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PREFACE

One of the objectives of the Department of Transportation's
Automotive Energy Efficiency Program (AEEP) is quantitatively to assess
the impact of vehicle systems and components on vehicle fuel economy.
Variations in tire-rolling resistance contributes to variations in vehicle

fuel economy., This work defines these variations,

The work reported herein was performed by the Calspan
Corporation for the Transportation Systems Center (TSC) under Contract No.
DOT-HS -4-00923 during the period from 1 April 1975 to 31 January 1976.
The TSC contract technical manager was Mr. Stephen N. Bobo. The project
engineer was Dr, Dieterich J, Schuring of the TIRF Center of Calspan,

The test program was performed under the direction of Mr. Ignaty Gusakov,

Mahager, TIRF Center.
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TEMPERATURES

CAT
ST or TST

FORCES

FR

FRT

FX

FX!

FX”

FXO

SYMBOLS AND BASIC EQUATIONS

Contained air temperature

%
Tread surface temperature,

Rolling resistance of free — rolling tire (always
positive)

For flat roadway FR = FXO

For drum FR = FXO (1 + RL/R)

Definition!* FRT = -FX!

Longitudinal force, uncorrected for bearing

friction torque and thermal drift

Liongitudinal force, corrected for bearing friction

torgue but not for thermal drift
FX'=FX - BFT/RL

Longitudinal force, corrected for bearing friction

torque and thermal drift
FX'"= FX' - AFX

Definition: FXO = -FX" (always positive)

*
Listed on TIRF data printouts (see Table 11).
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AFX

FY
FZ
MOMENTS

BEFT

MY

RADII

RL

Offset of FX caused by thermal drift of TIRF

%*
balance
*
Liateral tire force

Vertical tire load.

Bearing friction torque of TIRF balance

*
Moment of rolling resistance

Driving/braking wheel torque.’

Drum radius = 33,614 in.

s
Lioaded tire radius,

*
Listed on TIRF data printouts (see Table 11),
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MISCELLANEOUS

N Tire revolutions per minute

P Tire power loss

FXO *V

il

For flat roadway P

For drum P = FXO(l + RL/R) *V
: ¥
P, p ; Tire inflation pressure
SR Slip ratic SR = (N * RL)/(168,07 * V) -1
‘ *
TE Time elapsed
*
\ Road speed
X Distance traveled
Y General independent variable
ng Distance at which state of equilibrium is (practically)
achieved
X =4.61/)
39
A Exponent in Equation (5), see Figure 18.

%
Listed on TIRF data printouts (see Table 11},
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1, INTRODUCTION

The many studies on vehicle power consumption available in the
literature (i.e,, Refs, 1 and 2) all indicate that a rather large amount of the
engine output is absorbed by the pneumatic tires, For instance, in the
Federal Driving Cycle the rolling losses amount to nearly 25% of the total
energy input (Ref, 1}, This number includes the losses caused by the wheel
bearings, but bearing losses are comparatively small, At constant speed
without acceleration and deceleration, the rolling losses constitute 32% to 55%
of the total energy provided by the engine, The same reference, and our own
investigations (Ref. 3), indicate that a reduction in tire rolling losses of, say,
15% would result in fuel savings of 2% to 3%. Clearly, any reduction of the

rolling losses would have a marked eifect on fuel economy.

Rolling losses are influenced by many factors. For instance,
tire rolling losses are strongly dependent on the distance traveled, particularly
during the first ten miles or so, Since one third of the total mileage accumu~
lated by automobiles in the USA, and nearly one half of the fuel consumed, is
expended on trips under 10 miles of length (Ref. 4), the influence of trip length
on tire losses has to be studied very carefully, Other factors of importance
are inflation pressure, speed, load, braking/driving_, slip angle, tire construc-
tion, and rubber compound. A systematic knowledge of all these relations
would doubtlessly benefit the search for fuel savings, but although a large
number of studies on tire rolling resistance are available {Clark and others
compiled a bibliography with 90 references, Ref. 5), a comprehensive experi-
mental research program performed on a large representative sample of
contemporary tires is lacking. In addition, many experimental problems‘

are still hampering the exact mmeasurement of rolling resistance.

One problem arises from the temperature sensitivity of the

visco~elastic tire material, The heat energy generated in the rolling tire

1



raises its temperature which in turn results in three things -- it decreases

the hysteretic losses, it increases the tire pressure, and it increases the heat
exchange between tire and environment. As a consequence, the rolling losses
decrease until a state of equilibrium is reached. The stabilization process
takes about 30 minutes, provided the operating conditions are not changed
during this time, In the past, the transient period has been largely ignored; but
since a large amount of driving is accumulated on short trips, as noted, more
experimentation was needed in this area. This would require rather sophis-
ticated measuring systems and precise control of all pertinent factors -«

requirements that are relatively difficult to meet,

Another problem is caused by the fact that a very small force,
the longitudinal force Fx’ has to be measured with good accuracy in the presence
of a very large one, the vertical load Fz. If Fx is measured on the road, these
difficulties are compounded by the additional presence of a high noise level
caused by vibrations, wind forces, and other uncontrollable variables, On the
other hand, measuring the rolling losses in the laboratory on a drum is not
satisfactory either, because the curved surface leads to substantially smaller

values of Fx (as discussed later).

All these problems are minimized on the Calspan Tire Research
Facility (TIRF} (Ref. 6). TIRF provides a flat rigid surface, and it has a
precise control and balance system that can measure all variables of interest
with high accuracy, A photograph of TIRF is shown as frontispiece to this

report; a detailed description is given in Section 5.

The following study is concerned with accurate measurements of
the rolling losses -- transient and equilibrium -- of 35 tires {31 passenger tires
and 4 light truck tires) representing contemporary distributions of the basic

construction types and sizes. All tires were tested on the flat belt of TIRF,

2



and a few on TIRF's driven drum (67. 230 inches diameter). The drum tests

were made by removing the steel belt and shifting the tire over to the driven

drum (Fig, 1), Since the road temperature was considered of major importance,

the drum surface was cooled down to the temperature of the belt surface (Fig,

The main objective of this program was to generate a reliable,
comprehensive body of rolling loss data from a representative sample of
current tires -- data that would serve as a basis for further analytical work.
Most of the analytical work was to be performed in an effort outside this
contract, Nevertheless, a fair amount of data analysis has been attempted in
this report, to facilitate conclusions as to the validity and consistency of the

experimental results.
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Figure 1 TIRE TESTING ON TIRF DRUM

NOTE THE TWO RADIOMETERS FOR MEASURING TREAD
SURFACE AND DRUM SURFACE TEMPERATURES




I ——
AIR SUPPLY FROM
AIR BEARING

Figure 2 PNEUMATIC COOLING DEVICE (UNDERNEATH DRUM). VARIOUS LEVELS
OF COOLING ACHIEVED BY VARYING THE AIR PRESSURE



2, DEFINITION OF ROLLING RESISTANCE

Basically, the rolling loss is that portion of the tire input energy
that does not produce useful work; it is expended as heat due to hysteresis and
friction. For the free-rolling tire (at zero steer and camber angles), hysteresis
losses are dominant (Ref. 7); for the driven or braked tire, friction losses are

more important,

We are not concerned here with the mechanism of rolling losses,
however. Our concern is the definition of rolling loss in terms of the forces
and moments acting on the tire, This definition is most easily found for the
free-rolling tire where all input energy is lost, Fig, 3, For a flat surface,

the rolling loss is then simply

= £
P. = FXO_ Ve (1)

*
where FXOF is the longitudinal force, and VF is the road speed. Fora

curved surface (drum), the rolling loss is

P, = FXO_ (L+ RL/R) V, (2)

where RLD is the tire's loaded radius and R is the drum radius {here, 33.6l4 in.).

Note that the longitudinal forces FXOF and FXDD are not
necessarily equal, and that both forces can only be known through tests, i.e.

empirically. The ratio of rolling loss P and road speed V, i.e., P/V, is called

%
The O in FXO signifies the absence of experimental errors caused by bearing
friction torque and thermal drift, as discussed in Section 7,

6



FLAT ROADWAY ) CURVED ROADWAY

FZ
POWER LOSS P = FXOp « V POWER LOSS Py = FXOp » Vp 1+ RLDIR) = T,,VD/R
ROLLING RESISTANCE FRp = PFNF = FXOg ROLLING RESISTANCE FRp = PDND = FX0p 1+ RLL/R)

Figure 3 ROLLING RESISTANCE OF FREE——ROLLING TIRE MEASURED ON
FLAT AND CURVED ROADWAYS



rolling resistance; it is for the flat surface

FRp = PF/VF = FXO, (3)

and for the curved surface

R. =P = FX 1 R),
FR 5/ Vb O, (1+ RL/R) (4)
For the braked and the driven tire, the expression for rolling
loss is more complex because an additional quantity, the spin velocity of the
tire, enters. In the following, we restrict ourselves to the free-rolling tire;

the bré.ked/driven tire will be discussed briefly at the end of the report,



3. TIRE SELEC TION

The tires selected for testing were to reflect the present distribu-
tion of critical design and construction parameters, From publications of the
Rubber Manufacturers Association and other sources, we estimated the dis-
tribution of basic tire construction types for passenper tires in 1976 (Ref. 8)

as

19% for bias-ply tires
33% for bias-belted tires, and

48% for radial-ply tires,

The distribution of aspect ratios for passenger tires in 1976 was

projected as

5% for balloon sizes
10% for metric sizes
1% for aspect ratio 60
22% for aspect ratio 70, and

62% for aspect ratio 78,

The distribution of wheel diameters of passenger cars for passenger

tires in 1976 was estimated as

13% for 13 inches
37% for 14 inches, and
50% for 15 inches,



The distribution of carcass cord materials was estimated for

1976 as

78% polyester

9% nylon

10% rayon

2% high performance organic fiber, and

1% fiberglass,
The distribution of belt materials in 1976 was estimated as

8% rayon
43% fiberglass
45% steel, and

4% high performance organic fiber,

These distributions had to be approximated by a reasonably small number of
tires, not more than 35, It was decided to include 5 tires used in an SAE
round-robin rolling resistance test program, and 6 TPC tires donated

by GM. In addition, one particular tire (No. 64l) was to be included at the
request of Mr. S. Bobo, TSC., The distribution of test tires that would accom-
modate all of these requirements is shown in Tables 1 and 2, Table 3 compares
the distributions of design parameters actually achieved with those desired,

In view of the many limitations imposed on the tire sample, agreement with

the desired distributions must be considered satisfactory.
It was also estimated that 11% of all tires in 1976 would be light

truck tires. The corresponding number in Table 1 is 4 light truck tires or

11, 5%,
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TABLE 1

DISTRIBUTION OF TEST TIRES
{Numbers are tire |D numbers)

11

LIGHT TRUCK (LT}

7.00-15 (C)
7.50-16 (C)
7.50-16 (D}
7.50R-16 (D)

622
619
620
621

O SAE ROUND ROBIN

1 GM TPC

{19% OF

PASSENGER

TIRES)



TABLE 2 LIST OF TIRES TESTED
TIRF Tire
ID No.
B 78-14 (600) Goodyear Power Cushion Vytacord
G 78-14 (601) (4P)
G 78-15 {602)
B 78-13 (603) Goodyear Power Cushion Polyester
D 78-14 (604) (2P)
A 70-13 (605) Goodyear Custom Wide Tread Polyglas
D 70-13 {606) (2P+2F/2P)
D 70-14 (607)
G 70-14 (608)
G 70-13 (609)
G 60-14 (610) Goodyear Polyglas GT (2P+2F/2P)
D 78-14 (611) Goodyear Custom Power Cushion Polyglas
G 78-14 (612) (2P+2F/2P)
G 78-15 (613)
AR 70-13 (614} Goodyear Power Steel Radial W T
DR 70-14 {615) (2P+4R+1S8/2P)
GR 70-14 (616)
DR 78-14 (617) Goodyear Custom Polysteel Radial
GR 78-14 (618} (2P+25/2P)
1.
7.00-15C (622) Goodyear Custom Hi-Miler TT
7. 50-16 C {619) {N)
7.50-16D {620)
7. 50R-16 D {621} Goodyear Custom Flexsteel LT Radial TT (P+S/P)

P = Polyester, F = Fiberglas, S = Steel, N = Nylon, R = Rayon

12




TABLE 2 (Cont'd, )

TIRF Tire
ID No,
A 78-13 (623) Firestone Deluxe Champion (2R)
A 78-13 (624) Firestone Deluxe Champion
Sup-R-Belt (2P+2F/2P)

L 78-15 (629)
BR 78-13 (631)
LR 78-15 (627)

H 78-15  (641)

Firestone Steel Radial 500 (2P+25/2P)

—~r"

Firestone Deluxe Champion (4P)

FR 78-15  (633)
(TPC 1010)

GR 70-15 (634)
(TPC 1007)

Gaodyear Custom Tread Steel
Belted Radial.
{(2P+25/2P)

FR 78-14  (638)
(TPC 1004)

Goodyear Steel Belted Radial
(2P+2S+ IN/2P)

HR 78-15  (637)
(TPC 1001)

GR 78-15  (640)
(TPC 1003)

HR 70-15 (639)
(TPC 1011}

(2P+25+2N/2P)

. (2P+25+1N/2P)
Uniroyal PR b Steel Belted Radial

(2P+25/2P)

P = Polyester, F = Fiberglas, S = Steel, N = Nylon, R = Rayon

13
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TABLE 3 DISTRIBUTICN OF TIRE DESIGN AND CONSTRUCTION
PARAMETERS FOR 35 PASSENGER TIRES

Parameter Distribution
Desired Achieved
%o %o No. of tires

Bias Ply 19 f 23 | 7

Construction Bias Belted 33 35 11
Radial Ply 48 42 13

Balloon 5 - -

Metric 10 - -

Aspect 60 1 : 3 1
Ratio 70 22 32 10
78 62 65 20

Wheel 13" 13 23 7
Diameter 14" 37 42 13
15! 50 35 11

Polyester 78 97 30

Nylon 9. - --

Carcass Rayon 10 3 1
Cords HP Organic 2 -- --
Fiberglas 1 -- --

Rayon 8 - --

Belt Fiberglas 43 46 14
Cords Steel 45 54 17
HP Organic 4 -- --

14



4. TEST PROGRAM

The primary objectives of the program were to

. Measure rolling loss data of about 35 passenger and light
truck tires of various constructions, sizes, and aspect

ratios reflecting current distributions.

. Determine the basic relations between rolling resistance
and load, speed, inflation pressure, temperature, slip

angle, torque, tire construction, aspect ratio, and wheel

diameter.

] Establish the influence of road curvature on rolling
resistance.

. Examine the feasibility of a short-term procedure for

measuring rolling resistance,

] Demonstrate the accuracy with which rolling resistance

can be measured on TIRF,

To achieve these objectives, the test program was divided into
transient tests, equilibrium tests, and special tests, The transient tests were
intended to generate transient data (including equilibrium data) for all tires on
the flat roadway and for a few tires, on the drum. In the equilibrium tests,
equilibrium data for various loads, speeds, and pressures were to be origi-
nated on both flat and curved roadways. In the special tests, the influences of

slip angle and torque (braking/driving) were to be probed.

Figure 4 shows the basic sequence of the transient tests, Starting
at ambient temperature, the tires would be run at 50 mph and 100% T&RA load
for 30 minutes, During this time, temperature and force data would be taken

at 15 sec intervals, At the end of the 30 min runs, where the tires were
15



CAT

24 psi (PASSENGER TIRES) NEAR EQUILIBRIUM TEMPERATURE

AMBIENT TEMPERATURE

A Y

SPEED VARIATIONS (FOR SOME TIRES)
30 mph ———s 70 mph

|
LOAD VARIATIONS {FOR ALL TIRES)
60% +150% + 90% = 120% = 100% =T&RA

——m»- MEASUREMENTS OF CAT, TST, FR, FX P, etc
{

L p
0 .30 min TIME

Figure 4 TEST SEQUENCE FOR TRANSIENT TESTS
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expected to have approximated equilibrium conditions, the load would be varied
rapidly to 60%, 150%, 90%, 120%, and back to 100% T&RA load. For some
tires, the load variations would be followed by rapid speed changes to 30 and

60 mph, Load and speed variations would take about 2, 5 min, in which time

the average tire temperatures were anticipated to change very little,

Tables 4 through 6 give an overview of the general test conditions,
All passenger and truck tires had to be subjected to general flat-roadway
tests* (Tables 4 and 5). Nine tires, all of aspect ratio 78 and distributed
evenly across the construction types, wheel diameters, and sizes, had to be
tested on the drum (Table 6), so that the influence of road curvature could be

evaluated,

Table 7 shows the basic test conditions of the equilibrium tests,
One tire was selected (No. 640, size GR 78-15) to generate equilibrium data on
drum and flat roadway at various speeds and loads (these tests were termed
baseline tests); 6 tires were chosen to originate equilibrium data at various
pressures on the flat roadway, In all these equilibrium tests, transient data
were of interest only insofar as they helped establishing data at equilibrium
temperatures. Figure 5 shows the run sequences designed to give the shortest
total running time for the baseline tests, Figure 6 shows the basic test

sequence for the equilibrium pressure tests.

In Table 8, the tires used for slip-angle and torque variations are
identified, Since these tests were considered exploratory, only a few runs at

(nearly) constant temperatures were contemplated.

- .
With the exception of tire No, 640 (GR 78-15), This tire was set aside for
baseline tests.
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Figure 7 gives in graphic form an overview of the test program
discussed so far, Before more details of the test procedures are given, a

description of the test facility and its accuracy is in order.
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TABLE 4 .TRANSIENT TESTS OF PASSENGER TIRES ON FLAT ROADWAY
Numbers are run numbers, For tire numbers, see Table 1.
e Run Conditions: 24 psi cold (exceptions noted), 100% T&RA load
' 50 mph (exceptions noted) '
e Test Duration: 30 min _
o At end of all runs: Load Variations (60, 90,120, 150% T&RA)
At the end of some runs (v}: Speed Variations (30, 70 mph)
(D .SAE Round Robin Tires { _ GM TPC Tires
Passenger Car
131 14m 15
Aspect R, 70 78 60 70 18 _10 78
16 psi
s |G
B P 16 2
C
21 D 40
&l E
sl F
al G 36, 29 13
H <16 psi) 9
J
L
A 15 !
B (16 psi, 30 mph}
el C
het
- D 17 1 38
Q1 E
@ F
=1 G 32 30 27,3 4 5
Al g 416 psi)
J
L @(v) .
A 14 (1P psi, 30 mph) '
B
C (v
E D 35 34
'_i‘ E
s| F L33 L1
Tl G 31 37,28 Le_
AR <16 psi) 8 L7
J
L @(v)
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TABLE 5 TRANSIENT TESTS OF LIGHT TRUCK TIRES ON
FLAT ROADWAY
Run Conditions: T&RA Load, 50 mph
Test Duration: 30 min

At end of runs: Load variations (60, 90, 120,
150% T&RA)

LIGHT TRUCK (LT)

Size Run No, Tire No. Infl, press., psi
7.00 - 15 (C) 12 622 35
7.50 - 16 (C) 24 619 35
7.50 - 16 (D) 25 620 50
7.50R - 16 (D) ' 26 621 55
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TABLE 6 TRANSIENT TESTS OF PASSENGER TIRES ON DRUM
Numbers are run numbers, For tire numbers, see Table 1.
e Run conditions: 24 psi cold, 100% T&RA load, 50 mph
® Test Duration: 30 min
e At end of all runs: Load variations (60, 90,120,150 T&RA)
At end of some runs (v): Speed Variations (30, 70 mph)
(. SAE Round Robin Tires

Passenger Car

13n 1401 151
Aspect R.—~> 70 78 60 70 78 70 78
] s =
I B (v
C
21D
&1 e
¢| F '
Al G 48 |
H 54
J
L !
A @? |
B (v
RS
< D
I-'IIQ E
2 F
a| G 47
H
J
- ij
A
B Gf?
C (v
?E D
' E
—
g F
Bl G 51
Ml H
J
L Nord
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TABLE 7 EQUILIBRIUM TESTS
Numbers are run numbers, For tire numbers, see Table 1.

(P), at 3 pressures on flat roadway = Pressures Tests @ 50 mph and
T&RA load (24 psi)
{B}, at 5 speeds and 4 loads on flat roadway and drum = Baseline
Tests
SAE Round Robin Tires
GM TPC Tires

Passenger Car !
130 14" i15n i
Jﬁl‘spect R.= 70 78 60 70 78 79 78
‘ i
| A
. B (P)
R
L0 D
Tl E
;@ F
, m1‘ G 36,29
t [ H (p)

Y |
L |
H
| A
! B (P)

T C
=~ D
I ml E
ni F
‘5 G 27,3
H (P)
| - J
! I L
A ‘
.| B
e (F)
| EE D
! E
'@l F
el
5. G 37,28 39,50
| H (P)
J 39 on Flat Bed
1 50 on Dru‘m }(B) !
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CAT

TEST SEQUENCE

t

ROAD SPEED, mph

2 |15 30 | 45 | 60
60% | (7} | (1) | (2)] (@) ] (5)
1 2

3| 5| 6
2| 90% {3) | (6} (9)|(12)
S 4| 7| 9|12
2 [120% (8) | (10)| (13} | (15)
E 8 [ 1113|115
17

150% (11) | (14} [ (16) [(17)
10 | 14|16 |17 16

AMBIENT TEMPERATURE -
24 psi P

NEAR-EQUIL{BRIUM CONDITIONS

———p MEASUREMENTS OF CAT, TST, FR, FX, P, etc.

i L H I 1 I 1 l 1 [ I l |
6

1 2 3 4 5

Figure 5 TEST SEQUENCE FOR EQUILIBRIUM (BASELINE) TESTS; TIRE
GR78-15 (NO. 640)

{7} = FLAT BED TESTS
7 = DRUMTESTS
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CAT

NEAR EQUILIBRIUM

32 psi EQUILIBRIUM

100% T&RA *N'_

|
50 mph P

LOAD VARIATIONS
60% ~= 150% -~ 90% ~=120% -= 100%

186 psi
AMBIENT TEMPERATURE

| l

30 min 60 min
TIME

Figure 6 TEST SEQUENCE FOR TESTS AT DIFFERENT PRESSURES
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TABLE 8 SPECIAL TESTS

Numbers are run numbers. For tire numbers, see Table 1.
(a) Slip angle variations on flat roadway
(T} Driving/braking torque variations on flat roadway

| GM TPC Tires

Passenger Car
13" 14" 15“‘
Aspect R.> 70 78 60 70 78 70 18
A
B
C
2 D
AE
m| G 22
H (a)
J
L
A
B
'g c
- D
tf} E
gl = |
gl C 21 |
H (a) ‘
J
L
A
B
o C
=i D
"l e
Tl F
=1l G 23 - 47
M H {a) (T)
J
L
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SPECIAL TESTS

FLAT ROADWAY

AN

TRANSIENT TESTS EOL:!:;#;HUM
FLAT ROADWAY DRUM ‘
(34 TIRES) (9 TIRES) FLAT ROADWAY DRUM
LOAD- v A:‘;:EE)NS LOAD VA::’§$?0N s VARIOUS VARIOUS VARIOUS
VARIATIONS (3 TIRES) VARIATIONS (5 TIRES) INFLATION LOADS AND SPEEDS LOADS AND SPEEDS |
PRESSURES “BASELINE TESTS" “BASELINE TESTS"
{6 TIRES) {1 TIRE) 11 TIRE)
/AT END OF RUN VAR S

SLIP ANGLE . TORQUE
VARIATIONS VARIATIONS
{3 TIRES) {1 TIRE)

Figure 7 GENERAL TEST PROGRAM




5. TEST FACIILITY

A photograph of the TIRF facility is shown as the frontispiece
to this report; a dimensional view of the facility is shown in Figure 8. The

s
primary features of the machine 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 servo controlled and programmable for
maximizing test efficiency, The ranges of the position variables, the rates

at which they may be adjusted, and other information are shown in Table 9.

TABLE 9 TIRF CAPABILITIES

CHARACTERISTIC RANGE
TIRE SLIP ANGLE () +30°
TIRE CAMBER ANGLE {Y) +30°
TIRE SLIP ANGLE, RATE (&) 10%/sec
TIRE CAMBER ANGLE RATE (7) 7%/sec
TIRE LOAD RATE (TYPICAL) 2000 Ib/sec
TIRE VERTICAL POSITIONING 2"/sec
ROAD SPEED (V) 0-200 mph
TIRE OUTSIDE DIAMETER 18.5" to 46"
TIRE TREAD WIDTH 24" MAX.
BELT WIDTH 28"

*
A more complete description of this facility will be found in Ref. 6,
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Roadway

The 28-inch wide roadway is made up of a stainless steel belt
covered with material that simulates the frictional properties 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 the
tire patch region. The roadway is driven by one of the two 67-inch diameter
drums over which it runs. The road speed is servo controlled; it may be

programmed to be constant or varied,

The surfaces usually used are ''Safety Walk". These surfaces
have excellent microtexture giving a wet skid numbe :-T of about 60 in the
untreated condition. The surfaces are honed to reduce the wet skid number

to lower values (typically surfaces of skid number 50 and 30 are used).

A unique feature of TIRF is the ability to carry out tests under
wet road conditions, A two-dimensional 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 controlling the water
presgure, At each test condition the water film is laid on tangential to the
belt at belt velocity. The film thickness may be varied from as low as 0.005

inches up to 0.5 inches.

Tire-Wheel Drive

A drive system which is independent of the roadway 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 slip ratio,

referenced to road speed, is under servo control.

¥ Manufactured by the 3M Company,

+At 40 mph and 0. 020 in. water depth using the ASTM E -501 Standard Pavement
Traction Tire.
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*
Balance System

A six-component strain gage balance surrounds the wheel drive
shaft, Three orthogonal forces and three corresponding moments are
measured through this system. A fourth moment, torque, is sensed by a
torque link in the wheel drive shaft. The load ranges of the basic passenger
car and truck tire balances are shown in Table 10, Transfer of forces and
moments from the balance axis-system to the conventional SAE location at the

tire roadway interface is in the data reduction computer program.

TABLE 10 BALANCE SYSTEM CAPABILITY

COMPONENT o el ] TRUCK TIRE BALANCE
TIRE LOAD 4000 1b 12,000 1b
TIRE TRACTIVE FORCE #4000 1b 9000 Ib
TIRE SIDE FORCE 44000 1 8000 Ib
TIRE SELF ALIGNING TORQUE 4500 Ib fx 1000 ib ¢
TIRE OVERTURNING MOMENT | +t000mn 2000 Ib £t
TIRE ROLLING RESISTANCE MOMENT | 3200 b ft 4001 ft

*
More detailed information of the balance systems are their calibration may
be found in Refs, 6 and 9.
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Data Acquisition Program (DAP) Control

The data acquisition program (DAP) is a software 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
respond and establish tire test conditions, After the setpoints are sent to the
servos, a delay time is provided which starts after the machine variables
have reached a steady state value within predetermined 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 data are reduced to forces and moments
in the proper axis system and all variables are scaled to produce quantities
with engineering units. Raw and reduced data are 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 standard Calspan plots can be generated from DAP

test data.
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Data lists and plots are displayed on the oscilloscope screen of a

CRT conscle, Hard copies of this information can be made off this display,

Continuous Sampling Program (CSP) Control

The continuous sampling program (CSP) is a software system
which controls 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 test.

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 measurements to be made during testing,

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 effects if tire characteristics are a function

of the rate of change of testing variables.

Data reduction is accomplished in a manner similar to that

employed in 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
measured on the facility, are the same as would be experienced on the road

under sirnilar conditions. The facility has been used for over 30 clients
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representing US and foreign tire and vehicle manufacturers, materials suppliers,
marketers, research organizations, government agencies, racing groups, etc,
Many of these clients have used the facility for several programs. This
extensive and repeated usage has come about because of general satisfactiﬁn

with the results on the basis of usefulness and correctness,

On a more formal basis, a round robin validation program was
sponsored by the Motor Vehicle Manufacturers Association and the Rubber
Manufacturers Association in which identical bias belted and radial ply tires
were run at various test conditions on the Calspan TIRF and eight other car
and tire industry facilities. Three of these facilities were road testers
(trailers or truck bed), two were circular drums (external) and three (in
addition to TIRF) were flat bed laboratory machines, Typical results are

*
shown on the following page (Fig. 9).

It may be seen that the road test data show significant spread, with
the TIRF data falling near the center of this spread. The single drum data
(120 in diameter) are in good agreement as are most of the flat bed data.
One set of the outlying data from a flat bed plank machine was found to be tco
low due to insufficient rolling length tc obviate tire relaxation effects; when the
rolling distance was extended, agreement was impro{red. The remaining ocutlier
data are also from a plank machine - shorter than the first-so these data are also
suspect., Taking these features into account, the TIRF results have come to be
accepted as representing the actual forces and moments produced under steady

state operating conditions.

Further information on the general validity of TIRF data and the

specific validation program may be found in References 6, 9 and 10. "

*
One set of drum data were found to be invalid and are not shown.
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Figure 9 FACILITY VALIDATION RESULTS: CORNERING STIFFNESS AND ALIGNING
TORQUE STIFFNESS VS VERTICAL LOAD FOR A G78-15 TIRE AT 28 PSI



ACCURACY

One of the difficulties in measuring rolling resistance arises from
the fact that the resistance values are rather small, yet have to be determined
with high accuracy (of the order of 0,1 1b) without interference from the simul-
taneously acting large vertical loads, In order to check the accuracy of longi-
tudinal tire force measurements on TIRF under high vertical loads, the belt was
replaced by a "floating plate' (size = 1 x 1 {t) positioned between tire and air
bearing, During a test, the plate was loaded to about 1000 lb and the in-plane
force output recorded, The idea was that under perfect conditions, no in-plane
plate forces should exist so that if such forces would be recorded they could be
corrected as "errors'', Unfortunately, it was discovered that physical forces

between plate and air bearing could not be eliminated completely.

Initial tests revealed that the bearing was inclined by about
9 minutes in lateral direction and 1 minute in longitudinal direction, Although
these errors were corrected, both accuracy and consistency of the test results
were still deficient, It was detected that the air bearing would induce plate
vibrations of high {requency which in turn would bring the plate into physical
contact with the bearing and thus defeat the purpose of achieving a state of
loading free of in-plane forces, Figure 10 shows some typical test results
with longitudinal force recordings of about one pound; it was conjectured that
these forces were caused by physical contact rather than by inaccurate
calibration. A few tests were also performed with external forces FX of
known magnitude imposed on the plate, Figure 11l. Apgain, vibrations occurred
and consistency and accuracy of the test results were poor, Nevertheless,
despite the fact that accuracy determinations proved to be elusive, the tests
did not invalidate the assumption that the balance was indeed suitable for

measuring rolling resistance with good accuracy.
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TEST NO. STD. ERROR OF
LINEAR REGRESSION, Ib
L] T3
7 0.20
8 0.16
9 0.16
10 0.37
13 0.31
FZ
+ TIRE
FLOATING PLATE
AIR
BEARING
EEEEK\\Y\\\\\\T\\\\\\\
L Rt R R Yot L R AR Teymeee AR S 1
? | i ’ 7

Figure 10 LINEAR REGRESSIONS OF VARIOUS FLOATING PLATE TESTS—
WITH NO EXTERNAL FORCE FX
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TEST| FzZ STD. ERROR OF
NO. | b | LINEAR REGRESSION, Ib
1 | 530 0.17
2 | 1086 147
3 | 1060 1.1
4 | 1080 1.18
5 | 1080 131
6 | 1080 -
12 P LR LTSI 5..........-.........._ ......... premeanas Yroauaass S ? ......... 5
10
8
2 FLOATING PLATE |
8 6. S SRR IS ;
w H H
<
]
-
x
“ 4
2
0

FX IMPOSED, ib

Figure 11 LINEAR REGRESSIONS OF VARIOUS FLOATING PLATE TESTS
WITH EXTERNAL FORCE FX
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During the first exploratory runs it was discovered that for
running times of 15 min or longer the zero positions of the tire forces and-:
moments recorded on TIRF would drift by small amounts, of the order of
less than one pound for FX, FY, and FZ, Usually, for short term runs and
large tire forces, the drifts are insignificant and can be neglected. For the
long run times (up to 6 hours) and the small longitudinal forces of rolling
resistance tests, however, they can significantly affect the test results, A
number of tests established that the drifts were caused by a temi:erature rise
of the balance of, typically, 30°F above room temperature. Along with the
temperature rise, the zero position of FX would drift by’ AFX ~0, 7 1b within
the first 15 min and then remain fairly constant, At the end of a test, as the
balance cooled, AFX would dec reasé and go back to zero after about 10 min.
Figure 12 shows a typical cycle, (See also Figure 19), Since a force of 0,7 1b
constituted 3 to 7% of the rolling resistance, measures were taken to correct

for the thermal drift, as described in the next section.
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6. TEST PROCEDURES

Break-in, Before actual testing, all tires (with the exception of the SAE Round
Robin tires, which had been exclusively tested before) were run for two hours

on a 48~inch road wheel at 50 mph and 80% T&RA design load.

Thermal Drift Corrections, DBefore each test, all channels of the TIRF balance

system were set to zero, with the tire mounted and off the belt, During a run,
the balance would warm up and cause the zero position to drift by small amounts,
as discussed in Section 5, The zero drift of the longitudinal force was re-
corded at given time intervals (300, 600, 900, 1800, etc. sec) by lifting the

tire Liriefly off the belt and measuring the longitudinal force, AF X, Since no
external forces were acting on the tire during lift-off, the recorded longi-

tudinal force, AFX, could be considered the thermal drift of FX,

Instrumentation. In addition to the instrumentation described in Section 5,

an air temperature probe was used to measure the cavity tire temperature, The
probe was inserted through the rim such that the temperature was picked up at
the tire center plane 0, 5 to 2 inches off the bottom of the rim well {(depending

on tire size and rim construction), Besides the cavity temperature, three more
temperatures were recorded: the tread surface ternp;erature at the forward
portion of the tire, the road surface temperature in front of the tire, and the
room tfemperature, The two surface temperatures were measured by two
Barnes radiometers; the room temperature by a mercury thermometer. DBoth
cavity and tread surface thermometers were integrated into the TIRF computer

system,

Test Procedure. During a test, the values of 11 tire quantities were measured

every 15 seconds, stored on magnetic tape and, after the test, printed out, as

indicated in Table 11, Also, plots were made of FRT {= -FX', see Section 7),
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TABLE 11 TIRF DATA PRINT-OUT (SAMPLE)

3]
o
(-
Gl 7
) g gm0 o
= o < & < M o
0 A — . o B D
) ) X P A P M Z,
o 0. < . g U >
(6] n 8 i < B'l Q [&l <
o) Fa f < A
5 S 2 & =8 &
) P = fe Ok B F &
/Run No
31~4-6 31-4-6 31-46  §31-4-6 31-4-6  j31-4-6 31-4-6"
TE. 1 £z FRT C.A.T. ST P,
SEC MFH LB LB DEG.C JOEG . PS1
e 50, 3 -9 22 38 32 22.79 24 @2\
15.0. 50 2. -2.7 9.3z 22.79 24 .02 \Tire Off
20.9. S9. 2. -a.7 39.32 22.83 24 82 [Roadwav
45.9.. 50 1. -9 59 .37 27 .93 24 .02
0.0 . Sa. 1. -@ 3% 30.37 23.26 24.02
75.0. 50 -1331. 27.8 30.99 26 .51 24 .32
90.8 %0 -1780 26 6 30 28 26 74 24 46
185.0 50 -1389. 25.82 30.65 27.43 24 .56
120.¢ 50 -1379 25.19 31.2z 27.89 24.71
135.0 50 -1378 24 37 21.91 26.35% 24.83%
150.0 59. -1380. 23 .58 32.61 28 .57 24.93
165.0 50. -1381 23.2 33.39 28.8 25.18
190 0 50 -1381. 22.89 24.16 29.26 25.24
195.0 0. -1378 22.57 74.92 29.72 25.39
210.0 =0 -137%. 22.2 35.69 30.17 25.44
225.0 9 -1377. 21 75 36 .45 30.1?7 25.59
248.0 50 -1381 . 21 %4 37.16 30.4 25.73
255.0 50 -1383. 21.46 37.91. 30.63 25.683
270.0 50 -1379. 21.06 38.62 30.86 25.88
2685.9 59 -1378. 20 94 39.32 31.88 26.83 ... o
300.0 50, 3. -2.26 38.92 ar.2 25.68 & oo dwn
315 @ 59 -1377. 20.9 39.76 31.76 26.07 vay
339.¢ 50. -1379 . 20.36 40.46 31.54 26.17
345.0 50 -1380. 20.7% 41.83 31.76 26.22
268.0 50 . -1381. 28.12 41.6 31.54 26.32
375.0 0. -137¢. 20.17 42.12 31.76 26.3?
390.0 Q. -1377. 19.%4 42.69 32. 26 .46
405 0 %9 -1379. 19.59 43.22 32.22 26.51
420.0 50. -1378. 19 81 43.74 32.44 26 .61
435 .9 0. 12M. 19.22 43 .20 22.44 2.M
450 @ 5. -1382. 19.18 44.7 32.67 26.7
S

FRT = - FX + 12*BFT/RL
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Continued

TABLE 11
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the contained air temperature, the tread surface temperature, the inflation
pressure, and other variables, to check the general quality of the run, see

Figures 13 through 16,

Drum Cooling, As pointed out in the introduction and elsewhere, rolling
resistance is a strong function of the tire temperature, The tire temperature,
in turn, depends to a large degree on the temperature of the road. Therefore,
rolling resistance data should only be cdmpared if taken at the same road
temperature.

Usually, when under tire load, a drum absorbs moreheat and
hence assumes higher surface temperatures than a thin steel belt cooled by
an air bearing, To keep the drum surface temperatures down to the level of
the steel belt, a pneumatic cooling device charged with air of the air bearing
was installed underneath the drum, Figure 2, Figure 17 demonstrates that in
this way good l:1 correlation was achieved between corresponding drum and

flat roadway surface temperatures.
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SURFRCE TEMPERRTURE (DEG.C)»

RUN 31- 4~ 6

40 0P TIRE LIFTED FOR THERMAL DR

]
L

3. 20 e “rw*'”

IFT CORRECT}ON-\

Y

1?
\ |
+
39,0@—1#”
3
& ++’
1. *
2% 0.
4
e
[ J
29 o®
3
3
o R T X ORD: @
T 209D 400 5 cPR @ 500 O 1000.0 1200.0 1400.0 1680.0

8
TIME ELAPSED (SEC)

Figure 15 TYPICAL TIRF PLOT OF TREAD SURFACE TEMPERATURE VERSUS TIME

46




FRESSURE (FSI) BUN 31- 4~ 6
I
*
[ ]
&
5. 99
L
4# TIRE LIFTED FOR THERMAL DRIFT CORRECTION
T \
é
' |
' // WM*
t i e
H &
2500}
20. 80}
L ]
t t+ t bt b 1 1 ORD: 0
2000 400 8 600 0 S60.0 10000 1200 0 1400.0 1600.6

Figure 16 TYPICAL TIRF PLOT OF INFLATION PRESSURE VERSUS TIME

TIME ELAPSED

47

(SEC)




PP e .
R VR

. . ¢ . H . ] M )
. : ——— b
. -
- -
POV
[
- -
€ n 1\\1\\\ v I3 H ‘ '
(N [P Q. e tmetmce g cmcabarssunsuclbib it
y * b )
[, -
| - SR . g 4 OO UL, S [
b Y b h
. e
. ..o.
3- R ekt e L T
b v
-y mmm——
-
e ——gm——
LI LV caafaban P SR [EPI SRR RO
———— -~
- ——
H [ SRR
H H 1 H t . .
JOR-
tm————
L i3 M L R S : L PR
o
_ - - +
+ MN-emmmm
a--
[P
[ -
| T J - O ] 2 H SRS PRSP
»
a ————— —————
b P R
[
-k
H i s 0@ v H N 1 H
b mmey
H 1 » Enu H ' H H - ' M
- -, . O e L R R TR
“ .
*
b h . 1 ' H .
[ .
: b
SRRt SEEETTT]
[
i s g e e it e bdebebe bt it ol bt e it bt bl bt ik tiaing
L L . S L
P S
- .
[
[V U
L alata-of mmmmmmmer b ] B P - B . R
' v v
e rgmm————
S J
-
P - - X : : P . NN, R
PR S S
e
cmmmmmebrem———
- -«
H H 1 i H 3 4 H .
L) : H : 3 L] - 1
I
(32 o~ -
| Lt
"¢l

Do 'dW3L 3DV4HNS WNHA

15

10
o
FLAT ROADWAY SURFACE TEMP, °C

48

ESPONDING
ROAD SURFACE TEMPERATURESD%I:J](GOHR
Flgure 17 TESTS ON FLAT ROADWAY AND



7. DATA PROCESSING

To condense the large amount of data measured for each tire .
into a few empirical constants, all transient data were curve-fitted by the
least-square method, Upon inspection of TIRF -plotted curves such as shown
in Figures 13 through 16, an exponential function of the kind

Y =1 +(Y -Y )e M, (5)
a0 (o] o0

appeared to be the ""best" fit in terms of simplicity and accuracy. The
variable X is the distance traveled (= time x speed), Yo is the initial value
of X =0 , Yo:- is the equilibrium value at X = oo, and \ represents the

curvature. The curvature can be expressed in terms of the distance X t

a
99
which the Y wvalue has reached 99% (i.e. almost 100%) of its final value, Yoo.

T] a . , E
Y = Y 0. 0]. Y - X F‘l by ].

then X = }(99, so that

Y +0.0L(Y -Y ) =Y +(Y_ -Y e "‘X99,
[0 ) o] o0 o0 [s] 0

and, consequently,

-1n 0, 01 (6)

X99
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Y=Y Y, - Yo)e A

0.01 (Y, - V,,)

DISTANCE TRAVELED, X

Figure 18 LEAST SQUARE EXPONENTIAL FIT OF EXPERIMENTAL TRANSIENT DATA
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This expression substituted into (5} gives

Y = v FY -Y )e-4.61X/X9
@ o fes)

9. (7)

This expression was used to fit all transient test data including rolling
resistance, contained air temperature, tread surface temperature, and in-
flation pressure. Fitting the FR data required two corrections of the raw

data.

On TIRF, FX data are measured under the influence of the
balance's bearing friction torque, BFT, To correct for BFT and thus obtain
the longitudinal force for a tire without bearing friction, the correction

formula
FX' = FX - BFT/RL, {8)

is applied, where RL is the loaded radius, The computation is performed on
the TIRF computer and the result listed with a sign change as FRT (= - FX!'),
see Table 11.

The second correction is necessitated by the thermal drift of the
balance. For each run, the experimental AFX data were fitted (with respect

to distance traveled) by an exponential curve and the curve data used to correct

the TIRF measured FX data such that

FX'" = FX' - AFX, (9)

or, since - FX' = FRT,
FX" = -{FRT+ AFX), (10}

&
The corrections AFX averaged over 34 runs are plotted in Figure 19; the data

clearly follow an exponential course. See also Figure 12,
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To obtain positive signs, the negative values of FX'' were defined as

{positive) FXO,
FXO = -FX" = FRT + 4 FX, (11)
Note that FXO is the rolling resistance, FRF’ of the flat roadway.

X = .
FXO FRF {12)
For the drum, a further correction is required, as shown by Equation (4)

in Section 2.0,

The values of Y » Y -Y , XA , and X__ computed for
@ o o0 99
FXO, CAT, TST, and P were entered into tables, see Appendix A, The
tables also contain the standard errors of the respective fits. They are very
small. For the rolling resistance fits, the average standard error is 0,12 1b;
for the contained air temperature fits, 0.21 OC; for the tread surface tempera-
ture fits, 0,04 C)C; and for the pressure fits, 0,01 psi, These small errors

demonstrate clearly the suitability of the exponential fits for the transient tire

data of this program,
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8, GENERAL PRESENTATION OF TEST RESULTS

All raw data were listed on TIRF data print-outs; a sample was

shown in Table 1l. The raw data were processed to yield

o For the transient tests {on flat bed and drum)}; Y oo

Y =Y X 3
o oo Ao 99
FXO, CAT, TST, or P,

where Y stands for either

o] For load and speed variation tests at constant temperatures:

FXO, CAT, TST, P at various loads and speeds.

The results of the transient and the equilibrium pressure tests and of the
load/speed variations test performed near equilibrium temperatures (see
Figure 7) are listed in Appendix A for each tire tested, as mentioned,
together with tire information {such as siz;a, brand name, cord material) and
run information (such as inflation pressure, load, speed), The results of the
equilibrium baseline tests and the special tests are presented in Section 11

and 12, respectively.
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9. FLAT ROADWAY TEST RESULTS

9.1 EFFECTS OF TIRE DESIGN AND CONSTRUCTION
PARAMETERS

All 35 tires were subjected to transient tests of 30 min duratibn
on the flat roadway, as specified in Tables 4, 5, and 6. In Figures 20 through
23, the average values of FR, CAT, TST, and P are plotted as functions of
distance traveled, The curves exhibit rapid changes during the first ten miles
and much slower changes thereafter, with steady-state condition achieved
after 20 to 30 miles of travel, Table 12 shows that the bias ply tires reach
equilibrium conditions a few miles earlier than both bias belted and radial
tires -~ for reasons not known at this time. Inflation pressure and contained
air temperature reach equilibrium later than rolling resistance and tread

surface temperature, at least for bias ply tires,

The figures suggest that there are significant differences between
the three tire construction types regarding FR, CAT, TST, and P, It must be
suspected, however, that the differences are strongly influenced by the fact .
that the distributions of tire sizes within each of the three types are not equal;
for instance, the bias ply tires do not include an L size tire, the bias-belted
tiree include a tire of aspect ratio 60, etc,, see Table 1. Therefore, a sta-

tistical analysis was made of the effect of basic tire constructions on rolling

resistance involving only tires of equal size. Tables 13 and 14 show the
differences of rolling resistance coefficients of pairs of tires; the tires of
each pair are of equal size but of different construction. The average dif-
ference between bias ply and bias belted tires of 1.05 1b/klb is not significant,
(Table 13). The average difference of 2.36 lb/klb between bias belted and
radial ply tires, however, is significant (Table 14). This is not to say that a
gignificant difference between the bias ply and bias belted tires would not exist;

but cour sample of four tires was too small to prove this.
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TABLE 12

DISTANCE REQUIRED TO REACH
EQUILIBRIUM FOR FR, CAT, TST, P,

PASSENGER TIRES ON FLAT ROADWAY,

T&RA LOAD AT 24PSI COLD
50 MPH

ng, miles
FR TST CAT P
| Bias Ply 17 19 26 25
Biasﬁ Belted 20 28 32 29
Radial Ply '
|

60
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TABLE 13 Effect of basic tire construction on equilibrium rolling resistance

NS = No significant difference between bias ply and bias belted

«
Bios Py Biag Balied i
.
Size Run FQN Size Bun Fl?oo A
L I N B T e
[l [kl A
: O B
G18-15 | 3 440 | G1B8-15| 5 | 130 .10
GI8-i4| 29 | 635 ] G18-14 3 13,75 2,60
DIB-M | 40 | 1495 | DIB-14| 38 .84 0.1l
AT8-13 1 42 | fe.24 | ATB-3] 4l 15.84% 0,40
Average 15,49 1,43 (.05 (Ns)
Std. Dev 0,96 AL LH

¢

S ——

LH

los iy
AT LR

fos ™ 278
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TABLE 14

Effect of basic tire construction on equilibrium. rolling resistance

S = Significant difference between bias belted and radial ply

A |
Biog Belied Radial Ply i
ﬁ e
Size Row | TR, Size Ron | TR, o
Vo | Tz No | Fz 5 e
lb]kib lofieln] £ |
D1o-ik4 1 (.07 DRTO-1% | 35 | IL.€% | 2,23
G18 -4 3 13.75 GRTE-1E | 28 | 1o 3.0
G10-15| &% 12,88 GRI0-5| 6 e 2,77
A0 -13 15 12.34 ARWD-13 | I " by 0,90
G10-14% 30 12,78 GRW- | 3 13.05 |- 021
DIB - 1% 38 14, g4 DRI&-1% | 34 | If.07 3.17
L18 -5 us 1, 75 LRIE-IS| 44 | 265 1 410
SRS VSRS R
Average 13.63 a2l o 236 (R
Sid. Dev 0.99 0% 156




In Table 15, the coefficients of rolling resistance of tire pairs

with different aspect ratios are compared; the small average difference of 0, 58

1b/Kklb is clearly accidental, The same is true for the influence of wheel size,

Table 16,

The effects of tire size on equilibrium rolling resistance FR |,
and on contained air temperature, CAToo’ and tread surface temperature,
TSTOO, are demonstrated in Figures 24, 25, and 26, Figure 24 indicates that
FRoo is a linear function of design load. Linear least-square fits resulted in
the three values of 15.7, 13.8, and 11.2 Ib/Klb for FRoo/Fz for bias ply, bias
belted, and radial ply tires, respectively: but the difference between bias ply
and bias belted tires may not be significant, as pointed out, The same figure
shows rolling resistance data for the four light truck tires tested; general
conclusions are not possible other than that due to the higher inflation pressures
the coefficients of rolling resistance are much lower than those of passenger
tires., The temperature data in Figures 25 and 26 indicate a weak increase of
CAToo with design load, and no change of TSTco (at least for bias tires; for
radial tires, TSTco appears to decrease with design load). The radial ply

tires show a lower contained air temperature than the bias tires; Figure 25
indicates an average difference of about 10°F, The tread surface temperature
data show too much scatter to permit a differentiation between bias and radial

tires,

9.2 EFFECT OF TRIP LENGTH ON THE DETERMINATION OF
EQUILIBRIUM ROL/LING RESISTANCE

In the preceding section we showed that the equilibrium value
of rolling resistance, FRoo' is reached after a run length of about 20 miles,
Since the experimental data can be fitted exponentially with excellent accuracy

(the standard deviation of measured data from the fitted curves was about
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¥9

e
Estimated from Table 18

D)

TABLE 15 Effect of aspect ratio on equilibrium rolling resistance
NS = Not significantly different from zero
AR To A.R.18 Y
PRI Y
B T
Size Run | FR, Size Run E’i._o_ P
No , FZ No Fz2 E a——mh
lofklb lofkty | W I
AT0-13 5 | 1234 ATE-(13 4( | 15.8% | -3,50
D0 - u { ] o7 D8~ B | 4 | —pny
Glo-1 | 30 | 1278 G-It 3 [3.75 —04a7
DRI~ | 35 | N84 | DRIZ-' | 34 | (.07 011
QR10- 14 3 1105 | ARWE-IY 2B 0.4 2.3
QM-S | 4 | 1288 | G18-I5 5 1330 | -Du2
GRID-IS b | o GRTE-I5 | 39 [.63%) —1 52
HRID-15| 8 | 10,61 | #R®-I15| T | IL13 | -0,51
L Y .
Avtrage 12,21 | 1219 | ~-0.58
Std. Dev. 13l I a3 [.68
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TABLE 16 Effect of wheel diameter on equilibrium rolling resistance

NS = No significant difference between 14 and 15 inch wheels

, e [ T
W.D. 14 W.D. 15 o
n’!m
Fe T
Size Run FR,, Size Pon FPQD |
Mo | FZ Vo | F1 | —*
Ibjklb blktn| & |&

618 -l 3118375 | gig-15 | § |1330 045
GRIg-4 | 28 | 1074 &R1B-15 | 39 .63 { - p.89

Gg1e- | 29 | 635 | G5 | 13 | 40 .45
G-k 30 | 1278 Gro-15 | 4 2,88 | -0,
GRIO-14 i 13.05 GRI0-151 6 10. 11 2.94
FRIB-H] 33 10.88 FRIB-5] I 0.52 0.36
Average (2.93 12,14 079 (NS) { - 013 Ve = 1,37« f%_
Sid. Dev. 2,07 16T Ll L4
: %‘15 = .57
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0.12 1b, as noted), the question was raiséd if the equilibrium rolling resistance
value could not be estimated from shorter runs, of the order of 10 miles. An
answer was tried by analyzing the FR data of three tires, a bias ply, a bias
belted, and a radial ply tire., First, FRoo values were computed from experi-
mental 25-mile run data. The experimental data were then reduced by two-
mile increments, For each resulting set of data, a new FRm was computed
through curve fitting and the new FRoo values compared with the original FRm

obtained from the 25-mile run., The relative differences

w25 " TRy ,
FRmZS

FR

where i = 23, 21, 19, etc.,

1

are plotted in Figure 27. The difference or "error' is negligible beyond 20
miles; it is about 1% at 17 miles, 2% at 14 miles; and 5% at 9 miles. Below
9 miles, the error grows very rapidly. It appears then that if the equilibrium
value of the rolling resistance is to be determined with good accuracy, a tire

should be run for at least 15 miles.

9.3 ~ EFFECTS OF LOAD AND SPEED ON ROLLING RESISTANCE
AT CONSTANT TEMPERATURE

In actual road operations, a tire is usually subjected to changes
of load and speed, If these changes are rapid (for instance, in a cornering
maneuver), the tire temperature will remain constant, and the rolling resis-
tance will assume values different from those at equilibrium conditions. To
generate rolling resistance values at constant temperatures, the load and,
for some tires, the speed were varied rapidly at the end of each transient

run, where equilibrium status was reached, as described in Section 4, The
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resulting rolliﬁg resistance values are listed in Appendix A, A few of these
values are plotted in Figures 28, 29, and 30, Figures 28 and 29 show that for
rapid load variations around the equilibrium state at 100% T&RA load, the
rolling resistance coefficient increases with load for bias ply and bias belted

tires, but remains fairly constant for radial ply tires,

Figure 30 indicates that with the speed rapidly increased
{decreased) from the state of equilibrium at 50 mph, the rolling resistance
increases (decreases) slightly, too. We will see later (Section 11. 0) that for
very slow changes of load and speed, where the tire is allowed to assume
equilibrium conditions for each load and speed, the results are somewhat

different.

9.4 EFFECT OF INFLATION PRESSURE ON EQUILIBRIUM

ROLLING RESISTANCE

Inflation pressure has a distinct influence on rolling resistance,
as demonstrated in Figure 31. The data in this figure were obtained by running
transient tests at 16 and 24 psi cold, up to equilibrium at which the pressure
had risen by 4 to 6 psi (depending on tire size), and also by tests at about 32 psi
equilibrium. (Figure 6 shows the schedule for 1_6 psi cold plus 32 psi hot, and
Figure 4 for 24 psi cold).

Figure 31 shows that at equilibrium, rolling resistance decreases
with pressure, If linear change is assumed between 20 and 32 psi (equilibrium)
and the value of FR__ at 29 psi (equilibrium), corresponding roughly to 24 psi
cold, is taken as reference value, then an increase {decrease) of inflation
pressure by 1 psi would decrease (increase) the equilibrium rolling resistance

by roughly 3%.
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10, FLAT ROADWAY/DRUM COMPARISONS FOR NINE TIRES

Nine of the 34 tires tested were run on both flat roadway and
drum. The tire and run numbers are identified in Tables 1l and 6; they
include the 5 SAE Round Robin tires and 4 more tires of suitable sizes and
constructions., Only transient tests (Figure 4) were performed with the
exception of the baseline tests {Tire No, 640), which will be discussed in

Section 11,

Since the road tempe rature was known to have an important effect
on rolling resistance, the drum surface was cooled down to corresponding

flat roadway temperatures, as described in Section 6 and shown in Figure 17,

The influence of road curvature on rolling resistance data is
illustrated in Appendix B, where the transient data of the SAE Round Robin
tires are compared for flat roadway and drum tests, The comparisons in-
clude the longitudinal force FXO (which is identical with the rolling resistance
FR of the flat roadway), the contained air temperature CAT, the tread surface
temperature TST, and the inflation pressure P, In all instances, the FXO drum
data are smaller than those of the flat roadway. Correspondingly, the drum
data for CAT, TST, and P are higher than those of the flat roadway. Figure 32
shows I:"XOm for all tires tested on flat roadway and drum. Plotted versus
tire size (Figure 33), the ratio FXOOOD/FXOQJF reveals a weak dependence on
tire size. Clark {(Reference 11) attempted to predict the ratio FXOOOD/FXOQOF
on theoretical grounds. His predictions indicated in Figure 33 show fair
agreement with our test results, In the average, the ratio is about 0. 85;"k i. e,,
if tested on the drum, the equilibrium longitudinal force is about 15% svma,ller

than the corresponding flat roadway force.

EJ ‘
Without tire 640, see Section 11,
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COMPARISONS AT EQUAL CONTAINED AIR
TEMPERATURES

Assuming that rolling resistance is a distinct function of tire -
temperature, we compared drum and flat roadway data at the same contained
air temperature of 40°C or 104°F. This temperature was selected because
all nine tires would pass through it shortly after the beginning of a run, The
results of the comparison are presented in Table 17, It shows that the average
longitudinal tire force is 13% smaller on the drum than it is on the flat roadway,
a number close to the 15% stated for equilibrium values, The individual
differences range from 6% (tire 623, an A18-13 bias ply tire) to 19% (tire 627,
an LR78-15tire), The reason for the differences in longitudinal forces lays
probably in the different pressure distributions of the tires' footprints: on the
drum, the pressure distribution is more concentrated than on a flat roadway.
Consequently, on a drum, the center of the footprint pressure is closer to the
tire center than on a flat surface. In other words, the moment of rolling
resistance MY which is the product of distance e and tire load FZ {see sketch),
is smaller for the drum operated tire than for the tire run on a flat surface,
The moment of rolling resistance can be measured on TIRF very accurately.

Table 17 shows that the ratio MYD/MY is indeed smaller than unity for all

tires tested. In fact, itis very close tf, or even identical with, the product of
(FXD/FXF) (RLD/RLF), a relation that follows directly from the force dia-
grams in the sketch., Table 17 shows also that the loaded tire radius is on the
average l. 3% smaller on the drum than it is on a flat surface (for a tire with

a 12-inch radius, the difference is 0,16 inches -- a substantial amount in terms

of tire deflection), The higher deflections on the drum caused the inflation

pressure to increase by l.4%.
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TABLE 17

Flat Bed/Drum tire data comparisons at contained air temperature

of 40 9C (104 °F); nine different tires,
Tire load = 100% T&RA @ 24 psi
Inflation pressure cold = 24 psi
Road speed = 50 mph
* SAE Round Robin Tires

Ao

 .BT0 987 = .859

e — s e aae

Tire | DrRumM - FLAT BED (L:;?;li (tuiéL.pr. f.:;'f;:i) (Power) (ﬁ:‘!‘mf&‘)
Mo | o [Fxg | g | Ry | MG (R Fx L [ R TMY | Pl By | Ra| B | MY
No fumwore) | o A No {(vmcorr) } F VR pe | Rl P | MY
e et [ | ft-lb N S -V TN IR LTS | |
6137 55| 1575 | 268 |mit | moe | w2 | reer |est0 | n2e [1576 | 937 981 |.a92 | 1248 | 930!
624 86| 1603 | 26u46| nos | 3.8t | wt | Mmoo |289 [ | 1583 | et froia | .q90| Lito |'.872;
B3N 87| 1021 2589w | QM2 | 43| L6 fze27 | 0.9 | joso | .B7| . 984 | .aB3| 1155 .860,
b0l | w8 | 248B| ITow;) 1267 | 26.2T | 29 [ 2839|2458 | l28% | 30.37 | .B76|LoOIT | .a81| l.206] .B65
612 | 49 2043 | 2108|126t | 2116 | 3| 23g0 (250 | 1205 | 25.27 | .gws| 1,053 | .989| Li63| 837
618 | S| lag2l 2700072 | 1330 |28 | 1653 | 2600 | 1189 | f6.uz | .826| 1038 986 | Lut | gyl
byl | 54| 2487 26261101 | 2683 | 9| 2133|2599 a3 |03z | .83 LOf0] .985| 1250 .ggs
b2F: 53| 2592112660 | 1354 | 2a22 | 45| 2934|230 | 75 | 3370 | .883] Lovs| aes| loaq|l ges
o I R R L N B ] s ey R T I S I
L JAvereee | BT0) Lotk 48T ua‘.w.;.‘gsé._.,_.
Lobaobon b L [Std Deviation L] 03] . 023] .00 (05Y 044 |
T S A S R T L | e~ f L




pressure distribution
°r
< FZ
D MYF

MY = FZ *e_ = RLD* FXD MYF= FZ * ep= RLF* FXF

¥z MY

The power loss is higher on the drum than it is on the flat surface,
between 11% (for tire 627, L78-15) and 25% (for tire 623, A78-13 bias ply, and
tire 641, H78-15 bias ply), or, on the average, by 18.4%. The power loss is
computed by the relations discussed in Section 2, 0 and showtt in Figure 3, We
like to stress again that a distinction must be made between longitudinal force,
which is measured directly at the tire axis, and rolling resistance, which is
defined as power loss divided by road speed, On the flat surface, both longi-
tudinal force and rolling resistance are identical (except for the sign); on the
drum, they are different by a factor of (1 + RLD/R). It is also evident that a
uniform ratio between the longitudinal forces {and rolling resistances) mea-~
sured on drum and flat surface does not exist, The ratio depends on tire size
and surely on many other parameters, too, A good discussion of these rela-

tions can be found in Reference 11,
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11, EQUILIBRIUM (BASELINE) TESTS ON FLAT ROADWAY AND
DRUM '

Tire No, 640, a GR78-15 TPC tire, was tested on both flat
roadway and drum at various speeds and loads, all under equilibrium con-
ditions. The test schedule was shown in Figure 5. Equal road surface
temperatures of correspondent drum and roadway were assured by operating

a drum cooling device', as discussed.

For each load and speed condition, the tire was run as long as
necessary to establish near-eéuilibriuxn conditions, The respective equilib-
rium values were then computed from exponential curve fits. Tables 18 and

19 show the results, From them, Figures 34 through 46 were prepared.

In Figures 34 and 35, the equilibrium rolling resistance coeffi-
cients, FRm/FZ, are plotted versus load for the flat roadway and the drum.
In both plots, the influence of road speed is indicated parametrically,
Comparing these plots with Figures 28 and 29 (in which the rolling resistance
coefficients of the radial tires remained fairly constant at constant tire tem-
perature), we note that under equilibrium conditions the rolling resistance
tends to decrease slightly with load. We also note that with increasing speed,

' the equilibrium rolling resistant coefficient decreases, too, whereas under
"constant temperature'’’ conditions, the rolling resistance coefficient increased
with speed, as illustrated earlier in Figure 30, This is shown more clearly in
Figures 36, 37, and 38, where FXOOO and FRoo are plotted versus speed for
flat roadway and drum, with load indicated parametrically. The rolling
resistance decrease is most pronounced at lower speeds and higher loads.

At higher speeds and smaller loads, very little or no influence of speed can be

discerned,
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TABLE 18 Equilibrium Drum data of tire no. 640 (GR78-15, GM TPC)

at various road speeds and loads

{ ) std. dev,

v | Fz FXOpy | FRus CAT,, TsT, . Pop | Ry S
7
wph | 1o T'E?RA lb Ib °c °C pst tw Mo
828 | fo | Tél (o%) 10,48 33,76 (o1) | 25 90(.05) | 25,89 (o) |I261 | 2
5 |14z | a0 | 1200 - 6,38 4o.91  (0) 27, 53 (o) | 2n1t (0) |i2.26 | -4
8561 f20 | 1585 (.03) 20, 45 %9.:3 ~ 21,27 (.02) | 28.56 =~ nes | g
2070 | (50 | 20,15 {.0%) 2105 Sw1a ~ | 30 o3y | 2em - st | 1p
g2z | 60 | 170 - 10,61 3970 (0) | 3040 - | 266 o) |rw |3
30 |Pe2 | d0 | nso - 5, uh 5200 (o) W2 (o) | 2848 (o) | 1232 -] 7
(656 | 120 | 1480 (.03) 20,06 033 (0) | 3589 (1) | 3009 (o) | fau {1
o [ 150 | 1110 - 23,82 69. 42 (o) 3815 (.03) | 382 (o) | W2 | iy
88 | 80 | 1s - 4,99 s, % (o) 22 (o) | 2131 (o) | 1212 | §
yp [ R#2 | 90 - - 3184 (o) 36.87 (.o1) 22,33 (o) 1235 | q
16561 20 | 11.60 - 18,13 69.04 (o) d9.81 (.04 3135 (o) R.oZ | 3
| | 20101 150 | 1680 - 22,65 72.3L (o) 42,43 (.05) 3320 (o) L1 | g
38| b | 20 (o | ae3 | g0y o) | ager Cor) | zmws oy |t | 6
bo | 712 o lo.w (1) 1. 70 b, 61 (.ot} 39.6¢ (.02) 30.29 (o) R4as | 12
555 120 | n.as (.09) 181 75,65 (0) hrea (Lo3) | 3225 ©) | 1207 | IS5
2wl 1501 I (o) 22,62 &1 (o) L6.58 (.p2) 34.33 (o) 76 | 17
IR 60 | 2372 (1) | ae 3221 ey | 96 (x| 280w (of | 2T
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TABLE 19

Equilibrium Flat Bed data of tire no, 640 (GR78-15, GM TPC)

at various road speeds and leads

.( ) std, dev,

V Fz FX0,, FR... (AT, , TST. . P | Rbg|seqe
q
mph | b T¢°11A I lo °c °C psi % No
828 | 0 | 1038 (.03) Same 3361 (.00) | 2440 (.03) | 2516 (0) [i2.78 | 1
5 |'nuyz | 90 | 16.60 (o2) |  as %1,12 .( 0) 2555 (L02) | 28.u6 (b) |f241 | 3
6561 (20 21.25 (.03) FX,, 49,62 (0) 28,88 (.02) 27.65 (0) |12.06 8
2070 | (50 | 26.16 (.o1) 55.50 - | 30.81 (o2) | 289 - |uT5 | |
8282 | 40 9.58 (.1) 40.05 (D) 28.85 (.02) | 2603 (0) |80 | 2
30 |29 | 0 | 1620 () &.45 (o) 3125 (.o1) 2118 (o) /2.46 ¢
656 | 120 (a.30 - 59.56 (0) - 343 (03) | 2227 (o) 12,12 )
200 | i£n | 23.91 (.08) £8.9% (o) 3603 (.02) 30,65 o) W85 | Iy
88 | b0 | d9 - 4869  (0) 32.12. (o) | 2680 (o) | 1282 | 4
yo |42 %0} 503 (.06) 56,48 (0) 35.43 (o) | 2840 (0) 247 | 9
168661 120 | 18%B (.20) 6T.T1 (.01} 3931 (.02) | 302 (@) 118 [ 13
2010 | 150 | 22,50 (.17) .73 (o) k0.0 (02} |- 3198 (o) | H9Z | lp-
8281 b0 | 1018 c2sy| | | w1 (o) |78 Lo | 278 (o) |es | 5
b0 |21} % - (3.5 (o) 3823 (.o} | 2018 (o) {I1LST |12
: 5551 120t 1858 (i9) 7,08 (o) 4o.61 (o) | 3105 (o) {22 | Ig
201 | 150 | 22 (t) | || 8579 (o) | 43ge (o | 3305 @) |mes |17
L Jovol I50 | 3000 - ; 313D (o.0%)] 2885 (.01) | 26.03 (o) clego | 7
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Figure 36 EQUILIBRIUM LONGITUDINAL FORCE (= ROLLING RESISTANCE) ON FLAT
ROADWAY AT VARIOUS LOADS AND ROAD SPEEDS (BASLINE RUN 39)
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Figure 37 EQUILIBRIUM LONGITUDINAL FORCE ON DRUM AT VARIOUS LOADS AND
ROAD SPEEDS {BASELINE RUN 50)

88



GR78-15

24 PSI COLD
30

25 - T&RA LOAD

20 p— \“\‘
120%

15 g~ -

10~ e

FR =FXO {1 + RL/R)

EQUILIBRIUM ROLLING RESISTANCE FR.op Ib
o
-
®

0%&

0 15 30 45 60

ROAD SPEED, mph
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The decrease of the equilibrium rolling resistance coefficient
with load and speed is an observation contradicted by other pertinent studies
described in the open literature, Here, the rolling resistance is presented to
be unaffected by speed in the lower range and to increase at higher values.
Likewise, load is customarily shown to have no effect on rolling resistance,
The causes of the differences between our findings and the usually presented

relations are not clear; they could not be investigated in this program.,

Figures 39 and 40 show the contained air temperature, CATm,
as function of speed and load for both flat surface and drum; the data are very
consistent, We believe that between CATOD and FRoo there exist intrinsic
relations that could be uncovered by careful analysis. This program, however,

did not provide for such an analysis,

Closely related to CAToo is the inflation pressure Pm, plotted
in Figures 41 and 42. The data are very well behaved. The same is true for
the tread surface temperature, TSToo’ plotted in Figures 43 and 44, and the

loaded radius, RLoo' in Figures 45 and 46,

In Table 20, the drum and flat roadway data plotted in Figures 34
through 46 are compared with each other. In the average, for the particular

tire tested and across all speeds and loads, the longitudinal force, FXOOO , of

F

the flat roadway is 33% larger than FXOCD of the drum. Differences of indi-

D
vidual runs range from 24% to 41%. These differences are substantially larger
than those experienced on other tires (see Section 10). This indicates again
that a fixed ratio between flat and curved roadways data does not exist.’:c The
rolling resistances on drum and flat roadway are almost equal, and so are the
contained air temperatures and the inflation pressures (the flat roadway data

are slightly lower than the drum data), The ratio of loaded radii is plotted in

Figure 47; it increases with load and speed in very consistent fashion,

See again Figure 33.
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VARIOUS LOADS AND ROAD SPEEDS (BASELINE RUN 39)
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TABLE 20 Flat Bed/Drum tire data comparisons at equilibrium temperatures of

tire no, 640 (GR78-15, GM TPC), at various road speeds and loads
(see Tables 18 and 19)

i
Vot P R | e TS, | R | B
hﬂpk- b gT;‘RA Fxoa)_p FE:» D CATy g TSTmIJ ?MD Rlo
828 | 6o | 13su . 990 996 a3 972§ (009
242 | 90 [,300 .q52 |, 020 928 76 Lo
& 656 i 120 341 . 9 {. OOB 1.05¢ , 765 1ol5
2010 | 150 | ).2a8 9T 1o . 9 2 o2
B28 | 60 | 1.24¢ L903 || Loog LG4 q 77 (0o
30 242 90 | 1345 . 984 .a89 . a3 .q75 Lot
1656 | l20 : [3on . 62 987 - 93 L rLois
2070 i 150 [.35] {. oo .42 L ady 963 1,0 20
§.8 60 366 . qu , 490 .939 .9718 100 ¥
g 1242 %o - - .76 , q6l ,988 Lolo
656 | I 1339 . 187 281 , 981 q6¢ 1,013
2010 | 50 I, 329 . 943 . 180 . 947 953 (o9
828 60 14 (. 025 .qal , 963 412 100 b
bo |f242] 9o - -~ .91 TS (963 Loo8
1656 | 120 413 [.O¢0 979 g9 .q43 Lo
{2070 | ts50 EPY .9 . 971 . G34 983 Lo 17
2_|2010] 150 | .266 g | (1.158)[ . qqq L1947 l.o 33
Average (.33 0.98 0,99 0.96 0,97
Std, Dev 0.05 0,03 0,0l 0,03 0.0l




LOADED RADIUS RATIO RL“,FIRLOOD

1.04 F

GR78-15
24 psi COLD SPEED

1.03p=
1.02 p=
1.01 p=
1.00 P
| | i i ] i | |
0 20 40 60 80 100v 120 140 160

% T&RA — LOAD

Figure 47 RATIO OF LOADED RADII ON FLAT SURFACE AND DRUM AT

VARIOUS LOADS AND ROAD SPEEDS (BASELINE RUNS 39 AND 50)
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12, SPECIAL TESTS

In these tests, we attempted to explore the influences of slip angle
and wheel torque on rolling resistance, The effect of slip angle was determined
for three G-size tires -- a bias ply, a bias belted, and a radial tire -- by
measuring FR at slip angles between 4 deg in 0. 25 deg increments. During
the measurements, the tire temperature remained nearly constant. Figure 48
shows the results. The bias ply and the bias belted tires exhibit a parabola-
like change of FR with slip angle, with the minimums offset by about 1 deg.

We suspect that these offsets are caused by lateral non-uniformities of the
tires. The radial-ply tire shows two distinct minima of 19.5 1b at ~1. 5 deg
and of 16.0 1b at +2.5 deg. The rolling resistance at zero deg is 21.5 lb. The
reasons for these rather large irregularities are not known, They are not

unusual and have been observed occasionally on other tires also,

The influence of braking/driving torque on rolling resistance
could not be investigated without including in the definition of power loss the -
effects of gross slippage, SR, The extended definition (for zero slip angle)

is given in Reference 12 as
FR = (T/RLY1 + SR) ~FX, (13)

The same reference shows that FR reaches a minimum under driving, not

freely rolling, conditions.

The relation between FR and FX was investigated in this program
by measuring the torque T, the loaded radius RL, the slip SR, and the longi-
tudinal force FX at various braking and driving conditions for one tire
{(GR78-15 TPC), From the measured data, FR was computed according to
Equation 13 and plotted versus FX. Figure 49 shows that the rolling less FR
reaches indeed a minimum at around 600 ft 1b driving torque,
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RUN 47

GR78-15
50 MPH

CAT = 117°F
50 P = 26.8 PSI
LOAD = 1380 LB

POWER LOSS, FT-LB/FT

PN=“I'(1+SR]- FX
RL

-600 -400 - -200 ] 200 400 600 800 1000 1200
LONGITUDINAL FORCE Fy, LB

Figure 49 POWER LOSS UNDER BRAKING AND DRIVING (RUN 47)
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13, CONCLUSIONS

The general objective of this program was to generate a small
body of power loss data reflecting current tire usages, To this end, a sample
of 35 passenger and light truck tires was tested on TIRF under various opera-
tional conditions, The tires embraced the three basic tire constructions
(bias ply, bias belted, and radial ply); their sizes ranged from 13 to 15 inches
diameter for passenger tires and to 16 inches for light truck tires; their design
loads encompassed designations from A to Lj and their widths, aspect ratios
from 60 to 78, The carcass cord materials included polyester and rayon, and
the belt cord materials, fiberglas and steel, The distributions of these design
parameters reflected those found in the current tire population, The sample
encompassed five tires from an SAE Round-Robin test and six TPC tires from
GM, The rest was purchased in the open market, All tires were properly run

in before testing,

The test program was designed to determine the basic relations
between power loss and load, speed, inflation pressure, temperature, slip
angle, and torque, In addition, the influence of road curvature (flat roadway
and drum) and the effect of trip length on the rolling loss was to be investigated.
To achieve these objectives, the test program was dix./ided into transient tests,
equilibrium tests and special tests, In the transient tests, loss data were
sampled over a period of 30 min up to the state of equilibrium, In the equi-
librium tests, stabilized data were taken under various loads, speeds, and
pressures, In the special tests, the influences of slip angle and torque

(braking/driving) was probed.

To compress the large amount of test data into a few empirical

constants, least-square exponential fits were employed resulting in three
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rolling loss characteristics: initial value (cold), equilibrium value {stabilized),
and distance in miles required to achieve equilibrium. These values were
computed for the rolling resistance, the contained air temperature, the trea.d
surface temperature, and the inflation pressure -~ resulting in 12 tire rolling

loss descriptors for the run conditions given,

The test results (in terms of the 12 descriptors) are listed in

Appendix A. A cursory analysis showed that

® Rolling loss data change exponentially with time.
Equilibrium of rolling resistance is achieved after

about 20 miles distance traveled,

° Power loss data measured on the 67~inch drum are
larger than corresponding data measured on the flat
roadway. The ratio is not constant for all tires;

our tests showed a range of 1,00 to 1, 25,

. Radial ply tires have significantly lower rolling
resistances than bias ply and bias belted tires. QOur
sample was too small to ascertain'significant dif -
ferences between bias ply and bias belted tires,
Significant effects of aspect ratio and wheel diameter

could not be established either.

® For passenger tires, the equilibrium rolling resis-
tance increases linearly with size. The effects of
size on equilibrium air temperature and tread surface

temperature are very slight, if any,
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At constant tire temperature, the rolling resistance
coefficient {rolling resistance/tire load) increases

with load and road speed; at equilibrium tire tempera-
tures, it decreases, In both cases, the changes are

small,

Equilibrium rolling resistance decreases with inflation
pressure, Our tests showed a change of about 3% in

rolling resistance per psi,

The rolling resistance of a radial ply tire tested under
cornering conditions displayed two minima at -1.5 deg
and +2,5 deg slip angle, in contrast to a bias ply and a
bias belted tire of the same size, which showed only one

minimum close zero slip angle,
The rolling loss of a braked/driven tire reached a

minimum under-driving, not free-rolling, condition,

as expected.
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APPENDIX A

ROLLING LOSS DATA FOR ALL TIRES TESTED



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO SO0
TIRF RUN NO (0604-Series)| Q0?2
SIZE B7&-14
MANUFACTURER ' GY
BRAND NAME POWER CUSHION VITACORD
LOAD RANGE (PLY RATING) 8
| MAX T¥RA LOAD, 1b (150
| MAX INFL PRESS, psi  |a3g
NC OF PLIES | TREAD 4P
AND CORD
MATERIAL SIDEWALL 4P
DOT NO MJILY [XJA[123
CONSTRUCTION TYPE B8
| RTM WIDTH, in ABS0
| —
~ SHORE HARDNESS 52.2
| ORE RS
l
NOTATIONS
FI  FIRESTONE F FIBERGLAS
Y  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BE  BIAS BELTED S STEEL
R RADIAL PLY
TT  TUBETYPE

TL TUBELESS

N



TIRE NO GOO
RUN NO 0604L0Q7%2
INFL PRESS COLD 24} psl

REMARKS  FLAT BED ]

TRANSIENT TESTS @ V =50 mph AND FZ =280 1b

Y Y Y - Y A X Std.Error
Variable | - o ° ® 29 of estimate
measured mi

FXO, 1v |1459]| 8aae|.225 | 20.5 A
caT, V¢ |@2.438 |-33.06[.179 | 25.8 29

[¢]

ST, ¢ |42.08 (-12.23 | .282 | 1.2 .07

P, psi 2910 | -4.49].175 | 263 0l

B S '¢
Y=Y 4 (Y- Y ) e

initial (cold) value
= equilibrium value
dlstance traveled
99 4.61/x , distance at which YaY

il

Y =
YCD
X
X

ik

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO | CAT TST P
mph 1b 1b %¢ °¢c psi
50 599| 703 |©62.68|43.48 |29.00

1461 | 2475 | |
203] 12.99
170 | 1826
! o7 1404 | | y —
" | 986] 14.07 !
CAT = Contalned Air Temperature N
= Tread Surface Temperature

TST
: A-3



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO o\
| TIRF RUN NO (0604-Sertes)|2729,3¢,48
| SIZE GT18-14
' MANUFACTURER
| QY _
1 BRAND NAME POWER CUSHION VITACORD
| LOAD RANGE (PLY RATING) ]
MAX T&RA LOAD, 1b 1620
| MAX INFL PRESS, psi 2,2
{ NO OF PLIES | TREAD 4P
{ AND CORD
| MATERIAT SIDEWALL 4P
i
| DOT NO CLILODIEZA 443
CONSTRUCTION TYPE B
RIM WIDTH, in ©.00 1
SHORE HARDNESS 56.8
REMA! .0 * See Fig. 48
NOTATTONS
FI  FIRESTONE F  FIBERGLAS
GY  GOODVEAR H  HIGH PERFORMANCE ORGANIC FIBER
| UN  UNIROYAL N NYLON
P POLVESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S  STEEL
R RADIAL PLY

TT TUBETYPE
TI, TUBELESS




TIRE NO @O|

RUN NO 0604029

INFI, PRESS COLD ’24 psi

REMARKS FLAT BED s

TRANSIENT TESTS @ V =50 mph AND FZ =380 1b

Y Y Y - Y A X [Std.Error
Variabie | - @ © @ 99 of estimate
measured ml

FXO, 1v |2256| 12.45 ] 28] | 16.4 Jéa

cat, %0 |60.26|-40.41] 108 | 263 63
[8]

TST, C 35.&' -1 l.gz -iea 23.9 00_’

P, psl 2995 -5.31 | .79 | 2.8 OZ

~ . X
Y=Y 4+ (Y-Y, ) e

Y = initial (cold) value

YCD= equllibrium value

X = dlstance traveled

Xgg= 4L.61/a , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v ¥Z FXO CAT | TST P
mph 1b 1b °¢ °¢ psi
50 [189e| 22.12 |ce70 |89 {30.03
827 | 10.82 '
204 | 3874
1252 | A28
1651 28,29 #
' ‘ 1373 | 21.57

CAT
TST

Contained Alr Temperature

Tread Surface Temperature
A-5

H



TIRE N0 G O| -

RUN NO 060403&

INFL PRESS COLD 1& psil

REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =50 mph AND FZ =380 1b

Y Y Y-Y A X Std.Error
Varlable| ® [ ¢ @ 99 lof estimate
measured mi

FXO, 1b | 2736|1841 | 349|132 47

caT, °c | 79.73-46.12 | .202]| 22.8 | }.24

wsT, “¢ [4650]-15.713 | .210 | 22.0 .00

P, psi|22.22] -5.02] .188] 245 03

-xX

Y = Yt (YO- Yo) e

Y = initial (cold) value
Ym= equilibrium value
X
X

Il

distance traveled
= 4,61/2 , distance at which YmY

£8AD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO | caT TST p
mph 1b 1b | °c °c psi
50 [1387 | 2.5 |81.05 |46.90(22.3&
838 | 13, |
2061 | 47.09
1261 | 23.74

UE TR A

CAT
TST

Contalned Air Temperature

Tread Surface Temperature
A-6



| TIRE NO  &O|

RUN NO 060403&

INFL PRESS COLD — psi

REMARKS  FLAT BED o
TRANSIENT TESTS @ V =50 mph AND FZ =|380 1b
Y 2 Y Yy -y A X Std.Error
Variable | - % e @ ECN of estimate
{ measured mi
FXO, 1v (20,55
cat, “c [72.03
TST, °C |45.2.0
"P, psi{3l74
B - - AX
Y=Y+ (Y-Y_ )e

= 1nltlal {eold) value

" equilibrium value

distance traveled

99= 4.61/x» , distance at which YY

Popd =g
e}
il

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO | car TST } P
mph 1b 1b °c °c pst
So | 1377 ) 20.55 |72.0% |45.20 |3174

833 | |0.48

2001 | 3139

12471 1&8.36

48| 27.1%
+ 1385 | 20.84. f» —1

CAT
TST

Contained Air Temperature N

il

Tread Surface Temperature
A-T7



TIRE NO GO

RUN NO 0604048

INFL PRESS COLD 24 psi

REMARKS A DRUM

TRANSIENT TESTS @ V =50 mph AND FZ =1380 1b

Y Y |v-¥ N X.. |Std.Error
Variable | ® |'© "® 99 lof estimate
measured mi

FXO, 1b | |&77 | 8.5 .313% | 14,7 22

cat, %C [T71.12 [-41.361 .I194 | 23.8 A

ST, °C [42.021-18.38 | ,223 | 20.7 Y-S

P, psi|30.94] -6.04 | .I1&7T | 24.7 .03

- AX

Yo=Y g (Y- Y, ) e

Y = tnitial (cold) value

Ym= equilibrium value

X = dlstance traveled

X99= 4,61/x , dlstance at whlch YmY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST 12
mph 1b 1b °¢c °c psi
50 1394 | 18.27 72.14 |42.62 [31.10

86| 8,13 ' :
2060 | 22.11
125 | 15.54

149 | 23.75
V—aa oy T+t

CAT
ST

Contained Air Temperature

Tread Surface Temperature
A-8

It



TIRE AND RUN TIDENTIFICATION

% TIRF TIRE NO 02
TIRF RUN NO (0604-3Series)| {3
SIZE &18-15
MANUFACTURER GY

| BRAND NAME POWER CUSHION VITACORD
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 1727 Xe)

l MAX INFL PRESS, psi 22

' NO OF PLIES | TREAD 40
AND CORD
MATERIAL SIDEWALL 4p
DOT NO MDIVV |[EZ2A 1084
CONSTRUCTION TYPE B
RIM WIDTH, in 58580 |
SHORE HARDNESS &2.6
REMARY
NOTATTONS

¥T FIRESTONE
GY GOCODYEAR
UN UNIROYAL

B BIAS PLY
EB BTAS BELTED
R RADIAL PLY

FIBERGLAS

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYCN

STEEL

“h m ~w = o o

TT TUBETYFPE
TL  TUBELESS




TIRE NC @02

RUN NO 0604013
INFL PRESS COLD 24 psi
REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =50 mph AND FZ =[380 1b

Y Y Y -Y A X S5td.Error
Variable | - © ° @ 99 of estimate
measured ml
FXO, 1v |1987 | .68 | .24 | 11.5 .08
cAT, ¢ |&8.49 |-80 | .57 | 224 | .27
sT, ¢ (3762 |-989 ] .21t | 21.8 .03
P, psl 2875 |-423 | .60 | 28.8 .0l

Y=Y p (Y- Y ) e AX
Y = initial (cold) value
Yco = lequillbrium value
X = distance traveled
Xgg= 4.61/x , distance at which Y=Y
LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO CAT TST P

mph 1b 1b OC | oC psl
50 azo| 2.7 |e3.48(27.8]1 |zaal
2062 | 3253 ‘
1240 | 16.68
1649 | 23 9]
ﬂ 1400 | 1976
“Tis7e| 12.01 1 —1

CAT
TST

Contalned Alr Temperature
‘Tread Surface Temperature

A-10




TIRE AND RUN TDENTIFICATION

TIRF TIRE NO O3
TIRF RUN NO (0604-Sertes)|. |G

SIZE B78-13
MANUFACTURER QY
BRAND NAME

POWER CUSHION POLYESTER

LOAD RANGE (PLY RATING)

(=

MAX T&RA LOAD, 1b {50
MAX INFL PRESS, psi 27
NO OF PLIES TREAD 2P
AND CORD

MATERIAL SIDEWALL 2P
DOT NO MDIFV |[BCA {424
CONSTRUCTION TYPE B

RIM WIDTH, in 5.00
SHORE HARDNESS 58.8
REMA WY

NOTATIONS

FI FIRESTONE
GY GOODYEAR
UN UNIROYAL

B BTAS PLY
BB  BIAS BELTED
R RADIAL PLY

FIBERGLAS

HIGH PERFORMANCE ORGANIC FIE¢R
NYLON

POLYESTER

RAYON

STEEL

(2= s B+ B e s L |

TT TUBETYPE
TL TUBELESS
s




TIRE N0 Go3
RUN NO 06040} @

INFL PRESS COLD 24 psi

REMARKS  FLAT BED ]

TRANSIENT TESTS @ V =50 mph AND FZ =98&0 1b

Y Y Y - Y A X Std.Error
Variable | - ® [ © '@ 99 lor estimate
measured mi

FXO, 1b |\5.2! 8.04|.322 | 4.3 O
CAT, °C (5671 (-244D | 207 | 223 A2
[o]

TST, “C |38.2&|(-11,21 | .3i5 | 4. NeyA
P, psi 26.?-7 '5 % o22@ 20-4‘ 'O!

“ - AX
Y =Y 4 (Yo- YOD) e

Y = initial (cold) value
Yco= equilibrium value
X = dlstance traveled

X99= 4.61/x» , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO |} CAT TST P
mph 1b 1b °c ®c psi
50 @04 | 8237 57.13 |38.47 [ 28.41
1465 | 26.65 ' ' :
898 | 14.48
11774 | 19.84
290 | .45 -
289 | 15.44 ' ' J

CAT
TST

Contalined Alir Temperature
Tread Surface Temperature
A-12

[



TIRE AND RUN IDENTIFICATION

[ TIRF TIRE NO 04
i
! TIRF RUN NO (O60L-Serles)) 4o
SIZE DI8-14
MANUFACTURER aY
BRAND NAME | POWER CUSHION POLYESTER
LOAD RANGE (PLY RATING) B
. MAX T&RA LOAD, 1b 1232.0
1
i MAX INFL PRESS, psi 372
NO OF PLIES | TREAD 2P
AND CORD ,
MATERTAL SIDEWALL | 2P
DOT NO MEIL3 IEAA |293
CONSTRUCTION TYPE B
RIM WIDTH, in 5,00
SHORE HARDNESS 58.8
REMARKS
NOTATIONS
FI  FIRESTONE F FIBERGLAS
CY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB BIAS BELTED S STEEL
R RADIAL PLY
TT  TUBETYPE
TL  TUBELESS

A-13



TIRE NO GO4
RUN NO 060404
INFL PRESS COLD 24 psi

REMARKS  FLAT BED -

TRANSIENT TESTS @ V =50 mph AND FZ =120 1b

Y Y Y- A X Std.Error
Varlable | - ® °, @ 99 of estimate
measured mi

FXO, 1b |l@.74 | 7.11 [|.297 155 A2
CAT, “C |62.66[-29.52 | .200 | 28.1 .36
(]

ST, “Cc |45.80 |-11.7& [ .B07 | 150 .05
P, psi|Z2B.5G!-328| .2!1 | 21.8 -0l

~ SR ¢
Y =Yg (Y- Y, ) e

initial (cold) value
= equillbrium value
= dlstance traveled

Yo=
Yo
X

X99= 4.61/» , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b ¢ ¢ psi
50 [1125 | 130 l62.25 45.84 (2871
&82| 870
18 | 27.76
1012 | 14.07
1243 | 20.72 '
1126 (@177 J '

CAT
TST

Il

Contalned Air Temperature

Tread Surface Temperature
A-14



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO

0S5

TIRF RUN NO (0604-Sertes)| |5

SIZE ATTO-1>
MANUFACTURER avY
BRAND NAME CUSTOM WIDETREAD POLYGLAS

LOAD RANGE (PLY RATING)

B

MAX T&RA LOAD, 1b 1060

MAX TNFL PRESS, pst 232

NO OF PLIES | TREAD 2P+2F

AND CORD

MATERTAL SIDEWALL 2P

DOT NO MJUIF4i44A1354

| CONSTRUCTION TYPE BB

RIM WIDTH, In 5.00

SHORE HARDNESS 54.4

REMARKS

NOTATTIONS
F FIBERGLAS

FI ~ FIRESTONE H HIGH PERFORMANCE ORGANIC FIBER

GY GOODYEAR N NYLON

UN  UNIROYAL P POLYESTER
R RAYON

B BIAS PLY g STEEL

BB BIAS BELTED

R RADIAL PLY - T  TUBETYPE
TI, TUBELESS

A-15




TIRE NO &GOS

RUN NO 06040{ %

INFL PRESS COLD 24 pst

REMARKS FLAT BED | ]

TRANSIENT TESTS @ V =30 mph AND FZ =900 1b

Vargable - YOO Yo— YOO > X99 v igdégziggte
measured ) mi

FXO, 1o | I}.1] 538l ,207 | 22.2 Ol
cat, °c |s3.858 |-20.1) |.140 | 222 | .04
msT, °c 13482 | -7.47 { 218 | 211 .03

P, opsii27.78 ]| -3.44] .17] | 270 QO

~ . - aX
Y=Y 4 (Y-v, )e

Y = initial {cold) value

Ya>= equllibrium value

X = distance fraveled

X99= 4L.61/x» , distance at which Yz:sYOO

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v 77 FXO CAT | TST P
mph 1b 1b °¢ % pst
50 S42 | .48 |52.77|34.47|21.78 |
1348 192.88 )
all | 254
1085 | 14.34
S0 | |0.298
soz| 10.84 r 1

CAT
TST

Contained Alr Temperature
Tread Surface Temperature

A-16



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO G606
| TIRF RUN NO (060k-Sertes)|. {7
| SIZE D70-13
|
| MANUFACTURER GY
| BRAND NAME CUSTOM WIDETREAD POLYGLAS
| LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 1220
MAX INFL PRESS, psi a2
NO OF PLIES | TREAD 2P+2F
AND CORD
MATERIAL SIDEWALL 2P
DOT NO MD[FU|Y4 Aj0S4
CONSTRUCTION TYPE BB
RIM WIDTH, 1n 5,50
SHORE HARDNESS 5&.6
REMARKS
NOTATIONS
FI  PIRESTONE ¥ FIBERGLAS
6Y  GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P  POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY
TT  TUBETYPE
T, TUBELESS

A-17



TIRE N0 GOG

RUN NO 06040177

INFL PRESS COLD ';4.. psi

REMARKS  FLAT BED | ]

TRANSIENT TESTS @ V =85O mph AND FZ =1120 1b

Y Y Y -Y A X Std.Error
Variable | - © ° @ E of estlmate
measured mi

FXO, 1v | |18.09 &.62] 2233 | 12.8 Jo

cat, Yc |54 [-21.719 | .149 | 302 OB

5T, “¢ | 31,94| -a20l 172 | 260.8 | .02

P, psl|28,071] =-3.L2] /80 | 25.6 .Ol

_ . -AX
Y=Y 4 (Y-Y )e

tnitlal (cold) value
= equlilibrium value
= dlstance traveled

Yo=
Yo
X

X99= L.61/x , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

\'4 FZ FXO CAT TST P
mph 1b 1b °c °c psi
50 Gl | 12 |54.37(3..76 |28.132

I&73 | 25.85 ' :
Q07 | 1850
332 19,18
1133 | 14958
| 24 is25 | T 1 1
CAT = Contalned Air Temperature

i

TST = Tread Surface Temperature

A-18



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO ~lon|
TIRF RUN NO (0604-Serles)| O
SIZE D70-14
MANUFACTURER aY
| BRAND NAME cUsSToM WIDE TREAD POLYGLAS
LOAD RANGE (PLY RATING) B
MAX T&RA T.OAD, 1b 1320
MAX INFL PRESS, psi 32
NO OF PLIES | TREAD 2P+2F
AND CORD
! MATERIAL SIDEWALL 2P
L
i DOT NO MBIK9|Y4N|3 14

CONSTRUCTION TYPE

St i MW o g b b e

BB

RIM WIDTH, in 5.20
SHORE HARDNESS 58.0
REMAT
NOTATIONS
FI ~ FIRESTONE . FIiERg;gio}'{MANCE ORGANIC FIBER
GY GOODYEAR H HIYLH /
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB BIAS BELTED S STEEL
R RADTATL PLY
TT TUBETYPE
7L, TUBELESS

A-19




TIRE NO GO

RUN NO  06040Q |,

INFL PRESS COLD 24 psi

REMARKS  FLAT BED ]

TRANSIENT TESTS @ V =50 mph AND FZ =1120 1b

Y Y Y -Y A X 3td.Error
Varlable @ °; @ A of estimate
measured mi

FXO, 1b | 187& | 7o | .22] | 202 05

cAT, °c | 5599 (-20.67| (131 | 35.2 .21
[=}

TST, “C |32.54| -5.868] .158 | 2922 .04

P, psi|287) | -4127] .134 | 24.4 .0l

-AX

Y=Ya5|-(Y0—YGD)e

Y = inltlal (cold) value

Ycoz equliibrlum value

X = dlstance traveled

ng: 4.61/a , distance at which Y::Yoo

LCAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b °¢ °c psi
I=Ys) 1o 8.09 |55.127(32.&7 |[28.66

178 | 26.592 '
ioogs| 15.58

[54} 19.67

1130 1582

1221 1536 t t 4

CAT
TST

Contained Alr Temperature
Tread Surface Temperature
A-20
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TIRE AND RUN TIDENTIFICATION

e e ———

TIRF TIRE NO @08
TIR® RUN NO (0604-Series)|. 30
. STZE a1o0-14
| MANUFACTURER avy
BRAND NAME CUSTOM WIDE TREAD POLYGLAS
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 120
MAX INFL PRESS, psi an
NO OF PLIES | TREAD 2P+72F
| AND CORD
| MATERTAL SIDEWALL 2P
| DOT NO MF|LF|OMS| 104
| CONSTRUCTION TYPE BR
RIM WIDTH, In &.00
SHORE HARDNESS CO.5
REMARKS
NOTATIONS
F FIBERGLAS
FI  PIRESTONE H  HIGH PERFORMANCE ORGANIC FIBER
GY GOODYEAR . LON
UN  UNIROYAL
P POLYESTER
B BIAS PLY R RA;;N
BB BIAS BELTED S STEEL
R RADIAL PLY
TT  TUBETYPE
TL  TUBELESS

A2l




TIRE NCO GO&

RUN NO 060403Q

INFI, PRESS COLD 24} pst

REMARKS  FLAT BED [ ]

TRANSIENT TESTS @ V =50 mph AND FZ ={R8¢ 1b

Y Y Y -Y A X Std.Error
Variable | ® | © "® 99 |of estimate
measured ml

FXO, 1b |{17.63| 7T.80|.220 |20.4 .14

[=}

CAT, °C |8622(-32.07|.187 {323.&6 | .I®
ST, ¢ [234.11 | -a58]| .36 | 33,9 OG

P, psl 2879 | =440 .41 327 Nell

B . - AX
Y—YOC-;-(YO-YCD)e

Y, = initlal (cold) value

ch= equilibrlum value

X = distance traveled

X99= 4.61/x , distance at which YeY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST p
mph 1b 1b °¢ °c psi
50 1380 | 1.9 EL.03134.02|28.71

825 85.95

2065124.44

1241 | 15.14

153 21.83

BAIREEE —1

I

CAT
TST

Contalned Alr Temperature

Tread Surface Temperature
A-22



TIRE AND RUN. IDENTIFICATION

TIRF TIRE NO SOD
TIRF RUN NO (0604-Seérles)| 04
| STZE alo-15
| MANUFACTURER aY
BRAND NAME CUSToM WIDE TREAD POLYGLAD
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b | 2O
MAX TNFL PRESS, psi | 32
! NO OF PLTES | TREAD 2P+1F
| AND CORD
{ MATERTAL SIDEWALL 2P
{ DOT NO no | DOT | Mo
CONSTRUCTION TYPE BR
RIM WIDTH, 1in .00
SHORE HARDNESS oD .6
REMARMS
NOTATTONS
FI FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N  NYLON
‘ P POLYESTER
B BIAS PLY R RAYON
BB BIAS BELTED a STEEL
R RADIAL PLY
T  TURETYPE
T, TUBELESS




TIRE NO &GOS .
RUN NO 0604004
INFL PRESS COLD 24 psi

REMARKS  FLAT BED [ ]

TRANSIENT TESTS @ V =50 mph AND FZ =1380 1b

Y Y Y - ¥ A X 3td.Error
Variable | - °© @ 2 of estimate| *
measured mi

FXO, 1b |[17.78& | 8.30].237 |95 1o
car, %c |89.40(-729.43 | 185 | 234.] 12
[#]

TST, “C |8&%l | -824 | .124 ]| 212 08
P, psl|2857 | -4.05 ] .137 | 33.& | .00

- AX

Y=Y+ (Y-Y ) e

initlal {cold) value
= equllibrlum value
= distance traveled

Y =
YCD
X

x99= 4.61/x , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO CAT | TST P
mph 1b 1b °c °c psi
so | 833| =42 |585235.81 |28.52
0G0 | 30.46]
1240 | 15.45
52| 22.725
1395 [ 17.45
NI A RRET J —

CAT
TST

Il

Contalned Alr Temperature

Tread Surface Temperature
A-24



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO G\O
TIRF RUN NO (0604-3eries)| A2
SIZE , GO-i4
MANUFACTURER ' GY
! BRAND NAME POLYGLADS GT
| LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 20
MAX INFL PRESS, psl IEY)
NO OF PLIES | TREAD 2P+2F
AND CORD
MATERIAL SIDEWALL 2P
DOT NO MBIKX IDLA 1264
CONSTRUCTION TYPE BB
RIM WIDTH, 1in 7.06
SHORE HARDNESS Sl.o
REMARKS
NOTATTONS
FT  FIRESTONE F FIBERGLAS
GY GOODYEAR H HIGH PERFORMANCE ORGANTIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY

TT TUBETYPE
TL TUBELESS

A-25



TIRE NO &lO
RUN NO 0604032
INFL PRESS COLD 24 psi

REMARKS FLAT BED [

TRANSIENT TESTS @ V =50 mph AND FZ =1280 1b
Y Yc‘o Yo- Y(n A X S8td.Error

Variable 9% lof estimate
measured mi
FXO, 1b |1T.G& | .52 | .16k |27.8 A48
caT, %c |eo.el |-30.06 | 126 | 366 A5
(8]

TST, "C |37.20 |~10.ikb | -l | 3277 03
P, psli2870|-4.27] .128 | 36.0 O |

-AX

Y=Y+ (Y-Y ) e

¥ = initial (cold) value

Ym= equllibrium value

X = dlstance traveled

X99= 4.61/x2 , distance at which Y=Y

LOAD AND SPEED VARTATION TESTS @ CONSTANT TEMPERATURES

v ¥Z FXO CAT ST P
mph 1b 1b | °c % pst
Bo |i280 | 1776 [59.42 |3670 |28.56
829 9.57 ' ‘

2063 | 30.4]
1242 | 15.63
153 | 22.84

1280{ |7.63 # L

CAT
TST

I

Contalned Air Temperature
Tread Surface Temperature
A-26



TIRE AND RUN TIDENTIFICATION

TIRF TIRE NO Gl
TIRF RUN NO (O604-Serles)| 38
SIZE D 78-i4
MANUFACTURER &Y
BRAND NAME CUSTOM POWER CUSHION POLYGLAS
LOAD RANGE {(PLY RATING) B
MAX T&RA LOAD, 1b 1220
MAX INFL PRESS, psi |2
NO OF PLIES | TREAD 2P4+2F
AND CORD
MATERIAL SIDEWALL 2P
DoT NO MPIL3 IDOA 244
CONSTRUCTION TYPE BB
RIM WIDTH, in .00
SHORE HARDNESS £2S.6
REMARXS
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY
TT  TUBETYPE
TL  TUBELESS

A-27




TIRE NO (i |

RUN NO 0604038

INFL PRESS COLD 24 pst

REMARKS  FLAT BED ]

TRANSTIENT TESTS @ V =50 mph AND FZ =1120 1b

Y Y Y -Y Y X Std.Error
Variable | ® | ° ® 99 lof estimate
measured ml

FXO, 1b |1&o2| T.90 | 288 | \@.0 el
cat, °c |63.54[-30.32 | .15 | 279 | .27

Q

TST, C 45 . IO - 9.90 »22 ‘ 20.9 . OG
P, psi|2879|-426].172 28 | .O|

- X

Y=Y g (Y- Y, ) e

initial (cold) value
= equilibrium value
= dlistance traveled

Yo=
Yo
X .
X99= 4.61/» , distance at which YksY@o

LOAD AND SPEED VARTATION TESTS @ CONSTANT TEMPERATURES

v FZ FxO0 | cam ST P
i
mph ib 1b %¢ %% .| psi
S0 1134 | 1677 G3.5(4%.27 |128.86
&73 & &7 :
17 | 28608
1005 1| 14,72

1234 | z0.93
e Tocas *. +——

CAT
TST

i

Contained Air Temperature
Tread Surface Temperature
A-28



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO @2
. TIRF RUN NO (060ok-Series) 03,27‘:27,49
| SIZE GI18-14
i MANUFACTURER @Y
BRAND NAME CUSTOM POWER CUSHION POLYGLAS
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b I&20
MAX INFL PRESS, psi 132
! NO OF PLIES | TREAD 2P+2F
t AND CORD
| MATERIAL SIDEWALL 2P
DOT NO MDILD (DDA |304
CONSTRUCTION TYPE BB
RIM WIDTH, in &,00
SHORE HARDNESS AN
REMARKS | *See Fig. 48
NOTATTONS
FI  FIRESTONE FIBERGLAS
GY  GOODYEAR HIGH PERFORMANCE ORGANIC FIBRER
UN  UNIROYAL

B BIAS PLY
BB  BIAS BELTED
R RADIAL PLY

F
H
N NYLON
P
R
S

POLYESTER
RAYON
STEEL
T TPUBETYPE
TL  TUBELESS

A-29



TIRE NO &i2

RUN NO 0604003

INFL PRESS COLD 24_. pat

REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =50 wmph AND FZ =380 1b
Y | Y YO- Yoo A X Std.Error

Variable @ 99 of estimate
measured ml

FXO, 1b | 1897|971 218 | 211 NI

cat, “c |25 ]-830,92( .o | 28.8 .30

ST, °C [37.42 | -8.48] .82 | 25.3 04

P, psi 2872 | -4.22] .16& | 27.4 .Ol

_ . -aX
Y-YOSL(YO-YCD)e

Initial (cold) value
= equilibrium value
= distance traveled

Yo=
Yo
X

X99= 4.61/x , dlstance at which YzYOO

. |LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
l

mph 1b 1b °c ©o psi
50 | B26 | 2.70 62.82(2759 | 2876

2001 3.0

[253 | |.BC

149 | 23.65

1387 | 18.68

r 1283 | 18.55 ' F r

CAT
T3T

il

Contalned Air Temperature
Tread Surface Temperature
A-30



TIRE NO @12

RUN NO 0604027

INFL PRESS COLD !G: psi

REMARKS  FLAT BED [ ]

- TRANSIENT TESTS @ V = SO mph AND FZ =280 1b
Y : Y Yo~ Yo A X99 |8td.Error

Variable o -lof estimate
measured mi

FXO, 1b {23.84|12.33 | .22 | 15.9© J@
caT, %c {72.8] [-aa.80] .17 | 258 R

ST, ‘¢ 14218 | -9.46]| .64 | 2a. 05

P, psi| 2,26 -4.28].153 | 30.1 Ol

_ \ - AX
Y=Y+ (Yo- Y,) e

Y= initlal (eold) value

er- equilibrium value

X = dlastance traveled

X99= 4L.61/a , distance at whlch Y™Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO.V CAT } TST | P
mph 1b 1b I °c ¢ psi
I=Y®) 128%™ | 23772 |'71%.55142.19 |21.29
ax7 | 2.9l
20601 41.09
1247 | 207
1653 | 29.85
#‘ 288 | 23.72 f * —+

Contalned Alr Temperature
Tread Surface Temperature
A-31
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TTER NO & |12
RUN NGO 0604027

INFPL PRESS COLD « psi

[

REMARKS FLAT BED [ ]

. TRANSIENT TESTS @ V =50 mph 3ND FZ =|380 1b

Y a Y Y - Y A X Std.Error
. Variable © o @ 99  lof estimate

i FXO, 1v |!8.90
I car, %c |e5.42
57, %¢ |41.5 &
P, psil}3),49

!
i
i measured mi
i
!
]
|

B . = AX
Y_ch(Yo-—Ym)e

Y = initial (cold) value
Yoo: equilibrium value
X = distance traveled

X

99" h.@l/x , distance at which Y::Yoo

[ o

LOAD AND SPEED VARTIATION TESTS @ CONSTANT TEMPERATURES
v FZ FXO CAT TST P
mph 1b 1lb Oa °¢ psi
50 [138] | 1890 [65.42 4184 |31.49
827 .85 :
20021 3.0
124) 2y~
50 | 2%.3%
1 1377 18,93 # +
CAT = Contalned Air Temperature

ST

Tread Surface Temperature
A-32



TIRE NO |2

RUN NO 0604042

INFL PRESS COLD 24 pst

REMARKS N DRUM

TRANSIENT TESTS @ V =S5O mph AND FZ =[380 1b

Y Y Y -Y A X Std.Error
Variable | - © ° @ 9 of estimate
measured mi

FXO, 1v |I15.65}11.64 | .283 {163 A3
caT, °c (@34 |-4o0.04] .\57 | 29.4 .50
mst, ¢ [37179 [-n.20 .187 | 247 21
P, psl|3026|-5.44].le0 | 288 .0l

3 . - AX
Y =Y + (Yo- Ym) e

Y = initial (cold) value

YCD"—- equlliibrlium value

X = dilstance traveled

X99= 4.61/A» , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ Fxo | CAT | mST P
mph 1b 1b °¢c °¢ psi
50 |1285(15.25 |6376|38.03 {30.21
833| 7.64 '
2059 27.46
1238 13.22

|648| 19.62
f 1384 | 15.76 ¥ ! '

CAT
TST

Contalned Air Témperature
Tread Surface Temperature

A-33



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO 1LY
TIRF RUN NO (0604-Serles)| .85
SIZE G18-15
MANUFACTURER : ay
BRAND NAME CUSTOM POWER CUSHION POLYGLAS
LOAD RANGE (PLY RATING) =
MAX T&RA LOAD, 1b 1620
MAX INFL PRESS, psl 22
NO OF PLIES | TREAD 2P+2F
AND CORD
MATERTAL SIDEWALL 2P
DOT NO MD|VV |DDA |[454
CONSTRUCTION TYPE BB
RIM WIDTH, 1in 5,50
SHORE HARDNESS 56.2
REMARKS
NOTATIONS
FI ~ FIRESTONE F  FIBERGLAS
GY  GOODYEAR H  HIGH PERFORMANCE ORCANIC FIBER
UN  UNIROYAL N  NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S  STEEL
R RADIAL PLY -

TT TUBETYPE
TL  TUBELESS

A-34



TIRE NO GID

RUN NO 0604009

INFI, PRESS COLD g4. psi

REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =50 mph AND FZ = |380 1b

Y Y Y - Y A X Std.Error
Variable | - o o @ 99 -|of estlmate
measured | mi

FXO, 1b [I&35 ]| 3.0 | . 234 | 195 0D

[«]

caT, °¢ |@0.84(-2927] 172 | 28 .21
3T, "¢ [34.87] -7.57].181 | 255 O2
P, psiizga7]| -39(].171 | 270 .0l

-~ AX

Y=Y (Y-Y, ) e

Y = initlal (cold) value

ch= equllibrium value

X = distance traveled

X99= 4.61/a2 , distance at which YmY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v . F2Z FXO | CAT TST P’
mph 1b 1b | % %a psi
S0 832 D57 |6l.18 (3422842

2059 | 31,92
12421 1875
151 | 23.44
1375 | 1870
VT2 az7 | 1 ——+
CAT = Contalned Air Temperature

Tread Surface Temperature
A-35
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TIRE AND RUN  TIDENTIFICATION

TIRF TIRE NO &4

TIRF RUN NO (060b-Series)|. |4

SIZE ARTO-13
MANUFACTURER GY

BRAND NAME POWERSTEEL RADIAL WT
LOAD RANGE (PLY RATING) B

MAX T&RA LOAD, 1b Tel”-le

MAX INFL PRESS, psi 22

NO OF PLIES | TREAD 2P4+4R+IS

AND CORD ,

MATERTAL SIDEWALL 2p

DOT NO MJ|DJ U KT |104
CONSTRUCTION TYPE R

RIM WIDTH, in 5.00

SHORE HARDNESS 598

REMARKS

NOTATIONS

FI FIRESTONE
GY GCODYEAR
UN UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADTAL PLY

FIBERGLAS ‘

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL.

|22 B B - B s L |

TT TUBETYPE
TL  TUBELESS

A-36



TIRE NO &l14

RUN NO 06040 }4

INFL PRESS COLD 24 psi

REMARKS FLAT BED 0

TRANSIENT TESTS @ V =S5O mph AND FZ =900 1b

Y Y Y-Y A X Std.Error
Variable © |0 " 99 |of estimate
measured mi

FXO, 1v |l0.32 | 532 | 124 |23.8 ,O1

[o)

CAT, ~C |53.86!-23.85 | .125 | 26.9 .05

Q

ST, °C |3@49| -870 | 188 | 245 | .04

P, psli72798 | -36] | .54 | 29 OO0

Y=Y g (Y- v, ) e M

Y = initlal (cold) value

Yu)= equilipbrium value

X = distance traveled

X99= 4.61/x , distance at which YzYoo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT TST P
mph 1b 1b °¢ °c psi
50 S48 | =.42 152.72 |26.458 |27.93

1347 | 140 ' '
809 | &56
oz 12.5] ‘
OiG | 10.0D #
f ' D072 .8) '
CAT = Contalned Alr Temperature

Tread Surface Temperature

TST
: A-37




TIRE AND RUN IDENTIFICATION

TIRF TIRE NO oI5

TIRF RUN NO (O60L-Serles)| 35

SIZE DR70-14
MANUFACTURER aY .

BRAND NAME POWERSTEEL RADIAL WT
IOAD RANGE (PLY RATING) | B

MAX T&RA LOAD, 1b 320

MAX INFL PRESS, psi 32

NO OF PLIES | TREAD 2P+ 4 R+1S

AND CORD -
MATERTAL SIDEWALL 2P _

DOT NO MJILA|JKT {304
CONSTRUCTION TYPE R

RIM WIDTH, in 5.50

SHORE HARDNESS 2.4

REMARKS

NOTATIONS

FI FIRESTONE
GY GOODYEAR
UN  UNIROYAL

B BIAS PLY
BB  BIAS BELTED
R RADIAL PLY

FIBERGLAS |
HIGH PERFORMANCE ORGANIC FIBER
NYTL.ON

POLYESTER

RAYON

STEEL

o w 3 M

T  TUBETYPE
TL  TUBELESS

A-38



TIRE NO &15

RUN NO 06040395

INFL PRESS COLD 24 psl

REMARKS  FLAT.BED L]

TRANSIENT TESTS @ V =50 mph AND FZ =]120 1bv

vartable | . @ |To7 Yef A Y99 Pelimeionte
measured ml

FXO, 1b |13.26 | 5,84 | .|184 | 25.i 07

cat, %c |B81.44.[-24.94] 135 | 34.) .05

8T, %c |38.12 | -8.63} 152 | 303 .03

P, psi|27.80| -342| .146 | 3i.€ ,00

i - aX
Y = Y ¢ (YO- Yo) e

initlal (cold) value
= equillibrium value
= dlstance traveled

Y0=
o
X

X99= 4.61/» , distance at which Y®Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO | CAT |} TST P
mph 1b 1b Sc %¢ psi
SO (1127 | 13.48 [55,54(38.03 |27.718

o719 8072

1801 21.87

1018 | 1.T70

1345 | 16.28
-

134 | 13.92 | ’, +—T 1]

CAT
TST

I

Contalned Air Temperature
Tread Surface Temperature
' A-39



TIRE AND RUN TIDENTIFICATICN

TIRF TIRE NO - 1Y

TIRF RUN NO (0604-Series)|. 3|

STZE aRI70-14
MANUFACTURER GY

BRAND NAME POWERSTEEL RADIAL WT
LOAD RANGE (PLY RATING) B

MAX T&RA LOAD, 1b 1L2.0

MAX INFL PRESS, psl 27

NO OF PLIES | TREAD 2P+4 R4S

AND CORD

MATERIAL STDEWALL 2P

DOT NO IMKILHIJKT 034
CONSTRUCTION TYPE ]

RIM WIDTH, in &.00

SHORE HARDNESS G4.4

REMARKS

NOTATIONS

FI FIRESTONE
GY GCODYEAR
UN UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADIAL PLY

FIBERGLAS _

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL

w2 o

TT TUBETYPE
TL  TUBELESS

A-40



TIRE NO (ol

RUN NO 0604081

INFL PRESS COLD ?4.. psi

REMARKS FLAT BED s

TRANSIENT TESTS @ V =50 mph AND Fz =1380 1b

Y Y Y - Y A X 3td.Error
Variable | - ® | © @ 99 lof estimate
measured mi

FXO, 1v {|&.0| 876 .259 | .8 08

cat, °c lousl -22.29] 124 [ =272 .07

7, Y¢ {2689 -9.68] 153 | 20. 05

P, psi|28271 -45] ] /3| | 2582 00

-AX

Y =Yg (Y- Y, ) e

Y = inltlal (e0ld) value
ch= equlilibrium value
X = dilstance traveled

X

= 4.61/a2 , distance at which Y=sY

99 00

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v F7Z FXO cAT | T8T P
mph 1b 1b °c °¢ psi
50 1387 | V7.299 GO.00|36.92128.81

aal | 10.82 )
2065 2826

1244 | 1596

55| 2.6 * * |
1379 | 17.853 1

CAT Contalined Alr Temperature
TST = Tread Surface Temperature
A-41



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO &1
TIRF RUN NO (0604-Series)| 34
SIZE DRI&-14
~ MANUFACTURER GY
BRAND NAME CUSTOM FPOLYSTEEL RADIAL
LOAD RANGE (PLY RATING) ]
MAX T&RA LOAD, 1b 12320
MAX INFL PRESS, psi 22
NO OF PLIES | TREAD 20425
AND CORD \
MATERIAL SIDEWALL . 2P
DOT NO MKIL4 HCT [444.
CONSTRUCTION TYPE 4 |
RIM WIDTH, in 5.00
SHORE HARDNESS 5¢.4
REMARKS
NOTATIONS

FI FIRESTONE
GY  GOODYEAR
UN UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADIAL PLY

FIBERGLAS

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL

v = O 9

TT TUBETYPE
TL  TUBELESS

A-42



TIRE NO &l

RUN NO 0604034

INFL PRESS COLD 2 4 psi

REMARKS  FLAT BED [ ]

TRANSIENT TESTS @ V =SSO mph AND FZ =1120 1b

Y Y Y-Y A X Std.Error
Variable | - @ °© @ 9 of estimate
measured mi

FXO, 1p (12.40| 4.44 |.314 | 147 .03

car, °c [84.231-23.101.142 [325 .06

ST, °¢ (38.65 -2.28] .17 | 27.0 04

P, psi 27.&0 -3230}.I15] | 305 | .00

- aX
Y=Y03- (Yo- Ycu) e

Y = initial (cold) value

Ym= equilibrium value

X = distance traveled

X99= 4.61/x» , distance at which YzYoo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ X0 CAT | TST P
mph 1b 1b °c %¢c psi
50 1126 12.66  |53.L6{38.47 |27.78

GR4 | 7.8
175 | |19.8
1021 | 1L21

124) | 1494 |
YT z.0s t 1

CAT
TST

Contalned Alr Temperature
Tread Surface Temperature
A-43



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO Golla
TIRF RUN NO (060L-Series) 23":28,37,5&
SIZE GRI&®-14
MANUFACTURER aY |
BRAND NAME CUSTOM POWERSTEEL RADIAL |
LOAD RANGE (PLY RATING) B : |
MAX T&RA LOAD, 1b |20
MAX INFL PRESS, psi a7
NO OF PLIES | TREAD 2P+ 25
AND CORD '
MATERIAL SIDEWALL - 2p
DOT NO MKMAIHC E|2354
CONSTRUCTION TYPE R
RIM WIDTH, 1in .00
SHORE HARDNESS 56.8
RIIMAT 11 *See Fig. 48
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY ‘
TT TUBETYPE
TL  TUBELESS




TIRE NO &\8

RUN NO 0604028

INFL PRESS COLD 24— ps!

REMARKS  FLAT BED e

TRANSIENT TESTS @ V =50 mph AND FZ =380 1b
Y ‘ Y Yo',' Yoo A X99 Std.Error

Variable @ of estimate
measured mi
FXO, 11y 14.82 sSes | 219 21.0 09

[*2

CAT, "¢ {5586]-25.37 | .138 | 334 0@
[+

™T, ¢ {40.02] -1.27 | .190 | 243 Nolrs

P, psil|2R.04]| -2.49] .147 | 314 00
-AX :

Y =Y+ (Y- Ym) e

Y = initial (cold) value

ch= equilivrium value

X = distance traveled »

X99= 4,61/2 , distance at which Y”Yoo

LOAD AND 3PEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v ¥z FXO CAT ST P
mph 1b 1b o) °a psi
50 (283 | 14.53 |54.77 140.2% 27795
az4 | 243 -
2063 23.2]
1248 13.20

48| 17.41 *
1380| 14.%6 T

CAT
TST

Contained Air Temperature
Tread Surface Temperature

A -45



TIRE NO @I&

RUN NO 0604037

INFL PRESS CCLD l G; psl

REMARKS  FLAT BED ]

TRANSIENT TESTS @ V =50 mph AND FZ =1380 1b

Y Y Y - Y A X Std.Error
Variable | - @ © @ 99 .lof estimate
measured mi

FXO,1b [i&.20 | 2.83| .31 |[14.8 08

car, °c |38 |-3232 | .144 [32.0 | .l&

37, °c 423 |-10.17 | 189 | 244 07

P, psl|20.Gl| =371} .149 | 302 .00

~ X
Y=Yz (Yo' ch) e

initial (cold) value
= equllibrium value
= dlstance traveled

99~ 4.61/x , distance at which Y=Y,

Y =
YCD
X
X

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b °¢c O¢c psi
50 [1412 | 17.83 |&2.68(42.19 |20.54
a3 | 160.8
20 o8| 30.44
1240 15.69
% 652 | 21.78
U7 1727 —1

CAT
ST

Contalned Alir Temperature
Tread Surface Temperature
‘ A-46




TIRE NO &8

RUN NO 0604037

INFL PRESS COLD — psi

REMARKS FLAT BED L |

"TRANSIENT TESTS @ V =S5O mph AND FZ =380 1b

Y Y Y-Y A X Std.Error
Varlable °© '® 99 lof estimate
measured mi :

Q

FXO, 1b |13.68

caT, ¢ |56.49

TST, “Cc [4(.32

P, psili3.74

Y=Y g (Y- ¥, ) e AX

Y = inltial {cold) value

Yco= equilibrium value

X = dlstance traveled

X99= 4,61/A , distance at which Ywi_foo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v ¥z FXO cAT | TST p
mph 1b 1b %¢ Ca psi
S0 1282 | 13.68 |54.49(41.22 |31.74
828 &.8]|
2008 1 21.718
1245 | 12.67
52 | 1872
"*‘ 1279 | 13,59 1 !

TST

CAT

H]

Contalned Alr Temperature
Tread Surface Temperature
A-47




TIRE NO 73

RUN NO 060405 |

INFL PRESS COLD 24. psi

REMARKS ] DRUM

TRANSIENT TESTS @ V =50 mph AND FZ ={380 1bv

Y Y Y - Y A X Std.Error
Variable | - X | © ® 99 |of estimate
measured ml

FXO, 1v | 12.26]| ¢.05].275 |l&e.8 08

caT, %c |54.48(-31.28 |.142 | 325 2

ST, “¢ |39.84]-11.88 | .19 | 27.3 22

P, ps112899 | -4.27].143 | 322 .00

-AX

Y=Y 4 (Y-, ) e

Y = inltlal (cold) value

sz equllibrium value

X = dlstance traveled

X99= 4.61/x2 , distance at which YmY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v Pz FXO CAT TST P

mph 1b 1b °c °¢c psi
SO0 |I1297 | 12.07 53,57 |[40.01 |28.9¢
830 7.31 )
2021 19.88
1238 | 1065
IS2 | 1476

Tieaza| 200 ﬂ‘ ——t

CAT
TST

il

Contained Alr Temperature
Tread Surface Temperature
A-48



TIRE AND RUN TIDENTIFICATION

TIRF TIRE NO @\
TIRF RUN NO (0604-Series)| 24
SIZE 1.50-1 LT
MANUFACTURER ‘ ayY
BRAND NAME CUSTOM HI-MILER
LOAD RANGE (PLY RATING) C
MAX T&RA LOAD, 1b 2.00
MAX INFI PRESS, psl 45
NO OF PLIES | TREAD i N
AND CORD
MATERTAT, SIDEWALL N
DOT NO MDWYIBWA|4 14
CONSTRUCTION TYPE B
RIM WIDTH, in 550
SHORE HARDNESS 3.4
REMARKS
NOTATTONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY
TT TUBETYPE

TL  TUBELESS

A-49



TIRE NO &i©

RUN NO 0604024
INFL PRESS COLD ?'5‘ psi
REMARKS  FLAT BED e
TRANSIENT TESTS @ V =50 mph AND FZ =|777© 1b
Y Y Y - Y A X Std.Error
Variable @ ° @ 99 of estimate
measured mi
FXO, 1v |24.00{12L.05 | .I18} 258 04
car, ‘¢ |es.28|-38.97] .142 | 322 .27
73T, °¢ |34.15]|-7.88 | .i55 | 297 .03
P, psl |40.8672| ~5.68] .12 | 349 Ne]|
Yo=Y g (Y- Y] e- A%
Y = initlal {cold} value
Yo::: equilibrium value
X = dlstance traveled .
X99= 4.61/x , distance at which YzYoo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO ‘cAT |} TST P
mph 1b 1b °¢ °¢c . psi
SO (1TSS | 2477 (4.671%33.80 (40.63
|03 13,67 "
2645 42.04
1592 | 2.7
207 318
V' Tv7ew | z452 | | 1t

CAT
ST

Contalned Alr Temperature

Tread Surface Temperature
A-~50

it



TIRE AND RUN TIDENTIFICATION

TIRF TIRE NO o220
TTRF RUN NO (0604-Series)|.25
STZE 1.50-16 LT
MANUFACTURER avY
BRAND NAME CUSTOM HI-MILER
LOAD RANGE (PLY RATING) 5‘ D :
MAX T&RA LOAD, 1b | 2440
MAX INFL PRESS, psl GO
NO OF PLIES | TREAD N
AND CORD :
MATERIAL SIDEWALL N
DOT NO MDIWY|BYA |374
CONSTRUCTION TYPE B
RIM WIDTH, in 550
SHORE HARDNESS 55.0
REMARKS
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON

P POLYESTER
B BIAS PLY R RAYON
BB BIAS BELTED S STEEL
R RADTAL PLY

TT TUBETYPE

TL  TUBELESS

A-51



TIRE NO G20

RUN NO 0604028

INFL PRE3SS COLD & O ps!l

REMARKS  FLAT RED L]

TRANSIENT TESTS @ V =20 mph AND FZ =2120 1b

Y Y Y - Y A X Std.Error
Variable | ® |° @ 99  |of estimate
measured ml '

FXO, 1b |i9.94 [ 1928 |.0142 | @2.] 2o

(@)

CAT, "C |&61.6b |-26,84 ] .145 | 2.8 29

[¢]

TST, "C |35.26| -824| .log, | 421 04

P, pst|5749] -7.25] .39 [ 332 | .02

A X

Yo=Y 4 (Yo-Ym)e’

Y, = initial (cold) value

Ym= equllibrium value

X = dlstance traveled

X99= L.61/x , distance at which Yz?oo

LOAD AND SPEED VARIATICN TESTS & CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b °¢ °¢c psi
50

CAT
TST

Contalned Alr Temperature

Tread Surface Temperature
A-52



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO &2\
TIRF RUN NO (0604-Series)|. 26
SIZE TEORIG LT
MANUFACTURER ‘ GY
BRAND NAME CUSTOM FLEXSTEEL LT
LOAD RANGE (PLY RATING) D '
| MAX T&RA LOAD, 1b 24 4.0
| ;
MAX INFL PRESS, psl )
NO OF PLIES { TREAD P+S
AND CORD
MATERIAL SIDEWALL . P
DOT NO | MMIWY|PTA {284
CONSTRUCTION TYPE =]
RIM WIDTH, in 5.50
SHORE HARDNESS 7.4
REMARKS
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N  NYLON
: P POLYESTER
B BIAS PLY R RAYON
BB BIAS BELTED S STEEL
R RADIAL PLY

TT TUBETYPE
TL  TUBELESS

A-53



TIRE NO G721

RUN NO 060402&

INFL PRESS COLD S 5' psi

REMARKS  FLAT BED s

TRANSIENT TESTS @ V =50 mph AND FZ =2190 1b

Y Y Y - VY A X Std.Error
Varlable @ ° @ 99 |of estimate
measured mi

FXO, 1v 1949 | 4.29 |.199 | 232 A7

cat, %c |84 [-21.27 | .091 | 507 Ol

ST, “c |8692| -1.7¢ |.o8ed| 52.4 o4
P, psiiGo27|-5.0!) .11 4|2 00

Y=Y g (Y- ) e M

initial (cold) value
equllibrium value
distance traveled

= 4.61/2 , =~
99 1/ distance at which Y Yoo

Y, =
YCD
X
X

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ | FXO CAT TST P
mph 1b 1b °¢c %¢ pai
50 2185 |129.23 5.88 |36.03 59.9]

1309 | 11.9] i
3266| 30.25
1267 | 17.80

' 2016 | 23.48

2183 | 19.58 T- 1

CAT
TST

Contalined Alr Temperature

Tread Surface Temperature
A-54



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO G272
TIR¥ RUN NO (0O604-Series)| |2
SIZE 7.00-15 LT
MANUFACTURER : ayY |
BRAND NAME CUSTOM HI-MILER |
LOAD RANGE (PLY RATING) C '- |
MAX T&RA LOAD, 1b 1720
MAX INFL PRESS, psi 45
' NO OF PLIES | TREAD N
AND CORD '
MATERTAT STDEWALL N
DOT NO MDINV(BWAO84
CONSTRUCTION TYPE B8
RIM WIDTH, in | B8O
SHORE HARDNESS £9.0 '
REMARKS
NOTATTONS
FI  FIRESTONE F  FIBERGLAS
O0Y GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N  NYLON
‘ P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S  STEEL
R RADIAL PLY
TT TUBETYPE

TL  TUBELESS

A-55



TIRE

NO &2

RUN NO

06040 | 2

INFL, PRESS COLD &5 psl

REMARKS  FLAT BED L]
TRANSIENT TESTS @ V =50 mph AND FZ =1480 1v

¥ Y Y - Y X Std.Error
varigble | - ® © @© > 99 of estimate
measured mi
FXO,1p | 2034|245 |.I50 | 307 O
caT, %¢ |eo28 [-30.99 | 140 | 229 A5
TST, °¢ |35.45] -1.85 | .14 | 327 .04
P, psl|d4o0.2] { ~5.38 | .128 | B36.0 L0

Y =Y.+ (YO- Yco) e

-AaX

Y = initlal (cold) ‘value

Ym= equlilibrium value

X = distance traveled

x99= 4.61/x , distance at which YY)

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES
v FZ FXO CAT TST P
mph 1b 1b °c °c psl
50 S0 | 10.87 |16 |35.8] {39.84

2705 | 35.01
1328 | 17.75
1770 | 25.64 :
* 1484 | 2092
' 1474 | 20.57 F I '

CAT
TST

1t

Contained Alir Temperature
Tread Surface Temperature

A-56




TIRE AND RUN IDENTIFICATION

TIRF TIRE NO o223

TIRF RUN NO (0604-Series)| |9,42,55

SIZE ATd~-13
MANUFACTURER Fl

BRAND NAME DELUXE CHAMPION
LOAD RANGE (PLY RATING) B '
MAX T&RA LOAD, 1b 0o

MAX INFL PRESS, psi 27

NO OF PLTES | TREAD 2R

AND CORD

MATERTAL SIDEWALL 2R

DOT NO VB|F5|ECV |404
CONSTRUCTION TYPE 2

RIM WIDTH, in 4 .50

SHORE HARDNESS S57.6

REMARKS SAE ROUND ROBIN
NOTATIONS

I  FIRESTONE
GY GOODYEAR
UN  UNTROYAL

B BIAS PLY
BB BIAS BELTED
R RADTAL PLY

FIBERGLAS

NYLON
POLYESTER
RAYON
STEEL

W x g = o d

HIGH PERFORMANCE ORGANIC FIB

b

TT - TUBETYPE
TL  TUBELESS




TIRE NO &23

RUN NO 0604019
INFL PRESS CQOLD IG; psl
REMARKS  FLAT BED e
TRANSIENT TESTS @ V =30 mph AND FZ =00 1b
Y Y {y-Y N X Std.Error
variable | - % © @ 29 of estimate
meagured ml
FXO,i1b | 1&.82| 8.12 |.232 | 19.9 O7
CAT, “C | Be.oG|-2458].143 [82.2 | .01
T, °¢c |2398| -2.08] .77 | 26.0 | .04
P, psl|Z2004]| -3,39] .12 | 27.3 O
_ - AX

Y=Y 4+ (Y- Y,) e
Yo= initial {cold) value
Ya)=‘equ111br1um value
X = dlstance traveled
X99= 4.61/a2 , distance at which Y=Y,

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v Pz FXO CAT | TST P
mph 1b 1b °c °c psi
20 | =15 | 18,38 |55.54(34.02|20.07

552 | 943
1343 | 32.16
K20 |1&.86
107186 23.11
g* 914 | 18.63 I 5 1~

CAT
TST

Contalned Alr Temperature

Tread Surface Temperature
A-58



TIRE NO 2%

RUN NO 06040} D

INFL PRESS COLD ~ , psi

REMARKS  FLAT BED L

TRANSIENT TESTS @ V =30 mph AND FZ =900 1b

Y Y Y - Y A X Std.Error ‘
Varlable «© ° @© 29 . of estimate
measured mi

FXO, 1v {)4a.0L

car, °c (4954

[+]

ST, "C [31L.54

P, psi [ 3].45

Y=g (Y- v, ) e M

lnit1al (cold) value
= equilibrium value
= distance traveled

YO=
Yo
X

X99= 4.61/x2 , dlstance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v ¥z FXO CAT TST P
mph 1b 1b °¢ °c psi
30 2902 | 14.02 4954|3154 [31.45
541 745
1347 | 24.67
&2 | 1258
IO§0 l&.lé
B 201 | 4.7 F ¥
CAT = Contalned Alr Temperature

TST Tread Surface Temperature

A-59



TIRE NO G233

RUN NO 0604042

INFL PRESS COLD 24 psl

REMARKS  FLAT BED | ]
TRANSIENT TESTS @ V =50 mph AND FZ =900 1b
' Y Y - Y X Std.Error

Variable | - @ o @ A 99 of estimate

measured mil

FXO, 1b 14,62 | 7.5& | .25 | 18.0 08

caT, %¢ [89.81 |-3299] .133 | 24.] N

ST, °C [839.93(-11.27 | 234 | 9.7 .07

P, psi (2942 -493]| .lete | 27.8 .0l
- AX -

Y=Y+ (Y-Y_ )e

Y = initial (cold) value

YCD= equilibrium value

X = distance traveled

‘x99= L.61/a , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b %¢ S¢ psi
50 217 | 14.51 |S8.75 [4o.0! 29.44
S40| &.20
1245 | 25.44&6
81z | {2.49
1079 | I&.{Z
' 897 | 13,92 f I

CAT
TST

Contalned Ailr Temperature

Tread Surface Temperature
A-60




TIRE NO &Z23R}
RUN NO 060405S

INFL PRESS COLD 24 psi

REMARKS ] DRUM

TRANSIENT TESTS @ V =50 mph AND FZ =900 1b

Y Y Y -Y A X Std.Error
Variable R © o 99 . of estimate
measured . ml

FXO, 16 |13.48| ©.30 |.369]12.5 | .07
CAT, “C |6B.56[-39.36 | 150 | 307 NG

[¢]

ST, "¢ 141.90 |-183.63 | .265% | 115 | .lO

PJ pSi 29--7' -5-2_’ 4|8‘ 25:5 -OI

v _ . - AX
{—Yog(Yo Ym)e

initial {cold) value
= equilibrlium value
= distance traveled

Y=
Y(D
X

x99= L.61/a , distance at which YzYOO

LOAD AND SPEED VARIATION TESTS @ CCNSTANT TEMPERATURES.

v FZ FXO CAT TST P
mph 1b 1b °¢ °c psi
56 210 | 18.22 |61.87 |42.40 |292.74
548 T.00 '
1341 | 23.3]
2313 11.73
1078 1G. &3
207 12.79

20 900 | 12.01 |Ge.08|43.2] [22.868
30 11.72 |

70 1498 J' |
i [« 12.01 '

CAT = Contalned Alr Temperature
TST = Tread Surface Temperature
: A-61




TIRE AND RUN IDENTIFICATION

TIRF TIRE NO 24
TIRF RUN NO (0604-Series) 18,41,56
SIZE A18-13
MANUFACTURER Fi
BRAND NAME SUP-R-BELT DELUXE CHAMPION
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 0o
MAX INFL PRESS, psl 32
NO OF PLIES | TREAD E
AND GORD \ 2P+2
MATERIAL SIDEWALL 20
DOT NO , VBIFSIESI |424
CONSTRUCTION TYPE BB
. RIM WIDTH, in 4.50
SHORE HARDNESS G4 B
REMARKS SAE ROUND RoBIN
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR i HIGE PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BE BIAS BELTED s STEEL
R RADTAL PLY
TT TUBETYPE
TL  TURELESS

A-62



TIRE NO @24

RUN NO 0604018

INFL PRE3SS COLD !G? psi

REMARKS  FLAT BED [

TRANSIENT TESTS @ V =30 mph AND FZ = 200 1b

Y Y Y-Y A X Std.Error
Varlable | - ® | © ® 99 lof estimate
measured ml

FXO,\1p | 17.481 810 | 214 | le. 8 .08

cat, %c |54.47]-2t.81 | 146 | B1e | .OD
[s}

TST, “C |31.a8| -1.L4 | .15] | 30.5 | .04

P, ps1]1997] -33]) .17l | 270 Ol

_ . -aX
Y =Y+ (Yo- Yco) e

initial (cold) value
= equilibrium value
= distance traveled

Y°=
Yo
X

X99= 4,61/» , distance at which Y“Yoo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO CAT T3T P
mph 1b 1b % ¢ psi
30 S| V7.47 5410 13170 [20.02
541 ©.00
1344 | 31.4]
813 | 15.2)

i' 1080 | 2252

03| 16.94 f‘ F #

CAT
TST

Contalned Alir Temperature
Tread Surface Temperature
A-63



TIRE N0 G224

RUN NO 060401 ®

INFL PRESS COLD — , P8l

REMARKS FLAT BED e

TRANSIENT TESTS @ V =3 mph AND FZ =200 1b

y Yy Jv-v A X Std.Error
vVariable @ |70 "o 99 lof estimate
measured ml

FXO, 1b | 12.87

caT, °Cc | 47.43

37, ¢ | 30.7

P, psil| 3123

Y = Yy (Y- v, ) e *¥

Y, = initial (cold) value
ch= equilibrium value
X = dlstance traveled

= U4, A
X99 61/x , distance at which Y=Y
LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.
v FZ FXO CAT | TST P
mph 1b 1b °¢ °¢c psi
30 | 900| 12.37 |47.4% |30.17 | 3193
547 | &.37 ]
I248] 2253
808| 10.84
* 1082 1633 F '
00| 12.50
CAT = Contained Air Temperature

TST Tread Surface Temperature

A-64




TIRE NO G24

RUN NO 06040 41

INFL PRESS COLD Z4 pst

REMARKS  FLAT BED |

TRANSIENT TESTS @ V =50 mph AND FZ =200 1b

Y Y Y - Y A X Std.Error
Varlable | - @ ° @ 2 of estlimate
measured mi

FXO, 1v |14.26] 5.53 | ,202 | 22.8 A2

[=]

CAT, "C |G| 25]-29.82] .140 | 229 .3

TsT, °C [42.52|-11.95 | .75 | 2.3 .06

P: pSI 23-03 -4'.60 01-7 f 27.0 -Ol

N - - AX
Y=Y (Yo— Ym) e

initlal (cold) value
= equlllibrium value
= distance traveled

YO:
Yo
X

X99= 4.61/x2 , distance at which Ym~Y

LOAD AND SPEED VARTATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT ST P
mph 1b 1b % O¢ psl
50 913 | 13.90 |6l.37]|42.40 |729.05
S43| 718 ‘
1248 24.19
811 ]12.33
o079 | 117.3}
" Tootizss [ 1 —

CAT
TST

Contained Alr Temperature

Tread Surface Temperature
A-65
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TIRE NO G224

RUN NO 060409@

INFL PRESS COLD 24 psi

REMARKS [ DRUM

TRANSIENT TESTS @ V =650 mph AND FZ =900 1b

Y Y Y -Y A X Std.Eprror
Variable | - @ e «© 99 of estimate
me&asured mi

FXO,11p |12.5] 5.846(.253% | |82 Al

cat, °c le4.az]-as.07].144 | 320 | .24

ST, °¢ [42.57 |-|4.65 | 209 | 22.] Jo

P, psl}2973%| -5.17 | .79 | 258 Re)

- AX

Y=Y g (Y- ij e

Y = initial (cold) value

Ym= equilibrium value

X = dlstance traveled

X99= 4.61/x , distance at which YmYo0

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v R (A FXO CAT 73T P
mph 1b 1b % °c | pst
50 QO 12.74 |G4.13 [43.05 |2D.79

545| &.20
13446 2177
82%| 1 .18
1076 | 16.03
1 204 | |2.08 ' ' '
30 | 9200]| 11.617 (6212 14417 [30.00
30 .40 | | I
70 14.72 # L %
70 14.20

CAT = Contalined Alr Temperature
TST = Tread Surface Temperature
A-b66



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO @27

TIRF RUN NO (0604-Series)| 44 52

SIZE | LR7&-15

MANUFACTURER ' Bl

BRAND NAME STEEL RADIAL S500
LOAD RANGE (PLY RATING) B

MAX T&RA TLOAD, 1b 1970

MAX INFL PRESS, ps! 272

NO OF PLIES | TREAD 2P+2%

AND CORD

MATERTAL SIDEWALL 2P

DOT NO _ VD V4 | DWJ 404
CONSTRUCTION TYPE R

RIM WIDTH, in G .50

SHORE HARDNESS 57.2

REMARKS SAE ROUND ROSIN
NOTATIONS

FI  FTRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON

_ : P POLYESTER
B BIAS PLY R RAYON

BB  BIAS BELTED s STEEL

R RADIAL PLY

: 7T TUBETYPE

TL  TUBELESS

- A-67



TIRE NO &7
RUN NO 0604044

INFL PRESS COLD 24 psi

REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =50 mph AND FZ =|G&0O 1b

Y Y Y - ¥ A X Std.Error
Varlable | @ © @ 99 cf estlmate
measured mi

FXO, 1p |177.89! 717 | .242 {120 Al
caT, °c $5.83|-28.82 | .ISo | 307 A4
75T, °C (.83 | -6 .13 [ 30l | .02

P, psl|28.63]| -394].149 | 305 | .00

i . =~ AX
Y =Y+ (YO- Yoo) e

Y = initial (cold) value

Ym-—- equilibrium value

X = dlatance traveled

X99= 4.61/x , distance at which YNYOO

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES:

v FZ FXO CAT ST P
mph 1b 1b 9 °¢ pst
So |1e90 | 1778 [55.54|3357 |28.6]

1011 | 1013 '
2510 | 29.13
I513 | 15.92
2010} 21.44
—t &6 | 17,72 T !
20 |1680| 1679 |S495(234.02]|28.11
30 1@.32 | | |
7o 18.84 % F ‘*
- 70 18.71

CAT = Contalned Alr Temperature
TST = Tread Surface Temperature
: A-68




TIRE NO G277

RUN NO 06040572

INFL PRESS COLD 24 psi

REMARKS I DRUM

TRANSIENT TESTS @ V =50 mph AND FZ =680 1b
Y | Y Yo- Yoo A ng Std.Error

Variable @ -lof estimate
measured mi

FXO,11v (14.6]1 | 7.0 | .277 | \e.& o

cat, “c 187358 [-32.19 | 153 | 20.) A7

ST, °C |35.94| -9.81 | .57 | 29.4 | .07

P, psi 29,14 | =435 | .\5] 20.5 L0l

- _aX
Y=Y+ (Y-Y ) e

initial {cold) value

= equllibrium value

dlstance traveled

99 1-1».61/,\‘ , distance at which YzYoo

Y,=
Yoo
X
X

LOAD AND SPEED VARTIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO | CAT TST P
mph 1b 1b °c °c psi
50 82 | 1459 57.08 |35.8] |29.0])
lolo | 824 '
2506 | 24.06
1S07 | 12.89
2008 | 18.21
A NAE ——t
30 e8| 13.52 5644 |36.48]|29.20
| 3o ! 12.88 ] |
10 F 16,33 + %
- 70 |64
CAT = Contalned Alr Temperature
= Tread Surface Temperature

TST
. A-69




TIRE AND RUN TIDENTIFICATION

TIRF TIRE NO | C2O
TIRF RUN NO (0604-Series)| 45 53
SIZE LTI8-15
MANUFACTURER ' Ei
BRAND NAME SUP-R-BELT DELUXE CHAMPION [
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 1970
MAX INFL PRESS, psi a2
NO OF PLIES | TREAD : 2P+ 2F
AND CORD :
MATERIAL SIDEWALL 2P
DOT NO , VBIV3ICT | 034
CONSTRUCTION TYPE BR
RIM WIDTH, In S.00
SHORE HARDNESS &2.2
REMARKS SAE ROUND ROBIN
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED S STEEL
R RADIAL PLY
TT TUBETYPE
TL  TUBELESS

A-70



TIRE NO G2™
RUN NO 0604048
INFL PRESS COLD 24 pst
REMARKS  FLAT BED R
TRANSIENT TESTS @ V =50 mph AND FZ =180 1b
¥ Y Y -Y A X Std.Error
"Variable | - © 0. @ 99 cf estimate
measured mi
FXO,i1b | 2478 111,02 | .Blk {14.6 J&
car, °c |gs.82]-30T70 | .188 | 29.2 B35
ST, °¢c |29.60(-11.89 [ .190 | 24.3 .04
P, psi (2955 | ~4.87| .l1&7 | 27.6 0O
. - AX
Y=Y+ (Y-Y, ) e
Y = initial (cold) value
YCD= quuilibrlum value
X = dlstance traveled
Xgg= 4-61/% , distance at which Y®Y
LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES
v FZ FXO - | CAT TST P
mph 1b 1b % °c psi
50 1684 | 2424 50912057 |129.59
1011 12.15
2800 | 41.7R
1509 21.79
20i0 | 231,08
| -_2 —
b Tleeal 242s [ 1111
20 80| 22.05 [|@d.34]140.66]29.6°
30 2318 [ l |
70 26.85 * | * +
e 2677
CAT = Contalned Alr Temperature
= Tread Surface Temperature

TST

A-71



TIRE NO S&29
RUN NO 0604052
INFL PRESS COLD -, psi
REMARKS T DRUM
TRANSIENT TESTS @ V =S5O mph AND FZ =168O 1b

Y Y ¥ -Y A X Std.Error -
Variable | % 6 ® 99 - of estimate
measured mi
FXO, 1v |2048]12.41 |,322 | 143 23
car, °¢ [71.081-43.83|.175 | 2¢2 .42
ST, “c 4|94 |-1A52] .208 | 222 D
P’ ps i 30-67 _5075 [ i 72 26‘& ’OZ

. -aX

Y = Yoc-;- (Yo- YCD) e
Y = initlal (cold) value
YGD= equilibrium value
X = dlstance traveled
X99= 4.61/x , dlstance at which YeY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

i FZ FXO CAT TST P
mph 1b 1b °c °¢ pst
5o (117 | 12.99 7157 (4240 (3207

007 | S.1& :

2508| 38.13

1509 | 18,29

2013 | 26.806 b .
* 1677 120.29

30 {180 18.49 [70.80143.48|30.21
30 | 18.43 |
70 J’ 23,22 +
7o 2222 | 1

CAT = Contained Air Temperature

T3T = Tread Surface Temperature

A-72




TIRE AND RUN IDENTIFICATION

TIRF TIRE NO &)
TIRF RUN NO (0604-3eries) 20,432,587
SIZE BRT7&-13
MANUFACTURER =
BRAND NAME STEEL RADIAL 500
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b Hs50
MAX INFL PRESS, pst a9
NO OF ‘PLIES | TREAD 1 2P+2S
AND CORD
MATERIAL SIDEWALL 2p
DOT NO , VDIFWIBYJ |374
CONSTRUCTION TYPE R
RIM WIDTH, in 4 50
SHORE HARDNESS &l.Z
REMARKS SAE ROUND ROBIN
NOTATIONS
FI  FIRESTONE F FIBERGLAS
GY  GOODYEAR H HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N NYLON
P POLYESTER
B BIAS PLY R RAYON
BB  BIAS BELTED 8 STEEL
R RADIAL PLY
TT TUBETYPE

TL TUBELESS

A-73



TIRE NO &3|
RUN NO 060402Q

INFL PRESS COLD } & psi

REMARKS  FLAT BED L]

TRANSIENT TESTS @ V =30 mph AND FZ =980 1b

Y Y Y - Y A X Std.Error
Variabie | - % 0. ® 99 of estimate
measured ml

FXO,!1iv | 12.l0 @8l | 178 | 282 O
cAT, %¢c |44041-1977 | 120 | 355 | .03
T, °c |2029]| -394 | .194 | 228 .03
P, psl | 19.9 ] -2.7192 | .18 292 00

B - aX
Yo=Yt (Y-Y, ) e

initial (cold) value

= .equilibrium value

distance traveled

99~ 4.61/x , dlstance at which YNYOO

Y =
Ym
X
X

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO car | msT P
mph 1b 1b | °¢ %¢ psi
30 oas | 1.7 |44.18 |29.49 [19.48

S95| .l

1465 | 22.10

593 10.29

172 15,62

3191 (192 | 1 !

CAT
TST

Contalned Air Temperature
Tread Surface Temperature

A-T4



TIRE NO &3

RUN NO 0604020

INFL PRESS COLD -~ psi

REMARKS FLAT BED ]

TRANSIENT TESTS @ V =30 mph AND FZ = 980 1b

Y Y Y - Y A X Std.Error
Variable @ ° @ 99 1of estlmate
measured mi

FXO, 1b | T.Ge&o
cat, %c¢ |40.04

[¢]

TST, "C |27.43
P, psi|Bl.84

B . =X
Yo=Y+ (YO—YGO)e

Y = Initial (cold) value

YGD= equilibrium value

X = distance traveled

X99= 4.61/A2 , dlstance at which Y=Y

LOAD AND SPEED VARTIATION TESTS @ CONSTANT TEMPERATURES

v F7, FXO CAT | TST P
mph 1b 1b °c ° | pst
30 j=1=y"} Tl |40.64|27.4%|21.84

536 | 3.45

\diad 13.65

885 | .9

1173 2.7

280 7.4l - —

CAT
TST

Contained Alr Temperature

Tread Surface Temperature
A-75
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TIRE NO &3]

RUN NO 0604043

INFL PRESS COLD 2 4 psi

REMARKS ~ FLAT BED L

TRANSIENT TESTS @ V =S5O mph AND FZ = 980 1b

Y Y Y - Y A X Std.Error
Variable | - &% © © 99 jof estimate
measured mi
FXO, 1v |l0.81 | 4.11 | 210 | 22.0 .08

caT, °c (4976 |-16.82 | 142 [ 2285 | .04

[¢)

TST, "C |34.16 | -1.18 | |13 | 200 .02

P, sl 2777 | -3.21 | .186| 24.5 .00

= XxX
Y=Y£(Y0-Ym)e

Y = initial (cold) value
Yco= equlilibrium value
X = distance traveled

X99= 4.61/x , distance at which YeY

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

i FZ FXO CAT TST P
mph 1b 1b °g °¢ psi
S0 586l 10.27 49232 (24.24 [27.8%

6ol | @.33

146l | 17.42

93| 92.16

I 12.25

I | e8c] l0.03 T 1
30 | 280 9.91 |48.26]|34.69(27.98

30 | | 9.47 | |
68 & 11.95 J' +
L& |44

CAT = Contained Air Temperature

TST =

Tread Surface Temperature
A-76



1

| TIRE NO &3
RUN NO Q604057
INFL PRESS COLD 24 psi
REMARKS P DRUM

TRANSIENT TESTS @ V =S0O mph AND FZ = 280 1b

T3T =

Tread Surface Temperature

A-717

Y Y Yy - Y X Std.Error
Variable | - @ °© @© * 99 of esgimate
! meagured mi
—
FXO, 1b .14 2R | 22¢C | 1IB.& 07
caT, °c |52.88 |-20.60] .154 | 232 .05
ST, °C {3677 -8.25 | 107 | 43.1 4
. Py psl |2795 | -329 | .12 | 2&8 Q00
Y=Y+ (Y-Y ) e
Y = lnitial {co0ld) value
ch: equlilibrium value
X = dlstance traveled
X99= 4.61/r , distance at which Y=Y
LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES
v FZ -1-"—XO CAT TST P
mph 1b 1b O¢ °¢ psi
50 993 | 9.23 [58%.57(26.48(|27.9%
&o5| 5.37 '
14671 'S.41
828 7.56e
1Wle| 10.89
t—sai gee T+ T+
20 S80| 7.88 |52.50|2652 |28\
30 i a.2a6 | [ |
70 * (0.51 4 ‘ ;
{=] 10.42
CAT = Contalned Alr Temperature




TIRE AND RUN TIDENTIFICATION

TIRF TIRE NO 633
TIRF RUN NO (0604-Series)| ||

SIZE FR18-15

MANUFACTURER GY

BRAND NAME CUSTOM TREAD STEEL BELTED RADIAL

LOAD RANGE (PLY RATING) a

MAX T&RA LOAD, 1b IS00

MAX INFL PRESS, psi 1 =22

NO OF PLIES | TREAD 2P +29

AND CORD

MATERIAL SIDEWALL 2P

DOT NO _ MKIVUBWE[4D24

CONSTRUCTION TYPE R

RIM WIDTH, in 5.50

SHORE HARDNESS 54.2

REMARKS GM TPC

NOTATIONS

FI  FIRESTONE F FIBERGLAS

GY GOODYEAR H HICH PERFORMANCE ORGANIC FIBER

UN  UNIROYAL N NYLON
P POLYESTER

B BIAS PLY R RAYON

BB  BIAS BELTED S STEEL

R RADIAL PLY

’ TT  TUBETYPE

TL  TUBELESS

A-78




TTRE NO O3

RUN NO 06040} |

INFL, PRESS COLD 24 psi

REMARKS  FLAT BED ]

TRANSTIENT TESTS @ V =50 mph AND FZ ={2.80 1b

Y Y Y - Y A X Std.Error
Variable oo o @ 29 of estimate
measured ml

FXO, 1p |12.47 | 5.24 | .2%% | I18.0 Ol

cat, %°¢c (5198 |-20.45 | 6o | 288 08
ST, ¢ |B1.2B | -5.83 {145 | 3.8 .02
P, psi|2].30 | -29| |.182 | 253 .00

- o A X
Y—YOS—(YO Yco)e

YO= initial (cold) value

Ym= equllibrium value

X distance traveled

X 4.61/» , distance at which Y®Y

99

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v ¥z ( FXO CAT TST P
mph 1b 1b °c °c psl
50 | 170 | 7.3 [51.48 |317¢ [27.30 |

1918 | 22.04

1ss | 12.23

1531 | 1671

|2872 138,64
- [280] 1368 | 1 —1t

CAT
T3T

I

Contalned Air Temperature

Tread Surface Temperature
A-79



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO &34
TIRF RUN NO (0604-Series)|. OG
SI1ZE gk 7015
MANUFACTURER aY
~ BRAND NAME CUSTOM TREAD STEBEL DELTED RADIAL

LOAD RANGE (PLY RATING)

B

MAX T&RA LOAD, 1b 1620
MAX INFL PRESS, psi a2

NO OF PLIES | TREAD 2P+ 2SS
AND CORD

MATERIAL SIDEWALL 2p

DOT NO MJIUS|CXE {454
CONSTRUCTION TYPE R

RIM WIDTH, in .00
SHORE HARDNESS 54.8
REMARKS GM TPC
NOTATIONS

FI FIRESTONE
GY GOODYEAR
UN UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADIAL PLY

FIBERGLAS

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL

D m o =2 = =

TT  TUBETYPE
TL TUBELESS

A-80



TIRE NO &34

RUN NO 06040QG&

INFL PRESS COLD 24 psi

REMARKS  FLAT BED s

TRANSIENT TESTS @ V =50 mph AND FZ =]320 1b

Y Y Y -Y A X Std.Error
Variable | © | ° ® 99 lof estimate
measaured ml

FXO, 1b [|1395 | 486 |.237 | 125 A3

cat, °c |sL.oa |-1o282 [ .16 | 278 .05
TST, °C [30.68| -4.55 |.|83 | 25.2 02

P, psl 2719 | -2,82].1776 | 262 00

-aX

Y=Y 4 (Y,-Y,)e

Y = initial (cold) value

ch= requilibrium value

X = distance traveled

X99= 4.61/x , distance at which YzYOo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES
' 1

v FZ FXO CAT | TST P
mph 1b 1b °c °c psi
50 830! 1.53% |51.00 |30.63(27.20
2003 | 23.35 )
1238 | 12.84
1648 | 17.53
13282 | 1371
1275 | 13.49

CAT
TST

Contalned Alr Temperature
Tread Surface Temperature
A-81




TIRE AND RUN IDENTIFICATION

TIRF TIRE NO a7

TIRF RUN NO (0604-Serties)|. 07

SIZE HRT&-15

MANUFACTURER ' UnN

BRAND NAME “STEEL BELTED RADIAL PRé
LOAD RANGE (PLY RATING) B

MAX T&RA LOAD, 1b 170

MAX INFL PRESS, psi =7

NO OF PLIES | TREAD P+25+2N

AND CORD 2P*25

MATERTAL SIDEWALL 2P

DOT NO | . |APIVYEL [025
CONSTRUCTION TYPE R |

RIM WIDTH, in &.00
- SHORE HARDNESS 53,0

REMARKS GM TPC

NOTATIONS

FI  FIRESTONE F  FIBERGLAS
GY  GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N  NYLON

. ' P POLYESTER
B BIAS PLY R RAYON

BB BIAS BELTED S  STEEL

R RADIAL PLY

TT  TUBETYPE
TL  TUBELESS

A-82



TIRE NO @37

RUN NO 0604097

INFL PRESS COLD 2 4 psi

REMARKS  FLAT BED ]

TRANSIENT TESTS @ V =50 mph AND FZ =ISI10 1b

Y Y Y -Y A X 3td.Error
Variable | - @ °© o 99 ~jof eatimate
measured mi

FXO,.1b |18l 779 | 240 | 192 24

cat, °c |g99al-28.17 | 188 | 227 N4
[e]

TST, “C {313 | -L00] 177 | 260 04

P, pal 2837 | -39z ,ig9 | 290 Ne)

-aX

Y=Y060-(Y0—Ym)e

Y = initlal (cold) value

Yoo= vequlllbrlum value

X dlstance traveled

h.61/x , distance at which YeY

X

99

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES

v FZ FXO CAT | TST P
mph 1b 1b °¢c °c psi
50 D00 A.L7 59. 76 |21.08 |2837
2263 | 27.86 ' '
1260 | 14.46
1808 | 20.69
1512 | 16.12

) Tess [T T

CAT
ST

Contalned Alr Temperature
Tread Surface Temperature
A-83



TIRE AND RUN IDENTIFICATION

TIRF TIRE NO C38
TIRF RUN NO (0604-Series)j. 33

SIZE FR7&-14

MANUFACTURER : GY

BRAND NAME STEEL BELTED RADIAL
LOAD RANGE (PLY RATING) B

MAX T&RA LOAD, 1b 1 1500

MAX INFL PRESS, psi - ag

NO OF PLIES | TREAD 2P+2S+ 1N

AND CORD :

MATERTAL SIDEWALL 2P

DOT NO MKILS [DWH {433
CONSTRUCTION TYPE R

RIM WIDTH, 1in 5.50

SHORE HARDNESS £9.,0

REMARKS GaM TPRC

NOTATTIONS

FI  FIRESTONE F FIBERGLAS

GY GOODYEAR H  HIGH PERFORMANCE ORGANIC FIBER
UN  UNIROYAL N  NYLON

‘ P  POLYESTER

B BIAS PLY R RAYON

BB BIAS BELTED S STEEL

R RADIAL PLY

TT TUBETYPE
TL  TUBELESS

A-84



TIRE NO (38
RUN NO 0604033

INFI, PRESS COLD 24 pst

REMARKS  FLAT BED [

TRANSTIENT TESTS @ V =S5O mph AND FZ ={280 1b
Y Y Yo- Yco A X Std.Error

Varlable © 99 |lof estimate
measured ml

FXO, 1b (1292 | 4.94 [.270 | !7.! J2

caT, “c [54.29(-22.18 | .148 [ 311 .07

[<]

TST, C |30,24 | -672 | .25 | 297 04
P, psi(27.64] -2.20] .18 | 292 00

-aX

Y=Y05+-(Y0—Ym)e

Y= initlal {(cold) value
Ym= equllibrium value
X = distance traveled

X99= 4.61/a , distance at which Y=Y

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEM.PERATUR‘ES‘

v FZ FXO CAT TST P
mph 1b 1b °¢ °¢ pail
20 12021259 |84.0] |36.246(27.64

774 | &.23
1914 21.7]
153 12.32
1524 1506
J 1455 |358 f -t

CAT
TST

Contalned Alr Temperature

Tread Surface Temperature
A -85



- TIRE AND RUN IDENTIFICATION

- TIRF TIRE NO ' @32
TIRF RUN NO (0604-Serles)|.of
SIZE HRT70~-1%
MANUFACTURER UN
'BRAND NAME STEEL BELTED RADIAL PR6

LOAD RANGE (PLY RATING)

B

MAX T&RA LOAD, 1b 170

MAX INFL PRESS, psi a7

NO OF PLIES | TREAD 2P 425
AND CORD - ,

MATERIAL SIDEWALL 2F

DOT NO , APIUZICN I |3c4
CONSTRUCTION TYPE R

RIM WIDTH, in &.50

. SHORE HARDNESS 57.2
REMARKS GM TPC
NOTATIONS

FI FIRESTONE
GY  GOODYEAR
UN  UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADTAL PLY

FIBERGLAS

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL

v W =2 = 9

TT TUBETYPE
TL  TUBELESS
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TIRE NO &3%©

RUN NO 060400 &

INFL PRESS COLD @4.- psl

REMARKS  FLAT BED [

TRANSIENT TESTS @ V =50 mph AND FZ =[|5/0 1b

Y Y Jy-v¥ N X Std.Error
Variable | - ® | ¢ @ 99 lof estimate
measured mi

FXO, 1b |16.02| &24|.2271| 20.8 AO

cAT, %c [53.726]-2693 ] .13 | 28 | .27
ST, °c |2878] -3.83|07168 @0z | o1

P, psl|2837| -3.L8) .16l Z28.6 | Nl

_ . -aX
Y=Y (Y- Y, ) e

Y = initlal (cold) value

ch= equillibrium value

X = distance traveled

x99= 4.61/) , distance at which Y”Yoo

LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES.

v FZ FXO |} CAT TST P

mph 1b 1b °c % psi

50 214 | 8.9% 5245 {28.12 |28.42
2257 | 260%
1285 1%.89
1803 | 19.10

1516 | 15,76
s | 1550 Jf ' }

CAT
TST

Contalned Alr Temperature
Tread Surface Temperature
A-87




TIRE AND RUN IDENTIFICATION

@40

FL FIRESTONE
GY GOODYEAR
UN UNIROYAL

B BIAS PLY
BE BIAS BELTED
R RADIAL PLY

~ TIRF TIRE NO
TIRF RUN NO (0604-Series)|. 39*,471,:50*
SIZE GRIB®-I 5
MANUFACTURER UN
BRAND NAME STEEL BELTED RADIAL. PRE
LOAD RANGE (PLY RATING) B
MAX T&RA LOAD, 1b 1620
MAX INFL PRESS, psi 372
NO OF PLIES | TREAD 2P+ 25+2N
AND CORD
MATERIAL SIDEWALL 2P
DOT NO AP IVWIDR [0I5
"ONSTRUCTION TYPE =
RIM WIDTH, in .00
SHORE HARDNESS S54.75
REMARKS GM TPC
¥ See Section 11.0
NOTATIONS Tt see Fig. 49

F . FIBERGLAS ,

H HIGH PERFORMANCE ORGANIC FIBER
N NYLON

P POLYESTER

R RAYON

] STEEL

TT TUBETYPE

TL  TUBELESS




TIRE AND RUN IDENTIFICATION

TIRF TTRE NO &b |

TIRF RUN NO (0604-Series)|. 09,54

STZE HI18-15
MANUFACTURER 1

BRAND NAME DELUXE CHAMPION
LOAD RANGE (PLY RATING) B

MAX T&RA LOAD, 1b 1770

MAX INFL PREss, psi 27

ggnogogglEs TREAD 4P

MATERIAL SIDEWALL 4P

DOT NO WKIVX VEE | 145
CONSTRUCTION TYPE B '

RIM WIDTH, In &.00

SHORE HARDNESS 57.2

REMARKS

Tive added A+ Request _

of S.Bebo, TSC

NOTATIONS -

FI FIRESTONE
GY  GOODYEAR
UN  UNIROYAL

B BIAS PLY
BB BIAS BELTED
R RADIAL PLY

700 I I A I

FIBERGLAS .

HIGH PERFORMANCE ORGANIC FIBER
NYLON

POLYESTER

RAYON

STEEL

H 3

TUBETYPE
. TUBELESS |

A-89



TIRE NO

o4\
RUN NO 0604009
INFL PRESS COLD 24.-‘ psi
REMARKS  FLAT BED [
TRANSIENT TESTS @ V =50 mph AND FZ =1{510 1b
Y Y Y - Y A X Std.Error
Varlable | - © o @ 29 . of estimate
measured mi
FXO, 1b |[21.26(12.41 | .298 |15.5 26
car, ‘¢ |@2.80-32.60] 190 | 243 | .32
18T, °c |3k |-11.01 | 264 ] 175 .04
P, psl |282.94 | -4.58 | .ID] 24, O
a ‘- AX '
Y =Y+ (Yo- Ym),e
Y. = initial (cold) value.
Yco= ‘equilibrium value
X = distance traveled
X99= 4,61/ , distance at whiech Y“Yoo
LOAD AND SPEED VARIATION TESTS @ CONSTANT TEMPERATURES
v FZ FXO CAT TST P
mph 1b 1b °c °¢c psl
50 =10 .44 |23 292 |29205
2257 | 36.07
1241 | 18.44
180 | 2628
IS4 | 20.¢l * # F
l ' 1509 | 2097
CAT = Contained Air Temperature
= Tread Surface Temperature

TST

A-90




TIRE NO &4 |
RUN NO 0604054
INFL PRESS COLD 24 psi

REMARKS ] DRUM

TRANSIENT TESTS @ V =S5O mph AND FZ =1S{O 1b

Var"{able : Yoo Yo-' Ym A X99 i?’dél:?i.:;te
measured mi

FXO, 1b | 18.82 |12.31 |.38] 12.1 .25

car, “c |¢9.57 |-39.53 | .20] | 222 .34
ST, °¢ |40.40 |-12.35 | 302 | 153 | .09

P, psl (30.00(|-8.I5 |.193% | 239 -O2

_ . - AX
Y_ch(Yo—Ym)e

initial (cold)} value
= equilibrium value
= dlstance traveled

Y°=
Yoo
X

X99= 4.61/x» , distance at which YBYoo

LOAD AND SPEED VARIATICN TESTS @ CONSTANT TEMPERATURES.

v FZ FXO CAT TST P
mph 1b 1b e °c psi
S0 1512 [ 18.41 [70.15 |40.66 [30.13

209 | a9l

27591 33.3%

1359 15,78

1808 | 25.80 ~
Flsoleas [+ VT

CAT
ST

Contained Alr Temperature

Tread Surface Temperature
A-91






APPENDIX B

FLAT ROADWAY/DRUM TRANSIENT TEST
RESULTS OF FIVE TIRES



FLAT ROADWAY — DRUM COMPARISONS

TRANSIENT TESTS

TIRE NO. 623 (SAE ROUND ROBIN)
A78-13 BIASPLY

LOAD = T&RA @ 24 PSI
INFLATION PRESSURE = 24 PS! COLD
ROAD SPEED ~ 50 MPH
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FLAT ROADWAY — DRUM COMPARISONS

TRANSIENT TESTS

TIRE NO. 624 (SAE ROUND ROBIN)
A78-13 BIAS BELTED

LOAD = T&RA @ 24 PSi
INFLATION PRESSURE = 24 PSI COLD
ROAD SPEED =50 MPH
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C.AAT.INDG.C

75+

704

65+ RUN 56 DRUM
M‘.

60 T,

'Lyl e T——
ROADWAY

20 L e ¥ 1 'y 1 1 L e J
6

8 10 12 14 16 18 20
X DIST IN MILES
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FLAT ROADWAY — DRUM COMPARISONS

TRANSIENT TESTS

TIRE NO. 631 (SAE ROUND ROBIN)
BR78-13 RADIAL PLY

LOAD = T&RA @ 24 PSI
INFLATION PRESSURE = 24 PSI COLD
ROAD SPEED = 50 MPH
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91-d

PRESS IN PSI

35-1

25+
204
154

104

RUN 57

DRUM

] 1 | L 1 L

RUN

ROADWAY

4 6 8 10 12

X DIST IN MILES

18 20



FLAT ROADWAY - DRUM COMPARISONS

TRANSIENT TESTS

TIRE NO. 629 (SAE ROUND ROBIN}
L78-15 BIAS BELTED

LOAD = T&RA @ 24 PSI
INFLATION PRESSURE = 24 PSI COLD
ROAD SPEED = 50 MPH
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0cz-d

T.5.T. INDG.C

804

75-1

704

45-
404
35+
30+

251

8 10 12
X DIST IN MILES
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PRESS IN PSI

35}

254

20-
164
104
5 -
0 L 1 1 1 1 ] ] 1 [ o |
0 2 4 6 8 10 12 14 16 18 20

X DIST IN MILES



FLAT ROADWAY — DRUM COMPARISONS

TRANSIENT TESTS

TIRE NO. 627 (SAE ROUND ROBIN)
LR78-15 RADIAL PLY

LOAD = T&RA @ 24 PSI
INFLATION PRESSURE = 24 PSI COLD
ROAD SPEED = 50 MPH
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APPENDIX C

REPORT OF INVENTIONS

Cc-1



APPENDIX C

REPORT OF INVENTIONS

After a diligent review of the work performed under this

contract, it was determined that no innovation, discovery, improvement,

or invention was made.



