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ABSTRACT 
 

High life cycle costs coupled with durability and environmental challenges of tracked vehicles in South West Asia 

(SWA) have focused R&D activities on understanding failure modes of track components as well as understanding 

the system impacts on track durability. 

 

The durability limiters for M1 Abrams (M1, M1A1, and M1A2) T-158LL 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 a static vehicle. Proposed design changes and path forward for prediction of durability of elastomers at the 

systems level from component testing will be presented. 

 

INTRODUCTION  
 

Programmatic Background  
 

TARDEC GVP&M Track & Suspension (T&S) team 

was tasked by Program Manager (PM) Heavy 

Brigade Combat Team (HBCT) to improve the 

durability of M1 Abrams production T-158LL track. 

A technology transfer agreement (TTA) was 

implemented with the customer to target improving 

the durability of T158LL track bushings by 50%.   

 

Comprehensive failure analysis was initiated; track 

pitches were removed at 250-mile increments over a 

3000-mile trial. The primary failure mode for the 

bushing was rubber fatigue via crack initiation and 

propagation. This fatigue failure occurs at the 

unconstrained bushing locations, namely positions 7 

& 8 at the center guide followed by positions 1 & 14 

at the end connectors (Ref Figure 1A). 

 

 
Figure 1A: Dissected T-158LL Track Block 

 

Onset of visual cracks in the rubber components 

(perceived crack initiation) occurs anywhere from 

~500-750 miles and propagates; this destroys the load 

carrying capabilities of the outboard bushings 

causing the track pins to contact the track block, 

which leads to failure of the metallic pin.  

 

See Figure 1B for an example of excessive deflection 

of the track body with respect to the pin.  

 

 
Figure 1B: Bushing failure (excessive gap between 

track blocks) led to track being ñthrownò 

 

Loading Imbalance 
 

These developments led to a systems approach in 

understanding the factors affecting bushing life, 
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focusing on backer pad, road wheel, ground pad, and 

suspension. Early efforts to understand the loading 

distribution between the backer pad and the road 

wheel led to the development of the pressure-paper 

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 generated in the 

form of heat from the mechanical deflection of the 

track bushings, ground pads, backer pads and road 

wheels. 

 

EXPERIMENTAL 
 

Testing Section 
 

Pressure Paper Method Development  

 

Utilizing sensor films and computer analysis allowed 

for the understanding of load distribution and center 

of pressure. These results correlated with load cell 

measurements. 

 

Pressure ranges included: 

Å Ultra low (28-85 psi) 

Å Super low (70-350 psi) 

Å Low (350-1400 psi) 

 

TRADOC Test Protocol 

 

Preferred testing course is Yuma Proving Ground 

(YPG), Yuma AZ.  

 

Å Dynamometer Course:  

ï 4 miles per lap 

ï Smooth high-strength asphalt 

ï 0.8 percent grade 

ï 30 ft wide 

ï 500 ft radius turnarounds 

 

Operational mode for thermal mapping track 

components: three complete laps for a total of 12 

miles at 45 mph. 

 

Track Switch & Reverse Protocol 

 

Testing protocol from PM Abrams and dictates the T-

158LL track is reversed every 500 miles and 

switched every 1000 miles. 

 

Reversing the track every 500 miles entails 

disassembling 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, vice-versa.  

 

Testing Results 
 

An indirect measurement of temperature through 

Infrared (IR) spectrum radiation corrected with 

contact thermocouples indicates elevated surface 

temperature of elastomeric components outboard 

relative to inboard as shown in Figure 2A.  

 

 
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, revealed a reversal in the 

outboard/inboard temperature trend (higher inboard 

temperatures). In addition, pressure paper 

measurements indicated a reverse trend of higher 

force on inboard components.  
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Figure 2B- Thermal Map (Abrams left side - 019) 

 

Investigation into this anomaly revealed the left road 

arms had been assembled on the right and vice-versa. 

As a result, instead of the designed one-degree 

positive camber angle in an unloaded case, the 

camber angle was negative one-degree camber. This 

shifted a majority of the vehicleôs load to the inboard 

track and road wheels.  

 

Typical Results 

 

Contact pressure measurements are taken between 

the road wheel and a steel surface (track off) to 

maximize test accuracy. Typical results are shown in 

Figure 3A; intensity of red indicates higher contact 

pressure. 

 

 
Figure 3A: Contact pressure results M1A1 Abrams  

 

Using pressure paper in Figure 3A, a software 

product was utilized to convert the red intensity into a 

pressure profile for the respective road wheel as 

shown in Figure 3B. 

 

 
Figure 3B: Contact pressure results M1A1 Abrams  

 

Figure 4 illustrates the correlation between load of 

the inboard and outboard road wheel stations on the 

right side of the tank with the corresponding road 

wheel rubber surface temperatures. 

 

  

 
Figure 4: M1 Abrams road wheel loading to 

temperature correlation following high speed run 

 

The thermal measurements in Figure 4 were 

immediately recorded after three laps at 40 mph and 

the higher outboard loads correlate directly with 

higher surface temperatures. The higher loaded 

outboard stations experience higher strain, resulting 

in higher absorbed energy and higher operating 

temperatures. 

 

Using load cell measurements, a plot of outboard and 

inboard load versus total load at a given wheel station 

was created shown in Figure 5.   
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Figure 5: Relationship between total load and 

inner/outer load balance M1A1 

 

 

Observed Component Life 

 

Bushing and road wheel backer durability is 

influenced by the fatigue behavior of the respective 

rubber components. The fatigue process involves a 

period of crack nucleation followed by a period, 

which cracks grow, to a point of failure
6
.  

 

Failure depending on the application can be defined 

as the number of cycles to: 

 

Å Cracks of a given size to appear 

Å Specified stiffness of a specimen  

ï increase or decrease 

Å Rupture of a specimen (hysteresis blowout) 

Å Loss of material (chunking) 

 

Due to existing test protocol, switching, and 

reversing the track, Figures 6 & 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.  The practice of switching and reversing the 

track has been determined to increase track life by 

approximately 600 miles. 

 

Figure 8 highlights crack initiation in the rubber at 

bottom and center of the Figure, which leads to 

bushing failure.   

 

 
Figure 6: Example embrittlement and cracking of 

backer pad and bushing assembly M1 

 

Figure 7 shows the progression of embrittlement and 

loss of material highlighted by white arrows versus 

component life. Left to right, each sample is at 250 

mile increments. 

 

 
Figure 7: Two examples of the progression of 

chunking of a backer pad  

 

Figure 8 shows an example of a road wheel near 

failure. 

 

 
Figure 8: Example of a nearly failed road wheel; 

ñfailureò of a road wheel defined as 50% rubber lost 

 

As discussed above, the life of other track 

components do not reflect the loading imbalance due 

to TRADOC test protocol. However, in reviewing 

road wheel replacement rate from a recent series of 

tests on four M1A2 Abrams vehicles, road wheel 

durability confirms this load imbalance between 

inboard and outboard road wheels. They experience 

the loading imbalance throughout their life, as they 


