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Fig.1 Disassembly diagram of the electric drive axle
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Fig. 2 Finite element model of the electric drive axle
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Tab.1 Materials of each part of the drive axle
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. . . Reducer inner shaft Other
axle housing waterway housing bearing seat
FEE 45 HY9R 5 42CrMo T i
20MnCr5 7075T6 40C
Material e 45 steel tempering 42CrMo tempering .
S P
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e e g
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HUham
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Fig. 3 Stress and displacement nephogram of the axle housing
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Fig.5 S-N curves of each part of the drive axle materials
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Tab.2 S-N curve parameters for materials of each part of the

drive axle

TR FA

Part name Material TR

Broe it sl
Welded assembly of axle

housing

F Bh AL v 25 FIK 3B A5

Motor front end cover and

20MnCr5 2507.10 -0.097 1.35x10°

7075T6  2088.87 -0.076 5x10°

waterway housing

HL BHIL i L AR

Motor rear end cover and 45

915.198 -0.064 1x10°

bearing seat

el A

_ 5
Reducer imner shaft 42CrMo 2 070.24 -0.102 6.93x10
H
b 40Cr 3090.82 -0.146 7.8x10°
Other
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Fig. 6 Loading curve of the axle housing under the vertical bending
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Fig. 7 Flow chart of fatigue analysis
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Fig. 8 Nephogram of the axle housing’s life under the vertical

bending fatigue
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Fig.9 Loading curve of the axle housing under the braking fatigue
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Fig. 11 Loading curve of the axle housing under the transverse fatigue
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Fig. 12 Nephogram of the axle housing’s life under the transverse

fatigue
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Fig. 13 Axle housing structure after optimization
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Tab.3 Comparison of the results of the axle housing before and

after optimization

AT ALE R EE
Before After Amplitude of
optimization — optimization  the increase
=y NIV
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B AR I
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Maximum deformation /mm
I FL % 55 AR A
Minimum vertical bending 107.6 214.2 106.6
fatigue life /10*
il Bl 57 I A F i
Minimum life for braking 6.8 35.7 28.9
fatigue /10*
1) 95 57 AR A i
Minimum life for the 14.1 63.8 49.7

transverse fatigue /10*
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Prediction and optimization of fatigue life of electric drive axle housing for
commercial vehicle under multiple conditions

ZHANG Zhiyang' GONG Qingshan'> LIU Min> JIANG Zhigang’ ZHANG Guangguo'
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Abstract: In the course of real operation, the drive axle housing is likely to undergo fatigue failure due to prolonged
exposure to cyclic alternating loads. To determine whether the drive axle housing of a commercial vehicle’ s wheel-side
electric motor complying with fatigue life requirements at the design stage, a three-dimensional model and finite element
model of the drive axle were established. Firstly, an initial inertia release analysis was performed, indicating that its static
strength and stiffness met the requirements. Secondly, based on this foundation, utilizing nCode DesignLife software, using the
nominal stress method in conjunction with the material’ s S-N curve and fatigue loading curve, a new automotive industry
standard was employed to predict the fatigue life of the housing under multiple conditions, such as vertical bending fatigue,
braking fatigue and lateral fatigue. The results revealed that the fatigue life of the drive axle housing under braking fatigue and
lateral fatigue conditions did not meet the requirements set out in the standard, necessitating structural optimization. Finally,
reinforcement optimization was performed on the drive axle housing. The results show that, through optimization, the
maximum stress of the drive axle housing is reduced by 95. 8 MPa and the maximum deformation is decreased by 1. 064 mm
under the maximum impact conditions. Additionally, the minimum fatigue life under three different fatigue conditions is
improved respectively by 1. 076 million cycles, 289 000 cycles, and 497 000 cycles, exceeding the requirements stated in the
standards. This validates the feasibility of optimizing the drive axle housing structure, effectively shortening and reducing the
research and development cycles and associated costs.
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