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Abstract0
AD Accession
Firestone Tire and Rubber Co., Akron, Ohio
Design and Testing of 29.5-25 tires for
16 ton Goer Vehicle - T. J. Lonson, E. S. Sites
December, 1963 - pp - illus - tables

Contract No. DA-33-019-ORD-3478
D/A Project No. 546-09-036
Unclassified Report

Earthmoving tires were specifically developed for use on the Goer vehicle.
This development work included the design of various tread configurations
and use of maximum feasible synthetic content. Tires were produced in
three different tread designs, and two different levels of synthetic
content. These tires were then tested for running temperature, traction,
and mobility. Durability tests of 40% highway, 40% secondary roads,
and 20% cross country were conducted. These tests showed that tires
could be produced to provide at least 15,000 miles without any premature
failures for this type of service.
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OBJECT

The object of the original contract dated 30 September 1960 was
to design and develop 29.5-25 16 ply rating tubeless tires to provide
optimum performance when used on the Goer vehicle. It was also desired
to attain these goals while using the maximum feasible synthetic content.

Subsequent modifications (1-7) from June, 1961 through January, 1963

called for:

1. Non-destructive drum testing.

2. Temperature testing in continuous highway service.

3. Traction testing in various soils.

4. Durability testing on paved (40%) and secondary (40%),roads
and off-highway terrain (20%).
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Conclusibns:

01. We found that it was possible to produce tires more suited
to the requirements of the Goer vehicle than any commercially
available tire. The major areas of improvement includes the
capacity for continuous highway operation and improved
performance in mud. The three designs developed are shown
in figures 1-4.

Figure 1 - Super Ground Grip Goer
Figure 2 - Super Ground Grip Goer (Grooved)
Figure 3 - ND-CC Goer

2. Maximum synthetic content of the 29.5-25 SGG Goer was found
to be 50% of the polymer used. The maximum synthetic content
was determined by an evaluation of compound properties considering
separation resistance and wear, cut, chip and tear resistance,
as determined through the specific tests performed during the
term of this contract and its modifications. However, certain
inherent deficiencies from increasing synthetic (relative to
natural rubber which is being replaced) in larger Off-The-Road
type tires, should be recognized.
These ares

A. Higher Heat Build-Up

To use synthetic in the tread of the tire, it was found
necessary to incorporate a cooler-running, high-natural-
rubber-content compound in the tread base under an all-
synthetic tread cap compound, in order to lower the tire
temperature in the critical separation area on top of the
tire carcass.

B. Poor Crack or Cut Initiation and Growth

This deficiency manifested itself quite markedly during
the durability testing. As a result of these tests,
compound modifications were made in the all-synthetic
tread cap stock to improve upon this property for future
Goer tires.

C. Lower Resistance to Chip and Tear

Although the all-synthetic tread cap has been compounded
to obtain the maximum cut, chip and tear resistance, with-
out sacrificing other properties, there is an inherent
lower resistance relative to natural rubber, for Off-The-
Road type service, which compromises the overall performance
of the tire. The exterior compounds of the tire (i.e.
the tread and sidewall) have adequate protection against
atmospheric deterioration and good low temperature
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Super Ground Grip Goer

Directional
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Firestone

Super Ground Grip Goer
(with grooves)

Directional

Figure 2
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Head-on view of the three test designs
From left to right-

Super Ground Grip Goer
Super Ground Grip Goer (with grooves)
ND-CC Goer

Figure 4.
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flexibility as a result of the particular blend of synthetic
polymers used.

Use of the protective coatings described under Tire Compounding
markedly enhances the tires' exterior compounds' resistance
to atmospheric deterioration.

3. Of the three designs developed for this contract, the best design
for optium performance, as determined by these tests, was the
Super Ground Grip Goer tire with the grooved tread bars. This
was the only tire of the three which would operate at a
sufficiently low temperature to allow use of the maximum
synthetic rubber construction and still permit continuous
highway operation. This design, with or without the tread
grooves, is approximately three times as effective in deep mud
as the ND-CC Goer design. The ND-CC tire was approximately 10
to 15% more effective for drawbar pull on non-compressible
surfaces and compressible soil. There was little difference in
the sand performance of any of these designs. Our selection
of the grooved Super Ground Grip Goer tire as the optimum was
based on the premise that the prime requirement of these tires
was the ability to operate continuously in highway service and
provide maximum performance in mud.

4. Shown below is a table which summarizes the information obtained
from the durability phase of the testing. The significant
factors are that no tires were removed due to any type of
premature failure. Also, the tires with the synthetic tread
had a wear rating double that of the natural rubber tires.

TAI.E - DURABILITY TEST SUMMARY

SGG GOER SGG GOER
TYPE (GROOVED) (GROOVED) ND-CC GOER

Compounding Natural Rubber Synthetic Rubber Natural Rubber

Average Test
Miles Per Tire 10,022 15,040 7,509
Sample

Reason for Removal Worn Smooth Worn Smooth Test Terminated

Durability Rating 100 150 Not Available

Tread Wear, Average 6.1 12.2 16.3
Miles/mil. (1)

Tread Wear Rating 100 200 267

(1) See pp. 19-20 of Final Report, Durability Testing - Summary
of Tire Tread Wear

4



It cam be concluded from this testing that the Super Ground
Grip Goer (grooved) tire with the natural rubber construction
will not provide the desired 15,000 mile durability; however,
through use of a synthetic construction, this level can be
achieved. The ND-CC Goer design should provide approximately
20 to 25,000 miles with the natural rubber construction used,
and could possibly double this figure by using the same
synthetic compounds used in this test. It must be remembered
that we are limited by the operating temperatures also.
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Recommendations

1. Since no one design tested was clearly superior in all of
the categories evaluated, it would seem that there is probably
some design that would provide better overall performance than
either of the three designs tested. It is our recommendation
that additional testing be conducted to evaluate other design
variations that would improve the mobility of the Goer vehicle.

2. This contract was limited to a tread design and compounding
evaluation. It would also be beneficial to conduct tests in an
attempt to evaluate the effects of various types of carcass
constructions.

3. Use compound modifications to the all-synthetic tread cap
compound referred to under conclusion #2 and under Tire
Compounding, section B-l. These modifications were incorporated
into the tires being fabricated for the European Troop Tests
to be conducted in the spring of 1964.

4. Use tire protective Coating A referred to under Tire Compounding,
section A-5. This coating has been used on all Goer tires
manufactured by Firestone.

5. In view of the promising performance of the high-percentage-
synthetic compounds in these tires, in service where natural
rubber is normally used, continued compounding studies should
be conducted to improve upon the overall performance
characteristics of the high-synthetic-bearing compounds.
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Background

Prior to this development contract, special tires were produced in
existing commercial molds and supplied for use on the first four Goer
vehicles. Design features of these tires were aimed primarily at
maximum traction and continuous highway operation.

These tires performed fairly well, but a need was recognized for
tires designed specifically for Goer vehicle-type -serviceo

Subsequently, this contract called for production of four tires of
each of three different designs. In addition, tires were to be produced
with the maximum feasible synthetic content. In order to test these various
characteristics, the following five tire specifications were issued and
the corresponding tires produced:

Serial Type No. Tires % Synthetic

K12500 SGG Goer 2 11%

K12600 SGG Goer 2 52%

K12700 SGG Goer with grooves 4 13%

K12800 ND-CC Goer 2 14%

K12900 ND-CC Goer 2 56%

Modification 1 dated 22 June 1961 called for one of each of these
tires to be tested on an indoor laboratory drum to provide a temperature
comparison.

Modification 3 dated 20 September added on-vehicle testing which
would include an evaluation of these tires for continuous highway
operation, mud, sand, drawbar pull, slopes, and maneuverability. These
tests were subcontracted to le-Tourneau-Westinghouse with ATAC approval.
They conducted the highway temperature comparison and the mud tests but
the drawbar-pull tests in sand, non-compressible surface, and compressible
soil were subcontracted by them to Nevada Automotive Test Center, Carson
City, Nevada.

Modification No. 7 added a 20,000 mile durability test and twelve
additional tires were supplied. Six of these were control tires in the
Super Ground Grip Goer (with grooves) design with standard earthmover tire
construction and compounding (natural rubber) features. The remaining six
tires were the same except that the maximum possible synthetic rubber
content was used.

In addition five tires in the ND-CC Goer design were purchased under
contract number DA-20-089-ORD-40018. These tires were used as replacements
for the durability test. Four of these tires attained 7500.miles before
the 20,000 mile test limit was reached.
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Mold Design and Tire Construction Development

The design of the tires for the 16 ton Goer vehicle requires
consideration of the following criteria:

1. Gross Vehicle Weight - 649000 Lbs.
4 Tires

58% of load on front axle
42% of load on rear axle

2. Speed - Maximum over 30 MPH
Cruise at 20 MPH
Water at 4 MPH

3. Roadability - Capable of long sustained hauls.

4. Traction - Maximum in mud.

5. Flotation - Good in all soils (mud and sand).

6. Minimum vehicle.
Ground Clearance - 30"

7. Ozone Resistance - Equivalent ot standard military
specification requirements.

8. Compounding - Maximum feasible synthetic content.

9. Durability - 25,000 miles.

From the above data, the 29.5-25 size was selected as the optimum
tire for use on this vehicle. This will provide the load carrying
capacity and ground clearance required, and this wide base profile will
provide maximum flotation and traction.

After the size selection was finalized, it was necessary to arrive
at the best-possible tread configurations. It was originally decided
to bring in one tire mold with three separate tread rings; however, upon
consideration of factory production engineers, it was decided to fabricate
two unicast molds rather than one. Although this increased the cost over
the original estimate, the advantages provided both the contractor and
the customer decisively outweighed the additional cost to the contractor.

The three tread designs selected were:

1. Super Ground Grip Goer (maximum traction) See figure 1

2. Super Ground Grip Goer with grooves (modified maximum
traction). See figure 2.

3. ND-CC Goer. See figure 3
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The Super Ground Grip Goer design was similar to our own commercially
proven Super Ground Grip WB tire. The purpose of the tread grooves in
the modified tire was to reduce the tire operating temperature. Prior
experience indicated that this would reduce tire operating temperatures
by approximately 150 F.

Design dimensions for the ND-CC Goer were based on Tire and Rim
Association limits and design criteria in MIL-T-12459A for cross country
type tires.

Shown below is an evaluation of the performance characteristics
which we felt could be expected from these three designs:

Super Ground
Super Ground Grip Goer
Grip Goer (with Grooves) ND-CC Goer

Directional Yes Yes No

Mud Traction Excellent Excellent Good

Sand Good Good Good

Highway Roadability Fair Fair Fair

SHigh Speed Good Excellent Good

Continuous Operation

Wear Resistance Good Good Good

Cut Resistance Fair Fair Fair

In order to carry the required load and yet have the lightest
possible construction, a 16 ply rating construction was chosen as the
optimum. The load rating for this tire is 17,190 pounds at 25 psi
inflation for intermittent operation and 14,520 pounds at 30 psi for
continuous highway operation. The weight of these tires is approximately
800 pounds.

The carcass construction utilized 840/2 nylon with a tensile of 30
pounds per cord. These twelve tires were of twin bead construction, 14
actual plies, and two tread plies. They also had an under base of .45".
All other features were standard production items with the exception of
the compounding.
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TIRE COMPOUNDING

A. ORIGINAL CONTRACT

1. BASIC REQUIREMENTS FOR GOER TIRE COMPOUNDS

1. COMPOUND STOCK WITH MAXIMUM SYNTHETIC CONTENT

2. COMPOUND STOCKS FOR PROTECTION AGAINST ATMOSPHERIC

DETERIORAT ION

3. COMPOUND PROTECTIVE COATING TO COMPARE WITH (2)

4. COMPOUND' BEST COMPROMISE BETWEEN COOL RUNNING TIRE AND

CUT, CHIP AND WEAR RESISTANT TREAD AND SIDEWALL

10



2. COMPOUNDS SELECTED FOR FABRICATION OF TIRES

TIRE IDENTIFICATION

29.5-25 16 PLY TUBELESS

SERIAL COMPOUIND % OF POLYMER NO. OF
IDENTIFICATION LINE-UP AS SYNTHETIC TIRES,

SUPER GROUND
GRIP GOER K12500 1 11 2
MAXIMUM TRACTION
DESIGN

K12600 II 52 2

SUPER GROUND
GRIP GOER K12700 I 13 4
MODIFIED MAXIMUM
TRACTION DESIGN

ND-CC GOER DESIGN K12800 I 14 2

K12900 III 56 2

11
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3. COMPOUND DESIGN

COMPOUND LINE UP I

Compound Line Up I with 11 to 14% of the polymer as synthetic
(depending on weight distribution of tire components) is the least
deviation from standard Off-The-Road Tire Compounding.

This Line Up features an all natural rubber tread with superior
cut and tear resistance. The tread is specially compounded for cool
running and resistance to atmospheric deterioration.

The sidewall is compounded from a polymer blend of 50% Neoprene
and 50% natural rubber, and is extremely resistant to atmospheric
deterioration.

The outer body is compounded from all natural rubber. It is cool
running and furnishes maximum tear and heat resistance.

25% of the polymer as Diene and 75% natural rubber is the feature
of the inner body. It is cool running and heat resistant.

The innerliner is compounded with 70% of the polymer as chlorobutyl
and 30% natural rubber. Excellent heat resistance and impermeability
to air are its features. One-half as much air is transmitted at 176eF
and 75 psi through this type innerliner than through an all natural
rubber innerliner.

COMPOUND LINE UP II

Compound Line Up II with 52% of the polymer as synthetic is a greater
departure from standard compounding. Its tread polymer is 100% Isoprene
specially compounded for bist compromise between cool running and resistance
to wear, tear and atmospheric deterioration.

The sidewall, compounded from 50% Isoprene and 50% natural rubber, is
tear, cut and atmospheric deterioration resistant.

The same compound features as Line Up I are used in the remainder
of the tire.

COMPOUND LINE UP III

Compound Line Up III, with 56% of the polymer as synthetic, features
tread and sidewall compounds with all of the polymer as oil extended FRS,
specially compounded for resistance to atmospheric deterioration.

The tread and sidewall are also compounded for cool running and cut
and tear resistance.

Isoprene as 25% and natural rubber as 75% of the polymer is the feature

13



of the outer body. The outer body is compounded for cool running,
and heat and tear resistance.

The remaining compounds are the same as Line Up II and III.
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4. COMPOUND PROPERTIES

TREAD

Compound Line Up: I II III

Tire Identification Serial: K12500,K12700 K12600 K12900
K12800

Formulation: 100 NR 100 Isoprene 131 FR-S 123

Normal (700F) S&ress-Strain

Tensile, psi 4175 3025 3075

300% Modulus, psi 1750 1625 825

Elongation, % 540 480 675

Tensile @ 2750F

Tensile, psi 1100 625 700

Elongation, % 320 210 340

Normal (700F) Tensile
After 2 Days @ 212 0F

Tensile, psi 2250 1275 2675

Elongation, % 250 185 465

Firestone Flexometer

Running Temp., OF 226 240 275

Deflection, % 15.3 16.7 20.7

Shore "A" Hardness 64 63 62

Ring Tear

Normal-70°F, lb/in 800 500 525

-212°F, lb/in 300 200 275

Brittle Point

ASTM D746-57T, OF -63 -60 -45

0
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4. COMPOUND PROPERTIES

SIDEWALL

Compound Line Up: I II III

Tire Identification Serials K12500,KI2700, K12600 K12900
K12800

Formulationt 50 NR 50 NR 131 FR-S 123

50 Neoprene 50 Isoprene

Normal (700F) Stress-Strain

Tensile, psi 3175 3725 3000

300% Modulus, psi 900 975 500

Elongation, % 640 635 765

Tensile 0 275 0 F.

Tensile, psi 700 700 400

Elongation, % 350 360 270

Normal (700F) Tensile
After 2 Days @ 2120F

Tensile, psi 1975 1025 2575

Elongation, % 405 265 570

Firestone'Flexometer

Running Temp., OF 203 201 246

Deflection, % 26.7 20.0 24.7

Shore "A" Hardness 50 57 57

Ring Tear

Normal-70°F, lb/in 325 575 400
-212OF,"lb/in 100 225 175

Brittle Point

ASTM D746-57T, OF -71 -53 -45
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4. COMPOUND PROPERT IES

BODY

Compound Line Up: I II III I,1IIII

Formulation: Outer Body Outer Body Outer Body Inner Body

100 NR 100 NR 75 NR 75 NR

25 Isoprene 25 Diene

Normal .700F) Stress-Strain

Tensile, psi 4125 4100 3975 2900

300% Modulus, psi 1200 925 875 800

Elongation, % 600 670 685 580

Tensile 0 2750F.

Tensile, psi 1250 1250 1025 475

Elongation, % 520 630 540 220

Normal (700F) Tensile
After 2 Days @ 212 0F

Tensile, psi 2050 1675 1925 1525

Elongation, % 375 390 425 405

Firestone Flexometer

Running Temp., OF 189, 184 188 132

Deflection, % 23.3 24.7 26.0 20.7

Shore "A" Hardness 52 51 49 54

Ring Tear

Normal-70OF, lb/in 550 850 550 200
-212 0 F, lb/in 300 350 325 125

Brittle Point

ASTM D746-57T, OF -69 -67 -63 -66

0
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4. QOMPOUND PROPERTIES

REMAINDER OF COMPOUNDS

Innerliner, Bead Insulation, Bead Cover, Bead Filler, Chafer
and Abrasion Gum Strip compounds are all standard Firestone
compounds.

0
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5. PROTECTION FROM ATMOSPHERIC DETERIORATION

COMPOUND PROTECTION

Tread and sidewall compounds feature standard Firestone Off-The-Road
antiozonants for maximum resistance to atmospheric deterioration.

The oil extended FR-S tread and sidewall, and the Neoprene/natural
rubber sidewall are superior to the Standard Military Control for
accelerated weathering in the Firestone Weatherometer.

The natural rubber and Isoprene treads, and the natural rubber/
Isoprene sidewall, while somewhat inferior to the Standard Military
Control for accelerated conditions, are expected to be well protected
for normal operations.

Comparisons of tread and sidewall compounds and the Standard Military
Control were made in the Firestone Weatherometer under the following
conditions:

1. 60 parts per 100 million of Ozone - 40 hrs. exposure-static -

1000F. - pre-aged 3 days at 1580 F - 12% elongation

2. Same as above except dynamic (10 min. flex - 50 min. static

per hour) and strips not pre-aged

3. Same as (1) above except exposure at 400 F.

Photographs of results are on the following pages.
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FIRESTONE WE](TilEROMETER

60 PPHM OZONE, 40 HOURS, DYNAMIC, 1OOF

TREAD COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE UP I

TIRE SERIALS K12500, K12700I K12800

COMPOUND LINE UP II
TIRE SERIALS K12600

COMPOUND LINE UP III

TIRE SERIALS K12900



FIRESTONE WEATHEROMETE4°

60 PPHM OZONE, 40 HOURS, STATIC) 10OF

AGED 3 DAYS AT 158OF

TREAD COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE IUP I

TIRE SERIALS K12500, K12700, K12800

COMPOUND LINE UP II
TIRE SERIALS K12600

COMPOUND LINE UP III

TIRE SERIALS K12900



FIRESTONE WEATHEROMETER
60 PPHM OZONE, 40 HOURS, STATIC, 400F

AGED 3 DAYS AT 158OF

TRIEAD COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE UP I
TIRE SERIALS K12500, K12700, K12800

COMPOUND LINE UP II
TIRE SERIALS K12600

COMPOUND LINE UP III

"-TIRE SERIALS K12900



0 , FIRESTONE WEATHEROMETER
60 PPHMY OZONE, 40 HOURS, DYNAMIC, 100OF

SIDEWALL COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE UP I

TIRE SERIALS K125J0, K12700, K12800

COMPOUND LINE UP II
TIRE SERIALS K12600

COMPOUND LINE UP III

TIRE SERIALS K12900



PIRESIPONE WAKROEa

60 PPFLM OZONE, 4-0 HOURS, STATIC, 2.000.7"

AGED 3 DAYS AT 158C"F

SIDEWALL COMPOUNDS

STANDARD MILITARY CONT iT

COMPOUND LINE UP I

TIRE SERIALS K12500) E2,2700) K12800 1

COMPOUND LINE UP II

TIRE SERIALS K12600

C"OMPOUND LINE UP III

TIRE SERIALS K12G00



FIRESTONE WEATHEROMETER
60 PPHM OZONE' -40 HOURS, STATIC, 40°F

AGED 3 DAYS AT 158°F j
SIDEWALL COMPOUNDS

STANTDARD MILITARY COINTROL

COMPOUTNIM LINE -IP I

TIRE SERIALS K12500, K12700, K12800

CONPOT.TND LINE IUP II

TIRE SERIALS K12600

C1COMPOUND LINIE UP III
TIRE SERIALS K12970



6. PROTECTION FROM ATMOSPHERIC DETERIORATION

PROTECTIVE COATINGS

From previous experience and studies during the period of this
contract, the following two coatings were selected as the most practical.

A. Firestone protective coating based on N, N'-dioctyl-
p-phenylene diamine.

B. Firestone protective coating based on Hypalon.

Coating A protects against atmospheric deterioration by depositing
a layer of antiozonant which is absorbed into the surface of the tire.

Coating B protects against atmospheric deterioration by depositing
a tough, clinging, elastic, protective film on the surface of the tire.

These coatings are very effective, but have the deficiency typical
of coatings in that severe weathering occurs where the film is broken
or not continuous, as shown in the photographs.

Comparisons of accelerated weathering, in the Firestone Weatherometer,
of these coatings on the natural rubber tread (Line Up I), the Isoprene
tread (Line Up II), and the natural rubber/Isoprene sidewall (Line Up II)
are shown in the attached photographs.

Tesj conditions are the same as those described under Comoound
Protection.

0
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FIRESTONE WEATHEROMETER

60 PPHM OZONE', 0 HOURS, DYNAMIC 100OF

TREAD COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE UP I - COATING A

TIRE SERIALS K12500, K12700, K12800

COMPOUND LINE UP I - COATING B

TIRE SERIALS K12500, K(12700, K(12800

COMPOUND LINE UP II - COATING A

TIRE SERIALS K12600

COMPOUND LINE UP II - COATI



•,o :•WEAThEAOMETER

60 PPHm OZONE, 40 HOURS, STATICo, 100OF

AGED 3 DAYS AT 158OF

TREAD COMPOUNDS

STANDARD MILITARY CONTROL

COMPOUND LINE UP I COATING A

TIRE SERIALS K12500, K12700, 1..2800

COMPOUND LINE UP I - COATING B
TIRE SERIALS K12500 K12700, K12800

COMPOUND LINE UP II - COATING A

TIRE SERIALS K12600

SCO>POUND LINE UP II -,COATING B



FIRESTONE WEATHERGMITER

60 PPHM OZOTI\ý 40 HOURS, STATIC, ýO°F

AGED 3 DAYS AT 158$F
TREAD COMPOUNDS

STANDARD MILITARY CONTBOL

COMPOUND LINE UP I - COATING A

TIRE~ SERIALS Kl2ýOO, K12700, K12800

COMPOUND LINE UP I - COATING B

TIRE SERIALS K12500, K12700, K12800

COMPOUND LINE UP II - COATING A

TIRE SERIALS K12600

COMPOUND LINE UP 11 COAT1,C• P

TT 1,I



FIRESTONE WEATI•HOMETE, R
6o PPHM OZONE, 4-0 HOU71S DY, M 100 F

SIDEWALL COMPOUNDS

- J-

STANDARD MILITARY CONTROL

COMPOUND LINE UP II COATING A

TIRE SERIALS K12600

COMPOUND LINE UP II - COATING B

TIRE SERIALS K12600
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F]hRESTONE WEATHEROMETER

060 Pi"-M OZONE 4+0 HOURS, STATIC, 100 F

"AGED,3 DAYS AT 158°F

SIDEWALL COMPOUNDS

STANDARD MILITARY CONTROL

"COMPOUND LINE UP II - COATING A

TIRE SERIALS K12600

COMPOUND LINE UP II - COATING B

TIRE SERIALS K12600



FIRE09TOITE WAIZGVIS• ,• ,-,,',•••r)1_1• STATIC 4 °
60 PPHMI OZb-'; 40i, FU.,T S ATK F

-AGED 3 DAYS ZKU 158"$F

SIDEWALL COMPOTiNDS

•- STANDARD MILITARY CONTROL

COMPOUND LINE UP II - COATING A

TIRE SERIALS K12600

COMPOUND LINE UP II - COATING B

TIRE SERIALS K12600



B. DURABILITY TESTS

1. COMPOUND MODIFICATIONS

Prior to fabricating the 29.5-25, 16 ply SGG GOER tires for the
Durability Tests, a review of the original three compound line ups'
performance pointed out the need for some reconsiderations of the
compound design. In order to improve the tires' durability character-
istics from an overall compromise between cool running and cut, chip
and wear resistance, a number of modifications were made in the compounding
design. An overall compromise, utilizing the maximum synthetic content
felt to be permissible, was chosen for one set of tires (K25500 Serial
Identification), to be tested against control tires (K25300 Serial
Identification) using standard Firestone Off-The-Road compounds
(approximately all natural rubber).

The final selection of compounds featured a three-piece tread
construction (details below) to obtain the best compromise between cool
running for separation resistance and cut, chip, tear and wear resistance,
while incorporating synthetic into a portion of tread.

The final compound combination resulted in a synthetic content of
50% of the polymer used.

Tread Cap or Veneer: An all-synthetic compound with a polymer blend of
50% Diene and 50% oil-extended FRSo The synthetic portion of the tread
is confined to essentially only the lugs of the design to keep its
higher heat build-up characteristics (relative to natural rubber) away
from the critical separation area of the tire on top of the tire carcass.
The use of Diene imparts added wear and cracking resistance over the
previous all oil-extended FRS tread compound (original contract work,
Compound Line Up III), plus giving an improvement in low temperature
flexibility.

Tread Base: An intermediate layer of a compound with a 75% natural rubber-
25% Isoprene polymer blend, compounded to provide the best compromise
between cool running and wear, cut, chip and tear resistance. The use of
a predominantly natural rubber compound between the tread cap and carcass
permits the use of the all-synthetic tread cap with no loss in separation
resistance.

Tread Cushion: A separation-resistant layer compound lying between the
tread base and tire carcass. This compound contains a polymer blend of
75% natural rubber and 25% Isoprene and is compounded for the best cool
running features with the minimum sacrifice in wear, cut, chip and tear
resistance. This compound in combination with the tread cap and tread
base constitute the three-piece tread construction for the best overall
compromise of tire compound properties.

Outer Body: Same as Tread Cushion.
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Inner Body: Compounded for cool running and heat resistance, the
Inner Body features a polymer blend of 75% natural rubber and 25%
Isoprene.

Innerlinert Compounded with a polymer blend of 58% chlorobutyl, 24%
natural rubber, and 18% Diene, this Innerliner features improved low
temperature flexibility (due addition of Diene), over previous compound
used in original contract tires, in addition to properties mentioned
previously.

Remainder of Compounds:

SSidewall - Firestone standard Military Truck tire compound.

Others - Firestone standard Off-The-Road compounds.

Coatings - Firestone Coating A referred to under original contract
compounding.
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2. COMPOUND PROPERTIES

TREAD TREAD TREAD INNER

CAP BASE CUSHION BODY INNERLINER

Normal (700F) Stress-Strain

Tensile, psi 2850 3600 3675 3675 1275

300% Modulus, psi 650 1000 725 675 600

Elongation, % 710 590 645 610 560

Tensile @ 275°F

Tensile, psi 650 825 725 525 -

Elongation, % 290 425 450 495 -

Normal (70°F) Tensile
.After *Days @ 212OF

Tensile, psi 2475 1725 1275 1525 1175

Elongation, % 420 370 335 410 480

Firestone Flexometer

Running Temp., OF 288 192 184 138 236

Deflection, % 18.7 12.7 26.0 24.7 24.7

Shore "A" Hardness 64 58 52 51 53

Ring Tear

Normal-700 F, lb/in 525 300 350 575 -

-212 0 F. lb/in 300 150 150 225 -

Brittle Point

ASTM D746-57T, OF. -78 -54 -56 -59 -60

*Aging 6 days at 212 0 F. for Innerliner
2 days at 212 0 F. for All Others
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3. TEST RESULTS

GENERAL CONSIDERATIONS

In view of the satisfactory performance of the previously mentioned
three-piece tread construction for durability and the synthetic tread cap
for wear in the Durability Tests, it was decided to use this compounding
construction on the 29.5-25 16 Ply Rating SGG GOER tire manufactured for
European Troop Tests. However, due to the synthetic's inherent weakness
for crack growth, which evidenced itself quite prominently during the
Durability Tests, modification of the synthetic tread cap stock was
necessary.

TREAD COMPOUND MODIFICATIONS

The synthetic tread cap compound was modified in line with other
Firestone compounding practices and experience to improve the compound's
crack initiation and growth resistance. These modifications reduced the
compound's ability to meet the Standard Military Ozone requirements;
however, it is felt that the compound's resistance to atmospheric
deterioration, especially with the protective coating used, is adequate.
In general the compound's properties are similar to those of the tread
cap compound listed under Durability Tests. The improvement in crack
initiation and crack growth can be seen from the following datas

Firestone Groove Flexing Machine

SPrevious Modified Per Cent
ComDoundl Compound Improvement

Crack Initiation 250 510 104
(Minutes to Crk)

Crack Growth (Inches/ .258 .110 .174
Hour)

24



29.5-25 GOER TIRE DRUM TEMPERATURE
COMPARISON

Eguipment: 70.5" diameter steel drum powered by Allis Chalmers 100 H.P.

AC Electric motor - 440 volts 495 RPM.

Brown Temperature Recorder and Copper-Constantan Thermocouples.

Test Features:

Features
Serial Design Compoundinq

K12500 Super Ground Grip Goer 11% Synthetic
K12600 Super Ground Grip Goer 52 Synthetic
K12700 Super Ground Grip Goer 13% Synthetic

(With Grooves)
K12800 ND-CC Goer 14% Synthetic
K12900 ND-CC Goer 56% Synthetic

Test Conditions:

Load - 18,500 flat plate load
Speed - 17.1 MPH
Inflation - 40 psi
Ambient Temperature - 68°F

Test Results:

Tread Temperature Contained Miles Final Hot
Serial Center Mid Point Shoulder(Hot Spot) Air Temp. Run Inflation

K12500-2 179 197 208 144 150 48
K12600-1 201 221 229 149 150 50
K12700-4 177 191 196 145 150 49
K12800-2 196 206 222 147 150 50
K12900-2 227 230 240 142 113 47

Conclusions:

1. Using the Super Ground Grip Goer as a control (K12500) for a
running temperature comparison of these three designs, we see
that the Super Ground Grip Goer (with grooves) is 120 cooler
running and the ND-CC Goer is 140 hotter running than this
control.

2. There are two comparisons of the effect of synthetic content
on running temperature:

A. K12500 (11%) vs., K12600 (52%)
(2080) (2290) +210
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B. K12800 (14%) vs. K12900 (56%)
(2220) (2400) +180

This shows that the higher synthetic content is 18-210 hotter
than the same tire with the lower synthetic content.

NOTE: These drum temperatures can not be construed as indicative
of actual operating temperatures under these same conditions
Only a comparison of one vs. another can be made.
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29.5-25 GOER TIRE
ON-VEHICLE TEMPERATURE COM4PARISON

CONTINUOUS HIGHWAY SERVICE

Discussion

These on-vehicle temperature tests provide a comparison of the
three designs (Super Ground Grip Goer, Super Ground Grip Goer with
grooves, and ND-CC Goer) and also a comparison of high synthetic content
(52 - 56%) vs. low synthetic content (11 - 14%).

All tires were tested on the same XM438 Goer Tanker with a gross
vehicle weight of 69,800 lbs.

All tests were conducted on a 3-1/8 mile loop of highway which was
part of the A.A.S.HoO. road test at Ottawa, Illinois. The duration of
each test run was determined by the equillibrium point. When the
temperatures leveled off, the tests were terminated. The tests were
conducted 11-15, September 1961.

Test Features:

Features
Serial Design Compoundina

K12500 Super Ground Grip Goer 11% Synthetic
K12600 Super Ground Grip Goer 52% Synthetic
K12700 Super Ground Grip Goer 13% Synthetic

(With Grooves)
K12800 ND-CC Goer 14% Synthetic
K12900 ND-CC Goer 56% Synthetic

Test Conditions:

Load 69,800 lbs. G.V.W.

Inflation 40 psi drive, 30 psi trail

Speed 29 MPH Average.

27



Test Results (All Temperatures Corrected to 680. Ambient)

Inflation Actual Maximum

Temp. Hours
Tye Serial Position Cold Ho Ambient (Corr.) Run

Super Ground Grip Goer K12500-1 RF 40 52 650 2410 4.7

Super Ground Grip Goer K12600-1 LF 40 51 650 2720 4.7

Super Ground Grip Goer K12500-2 LR 30 40 650 2340 4.7

Super Ground Grip Goer K12600-2 RR 30 40 650 2390 4.7

Super Ground Grip Goer K12700-2 RF 40 51 620 2170 5.7
(With Grooves)

Su er Ground Grip Goer K12700-1 LF 40 50 620 2190 5.7
5With Grooves)

Super Ground Grip Goer K12700-3 LR 30 41 620 2130 5.7
(With Grooves)

Super Ground Grip Goer K12700-4 RR 30 41 620 2060 5.7
(With Grooves)

ND-CC Goer K12800-1 RF 40 54 630 2330 4.5

ND-CC Goer K12900-1 LF 40 54 630 2550 4.5

ND-CC Goer K12800-2 LR 30 43 630 2080 4.5

ND-CC Goer K12900-2 RR 30 43 630 2360 4.5

Conclusions

1. The effect of design on running temperature can be readily
determined since one tire of each design was run under the same
conditions using the Super Ground Grip Goer (K12500) as a control:

Maximum
Type Serial Position Temperature

SGG Goer K12500-1 RF 2410 Par
SGG Goer (With Grooves) K12700-2 RF 2170 -240
ND-CC Goer K12800-1 RF 2330 - 80

SGG Goer K12500-2 LR 2340 Par
SGG Goer (With Grooves) K12700-3 LR 2130 -210
ND-CC Goer K12800-2 LR 2080 -260

These differences might be attributed to variations in the
individual tires such as base gauge, etc.
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2. The effect of synthetic content on tire operating temperature

can also be determined. Four direct comparisons are available.

Serial % Synthetic Position Maximum Temperature

K12500-1 11% RF 2410 +310
K12600-1 52% LF 2720

K12500-2 11% LR 2340 + 50
K12600-2 52% RR 2390

K12800-1 14% RF 2330 +220,
K12900-1 56% LF 2550

K12800-2 14% LR 2080 +280
K12900-2 56% RR 2360

Ave. Difference +220

3. These tests determined that at inflation of 40 psi, drive
and 30 psi, trail, the Super Ground Grip Goer tires (with grooves -

K12700) should operate safely in continuous service at speeds under
30 MPH and at an ambient temperature of 680.

We use 250OF as a critical temperature, and as an ambient
temperature correction factor, we use 1/20F tire temperature change
for each 10F. ambient change. It can be seen from these temperatures
that at higher ambient temperatures all of the other designs would
be marginal. Since it is desirable to use as high a synthetic content
as possible, the Super Ground Grip Goer tire (with grooves) is the
only one capable of continuous highway operation at high ambient
temperatures when produced with the high synthetic construction.
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TRACTION TEST SUMMARY

SAND, COMPRESSIBLE SOIL, AND NON-COMPRESSIBLE SURFACE

Discussion: The data and resulting conclusions shown in this
summary have been abstracted from:

Final Report
Phase I

Project 20-1-102

Traction Ability of Various 29.5-25 Goer Tires in
Sand, in a Compressible Soil9 and on a Non-
Compressible Surface.

This report was prepared by Nevada Automotive
Test Center9 Carson City, Nevada for Le-Tourneau
Westinghouse Company in September, 1962.

OBJECT

The object of this test program was to evaluate the tractive
ability of the following test tire groups (each featuring a
difference in tread design) in sand, in compressible soil and on
non-compressible surface.

Group A: Firestone Ground Grip (Control Tires),
16 PR Directional Design, 29.5-25.
Serial numbers K-4300-9 and K-4300-14.

Group B: Firestone ND-CC Goerq 16 PR
29.5-25°
Serial numbers K-12900-2 and K-12900-1.

Group C: Firestone Super Ground Grip Goer, 16 PR,
Grooved Lug, 29.5-25.
Serial numbers K-21700-4 and K-12700-3.

Group D: Firestone Super Ground Grip Goer, 16 PR,
Solid Lug, 29.5-25.
Serial numbers K12500-1 and K-12600-1.
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CONCLUSIONS

S AND

In prepared sand simulating the loose "blow" sand common to the
lee side of beach and desert dunes the initial desirable inflation
pressure increments of 40, 30 and 20 PSI were predictably high for
vehicle operation in the type of sand available at the test site.
20 PSI was found to be the maximum test pressure to which the tires
could be inflated to permit movement of the test vehicle from highway
to the sand course over a sand road traversable by jeep and pickup.

With maximum sand tire inflation pressure established at 20 PSI,
16 and 12 PSI were arbitrarily selected as the lower increments at
which data would be generated.

Little significant difference in performance existed between
these tires at 20, 16 and 12 PSI.

The 12 PSI inflation pressure would not be practical for any of
these tires due to the severe traction buckle which appeared at this
low pressure. Two of the eight tires tested experienced slippage
between tire and rim.

The sand gradeability of the 64,000 lb. Goer vehicle equipped
with Conventionally designed tires on all four drive wheels is
calculated to be as follows:

Tire Group A B C D

Inflation, Press. 20 16 12 20 16 12 20 16 j 20 16 12

Gradeability, % 25 30 34 24 29 34 (1) 29 32 27 29 32

Gradeability
Rating as compared
with Control 100 100 100 96 97 100 (1) 97 94 108 97 94
Group A

Travel Efficiency
Rating as compared
with Control 100 100 100 95 103 96 (1) 103 101 100 104 103

(1) Could not negotiate sand course with drawbar load,

COMPRESSIBLE SOIL WITH GROUND COVER

As opposed to sand, tires in compressible soil continue to develop
progressively more drawbar as travel efficiency diminishes (increased
wheel spin). This being the case, comparative performance in terms of
drawbar must be Judged at comparable travel efficiency points. For
specific comparisons see SUMMARY OF TEST RESULTS, Tractive Ability,
Compressible Soil with Ground Cover. Of the experimental tires, the
ND-CC GoeT design, Group B, provided maximum drawbar pull under these
conditions.
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CONCLUSIONS (CONTINUED)

NON-COMPRESSIBLE SURFACE

Under these conditions q the Super Ground Grip Goer, Group D,
provided the maximum drawbar pull of any of the experimental designs.
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SUMMARY OF TEST RESULTS (Continued)

Tractive Ability. Compressible Soll with Ground Cover
Averaged Drawbar Values (at 90, 75 and 60%
Travel Efficiency) Rated Against Group A.

ropA B C D

Infl. Press., 40 PSI 14800 16300 14100 14900
Rating 100 110 95 101

30 PSI 15400 16300 13400 14500
Rating 100 106 87 94

20 PSI 15300 14600 13800 13800
Rating 100 95 90 90
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SUMMARY OF TEST RESULTS (Continued)

Tractive Ability, Non-Compressible Surface

Averaged Drawbar Values (at 90, 75 and 60% Travel Efficiency)
Rated Against Group A.

Group A B C D

Infl. Press., 40 PSI 20400 19700 17600 18800
Rating i00 97 86 92

30 PSI 19800 16100 15400 19100
Rating 100 81 78 96

20 PSI 15700 16500 15200 18900
Rating i00 105 97 120
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Proiect 20-1-110

HISTORY

In Aurust 1962 the Nevada Automotive Test Center, A Division of
Hodpes Transportation Inc., conducted an Enrineerinp Study (Proiect 20-1-102)
of the influence of tire tread desipn and carcass construction on the tractive
efficiency of 29.5 - 25 tires applicable to unsnrunp four wheel vehicles such
as the Model "C" Tournapull and the ATAC "roer".

In rebruary 1963 two experimental tire groups and one control
(Standard "Goer" 29.5 - 25) tire group were applied to three commercial Model
"C" Tournapull "test bed" venicles for the purpose of establishino the com-
parative durability and tread wear performance of these tires when subjected
to semi-continuous operation over paved highways, "washboard" secondary roads
and cross-country trails.

OBJECT

The three tire test proups selected for this durability and tread
wear study featured sipnificdnt differences and the test prograM was set up
to segresate the effect of these differences in terms of tire durability
and tread wear:

Tire Group A, the standard 29.5 - 25 directional tread "kloer"
tires, featured 16 ply conventional construction and natural
rubber tread.

Tire rroup B, the experimental 29.5 - 25 non-directional tread
tires, featured radial ply construction.

Tire Croup C, the experimental 29.5 - 25 directional tread
tires, featured 16 ply conventional construction and
synthetic rubber tread.

Two additional tire groups were available for durability and tread
wear testin (Groups D and E) should premature failures develop in the original
test tire groups.

Tire Group D, the experimental 29.5 - 25 non-directional tread
tires, featured 16 ply conventional construction.

Tire Group E, the experimental 29.5 - 25 directional tread
tires, featured radial ply construction.

One additional group of non-directional radial ply construction tires
(Group F) with the same features as Group B was available for enpineerinp,
investigation.
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TEST PLAN

The tread wear and durability test plan established a requirement
for the followinp:

A maximum of 20,000 vehicle miles per tire test proun
divided into 8,000 miles of pavement oneration, 8,000
miles of secondary road operation and 4,000 miles of
cross-country trail operation.

Front tire loads of approximately 19,400 lbs. per tire
and rear tire loads of 16,000 lbs. per tire simulatinp
the tire loads of the ATAC "Coer" fuel tank truck,
XM 438E2.

Measurements of tread wear and tire deterioration each
2,500 miles of operation.

Rotation of test tires from vehicle to vehicle each meas-
urement period to equate vehicle "test bed" differences.

Test speeds averaging 25 MPH on pavement, 25 MPH on
secondary roads and 8 MPH over cross-country trails to
be maintained commensurate with driver and vehicle safety.

Tire inflation at the maximum level permitted bv cross-
country terrain conditions in terms of driver and vehicle
fatipue limits at the minimum average speed requirement
of 8 MPH.

Tire temperatures on the pavement course.

Driver observations of vehicle "ride" and performance as
influenced by tire reaction.

The specific test plan and procedures are set forth in detail in
TEST PROCRAM of this report.
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COJCLUS I OAS

V The foliowinp conclusions may be drawn from the data generated under
the specific conditions of this test pro.,,ram as summarized in TEST RLSULTSo

Tire Tread Wear

Regardless of tread design, tires of radial ply construction
(Groups B and L) provide a significantly lower tread wear
rate than tires of conventional construction (Groups A, C and
D). Group B was 14% worn compared with A-79%, C-35% and D-32%
worn at equal mileage.

With like tire construction, non-directional tread tires
(Groups B and D) provide a lower tread wear rate than
directional tread tires (Croups A, C and E).

The synthetic directional tread conventional construction tires
(Group C) provide a significantly lower tread wear rate than
the natural rubber divectional tread conventional construction
tires (Group A).

On the Model "C" Tournapull "test beds" rear tire wear rate
exceeded front tire wear rate; however, in terms of irregular
wear the non-directional design is not sensitive to axle
position, whereas the directional design is sensitive.

Directional tread conventional construction tires (Group A)
exhibit almost 100% higher lug pressure on the ground than
do the non-directional tread radial ply tires (Group B) which
increases unit rate of wear.

Tire Durability

The synthetic directional tread conventional construction
tires (Group C) developed substantially greater tread cracking
than the natural rubber tread tires (Group A) of the same
construction0

Conventional construction tires (Groups A and C) are signif-
icantly more durable than the radial ply construction tires
(Group B) experiencing no carcass failures of the original
eight test samples, whereas the radial ply construction exper-
ienced three carcass failures and one tread separation of the
original four test samples and one carcass failure of the three
replacement tires subjected to test.

The relative durability of the two additional tire groups cannot
be assessed as the accumulated test miles authorized for a tread
wear comparison of these groups (Groups D and E) were resnectively
7,500 and 2,500 miles which were not adequate for durability
comparison.



CO:1CLUS1IO:NJ (Contd.)

Tire Tem;•eratures

The non-directional radial ply tires (Cmroup B) under normal
conditions of pavement test operation rdri at a sliphtly lower
mean temperature (18 0r) than the rrouns A and C directional
conventional tires (2020r).

The non-directional conventional tires (rCrouo D) under normal
conditions of n,,voment test operation ran significantly cooler
(2100P) than the Grnun E directicnal radial ply tires (237 0 F);
however, while the operatinp conditions were equivalent durinp
the time' these teyrmeratures were recorded the accumulated groun
tire mileapes were not (Group D-7,500 miles, Groun E-2,500 miles).

In the Davement operat'.in established for this test (8 hours
continuous) tire Groups A, B, C and D will not penerate temper-
atures in excess of 235°F providinp all tires are normal, i.e.)
no seadrations or traumatic frictional Venerator,;.

Rollin_, Resistance

The directionaiiV conventional tires (Groums A and C) and the
non-directionall radial ply tires (Croup B) were analyzed in
terms of their 'relative influence on vehicle fuel consumption.
A com:)arison of the fuel consumed by the three test vehicles
applied to each tire Prouo for an equal number of miles re-
presents, a ratc of fuel consumption charjTeable to each tire
group without rePard for vehicle differences. The foregoing
disregards many possible variables but a trend was established
from these data which snowed a 6% improvement in the rate of
fuel consumption dttributablc to the non-directional radial
ply tires (Croup B) when compared with the directional con-
ventional tires (Group A) and an 8% improvement when compared
with the directional conventional tires (Croum C).

O _4-



CONCLIJ3IO'N3 (Contd.

Instrumented "Ride" Study

Compared with the Model "C" Tourna.ull, the "C(oer" Tanker at
rated load provides significantly better "ride" characteristics
on rough pavement and secondary road surfaces recardless of the
influence of the tires0

In cross-country over natural obstacles the vehicle reaction is
sharply sensitive to tire reaction which permits the equatinp
of vehicle differences by tire selection, ioe., the "Coer
equipped with radial ply tires (Grout' F) is equally as acceptable
as the Model "C" Tournapull equipped with conventional directional
tires (Group A), whereas when these tires are reversed in vehicle
assignment the two vehicles are equally "ride" deficient.

On pavement and secondary road surfaces the "ride" of the "Goer"
Tanker equipped with non-directional radial ply tires (Group F)
is essentially insensitive to limited tire pressure change,
whereas the Model "C" Tournapull "ride" is extremely sensitive.
Equipped with conventional directional tires (Croup A) both
vehicles exhibit a slight pressure change sensitivity.

By comparison the "ride" characteristics of the non-directional
conventional tires (Group D) are considered deficient in any
"rough" area on any surface when mounted on the Model "C"
Tournapullo The non-directional radial ply tires (Croup E)
provide the best over-all Model "C" Tournapull "ride" on
pavement and secondary road surfaces and better cross-country
"ride" than the non-directional radial ply (Croup F). Assuming
the influence of the "Goer" on the cross-country "ride" of the
Group F tires would hold true for the directional radial ply
Group E tires, the Group E tires would provide a significantly'
better over-all "Goer" "ride" than any other tire group tested.

Using the Model "C" Tournapull as a "test bed" and under the eleven
different test conditions in the "Ride" Study to which all tire
groups were subjected the directional conventional (Group A)
tires excetded the human fatigue limit(l) under five conditions and
the vehicle fatigue limit(2) under two conditions, the non-
directional radial ply tires (Group F) exceeded the human fatigue
limit under six conditions and the vehicle fatigue limit under
three conditions; on the same comparative basis, the non-direction-
al conventio.al ply tires (Group D) exceeded the human fatigue
limit seven times and vehicle fatigue limit four times; and the
directional radial ply tires (Group E) exceeded the human fatigue
limit four times and the vehicle fatigue limit three times0

(1) Acceptable "Human" Continuous Fatigue Limit of .89 (Ride Index), as
Interpreted from Goldman's "Unpleasant" Limit 0

(2) Acceptable Vehicle Continuous Fatigue Limit of 1.91 (Ride Index), as
Interpreted from Goldman's "Intolerable" Limit.



Instrumented "Ride" 5tudy (Contdo)

Usinp the '"Coer'" Tanker as a " 0test bed" and under the same
conditions applied to the Model "C" Tournar-ull "test bed"
the directional conventional (rroup A) tires exceeded the
human fatisue limit three times and the vehicle fatigue limit
o•ce • whecreas the non-directional radial ply (Group F) tires
exceeded the human and vehicle fatigue limit only once under
the single cross-country condition°

Instrumented Shallow Mud Tractn Study

Only the directional conventional (Group A) tires and the non-directional
radial ply (Croup F) tires were subJected to this Mud Traction Study and the
followina, conclusions may be drawn from their performance0

The directional conventional (Croup A) tires depend upon
increased ground pressure for increased traction, whereas
the non-directional radial ply (Croup F) tires depend upon
decreased ground pressure for increased traction.

At their optimum inflation pressure within the range
investigated (1-5-55 psig) the maximum traction of the two
groups being compared were equal at 55 psip for the Groun A
tires and 15 psiF for the Croup r tires,

The pressure print profile of the two groups at their
maximum traction indicated a single high pressure contact
in the crown of the (,roup A tires and two high pressure
contacts at the shoulders of the Group F tires0

At their maximum traction the static luc' ground pressure
of the Group A tires is 228 PSI and the Group F tires is
48 PSI which influences tire flotation characteristics.

The vehicle ground clearance is reduced by the inflation
pressure reduction required by the Proup F tires0

In shallow mud the tread void areas of the Group A tires are
cleared of mud buildup at 15 psip inflation, whereas the
Group A are substantially loaded0  At 55 psip inflation the
Group A tread void areas are cleared of mud buildup and the
Gcroup F tires are substantially loaded0



CO1CLUS I ),'I (C)ontd.

Instrumented Shallow Mud Traction Study (Contd.)

CONS.IDERATIONS FOR IMPROVINC "COER" MUD TRACTION

To achieve acceotable mobility, the "-oer" vehicle equipped
with non-directional radial ply tires should not be operated
in shallow mud with more than 25 psip front tire inflition
pressure and 20 psip rear tire inflation pressure, whereas
the directional conventional (Group A) tires should not be
operated with less than 45 psig front tire inflation pressure
and 40 psip rear tire inflation pressure.

To achieve acceptable soil trafficability (mud track pass
factor) neither Group A nor Orcup r should be inflated to
more than 25 psiv.

These data indicate that in deep mud the directional tread
(Croup A) tires at 35, 45 or 55 psig infiation can negotiate
a more severe condition in forward travel than in reverse;
conýequently, consideration should be viven to what inflation
pressure mipht be used to extricate the vehicle when forward
travel is no lonper possible.

Serious consideration should be piven to evaluatinp the deep
mud potential of:

I. Non-directional conventional and
radial ply tires.

2. Directional conventional and radial
ply tires.

-7-



TEST RESULTS

Table I summarizes the results of the Tire Durability Test in terms of
teat miles to removal and trmad wear rate.

TAd•U. I

_, A C D

Average Teat Mileo
Per Tire SaaIple(l) 10,022 8,604 159040 7,509 2,541

Reason for Removal iorn Radial darn Test Test
S ooth Cracs Smooth Terminated Terminated

Durability Ratiia, % 100 86 16u -- --

Tread Waar Average
Miles/Nil( b 6.1 29,9 12.2 16.3 20.3

Tread Wear Rating, % 100 490 200 267 333

(1) The sum of the failed tire mileages dividud Z)y the number of failed tires
equals average test miles per tire sample.

(2) Theat averaRes are bdsed on two measuretient locaLions (shoulder) and do not
include crown wear. (;ee Summary of Tire Tread dear; I'inal, by Peliod. )
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TEST RESULTh (Contd.)

Table 11 summarize:, thts result of the "Pid#-" Ot',tudy compirinP tir.e
proup performdnce in termi of vehicle "rido;" index v.ahLlu (3ee A:npendix A,
"Ride" Study). A "ride" index v.iluw of O.0 i.; d.efined As ueinw, t.e .icce:table
limit of human fatipue for continuous. o-er.,tion.

TAA LL I I

Tire (rouyi
Condition A r D

rront Tire psig 40 bO 40 bO 40 50 40 50
Rear Tire psiR 30 40 30 40 30 40 30 40

"Vlide" I nIdex

F'avemen t

01, Smooth 0°35 0.58 0.51 0.50 O.bO 0,30 0.50 0.31

02, Rough 1l.l 1.10 2.30* 0.80 4.6u* 2.03* 2.15* 0.72

Secondary

01, Smooth U.b4 O.b5 0.50 1.2J 0.44 O.J8 ).22 0.54

#2, Smooth ).j 1.21 0.37 1.40 0.114 1. 0 0.28 1.40

03, Rough 0.8b 2.38* OJ2 2.,0J* 0.11 4.3J* 0.75 2.000

Cross-Country

Rough 2.70 -- 6.2* -- 10.2* -- S, -

Underlined values are in excess of aiceptadlle hunMara fdtipue lir.its for continuous
operation.

(C) Asterisked values jre in excesu of accepta-Ae human and vehicle fatipue limits
for continuous oper-tion.

',.r I
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TUST t•.;ULTS (Contd.)

Table [II .summ,,rize:; the re,,iit of the "lih" ';t udy comrerin i the

performance of' tte Model "(" 'ourn.Apui 1 with tne. "c(v-r" 'TiriKer. iIt terms of
vehicle "Ride" index value ( .: Apperwix A, Rific tuy). A "ride" index of l.J1
Is defined as Deinq the aicceotable limit of vehicle fdtiPue for continuous
operation (approximately 0.t to 0.9 r.). ( ee A':P.A1 u.Iri,1l), riRures 1 and 2.)

TAiS I. III

Vehicle "ýide" Indice'i

Vehicle Model "C" Tourn-apull "roer" Tanker

Tire rroup A r A r
Condition

Inflation, rront, psi 4U0 50 40 60 4U 50) 40 s0

Inf lat ion, Rear, psir 3J0 4..) 3U ,. 30 40 30 40

Pavement "tide" Index

01, Smooth 0.3b U.68 0.15 0.50 0.22 0.27 0.31 G.29

#2, Rough 1.10 1.10 ".30* 0.80 0.57 0.65 0.80 0.75

Secondary

0l, Smooth U.64 O.bb 0.50 1.2) 0.22 J.b6 0.20 0.18

02, ..;mooth 0.2 Y 1.21 0. J17 1._40 0.20 1.40 0.35 0.38

43, Rough 0.85 2.J8* O.J2 2.901 0.bl o.90 0.55 0.b2

Crove-Count ry

Rough 9.70* -- b.dO* -- 5.70* -- 2.90* --

Con•uirison of Ne.an Ve'hicle "Ride" Indices
Pavement t ;ecorl.dry Cross-Country

',moot!,c~jii~ Knooth moot'i Pun Pough

Goer 2 40-30 psiR 0.27 O.oJ 0.21 0.26 0.54 .30*

"C" Pull 3 40-30 psip u.43 j.7J 0. ,2 0.'45 0.8'J 4.4$*

Coer 4 50-40 psir 2.R 0.78H 0.37 ).8J 0.76 -o

"C" Pull I 50-40 pair ).159 .).J'5 u.-J3 '..s 1 .64* --

Oknderlined vdl]j'.b are ii, extc--;!. of ..t.n "u'. fiti iu nits for continuous
operation.

(*) AsterisketJ values ir,? i •,.':xce ;!; of 1,cC-n..1bIk , .,r1.. v,.Iicl c fIt is.uel limits

for contilnuou-t nnts'.itt',ý.



REPRODUCED FROM
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1T1; ,T;. : ,I~l,." , I ( ntdl . )

"1',t, 1, IV :;ummv Tr.iz'. tn., r*':' -It' i ,,f tfe .-fa) low 'uI Trac:tion ;tudy (see
A-mr•:tix :i 4,titd Tract i,:, ,tutq) (-.f t, .;c ..i r iti n d truJa' c.o-avent inma construction
29.5 - )5 tirvrs .rnd tne ne'&-dir.-,.t.t oi,)I. ti lo r.itSili :iiy 2J.5 - 25 tires in terms
of tihe infnuenct: of inf'Jt ion :•r••;ure 1,;i t r ict ivi efficiency.

TA.ILU. IV

STravel Static
M.1ximum Lf f iciency G Ground- Lus

Vrdwbar, Ih)s. !'.axtitom Drawbar Pressurm PsI(2)
Inflation Pressure •rotr A r r",up Y ?ro-up Arroup r.,

55 '38ju b 100 17 26 228 113

4.5 82tU bdOO 30 31 146 85

35 "78t00 7 1!)O 30 27 lO 62

25 7600 h7zib 40 32 87 56

15 (75 50 )(1) 1)80O -- 36 72 48

(1) Extrapolited fron inflation pr.sstsre-maxinum drawbar curve of Croups A and r.

(2) At 55 P11 the A froun penetrdted to d depth of 2.25" in the crown area of the
track aid the r C;roup renetrated to a iepth of 1.7b" in the same area. At
25 PSI the A C3roup oenetrated 0.25" evenly icross track and the r eroup
penetratedl to depth of 2.03" in tne 3houlder area of the track.

I: -11-



T 3T FT,-LU1,To (Contd 0 )

STable V summarizes the calculated influence of the directional
conventional tire (rroup A) and the influence of the non-directional radial
ply tire (flroum F) on the shallow mud traction of the "Poer" Tanker.

TAB LE V

Maximum Drawbar and Gradeability

4 Wheels Drivin . 2,heels Driving
Inflation Group A Group F Grou
Pressure D.3. Grade D13. Crade Do l. Grade DoB. o rade

55 17950# 25% 115001 160% 9600# 13% 6100# 8%

45 15100 21 12200 17 8100 11 6500 9

35 14350 20 13000 18 7700 11 6900 10

25 13650 19 15800 22 7300 10 8400 12

15 13650 19 17950 25 7250 10 9600 13

0
Maximum Drawbar and rradeability at 75% Travel Efficiency

4 Wheels Drivinp, 2 Wheels Driving
Inflation Group A GroupF G roup A Group '
Pressure D.Bo Grade DoB. Grade D.B. Grade D.Ba Grade

55 8200# 12% 2800# 4% 43009 6% 1500# 2%

45 8600 12 6500 9 4600 6 3450 5

35 9200 13 7900 11 5000 7 4200 6

25 10800 15 8600 12 5750 8 4600 6

15 .. .. 11500 16 6100 8

DoBo : Drawbar
Grade Gradeability

0

-12-



TLTf:-' K•:ULTA' ( Cotd. )

Table VI summar.iZeS the calculated performance of the "Coer" rTanker
in terms of maximum traction (maximum performance) and at 75% travel efficiency.

TABILE VI

4 Wheel Drive Comparative Performance Ratings
Maximum Performance '756 Travel Efficiency

Pressure Croup A Group rF

55 100% 64% 100% 33%

45 100 80 100 75

35 100 90 100 85

25 100 115 100 80

15 100 131 ....

-13-



4.1 C

04 04

04 (1 04

04 C

0 .,

o4-100

0

or-4
4-4 4- C4 1

a3 4.J) 0"0 W i

-4-

4J 050

>. I ý M ) 1

< if <4 T ~ r4 H I

-U4 20m< f. 1 -

4) 0

4.1 C) 0

4-) V'

.- 1 4-j 4-'4-

4-13



TEST RLSULTS (Contd.)

Table VIII summarizes a comparison of vehicle fuel consumption as an
index of tire rolling resistance.

TABLE VIII

Averape. Miles ner Gallon
Pavement Secondary & Cross-Country Over-All

Group A 2.77 1.9] 2.18

Group B 2.81 2.05 2.30

Groun C 2.68 1.89 2.14

Over-All Ratinp. % Based on Avera¶'e Miles/Gallon

Group A Group B Group C

100% 106% 98%

0
-Iib-



RE COMMEN DAT I ONS

The scope of Project 20-1-110 has generated specific conclusions with
respect to the tires and vehicles evaluated during this program. Deserving
additional investigation to satisfy the specific questions arising from the
results of this program are the following:

Tread Wear and Durability

The directional radial ply construction (Group E) and the non-directional
conventional construction (Oroup D) tires should be subjected to additional
durability test mileage before a valid performance comparison can be drawn for
all tires considered in Project 20-1-110.

"Ride" Evaluation

The "Goer" Tanker vehicle exhibits a marked improvement in "Ride" over
the commercial Model "C" Tournapull "test beds" on pavement and secondary roads,
but not over cross-country trails with the inflation pressures recommended for the
"Ce r-.-'-sthei "Goer" is equi d with a central self inflation system, all tires
considered for "Coer" 4pplicadton should be judged in terms of cross-country "Goer"
ride index vs inflation pressure curve in order to determine each tire group's
tactical speed limit when negotiating cross-country.

"* "Coer" Mud Traction

In shallow mud the non-directional radial ply tires (Group F) were found
to be as effective as the directional conventional construction (Group A) tires
when the non-directional tires were inflated at 15 psig and the directional tires
were inflated at 55 psig. The effect of this marked difference in inflation
pressure and consequent reduction in ground contact pressure for the Group F
tires should be measured in deep mud where underbody clearance not tire traction
may be the factor limiting mobility. The directional radial tires (Group E) and
the non-directional conventional construction tires should be evaluated in both
shallow and deep mud to determine the separate effects of radial ply versus
conventional construction and non-directional versus directional tread on mud
traction. The influence of Vehicle configuration should be assessed under these
same conditions by measuring the percent effectiveness of the "Goer" rear wheel
drive in mud.

-16-



DISPOSITION OF TIRES SUBJECTED TO TEST

Group A. Firestone Super Ground Grip Goer H.D. Directional (Control)

Total Replacement
Tire Code Serial Number Test Miles Reason for Removal Tire

Ao"l K 25300-14 10,022 Outside thoulder worn None
smooth.

A-2 K 25300-18 10,022 Both shoulders worn None
smooth.

A-3 K 25300-15 10,022 Inside shoulder worn None
smooth.

A-4 K 25300-16 10,022 Test terminated at None
this mileage.

Group B, UoS. Royal Tactical M.S. Radial Ply Construction Non-Directional

Total Replacement

Tire Code Serial Number Test Miles Reason for Removal Tire

B-1 EX 1808 7,231 Air loss above flipper. B-6

B-2 XF 1867 10,876- Air loss at radial crack. B-?

B-3 GR 1122 6,097 Tread separation inside B-5
shoulder.

B-4 GR 1351 13,306 Air loss at radial crack. None

B-5 GR 1099 7,209 Test terminated. None

B-6 GR 1177 5,512 Tread separation and Non-Test
air loss at radial Spare
crack,

B-7 GR 1037 2,430 Test terminated None

-17-



DISPO:;ITIO'I OF TIRES SUBJECTED TO TEST (Contd.)

Group C, Firestone Super G, round Crip Goer Directional

Total Replacement

Tire Code Serial Number Test Miles Reason for Removal Tire

C-I K 25500-5 15,040 Near worn smooth None
condition outside
shoulder,

C-2 K 25500-4 15,040 Outside shoulder None

worn smooth.

C-3 K 25500-3 15,040 Test terminated. None

C-4 K 25500-2 15,040 Test terminated. None

Group D, Firestone NDMS

Total Replacement

Tire Code Serial Number Test Miles Reason for Removal Tire

D-1 K 26400-5 7,509 Test terminated. N one

D-2 K 26400-4 7,509 Test terminated. None

D-3 K 26400-1 7,509 Test terminated. None

D-4 K 26400-3 7,509 Test terminated. None

Group E, U.S. Royal Radial Ply Construction Directional

Total Replacement

Tire Code Serial Number Test Miles Reason for Removal Tire

E-1 CD 1732 2,541 Test terminated, None

E-2 CD 1706 2,541 Test terminated. None

E-3 CD 1714 2,541 Test terminated. None

E-4 CD 1658 2,541 Test terminated. None

-10



SUMMARY OF TIRE TREAD WEAR

1. Final

Physical Dimensions

Tire Group A B C D E

Total Miles 10,022 13,305(f) 15,040 7,509 2,541

Cross Section Growth, % 101 0°7(2) 1.6 107 010

Outside Diameter Growth, % 0.1 (3) 0°6 (3) 042

Final Shore "A" Hardness 57 57(2) 64 62 63

Tread sear at Shoulders
Tire Grdup -A() B8() CMb) D .....

Mils Loss, Group 9912 3296 8181 3686 1001
Miles/Mil, Group 6.l 29.9 12.2 16.3 20ý3
Rating, Group (Based on Miles/Mil) 100 490 200 267 333

Mils Loss, Front 4256 1414 3385 1724 491
Miles/Mil, Front 701 3504 14.8 17.4 20o7
Rating, Front (Based on Miles/Mil) 100 499 208 245 292

Mils Loss, Rear 5656 1882 4796 1962 510
Miles/Mil, Rear 5.3 2507 10.4 15.3 19.9
Rating, Rear (Based on Miles/Mil) 100 485 196 289 375

% Worn, ýGroup 7902 31.0 65.3 32.3 8°4
% Worn, Front 34l0 13.3 27.0 15o1 4o1
% Worn, Rear 45.2 17.7 38.3 17o1 4.3

(1) Tire B-4 accumulated 13,306 test miles before failure. All other original

test tires and one replacement tire failed prior to this mileapeo

(2) Based on the seven samples tested.

(3) Due to tire design no crown measurements could be taken to correct Outside
Diameter on these groups.

(4) One or both of the shoulder measurement areas had worn away on three of the
four test tires at 10,022 test miles0 Figures shown represent wear rates
through 7,522 test miles (last measurement period before worn smooth
condition) .

(5) Figures are based on the performance of the seven tire samples at the last
valid measurement period of each tire 0

S(6) Figures based on 12,525 mile measurement period due to one tire worn smooth
at 15,040 mile measurement period.

-Ii-



SUMMARY OF TIRE TREAD WEAR (Contd.)

1 o Final ( Contdo)

As the only measurement positions common to all tire groups tested were
the shoulders it was felt that a basis of comparison should be drawn from
these data; however, even this must be weighed by the fact that there is a
wide variation in mileage between the individual groups tested and the ratinps
even though based on miles per mil are on a total mileage; therefore, the
figures do not reflect a true figure as it would if all tires had run equal
miles.

A further comparison can be made on the three groups of tires whose
design permitted a crown measurement. The following data indicates the tread
wear across the tread face rather than in the fastest wearing area,

Tread Wear at Shoulders and Crown

Tire Group A C

Total Miles 79522 12,525 29541

Mils Loss, Group 11351 9861 1594
Miles/Mil, Group 8.0 15.2 19.1
Rating, Group (Bied on Miles/Mil) 100 190 239

Mils Loss, Front 5179 4347 787
Miles/Mil, Front 8.7 17,3 19.4
Rating, Front (Based on Miles/Mil) 100 199 223

Mils Loss, Rear 6172 5514 807
Miles/Mil, Rear 7.3 13.4 M8o9
Rating, Rear (Based on Miles/Mil) 100 184 259

% Worn, Group 61o3 5302 8.9
% Worn, Front 28.0 23,5 404
% Worn, Rear 33.3 29.7 4o5

-20-



SUMMARY "I• "'181R. T". iJ•.All (Co; t,..}

2. J3 y! r i od

Tr'.ad wealr -m u.'urenTin t ire ofri ,' w '.r. two . We T',,r" .,urt•*-rt lo..,it ions
on the 3 C'roup (I.. ) tkre' i.,: ,x t-,, ,r.,; trre," .. ,tir,., t.' ;'t,' lder end

one cruwn, oni tne A vd.h " •'rru; (Iirerton,). Thu a, L,:r -w. ,s,,remmnt' .,re
located -) in'ri.-s ,nch s'ide -f ,rcw.,, * ri,: ,r•., ttk,!r.' , ,, t 'r,, -iround the
circumference of the tire. rie A, IB ,nQ , ror'w. .ire . -1pret: it, te :.,sis of
two wasureren'nt locations .irni t:we A .cit C ,rr,,ps.i are additif.0oil / cOMrpdred on
tS•e basis of three nv..s;ur,!mtnt lcit ion'.

Iire~stone U.S.

Tire Group 
A _" ____toneC_ TU S.

Miles • Meas. 2,520 2,S20 2,520

No. of Meas. Locations 2 " 3 2

Mils Loss ((,roup) 2239 2t462 848 P'bb 584

Miles/Mil (-OuD) 9.U IO.h 23.8 20.b 34.5

% Worn (,roup) 17.) 1b.• b.8 7.'J 5.5

Mils Loss (Front) 1039) 1416 35b 719 331

Miles/MuI (Front) J.7 13.7 28.3 21.0 30.5

% Worn (Front) 4b.1 1..V 5.7 7.H 6.3

Mils Less (Rear) 120' 144b 492 74b 253

Miles/Mil (Re-er) ".'o H.4 IU.• 20.5 20.5 39.8

viorvi (R~ar) ,' / 11)9.1 15.7 7.9 M.I 4.7

Miles j MewdS. 5.022 5, )22 5,022

Hi Is Loss (r*rou:,) bui ,. 077 ,t),j 350ti 1243

Miles/Mil (rroup) 6.7 P. U lb.1 l1..2 32.3

1 Worn (0roup) 4d.1 17.7 21.1 lh.j 11.7

Mils Loss (Front) 2t57 IldO 1216 ibol 5-J9
Miles/Mil (Uront) 7.U I.t l,.! 17,u 33.5
I Worn (Front) 42.2 J.4.2 19.. ilH.2 111.3

Mils Loss (Rear) 3J73 i7 ' 1.3'4 lIti7 644
Miles/Mil (Rear) t.O 7. L&.U It),,b 31.2
W ,orn (Fear) ,4.1 41.1 12.) i1.0 12.0

Miles I Meas° 7,522 7V.,52 7.498(l)

Mils Lo;ns (GrouP) 9)12 11 51 49J.18 5'.04 1HO1

Miles/Mil (rroup) b.1 8.0 13.b 1b.14 32.9
I Worn (Croup)(2) 79.2 t| 1. 1 :14.f. 2-1. j 13.6

Mills Loss ( Frvnt) 42 5t, 17 J 1817 jJ4)J 944
M ilos/Mi1 (I'ront) 7.1 8.7 lb.0 18.1 31. 7
I Worn in Front( 2 ) 34.3 2o.0 15., 1J.5 7.1

Mils Loss (Rear) 16o, ul12 24bJ 2105 864

Miles/Mil (Pedr) 5.9 "1. 1 12.1 15.5 34.1

% Worn in Redr(2) 45.2 .3.3 19.b 1. '.7 6.5

(1) Due to tire failures in this aroup 24 miles of cro..s-Ecuntry oper-stion was
lost during tire replacement; tt.erefcre, tiese firiren ire b.n;ed 6n 6 tires.

(2) % .orn T Total Mils Loss x lit

Totil Mi Is AVdil,-j:11

c -z-I



SUMMARY OF TIRE TREAD WEAR (Contd.)

2. By Period (Contd.)

Firestone U.S.
Tire Group A C B

Miles @ Meas. 10,022 109022 10 024(")

No. of Meas. Locations 1* 2 3 2

Mils Loss (Group) 2429 6210 7551 2549
Miles/Mil (Group 16.5 12.9 15.9 31.5
Worn (Group)( 4005 49.5 40.8 16.0

Mils Loss (Front) 1578 2589 3394 1140
Miles/Mil (Front) 12.7 15.5 17,7 35.2
% Worn in Front( 2 ) 26.3 20.7 18.3 7,1

Mils Loss (Rear) 851 3621 4157 1409
Miles/MS1 (Rear) 23.6 11.1 14.5 28M5
% Worn in Rear( 2 ) 14,3 28M9 22.4 8.8

Firestone U.S. Firestone
Tire Group "_____--___JT" D
Miles @ Meas. 12,525 12,527 2V503

SNo. of Meas, Locations 2 3 2 2

Mils Loss (Group) 8181 9861 3296 1357
Miles/Nil (Group) 12.2 15.2 29.9 14o8
% Worn (Group)( 2 ) 65,3 53.2 31.0 11.9

Mius Loss (Front) 3385 4347 1414 791
Miles/Mil (Front) 14.8 .17.3 35.4 12,7
% Worn in Front(2) 27,0 23.5 13.3 6.9

Mils Loss (Rear) 4796 5514 1882 566
Miles/Mil (Rear) 10.5 13.6 25.7 17.7
% Worn in Rear(2) 38.3 29°M 17.7 5.0

* Some shoulder measurement positions worn away, negating group averages for
2 and 3 locations, Figures represent crown measurements only.

(1) Figures for B Group based on 6 tires.

(2) % Worn Total Mils Loss x 100
Total Mils Available

(3) Figures for B Group based on 7 tires,,
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SUMMARY OF TIRE TREAD WEAR (Contd.)

2. By Period (Contd.)

Tire Group Firestone U. So Firestone
C D

Miles @ Meas. 15,040 13,306 5,003

No. of Meas. Locations 1* 2 2

Mils Loss (Group) 2161 3296 2286
Miles/Mil (Group) 27a8 29.9 17,5
% Worn (Group)(2) 36.0 31.0 20.0

Mils Loss (Front) 1146 1414 1185
Miles/Mil (rront) 26,2 35.4 16.9
% Worn in Front( 2 ) 19.1 13.3 10.4

Mils Loss (Otear) 1015 1882 1101
Miles/Mil (Rear) 29.6 25.7 18.2
% Worn in Rear(2) 16.9 17o7 9,6

Firestone ___ ____- _ __.__1

Tire Group "______ "_

Miles (4 Meas. 7,509 2,541

No0 of Meas. Locations 2 2 3

Mils Loss (Group) 3686 1001 1594
Miles/Hil (Group) 16.3 20.3 19.1
% Worn (Group)(2) 3243 8.4 8.9

Mils Loss (Front) 1724 491 787
Miles/Mil (Front) 17.4 20.7 19,4
% Worn in Front( 2 ) 15.1 4.1 4,4

Mils Loss (Rear) 1962 510 807
Miles/Mil (Rear) 15.3 19.9 18.9
% Worn in Rear (2) 17,1 4,3 4.5

* One tire in group had shoulder measurement positions worn away, negating proup
averages for 2 and 3 locations. Figures represent crown measurements only0

(1) Figures are based on the performance of the seven tire samples at the last
valid measurement period of each tire.

(2) % Worn Total Mils Loss
Total Mils Available X 100

-
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REPRODUCED FROM
BEST AVAILABLE Copy

SUMMARY or TIRL TLMI'gLRATUIL:K

Heaot Build-up lIt Period: After tire inflation pressures had been determined tire
tread temperatures were taken for six consecutive operating days iimdiately after
the vehicles had completed the pavement portion of the day shift operation. Pave-
ment tire temperatures and pressures for the 2.520 miles covered by 1st period of
operation are as followst

Averages of Tread Temperatures (oF) and Tire Pressures (pulg)

Tire Group A-rirestone Control B-U.5. Rubber Exp. c-rireetoe rm.
Vehicle C-I C-2 C-3
psir Cold Start r 3i R 25 r 40 R 25 r 35 3 25

Pave Amb or il or p0r 0 or Via or°r 1) •) Zd ndIn' Tep CldEnd Inc To• ro-l._d End Inc€Te
or (1) n! dI __TInc Temp ___ - -Tem Ii~T i

71 55 37 r 36.1 48.b 12.5 164.2 41.0 50.2 9.2 148.0 36.0 47.8 11.8 161.

R 26.0 36.3 10.3 177.7 26.1 34.1 8.0 155.9 25.9 34.8 8.9 182.

(1) At time of temperature measurement.
(2) At cold starting time.

Heat Build-up 2nd and 3rd Period*: Pavement tire temperatures and pressures for the
31362 miles covered by theMe periods of operation.

Tire Group Group A (Group B* rroup C

Maximm -ire Temperature 230Or 21or 224or

AveraRe Tire Temperature 19ger 182or 1gsar

Maximum Tire Pressure 61 pair 53.5 psis i 8 peoi
(3b cold) (40 cold) (40 cold)

AveraRe Tire Pressure Build-up

(All Tires) 13 psiR 11 psig 13 peLg

Maximum Ambient 67r 67or 67Cr

Average Ambient 60 0 r 60or 60or

* 275°r maximum at separated area.

Note: Average tread temperatures for secondary road operation are rroup A, 19,@r,
(roup B, 18b°r; Group C, le9r.



SUMMARY OF TIRE TEMPERATURES (Contd.)

Heat Build-up 4th Period: Pavement tire temperatures and pressures for the
2,500 miles covered by this period of operation.

Tire Group Group A G B Group C

Maximum Tire Temperature or 220 245 205

Average Tire Temperature oF 198 203 199

Maximum Tire Pressure, psig 51.5 56°0 58°0
(35 cold) (40 cold) (40 cold)

Average Tire Pressure Build-up
(All Tires) psiR 13 12 14

Maximum Ambient Temperature oF 70 70 70

Average Ambient Temperature or 62 62 62

Heat Build-up 5th Period: Pavement tire temperatures and pressures for the
2,500 miles covered by this period of operation.

Tire Group Group B rup C Group D

Maximum Tire Temperature oF 265(1) 240 234

Average Tire Temperature OF 209 209 213

Maximum Tire Pressure, psig 52.0 55.0 52.0
(40 cold) (40 cold) (40 cold)( 2 )

Average Tire Pressure Build-up
(All Tires) psig 11 14 12

Maximum Ambient Temperature oF 83 84 83

Average Ambient Temperature oF 82 83 74

(I) See TEST DATA, 3. Tread Temperatures ( Tire Pressures.

(2) Tire pressures were originally set at 35 psig front and 25 psig rear (cold
starting). On 5/18/63 at 716 total test miles tire inflation (cold starting)
was increased to 40.0 psig front and 30.0 psig rear.
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SUMMARY or TIRE TEMPERATURES (Contd.)

Heat Build-up 6th Period: Pavement tire temperatures and pressures for the
2,500 miles covered by this period of operation.

Tire Group Group C(l) Group, D Group E

Maximum Tire Temperature OF 200 216 256

Average Tire Temperature oF 189 203 232

Maximum Tire Pressure, psig 52.5 56.0 54,0
(40 cold) (40 cold) (40 cold)

Average Tire Pressure Build-up
(All Tires) psig 11 12 11

Maximum Ambient Temperature or 55 84 84

Average Ambient Temperature oF 55 69 69

Heat Build-up 7th Period: Pavement tire temperatures and pressures for the
2,500 miles covered by this period of operation.

Tire Group Group D(l) Group EWl)

Maximum Tire Temperature OF 233 265

Average Tire Temperature oF 216 242

Maximum Tire Pressure, psig 55.0 55.0
(40 cold) (40 cold)

Average Tire Pressure Build-up

(All Tires) psig 13 12

Maximum Ambient Temperature OF 76 76

Average Ambient Temperature oF 76 76

(1) Tire temperatures were only taken once during this period.
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TIRE ROLLIN( RESISTANCE EXPRESSED IN MILES PER rALLON

At the completion of three measurement and rotation periods wherein each
tire group operated one period on each vehicle the following fuel consumption
data was compiled.

A Aup 0 group C

Miles per Gallon, Pavement 2o77 2.81 2.68

Rating 100 101 97

Miles per Gallon, Secondary
and Cross-Country 1.91 2.05 1.89

RatinR 100 107 99

Miles per Gallon, Total 2.18 2.30 2.14

Rating 100 106 98
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DRIVER EVALUATION Or "RIDE" BY TIRE GROUPS

The first driver reaction to ride by groups was taken at the end of
the 7,500 mile period; wherein each driver polled had driven each tire group
on each test vehicle thereby eliminatinp the possibility of one vehicle influencing
tire ride.

The following table indicates drivers observed ride-

Group C - Best on pavement and secondary.

Group B = Poorest on pavement and secondary.

Group A, B; C - Equal on Cross-countryo

The next poll taken was at the 100000 mile point and was a rating by the
drivers of the three tire groups on the courses on which they had the most
driving time. Those who placed the B Group in first place on pavement and
secondary qualified the rating to the speed ranges above or below that in which
lope was developed0

Pre,ference Pavement Secondary SCross-Count
Driver# 1 3456 2 3 4 5 6 7 1-4 2 3 4-5 6 7

lst B C - C C - - C C A 8 B C A C - C B - C C

2nd C A - B A - - A A C C A A C A - A C = A A

3rd A B - A B - - B B B A C BB B - B A - B B

As tire groups were removed from test and substitute groups inserted a
final observed rating was necessary covering the new groups 0

The following table shows a tire Group r which was of similar construction
and design as the Group B tires which were removed from test prematurely due to
failures,,

Preference Pavement Secondary Cross-Country

Driver # 1 2 3 4 5 6 7-7 4 5 6 7

1st DE DE - DL DE - - E E DE E DEE L - rE FE FE= FE El

2nd F F- F F - - DF DFrF DFrF DF - D D D D D
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TEST PROGRAM

Test Courses

Pavement Operation - The first week of test operation on
pavement was conducted on Hiihway 95A from Silver Springs
to the Fort Churchill turnaround. This provided 7.l miles
of pavement operation per turnaround; however, due to high
lope exciters which prevented operation of over 1800 RPM9
5th gear at the Fort Churchill end of course it was deemed
necessary to eliminate the last 3.l miles of the original
course and a new turnaround was established at the Weeks
road (secondary test course) junction.

After 6540 total miles of pavement operation and 908 laps
the paved course #1 from Silver Springs to Weeks turnaround
on Highway 95A deteriorated to the point that a course change
was required.

The new route (#2) on abandoned paved highway from Silver
Springs to junction of Highways 50 and 95 permitted 194 miles
of pavement operation per shift instead of the 104 miles per
shift on test course #1, which was limited by Highway Depart-
ment permit, The length of test course #2 permits an average
vehicle speed of 25.8 MPH as opposed to 24.5 MPH on test
course #1.

Secondary•peratlon - A variety of courses was used through-
out the test due to thQ destructive forces applied by the
vehicles and agFressive tire designs. As one area became a
lope penerator wherein maximum speed could not be sustained
without undue forces on vehicle and driver, an identical test
area was used to permit the destroyed course to be maintained.
A noticeable improvement in course condition develoned In the
third 2500 mile period, The courses appeared to be "packing'"
a more stable surface and the cause is attributed to the
considerable reduction in the aggressive lup penetration of
the A and C tire Frours due to wear, This same condition was
also a~parent on the cross-country course,

Cross-Country Operation - The same course was maintained
throuh-out the test with the exception of the alkali flats
at the north end of course which became impassible during
rain storms0

The following map indicates test courses used during test with the
exception of pavement course #2,
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TLiST PPO&,RAI¶ ( C(ntc•. )

Test Speeds

Cross-Country - Maximum allowed by test course and vehicle

conditions.

Cravel-Secondary - Maximum allowed by test cturse and vehicle
conditions.

ighway- Maximum allowed by test course and vehicle conditions.

Tire Break-in0  Vehicle operating speeds were reduced to one-half
of requie tetspeedis for first 16 hours of operation.

Tire Inflation Pressures

At start of test, tire pressures were established for all three groups
at 35 psig, front axle and 30 psip, rear axle. It was found that on pavement
and secondary road operation the degree of lope or bounce of the vehicles was
so extreme that continued operation was not safe for personnel nor could the
equipment withstand continued impact of the G forces involved. Tire pressures
were varied in 5 psig increments, front and rear, at cold start as tabulated
below, until a combination was established for each tire group that would
permit safe convoy operation of the three vehicles at acceptable speeds for
each type of terrain.

Miles at psig. Settings
Tire GrouD A B C

Miles F R Miles F R Miles F R

446 35 30 359 35 30 446 35 20

207.4 35 25 30 30 2074 35 25

35 25

476 35 -35
35 45

40 45

50 45

40 20

1685 40 25

On 4 March 1963 at 3267 test miles at the bepinning of 1st shift, tire
inflation of the C Croup tires was raised, at the manufacturer's request, by
5 psiq (40 front, 30 rear) to alleviate fast shoulder wear0

When Grouns D and E entered the test program the tire inflation pressures
were established at 40 psig front and 30 psi;ý rear for purposes of tread wear,

* evaluation0
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T~es-t Vehicle-,

Thrie (3) cormvercial vehicles wpre loaded to simulate a 'Goer" Tanker
rVW of 70-72000 lbs. Axle load distribution was approximatelv 54% front and
I46'ý' rear. .Test Ibd. vehicles had et~uivalont torque and brakinp characteristics,
With the excention of failed parts: rerd,)acement the vehicles were maintained
throuphout test by the .Jevada Automotive Test Center usinp those methods
appýroved by the vehicle manufacturer.

Vehicle Weiphts

Vehicle CiC-2 C-3 "#-'Oer#I(l

Front Axle, Lbs. 38,800 39,000 38,400 38,370

Rear Axle, Lbs. .32,000 ý.190 31,000 33.i4502

CZross Vehicle Weipht :000 70,900 69,400 71,820

Left Rear, Lbs. 16,000 16,000 1,00-

Pipht Rear, Lbs. .16,250 16,200 15t60

ý32,250 32,200 30,600

(1) r~oer vehicle was used in eng'1neerinp studies and not on tire durabilitY tests.
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REPRODUCED FROM
BEST AVAILABLE COPY

TEST PPOrKAH (Contd.)

Test Mileage

Under the orizinall tetit dirtictive eacn f7roui of tir%_,s was to be run
20,000 miles divided as folhows:

20, - Cross-Coun try

40% - ,econdairv (.r.tvel

40% - 1 '-" .1tway

The following table indicates the mil,'s dccuriul.Ited and ivera.e miles
per hour in each Deriod througrnout toet.

HiRhwdy Secondary Cross
Pavement (,ravel Country Total

Period .. roups Run Miles Av .l• I Miles Avp.MPil =Al'e's Avg. MPI! 1, les AvI.APH

1st A,B & C 1,000 21.%J 1,000 19.1 b50 '1.2 2,520 16.3

2nd A,B & C 1,000 24.4 1,002 20.7 500 8.9 2,502 17.4

3rd AB & C 1,000 22.7* 1,000 19.911, 500(.) 9,6. 29,00 17.1

4th AB & C 1,000 25.7 1,000(2) 21.7 ,00(2) 9.b 2,00 18.3

5th BC & D() 1,i00J 3.5** 1,003 23.1 500 9.2 2,503 17.8

6th U(4) C(b)

D EP(6) 1.000 215.7 1,30( 21.7 600 J.. 2,500 18.5

7th D 1. E 1,00b zu'b.1 1,000 2J.4 500 J.7 2,56b 18.8

(I) B group tires accomplisne,. 1#7b miles of cross-country due tc tire failures.

(2) b group tires ,iccompli.ined 524 mile3 of cro-.-country and 1,Jdi nile*9 of
secondary.

(3) D group replaced A rrou,) it start of this neriod due tc worn smooth condition
of A group.

(4) B Rroup terminated durins tni'; Derico-reolaced wit,1 :. vrcup, .4 crcun
accomipished 358 miles pdvemerlt, .'bu miles secondary and lbl .r.ilos of cross-
country for a tota.' of 77J mile:i.

(5) C Rroup due to ride ind lone stucov iccomplished 1,015 ;niles Ddv,.!ent, 1,000
miles secondary and 50u miles crmors-country for a total of 2,61i mi1,os this
period.

(6) 1: group, which replaced ii 'roup, started test iii the mi (jle nf i,th p.:rioxl
and finished in the miudl,: of 7th period. This Proun accorn1|isri-d 1,013
miles pavement, 1,u2b iisles secont.arv ,and 502 Siles cross-countrv for a
total of 2,541 miles.

SAverage speed rvduced; 1/z speed, ;1 hours vreak-in of reldncer-lent J proup.

** Average speed reduced; 1/2 spoed, 16 hours break-in of new 0 prou" tires.
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TL;,;T PROC/'A\M (Coritd.)

Test 1.ileaFe (Contd.)

The followine table indicates the test miles accumulated by each tire
under each of the three conditions.

%of % of %of
Tire Highway Total Secondary Total Cross- Total Total
Code Pave Miles Miles Gravel Miles Miles Country Miles Miles Miles

A-1 4,000 40 4,002 40 2,020 20 10,022
A-2 4,000 40 4,002 40 2,020 20 10,022
A-3 4,000 .40 4,002 40 2,020 20 10,022
A-4 4,000 .40 4,002 40 2,020 20 10,022

B-I 3,000 41 2,784 39 9,447 20 7,231
B-2 .4,406 40 4,342 40 2,128 20 10,876
B-3 2,374 39 2,539 42 1,184 19 6,097
B-4 5,361 40 .5,264 40 2,681 20 13,306
8-5 2,987 41 2,725 38 1,497 21 7,209
B-6 2,141 39 2,220 40 1,151 21 5,512
B-7 955 39 922 38 553 23 2,430

C-1 6,018 40 6,002 40 3,020 20 15,040
C-2 6,018 40 6,002 .40 3,020 20 15,040
C-3 6,018 40 6,002 40 3,020 20 15,040
C-4 6,018 40 6,002 40 3,020 20 15,040

D-1 3,009 40 3,000 40 1,500 20 7,509
D-2 3,009 40 3,000 40 1,500 20 7,509
D-3 3,009 40 3,000 40 1,500 20 7,509
D-4 3,009 40 3,000 40 1,500 20 7,509

E-1 1,013 40 1,026 40 502 20 2,541
E-2 1,013 40 1,026 40 502 20 2,541
E-3 1,013 40 1,026 40 502 20 2,541
E-4 1,013 40 1,026 40 502 20 2,541
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TEST PPOORAM (Contd.)

. Test Tire M'easurements

The following meanurements were taken and recorded prior to start
and at every 2300-2500 miles of tire travel:

Outilde Diameter
Shore Hardness - 3 places
Tread Depth - 6 places inside and outside
Tread Cuttinp (number and total length) minimum 2" lenpth, 1/4" side-

wall and to fabric In tread
Cross Section - 3 places
Contact Print - 30 psip on right froht tire each proup at start of

test

Tire Rotation

At End Tire
of Miles Tire Croups

Test Period Accumilated .. Rotafo Schedule. Affected

01 20520 Vehicle to vihicle-fixed w4heel As B C
'position..

02 2,502 Diagonally front-to-rear-vehicle A, B, C
to vehicle.

#3 2,500 Vehicle to vehicle-fixed wheel A, B, C
position.

04 2,500 Vehicle to vehicle-fixed wheel Be CO D
position.

#5 2,503 Vehicle to vehicle-fixed wheel B, C, D
position.

06 2,500 Vehicle to vehicle-fixed wheel D, C
position.

#7 2,506 Test Terminate

Additional Tests

Due to test termination prior to the 20,000 mile limit it was considered
advisable to investigate two phenomenons which occurred curing the test. A
noticeable difference in the "ride" characteristics between tire groups was
found and an observed deficiency of the non-directional radial construction tires
in shallow mud. These conditions were further investigated by means of instrumen-
tation and are covered in Appendix A "Ride Study" and Appendix B "Shallow Mud
Traction".,
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SUMMARY OF FUEL CON!SUMPTION 3Y TIRE GROUPS

SGroup A 'ires

ailions
Pavement Off-Road Total

Fue F rue I FueI

1st Period, 0-2520 Miles, Vehicle C-I 361.2 782.3 1143.5
22nd Period, 2520-5022 Miles, Vehicle C-3 370.2 788.1 1158.3

3rd Period, 5022-7522 Miles, Vehicle C-2 352.0 791.6 1143.6

4th Period, 7522-10022 Miles, Vehicle C-i 360.0 723.9 1083.9

Total 1443.4 3085.9 4529.3

Miles per Gallon 2.77 1.95 2.21

Rating 1000 100 100

Group B Tires

1st Period, 0-2520 Miles, Vehicle C-2 371.8 728.9 1100.7

2nd Period, 2520-5022 Miles, Vehicle C-i 362.4 745.2 1107.6

3rd Period, 5022-7498 Miles, Vehicle C-3 332.2 707.3 1039.5

4th Period, 7498-10024 Miles, Vehicle C-2 329.2 726.3 1055.5

5th Period, 10024-12527 Miles, Vehicle C-i 336.0 655.1 991.1

6th Period, 12527-13306 Miles, Vehicle C-3 120.7 216.0 336.7

Total 1852.3 3778.8 5631.1

Miles per Gallon 2.89 2.10 2.36

Rating( 1) 104 108 107

Group C Tires

ist Period, 0-2520 Miles, Vehicle C-3 377.9 787.8 1165.7

2nd Period, 2520-5022 Miles Vehicle C-2 390.9 813.9 1204.8

3rd Period, 5022-7522 Miles, Vehicle C-1 349.8 789.7 1139.5

4th Period, 7522-10022 Miles, Vehicle C-3 344.8 773.0 1117.8

5th Period, 10022-12525 Miles, Vehicle C-2 356.6 686.4 1043.0

6th Period, 12525-15040 Miles, Vehicle C-1 355.4 730.4 1085.8

Total 2175.4 4581.2 6756.6

Miles per Gallon 2.77 00 1.97 2.23

Rating(l) 100 101 101

(1) Ratings are based on the Group A (Control) average miles-per gallon
consumption during the four periods they ran.
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SUMMARY OF FUEL CONSUMPTION BY TIRE GROuPS (Contd.)

G;roup D Tires

Gallons

Pavement Off-Road otal

Fuel Fue l Fuel

5th Period, 0-2503 Miles, Vehicle C-3 3b2.0 682.9 1034,9

6th Period, 2503-5003 Miles, Vehicle C-2 318.2 701.1 1019.3

7th Period, 5003-7509 Miles, Vehicle C-i 334.7 703.6 1038.3

Total 1004.9 2087.6 3092.5

Miles Per Gallon 2.99 2.16 2° 3

Rating(i) 108 111 110

rGroup E Tires

6th-7th Period, 0-2541 Miles, Vehicle C-3 333.5 739.9 1073,4

Total 333.5 739.9 1073.4

Miles per Gallon 3.04 2.07 2,37

Rating( 1) 110 106 107

(1) Ratings are based on the Croup A (Control) average miles per gallon
consumption during the four periods they ran.
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VEHICLE DURABILITY

The three Model "C" Tournapulls used in this Tire Durability Test to
simulate the Army roer Vehicle experienced a minimal parts mortality record.
Other than normal vehicle service and prevent~tive maintenance the following
table indicates all failures experienced during test.

Mileage
Veho Description

-__ Date Failure of Failure Cause of Failure Disposition

C-l 3/11/63 49799 Cable, Apron, Believed that apron Replaced cable and
broken, limit switch was aligned limit

misaligned. switch0,

C-i '4/5/63 8431 Cab Bolt, right Unknown, Replaced,
front missingo

C-1 5/17/63 i0•725 DC charging rate DC Rectifiers0  Replaced0
low.

C-1 5/27/63 12ý292 DC charging rate Flux bridge not Installed shims in
lowo property adjusted. flux bridge0

C-1 6/12/63 1BV309 DC charging rate Deficient coil in Replaced trans-
low0  transformer. former0

C-2 4/5/63 89431 Hose, Air Tank Rupturedo Replaced.
Outlets, leaking

C-2 6/4/63 16341 Can Arm Ball Cap, Unknown0  Replaced.
rights0 2 cap screws
brtoken0o

C-2 6/4/63 160341 Wheel Studs , left Wheel Studs not Replaced brake
missing (Wheel came properly tightened0  drum, tapped wheel
off bending brake stud holes and
drum)0  replaced wheel stu

C=2 6/8/63 179609 Points, Steering High resistance° Replaced left stee
Relay, left, burn- ing points. Note-
ed and not making Points had been
contact0  dressed several ti

prior to replacemee

C=3 3/30/63 70522 Cable, Can Hoists Rubbing against can Replaced cable and
flattened and sheave side plate laced correctly,
frayed0  due to being laced

incorrect lyo

C=3 4/2/63 79777 Hose, Rear Brake9  Unknown. Replaced0
main line broken at
brass fitting0
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VEHICLE DURABILITY (Contd.)

Mileage
Veh. @ Description

# Date Failure of Failure Cause of Failure Disposition

C-3 4/5/63 8,517 Pin £ Bearing, Believed that apron Replaced pin and
Apron Sheave, cable forced through bearing. Welded
damaged. sheave while looped, torn section of

sheave side cover.

C-3 6/8/63 17,600 Points, Steering High resistance. Replaced left steer-
Relay, left burned ing points. Note:
and not making Points had been
contact., dressed several times

prior to replacement.

-
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APPSNDI DIX A

HIISTORY

Shortly after the inception of the tire tread wear and durability
evaluation, Project 20-1-110, it became obvious that the "ride" severity of
the "test bed" Model "C" Tournapull on the pavement, secondary and cross-
country courses was limiting the desired vehicle speed. Adjustment of test
tire inflation pressures was made to improve pavement "ride", but by necessity
secondary and cross-country terrain was negotiated at the pressure establish-
ed as the most reasonable optimum for pavement.

The tire manufacturers' representatives and the vehicle manufacturer's
representative had previously observed certain "'ride" characteristics of
the ATAC "Goer" Tanker unit which were influenced,ý&ifferently by the performance
of non-directional radial ply tires (Group B) when compared with the directional
conventional construction tires (Group A). These observed differences were not
confirmed by the performance of the Model "C" Tournapull "test beds" mounted
on similar tires. The seriousness of the Model "C" Tournapull's "ride" problem
was climaxed by the failure of the paved test course, Route #1, due in part
to the high dynamic loads imposed by the tires during periods of random cyclic
excitation which developed progressively larger areas of pavement deterioration.

The secondary road courses also suffered under these dynamic loads but
the absence of public traffic on these roads provided the operators a certain
latitude in avoidinp known exdters.

On pavement the most sensitive tires in terms of "lope" generation
were the non-directional radial ply, Group B. On secondary road surfaces the
Group B tires were difficult to excite, but once excited, rate of decay was
exceptionally slow compared with the directional conventional tires (Groups
A and C). In cross-country the non-directional radial ply Group B tires could
negotiate "rough" single impacts at a higher rate of speed than Groups A or C,
but if a combination of three or more closely spaced impacts 'gas present, the

Group B tires would achieve a compound amplitude quickly reaching the intolerable
limit for both driver and vehicle, The Group A and C, on the contrary, would
transmit a higher initial "jerk" force but would require a considerably greater
number of closely spaced impacts before an intolerable compound reaction resultec

As the Group A and C tires became severely worn and the directional
tread elements were significantly reduced, the operator's subjective "ride"
experience improved, whereas the group B tires reacted essentially without
change throughout the test.

--.l



iLEST PLAN

Establishinr the cause of the adverse "ride" reaction of the non-
directional radial ply (Group B) tires required a subjective "ride" comparison
of the non-direction,1l radial ply tires (Group F) originally used on the "Goer"
Tanker. At the conclusion of the tire tread wear and durability study a set
of Group F tires formerly applied to the "Goer" Tanker were mounted on one of
the Model "C" Tournapull "test beds". Although a direct comparison with the
Group B tires was impossible, a complete lap of each test course with the
Group F tires indicated little, if any, chanpge in the operator's subjective
"ride" experience. This comparative evaluation, however crude, identified
Groups B and F as developinP similar ride characteristics; consequently,
this process of elimination su~pested a significant difference in the "ride"
reaction of the "Coer" Tanker compared with the Model "C" Tournapull "test
beds". To permit a dimensional analysis of the "ride" differences between
"Goer" and Model "C" Tournaoull, all comparative "ride" reactions were
determined by measurements expressed in terms of a "ride" index value.

Each test course was carefully surveyed for particularly significant
sections which would sunport high density test use without change. Upon
location of the test course the Group F and the Group A tires at two different
inflation pressures were used to establish a constant test speed based on
subjective reaction while the vibration meter simultaneously identified the
significant exciters and the area of maximum effect. The inflation pressures
selected for the "Ride" Study were a compromise based on different pressure
build-up rates for the various tires tested as well as different build-up rates
.for cross-country and pavement-secondary operation. The selection of 50 psir
front and 140 psip rear represented a mean pressure build-up for pavement and
secondary roads from a cold starting pressure of 35-40 psig front and 25-30
psip rear. The selection of '40 psig front and 30 psig rear for all three "ride"
test courses represented a mean pressure build-up for pavement and secondary
roads from a cold starting pressure of 25-30 psig front and 18-23 psig rear,
and for cross-country a cold starting pressure of 30-35 psig front and 20-25
psip rear.

A "Coer" Tanker was available for this comparative "ride" study and was
loaded with sufficient liquid ballast to provide a "Goer" OV.4 equal to its
rated GV4 with a 5,000 gallon gasoline load (718200). The Model "C" Tournapull
was loaded at a comparable weight and weipht distribution.

Two test areas on pavement, one "smooth" and one "rough"; three test
areas on secondary, one which was visually "smooth" but generated a signif-
icant Model "C" Tournapull "lope", one "smooth" and one "rough"; and one test
area in cross-country identified as "rough" represented six significantly
different surface conditions, five of which were negotiated at two inflation
pressures, while the sixth was the single cross-country area to be negotiated
at only one inflation pressure.
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CO4CLUSIONS

The "Coer" Tanker at rated load provides a significantly better "ride"
than the Model "C" Tourriapull on rough pavement and secondary road surfaces
regardless of tire influence.

In cross-country terrain both vehicles are sharply sensitive to tire
differences; specifically, the "Goer" equipped with radial ply non-directional
tires is equally as good as the Model "C" Tournapull equipped with directional
conventional tires. Inversely when the tire groups are reversed, the "ride"
of both vehicles is equally severe.

The natural frequency of both vehicles is sensitive to the type of tires
applied. On the Model "C" Tournapull "test bed" the directional conventional
tires (Oroup A develop 2.15 cycles per second; the non-directional radial ply
tires (Croup F) develop 1.73-1.80 cycles per second; the non-directional con-
ventional construction tires (Group D) develop 2.00-2.16 cycles per second;
and directional radial ply tires (Oroup E) develop 1.80 cycles per second at
50-40 psig front and 40-30 psig rear. At 30 psip front and 20 psig rear the
natural frequency is reduce(] to 1.50 cycles per second for Groups F and E
and 1.80 for Group D.

When the Group A is anPlied to the "Goer" the natural frequency at 50-40
psig front and 40-30 psip rear is reduced from 1.80 cycles per second to 1.67-
1.70 cycles per second. Under the same conditions the Croup F natural frequency
is reduced from 1.80 cycles per second to 1.73 cycles per second.

Under the eleven test conditions established for the "ride" study the
"Goer" vehicle equipped with the directional conventional tires (Group A)
exceeded the human fatigue limit (Ride Index 0.89) on three conditions and
the vehicle fatigue limit (Ride Index 1.91) on one of these three conditions.
The "Gorer" vehicle equipped with the non-directional radial ply tires (Group F)
exceeded the human and vehicle fatigue limit in cross-country only.

A similar comparison of the influence of tire groups on the Model "C"
Tournapull found the Group A tires exceeding the human fatigue limit on five
conditions of which two exceeded the vehicle fatigue limit and the Group F
tires exceeding the human fatigue limit on six conditions of which three
exceeded the vehicle fatigue limit.

The non-directional conventional tires (rroup D) and the directional
radial ply tires (Group E) were only evaluated on the Model "C" Tournapull.
The Croup D tires exceeded the human fatigue limit on seven of the eleven
conditions of which four exceeded the vehicle fatigue limit. The Group E
tires exceeded the human fatigue limit on four of the eleven conditions of
which three exceeded the vehicle fatigue limit.
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CONCLUSIONS (Contd.)

The subjective "ride" impressions of operators during the tread wear
and durability study as well as the operator during the "ride" study confirmed
the measured results in terms of "P.ood" and "bad" but without any apparent "feel"
for degree of severity once "bad" was reached.

At the beginninp of the "ride" study it was necessary to evaluate a
subjective "ride" impression expressed by the Model "C" Tournapull operators
that one particular type of seat cushion was the most comfortable. By
measuring the operator's displacement as influenced by the seat cushion,
it was determined that the reduced depth cushion was more comfortable and
provided less amplification of input displacement than the deep cushion,
consequently the shallow cushion was used throughout the "ride" study.

The non-directional conventional construction tires (Group D) required
a speed reduction of 0°6 miles per hour on the rough pavement condition and
1.6 miles per hour on the rough secondary road condition due to the violent
reaction of the Model "C" Tournapull at the pre-established test speed.

When driver "ride" measurements are compared with Model "C" Tournapull
"ride" measurements under identical conditions, we find the driver generally
suffers a proportionately greater increase in amplitude with increased input
severity.

Where significant exciters exist, a small increase in vehicle speed
(i.e.0, l2 MPI) amplifies Model "C" Toumapull "ride" reaction as much as
six times for the Group D tires, four times for the Group F tires and three
times for the Group E tires. The Group A tires on the "Goer" indicated no
significant increase under the same conditions.
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TEST RESULTS

Measured "Ride" Reaction

The results of this study are given on the following pages in tabular
and graph form.

Table I summarizes the result of the "Ride" Study comparing tire group
performance in terms of vehicle "ride" index values. A "ride" index value of
0.89 is defined as being the acceptable limit of human fatigue for, continuous
operation.

Table II summarizes the result of the "Ride" Study comparing the
performance of the Model "C" Tournapull with the "Goer" Tanker, in terms of
vehicle "Ride" index value. A "ride" index of 1.91 is defined as being the
acceptable limit of vehicle fatique for continuous operation (approximately
0.8 to 0.9 C). (See CRAPN LEGEND, Figures 1 and 2).

Figure 1 illustrates the "ride" comparison on pavement of each tire group
on the Model "C" Tournapull at two inflation pressures.

Figure 2 illustrates the "ride" comparison on pavement of the "Goer"
versus the Model "C" Tournapull with Group A and F tires at two inflation
pressures.

Fiure 3 illustrates the "ride" comparison of each tire group on the
Model "C" TournaDull at two inflation pressures under three conditions of
secondary road surfaces.

Figure 4 illustrates the "ride" comparison under three conditions of
secondary road surfaces of the "Coer" versus the Model "C" Tournapull vehicle
with ,roup A and F tires at two inflation pressures.

Figure 5 illustrates the "ride" comparison of the Model "C" Tournapull
versus driver reaction under three conditions of secondary road surfaces on
Group r and D tires at two inflation pressures.

Fipure 6 illustrates the same conditions as Figure 5 but with Croup A
and E tires.

Figure 7 illustrates the "ride" comparison of driver on deep versus shallow
seat cushion under three conditions of secondary road surfaces using Croup D
tires on the Model "C" Tournapull at one inflation pressure.
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r. irlt !. )

Ha~~ur ,;"R,4i a;" !eictit,;t (('ontd,,)

i11xitr.%te-, the "ride" cm,,lari:.on co cross-country as influenced
,y th' vebic1iti. ,1.* wq:11 .r. the tir rei ,at one inflation pressurv.

riour Illu,.trate-, tblt "rx°e" co¶bari'uai of Croups D0, and r under
tat, conditi.., of lidvevm t .at two test s3eeds on the Model "C" Toumapull and
th,! ('rcu, 4 tir. on th, "roer" vehicle at one inflation pressure.

T A.E I

Tire rfroupsCow:fit i r D

F'r1)mt Tirvm , ") %i0 40 'a) 40 b0 40 50

P-ar T•,r" :',i',, 3J 4) 30 40 30 40 30 40

"Pide" Index
Pdw't •r1 t

#11., '-10001 ;. J ),tb ,).tbl 0. ýO0 , O bO 0.3.) J. 0 bO , 1,

2,10 1 10 l30' J2,J 4. O* 2.00* 2.15* 0.72

Secohlr-y

#i, .,nooth 0.b4 Ob5 U.50 1.10 0.44 0.98 0.22 0.54

02, ,,oti 0 1.21 0437 1.'lJ 0.24 1.90 0.28 1.40

03, ! ou0h 0.4i• 2.38* 0.92 2.90* 0.91 4.30* 0.75 2.00*

Crons-Count rv

Rouqh 2.'1 -- b2* -- 10.2* -- .* --

Underlined values are in excoss of acceptable human fatipue limits for continuous
ooerit ion.

(A) Aterisked values dre in excess of acceptable human and vehicle fatisus limits
ror continuous operation.

Best Available Cop,
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TEST IL;ULTS (Contd.)

TAIJIJ: I I

'.,hitle "Ride" Indices
Vehicle Model "C" Tourndpull "Coer" Tanker
Tire Group A _ A _

Condition

Inflation, rront, psip 40 50 4() 50 40 50 40 50

Inflation, Rear, psig 30 '.0 30 40 30 40 30 40

"Kide" Index
Pavement

01, Smooth 0.35 0.Ub 0.51 0.'jJ 0.22 0.27 0.31 0.29

02, Rough 1.10 L.I0 2.30* 0.80 0.57 J.65 0.80 0.75

Secondary

#1, Smooth 0.54 0.6b ,.ýO 1.2) 0.22 0.56 0.20 0.18

#2, Smooth 0.52 1.21 3.37 1.40 U.20 1.40 0.35 0.38

#3, Rough 0.85 2.38* 0.IJ2 2.90*s 3.51 0.90 0.55 0.62

Cross-Country

RouRh 2.70* -- b.20* -- 5.70* -- 2.90* --

Compdrison (At Mean Vehicle "Ride" Indices
Pave mnt ";econdary Cross-Coun try

ImoMt Rouph .3mooth o'nnoth Ok ough

r,oer ' 40-30 psig 0.27 0.64 3.21 0.28 0.53 4.30*

"ft." Pull j 40-30 psip 0.4j 1.7_0 3.2 0.45 0.89 4.145

Goar 0 50-40 psig 0.28 0.78 0.37 0."9 0.76 --

"C" Pull jJ 50-40 psig 0.59 0.95 0.J3 1.31 2.64* --

Underlined values are in excess of dcceptable human f atigue linits for continuous
operation.

(A) Astarir~ed vdlue's dne in excess of accoer.aible nuinir and vuhicle fatigue linmit-
hk for continuous opertiun.

__--Best Available Copy



G R A P H L U G E N D

Figures 1 and 2

Speed2 27.6 Miles Per Hour

Key Description

40 - 50 50 PSI Front Tires
40 PSI Rear Tires

H 40 - 30 40 PSI Front Tires
30 PSI Rear Tires

Cond. I Smooth Road

Cond. 2 Rough Road

"-----. "Hluman Limit" Acceptable '"Human" Continuous ratipue
Limit of o89* (Ride Index)

"Vehicle Limit" Acceptable Vehicle Continuous Fatigue
Limit of 191 (Ride Index) as Interpreted
from C(oldman's "Intolerable" Limit*

Pidrý Index Djsnlac-,Tr't (inchen) X fre,'uenr,, (cvr1e
nor •er•rd)

Note.- Speed reduced to 27.0 MPH on D Croup, Condition 2, due to D
Group's adverse redction0

Coldman0 D.E., A Review of Subjective Responses to Vibratory Motion
of the Human Body in the Frequency Ranpe 1 to 70 Cycles per Second
Report Noo 1, Project NM 004001, Naval Medical Research Institute,
March 16, 1948o
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. R A P i{ L E G EN ID

Pigures 3 and 4

Speed: 22.6 Miles Per Hour

Key Description

S• 50 PSI Front Tires
40 PSI Rear Tires

- = 40 PSI Front Tires
30 PSI Rear Tires

Cond. 1 100 root Smooth Road Section Actinp
as Lope Cenerator

Cond. 2 100 Foot Smooth Road Section

0Cond. 3 100 Foot Road Section with Three
Exciters Followed by a Smooth Road
Section

"Human Limit" Accentable "Human" Continuous Fatigue
Limit of .60* (Ride Index)

"Vehicle Limit" Acceptable Vehicle Continuous Fatigue
Limit of 1.91 (Ride Index) as Interpreted
from Goldman's "Intolerable" Limit*

Note: All #3 Conditions are at 21.0 MPH or 1.6 MPd below specified speed
due to D Group's adverse reaction.

Goldman, D.E., A Review of Sublective Responses to Vibratory Motion
of the Human Body in the rrequencv Range 1 to 70 Cycles per Second
Report No. 1, Project NM 004001, Naval Medical Research Institute,
March 16, 1948.
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Q P A P1 H L E C f, N D

Fivures 5 and 6

Speed: 22.6 Miles Per H!our

Key Description

- Vehicle Reaction-40 P';I Front Tires
30 PSI Rear Tires

V

- Driver Reaction-40 PESI Front Tires
30 PSI Rear Tires

D

Vehicle Reaction-S0 PS[ Front Tires
40 PSI Rear Tires

V

IDriver Reaction-50 P.;I Front Tires
40 PSI Rear Tires0D

Cond. 1 100 Foot Smooth Poid %iection Actinp
as Lope (;ener3tor

Cond. 2 .100 Foot Smooth Roid Section

Cond. 3 100 Foot Road Section with Three Shallow
Lxciters Followed by a Smooth Road Section

"Hiuman Limit" Acceptable "iiuiadn"Continuous Fativue Limit
of .89* (Ride index)

"Vehicle Limit" Acceptable Vehicle Continuous Fatigue
Limit of 1.91 (Ride Index) as Internreted
from Goldman's "Intolerable" Limit*

Note: All #3 Conditions are at 21.0 MPH or 1.6 ,ItP below snecified
speed due to I) rroup's adverse reaction.

(Goldman, D.E., A R,..view of Subjective Pesonses to Vibratory Motion

of the Human Bcdy in the Frequency Ranpe I to 7,,( Cycles per Second
Report No. 1, Protect NH 004001, Niaval Mdica l Rosearch Institute,
March 16, 1948.
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(I P A P r I: ' N D

f'igur* 7

Speed: 22.6 Miles IVer ilour

40 PSI rront, 30 PSI Rear

.Key escription

Cond. I 100 root :;mooth Road Section Acting as
Lope r'enerator

Cond. 2 X 100 Foot Smooth Road Section

Cond. 3 100 Foot Road Section with Three Shallow
Exciters Followied by a Smooth Road Section

"-"Human Limit" Acceptable "Human" Continuous Fatigue
Limit of .89* (Ride Index)

"Vehicle Limit" , ..cceptable Vehicle Continuous ratilue
""- Limit of 1.91 (Ride Index) as Interpreted

from Goldman'q "Intolerable" Limit*

Notei All. 03 Conditions are at 21.0 MP1l or 1.6 MPH below specified speed
due to D rroup's adverse reaction.

r(oldman, D.E.X A Review of Subjective Responses to Vibratory Notion

of the Human Body in the Frequency Range I to 70 Cycles per Second
Report No. 1, Project NM 004001, Nvdal Medical Research Instituto,
March 16, 1948.
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C I A P It , E lE N D

Fipure 8

Speed: 7.4 Miles Per Hour

40 P31 Front, 30 PSI Rear

Course Involved 3 Depressions and 3 Lifts

Key Description

"-"i-uman Limit" : Acceptable "Human" Continuous Fatigue
Limit of .89* (Ride Index)

"Vehicle Limit" Acceptable Vehicle Continuous rativue
Limit of 1.91 (Ride Index) as Interpreted
from Goldman's "Intolerable" Limit*

*Goldman, D.E., A Review of Subjective Responses to Vibratory Motion

of the 'Human Body in the Frequency Range 1 to 70 Cycles per Second
Report No. 1, Project NM 0014001, Naval Medical Research Institute,
March 16, 1948.



1 - 7-

7. 7

I7 T

7 7L

7 T

414)
4-4

+4.4

4-'

j A. i it,~ 4

.. ... .. 
V 7

7_I

* ;4~~ A I t4~I :4



C R A P H L E r, L N D

rigure 9

40 PSI rront, 30'PSI Rear

Key Description

F} 26,4 Miles Per Hour

L.

27.6 Miles Per Hour

H

Cond. 1 Smooth Poad

Cond, 2 Rouph Road

"Human Limit" Acceptable "Human" Continuous ratiue
Limit of ,89 (Ride index)

"Vehicle Limit" Acceptable Vehicle Continuous Fatigue
Limit of 1.91 (Ride Index) as Interpreted
from Goldman's "Intolerable" Limit*

SGoldman, DoEo, A Review of Subjective Res.•onses to Vibratory Motion

of the Human Body in the rrequency Rarnie 1 to 70 Cycles per Second
Report No. 1, Project NM 004001, Naval Medical Research Institute,
March 16, 1948.
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TEST RESULTS (Contd.)

Subjective "Ride" Reaction

The followinp table reflects the operator's "ride" impressions of
the two tire Groups D and E which were added to the tread wear and durability
test and the tire Group F which was of similar construction and design as
the Group B tires.

Preference Pavement Secondary Cross-Country
Driver # 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7

1st DE DE- DE DE- - £E DE L DE E - FE- E FE FEll

2nd FF - F F-- DF DFF DF FDF - D-- D D D D

TEST PROGRAM

Test Courses

Pavement - A portion of Nevada Automotive Test Center's
h1ihway pavement test course #2 (abandoned U.S. Highway 50)
was chosen to provide two test sections. Test section
#1 was smooth, whereas test section #2 (See Road Profile
of Pavement Test Section Figures #1 and #2) was of rolling
contour featuring two major exciters.

Secondary - A portion of Nevada Automotive Test Center's
secondary test course having a compaction of 300+ PST
was chosen to provide three test sections. Test section
#1 was a visually smooth surface which generated "lope"
in the Model "C" Tournapull units. Test section #2 was
smooth surface creating no lope. Test section #3 (See
Road Profile of Secondary Test Section #3 Figures #3 and
04) was of rolling contour featurinq three major exciters.

Cross-Country - A section of Nevada Automotive Test Center's
cross-country test course was chosen as a severe but not
extreme condition. This test section provided three
exciters (See Road Profile of Cross-Country Test Section
Figure #5).
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TEST PROCPAMA (Contd.)

Test Vehicles

One Model "C" Tournanull

One "Goer" Tanker XM438E2

Test Tires

Two of the five groups which ran on the tread wear and durability
evaluation (Groups D and E) were subjected to the "ride" study. The rGrouDs
A, B and C tires were not available but a Croup A and a Group r were substituted
and were of similar design and construction as the Group A and Group B tires.
Thus the following test groups were subjected to the "ride" evaluation:

Group A, Conventional construction directional tread.

Group D, Convmntional construction non-directional tread.

Croup E, Radial ply construction directional tread.

Grout F, Radial ply construction non-Oirectional tread.

Test Procedure

To evaluate comparative vehicle "ride" a vibration pickup location
common to both Model "C" Tournapull and the "Coer" Tanker vehicle was chosen
(approximately on centerline and 2 feet 7 inches ahead of the front axle).
An average of two runs plus reruns as required were made at each'inflation
pressure, under each test condition, for the three test courses, on each
group of test tires.

To evaluate driver reaction to vehicle "ride" a lock-on helmet was
instrumented with a vibration meter pickup.

The following schematic shows the location of the Vibration Meter
Pickups relative to the front axle position of both the Model "C" Tournapull
and the "Goer" Tanker vehicle.
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APPL11DIX A

1Ii'LTOPY

Shortly after the inception of the tire tread wear and durability
evaluation, Prolect 20-1-110, it became 'ThviouS that the "ride" severity of
the "test bed" Model "C"' Tournapull on the pavement, secondary and cross-
country courses was limiting the desired venicle speed. Adjustment of test
tire inflation pressures was made to improve savement "ride", but by necessity
secondary and cross-country terrain was negotiated at the pressure establish-
ed as the most reasonable optimum for pavement.

The tire manufacturers' representatives and the vehicle manufacturer's
representative had previously observed certain "ride" characteristics of
the ATAC "(Ioer" Tanker unit which were inflaenceu differently by the performance
of non-directional radial Dly tires (Group i3) when compared with the directional
conventional construction tires (Group A). These observed differences were not
confirmed by the performance of tne Model "C" Tournapull "test beds" mounted
on similar tires. The seriousness of the Model "C" Tournapull's "ride" problem
was climaxed by the failure of the paved test course, Route #1, due in part
to the high dynamic loads imposed by the tires during periods of random cyclic
excitation which developed Drogressively larger areas of pavement deterioration.

The secondary road courses also suffered under these dynamic loads but
the absence of public traffic on these roads provided the operators a certain

0, latitude in avoidinp known exciters.

On pavement the most sensitive tires in terms of "looe" generation
were the non-directional radial ply, Group 3. On secondary road surfaces the
Group B tires were difficult to excite, Dut once excited, rate of decay was
exceptionally slow compared with the directional conventional tires (rroups
A and C). In cross-country the non-directional radial ply Croup B tires could
negotiate "rough" single impacts a1t a higher rate of speed than Groups A or C,
but if a combination of three or more closely spaced impacts was present, the
Group B tires would achieve a compound amplitude quickly reaching the intolerablc
limit for both driver and vehicle. The Group A and C, on the contrary, would
transmit a higher initial "jerk" force but would require a considerably greater
number of closely spaced impacts before aii intolerable compound reaction resulte(

As the Group A and C tires became severely worn and the directional
tread elements were significantly reduced, the operator's subjective "ride"
experience improved, whereas the Group B tires reacted essentially without
change throuphout the test.

-1
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Figiure 1 indicates the maximum traction develorned by the two groups
tested at each inflatio.n pressure under inrvetiiation. Also shown on this
graph at two inflation pressures is a profile of tire penetration in the test
track. From these profilei the oortion of the tread surface providing the
most appressive traction is apparent.

Fipure 2 illustrates the complete Croun A traction curve for each
inflation pressure tested.

Figure 3 illustrates tne complete rroun F traction curve for each
inflation pressure tested.

TEST PROrRAM

Test Course

A test course area was selected to provide hiph natural
compaction affording minimal tire penetration and low
coefficient of friction (.17-.25) when wet. The character
of this course may be compared with wet cyrass matted slopes.

Separate test courses were constructed and used each day of
test ooeration. Each test course was arproximately 65 feet
in length and 20 feet in width.

m / Test Vehicle and Dynamometer Unit

A Model "C" Tournarull was used as the "test bed" unit and
an M-34 2 1/2 ton 6x6 vehicle, fuLly instrumented for this
study, was used as the dyndmometer unit.

Test Procedure

With the "test bed" vehicle attached to the Emery Load Cell
System installed in the dynamometer unit the two vehicles,
"test bed" vehicle leading, moved down the test course
approach anron and stabilized at test speed with essentially
zero pounds tractive force before entering the mud pit.
After the "test bed" vehicle had entered the mud pit, the
dynamometer vehicle slowly applied a resisting force inducing
"test bed" wheel slip until zero forward motion or vehicle
stall condition was achieved although the wheel speed of the
"test bed" vehicle was maintained constant. Ground speed was
recorded by means of a fifth wheel instrumented with d 4eston
DC tachometer generator. Two signals Ibeing, produced simul-
taneously (pounds drawbar force and Pround speed) were
integrated and plotted by means of :ITT function plotting
recorder. This provided a recordinp of tne complete traction
curve for each run. An average of six runs was made at each
inflation Dressure for each group tested.

-2-
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DEEP MUD TEST

Discussion

A specially constructed pit was required in which the depth of mud
was 12 inches, the length of the pit was 220 feet and the width 40 feet.
The consistency of the mud was maintained to a state wherein the vehicle
would become immobile before the 220 feet distance was reached. The
evaluation of one tire versus the other was made on the basis of distance
traveled versus time. The vehicle remained in the same transmission gear
throughout all tests, and when it became immobile the tires would spin
out and not stall out. The test bed vehicle was such that only the front
drive axle could be used; therefore, throughout all tests the rear axle
was non-driving and the same set of tires remained on the rear axle
throughout all tests. Experiments were conducted in respect to what
effect inflation would have, and since there was no effect, all tests
were conducted at a standard setting of 40 psi per tire. The depth of
mud was determined to be the maximum allowable depth without high
centering the vehicle. Inasmuch as no torque was transmitted to the rear
axle, it was observed throughout each test that these tires would slide
and in turn build up a large quantity of mud directly in front of each
wheel. By the resistance created at this point, it increased the drag
on the vehicle and in turn the front driving tires were called upon to
do more work than would be expected if both axles were driving.
Therefore, these tests are only a comparative type test of the three
experimental groups as compared with the control group. By reviewing
the attached data it will be noticed that the control tires, along with
the experimental tires, have operated through the pit a total of three
runs each, alternating from the control to the experimental, etc. After
each run, the pit was floated down with a leveling device.

Due to a test bed vehicle breakdown, we were unable to compare the
Ground Grip Directional Grooved Lugs.
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TEST RESULTS:

FIRESTONE GROUND GRIP DIRECTIONAL DESIGN

(Control)

Time Distance Ratina

1. 41 Sec. 98'10"
3. 42 Sec. 101' 3"
5. 43 Sec, 94'10"

Total..126 Sec. 294'11"

Average..42 Sec. 98' 3" 100

SUPER GROUND GRIP GOER

Time Distance Rating

2. 91 Sec. 177'10"
4. 82 Sec. 165' 9"
6. 79 Sec. 161' 1"

Total..252 Sec. 504' 8"

.Average.. 74 Sec. 168' 2" 171

FIRESTONE GROUND GRIP DIRECTIONAL DESIGN

(Control)

Time Distance RatinQ

1. 54.5 Sec. 86' 9"
3. 58 Sec. 86' 1"
5. 54.5 Sec. 85' 1"

Total..167 Sec. 257'11"

Average..55.6 Sec. 85'11" 100

ND-CC G0ER

Time Distance Ratina

2. 26 Sec. 48' 3"
4. 24 Sec. 47' 3"
6. 26 Sec. 48' 7"

Total...76 Sec. 144' 1"

Average...25.3 Sec. 48' 56

39



APPENDIX

I. Abbreviations and Symbols p i

II. Glossary of Trade Names p ii

III. Deflection Sheets p iii



APPENDIX I

ABBREVIATIONS AND SYMBOLS

cc Degrees Centigrade

OF Degrees Fahrenheit

FR-S Firestone Rubber - Synthetic

(styrene-butadiene type)

in Inches

lb Pounds

NR Natural Rubber

psi Pounds per square inch

0
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IS ANDT14ACT

Earthmovinq tires were specu'Eically d~eveloped for use on the GOER
vehicle. This development work inciu4cn chc' dt-Rign of various tread
configurations and use of maximum feasible i-yntletir content. Tires
were produced in three different tread dev;.z .a5 two different
levels of synthetic content. These tires were than tested for running
temperature, traction, and mobility. Durability tests of 40% highway,
40% secondary roads, and 20% cross country were conducted. These tests
showed that tires could be produced to provide at least 15,000 miles
without any premature failures for this type of service.

These tires are more suited to the requirements of the GOER Vehicle
than any commercially available tire. The major areas of improvement
includes the capacity for continuous highway operation and improved
performance in mud.
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