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Influence of residual stress on bending fatigue life for SAE9310 steel
aviation gears
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(1. Zhengzhou Research Institute of Mechanical Engineering Co. , Ltd. , Zhengzhou 450052, China;
2. School of Mechanical Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450015, China)

Abstract: To enhance the bending fatigue performance of aviation gear, introducing the residual compressive stress through strengthening
measures such as carburizing heat treatment is the key process technology. Therefore, in order to reveal the influence of the gradient of
gear carburizing heat treatment performance on bending fatigue, the fatigue life of SAE9310 steel aviation gears in single-tooth impulse
bending fatigue test was analyzed by using the test techniques and the method of life statistics, and the influences of hardness gradient and
surface residual stress on the bending fatigue life of gears after carburizing heat treatment were investigated. The results show that the ben-
ding fatigue life of gears with larger residual stress increment is significantly increased, and the near-surface hardness gradient growth rate
is higher, which can easily lead to the distribution of hard points at the front end of hardness peak, resulting in non-smooth propagation of
crack point. The predicted fatigue life considering the residual stress on the tooth surface is consistent with the test results, verifying that
the residual compressive stress on the tooth surface is the main factor affecting the bending fatigue life, and providing important theoretical
basis and practical guidance for the design and manufacture of aviation gears.
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Fig. 1 Fatigue crack at tooth root
(b) Crack propagation
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Fig. 2 Flow of carburizing and quenching process
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Table 1 Main alloy compositions of SAE9310 steel

( %, mass fraction)

TR C Ni Cr Mo Mn Si

. 0.07~ 3.00~ 1.00~ 0.08~ 0.40~ 0.15~
FRUfE(E
0.13 3.50 1.40 0.15 0.70 0.35

ST 0. 12 3.28 1.32 0.11 0.55 0.20
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Table 2 Gear parameters
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B4/ mm 5
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Fig. 3 Test gears
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Fig. 4 Bending fatigue test device for gear
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Fig.5 Hardness testing device (a) and hardness gradient distribution (b)
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Fig. 6 Residual stress testing
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(b) Sampling position

(¢) Residual stress distribution
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Table 4 Bending fatigue life of gear under different stress levels
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46 857 26553 28179 30198 32767 33917 13116 13363 13512 13614 13637

F BTG W9 55 75 fw s oA AN 7 B, i
K7 aTLAE A, 2T, A dik 5 2 %
JiAF AR I B AR A % 05 A, I HAS DL
T 2 A2 W57 75 i ) 22 5 e LU

870
® A AH%#R
840 | & BAKH®
g o AmA
810 |
R
‘E
H
780 aane o
ans am
750 f
s AAM
2 4 6 8 10
W57 FF/(x104 IK)

K7 R ST AR oA
Fig. 7 Fatigue life distribution of gear
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Fig. 9 Schematic diagrams of bending fatigue crack

(a) Crack at end face  (b) Cracks at cross section

(¢) Crack path of B-1 gear

(d) Crack path of A-1 gear
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