO1d AR TAE NOLUNTWIY ST
87 65F  XIIE SVEH X HOIK vIUS./S61d NITIHDIW vZ
8 1§41 W3 PINV AVYLSVA $1408/551d TYAOFINN ¥4
62 i80 i VANV MVYd 43910 vIES.7S614 TV X0 TN rars
JdAL 381t ‘ON TVIH3S - 100 NOILdIHISI 3YIL 215 mmwxwﬁwﬁhmr ‘e ,,o%m.w
ERINE

FINGIHIS NOILYIIJ1INIA) 3UIL

6871-v-1

B-3




[ SR Ve

e s “ R i & P A S M
i s S A S S RS 4 S S S
-
y “ “ " " £9 =
¥ 06§ SV) sSdin YALLISONT.. £1-8LV 434000 z9 m
6¥ 010 iz 6CdD 4L SL PTHSOL/S6T TV.ININIINOGD 19 he
ST m m " m 09
St 150 I86 WAVH JYIL 140ddNS 4138 yIYSL/S614 YVHAA009 65
¥y 06¢  J0d. vHOV "IVIGVY L3Ar £TH0R/SSTd TVHANTS 8s
48 IS0 Her 6dra 10 o v14SL/S61d INOLSTOAT ud LS
¥Z " u " m gg
1 £4 061 8rn widv VYIS FYACYH PTUSL/561d " 1
4 0Lz 83 WVigv ¥A1IALS PIHSL/S61d TYAQYINA ¥s
£ 00S 18D WALV " " " €S -
g 005  T9) WigY ) ; " zs o
g 00S 180 Wigv " 0 " 18
£ 171183 WvagY T34LS 'TVNa yrasL/s61d TVHEND 0s
8 682 XSz  guHd . n " s 6v
8 60 XZSZ _ 8¥lld u " M 8y
8 69%  XZSZ BuHd Y41 06£455/027 NITHHOIN Lh
LA4 8Y¥_ ADA  STHA SLY0dS YIdNS QVIILTY ¥1-0.3 aNOLSTAT g 9y
1 i i m u 1 4
T " " " " vy
T 1#0  ZHG VAW T43LSATOd WOLSND PIHSL/SGTd ¥VIAG009 X3
IdAL 3¥IL ‘ON TVIH35 - 10Q NOILJIYIS3A 3HIL EF4i] wmrwwm_%%hm fmwﬁwm._-
FiT

3TNCAIHIS NOLLYDIIILNIGl 3YIL




S u " : m ¥3
< 191  Old  M¥IW LN y1¥0L/561d BYIATO09 8
9% 0.0 SN6H ADIV AVMVIQIH ASVYOAIEL | S100Z/Sz1L TYAOYINA Z8
0 680 N6H AdDA JYVdS - VdWil SIG0L/STTL ANOLSTUI 4 18
91 0.0 SN6H AdNY " " “ 08
91 0Y0 IN6H AdIV AVMYIOIH AYV¥OdWAL | STaos/szil TYAOYIND 62
01 “ o " " 8L
o1 " o " " i
01 " .o " " 9
o1 06% HCrLX  OwWaX 8d ST¥S9/581 111314 5L
& " " " “ ve
6 y " " " £L
6 ¥ " " " ZL
§ 062 AVIX  pVVX Ld PIYASS /502 1719414 1L
L " " " " 0L
L . . “ " 69
L o “ " " 89
i 121 XAS srif 105K pIUSSSI LIY3dnas L9
€1 " " . " 99
€1 00t  $8D ASHD WILSIML NO1LOVIL-V-S0d ST-05uUN ONOY ISHUV 59
v 06£  9¥3 S4in ¥ILLIS ONIYL S1-8LV 434003 ¥
3dAl 341} ONIVIHIS - 100 NOHEJINISI0 FHIL 3218 %wm%@%«ﬁ%’wmﬁ ﬂou”_mm_omw,_w
414

FMNAIHIS NOLLYDIAIINTA) 3HIL

B S R A AR ST o 5

6871-V.1

B-3




LTI T

£

' guaat SR SUE <R & ] . & 2 | MSE SRCHRREE NN S ;mlu;
- ......
$z T€0  §OW  viZM HIASIH SV YTdS.L/5614d ABARODLNOK SOT M ’
v n “ " " $01 w
4 " “ " u 1}
14 " " " " 01
. 66¢  9VD S4ln ¥AL13S aNTUL £1-8.V 434000 107 |
0z 07 241 viD NYHSA¥VID v1¥5./561d s4vas 001
Zz " " " " 66
4 00S 181 ST QUVNDUZANS vi-824 S¥vas 86 ]
52 Ire  g6% SI1DD " " " L6
SZ 1L 26X S10D 8L IO vi-8.d LUV 96
| 4 " u W M <6 o
12 152 sr3 viowW VAIA " R 6 =
1 0 " " a £6
1 1.2 093 ViQW " " " Z6
I 107 08D WAOW TI2L$A10d vI¥SL/S61d H¥VIRA00Y 16
g IST  Ol4 MWIN " “ " 06
g i n " “ 68
S " M . W 88
S 191 Old MWW “ “ " FA:]
5 " “ " “ 98
S ST 0L MUIN ION vIH0L/S61d AVIAG00H S8
3dAL 3811 'ON TVINTS - L0Q NOILJ1HIS3a THIL 3z18 mmﬁ%h&&mr@r .r%mm&

3TINCIHIS NOILYIALINIA! 341L




£z 18 SOH  wazM YIS VO PIUSL/S61d ATHOOLNOW LT
1z 10§ Srd vIan VAIA PI¥SL/S61d IVIAGO0D 91T
81 65Z 813 814d UFANOL A +1-8.3d NOLONIKE STY
6l I£f  AWd  VIAH LEAR E AL PINSL/S6Td | AINNAd "D D 121
9 (L1 14 xn3d V/L SOVINVATY PIUGL/ST1Zd | HITHA009D "4°4 g1l
Z pu i " H 71t
Z 10§ D4l WaZh " " " Ti1
z /0 UL VM Tz xvil PTNSZ/5614 INOLSAUT BT
Al 697 (M HHSY H3dd149 13448 1vna ST¥SL/S22d TVHINAD 601
£ " i “ 801
< " " " " LOT
) 146 192 WigV 1341S 1vna vI¥5./S61d T¢1ANT9 901

Idil I¥1i 'ONIVINES - LOG NOLLIHIS3Q IYIL 3Z2i8 mmm&m«‘mpﬁ%@wﬁ%@m‘“ nO;z:% _vu.
4411

FTNGIHIS NOILVYII41ENIQT 3HLL

6871-v-1

B-7




APPENDIX €

TIRE RESEARCH FACILITY (TIRF) DESCRIPTION
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TEST FACILITY
A photograph of the TIRF facility is shown as the frontisniece to this
report; a dimensional view af tha facility is shown in Figure C-1. The primary

L
features of the machins are:

Tire Positioning System

The tire, wheel, force sensing balance and hydraulic motor to drive or
brake the tire are mounted in the movable upper head. The head provides steer,
camber and vertical motions to the tire. These motions (as well as vertical
loading) are servocontrolled and prograxmable for maximizing test efficiency,
The ranges of the position variables, the rates at which they may be adjusted
and other information are shown in Tabls C-1.

Tabia C-1

TIRF CAPABILITIES

CHARACTERISTIC RANGE
TIAE SLIP ANGLE (&) 1309
TIRE INCLINATION ANGLE {7} 130%%ec
TIRE SLIP ANGLE RATE(d) 10%/s85
TIRE INCLINATION ANGLE RATE (F) e
TIRE LOAD RATE (TYPICAL) 2000 ibise
TIRE VERTICAL FOSITIONING RATE Z /e
AOAD SPEED (V) 0-200 ragh
TIRE CUTSIDE DIAMETER Un to 497
TIRE TREAD WIDTH 24”7 MAX,
SELT WIDTH . o

'A more complets description of this facility will be found in Reference 2.
"Can be increased to 90° with special setup,

LA J

'Can be increased to 60° with special setup.

C-.2 6871-v.1
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Roadwa

The 28-inch wide roadway is made up of a stainless steel belt covered
with material that simulates the frictional proparties of actual road surfaces.
The belt is maintained flat to within 1 to 2 mils under the tire patch by the
restraint provided by an air bearing pad which is beneath the belt in ths eire
patch region. The roadway is driven by one of the two 67-inch diameter drums

over which it runs. The road speed is servocontrolled; it may be programmed
to he constant or varied.

The ‘surfaces ususlly used are "Safety H&lk."' These surfaces have
excellent microtexture giving a wet uskid nunbar" of about 60 in the untreated
condition, The surfaces are honed to reduce the wet skid number to lower vslues
{typically surfaces of skid mmber 50 and 30 are used),

A unique feature of TIRF is the ability to carry out tests under wet
road conditions. A twodimensional water nozzle spans the roadway, This nozzle
has an adjustable throat which can be set to the desired water depth. The flow
through the nozzle is then varied by contrelling the water pressure, At sach

test condition the water film iv laid on tangential to the belt at belt velocity, .

The film thickness may be varied from as low as 0.005 inches up to 0.4 inches,

Tire-Wheel Drive

A drive system which is independent of the roadwsy drive is attached
to the tire-wheel shaft, This separate drive allows full variation of tire
slip both in the braking and driving modes. The tire $lip ratio, rsferenced to
road speed, is under servecontrol,

Manufactured by the 3 Compsny

At 40 mph and 0.020-inch water depth using the ASTME-501 Standa:d Pavement
Traction Tire

C-4 6871-v-1
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Balince Svstem

A six-component strain gage balance surrsunds the wheal drive shaft,
Three crrhogonal forces and thrse corvesponding moments are measured through
this system. A fourth moment, torque, is sensed by a torque link in the whee.
drive shaft. The load ranges of the basic passenger car and truck tire bal-
ances are shown in Table C-2. Transfer of forces and moments from the bclance

axis-system to the conventional SAE location at the tire
in the data reduction computer program,

Table C-2
BALANCE SYSTEM CAPABILITY

~roadway interface is

COMPONENT

€000 ib

TRUCK1TREHALANCE

TIRE LOAD (L) 12,000 b
TIRE TRACTIVE FORCE +4000 1b * 9000 1
TIRE SIDE FORCE $4000 I + 8000 b
TIRE SELF ALIGNING TORQUE #5600 b e + 1000 Ib ¢
TIRE OVERTURNING MOMENT +1000 1t ¢ + 2000 16 fr
TIRE ROLLING RESISTANCE MOMENT 4200 16 ¢ +400 b #e

System Operation

Data Acquisition Program {DAP} Control

The data acquisition program (DAP) is a softwars system which controls
machine operation and logs data during tests. DAP controls test operations by
means of discrete setpoints which are generated in the computer by the program,
These setpoints are sent to the machine servos which raspond and establish tire

w
More detailed information on the balance systems and their calibration may be

found in Reference 2.

C-5
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test conditions, After the setpoints are sent to the servos, a delay time is
provided which starts after the machine variables have resached a steady state
value within predstermined tolerances. This allows the system to stabilize
before data are taken. After data are taken, the next set of test conditions
is established and testing continues,

One or two variables can be changed during DAP testing. The other test
parameters are kept fixed throughout the test. Up to twenty data points can be
used for each variable in a run.

A data reduction program is used to operate on the raw data collected
during testing. These new dats are reduced to forces and moments in the proper
axis system and all variables are scaled to produce quantitiss with engineering
units. Raw and reduced data ars temporarily stored in a disc file. Both reduced
and raw data can be transferred to magnetic tape and maintained as a permanent
record,

Reduced data points can be listed, plotted and curves can be fitted to
the points. All of the stancard Caispan plots can be generated from DAP test
data.

Data lists and plor . are displayed on the screen of 2 CRT conmsole.
Hard copies of this inform ri n can be made off this display.

Ccntinuﬂ{tLSampling Program (CSP) Control

The continuous .a.pling program (CSP) is a software systesw which cone
trols machine operation and continuously logs data during tests, Test variables
can be constant or changed at rapid rates, One or all variables can be changed
during a test., Data can be sampled at rates up to 100 samples per second. Pauses
are used so that data can be logged during desired intervals of the tast,

c-6 6871-V-1
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CSP testing can be conducted quickly which in turn reduces tire wear
during severe tests. The high rate of data sampling also permits limited
dynamic measuremenes tg be mede,

Two-parameter plots of data can be made. Carpet and family plots of
test data cannot be made with this program at the present time. CSP data will

also reflect time effacts if tire characteristics are a function of the rate
of change of testing variables,

DAP testing.

Facility Validation

It has generally become accepted by industry and government that data
taken on TIRF are valid in the sense that forces, moments, power losses meg-
sured on the facility are the Same as would be experiencad on the road under_
similar conditions. The facility has been used for over 50 clients Tepresenting
US and foreign tire and vehigle manufacturers, materials suppliers, marketers,
research organizations, government agencies, racing kroups, etc. Many of these
clients have used the facility for several programs. This extensive and repested
usage has come about because of general satisfaction with the Tesults on the
basis of usefulness and correctness,

On a more forma] basis, a round Tobin validation PTogram was sponsored
by the Motor Vehicla Manufacturers Association and the Rubber Manufacturers
Association in which identical bias-belted and radial ply tircs were run at

two were circular drums (external} and three {in addition te TIRF) were flat bed
w*
laboratory machines, Typical results are shown on the following page (Figure C-2)

- )
Ore set of drum data was found to be invalid and is not shown,
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It may be seen that the road test data show significant spread, with
the TIAF data falling near the center of this spread, The single drum data
(120 in diameter) are in good agreement as ars most of the flat bhed data, One
set of the outlying data from a flat bed plank machine was found to be too low

also suspect, Taking these features into account, the TIRF results have come to
be accepted as Fepresenting the actual forces and moments produced under steady

State operating conditjons.

Furthér information on the general validity of TIRF data and the
specific validation prograr may be found in Reference 2,
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APPENDIX D
TEST DATA SUMMARIES FOR FIFTY TIRE Types
& Title Page
= Tire Types 1 through 50
- Testing Categories

- Test Run Numbeps

] Footprint

For Free Roliing Cornering and Braking Traction Testing
¢ Modelling Constants
¢ Performance Coefficients

For Rolling Resistance Testing

& Rolling Resistance Data
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TABLE D-1 l
3
TIRE AND RUN IDENTIFICATION !
TIRF TIRE TYPE / ‘1
| 145 /75 R % -i
MANUFACTURER - GooslD YE AR :
BRAND NAME cUSTor PolY STEEL T
CONSTRUCTION TYPE P ADIAL
-
MAX. RATED LOAD (;b.) (o0 : T
MAX. RATED INFLATION PRESS. (psi) 35 -
NO. OF PLIES AND | TREAD 2 PolYESTER + 2 STEEL |
CORD MATERIAL SIDEWALL 2 Poivesrer - |
RIM WIDTH (in.) 5
COMMENTS i
1.
- Test Run Number:s) L
Tire DOT Shore Groove Water . :
No.(s) No. - Hardness | DePth Depth Free i Rolling
(%) (in%) Rolling | Braking Resistance
5 |MKKA DH2 ow o2 /oo - Z 28 iy
i ‘ v
42 | - 1/
{ ~
&3 : - 3,97 9/ "
;ﬁ;. , ; - ‘?7, /a/, /68 a?
95 7 1 - /09, 2, 1S .
3/ ,___cBo z2of so - 227,242,257 ?
- .
g2 ; ! 211 [ - 23¢ 249 245 ‘
| ‘ | ‘ -
72 ¥ 1 1 1 - 236, 253, 26J] - .
F=
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TABLE D-4

ROLLING RESISTANCE TEST DATA RESULTS
Run No. 7|

CONGITION
1 .2 [ 31 "4 1T 5T ¢
PRUSSURE
100% | t00% | S0%T 100t 7 oS | Tous
PARAMETER LOAD -
_100% | 150% { 300%] 100% 100% 50% ;
Pressure, P (psi) | 39.¢ | 351 | e | 3% §2.4] 38,1 . ﬁ' ;
1
Load, -FZ, (1b) | 1¥24 | 2106 | 1406] I+0f | 1v049] 113 '
Rolling Resistance, . -~
Fz ing Resistance by | 4% | 226 |Aa% ) w85 |s32] 79 %
FR Coeffivient, FR/-FZ | .oto! | . oi1a? 0163 L0103 |00t | a1t o
Note: 1. The pressure in Condition 1 wes capped while the remaining =
S pressure conditions were regulated, !
2. The load (FZ) was the actusl test load,
-
3. The 100% ioad and Prsssure conditions are the maximum rated : E
Load and Pressure tire criteris. 9
"0
r~
~
-
an
i
o ;
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TABLE D-21

P TIRE AND RUN IDENTIFICATION
- TIRF TIRE TYPE <
| SIZE P45 [15 ® 14
- MANUFACTURER E/RESToNE
i BRAND NAME TRAX /2
- CONSTRUCTION TYPE RhCIAL
MAX. RATED LOAD (1b.) Y-
’ MAX. RATED INFLATION PRESS. (psi) 35

NO. OF PLIES AND TREAD a2 Poéy;_s TER =+ 2 S7€E L
CORD MATERIAL SIDEWALL a Paé}'rs?"sﬂ
RIM WIDTH (in.) 55

. ETTTY LT FITER o T TEe

COMMENTS Tinas *ito' i * e

SEoE WALL |

Pos tov £3Tan

3 ) Groove Water Test Run Number(s)
Tire DoT Shore :
No. (s) No Hardness Depth Depth Free . Rolling
) ’ (%) (in.) Rolling |. Braking Resistance
L 7 WZ KA TRD 03| 58 /00 - 1] Eha
- 31 ! - 72
!
i 35 i - ™ 1y 72
. - { !
: JG ' ! - ¥, /0%, )06
B 21 r ¥ - HO, 18 3%0
o Wz KA TRe o7} 50 - 22¥, 243 15,
- ot 301 - Z35 250 26
12 A 30’ 3 - Z‘!Q, 25’1” 267
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TABLE D-24

ROLLING RESISTANCE TEST DATA RESULTS

Run No. 72
CONDEI'TON w}
1 | 2. 4 3] 4_ I 577 o |
e T
PRESSURY: I}
. [_t00% | too% L_S0%] (oo LAS0% T oo
PARAMETER LOAD
100% | 150% | 100% 1 100% 11008 T soe
H
lkpressure, P {(psi) | 40.0 ! 35.0 }11.6 3g. ) 52.&[ 38! !
LLoad,-—Fz {1b) | lu3q ’mailmoai fwiq H-lc"iw- ’
{
Resist s
}ggilmg esistance (1b) | 1+.a lzz.c 22,0 14,7 sz_z 7,‘&7

f
,oiT7 ],wae‘- ],oo??’,olO"f'

J
[_ER Coefficient, FR/-FZ J,g;oq-[.oro7

Nete: 1, the Pressure in Conditjon 1 was capped while tie remalaing
3 pressure conditicns wepe regulated,

L2¥]

The load (Fz) was the avtual test load.

3. The po0% load and Pressure conditions are the maximum rated
Load and Pressure tire ¢riteria.

R

beproduc from
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TABLE D-43

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 3

SIZE Pigs /756 19

MANUFACTURER GENG BA

BRAND Nae Rt STEEL [T

CONSTRUCTION TYPE Ralbiaw

MAX. RATED LOAD (1b.) [ ot v

MAX. RATED INFLATION PRESS. (psi) 3 -

NO. OF PLIES AND TREAD

2 SIEEL 4+ 2 EgstLTER.
CORD MATERIAL SIDEWALL

—2 Posyesreo )
RIM WIDTH (in.) 5.5
COMMENTS
Fire - Shore Groove | Water Test Run Number(s) ' ] ﬁ
No.(s) No. Hardness | Depth Depth Free Brakin Rolling
(%) (in.) Rolling g Resistance
& _IA3KACE 50 59 (K=Y - 5 2
20 [A3RMCBII2) - 5
5/ [ 500 - 85 89 ¢ -
2. ) LS oo - 39,763 /07
= 3 L Lioo ; - IERTY
ot Jas KAGR 137 s‘?:: - 229 244,259 '
jo 7 | - 238 251164
f OB = 2o 2552170

D-46 6371-V-1
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TABLE D-46

ROLLING RESISTANCE TEST DATA RESULTS

Run No. 75
CONDITION
Ll 2l 3T T T 51T %
PRUESSURY
120% | 10y T sov] 100% 1 150% 7 100%
PARAMETER _ LOAD
100% | 1508 1008 | 1008 00% £0%
Pressure, p (psi) ! Yoo | 385 1726 | 381 | s27] 381
Load, «FZ (Ib) | /¥ |2 [itt? | sz | igia 27
ii;“*“ R"“cm“'m,)_us.z. Rl [axt| /3.5 | 4y i A
FR Coefficient, PFR/-F2 0ctS i .o/03 Lo/mse| . s0¥ .00M|. co?8
Note: 1. The pressure in Condition 1 was capped whils the remaining
5 pressure condi

tions were reguliat

4. The Load (FZ} was the actual test load.

3. The 100% load an
Load and Pressu

d Pressures conditions
re tire criteria.

D-50

are the maximum rated
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TABLE D-63
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE "

S1ZE A 78 -z

MANUFACTURER

CoOoFEag

BRAND NAME TR;NDSEJT&Q

CONSTRUCTION TYPE

Birs
MAX . RATED LOAD (1b.) loao
MAX. RATED INFLATION PRESS. (psi) X2
NO. OF PLIES AND | TREAD 4 Pouyssree
CORD MATERIAL SIDEWALL
RIM WIDTH (in.) . 4
COMMENTS
Test Run Number(s)
ol | R [ | e T
' : (%) .{in.) Rolling raking Resistance
{7 m‘#.s'lc_ 58 loo = 2.1 - 5 2.
&2 - i
[ - &6&79‘!‘
G - { *
fof SO - 23/ 24"’?.(-|
| ¢ - i 2 2902
o3 ‘ -
[ of o oo - 275717624
bss 6871-V-1
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" TABLE D-68
ROLLING RESISTANCE TEST DATA RESULTS

Run No. &8/

f CONDITTON T
Ll 2T 31 3T % 6 |
PRESSURY:
LOCx | to0s T 50% I Tione L ines T nu_:g._i
PARAMETER . LOAD

100% ] 150% | 100% 100% | 100% 50%

Pressure, p (psi) | 322 | 324 6o | 32.1 I ¢grl 22,

Load,~Fz (b} | 7770 | /597 | 1082 1077 /065 | &S0

Rolling Resistance,(le 6.9 3.0 |3q.) 17.9 a2l e

!

Lmz Coefficient, FR/-FZ | os87 L08¥ | 02231 0r6g .3/33% .oM‘?’J

Note: 1. The Pressure in Condition ) was capped while the remaining
5 pressure conditions were regulated,

2. The Load (FZ) was the actual test load.

3. The 100% ioad and Pressure conditions are the maximum rated
Load and Pressure tirs criteria,
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TABLE

TIRE AND RUN IDENTIFICATION

D-g7

TIRF TIRE TYPE

sy

)
SIZE Piss /708 i
MANUFACTURER Goodyean
BRAND NAMF EAn e Mot .
CONSTRUCTIGN TYPE Rapial .
MAX. RATED LOAD {ib.) Iy
MAX. RATED INFLATION PRESS. (psi) S;H
NG. OF PLIES AND | TREAD SROLYESTER 3 <4 ARA A D
CORD MATERIAL SIDEWALL 2 P =
RIM WIDTH (in.) 5 5
COMMENTS
Tire DOT Shore Groove Water : Test Run Number(s) . '
No.(s) No. Hardness thg;:h ?:Et})‘ Ro}l-?iez Braking Re:?ié;r‘:ge i
g :
5.3 Mxnwlnvoru 73 100 - Ié=.54 /82
8 4 ' Xy SO - 230 .2 437200
8 5 1.5 - 237.2.52,2¢7
86 154 N - 2440, 256,27
£ 7 161 =Y - 137
88 1ol - 72,2772
29 A - 273,278 284
g0 v/ 151 v - 274279 285
D-92 6871-v-1

A 4, A Bt e s e
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TABLE p-90

ROLLING RESISTANCE TEST DATA RESULTS

Run No. /9g4
CONGITION
Lol 2 [ 3T T i 6
HUisSURYE
L0o% | tous T s0% ] 1o [ £50% 1 10u%
PARAMETER LOAD
100% | 150% T 100% 7 100% 1 100% 50%
Pressurs, p psi) | #0.3| 35./|,75 | 350 526| i5 0!
Load,~FZ (1b) | /329 | 1970 [132/ | 1340 |,327| <49
gglling Resistance,ub) 152 | agz %2l Ko /2.3 7.5
FR Coefficient, FR/-FZ ~ONY [ ,5/2% {6183, 019 JO0¥), 0127

Note: 1. The pressure in Con

5 pressure conditions were regulated,

2. The load (F2
3. The 100% lpad and Pressure co

) was the actual test load.

Load and Preusurs tire criteris,

D-¢5

dition 1 was capped while the remgining

nditions ars the maximum rated

6871.v-)
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TABLE D-110
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE g
SIZE PG L7275 B
MANUFACTURER FIRE STonG
BRAND NAME > 5
CONSTRUCTION TYPE RADIAL
MAX. RATED LOAD (1b.) -
MAX. RATED INFLATION PRESS. {psi) 35"
NO. OF PL.IES AND TREAD g ;Pot..z ETER + 2 SsTI T
CORD MATERIAL SIDEWALL " an u !
g
RIM WIDTH (in.) - |
COMMENTS
. Groove Water Test Run Number(s)
Tire Dot Sh:“ Depth Depth Fres Rolling
No. (s} _ No. Hardness (%) (in.) Rolling Bruking Resistance
8 lwa KaXTX o 5.5 Lo - ! 7
-2 204} - [l 2 T3
23 15 d) G.oier , -2 S r-3 W)
e M- I-T N X 2 S T2 Y VN

D-115 6871-v.}
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TABLE D-11l6

ROLLING RESISTANCE TEST NATA RESULTS
Run No. 73

CONDT'TTON

Ll 2 31 1T 1 =51 %
PRESSUR
LOOY | 100% T _S0% T toos | 1h0% 1 Tous
PARAMETER LOAD

100%  150% | 100% | 100% ] 100% | 50%
Pressure, P {psi) | #o0.! | 35| 115 | 354 524| 35
Load, -FZ (Ib) ] 1413 | 2103 [idir | 1wt | jvoe| Ty

Rolling Resistance, | )

FR Coefficient, FR/-FZ | ,o92 (0/02. 10155 002 | o508 0094

<

Note: 1. The pressure in Condition 1 was capped while the remudning
5 pressure conditions were regulated. '

2. The Lload (FZ) was the actual test load.

3. The L00% load and Pressure conditions are the maximum rated
Load and Pressure tire critaria.
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TABLE D-121
TIRE AND RUN IDENTIFICATION

TIRF TIRE Type 7
SIZE 85 sn o
MANUFACTURER _§_§M Pee, T
a0 e .y
CONSTRUCTION TYPE Ral
MAX. RATED LDAD (1b.) VPN
MAX. RATED INFLATION BRESS, (psi) 32
NO. OF PLIES AND TREAD 2 r—
CORD MATERIAL SIDEWALL 2 .
RIM WIDTH {in.) @0
COMMENTS
Test Run Number(s; ]
S IR - el e seaking | a0 ||
&) {in.} Rcliing Teking Resistance
.
L7 BTJIS 5y X 12| o9 i = /38 i
8 %Q - 120 130 711
9 ' — " " &oro, -~ 113172100 sa4 l
70 i - 17 148

D-127 871-v.1




atbe -

1360 ibs.
32 psi

=

Pressure =

Load

FOOTPRINT, TIRE NO. 67
FIGIRE D-¢

Reproduced from
best available copy.
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TABLE D127

ROLLING RESISTANCE TEST DATA RESULTS

Run No, 77
' CONDITTON I
1 1 2 T 37 4. 1 57 6*:{
PRESSURI: ,
LOOS | 100% T 50% ] 100 L E50% ] mm,j
PARAMETER LoAD
100% | 150% 1 100% | 100% 100% S0% |
!iressure, p {psi) | 3%.2 32.1 | 1601 324 48,1 3z./
L}oadﬁFZ (1b) | /366 | 2048 [ /370 /370 1377 o922
Rolling Resistance, / 1.8 .
R (1b) IS | g4 26,/ | /59 |, 9,0
|
[ FR Coefficient, FR/-F2Z -0/l 1.oNg .ol l.o 1t ,00931,0130

Note: [. The pressure in

5 pressure condi

Condition i was

tions were regulated,

2. The Load (FZ) was the actual test load.

3. The 100% load and Pressure condi

Load and Pressure tire criteria.

D-134

capped while the remaining

tions are the mAXLMUM Tated
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TABLE D-]132
TIRE AND RUN IDENTIFICATION

TIRF TIRE Typc

&

SIZE g__;:o,/y..s- R2%0

MANUFACTURER LOIG = &

BRAND NAME TR x

CONSTRUCTION TYPE Bapiag

MAX. RATED LOAD (1b.) ) w e
MAX. RATED INFLATION PRESS. (psi) s

NO. OF PLIES AND

TREAD 2 _Pc Y TER LGN A3 T 4 STEL

CORD MATERIAL SIDEWALL 2 Paivie s s N
RIM WIDTH (i) /65 j
COMMENTS
} N o : Groave Water Test Run Number(s)
Tire pot Shore - -
No. {5} No Hardness Depth Depth Free i Rolling
' o (%) (in.) Rolling Braking Resistance
L JFHRS 252 x30e] o rc%g - /5 Fl 4
7 ‘ X3 - 34,134 78
i
“ a f % 2.9¢ 2030 -~ lise, 118 57 19
L A v %284 ¢ = L12 194
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TABLE D-138

ROLLING RESISTANCE TEST DATA RESULTS

Run No. 7&

CONDITION 1
1 1.2 1 317 34 7357 G
PRESSURE
0% [ te0% T so% ] Ton% T 150% ] Lo
PARAMETER LOAD
100% 150% | 1n0% 100% 100% 50%
Pressure, P {psi); 385 | 351 i/7¢ 35/ 5261 35/
Load,~FZ (1b) j /%47 | 2467 1 1#41 | 1453 |45 | 729
Rolling Resistance,
FR (1b) | & | 235 1226 w9 | 26| 74
FR CQeffiCient, FR/-{"Z o[oi .0#0? ’0[57 .0103 .oa% 'o/of-

Nate: 1. The pressure in Condition 1 w

5 pressure conditions were regulate

d .

2. The load {FZ) was the actual test load,

as capped while the remaining

3. The 100% load and Pressure conditions are the maximum rared
Load and Pressure tire criteria.
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TABLE D-1l4s
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE g

SIZE PRes /55 VR 14

MANUFACTURER PlRe.

BRAND NAME 5

CONSTRUCTTON TYPE Ralia ‘
VAX. RATED LOAD (1b.) L) e .
MAX. RATED INFLATION PRESS. (psi) e ;

NO. OF PLIES AND TREAD 3 RAyan. T+ 2 STeey W T RN,

CORD MATERIAL SIDEWALL MA::QN
RIM WIDTH (in,) . s
COMMENTS

Groove Water Test Run Number(s)

Tire bot Shore

| Depth Depth Free . Rolling
VoL (s) No. Hardness (%) (in.) Rolling Braking Resistance
71 [xapwxkayaeo 19O - (24,43 95
22, ] Gl - 129 l¥ 7

|
P j ©.020, « | /36 494y L l, 191
T \L = LIS 112

6871.y.)
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TABLE D-149

ROLLING RESISTANCE TEST DATA RESULTS

Run No. 95
1
CONDTT'LON
1L [ 2 T 3T 73 5 L5
PUESSURE
100% } roos | S0%T root [inon | rnon |
PARAMETER LOAD
100% ! 150% [ roos [ 100% | 1oo% S0%
Pressure, P (psi) | #0.0 | 35.2 1176 | 35.] [52.¢| 35/
Load, ~i'2 Ub) | #22 | K70 | 12 | w21 | /¢ | 56
ing Resist
rolling Resistance, T | 224 |pal| /53 |0 Fo
FR (1b)
FR Coefficient, FR/-FZ v0i30 | L el3¥ |, 0203 0/36 |Lon7], o

Note: 1. The pressure in Condition 1

was capped while the romaining
5 pressure conditions were regulated.

2. The load (FZ) was the actual test load.

3. The 100% load and Pressure conditions are the maximum rated
Load and Pressure tire criteria,
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TABLE D.154

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

Lo
S1ZE FPia SLe S SR s
MANUFACTURER =y RSy
BRAND Nasf P
CONSTRUCTION ¥PE Ba™iAL .
MAX. RATED LOAD (1b . 2en '
MAX RA?ED INFLATION PRESS. (psi) % /
NO. OF PLIES AND | Treap 2 Nl an . ras,
CORD MATERIAL SIDEWALL | NV’Lnl\l
RIM wIDTH {in.) 5 ey
COMMENTS
. { Groove Water Tesf Run Number(s)
.%fz) SST Hgsgsgss Depth Dgpth Frge Brakin quling
(%) {in.) Rolling J Resistance
75 YR ITn 9o | OO - 123722 T
' G o5 = ] LA
1y 0,020 - 1,5; Llle dlil, 193
'R J, _L - L2 Lo 2
-163 6871 -V.l
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TABLE D-159
ROLLING RESISTANCE TEST GATA RESULTS

Run No. 95
' CONDITION j
Pl 2 T 3 | 4. | 5T 6
FRESSURL
’ LOU% | LO0% | So0%] Lo | sov T To0%
PARAMETER . LOAD _
L 100% | 150% T 100% | 100% 100% 504
LPre&sure, P (psi) | 38.2.| 357y II'ZS 35,/ | 52.61 35,1
I
|_Load, - rz (ib) | /1237 | /e¥#3 '/227 ‘235 /a2 b2)
Rolling Resistance,

I_FR (apy | 7% | 93 Jzo.! /2.2 1 s0.01 4.1
!_FR Coefficient, FR/-PZ . 009¢ .0/051.0/69" 0099 '503,1_0097

Note: ], the pressure in Condition 1 was capped while tha remaining
5 pressure conditions were regulated,

2. The Load {F2) was the actual test load.

3. The 100% load and Pressure conditions ars the maximum rated
Load and Pressurs tire criterig,

D-169 6871.V.l
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TABLE D- 164

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

[f
SIE PiGud 2.5 R it
| MANUFACTURER LruRous L
BRAND NAME STEE L&
; CONSTRUCTION TYPE RBADL AL
? MAX. RATED LOAD (1h.) w50
E{ MAX. RATED INFLATTON PRESS. (psi) 35

NO. OF PLIES AND TREAD

1 PolYesrsep + 2 STesl

CORD MATERIAL SIDEWALL

| PolVESTES

RIM WIDTH {in.)

E SN
! COMMENTS
!
Tire bOT Shore Groove Water Test Run Number(s) _
No.{s) N Hardness | Uepth Depth Free . Rolling
. ° ardne (%) (in.} Rolling | Braking Resistance
(2 _JAPKAG R 320 bt [HeY) - 3 2.9
- i "
IS4 N 270 — (17 127 74

D-174 " 6871-v.1
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TABLE D.167

ROLLING RESISTANCE TEST DATA RESULTS
Rati Mo. T4

- CGEDITION
11 2 T 37 4 | 5§71 6
PRESSURE -
L00% | 100% T 5041 ionw L150% T 1o0s
PARAMETER LOAD -
160% | 1508 | 100% 100% [ '100% 50%
LPrassure, P (psi) | 39.¢ | 350 (78 | 3z £2.¢61 38.¢ -
LLoad, ~FZ (1b) | 1%42 [ 2109 | 1¢oy 1430 |jway 7/3
Rolling Resistance, ' -
FR (iby | 7 [dae |a3,] s /2.2 24
LFR Coefficient, FR/-FZ | .o/00 0Io% [o16%] o103 60?5 stog )

Note: I, ‘the Pressure in Condition ) was capped while the remaining -
5 presscye conditions were Tegulated, .

2. The Load {FZ) was the actual test load,

3. The 100% Load and Pressure conditions are the maximum rated
Load end Pressure tire criteria.

;
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TABLE D-170
TIRE AND RUN IDENT:FICATION

TIRF TIRE TYPE L2
SIZE Pids/=.5 R 1
MANUFACTURER BRIDG EaTon S
BRAND NAME BD <o)
CONSTRUCTION TYPE Rar
MAX. RATED LOAD (1b.; - Lo
MAX. RATED INFLATION PRESS. (psi) 3
NO. OF PLIES AND | Treap et 2 Poly@ i g P
CORD MATERIAL SIDEWALL 2 PolysiTag
RIM WIDTH (in.) ~
il
COMMENTS
‘ o Groove | Water Test Run Number(s)
Tire ooT Y ore Depth Dﬁpth Free . Rollmg
No.(s) No . srdness [ 74, (in.) | Roliing | Braking Resistance

{
.-4
e -

2/ ’::qugﬂﬂil -'—Q:L_"f‘ - 7 - o e 4
‘ - g2 1 76 |
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TABLE D-173

ROLLING RESISTANCE TEST DATA RESULTS
Run No. 7%

CONYITTON ;
Pl 2 T3 4 1 5 T 6
SHESSIRE
Loy | o0y T sau ] room RN 1007 |
PARAMETER LoAD
100% 150% 100% 100% 100% 50% {
Pressure, p (psi) ) 39./ | 381 [17¢ 350 | 2.5 is2
Ll,oad,-f-‘z (Iby | /#¢ | 2110 | 1¢0?] i4ay /I¥r0] 723 L
ggllma Rzenn.s!:am:e.(VlbJ /25 9.8 204 /3.2 7 745
L‘"“ oefficient, FR/-FZ | 4,88 {.009% omS ! 0073 .0082] .0/02.

Note: 1. The pressure in Condition 1 was cepped while the remaining
5 pressure conditions were regulated.

2. The load {FZ) wus the actual test joad.

3. The 100% load and Pressure conditions are the maximum ratod
Lokd and Pressure tirs criteria, -

D185 6871.v-1
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TABLE D-178

TIRE AND RUN IDENTIFICATION

R e o 3

TIRF TIRE TYPE

L3
 SIZE AR g
MAMUFACTURER AR METR G G
ERAND NAME Pos-A:IRscy a2 AT 2
CONSTRUCTION TYPE A5
MAX. RATED LOAD (1b.) 220
MAX . RATED INFLATION PRESS . {(psi) z o
:\:0‘ ejF PLIES AND mEAD 2 FSIBEE :\Lﬂé" 2§" ; IR .’”'—‘i.’;;.."a?i::_
CORD MATERIAL SIDEWALL 2 PaLyesTen
RIM WIDTH (in.) 8.0
COMMENTS
ire soT Shore Groove Water Test Run Number(s)
Ne. (3] ‘ " g Depth Depth Free , Rolling
MRS - arcness 1 4, {in.) Rolling Braking Resistance
6L ISy evyco & foo - %0 L g
& i )L - /122,132 79
6871-V-1
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TABLE D-178

ROLLING RESISTANCE TEST DATA RESULTS

Run No. 79
CONITTTON
) 11 7 T 3T 4T 5T%
PRIESSURE
L00% ] 100% | S0% T 1ovs | Tho% | Too% ]
PARAMETER - . LoAD
100% 150% 100% { 100% 100% S0%
Pressure, P (psi) | 373 Z2.M 1 10} 320 48 2| 32.1
Load, -FzZ (1b) | #a33 | 332! laa1¢| 2219 | 2a30] 1/
:;gumg Resistance.ub) 199 | 384 (3%.2| 0 /23] 05
FR Coefficient, FR/-FZ [ ,0089 |, 0007 |.ons L0075 1, 0078!, 00 9%

Note:

.

The pressure in Condition 1 was
5 pressure conditions were regul

The 100% Load and Pressure

Load and Pressure tire criteria.

b-191

capped while the remaining
ated,

The Load (FZ) was the actual test load.

conditions are the maximum rated

6871-v-1
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TABLE D-181
TIRE AND HUN [DENTIFICATION
L]
TIRF TIRE TYPE P
Siz -
E P;_r:r;/ Ao Bz
MANUFACTURER - -
o =0 5“&,@ | -~y
BRAND NAME
o {2 LT P
CONSTRUCTION TYPE R o4 Al |
1) ] o
MAX. RATED LOAD (1b.) gsa
MAX. RATED INFLATION PRESS. (psi) 35 -
NO. OF PLIES aND TREAD 2 FiBERGLASs ¥ | Fuby &5 R
CORD MATERIAL SIDEWALL | PoiyEsrer -
ST
RIM WIDTH {in.) o, 5
COMMENTS
Tire 50T Shore Groove Water Test Run Number(s)
No.(s) No Hardness | DSPTR Depth Free Braki Rolling
' (%) (in.) Rolling raking Resistance
14 lAc 120 o2 oo - Ul “+ 9
=l AC EuETC2an - 125 135" go

D-154 6871-V-1
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TABLE D.184
BOLLING RESISTANCE TEST DATA RESULTS

|
|
|

Tun e, 80
CONDITTION
PREnSURY l
1008 1 ooy | So8T Tlo0T | IR0 [ Luon, ]
PARAMETER LOAD
. DO% | 1508 ' 1008 T 100% | 100% S0%
Pressure, P (psi) | 39¢ | 3871 176 | 3571 | £2.7] 257
| Load, = FZ (by| 92/ | S0l q77 | 976 | 9685 svo
Rolling hesistance, .
FR apyl @5 |70 1/7¢] o | 89| &5
FR Coefficient, FR/-FI |.o/p8 ].ml? f,o(l‘o -TT) ,oo?zl. o/40

Note: L. The pressure in Condition 1 was capped
5 pressure conditions were regulated.

2. The load (FZ) was the actual test load.

3. The 100% Load and Free
Load and Pressure ei

D-198

while the remaining

sure conditions are the maximum rated
re criteria.

6871-V-1
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E TIBLE D-137
' TIRE AND RUN IDENTTIFICATION
TIRF TIRE TYPE iﬁ#
SILE p;gxczx&lﬁ
MANUFALTURER oY EaR
§_ BRAND NAME - ey =
] | LONSTRUCTION TYPE Rada
| MAX. RATED LOAD (1b.) o
‘ MAX. RATED INFLATION PRESS. (psi -
i'; (psi) 35
"‘ NO. OF ?L!ES‘AND TREAD é_ NY#-@N +* isTﬁg&l
¢ CORD MATERIAL SIDEWALL 2 NV on
i RIM WIDTH (in. -
% (in.) 55
] COMMENTS
: . Croa Test a#n Nuwber{s) _
g NTi ie DOt . Hftgre B&pt:ﬁ g:::: Free Rolling
o.(s) No. fardness %) (in.) Rolling Braking Resistance
i - . | o
; = MAMUP&&#I 0 oo 36
co i I e q29 | 82

D-2061 6871-y-1
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TABLE D-1%0

ROLLING RESISTANCE TEST DATA RESULTS

Run No, 8z
CONDI'I'TON
1 | 2 | 3 | 4 i 5 ] (’........
PRESSURI:
100% | 100% | S0%] Lo | 1 50% A
PARAMETER Loap
100% ]| 150% T 100% I 106t 100% 50%
Pressure, p (psi) | 39.7 | 35 | 12g] 38y §2.¢] 357/
Load = rz Ab) | e | 2/03 ' yurs | Jpsa 408 | 147

Rolling Resistance,

| FR __(1b)

/3.9 [a4y 2321 s1#¢ |17 .7

FR Cotfficient, FR/-F2

.08 |, o 1 Ol6F] 6/03 ), 0083 .00F3

Note: 1., The Pressure i

n Condition } was capped while the remaining
5 pressure conditions were regulatg

2. The Load {F2) was the actusi test lpad.

3. The 100% Load and Pressure conditions are the Maximum rated
Losd and Pressuye tire criteria,

Raproducad f
bery ava:'fab’emcr:py.
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TABLE D-193
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE A

SIZE Tl&&"/?n D e

MANUFACTURER 0, R

BRAND NAME EIREA vwa y TEMPor ARY

CONSTRUCTION TYPE DiASomaL  (Bias)

MAX. RATED LOAD (1b.) ,

i
MAX . RATED INFLATION PRESS . {psi)} (oo
-

NO. OF PLIES AND | TReap o NY Lon

CORD MATERIAL | SIDEWALL

RIM WIDTH fin.) 3.5

COMMENTS

. i
ire boT Shore Groove Water Test Rua Number(s)
No.(s) No Hardness Depth Depth Free ] Rolling
o o (%) {in.) Rolling Braking Resistance
77 larpy mao) o b2 - oo - 12
q
24 i AN J - 24t o238 2 C
| |
82 VL oy ;L - Lio fr
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TABLE 0-195
ROLLING RESISTANCE TEST DATA RESULTS

Run Hn. .ng
CONGITION ‘ |
i1 2 1 314 1T 57T %
PRESSUILE
LOU% | 1uo% 1™ s0% ] 1oot T 15051 T00%
PARAMETER LOAD
100% | 1s0% 7 1GON| 100% | 100% ]  S0%
Pressure, P (psi) | 72.0) 60./ |3Bo.1| &o,l | 90.4| Go.t
Load,~FZ (1b) | /S¥O | 2260 | 1432] /537 | 1818 | TO
Roliing Resistance,
FR by | 1%C | e lawe | /.3 /30| 6.#
FR Coefficient, FR/.FZ 0097 .ol |,0i58! 0106 ,0086] .008%

Note: 1. The pressure in Condition i was capped while the remaining
3 pressure conditions were regulated.

2. The Load (FZ) was the actual test load.

3. The 100% load and Pressure conditions are the maximum rated
Load and Pressure tire criteria. -

D-211 6871.v.]
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TABLE D-198

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 17
812k

-l o X o - W
VANUFACTURER G eI
BRAND NAME

et R

Dal Sremo [ Bee g

CONSTRUCTION TYPE
.SV Y

MAX. RATED LOAD (1B,

1 g

MAX. RATED INFLATION PRESS. {psi) 7 -

NO. QOF PLIES AND TREAD 2 STEEL - %_'"F?aa.-;,ajsjesk

Lo ey LY ESTEQ

CORD MATERIAL SIDEWALL

RIM WIDTH (in.)

G0
IEOM‘!ENTS
Tire - s Groove Water Test Run Number(s)
ore Depth Depth 3 Rollij

No.{s) No. Hardness °p °P ree Brakin PRt

(%) {in.} Rolling £ Resistance
2o ARPHH wWou2ual 6l E=1>) -~ /< -3 %
09 A HH WO 3 s - 2/3 22« 2o
Lt .‘

D-214 6871-v-1
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TABLE D-201

ROLLING RESISTANCE TEST DATA RESULTS

r ]
Run No. .z4>§
CONDTTION
L J 2 T 71773 [ 5 ] 6
PRUESSURE . N
100% | 100% | "50% | 100% ] 180%  T00%
PARAMETER LOAD -
100% 150% | 100% ] 100% 100% 50%
Pressure, P (psi) | 40.0] 357 147.5 | 350 526 350 o
Load ,~Fz (1b) | /892 [ 2w2z|/876] /1296 | 190/ os2
Rolling Resistance -
FR & '(lb) /46 200 3o 9.0 %o | 47 ;
FR Coefficient, FR/-RZ 0078 ,0/061.0062].0/00 L008HA . 0/02 ‘
Note: . The pressure in Condition 1 was cappad while the remaining ¢§
5 pressurs conditions were regulated. 17

2. The Load (FZ) was the actual test load.

3. The 100% logd and Pressure conditions are the maximum rated
Load and Pressure tire criteria.

D-218 6871-V.1
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TABLE D-204

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

8
SIZE ER T8~/
MANUFACTURER (DisT... ~UTaRr) o .
SELOUN LT
BRAND NAME Plongsn
CONSTRUCTION TYPE RALIAL
MAX. RATED LOAD (1b.)  sna
MAX. RATED INFLATION PRESS. (psi) 7
NO. OF PLIES AND TREAD -2?01.:[$"?ER~ A o e L4
CORD MATERIAL SIDEWALL 2 Poiymer 2
RIM WIDTH (in.) 5 5
COMMENTS TiRE #* % rppap: LHEYEIIER + 2 STE R
fire oot N Groove Kater Test Run Number(s)
e ore Depth Depth Free : Rolling
No.(s) No. Hardness (%) (in.) Rolling Braking Resistance
28 IDBLe L2 aival o o - 23 i
e~ DRLAEIB 259 4 -~ 210/, 221 2 02
D-221 6871.V-1
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TABLE D.207
ROLLING RESISTANCE TEST DATA RESULTS

Run No. 2o
COND ITTON
L1 2 T 37 4 | S 7T o
PRESSURE
L A00% | ooy T so% T Tons Ls0% [ Toor,
L_ PARAMETER LoAD
100% | 150% | 100% 100% | 100% S50%
Pressure, p (psi)| 273 32.1 | 16.0] 320 ¥8./| 22. ¢
LLosd,-E’Z (1b) | ¢S/ 2253 su98 | /518 1519 -7/
Rolling Resist , _
F?{ ing Resistance (1b) 173 | 29, 32| 18.¢ [r¥3 L ¥4
FR Coefficient, FR/-pz ol | .0t3) |.020% 10/23 [Loo?? os2s

Note: |,

The pressure ipn Condition 1 was capped while the remaining
5 pressure conditions were Tegulated.

The load (FZ) was the actual test lpad.

The 100% load ang Pressure conditions are the maximum rated
Load and Pregsuy-e tire critaria,
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TAPLE D-210
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 1 g

SIZE B ia 4-'/'7.5'}2}4

MANUFACTURER {(Dis T, GuTor)

P.’-’m.u.ﬁy
BRANT NaME S SR T = o
CONSTRUCTION TYPE A
MAX. RATED LOAD {Ib.} reyy
MAX. RATED INFLATION PRESS. (psi) 35

NO. OF PLIES AND TREAD

A ‘ﬁoum‘aﬂ;ﬁ A D L A A

CORD MATERIAL SIDEWALL

3 Pcn_\r.rcr. Sl

R“IM WIDTH (in.) Rl

COMMENTS
Tire boT Shore Groove Water Test Run Number(s)
No. (s} N Hardnese | PePth Depth Free Roiling
o N ness (%) (in.) Rolling Braking Resistance
25 Hyen Prav g S | Lo o - 25 38
{7 of Yo33 i e ' 2C6b, 21 (s 1o 3
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TABLE D-213

ROLL.ING RESISTANCE TEST DATA RESULTS

fun No. jﬁgﬁ
CONDITION
Lod .2 [ 37 4.1 .57 6
PRIESSURL:
LO0% 1 teos [ s0% 1 Toon ] 1A0% | 1oge,
PARAMETER LOAD
100% 150% 100% 7 100% 100% 50%
Pressure, p (psi) | 392 | 350 [ /76 | 35 o 52.4| 3o
Load, =F2 C(1b) | /%2 | 2:05 11397 | su3e /396 | To#
Ithlling R“i“”‘“’“h) /31 1207 |20.2| /3.5 |43 | 72
FR Coefficient, FR/-FZ |,0092 | ootg 0145 ), 0074 | ,009(( , 0/02.

Note: 1. The pressure in Condition 1 was capped while the remaining
5 pressure conditions were regulated.

2. The Lload (FZ) was the actual test load.

3. The 100% load and Pressure conditions are the maximum rated
Load and Pressure tire criteris,
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TABLE D-216
TIRE AND RUN IDENTIFICATION
TIRF TIRE TYPE 20
SI1ZE . RlOs/7a Ry w
MANUFACTURER (DiSTR) BuTaR) SEags
BRAND NAME oy '
AR RS AN
CONSTRUCTION TYPE RAaliat
MAX. RATED LOAD (1b.) ry
MAX. RATED INFLATION PRESS. (psi) 3+
o
NQ. OF P S
LIES AND | TREAD R SIBERG (AL BT b 2T NS Ar
CORD MATERIAL SIDEWALL ) sTer
Lol E8TE
RIM WiDTH (in.) -
o,
COMMENTS
Tire DOT Shore | GToove | HWater R Rmere)
No.{s) No H:ard"aess Depth Dgpth Free i Rolling
. (%) | (in.) Rolling Braking Resistance :
27 lCHKA 7 S s lo? - 2 # =7
[CO o g iem 190y - 207,%"7 (a7
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Reproduced from

1400 1bs,
35 psi

Load
Pressure =

FOOTERINT, TIRE NO. 27
FIGURE D-19

best available copy. Q
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TABLE D-219
ROLLING RESISTANCE TEST DATA RESULTS

: Run Ko . [?7
CUNBETTON
- Lol 2 1 31T 4 1573
PRESSURE -
ST BTV TN AU T | 1%, ]
PARAMETER LOAD
100% 150% 100% 100% 100% 50%
Pressure, p (psi) | 39.2 | 350 |1256 | 350 52.4) 3150
Load,~FZ (Ib) | 17 | 2108 | 1400 ] ;404 ik A4
Rolling Resistance,
FR apy| e R4 12231 2 | o 7.4
FR Coefficient, FR/-FZ | ,,4¢ .0/641,015% | . o0 .0085],0/03

Note: 1. The pressure in Conditiova | was

5 pressure conditions were Tegulated.
- 2. The load (FZ) was the.actual_testpioadd

3. The 100% load and Pressure condit
Load and Pressure tire criteria,

D-239

6871-V.1

capped while the remgin ing

ions are the maximum rated
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TABLE D-222

TIRE AND RUN IDENTIFICATION

-
TIRF TIRE TYPE
=1
SIZE “
- D987 Rt
MANUFACTURER Goodysan )
BRAND NAME
NLACA
CONSTRUCTION TYPE
B ADLAL -
MAX., RATED LOAD (l1b,) Jd oo
MAX. RATED INFLATION PRESS. (psi) 3 -y
NO. OF PLIES AND TREAD S PoLyEsTER + 2 FIBSRGLaLs
CORD MATERIAL SIDEWALL 2 Pecyire ™
RIM WIDTH (in.) =5
COMMENTS ‘:_
o
Tire boT Shore Groove Water Test Run Number(s) -
Yo.(s) No Hardness | Pe€Pth Depth Free ) Rolling
o o (%) (in.) Rolling Braking Resistance
T mBkpaeT g L3 Yo - /62 179
[/ o VRN, o 4= 4 - 212 222 Lot
L]
oy
iy
b}
-
D-242 6871-v-1
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TABLE D-225
ROLLING RESISTANCE TEST DATA RESULTS

. Run Xo. M.
CONDITION
3 L T 3T T T
5 PRISSURI
L00Y | 100% T SOV 160% | 1%0% | 1% |
f PARAMETER : LaAD
. :00% | 150% T 700%] 100% [ 1008 so%
Pressure, P (psi) | 39.2 | 350 /25| 322 | 526 35/
i
m. Load ,=FZ (1b) | '#29 | 2102 | 139¢] 1¥22 | 19384 904
g;lliﬂa aeﬁiﬁt‘ﬂce, {1b} /2.7 10.¥ 20.5 | / 3, s W/ (; 7
FR Coefficient, FR/.PZ 0089 |,0099| 0/47 .009% |, 0077 o095

Note: 1. The pressure in Condition 1 was capped while the remaining
S5 pressure conditvions were regulated.

2. Tha Load (FZ) was the actual test load.

3. The 100% Load and Pressure conditions are the asximum rated
- Load and Pressure tire criteria.

!;__ D-245 6871-v-1
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TABLE D-228

TTRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

I .

22 ———
SIZE £ 78 - 1o
MANUFACTURER (Di5TR/ u Tor ) SEARS
BRAND NAME Swpeng N
CONSTRUCTION TYPE RE TeD
MAX. RATED LOAD (1b.} ) o
MAX. RATED INFLATION PRESS, {psi) o
NO. OF PLIES AND | TREAD T e 4 v -
CORD MATERIAL SIDEWALL o PoLvﬁafek
RIM WIDTH (in.) 4 5
COMMENTS
ire oo Shore Groove Water Test Run Number(s} -
. Depth Depth Fraa ) Rolling
No.{s) No . Hardness %) (in.) Rolling Braking Resistance
7 & Cecs/ 8 o0 2 XeYe) - A /83
57 \L - £02 2,9 =)
D-248 6871-V-1
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TABLE D-231 3
ROLLING RESISTANCE TEST DATA RESULTS
Run No. /98
CONDITION
1 1 2 1. .31 4 T 571 &
PRESSULRE
LOo% ] 1uus | S0% [ To0% TTh0% | T00% | .
PARAMETER LOAD
100% | 150% 1| 100%7 100% | 100% 50% :
Pressure, P (psi) | 378 | 32,1 |60 ]| 32,0 | 8| 32.1 ¢
Load,-FZ (1b) | {4¥26 1 R/0¢ [ 1395 | +r+23 |/398 | /9
Rolling Resistance, 9.0 %% %o 20.3 g 92
FR (lb) b £ . . o, /5. A E
FR Coefficient, FR/-F2 0133 | . o/73|,0258| . 0r¥3 Jon# ! o2y

Note: 1. The pressure in Condition 1 was capped while the remaining
5 pressure conditions were regulated,

2. The Load (FZ) was the actual test load.

3. The 100% Load and Pressure conditions are the maximum rated
load and Pressure tire criteria. .
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TABLE D-234

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

2.3

S1ZE

[ G /7 Ry

MANUFACTURER ( DisTm,g UToR)

MmN T QN_!_&R_;[ N By,

BRAND NAME S oa reisn
CONSTRUCTTION TYPE
R AD L l de
MAX. RATED LOAD {1b.} | b
MAX ., RATED INFLATION PRESS . (psi) —
—i
NO. OF PLIES AND TREAD 2 Pct.;@ STER + 3 STESL
RD !
CORD MATERIAL SIDEWALL “P;:L.\’/E-':.TEQ
RIM WIDTH (in.) 55
COMMENTS
Tire bOT Shore Groove Watep Test Run Number(s}
No. (s) N Hard Depth Depth Free , Rolling
o te- ardness (%) (in.) Rolling Braking Resistance
les | z o - v /8¢
L2 K AT 2o Lo Lo
f:. 7 .o MDDz \l/ - 223 224, 2 s 5
D.254 8871-v-.}
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TABLE b-237

ROLLING RESISTANCE TmST DATA RBSYLTS

Run No. /5
CONDTTION
Ll 2 [ 3T T
PRISSURY
100% | 100%Y | so% 1 Toow 1 156% ] L0
PARAMETER LOAD ,
L 100% 150% 100% 100% 100% 50%
Pressure, P (psi) | 400 7SS0 |17.5 35,0 | 524 250
Loud,-F2 (1b) | /448" | A//S | refor | 109 ‘¥00 | 99
Rolling Resistance, o 2k 0 24, 53 lss, Y
FR {1b) )
FR_:Coefficient, FR/-FZ N-T Y ok oY/ k) o172 109 .009%]. 0102

) ] |
Note: 1., The Pressure in Condition was capped while the remajining
5 pressure conditions wers regulated. '

2.  The Load (FZ) was the dctual test load.

3. The 100% Load and Pressure conditions are the maximum rated
Load and Pressure tire criteria,
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TABLE D240
TIRE AND RUN IDENTIFICATION :
g
TIRF TIRE TYPE 2 ap
MANUFACTURER AR e :
v - i
BRAKD NAME QO\'I €
CONSTRUCTION TYPE R A D/ AL
L]
MAX ., RATED LOAD (ib.)
Lt o e
MAX. RATED INFLATION PRESS . {psi} v .- -
NU, Uk PLIES AND TREAD 2
CORD MATERIAL SIDEWALL ) -
RIM WIDTH (in.) 55
-
COMMENTS .
Groove Water Test Run Number(s)
LOT Shore Depth Depth Free , Rolling -
No.(s) No. Hardness (,‘) (in.) Rolling Braklng Resistance
APKA TA 160 b9 oo - /63 /&0 -~
- 208 21 8 200
[
—
]

D-260 6871-v-}
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TABLE D-243

ROLLING RESISTANCE TEST DATA RESULTS

PARAMETER LOAD

Run No. 200
CONDI'TTON
Ll 2 T3 T T 5T %
PRESSURE

LO0% | Lo% | s0% 1 To0% Lisos T 1oon

100% | 150% T 700k | Toot 100% 50%

Pressure, p (psi) | 396 | 350|125 | 350 |s2.¢|351

Load, =g

(1b) | /4’3 | 2/02 1397 1¥0% | 1419 | o, 9

FR

Rolling Resistance,

(1b) /3.9 a2.F |23/ /¥ 3 117 1 72

FR Coefficient, FR/-Fz 00?F | oi09 0188 | pra

LOR2L| . 8/00

Note: 1,

The pressure in Condirion 1 was capped while the

remaining
5 pressure conditions weére regulated,

The load (FZ) was the actual test load.

The 100% Load and Pressure conditions are the maximum rated
Load and Pressure tire criteria,
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TABLE D-246 :
TIRE AND RUN IDENTIFICATION -..'
TIRF TIRE TYPE -
1 .
15 . “ : i
SIZE E 78+
MANUFACTURER  (Di3 7% /80 TOR) K~ pra R T ‘.
-
CONSTRUCTION TYPE Lias Poy -
MAX. RATED LOAD (1b.) (too :
MAX. RATED INFLATION PRESS. (psi) e -
NO. OF PLIES AND | TREAD o Loty ESTER
CORD MATZRIAL SIDEWALL -
RIM WIDTH (in.) 45
- o
COMMENTS
——y
N s Groove Water Test Run Number(s)
y ilre DoT hore Dept‘.h Depth Free . Rolling
0.{s) No. Hardness (%) (in.) Rolling Braking Resistance
Te lccizxacan |l £ oo - /o7 18
97 D2 ( - 22220 20
D-266 6871-V-1
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TABLE D-249 .

ROLLING RESISTANCE TEST DATA RESULTS

Ran No. 2¢ ¢
CONDITION
Ll 2 o T a5
PRESSURL
L00% [ 100% 1 50% ] Lo | 150% | toos
FARAMETER _L2AD
} 100% 150% 100% 100% 100% 50%
Pressure, p (psi) | 377 ! 32.0| 1.0 320 | ¢go| 320
’Load,-«Fz (1b) | /#/8 | 2463 | 1400 IFO |1 08
! Rolling Resistance, e ~ :
It (1o} | ‘7¥ | 382 1374 | 20,6 |70 2%
L_FR Coefficient, Fw/-pz 0137 | .0/82]|, 0267 LOle | 0120l,0/3¢

Note: 1. The Pressure in Condition 1 was capped while the remaining
5 pressure conditions were regulated.

2. Thr Load (F2) was the actual test load,

3. The 100% Load and Pressyre conditiens are the maximum rated
Load and Pressure tire criteria

i,
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TABLE D-252
TIRE AND RUN IDENTIFICATION
‘ s
TIRF TIRE TYPE 2 a
- o,
S1<E p;:,a",KZC: - 4x. -
MANUFACTURER G B R o
.
CONSTRUCTION TYPE ]
RAaDist -
MAX . RATED LOAD (ib.) o !
MAX. RATED INTFLATION PRESS, {psi) 39- -
NO. OF PLIES AND | TREAD o R A vorng
CORT MATERIAL SIDEWALL 2 RAY oA o
RIM WIDTH (in.} 6.0
COMMENTS -
ey
| Tire - Shore Groove Water Test Run Number{s)
| . o . Nepth Depth . Rolling
1r o "o Hardness (%) (in.) Braking Resistance
i 3 I BEOAIR T (o tf [ CO - 1 88
E
|
H
D-272 6871-V-1
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TABLE D-255
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

al
$1it Paas /28R 5
MANUFACTURER WNIRQvA
BRAND NAME STESLER
CONSTRUCTION TYPE RADIAL
MAX. RATED LOAD (Ib.) ;2 Tep
MAX. RATED INFLATION PRESS. (psi) 2 o -
"
NO. OF PLIES AND TREAD 2 PolLYESTem + 2 cx L1
CORD MATERIAL SIDEWALL 2 Pelyssren
RIM WIDTH (in.) .0
COMMENTS
Tire DoT Shore Groove Nater s
- . y Hard Depth Depth Free ) Relling
0.t No. ardness %) {in.) Rolling Braking - Resistance
12 lAPHeUREws2] 4 oo - /3 R
D-275 6871-V-1
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TABLE D-258
TIRE AND RUN IDERTIFICATION

TIRF TIRE TYPE 2.8

SiZE Plﬁ?a‘cz;}?l‘f

MANUFACTURER Mgy

BRAND NAME Mie i X

CONSTRUCTION TYPE Raiial

MAX. RATED LOAD (1b.) /#

MAX. RATED INFLATION PRESS . {psi) s

NO. OF PLIES AND | TReap 5 - =

CORD MATERIAL STIDEWALL 2 Poly EsT =R

RIM WIDTH {in.) 5

COMMENTS
- } Groove Water Test Run Number{s)
fire bot Shore Depth Depth Free . Rolling
No. (s) No. Hardness (%) (in.) Rolling | Braking Resistance
2% |M3asinxwas] ¢ LSS - v S0
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TABLE D-261
TIRE ARD RUN IDENTIFICATION
TIRF TIRE TYPE 29
SI1ZE Pilas /25 R g
MANUFACTURER LNy Roya i
BRAND NAME TI6ER Paw
CONSTRUCTION TYPE RaAz
MAX. RATED LOAD (1b.) v
MAX. RATED INFLATION PRESS . (Psi) zb-—
- CORD MATERIAL SIDEWALL 2 Polrgsres
: RIM WIDTH {in.) 55 '
i COMMENTS
Tire bot Shore Groove Water Test Run Number(s) .
: ' h Depth Depth Free Rolling 4
5 No. (s) No. dardiiess % {in.) Rolling Braking Resistance .
22 JANKA UKE OS] & ¢ 100 - A J2

R s T
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TABLE D-264
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

——l O
S1zE iS5 /25 Ry
MANUFACTURER G"EEQ:!EEB
BRAND NAME A
ARBIVA
CONSTRUCTION TYPE RoADy
MAX. RATED LOAD {ib.) J s
MAX. RATED INFLATION PRESS. (psi) -
(p 2.8
NO. OF PLIES AND | tRpap 2 Poyyesrea 3 TE
CORD MATERIAL SIDEWALL 2 Poivis em o
‘ pey S~ ,
RIM WIDTH (in.} - 55
COMMENTS
N s Groove Watar Test Run Number(s)
. uge) por § :gre Depth Depth Free ) Rolling
No. (s No. la ness‘ (%) (in.) Rolling | Braking Resistance
~+ MDAV EHO (e ] ¢ 2 100 - i il
—
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TABLE D-267
TIRE AND RUN IDERTIFICATION

TIRF TIRE TYPE 3

SIZE Pissr/25R

MANUFACTURER = REsTomne

BRAND NAME S NGWLBITER Taen g ol T2 Y
CONSTRUCTION TYPE RaDiay ’
MAX. RATED LOAD (1b.) | ~rinan

MAX. RATED INFLATION PRESS. (psi) 2

NO. OF PLIES AND | TReAD 2 Polys TER o 2 i oy e
CORD MATERIAL SIDEWALL AP 23y eEq

RIM WIDTH (in.) 5.8

COMMENTS

Test Run Number(s)
Tire DOT Shore Grogve Water ‘
N ) Hard Depth Depth Free , Rolling
No. (s No. ardness % | (n.) Rolling Braking Resistance
G Ve M AX 142380 53 100 — /¢ 36
D-231 ' 6871-v~1
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TABLE D-270

TIRE AND RUN IDENTIFICATION

]
TIRF TIRE TYPE 3o
€

SIIE P

MANUFACTURER EIRSSTRNE

BRAND NAME 732 |

CONSTRUCTION TYPE RaDiay

MAX . RATED LOAD (1b.} | b 7

MAX. RATED INFLATION PRESS . (psi) 7

NO. OF PLIES AND | TREAD _ =Tl AT T T

CORD MATERIAL SIDEWALL L Doy cTER

RIM WIDTH (in.) (e o

COMMENTS
. Groove Watar Test Run Number(s)
Ture DOT Shore Lepth Depth Free | , Rolling
oL is) No. Hardness (%) (in.) Rolling Braking Rasistance
/O H“HHXR@LQ_L I 4f e 1. - /7 2

D-295 6871-¥<1
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TABLE D-273
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

33
SIZE P;z_c‘;/ A v
MANUFACTURER GoaD Ve a R
BRAND NAME

CONSTRUCTEON TYPE

Swslorm PoLysTEe
[

BaDial
MAX. RATED LOAD (1b.) ey
MAX. RATED INFLATION PRESS . {psi) 2
.
NQ. OF PLIES AND TREAD =
2 POLXE-'TE- NI Nl - L
CORD MATERIAL SIDEWALL 2 PoLve sTE R
RIM WIDTH (in.) &Q
COMMENTS
Tire noT Shore Groave Water Test Run Number(s)
Depth Depth Free ] Rolling
No. (s) No. Hardness (%) (in.) Rolling Braking Resistance
7 My DHoo7 537 10O - /2. “A 3
B-259 6871-v-1
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TABLE D-276

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 3
SIZE PlLss /80 Ria
P
MANUFACTURER Crood yeag
BRAND NAME ReLy STES Padiat
CONSTRUCTION TYPE o
MAX. RATED LOAD (1b.) 2 eq
MAX. RATED INFLATION PRESS. (psi) 2 =~
NO. OF PLIES AND | TREAD LP0LYEaTER + 2 7 i
CORD MATERIAL SIDEWALL L Poey TaTem
RiM WIDTH (in.) @ &
COMMENTS
N s Groove Water Test Run Number(s)
e bot Hardne . | Depth Depth Free . Rolling
No. (s No. ardness (%) {in.) Rolling Braking kesistance
/| Imrevensaga] ¢ Y= - /e a4
D-363 6871.v-]
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TABLE D-279
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 2 -

SIZE LES.S®R 1

MANUFACTURER KEoly SPRINGE EuD

BRAND NAME < o 5

CONSTRUCTION TYPE IRADIA L

MAX . RATED LOAD (l1b.) Geo

MAX. RATED INFLATION PRESS. (psi) 1o

NO. OF PLIES AND | TREAD L POCYEIIER v 2 FipE s oy -

CORD MATERIAL SIDEWALL ) 1e

RIM WIDTH (in.) .5

COMMENTS '
Tire DT Shore | Groove | Water L B ;
No. (s) No. Hardaess D?E;;h E()fzt})l Roiﬁ:g Braking Reggii;:?;e

— 3 lPrksskan33l| 6 120 - 17 50

D-307 6871-v.1
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TABLE 0-282

TIRE AND PUN [DENTIFICATION

TIRF TIRE TYPE

Sl

SI%E -
Pess /oo )3

MANUFACTURER < coaPe A
BRAND NAME Gras fe.q
CONSTRUCTION TYPE Ba DAL
MAX . RATED LOAD {lb.) 9 cq
MAX. RATED INFLATION PRESS. (psi) 2 -

NG. OF PLIES AND TREAD

e ELBER mn e 4+ 2

Jj,, [y

¥
4

CORD MATERIAL SIDEWALL

RIM WIDTH {in.)

2 ﬂok;(r‘.:‘g'ri‘l’l

A=Y
COMMENTS
. " chore Groove Water Test Run Number(s)
“ g : " gr Depth Depth Free . Rolling
No. (s No . ardness | % (in.) Rolling | Braking Resistance
(3 OPEfCBNgse] 6 100 - '8 78
b-311 6871-v-1
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TABLE D-285

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE ;
e
SIZE |
“ s SR
MANUFACTURER BRPes s
MR JONE
BRAND NAME 21 oA
[+]
CONSTRUCTION TYPE 2 Al A
/] h}
MAX. RATED LOAD (1b.) Lo
faY)
MAX. RATED INFLATION PRESS. (psi) '
S,
NO. OF PLIES aND | treap 2 <ree o -
EE 4 + . LT
CORY MATERIAL SIDEWALL | Peeir ex e
u.’/C 2R
RIM WIDTH (in.) o &
COMMENTS
_— SO Shore Groove Water Test Run Number(s)
No. (s) No. Hardness | DePth Depth Free : Rolling
ranes % (in.) Rolling Braking Resistance
/(o EI(’-ici:reDwO G35 [ X=To - 2o =, A
D-31§ 6871-v-1 %
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TABLE D-238

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

3R
SIZE P zg_s*;/ 2 R o
MANUFACTURER
WRMNIROYAL,
BRAND NAME STESt PELTreaD
CONSTRUCTION TYPE RA D Al
MAX. RATED LOAD (1b.) Je o

MAX. RATED INFLATION PRESS. {psi)

kY

[ FolVEsTERL + 2 s7Texl

NG, OF PLIES AND TREAD

CORD MATERIAL SIDEWALL: | Pol ' EITE R

RIM WIDTH (in.) 5.5

COMMENTS '
- . Groove Water Test Run Number(s)
N ueJ DOT 4 3re Depth Depth Free , Reiling
No.{s No. ardness %) (in.) Rolling Braking Resistance
1 9 APKG DHIzn sa oo - 22 “ 0
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TABLE D-291

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 2G
S1ZE Pis ,5‘]/75 Rus
MANUFACTURER (T8 'R guTo &) SEAR <
ARAND NAME \ng - .
EATH IR \WisE
CONSTRUCTION TYPE RaDlaL,
MAX. RATED LOAD (1lb.) )b oo
MAX. RATED INFLATICON PRESS. {psi) 3
NO. OF PLIES AND TREAD 2 orm,s ~ oy 4 Bty oo
gs‘ “s o - ...“~ :
CORD MATERIAL STDEWALL 3 PolLYEsTER
RIM WIDTH (in.) 5.5
COMMENTS {
N . o Groove Water Test Run Number(s)
oo Lo anore | Depth Depth Free . Rolling
No. (s No. ardness (%) {in.}) Rolling Braking Resistance
29 CEMABA NG Ay 120 - 26 =k
;
i
D.323 6871-v-1
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TABLE D-294

TIRE AND RUN IDENTIFICATION
TIRF TIRE TYPE —’ry
SIZE R 7Bt
MANUFACTURER (DisTe gurer) SEADS
BRAND NAME SLMPER GUARD
CONSTRUCTION TYPE RAD. AL
MAX. RATED LOAD (lb.) Lioo
MAX. RATED INFLATION PRESS. (psi) 2 2
0. OF PLIES AND | TREAD 2 EelyELTES b o g ST e b
CORD MATERIAL SIDEWALL Y ALy ELYER
NS 2T E R
RIM WIDTH (in.) 5. <
COMMENTS
Tire BOT Shore Groove | Water Test Run Number(s)
No. (5) N Hard Depth Depth Free . Roliing
No. 0. mess | (4 (in.) Rolling Braking Resistance
2l o eepdizCson =9 1 00 - £ o2
D-327 6871-v-1
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TABLE D-297
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE vy

SIZE ER 78t

MANUFACTURER ManSEieLD

BRAND NAME KEviag MbG

CONSTRUCTION TYPE 5 A

MAX. RATED LOAD (1b.) I s0o

MAX. RATED INFLATION PRESS. (psi) . ’

NO. OF PLIES AND | TREAp 28R8MID ¢ 2 pnyion

CORD MATERIAL SIDEWALL |

RIM WIDTH {(in.) 5.5

COMMENTS
Tire BT ) Shore Groove nater TpeE A )

. Depth Depth Free . Rollin

No.(s) No. Hardness (%) {in.) Rolling Braking _ Resistance
S0 Jiveg NI A A oo - S .3
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TABLE D-309p
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE 2
SE P.!Q,a"l/"?g SB./et
MANUFACTURER (D/STR/BuTok )

STR A TTAN

CONSTRUCTION TYPE R ADI A L

MAX. RATED LOAD (1b.) 2 he |

MAX. RATED INFLATION PRESS. {psi) 29

NO. OF PLIES AND | TREAp 2PouyEaze v 2 cree

: - = !

CORD MATERIAL SIDEWALL = vy

RIM WIDTH {in.} 5.5

COMMENTS
o 5 s Groove Water Test Run Number(s)
N TE) Lot H r:re Depth Depth Free ] Rolling
wo.ts No. ardness | ") (in.) Rolling Braking Resistance
3% IBFRI9R P12 Se 100 | 5 5 b+
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D-336

1312 1bs.
35 psi

Load
Pressure =

FOOTPRINT, TIRE NO. 39
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FIGURE D-35
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TABLE D-303

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE .3

SIE G RSO/

MANUFACTURER {DiSTR: BuTer) ErmPeo

BRAND NAME

POVCER CAT RAD AL o
CONSTRUCTION TYPE

RADIA b
MAX . D .
RATED LOAD (1b.) , o
MAX. RATED INFLATION PRESS. (psi) 23

NO. OF PLIES AND TREAD

CORD MATERIAL SIDEWALL

2 EQL.?E.:TER

RIM WIDTH (in.)

)
COMMENTS
. Groove | Water Test Run Number(s) ]
e °- ardness | (s) (in.) Rolling Braking Resistance
38 lA3ZKkxwva Sl 41 {20 - Sk 66
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Load
Pressure =

FOOTPRINT, TIRE NO. 38
FIGURE p-36
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TABLE D-306

YIRE AND RUN IDENTIFICATION

PSR S Pon TS

TIRF TIRE TYPE ot
SIZE B 2o 14

MANUFACTURER FIRES ong

BRAND NAME RETRE AD

CONSTRUCTION TYPE

Bias
MAX. RATED LOAD (1b.)
Lo
MAX. RATED INFLATION PRESS . (psi) 29
NO. OF PLIES AND TREAD Y Par -
. sLER
CORD MATERIAL SIDEWALL
RIM WIDTH (in.) s
COMMENTS
Tire 0OT Shore g:-;c:;e g:;z; Free e Number(s}golling
NG, (s) No, Hardness %) (in.) Rolling Braking Resistance
e (NHLBVEY «/4 5 7 oo — 57 o S
¥
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TABLE D-309

TIRE AND RUN {DENTIFICATION

TIRF TIRE TYPE o o=
SIZE G 7y
YANUFACTURER (D isTR; puTeor) SEARS
BRAND NAME SRPER G AR Beuwren
CONSTRUCTION TYPE PECTED
MAX. RATED LOAD (1b.)
%29
MAX. RATED INFLATION PRESS {psi) 2 -
2 SLYEerE g +
NO. OF PLIES AND | TREAD 2 E Gt are Doy
CORD MATERIAL SIDEWALL 2 PeLY&STER
RIM KIDTH (in.) e
COMMENTS
rire Dot Shore g:g:;e g:;:; — Test Run Number( S)Rolling
No. (s) No. Hard‘ness (%) (in.) Rolling Braking Resistance
“o lcevvigiag; s tco - = L8
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TABLE D-312
TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE .

SIZE RGeS |

MANUFACTURER D Lo

BRAND NAME G QuAaLIF e

CONSTRUCTION TYPE RADIAL.

MAX. RATED LOAD (1b.) deae

MAX. RATED [INFLATION PRESS . (psi) >

NO. OF PLIES AND | TREAD o v ESL+ 2 My

CORD MATERIAL 5 I“DEWALL Da ST E

RIM WIDTH (in.) A

COMMENTS
Tire | DoT Shore g;g:;:e g:;:lf Free S Number(s}ao}-ling
No.(s) No, Hardness %) {in.) Rolling Braking Resistance
S IDBUEAA G, wy ;,_5;5' lco - 37 e7
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TABLE D-315 _
TIRL ND RUN IDENTIFICATION £
TIRF TIRE TYPE a7 !
SIZE Pieg /oo Rz
MANUFACTURER FIRE STanE
BRAND NAME RELOXSE G oriapDrony
CONSTRUCTION TYPE Raltiai
MAX. RATED LOAD (1b.) | 06 g
MAX. RATED INFLATION PRESS. {psi} zs
NO. OF PLIES AND | TREAD | PoLve sTé, = =
CORD MATERIAL SIDEWALL e :
i Paggg:tgﬁ.
RIM WIDTH (in.) ars
COMMENTS
o . " Groove Water Test Run Number({s}
z ”('EJ bo H r:re Depth Depth Free . Rolling
No.(s No. ardness (%) (in.) Rolling Braking Resistance
2 lvpeapsowes!l 5o [co i o | &9 |
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1069 1bs.
35 psi

=

Loag
Pressure =

FOOTPRINT, TIRE NO. 2
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TABLE D-318

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

+8
SIZE Pirss/ae R a
MANUFACTURER Lo IR es vra g
£
BRAND NAME

Ea-Tea e

CONSTRUCTION TYPE

R i e RSN ERTI  0 <nirs L S T [T

LADIAL
MAX. RATED LOAD (Ib.) S g
MAX. RATED INFLATION PRESS. (psi) 75
NO. OF PLIES AND | TREAD | PolYESTen 1 FIBERGLAsS
CORD MATERIAL SIDEWALL | PalYBsrem
RIM WIDTH {in.) 5o
COMMENTS
: Test Run Number({s)
Tire 0oT Shore groo;e gat:; ROIL]
No.{s) No Hardness ept P Free Brakin 2.0ing
' ’ (%) (in.) Rolling | 4 Resistance
23 APTK £ 1010 L 2 100 - Gt 70
D- 359 6871-v-1
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TABLE D-~321
TIRE AND RUN IDENTIFICATION .

TIRF TIRE TYPE ' ‘e

SIZE Pigg /20 Ryw

MANUFACTURER Ce :’ < T

BRAND NAME TS 174

CONSTRUCTION TYPE BaDIA L

MAX. RATED LOAD (1b.) s

MAX. RATED INFLATICON PRESS. (psi) e

NO. OF PLIES AND | TREAD 2 2 (= 2 STE &L t 1t Ny

CORD MATERIAL SIDEWALL 3 QA}IOM

RIM WIDTH (in.) 5 5

COMMENTS
Tire | DaT Shore | Groove | MWater L funber(s) -
No.{s) No. Hardness { DePTh Depth Frt_ae - Brakin Rolling

(%) (in.) Rolling g Resistance

el _lcPr9axdoio | o 100 - 137 P

P s

D 3£2 6871-V.1
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TABLE D-324

TIRE AND RUN IDENTIFICATION

TIRF TIRE TYPE

50
SIZE L2 /(20D .5
MANUFACTURER EiRs sTar G
BRAND NAME

TEMEa  Si0a8)1 &

CONSTRUCTION TYPE

DIAGO w AL {Bitasg)
MAX. RATED LOAD (1ib.} [P
MAX. RATED INFLATION PRESS. (psi) o
NO. OF PLIES AND | TREAD .
A IDTNYY,
CORD MATERIAL SIDEWALL )
RIM WIDTH (in.) 3.5
COMMENTS
Tire - Shore Groove Water Test Run Number(s)
No.(s) N Hardnes Depth Depth Free ) Relling
: ©- Toness { (%) (in.) Rolling Braking Resistance
8l lvePyHiwpomal ¢9 100 - 153 15!
D~ 367 6871-v-1
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