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FOR EWORD
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No. 1 369 “Mechanical Systems for Advanced Military Fli ght Vehicles ,”

Task No. 136901 “High Performance Landing Gear for Advanced Military
Fl ig ht Veh icles ,11 Work Unit Number 13690146 “Laboratory Test and Tech-

H nology Integration. ” The time period of the effort was 6 February 1975
through 11 August 1975.

The data was obtained by Caispan Tire Research Facility (TIRF),

Caispan Corporation , Buffalo , New York , under Air Force Contract F33615-
75-C-0l06. TIRF submitted report number ZM-5689-T on the contract.

The con tract was mon itored by Mr . Ben J. Brookma n , Jr . (AFFDL /FEM) .
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SECTION I

INTRODUCTION

This report sunriarizes results of tests conducted on aircraft tires
at the Caispan Tire Research Facility (TIRF), Bu ffalo , New York . These
tests were performed for the Air Force Flight Dynamics Laboratory , Wright -
Patterson A ir Force Base under Contract Number F336l5-75-C-0106.

The test program was conducted in two parts . Part I comprised a
series of tests of two instrumented 20 x 4.4/12 ply rating (PR) Type VII
standard (std.) production aircraft tires . One tire was instrumented
with thermocouples to indicate temperature build -up , while the other tire
contained normal stress transducers imbedded between the tread and carcass.
These tires were rolled at specified speeds for a distance of two miles
for temperature tests and three tire revolutions for stress tests. Con-
ta i ned a i r pressure , contained air temperature , and carcass temperature
were recorded from the f i rs t ti re , while normal stress was recorded for
the second. The normal stress measur ed i n th i s test is the ra di a l stress
at the tread and carcass interface. These tests were conducted between
March 26 and April 2, 1975.

Part II of this test program was conducted from May S to May 9, 1975.
Various 6.00-6 aircraft tire designs were tested including the 8 ply rated
std . production tire , the replaceable tread tire , and cast tire . The
replaceable tread tire (RTT) is a two piece tire consisting of a separate
text i le re inforce d ru bber carcass an d tread bel t. When the carca ss i s
def lated , the tread belt is easily slipped over the carcass ’s circumference.
Then the carcass is i nfla ted , wh ich causes it to expand and results in an
integra l carcass/tread belt tire assembly (see Figures 6 and 7). The cast
ti re is a t i re whi ch was rotat i onal l y mo ld ed from a thermo p las ti c
polyester elastomer material. It has a continuous toroidal construction

with un iform thickness and does not have textile reinforcement.

The tests were accom p l i she d to obta i n measure men ts of thc three
forces and three moments generated in the tire contact patch (see Figure
2) as a funct ion of six independent variables . These variables are the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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vertical load , slip angle , slip ratio , velocity , i nfla ti on pressure , and
road condition. The tests were conducted such that three of these variables
were held constant, while at least two of the remaining parameters were

• varied so as to obtain a family of curves describing the relationship
between varying inputs and the corresponding tire force or moment output.
The range of these parameters were as follows : vertical load 500 - 1 500 lbs ;
sli p angle 00 — 12°; slip ratio from 0 (free rolling) to -1.0 (see Section
IV, Figure 11) velocity from 5 to 100 mph; inflation pressure of 30 and
55 psi; and road conditions of dry , .050” wa ter f il m th ickness , and .200”
water film thickness.

2
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SECTION II

TE ST MACHI NE

A photograph of the Calspan Tire Research Facility (TIRE) is shown
in Figure 1. The primary features of the macn’ne are described below .

1. TIRE POSITIONIN G SY STEM

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 programable 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 1.

The wheel drive shaft is equipped with a six-component strain gage
balance system. 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 tire axis system showing the
tire forces and moments acting at the center of tire contact is in agree-
ment with SAE convention and is shown in Figure 2.

2. ROADWAY

The 28-inch wide roadway is made up of a stainless steel belt coverfi
with material that simulates the frictional properties of actuul ro~~
surfaces. The belt is main tained flat to with in 1 to 2 m ils under tic
tire patch by the restraint provided by an air bearing pad wh ich 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 roac s~,eed
is servo controlled and may be programed to be constant or varied.

Surfaces usually used are commercial anti -skid coatings. These
surfaces have excel l ent microtexture giving a wet skid nuiPber 1 of c. !o ut
60 in the untreated conditi on . The surfaces are honed to redi~ce the wt ’t

40 mph and 0.20 in. water depth using the PSTMF-5~l Standard Pav~r’t~r t
Traction Tire .

3
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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 water nozzle spans the width of 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 pressure. At each test condition the water film is laid on tangent

to the belt with the water velocity equal to the belt velocity . The film
thickness may be varied from as low as 0.005 inch up to 0.5 inch.

3. TIRE-WHEEL DRIVE

A drive system which is independent of the roadway drive is attached

to the tire-wheel shaft. This separate drive allow s full variation of
tire slip both in the braking and driving modes . The tire slip ratio,

which is the ratio of the braked to the unbraked wheel horizontal velocity ,
is under servo control .

4. FACILITY VALIDATION

It has generally become accepted by industry and government that ddta

recorded from TIRF tests are valid , in the sense that forces, momen ts , and
cnergy losses measured on the facility , are the same as would be experienced
on the road under similar conditions. A validation program was sponsored

by the Motor Ve hi cle Manu fac turers Asso ci at ion an d the Ru bber Manu facturers
Association in which identical bias belted and radial ply tires were run
at various test conditions on the Calspan TJRF 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 TIRE) were flat bed laboratory machines . The road test
data indicated significant spread , w it h the TIRE da ta f a l l i ng near the
renter of this spread. Typical results are shown in Figure 3.

4
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TABLE 1

TIRF CAPABILITIES

Characteristic Range

Tire Slip Angle (ci) +30°

Tire Camber Angle (‘y) ±30°

Tire Slip Angle, Rate (si) 10°/sec

Tire Camber Angle Rate (y) 7°/sec

Tire Load Rate (Typical) 2000 lb/sec

Tire Vertica l Positioning 2”/sec

Road Speed (V) 0-200 mph

Tire Outside Diameter 18.5” to 46”

Tire Tread Width 24” Max

Road Belt Width 28”

I.

6
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SECTION I l l

TEST PROCEDURES AND RESULTS : PART I

The 20 x 4.4 /12 PR aircraft tire which was instrumented with norma l
stress transducers will be denoted as tire “A” . Tire A was instrumented
w i t h  f i v e  stress transducers, three located one-half inch from the tire
center line in an inner rib, and two located one and one-half inches from
the tire center line in an edge rib (see Figure 4). All of the trans-
ducers in this tire and in the tire later to be referenced as tire “B”
were placed only in the inner rib and edge rib of the outboard half of
the tire so as to allow easy access to the lead-in wires. The stress
transducers were of one active arm strain gage type, connected in to  a

bridge with three volts DC excitation . Output signals from the bridges
were conditioned by amplifiers whose gains were 100. The calibration
factors for the five stress transducers are shown in Table 2.

The transfer function between the output voltage and the bridge
excitation voltage (E0/E1) Is:

E0 1 R 1
= 

4 R + 2 where =

c being the strain (inches/inch) and GE being the gage factor.2 The

bridge output was then related to the tire normal stress (a) by the

following equation :

_ 2 x  10 6
° E.

k ~~ - 2) where k(microstrain/psi)

i s the stress fac tor , unique to each transducer and specified by the
manufac turer .

2Results of Tests Conducted on 6.00 x 6 and 20 x 4.4 Aircraft Tires at the
Calspan Tire Research Facility for the Air Force Flight Dynamics Laboratory.
Calspan Report ZM 5689-1, Caispan Corporation , Buffalo New York, July 1975

9
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The load on Tire A during the tests was approximately 3000 pounds

which yielded a deflection of 31 percent of the unloaded section height
at the inflation pressure of 100 pounds per square inch. The tire was
ro ll ed for at leas t three revolu tions dur i ng recor di ng of the norma l

• stresses at the forward velocities of 5, 10, and 20 miles per hour.

Values  of the pea k normal stress as a func tion of speed for T i re A are
summarized in Table 3. Run 4 is a repeat of Run 2 because of a problem

with a recorder pen on Run 2.

Tire B is a 20 x 4.4/12 PR aircraft tire which was instrumented with

eight copper constantan thermocouples. The thermocouples were equally
spaced around the outboard circumference of the tire in the tread, with
four located one and one-half inches from the tire center line in an edge

rib and four located one-half inch from the tire center line in an inner
rib. Carcass temperature and the contained air pressure and temperature
were recorded as the tire rolled for two miles at each of the velocities
of 5, 10, 20, 50, and 75 miles per hour. The test conditions on Tire B
were identical to Tire A; i.e. 3000 pounds at an initial conta ined air
pressure of 100 pounds , yielding a 31 percent deflection. Tire B
experienced a catastrophic cord rupture in the sidewall approximately
ten seconds before the completion of the 75 mile per hour test. A
photograph of the area of failure appears in Figure 5.

Tempera ture , time , and pressure data from the tests are summarized

i n Ta bles 4, 5, and 6. Table 4 contains a summary of the temperatures
measured by the eight imbedded thermocouples and the conta ined air
temperature thermocouple immediately at the end of each two mile run.

The ambient temperature listed was that established at the beginning of
each run. The data in this table indicates that the temperature build-up
is highly dependent upon speed. This is further clarified in Table 5
which contains a tabulation of the time of each two mile test. It shows
that the five mile per hour test consumed 24 minutes while the 75 mile
per hour test was completed in 1.6 minutes. Even with the large difference
in test time , the tire temperature after the 1.6 minute, 75 mile per hour
test was roughly twice the tire temperature after the 24 minute , five
mile per hour test. Table 6 lists the contained air pressures measured

10
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at the start and end of each run and shows that the air pressure is also
dependent upon speed. Noticeable anomalies appear in the data of
Tables 4 and 6. Particularly disturbing is the inconsistency between
the final contained air temperature and final contained air pressure
after each of the two m ile rolls. Because the tire was a retread, the
effects of carcass stretch cannot serve as a possible explanation. It is
a possibility that the conta i ned air thermocouple did not remain rigid
an d coul d have come i n con tact with the ti re or wheel , thereby giving a
false conta ined a ir tempera ture rea di ng.

The rated load and inflati on pressure of the 20 x 4.4/12 PR aircraft
tire is 5150 pounds and 225 psi. The reason the tests were not performed
at the rated load condition is due to the limitation of the loading in
pounds per square inch which can be supported by the air bearing on the
TI RF mach ine . Therefore , the load and pressure were adjusted to maintain
the correct carcass deflection (31 percent) in order to approximate the

same amount of flex and corresponding heat and stress levels.

i..
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Figure 4. Cross Section of 20 x 4.4/ 12 PR

TABLE 2

CAL I BRATION FACTORS OF STRE SS TRANSDU CER S

120 Transducers 350 Transducers
S/N Micro—Strain/psi S/N M fcr o—St rain /nsi

At GF = 2.00 At GF = 2.00

265 4.10 325 2.54

267 1.83 327 3.05

328 2.16
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Figure 5. Tire B - Area of Failure
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TABLE 4

FINAL TIRE TEMPERAT URE S AFTER ROLLING 2 MILES : TIRE B

Tire Temperature After 2 Miles (° F)

Road Speed

Thermocouple 5 mph 10 mph 20 mph 50 mph 75 mph

E1* 120 119 126 167 217

12 107 121 145 199 250

E3 133 118 151 189 258

14 118 110 139 192 252

E5 117 124 146 190 245

16 96 101 138 189 234

E7 123 124 138 172 229

18 94 107 126 184 230

Contained Air 92 70 83 107 146

Ambient 68 68 69 69 69

* “E” denotes edge rib; “I” denotes inner rib

15
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TABLE 5

TEST TIME OF 2 MILE ROLL: TIRE B

Road Speed (mph) 5 10 20 50 75

Test Time (mm ) 24 12 6 2.4 1.6

TABLE 6

TIRE CONTAINED AIR PRESSURE MEASURED
BEFORE AND AFTER ROLLING 2 MILES : TIRE B

Road Speed (mph) 5 10 20 50 75

Initial Unloaded
Pressure (psi) 100 100 100 100 100

Final Loaded
Pressure (psi) 100 100 115 120 127

16

I - - - - --- --5-- . .-- 
~~~~

- . •-
~~~~~~~~~~

•__ . — -
~~~~~~~ 

- -

— — -—-------_--—.•. —---- .— ~~~~~~~~~~~~~ -.• . . ,  •. -. .-.— . . .~~~~~~~
. 

~~~~~~~~~~~ - ~~~~~~
. .t_ ..



AFFDL-TR-76-95

SECTION IV

TEST PROCEDURES AND RESULTS : PART II

Par t II  of the test program cons i sted of measuremen ts of the forces
and moments generated by 6.00-6 aircraft tires under the conditions of

cornering and braking . Road speed , slip angle , load , and inflation

pressure were varied during the tests under dry , wet, and flooded road

conditions. A total of 32 tests were conducted , all at various conditions

and configurations of the 6.00-6 tire. The configurations consisted of:

• the eight ply rated std. production tire , 6.00-6 replaceable tread tire

(RTT) with circumferentially grooved tread bel t, 6.00-6 RTT with a
circumferentially and laterally grooved tread belt , 6.00-6 RTT with

knobby tread belt , rubber carcass of RTT without a tread belt , and cast

tires . Figures 6, 7, and 8 depict the RTT and the replaceable tread belt
of various tread designs. The cornering and self-aligning torque data
were generated wi th the tire rolling in one direction only while the
sl ip an gle was swept con ti nuousl y from 0 degrees to 12 degrees with a
sufficient pause at every even slip angle to obtain steady state data .

Tables 7 and 8 exhibit cornering force and self-aligning torque for
three 6.00-6 tire configurations at various speeds. Table 7 indicates

that the cornering force generally decreases with increasing velocity ,
while Table 8 indicates that no particular trend can be discerned for

the self-aligning torque . The most significant information presented

in these two tables is the magnitude of the forces created by the cast
tire . At some conditions , the cornering force of the cast tire is

found to be as high as 300 percent of that cornering force generated by

the other tires. At the l ower slip angles (0° - 8°) where most aircraft

operation occurs , the cas t ti re excel l s  i n corner i ng force at eac h

condition over the std . production 6.00-6 tire and the rubber carcass tire .

On the other han d , the cast tire exhibits little or no self-aligning
torque when the sl ip an gle i s increase d to four degrees an d beyon d. No
data is presente d for the cast ti re at 100 mph , due to the tire failure
shown in Figure 9. The std . production 6.00-6 tire also experienced a
catastrophic failure , shown in Figure 10 , but the tire was replaced

and test i ng was con ti nue d.
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Cornering force of four 6.00 -6 tire configurations is shown in

Table  9 for several road conditions. It is shown in  these charts that
corner i ng force general l y degra des as the sur face becomes wet, es pec ia l l y
at the higher slip angles . The cornering force of the cast tire , however ,
shows little change at the l ower slip angles (up to 6°) with an increase

at the higher slip angles as the surface becomes wet. This increase in
cornering with an increase in water film thickness is highly abnormal
and cannot be explained. Also , as demonstrated in Table 7 and 8, the
cornering force of the cast t i re  exceeds tha t  of the other 6.00-6 tire
types up to eight degrees yaw and obviously becomes more predom i nant as

the surface becomes wet. Another point of interest from these charts
is the slip angle at which the peak cornering force is achieved . In
general , the cornering force increases with increasing slip angle until
a maximum slip angle is reached where the slope of the cornering curve
will become negative. Typical values of the maximum slip angle are
generally between 16° and 22°, depending on the tire type, s ize , and
prescribed test conditions. However , the pea k value of corner i ng force
for the cast Lire occurs around the slip angle of six degrees . Essentially,
what this indicates is that the cornering force produced by the std .

production 6.00-6 tire on a dry surface at approximately nine degrees of

slip can be produced by the cast tire at a slip angle of only four degrees.
On wet sur faces, Table 9 shows that the cornering force produced by the
cast tire at two degrees of slip angle is comparable to the magnitude of

cornering force produced by the std . production 6.00-6 tire at slip
angles of eight to 12 degrees. Another important aspect , no t shown i n
this table , but available in Appendix A is the cornering force dependency
on speed . The cornering force diminishes at higher speeds , indicating
no cornering ability at all for some of the tire configurations at a
veloc i ty of 100 miles per hour. However , the corner i ng stiffness ( slo pe
of the cornering force curve ) of the cast tire is nearly independent of :;
speed and tnus is able to generate substantial cornering forces at large
velocities under dry and wet conditions. Plots showing the self-aligning

torque data for the various 6.00-6 tire types are shown in Appendix B at
various speeds . Appendix C and D contains , respectively, plots of the
cornering force and self-aligning torque as the tire loading is varied .

18
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Table 10 and Table 11 present three mec hanical properties for the

cast tire and for the std. production 6.00-6 tire at inflation pressures

of 30 and 55 pounds per square inch. These tables show that with in-
creasing inflation pressure , cornering force increases , the unbraked drag

force decreases, and the self-aligning torque decreases. These tables
again indicate higher cornering force and l ower self -aligning torque values
of the cast tire at nearly every data entry . It also shows l ower values

• of the unbraked drag force for the cast tire when compared to the std .
• production 6.00—6 tire , which indicates less power consumption . Table 10

shows there is a substantial loss of cornering force for the std . pro-
duction 6.00-6 tire when the inflation pressure is reduced from the rated

inflation pressure of 55 psi to 30 psi , where Table 11 shows less of a
difference in the cornering force of the cast tire at the two inflation
pressures . In fact, the cornering data of the cast tire is nearly

identical for both inflation pressures at slip angles greater than five
degrees.

Table 12 shows the normalized tractive force (tractive force divided

by vertical load) for five 6.00-6 tire types at various slip angles.

The peak value and the value at the slip ratio of 0.0 (free rolling ) and

at -1.0 (full braked skid) are provided at each slip angle. The peak
value generally occurs around the slip ratio of -0.3, but may vary from

-0.1 to -0.4. Figure 11 shows a typical slip curve (tractive force vs.

~ slip ratio). On the dry surface , Table 12 shows that the RTT wi th the
circumferentially grooved belt proved to be the best in brake force.
In order , it was followed by the std . production 6.00-6 tire , the RTT
wi th the circumferentially and laterally grooved belt , and the RTT with

the knobby belt. The cast tire produced the l owest values of tractive
force , wi th the force at the peak va l ue comparable to the force produced
at full skid. With a wet surface , Table 12 shows a rearrangement of
the order of preference when selecting a tire for its braking ability .

The RTT equipped with the circumferentia lly and laterally grooved belt

or the knobby belt provided the most tractive force, followed by the RTT

with the circumferentially grooved belt. The std. production 6.00-6 tire

placed fourth , with the cast tire again showing the poorest tractive force

performance .

19
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The actual tractive or brake force can be obtained from Table 12 by
multiplying the normalized tractive force by the vertical load. The vertical

• load during all brake stops was 1000 pounds. To obtain the tractive force
curve , a d.c. tachometer was incorporated into the wheel hub assembly to
measure the braked wheel velocity (Ub ) . Thi s parame ter was then compare d
wi th the velocity of the TIRE road surface which is the free rolling wheel
velocity (w) to obtain the slip ratio. The velocity of the TIRE road

surface was maintained constant at fifty miles per hour during the entire
braking tests. A curve showi ng the tachometer calibration is presented
in Figure 12 which relates the tachometer output to the wheel rpm .

Table 12 shows an incomplete set of data for three tires , namel y
the cast tire, and the RTT with the circumferentially grooved bel t and

the RTT wi th the circumferentially and laterally grooved belt. The data
for the cast tire is incomplete because of tire failure . The data for

the two replaceabl e tread tires are incomplete because the tires did not

come to a complete stop under braking . Several of the tires would not
come to a comple te stop un der the adv i sed max imum bra ke pressure of
300 psi. The brake pressure was then increased to 450 psi but the two
replaceable tread tires mentioned above still did not brake to a full
stop. The normalized tractive force vs. slip ratio curves for all five
6.00-6 tires appear in Appendix E.

Another probl em encountered during the brake tests was the inability

of the bra ke to fu l l y release af ter the pressure was removed. Thi s d id
not affect the peak and skid (SR = -1.0) va l ues, bu t may have i ncrease d

• the value of the freely rolling (SR = 0.0) drag force. However, this
being the case, the data at zero slip remains significant for the

• relative comparison of free rolling drag force of one tire to another.

20
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Figure 7. 6.00-6 Rubber Carcass with Mounted Circumferentially
Grooved Tread Belt - The Replaceable Tread Tire
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TABLE 7

CORNERING FORCE OF 6.00-6 TIRES AT VARIOUS SPEEDS

• I r ilation Pressure: 55 psi
Ver t ical Load : 1500 lbs
Road Surf ace: Dry

- • Tire

Slip 6.00— 6
Angle Velocity 6.00—6/8 PR Rubber Carcass 6.00—6
(Deg) (mph) Std . Production Without Belt Cast Tire

• 0 5 31 3 — 1 4
2 5 —151 —133 —472
4 5 —332 —280 —703
6 5 —485 —426 —819
8 5 —632 —575 —809

10 5 —762 —713 —787
12 5 —892 —850 — 769

O 20 44 9 —9
2 20 —141 —136 —453
4 20 —325 —286 —689
6 20 —488 —433 —759
8 20 —628 —584 —715

10 20 —757 —721 —653
12 20 —886 —845 —617

o so 46 10 7
2 50 —135 — 133 —4 20

50 —309 —283 —653
6 50 —454 —430 —658

50 —591 —578 —594
- - • 10 50 —708 —707 —557

12 50 —821 —C13 —536

100 64 35
2 100 -88 —9~ (Tire
/. ~OC —228 —2 2 8 Failed)

leO —3 5 0 —3 5 5
100 —452 —482

10 100 — 5 4 2  — .01.

l 2 lCO —625  —6~JS

24
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TABLE 8

SELF-ALIGNING TORQUE OF 6.00-6 TIRES AT VARI OUS SPEEDS

Inflation Pressure: 55 psi
Ver tical Load : 1500 lbs
Road Surface: Dry

Tire

Slip 6.00—6
Angle Velocity 6.00—6/8 PR RubLer Carcass 6.00— 6
(Deg) (mph) Std. Produc tion Without Belt Cast Tire

0 5 —1.8 2.2 —8.4
2 5 38.6 33.0 38.7
4 5 73.6 57.2 19.6
6 5 92.6 75.2 1.5
8 5 107.3 83.5 — 3.7

10 5 114.4 82.1 —4. 5
12 5 114.0 73.8 —2.4

o 20 —4 0.4 — 7 . 8
2 20 39.2 33.3 34.4
4 20 72.7 62.4 15.6

20 95.0 80.0 — 1.9
8 20 104.6 87.2 —1.3

10 20 108.4 79.7 0.7
12 20 105.5 65.6 2.5

o so —2.4 0.1 —7 .6
2 50 39.8 34.2 34 .6
4 50 70.9 61.8 13.4
6 50 91.9 78.~ —2 .3
8 50 101.5 S5 .9  1.9

• 10 50 101.3 7 7 . 6
12 50 9 €.8  59 .4 1 . 0

0 100 —1.2 1.2
2 100 34.8 14.7 (T ire
4 100 62.7 p0 .7 F.i~i 1e.d )
6 100 61.~8 100 ~39 .8  91 .3

10 100 90.9 97 .3
12 100 p5.4 81.0

25
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Figure 9. Cast Tire : Failure Occurred During Cornering Tests
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Figure 10. 6.00-6/8 PR Standard Production Tire : Failure
Occurred During Cornering Tests
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TABLE 9

CORNERING FORCE OF 6.00-6 TIRES AT VARIOUS ROAD CONDITIONS

Inflation Pressure: 55 psi
Ver t ical Load: 1500 lbs
Forward Veloc ity:  50 mph

Road Surface: Dry

Tire

Slip Angle 6.00—6/8 PR , Cas t RTT , Circumferen t ial PTT , Knobby
(Deg) Std. Production Tire Grooves Belt

o 46 7 38 41
2 —135 —42 0 —89 —86
4 —309 —653 —224 —221
6 —454 —658 —3 50 —351
8 —591 —594 —487 —485

10 —708 —557 —602 —6 09
12 —821 —536 —713 —713

Road Surface: 0.050” Water Film

Tire

Slip Angle 6.00—6/8 PR , Cast RTT , Circumferent ial RTT , Knobby
(Deg) Std . Production Tire Grooves Belt

0 59 —13 15 4
2 — 120 — 420 —117 —140
4 —273 —589 —244 —285
6 —366 —624 —345 —395
8 —423 —622 —413 —484

10 —438 —602 —456 — 526
12 —441 —60 1 —474 —560

Road Surface: 0.200” Wa ter Film

Tire

Slip Angle 6.00—6/8 PR , Cas t RTT , Circumferen t ial RTT , Knobby
(Deg) Std . Production Tire Grooves Belt

0 68 62 —3 —14
2 —120 —385 —1 12 —151
4 —254 —668 —185 —275
6 —325 —723 — 216 —363
8 —366 —743 —226 —400

10 —380 —722 —237 —418
12 —380 —7 10 —226 —446

28
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TABLE 10

MECHANICAL PROPERTIES AT 30 AND 55 PSI INFLATION
PRESSURE FOR THE STANDARD PRODUCTION 6.00-6/8 TIRE

Ve rtical Load : 1500 lbs
Forward Velocity : 50 mph
Road Surface: Dry

Inflation Pressure: 30 psi

Slip Angle Cornering Free Rolling Self—Aligning
(Deg) Force (ibs) Drag (ibs) Torçue (ft—lbs)

0 28 —4!. —0.9
2 —84 —4i 46.4
4 -187 —51 83.8
6 —276 -~64 111.0
8 -356 —

~~~~ 124.9
10 —434 — 9g. 132.4
12 —506 —106 132.7

Inflation Pressure: 55 psi

Slip Angle Corn ering Fr ee l ioll ing S e l f — / ~ligning
(Deg) Force (lbs) Drag (1h~’) Torque (ft—lbs)

o 46 —28 —2.8
2 —135 -28 42.8
4 —309 —35 78.2
6 —454 —46 96.9
8 -591 —55 101.4

10 —708 - •59 97.8
• 12 —821 — 61 85.3
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TABLE 11

M ECHA N1~CAL PR0PE~~ IES AT 30 AND 55 PSI INFLATION
P~.ESSUR E FOR TIlE 6.00-6 CAST TIRE

. r C,~.cLH ~,rac ~ l~ 1’fl . i~~ri rd \/eloc Y~~: ~C n~p 1
S~’~ ~c~~: E r’.’

:r ~~. t i c ~ Pr e ’r ’~re :  •31 ~~~

~- .ip A n~ le Cc~ nerirg  T Free 8olling 1 Sei f-t.1ig~~~ng
cg) F a rc e  ‘~~~~ Drag (lbs) Torque (1 t — T h s )

0 - 3 -4 4  -15.1

— 3 1
~ 7 —36 29.8

— 32
6 — D 7f --27 3.3
8 I —~ 31 — 2 F~

-5 2 ’~ -2~~-~c 
- 

0 .1  

—-

~i .  i a ~~icn P F ’ ’~~c :  55 p i

SiJ~ !.agle Ccrner :r i~ Free F o I l i n g  ~el f — A l i ’~nin~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) 

—_~ra ( lb ) Torciue (f ~ — lbs )

0 7 —30 —9.5
2 —L 2 ~ — 1 _ ~E 5 . 2
4 — ( ‘ 5 3  — 2 1  7 . 2

• .— •~5,
•
~ I — S . 4

• 12  - r. 
— • j — • •—. — 1 . 7

k

• - . • 

- I_ •~i~~~
_ _ __ 

I •,_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J -~~~~. - _ _ _



- ~~~~~~~~~~~ 
.- • ‘ - -. • . •

AFFDL -TR-76-95

TABLE 12

NORMALIZED TRACT IVE FORCE VS. SLIP RATIO
AT WET AND DRY CO NDITIONS

Ver tical Load : 1000 lbs
Forward Veloc ity :  50 mph
Infla tion Press ure: 55 psi

F~ /F z: Dry 1 S~~/ F z : 1)~~1). ’ . e t

• slip 1Angle P eak
Tire (Deg) SE = —1.0 SF. = 0.00 Value SR —1.0 SF 0.00 ‘J~~ . IIC

6.00-6/8 PR , 0° c~.76O ~.020 0.810 0.180 Q~~~ 11) ) , ~71.
Std. Productinn /~° 0.810 0.030 0.850 0.180 ~~~~~ ~~~~3° 0.895 0.035 0.900 0.180 ~~~~~ 0 . 2 ’ C

12° 0.730 0.040 0.800 ~~~~ 0 .0 5~ ~~~~~~

Cast Tire 0° 0.310 0.025 0.340 0 .2 0 ~ ( . 0 2 5  D . J~ (

4° 0.310 0.020 0.290 I 0.240 ~.025 3 . ( i ( ’
• 8° * * 0 . 2 3 0  3.03 1’  3 . ,

12 ° * * 0 .2/ 0 ( . r 23 3 .

6.00 — 6 RTT 0° * 0.021) 1.150 0.231) 0.010 d. 00
Circum. 4° 0.025 1. 1)513 I 0.22 0  0 .0 30 1 )• 3 1

Grooved 8° 0. 701? 0. 03 5  0.3130 0.215 C .~~L’~ ~~~~~
Belt 12° 0.710 0.035 0.750 3 . 2 ? f l  0 .05~ 3 .1°c

6.00—6 RTT 0° 0 600 0.020 0.810 0 .2 1 ) 0  0.025 ~~~~~
(nobby 4° 0.640 0.025 0.740 0.2(~’ 0.030 3 / 3 1

Belt 2° 0.650 0.030 0.700 . 0 .2 8 0  0.0411 3.41”
12° 0.620 0.030 0.650 0.2R0 0.045 3.3c

6.00-6 RTT 0° * 0.020 i~.C00 0.291) o.035 1 ) 1~7~ .
Circucn . and 4 ° * 0.025 o.6~° 0.280 (. 1.30 o.~

’ ’-
Axi ally Grooved 8° * 3.031) o. ’50 0.~~~5 0. ”~ ’

Belt 12° * 0.030 ).(~50 0.275 ~~~~~ ~~~~~

• *Data not available
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APPENDIX A

CORNERING FORCE VS. SLIP ANGLE AND VELOCITY
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Figure 11 . Illustratio ’i of Slip Ratio Curve in Obtaining Traction
Forces
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CORNERING FORCE
VS

SLIP ANGLE AND VELOCITY

1600.0 1
1 500.0 4

1400.0

1300.0
6 1200.0 —— ____ ____ ____ ____
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___- ___ _ _ _  _ _ _  _ _ _

700.0 ——-— 
- 

- _____

0
_~~~~~~c~~~~~~~d~~~-~

__
-± 

_ __ _

TIRE: 600 -6 / ~~~~ ± 5 MPH
• STD. PRODUCTION X 20 MPH

INFLATION PRESSURE: 55 PSI ~ 50 MPH
LOAD: 1500 LBS.  0 75 MPH
ROAD: DRY A 100 MPH
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CORN ERIN G FORC E
VS

SLIP ANGL E AND VELOCITY
1600.C

I 500.C
l400.C
1300.C

6 l200.C — —  ____ ____

0
1100.0

u, 1000.0
d 900.C

800.C 
10° 

I
~ fr

~~;oo.c _ _ _ _ _ __ _

200 0 /,‘ ~‘ ___  ___  ____  ____  ____

100 0

~~ 
°- °

° 

/j  ~~~~~ _  _ _ _ _

TIRE : 6 . 0 0 — 6  + 5 MPH
RUBBER CARCASS X 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: DRY A 100 MPH
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CORNERING FORCE
VS

SLIP ANGLE AND V ELOCITY
1600.0
1 500.0
1400.0
1300.C

6 1200 C0
IIOO.C

c/i l000.C

~ 900.C 
6° I 10°

~ 800.C ,-
700.C ____  ~ ( — 

____

° 
_ a°/ IIZ 

_ _ __ _

~~~4OO.C / / —

~~~~~~~~~~~~~~ 

_ _ _  _ _ _  _ _ _  _ _ _

_ _  

/ / / 
_ _  _ _  _ _I0O~ 00

1 
____ 

—— 

____ 

4

TIRE: 6.00 — 6 CAST TIRE + 5 MPH
3000 GMS M A T E R I A L  )( 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: DRY A 100 MPH
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• CORNERING FORCE
VS

SLIP ANGLE AND VELOCITY
1600.0
1 500.0
1400.0
1300.0

6 1200.0
0

1100.0 — ____ ____ ____ ____ ____ ____ ____ ____

ci, 1000.0
_____ ____ ____ 

12• d 900.0

~ 800.0 10° ____ ____ ____ ____

~~~700.0 __ 
_ _ _ __ __  — __  _ _

C~~ 600.0 /___ ____ ____ ____ ____ ____

5000 —~~~~~~~ / ~~ _ _ _  _ _ _  _ _ _  _ _ _

~ 400.0

.0 
_    _

TIRE : 6.oO — 6 / S PR + 5 MPH
STD. PRODUCTION X 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: I500LB S. 0 75 MPH
ROAD: WET .050 ” A 100 MPH
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CORN ERING FORC E
VS

SLIP ANGLE AND VELOCITY
1600.C

I500.C
1400.0
I300.C

6 1200.0
0

1100.0
ui I000.C
.~~~ 900.0

~ 800.0 _
~~

o_ _6 
~
p

TOO C 4

300.C — — ____ ____ ____ ____ ____ ____

200.C
I00.C

-C

T IRE;6.O0 - 6 CAST TIRE + 5 MPH
3000 GMS MATERIAL X 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: WET .050” A 100 MPH
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CO RN ERING FORC E
VS

SLIP ANGLE AND VELOCITY
1600.0 . ____ ____ ____

1 500.0

1400.0
1300.0

6 1200.0
0

1100.0
ui 1000.0

d 900.0

~~~800.O

700.0

600.0 
___  ___  ___  

8:Z~ >< ~~~ 
___  ___  ___

~ 500.0

TIRE : 6.00 —6 REPLACEABLE TREAD + 5 MPH
( CIRCUMFERENTIALLY GROOVED) X 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: WET .050” A 100 MPH

41

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



AFFDL-TR -76-95

CORN ER ING FORC E
VS

SLIP  A N G L E  AND VELOCITY

1600.C —  ____

I 500.C
1400.0
1300.C

6 1200.C
0

1100.0
ui I000.C
d 900.0

~ 800.0 I~
700 0

_ _  _ _  

6° 
_ _  _ _  _ _  _ _  _ _  _ _

8 300:e

_ _

4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_l0O~~~

_

~~~~~~

__
_ _

_
_ _

TIRE: 6.00 — 6 REPLACEABLE TREA D + 5 MPH
(KNOBBY BELT ) )( 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: I500LBS. 0 75 MPH
ROAD: WET .050 ” A 100 MPH
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CORN ERING FORC E
VS

SLIP ANGLE AND VELOCITY
1600.0
1 500.0
1400.0
1300.0

6 1200.0
0

1100.0
u 1000.0 o

~~ 
_ _ _  _ _ _  _ _ _  

I O°J\ 
_ _ _  _ _ _  _ _ _  _ _ _700.0

‘ 600.O 1<

U ::
__  _ _

_ _

_ _.0
_

O~~~~~~~~~~~~~~~~~~~~~~~~~— -~~~~~_ _

TIRE:6.O0 — 6 / 8 PR + 5 MPh
STD. PRODUCTION X 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH

LOAD: 1500 LBS. 0 75 MPH
ROAD: WET 200” A 100 MPH
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CORNERING FORCE
VS

SLIP ANGL E AND VELOCITY
1600.0
1 500.C
1400.0

1300.C
6 1200 .C
0

IIO 0.C
ci, 1000.0
d
~ 800.0

~~~~~0 700.0 - ____  ____  ____  ____  ____  ____  ____  ____

600.0
2 500.C ____ 

0 
____ ____ ____ ____ ____ _____ ____

100:C

_ _ _ __ ____

TIRE: 6.00 — 6 CAST TIRE + 5 MPH
3000 GMS M A T E R I A L  x 20 MPH

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: W ET .200 ” A 100 MPH
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CORN ERING FORC E
VS

SLIP ANGL E AND VELOCITY
600.0

1 500.C -

1400.0
1300.0

6 1200.C
0

1100 .0
u, 1000 .0 ——  ____ ____ ____ ____ ____ ____ ____ _____

d 900.0

~ 800.0
700.C 

10° ,.~f\ 
___  ____  ____  ____600.0 

8/~ ~~~~~ ~
0 ‘~~ “ ‘N. 

—

~~~~~~~~~~

_ _ ~~~~~~~~~~ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TIRE: 6 .00—6 REPLACEABLE TREAD + 5 MPH
(CIRCUMFERENTIALLY GROOVED) X 20 MPH • •

INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD: 1500 LBS. 0 75 MPH
ROAD: W ET .200” A 100 MPH

..
.
j
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CORN ERING FORCE

• VS
SLIP ANGLE AND VELOCITY

1600.0
1 500.0

1400.0
1300.0

• 6 1200.0 —
~~~~~~~~~ 

____

0
1100 .0

cn 1000.0
d 900.0

~ 800.C 12°
TO0.C 

~irj /~‘
600.C

2 500.0 -_ _  _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TIRE : 6.00 - 6 REPLACEABLE TREAD + 5 MPH

(KNOBBY BELT ) X 20 MPH
• INFLATION PRESSURE: 55 PSI • 50 MPH

LOAD: I500LBS. 0 75 MPH
RoAD: WET .200” A 100 MPH
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APPENDIX B

SELF-ALIGNING TORQUE VS. SLIP ANGLE AND VELOCITY

47
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ALIGN iNG TORQUE
• VS

• SLIP A NGLE AND VELOCI TY

225.0

200.0
U)

~ 1 75.0

t I5O.O
Lii

~ 12 5.0 10” ‘
~~~

~~IOO.0

_
20/

~~~~~~~~~~

7

~~~~~~~~~~

/

__ _<~ •~_ o°// _I~~~J
TIR E:  6.00 — 6 / 8 PR + 5 MPH

STD. PRODUCTION x 20 MPH
INFLATION PRESSURE: 55 PSI • 50 MPH
LOAD : 1500 LBS 0 75 MPH
ROAD: DRY A 100 MPH
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ALIGNING TO RQU E
VS

SLIP ANGLE AND VELOCITY

- 225.0

200.0

~ 1 75.0

1 50.0
Lii
D125.O
0

~~0o ______ ______ 0 ______ ______ _______ ______ _______

• ~~I oo.:

_
_ __ __ _ _

~~ 5OO 
2°~~~~~~~~ /~~~ 7 

_ _  _ _  _ _< 25.0 
O0(  / /

T I R E : 6 . O O — 6  + 5 MPH
RUBBER CARCASS x 20 MPH

• INFLATION PRESSURE: 55 PSI • 5O MFH
LOAD : 1500 LBS 0 75 MPH
ROAD: DRY A 100 MPH
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ALIGNI NG TO RQU E
VS

SLIP ANGLE AND VELOCI TY

225.0

200C
U)

-J

( 50.0
Lii

~ 1 25.0
0

( 00.0

~~~75.0

~~ 5O.O
= — 

~
— ___

< 25 0

I2° c~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,
_

TIR E :6 .o o — 6  CAST TIRE + 5 MPH
3000 GMS MATERIAL x 20 MPH

• INFLATION PRESSURE: 55 PSI S 50 MPH
LOAD : 1500 L BS 0 75 MPH
ROA D: DRY A 100 MPH
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A L I G N I NG TOR QU E
VS

SLIP ANGLE AND VELOCITY

225.0

200.0
U)

~~I 75.C

t 150.O

D125.0
0 8 10

~~IOO C 

_ _ _  _ _  _ _  _ _  _ _  _ _  _ _ _  _ _  _ _

~~~50.C
_ _ _

_

_ __ _ _< 25 0 
/ /  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

T IRE:6 .O O — 6 / B P R  + 5 MPH
STD. PRODUCTION x 20 MPH

INFLATION PRESSURE: 55 PSI 5 50 MPH
LOAD : 1500 LBS 0 75 MPH
ROAD: WET .050” A (00 MPH

51

_   

.•.-~~~~ • --- ---
~~~~~~ 

-

~~~~~ . • . •____i .~~ —• 
~~~~~ ....•. . ... ... - — - ~~~~-~~—~ — s—•, — .—.___.. •. _ ———- • ..— • , —— —-.—-~— .. 

.— ., . • . , ... ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~



AFFDL-TR -76- 95

ALIGNING TOR QUE
VS

S L I P  A NG LE AN D V ELOCITY

225.0

200.0
U)

~~I50.0
w
~ 125.0
0

I00.C

~ 75_o — __  __  _ _  _ _

2• 
~~~5O.C
—I ~

____
~~~

_,
~
_ 

____

< 25 0 —

TIRE : 6.oO — 6  CAST TIRE + 5 MPH
3000 GMS MATERIAL x 20 MPH

INFLATION PRESSURE: 55 PSI 5 50 MPH
LOAD : I500 LBS 0 75 MPH

• ROAD: WET .0 50” A 100 MPH

._
,
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ALIGN IN G TOPQL J E
VS

SLIP ANGLE Ar~’D V ELOCITY

225 0 ~~

•
L-i1 1. ___ 

-__ ___

20C 0 
L___

~__ _J_ . _ .......4
~~ I75 O —_______ 

____  ____  ____  ____  ____

I— 
_ _  _ _  _ _  _ _  _ _  _ _1 50.0 —-—— —--— ---- --- •  ____ ____ ____ _____ • I

w
D1250

TIRE:  6.00 -- 6 ~EPLACEABI..E TREAD + 5 MPH

~C~~O~~iF~~’ENTIALLY GROOVED) X 23 M~~1
INFL4T’ON P~~SSuRE: 55 PSI S ~.O~17H
LOAD: I50O LF~ 0 73 M°H
ROAL~: WET 05O ’~ ~ ICO~v”’~-i
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ALIGNIN G TQRQUE
VS

S L I P  A N G L E AN D V E L O C ITY
I —

~~~~~~~~~~ 

______________________

225.0 — —  _____ _____ _____

200.C
U)

-J

t 1 50•C
Lii

~~I25.C
0

( 00.0

(D ThC2

_ _  _ _  ~~~~~~~~~ _ _  _ _  _ _ _  _ _ _

~, 50.C ~~
° 

~~~~~~~~~~~~ IJ~~~: 
-

~~~~~~~~~~

250 2° _ _  _ _  _ _

.0_O~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TIRE : 6.00— 6 REPLACEABLE TR EAD + 5 MPH
(KNOBBY BELT ) x 20 MPH

INFLATION PRESSURE: 55 PSI 5 50 MPH
LOAD : I500 LBS 0 75 MPH
ROAD: WET .050” A 100 MPH

54 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



AFFDL-TR-76-95

A L I G N I NG TO R Q U E
VS

SLIP A NGLE AND VELOCITY

~~~~ ______ _____ ______ _____ _____ _____ ______ ______ ______

~_~~_ ._) ‘J

200 0
C,)

~~ I 75.0

I-
U- ( 50.0
Ui

~ 12 50
0

I OO.C 
0 10°

o o

~~5oc
25.0

.0 R .4.—. _
~~~~~~~ 

..
~~~~~~~~ 

——

~~~~~~~~~~

TIRE 6.OO—6/BPR + 5 MPH
STD. PRODUCTION x 20 MPH

INFLATION PRESSURE: 55 PSI I 50 MPH
LOAD : I500 LBS 0 75 MPH
ROAD: WET .200 ” A (OOMPH
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AL I GN I N G  T O R QU E
VS

S L I P  AN G LE A ND V E LOC I T Y

225.0

200.0

1 75.C TI.-
U 1500
Ui 

_  _ _  _ _ _  _  _  _ _ _D125.C
0
O i 000 —-— _ _ _ _  _ _ _  .1

I—

o 
~~~ 

-
~~~~~~~~~~ 

_ _ _  ——- _ _ _  _ _ _  _ _ _J

< 25.0 

____  

t 2°~ ~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T I RE :6 .Oo— 6 CAST TIRE + 5 MPH
3000 GMS MATERIAL x 20 MPH

INFLATION PRESSURE 55 PSI I 50MPH
LOAD : ( 500 LBS 0 75 MPH
ROAD: WET . 200 ” A OOMPH

SE:
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A L I G N I NG TO R QU E
VS

S L I P  A NGL E AN D V ELOCITY

__________ _________ __________ 

1 —

~~~~~~~~

225.0 -____ _____ _____ _____ _____ _____ _____ _____

200.0
U)m ____  ____  ____  ____  ____  ____  ____  ____

-i

U- 1 50.0

Ui
D ( 25.0
0

I OO.C

0 750
2 

- 
60 80

50.0 ____ ~ ____ ____ ____ ____ ____ ____ ____

25.0 ~ / ~~ _ _ __

.0 
0° ~~~__ cn— ~~~~

T IR E : 6 . o o — 6  REPLACEABLE TREAD + 5 MPH
(CIRCUMFERENTIALLY GROOVED x 20 MPH

INFLATION PRESSURE: 55 ~~ 5 50 MPH
LOAD : 1500 LBS 0 75 MPH
ROAD : WET .200 ” A 100 MPH

r -
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A L I G N I N G  TOR QU E
VS

SLIP A NGLE AND VELOCIT Y
1

225.0 .1

200.0
U)

U- ( 50.0
Ui

~ 125.0
0

I0O.C

0 75.0 60 
1

0

4
0 ~~~~~~~~~~~~

::
______ _ __

TIRE 600— 6 REPLACEABLE TREAD (KNOBBY ) + 5 MPH
x 20 MPH

INFLATION PRESSUR E: 55 PSI I 50 MPH
LOAD : (500 LBS 0 75 MPH
ROAD:WET .200 ” A 100 MPH

.‘~
j
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APPENDIX C

CORNERING FORCE VS. SLIP ANGLE AND LOAD
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P ANGLE AND_LOAD 
_ _ _  _ _ _

I IOO.C

• 
( 000. 0

900.0

• 
_  __  ___

4C0.C —
~~~~ 

-
~~~~~~~

~~~3O0.0 —~/ —/-
_ _  _ _  _ _  _ _  _ _  - _ _

U I00:c
_~~~I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _  _ _ _  _ _ _  _ _ _-
~~cc.0 - ___ 1

I 500 LBS
TIRE : 6.00—6/8 PR STD. PRODUCT~0N x 000 LBS
IN F LA TIO N PRE SSURE : 5SPSI + (500 LBS
VELOCITY : 5QMPH
ROAD : DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_AN GLE AND_LOAD 
_ _ _  _ _ _

I IOO.C
( 000.C

900.0

-~ 800.0
U)

700.C 
4

1 
6°

~ 600.0 / ~~~~ 8°j~ ° 2°

_  

2~~~~~~~~~~~~~~~~~~~_
-—

_ _

~~~30OC _ / _ _ __ __ _

~~~200.C 
_ _  

/ / 
_ _  _ _  _ _  _ _  _ _  _ _

0
100.0 _ _  _ _  _ _• _ _  _ _  _ _  _ _

0
~-1

- 100.0

I 500 LBS
T I RE:6 .OO— 6 CAST TI R E, 3000 GMS MATERIAL x 000 LBS
INFLATION P RESSURE : 55 PSI + 500 LBS
VELOCITY 50 MPH
ROAD :DRY
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CORNERING FORCE
• VS

• SLIP_ANGLE AND_LOAD 
_ _ _  _ _ _

1 100.0

(000.0

900.0

-~~ 800.O

• _ _
_

_ _
_

_ _ _

• U- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

_ _1:: 
4/ _ 

_ _  _ _  _ _

8 
_ _  

2~/ 7 _ _  _ _(00.0 ,~
— 

~~~~ 
— ____ ____ ____ ____

0.0 
____ ____ ____

- (00.0

I 500 LBS
TIRE:6.00—6 REPLACEABLE TREAD x 1 000 LBS

(CIRCUMFERENTIALLY GROOVED) + (500 LBS
INFLATION PRESSURE: 55 PS1
VELOCITY :5OMPH
ROAD : DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_ANGLE AND_LOAD 
_ _ _  _ _ _

• 1 100.0

• ( 000.0

900.0

— 800.0

_ _

6°

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_~~ 3o0.0 
_ _  _ _

o.c 
____  ___  ____

- 100.0

I 500 LBS
x I 000 LBS

• T IRE : 600 -6 REPLACEABLE TREAD + 500 LBS(KNOBBY BELT )
INFLATION PRESSIJRE:55P31
VELOCITY ; 50MPH
ROAD ;DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_ANGLE AND_LOAD 
_ _ _  _ _ _

I IOO.C

(000.0

9000

800.0

~.1 700.0

~~~60O.O

500.0 
_ 

(0° 
_ _  _ _IE~~~~~~~~~~~~~~~~~

_  2
0 

_ __ __  _

100.0
0.C 8:8 —i

- 100.0

TIRE : 6.00—6/8 PR STD.PRODuCTION I 500 LBS
INFLATION PRESSURE : 3O PSI x ( 000 LBS
VELOCITY : 50 MPH + 1500 LBS

ROAD : DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_ANGLE AND_LOAD 
_ _ _  _ _ _

1 100.0
( 000.0

900.0

— 800.0
U,

0

-J 700C 6 _ _  _ _  _ _  _ _  _ _  _ _

600.C 
-

~~~~~

° 

~~~~
——

- I00.C —— ____ ____ ____ ____ ____ ____

TIR E: 6 .00—6 CAST TIRE , 3000 GMS MATERIAL S 500 LBS
INFLATION PR ESSURE : 30 PSI K 1000 LBS
vELocrrY: so MPH + 500 LBS
ROAD: DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_ANGLE AND_LOAD 
_ _ _  _ _ _

1 100.0

I000.C

900.0

— 800.C
U)

-i 700.C

~~~6OO.C

500_C (2 0 _
~~~~~

_.

200.C 
___  ___

° I O C  
_ _  _ _  _ _

- IOO.C

I 500 LBS

TIRE :  6.00 — 6 REPLAC EABLE TREAD 
K ( 000 LBS

(CIRCUMF ERETIA LLY GROOVED) + (500 LBS
INFLATION PRESSURE: 3OPSI
VELOCITY : 50 MPH
ROAD : DRY
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CORNERING FORCE
VS

_ _ _  _ _ _  

SLI P_ANGLE AND_LOAD 
_ _ _  _ _ _

I IOO.C _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _ _  _ _ _  _ _ _ _

I000.C

900C

— 800.0U,
700.0

~~~6OO.C

500.0 
12° —

_ _  _ _  _ _  _ _  ~~~~~~~~~~~~~~ _ _  _ _400.C ~~~~— 7 -

2 300 0 8/ 
_ _ _  _ _ _  - _ _ _  _ _ _

200 0
8 
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I 500 LBS
TIRE: 6.00-6 REPLACEABLE TREAD X ( 000 LBS

(KNOBBY BELT ) + (500 LBS
INFLATION PRESSURE: 30 PSI
VELOC ITY : 5OM PH
ROAD : DRY
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ALIGNING TORQUE
VS

SLIP ANGLE AND LOAD
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~ 125.0
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___  ____  ____  
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____  ____  ____  ____  ____(00.0 
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/~~ ~~~~~~~ ~~ 2°

~~~75.0

25.0 

o.o~

TIR E 6.00 —6/8  PR SID. PRODUCTION
INFLATION PRESSURE 55 PSI
VELOCITY 50 MPH I 500 LBS

• ROAD DRY x 1000 LBS
+ ( 500 LBS
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ALIGNING TORQUE
VS

SLIP ANGLE AND LOAD
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~ 125.0
-i
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0
g 75.0

z
z 50.00
-j
4

25.0
0

.0 120 -~~-~~~ 
~~~~~~~~

TIR E: 6.00 — 6 CAST TIRE , 3000 OMS MATERIAL
INFLATION PRESSURE 55PS(
VELOCITY 50 MPH I 500 LBS
ROAD DRY x ( 000 LBS

+ I 500 LBS
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ALIGNING TORQUE
vs

SLIP ANGLE AND LOAD
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TIRE 6.00 - 6 REPLACEABLE TREA D(Circumferent ioll y Grooved )
INFLATION PRESSURE: 55 PSI

• VELOCITY 50 MPH 5 500 LBS

- • • ROAD DRY x 1000 LBS
+ 1 500 LBS
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ALIGNING TORQUE
Vs

• SLIP ANGLE AND LOAD

150.0
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g 75.0

.0 
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TIRE : 6.00—6 REPLACEABLE TREAD (Knobby Belt)
INFLATION PRESSURE 55 PSI
VELOCITY 50 MPH I 500 LBS
ROAD: DRY K 1000 LBS

+ I 500 LBS

.;. -
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ALIGNING TORQUE
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SLIP ANGLE AND LOAD
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• TIRE:6.0O —6/8PR SIB. PRODUCTION
INFLATION PRESSURE : 30 PSI
VELOCITY: 50 MPH I 500 LBS
ROAD: DRY x 1000 LBS

+ 1 500 LBS
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ALIGNING TORQUE
VS

SLIP ANGLE AND LOAD
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TIRE : 6.00—6 REPLACEABLE TREAD (Knobby Belt )
INFLATION PRESSURE : 30 PSI
VELOCITY 50 MPH I 500 LBS
ROAD DRY x ( 000 LBS

+ 500 LBS
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NORMALIZED TRACTIVE FORCE (Fx / Fz )
• VS

SLIP RATIO(SR) AND SLIP ANGLE ( a )

.700

.600 -____ _____  _____  ______

N .500 —_ _ _  _ _ _ _  _ _ _ _ _

II-

‘C _______ ________ _______ _______ ________ ________ ________

LI-

.300

.200

. 100

.000

-1.000 -800 -.600 -400 -.200 .000
SR

TIRE: 6 .00—6 / 8 PR
SID. PRODUCTION + a = 0°

INFLATION PRESSURE: 55 psj x a 4°
VELOC ITY 5O mph I a = 8 °
LOAD :I000 Lbs 0 a (2°
ROAD: DRY

• • -‘I-
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NORMALIZED TRACTIVE FORCE (Fx / Fz )
VS

SLIP RATIO (SR) AND SLIP ANGLE ( a )

.900 - _____  _____

.800 .~p— —o—-—-~

N .500
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~ .400

.300

.200

.100 —
~~~~~~~~~ 

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

.000

-(.000 -800 -.600 -400 -.200 .000
SR

T I R E : 6 . O O — 6 / 8 P R
STO. PRODUCTION +

INFLATION PRESSURE: 55 psi x 
~ 4

VELOCITY : SOmp h I a = 8 ’
LOAD :I000 Lbs 0 a = ( 2
ROAD: DRY
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NORMALIZED TRACT IVE FORCE (Fx/Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE ( a )
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.700 •_ ____  _____  _____ _____-
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N .500 ——

U-

‘C 400U- 
________ 

—

~~~~~~~ 

-

.300 —~~--- —u—

.200

.100 t

.000

-(.000 —800 -.600 -400 -.200 .000
SR

TIRE : 6.00- 6 CAST TIRE
2000 GMS MATERIAL + a = 0°

INFLATION PRESSURE: 55 psi x a :  4°
• VELOCITY : 50 mph I a = 8’

LOAD : I000 Lbs O a : I2 ’
ROAD: DRY
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NORMALIZED TRACTIVE FORCE (Fx / Fe )
VS

SLIP RATIO (SR) AND SLI P ANGLE (a)

1.100 1

1.000 •- ____— _ _ _ _ _  _ _ _ _ _  _ _ _ _ _
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.600
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.40 0 - — -
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.200 —• _ _ _ _ _  _ _ _ _ _

. 100 —
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—- - -  --— - •- . 
~~~~

- - - _ _ _ _ _

.000 -- .- ---  •- —--- —--- -____ _ _ _ _ _

-(.000 -800 - .600 - .400 -.200 -.000
SR

TIRE: 6.00 — 6/RT CIRCUMFERENTIALLY
GROOVED BELT + a 0’

INFLATION PRESSURE: 55p~
j x a 4’

VELOCITY : 50 mph S a = 8’
LOAD : I000 Lbs O a z I 2
ROAD: DRY
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NORMALIZED TRACTIVE FORCE (Fx /Fa )
VS

SLIP RATIO tSR) AND SLIP ANGLE ( a )

.900 —- — - - — —---
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_ _  

~~~~~~~~~~~~~~~~~~~~ i~~ : 
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.200 —— + 4 4

.100 — 4 4 - •-~~~ ~~~~~~• •-• -

.000 • f -
~~

_ _ _ _  I —~ I _ _

-1.000 - 800 -.800 -400 -.200 000
SR

TIRE : 6 00 -6/RI CIRCUMFERENTIALLY
GROOVED BELT + a

INFLATION PRESSURE : 55 psi
VELOCITY ;SO mph l a B ’
LOAD :I000 Lbs 0 a ‘ 1 2’
ROAD : DRY

4.
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NORMALIZED TRACTIVE FORCE (Fx /Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE (a )

- 900 = 
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- -  _ _ _ _

~ .500 • - — ____

.300 - — 4

200 • - — - - - --- - . -

100 * •

.000 — - ~
-- - --- — ---1

I k ._ I I
-1.000 -800 - 600 -400 -.200 000

SR

TIRE;6 00-6 /RI  AXIALLY GROOVED
SELl • a ’O ’

INFLATION PRESSURE 55 psi 
~ a ’  4’

V EL OC ITY .SO mph I a’S ’
LOAD :I000 Lbs 0 a ’  2’
ROAD: DRY
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NORMALIZED TRACTIVE FORCE ( Fx/F z )
VS

SLIP RATIO tSR) AND SLIP ANGLE ( a )
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.700 —

~~~~~~~~ 

_____  _____  _____  _____  _____

.600 -____ _____  ~~~~~~~~ 
_____  _____  _____

~~~.5O0 L
~ .400

.300

.200

.100

.000 — ____ _____ ______

-1.000 -800 -.600 -400 -.200 .000
SR

TIRE : 6.00 — 6/RI AXIALLY GROOVED
BELT + a ’ O’

INFLATION PRESSURE: 55 psi K a’  4
VELO CITY :SO mph I a’S ’
LOAD :I000 Lbs 0 a’  (2’
ROAD: DRY
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE (a )

. 900

.800 • _~..frm

N .500 — _____  _____  _____  ______
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.300

.200

.100 —
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_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

.000

-1.000 -800 -.600 -400 -.200 .000
SR

• T I RE ; 6 .O0—6 / RT
KNOBBY BELT + a 0°

INFLATION PRESSURE: 55 psi x a = 4’
VELOC ITY : 5O mpp, I a 8 °
LOAD : I000 Lbs 0 a I2’
ROAD: DRY
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NORMALIZED TRACTIVE FORCE (Fx / Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE ( a )

.900 
— _____  _____  _____  _____  _____

.800

.700 - _____  _____  _____  _____  _____

~~~~~~~~~~~~ ~~~~~~~~ 
—G~~ __

• .600 -___ _ _ _ _  _ _ _ _  _ _ _ _ _

N 500
U-

.

~ .400

.300

.200

.100

.000

-1.000 -800 -.600 -400 —.200 .000
SR

TIRE : 6 .OO— 6/ RT
KNOBBY BELT + a = 0°

INFLATION PRESSURE: 55 psi x Q = 4°
VELOC ITY : 5O mph I a = 8 °
LOAD :I000 Lbs o a = 120

ROAD: DRY

86

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



.
-‘-~

--—.=--.-— —
--.-.

~ -—~~~
-- • —

‘.“— -.•.-
,—-- • - - -

~~-.---- - - • - - •  ------- ...- -—— .-•- = —‘------- .-----• .•-—,•-— 
, -• ,- - -.•- .-• •..- .------- —--—-,-—.-••------ .—

I,

AFFDL-T R-76-g5

• NORMALIZED TRACTIVE FORCE ( Fx/F z )
VS

SLIP RATIO(SR) AND SLIP ANGLE ( a )

.900 — _____  _____  _____  _____  _____

.800

.700

.600 —____ _____  _____  ______

N .500U-
‘C _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

: _  __ _ __

.100

.000

-1.000 -800 -.600 -400 -.200 .000
SR

• T I RE :6 .O O—6/ 8PR
* STD. PRODUCTION + a 00

INFLATION PRESSURE: 55 psi x a :  40
VELOCITY : 50 mph I a 8°
LOAD :I000 Lbs o a : 1 2 ’
ROAD:.05O” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE ( a )

• .900 —— _____ ______
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.700

.600 —____ _____  _____  ______

N .500U-
‘C _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

.300
~___—c —~~~~~~~~ 

_.200 — _____  -
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_____  _____  _____

.100

.000 —
~~~~~~~~~~ 

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

-1.000 -800 -.600 -400 -.200 .000
SR

T IRE :6 .OO—6/8PR
STD PRODUCTION + a = 00

INFLATION PRESSURE: 55 p~ x a: 40

VELOC (TY :SOm p h I a :8°
• LOAD :I000 Lbs 0 a = I 2 °

ROAD : .050” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO (SR) AND SLIP ANGLE (a)
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~ .400

: ~~~~~~~~~~~~~~~~~~~~

__
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-1.000 -800 -.600 -400 -.200 .000
SR

TIRE: 6.00 -6 CAST TIRE
2000 GMS MATERIAL + a 00

INFLATION PRESSURE: 55 psi x a 40
VELOCITY :SQ mph • a~~8°
LOAD :I000 Lbs o a~~I2°
ROAD: .050 WET
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NORMALIZED TRACTIVE FORCE (Fx /Fz)
VS

SLIP RATIO (SR) AND SLIP ANGLE (a)
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• 700

.600 — - _____  _____  _____
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K
IL

: 
_____  _____  _____  _____  _____  _____  _____

-1.000 -~800 -.600 -400 -.200 .000
SR

TIRE: 6.00-6 CAST TIRE
2000 GMS MATERIAL + a 00

INFLATION PRESSURE: 55 psi x a 4
VELOCITY :50 mph • a8 °
LOAD :I000 Lbs o a 12
ROAD: .050” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE (a)

• 900

.800 - _____ _____ _____  _____

.700 - —___ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

.600 - ____  _____  _____  _____
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.400
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-1.000 -800 -.600 -400 -.200 .000
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TIRE : 6.00- 6 fRI CIRCUMFERENTIALLYGROOVED BELT + a 00

INFLATION PRESSURE: 55 psi x ~~~ 40

VELOCITY 50 mph • a 80
LOAD:I000 Lbs 0a 12°
ROAD:.050” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO (SR) AND SLIP ANGLE (a)
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TIRE: 6 .00—6/ RT CI RCUMFERENTIALLY
GROOVED BELT + a = 00

JNFLATION PRESSURE:55 psi x a = 4’
\~,ELOCITY :5O mph • a = 8
Lt~~D:I0O0 Lbs 0 a =I2
RO~~ : .050” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz)
VS

SLIP RATIO(SR) AND SLIP ANGLE (a )
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TIRE: 6.00 - 6 / A T  AXIALLY GROOVED
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INFLATION PRESSURE: 55 psi a : 40

VELOCITY :SO mph • ~~ 8°
LOAD:I000 Lbs 0 a :12°
ROAD: .050” WET
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(
NORMALIZED TRACTIVE FORCE (Fx / Fz )

VS
SLIP RATIO(SR) AND SLIP ANGLE (a )
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SR

TIRE: 6 .00—6/ RT AXIALLY GROOVED
• BELT + a:0’

INFLATION PRESSURE: 55 psi x a: 40

-
• VELOCITY :S0mph • z 8 °

LOAD :I000 Lbs O a = I2
ROAD: .050” WET
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NORMALIZED TRACTIVE FORCE (Fx / Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE (a )
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TIRE: 6.00- 6/RT
KNOBBY BELT 

+ a : 00

INFLATION PRESSURE: 55 psi x a = 4°

VELOCITY :SOmph • a 8 0
LOAD:I000 Lbs 0 a = 120
ROAD: .050 ” WET
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NORMALIZED TRACTIVE FORCE (Fx/Fz )
VS

SLIP RATIO(SR) AND SLIP ANGLE (a )
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LOAD :I000 Lbs 0 a: 12
ROAD: .050” WET
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