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Summary 
Gear surface fatigue endurance tests were conducted on two 

groups of 10 gears each of carburized and hardened AISI 9310 spur 
gears manufactured from the same heat of material. Both groups 
were manufactured with standard ground tooth surfaces. The sec- 
ond group was subjected to an additional shot-peening process on 
the gear tooth surfaces and root radius to produce a residual surface 
compressive stress. The gear pitch diameter was 8.89 cm (3.5 in.). 
Test conditions were a gear temperature of 350 K (170" F), a maxi- 
mum Hertz stress of 1.71x109 N/mZ (248 000 psi), and a speed of 
10 000 rpm. 

The shot-peened gears exhibited pitting fatigue lives 1.6 times 
the life of the standard gears without shot peening. Residual stress 
measurements and analysis indicate that the longer fatigue life is the 
result of the higher compressive stress produced by the shot peen- 
ing. The life for the shot-peened gear was calculated to be 1.5 times 
that for the plain gear by using the measured residual stress differ- 
elice fun the &mdard and shotpeened gears. The measured residual 
stress for the shotpeened gears was much higher than that for the 
standard gears. 

Introduction 
Shot peening has long been used as a method for improving the 

bending strength of gear teeth (refs. 1 to 3). However, shot peening 
has not been considered as a means of extending the surface fatigue 
life of gears. In essence, shot peening induces a residual compres- 
sive stress below the surface of the gear tooth. Studies of residual 
stresses in rolling-element bearings have shown that increased 
residual compressive stress will increase rolling-element (surface) 
fatigue life (refs. 4 and 5 ) .  There is always a need to improve the 
surface fatigue life of aircraft gears, especially in helicopter and 
V/STOL aircraft , 

The objectives of the research reported herein were (1) to 
investigate the effects of shot peening of gear teeth on the surface 
fatigue life of standard ground, case-carburized, and hardened MSI 
9310 spur gears, (2) to compare the life of shot-peened gears to 
that of non-shotpeened gears manufactured with the same material 
and specifications, and (3) to determine the residual stress pro- 
duced by shot peening and its effect on the surface fatigue life. 

To accomplish these objectives, 20 spur gears were manufac- 
tured from a consumable-electrode-vacuum-melted single heat of 
AISI 9310 material. Ten of these gears were shot peened after finish 
grinding. The gear pitch diameter was 8.89 cm (3.5 in.). Both the 

shot-peened and non-shot-peened gears were then tested to fatigue by 
surface pitting under identical test conditions. These test conditions 
included a gear temperature of 350 K (170" F), a maximum Hertz 
stress of 1.71x109 N/m2 (248 000 psi), and a speed of 10 000 rpm. 

Apparatus, Specimens, and Procedure 
Gear Test Apparatus 

The gear fatigue tests were performed in the NASA Lewis 
Research Center's gear test apparatus (fig. 1). This test rig uses the 
four-square principle of applying the test gear load so that the input 
drive only needs to overcome the frictional losses in the system. 

A schematic of the test rig is shown in figure I(b). Oil pressure 
and leakage flow are supplied to the load vanes through a shaft seal. 
As the oil pressure is increased on the load vanes inside the slave 
gear, torque is applied to the shaft. This torque is transmitted 
through the test gears back to the slave gear, where an equal but 
opposite torque is maintained by the oil pressure. This torque on 
the test gears, which depends on the hydraulic pressure applied to 
the load vanes, loads the gear teeth to the desired stress level. The 
two identical test gears can be started under no load, and the load 
can be applied gradually, without changing the running track on the 
gear teeth. 
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(b)  Schematic diagram. 
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Figure I.  MSA Lewis Research Center's gear fatigue test apparatus 
















