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TRANSPORTER AXLE FAILURES 

MARCH 27, 2012 

J. THUNBORG 

Two transporter axles broke in 1991.  The remaining axles were inspected and were found to 
have cracks at the 1 inch radius on the shoulder fillet.  These axles had been in service 
approximately 12 years.  Subsequently 25 new axles were made by Penn Machine Company and 
installed on the transporter.  The second set of axles were made out of a higher quality 4140 steel.  
This second set of axles started developing cracks in the same location after about 15 years of 
service.  We are now at the point where this second set of axles needs to be replaced.  These axles 
are very expensive to replace and broken axles can cause serious safety concerns.  Therefore, it is 
imperative that we thoroughly understand these failures and design a more robust axle for 
replacement.  This memo presents an analysis of these failures and a redesigned axle that should 
eliminate the crack problem. 
 
The stress analysis on the original transporter axles is presented in E-Systems report No. 416-
15406, Performance Analysis and Discussion for the VLA transporter vehicle dated October 10, 
1974.   With the help of hindsight, it is clear that some of the original assumptions were not 
adequately conservative.  In particular, I believe that the wheel loads are higher and the fatigue 
endurance limit of the axles is lower than originally anticipated.  The original analysis resulted in 
a fatigue factor of safety with respect to the endurance limit (which was assumed to be 30 ksi) of 
1.38.  The endurance limit is the minimum stress of a material where fatigue failure occurs.  In 
theory this would have meant that the axles would never crack.  In appendix A, I present a more 
thorough analysis using a 20% higher wheel load and the conservatively calculated endurance 
limit of 19.2 ksi.  These assumptions yield a factor of safety of 0.95 resulting in a useful life of 
approximately 12 years.  
 
The above analysis clearly shows that the cracks on the original axle are caused by fatigue due to 
cyclical loading on the shoulder fillet.  The diameter change at the shoulder fillet is an area of 
stress concentration where the localized stress is significantly elevated.  One way to reduce this 
stress concentration is to reduce the center section diameter.  This is one of those cases where 
making the part smaller actually makes it stronger.  The proposed new axle design reduces the 
center section diameter from 8.25” to 6.875”.  This decreases the stress riser and also lowers the 
material cost by approximately $600 per axle.  The new axle design also reduces the stress riser at 
the shoulder fillet by making the diameter transition much more gradual.  The finite element 
analysis result shown in Figure 1 verifies that the new axle design reduces the stress at the 
shoulder fillet by approximately 15%. 
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Figure 1.  Comparison of the Von Mises Stress of the original axle geometry (top) to the 
optimized geometry (lower).  
 
 
In theory, the improved axle geometry would decrease the stress sufficiently that the original 
4140 steel could be used with a fatigue factor of safety of 1.15.  This does not allow very much 
leeway for unforeseen effects that could be present.  Therefore, I suggest we use a harder 4340 
HTSR steel for the new transporter axles.  The endurance limit of this material is approximately 
35 ksi.  This is about 30% higher than the 4140 steel used on the second set of axles.  The harder 
material combined with the improved geometry would increase our fatigue factor of safety to 1.4.  
This should be adequate that we have a high level of confidence that the newer axles will not fail 
in fatigue.  
 
 
 
 
 
 
The improvements at the fillet shoulder are summarized in the following table. 
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Property Existing Axle 
4140 steel 

Improved 
Geometry with 
4140 steel 

Improved 
Geometry with 
4340 steel 

Stress at shoulder fillet without stress 
concentration  (ksi) 

20.1 20.1 20.1 

Endurance limit of steel bar (ksi) 27.1 27.1 35.2 
Endurance limit reduced for stress 
concentration at shoulder fillet. (ksi) 

19.2 22.7 28.9 

Factor of Safety with respect to 
endurance limit. 

0.95 1.13 1.43 

Calculated life expectancy (years) 12.1 Stress is below 
endurance limit 

Stress is below 
endurance limit 

 
The mechanical drawing for the new axle is shown on the following page. 
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