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ABSTRACT

High life cycle costsoupled with durability and environmental challenges of tracked vehicles in South West Asia
(SWA) have focused R&D activities on understanding failure modes of track componentsaasmedirstanding
the system impacts arack durability.

The durability limiters for M1 Abrams (M1, M1A1, and M1A2)38LL track systems are the elastomeric
components.

The focus of this study is to review test methodology utilized to collect preliminary data on the loading distribution
of astatic vehicle. Proposed design changes and path forward for prediction of durability of elastomers at the
systems level from component testing will be presented.

INTRODUCTION
Onset of visual cracksn the rubber components
Programmatic Background (perceived crack initiation) occurs anywhere from
~500-750 miles and propagates; this destroys the load
TARDEC GVP&M Track & Suspension (T&S) team carrying capabilities ofthe outboard bushings
was tasked by ProgramManager (PM) Heavy causing the track pins to contact the track block,
Brigade Combat Team (HBCT) to improve the which leads to failure of the metallic pin.
durability of M1 Abrams praluction T-158LL track.
A technology transfer agreement (TTA) was SeeFigure 1B for an example of excessive deflection
implemented with the customer to target improving of the track body with respect to the pin.
the durability of T158LL track bushings by 50%.

Comprehensive failure analysis was initiated; track
pitches were removed at 2Bfile increments over a
3000mile trial. The primary failure moddor the
bushingwas rubber fatigue via crack initiation and
propagation. This fatigue failure occurs at the
unconstrained bushing locations, namely positiéns
& 8 at the center guidfllowed by positions 1 & 14

at the end connector&Ref Figure 1A)

Figuré 1B: Bushing failure (excessigmp between
track blocks) I ed to track be

Loading Imbalance

These developments led to a systems approach in
understanding the factorsffecting bushing life
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Figure 1A: Dissected T158LL Track Block
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focusing onbacker pad, road wheel, ground pad, and
suspension. Early effort®o understandhe loading
distribution between the dgker pad and the road
wheel la to the development dhe pressurepaper
measurement technique.

Environmental and demanding operating conditions
contribute to elevating the track pitch temperatures
accelerating the degradation of components.

Given that the strength and other key elastomeric
properties are diminished at elevated temperatures, it
is desirable to minimize the energy generatedhe
form of heat from the mechanicdkflection of the
track bushings, ground pads, backer pads and road
wheels

EXPERIMENTAL
Testing Section

Pressure Paper Method Development

Utilizing sensor films and coputer analysis allowed
for the understanding of load distribution and center
of pressure. These results correlated with load cell
measurements.

Pressure ranges included:
A Ultra low (2885 psi)
A Super low (76350 psi)
A Low (3501400 psi)

TRADOC Test Protodo

Preferred testing course is Yuma Proving Ground
(YPG), Yuma AZ.

A Dynamometer Course:
T 4 miles per lap
T Smooth highstrength asphalt
T 0.8 percent grade
T 30ft wide
T 500ft radius turnarounds

Operational mode for thermal mapping track
components: threeomplete laps for a total of 12
miles at 45 mph.

Track Switch & Reverserotocol

Testing protocol from PM Abrananddictates the T
158LL track is reversed every 500 miles and
switched every 1000 miles.

Reversing the track every 500 miles entails
disasembling the track on the right and left side of
the vehicle, swinging the end of the track until the
inboard components replace the position of the
original outboard components, then reassembling the
track.

Switching the track every 1000 miles entails a
reverse procedure in addition to moving the left track
to the right side, viceersa.

Testing Results

An indirect measurement of temperature through
Infrared (IR) spectrum radiation corrected with
contact thermocouples indicates elevated surface
tempergéure of elastomeric components outboard
relative to inboard as shown kigure2A.

281 R-RW 5 &6

| 300F[J 250F (] 200F @ 150F N IOOF-|
Figure 2A: Example IR measurements, M2 Bradley
and M1 Abrams

Reversed Road Arms

Thermal data on the dynamometer course at YPG,
three laps at 40mph, reveala reversalin the
outboard/inboard temperature trend (higher inboard
temperatures). In  addition, pressure  paper
measurementsndicated a reverse trend of higher
force on inboard components.
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- Informationy
Image Size 12inch x 17 inch
- Statistics
Total Area 203 inck?
Contact Area 68 inch?

Average Pressure 319 PSI
Mininum Pressure 76 PSI
Maximum Pressure 431 PSI

Force 21799 Lbf
StdDev 94 PSI

- Region of Interest
Total Area 14 inch?
Contact Area 14 inck?

Average Pressure 363 PSI
Mininum Pressure 81 PSI
Maximum Pressure 431 PSI
Force 5211 Lbf
StdDev 77PSI
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Figure 2B- Thermal Map (Abrams left side)19)

Investigation into thisnomaly revealed theft road
arms had been assemblmd the right and viceersa.

As a result, instead of the designed -olegree
positive camber angle in an unloaded case, the
camber angle wasegative onalegree cambefThis
shifteda majority ofthev e hi cl eds | oad
track and road wheels.

Figure 3B: Contact pressure results M1A1 Abrams

Figure 4 illustrates the correlation between load of
the inboard and outboard road wheel stations on the
trgglt Sld of the tagk Wlth the corresponding road
Witeel fubbér surfate tempera ures.

Typical Results Pressure Paper Map Road Wheels - Right Side
Inboard VS Outboard
Contact pressure measurements are taken between soon YPG Abrams Vehicle 004 (April 2008
253 F
the road wheel and a steel surface (track off) to - e T [rs
maximize test accuracy. Typical results are shown in 000 TR - s
Figure 3A; intensity of red indiates higher contact o ENETL [213F]"
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Figure 4: M1 Abrams road wheel loading to
temperature correlation following high speed run

The thermal measurements in Figu# were
immediately recorded after three laps at 40 mph and
the higher outboard loads correlatirectly with
higher surface temperaturesthe higher loaded
outboard stations experience higher strain, resulting
in higher absorbed energy and higher operating
temperatures.

Figure 3A: Contact pressure results M1A1 Abrams

Using pressure paper in FigurgA, a software
product was utilized to convert the red intensity into a
pressure profile for the respective road wheel as

shown in FigureB. Using load cell measuremenssplot of outboard and

inboard load versus total load at a given wheel station
was created shown in Figube
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Loading Distribution Inner/Outer (No Track)
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o - T .t backer pad and bushing assembly M1
100 : Figure 7 shows the progression of embrittlement and
0 loss of materiahighlighted by white arrowsersus
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Wheel station load (Ibf) component life Left to right, each sample is at 250
Figure 5: Relationship between total load and mile increments.

inner/outer load balance M1A1

Observed Component Life

Bushing and road wheel backedurability is
influenced by the fatigue behavior ofethiespective
rubber componentsThe fatigue process involves a
period of crack nucleation followed by a period,

which cracks grow, to a point of faildfre Figure 7. Two examples of the progression of

Failure depending on the application can befided chunking of a backer pad

asthe number of cyclew: .
y Figure 8 showsan example of a road wheel near

A Cracks of a given size to appear failure.

A Specifiedstiffness of a specimen

T increase or decrease
A Rupture of a specimefiysteresis blowout)
A Loss of material (chunking)

Due to existing test protocol, switching, and
reversing thetrack, Figuress & 7 exhibit relatively
uniform fatigue for the track components. The test
loading profile averages out fatigue inner/outer via
the switching and reversing of the track.

The increase in track life has been validated through
testing. Thepractice of switching and reversing the

track has been determined to increase track life by ] _ ] _
approximately 600 miles. Figure 8: Example ofa nearly failed road wheel,

ifailureodo of a road ledteel def

Figure 8 highlights crack initiatioin the rubberat

bottom and center of the Figurevhich leads to As discussed abovethe life of other track
bushing failure. components do not reflect the loading imbalance due

to TRADOC test protocol. However, in reviewing
road wheel replacement rate from a recsaries of
tests onfour M1A2 Abrams vehicles road wheel
durability confirms this load imbance between
inboard and outboard roagheels They experience
the loading imbalance throughout their life, as they
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