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ABSTRACT

This paper suggests how to improve the fatigue strength of an axle shaft, which is the vulnerable part of an

axle shaft system for a 3.5-ton commercial vehicle.

The axle shaft is composed of a universal joint with a

spider and yoke, yoke shaft, and so on. Structural analysis of the initial axle shaft was conducted to select the
exact area for structural strength fatigue improvement, and as a result, the inner/outer yoke shaft and spider were
selected. Four cases considered design variables, such as length and thickness, to verify the enhanced durability
of the axle shaft, and fatigue analysis was conducted. Finally, we suggest that the axle shaft system satisfied the

working conditions for a 3.5-ton commercial vehicle.
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Table 1 Maximum stress of mesh size

Mesh size dmm | 3mm 2mm

Max. stress (MPa) 1,149 | 1,178 1,181

Yoke-in/ | Center

Shaft-otr | Shaft-in ot yoke Spider

NN ®
- N—

Fig. 2 Mesh generation of the axle shaft
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Table 2 Material properties of the axle shaft

Young's Poisson's Yield
Name Material | modulus ratio strength
(GPa) (MPa)
Spider SCM420 205 0.3 966
Yoke shaft | SCM440 205 0.3 1084
Center yoke S45C 205 0.29 686
—a— S45C
—e— SCM420
—a&— SCM440

1000

600

Applies Stress (MPa)

400

T T T
100000 1000000 1E7
Nomber of cycles (cycle)

Fig. 3 S-N curves of the axle shaft
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Table 3 Maximum stress of the axle shaft parts
with torque 3,000 N-m

Yield stress Max. Minimum
Name (MPa) stress S.F. life
(MPa)
Outer shaft 1,084 865 1.2 | 30 9k
Outer yoke 1,084 629 1.7 | 150 =+1
Spider 1 966 1,181 0.8 0
Center yoke 686 432 1.6 | 150 w1
Spider 2 966 1178 0.8 0
Inner yoke 1,084 549 1.9 | 150 w1
Inner shaft 1,084 919 1.17 | 11 5+

Stress distribution

—

v Max Stress: 1181 MPa

v Minimum Life: 0

(a) Axle shaft ass'y

Stress distribution Fatigue Life

v Max Stress: 864 MPa Lenees v Minimum Life: 3x 105

(b) Outer shaft

Stress distribution Fatigue Life

v/ Max Stress: 1181 MPa v Minimum Life: 0

(c) Spider 1

Stress distribution Fatigue Life

v Max Stress: 919 MPa v Minimum Life: 1.1x 10%

(d) Inner shaft

Fig. 6 Analysis results of the axle shaft
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Fig. 7 Design parameters of the spider
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Table 4 Maximum stress of the spider according to
the design parameters

Name M’cl()](\./[;;r)ess S.F. Minimum life
Case 1 1,181 0.82 0
Case 2 1,153 0.84 0
Case 3 655 1.47 150 7 1
Case 4 572 1.68 150 7 1

Stress distribution
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Fig. 8 Analysis results according to the design
parameters
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