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Abstract

Induction hardening has been used to improve torsional strength and characteristics of wear for axle shaft

which is a part of automobile to transmit driving torque from differential to wheel. After rapidly heating and

cooling process of induction hardening, the shaft has residual stress and material properties change which

affect allowable transmit torque. The objective of this study is to predict the distribution of residual stress and

estimate the torsional strength of induction hardened axle shafts which has been residual stress using finite

element analysis considered thermo mechanical behavior of material and experiments. Results indicate that

the torsional strength of axle shaft depends on the surface hardening depth and distribution of residual stress.
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Fig.1  Schama of axle shaft
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Table 1 Mechanical properties of shaft
. \ o,(lIha)
Temp. (C) E (GPa)
SM45C SM45C-H
0 210 530 891
200 205 489 819
400 180 439 439
600 100 330 -
800 3.8 178 -

Table 2 Thermal expansion coefficient of shaft

. Heating Quenching

Temp. (€) (mm/mm C) (mm/mm C)
20 1.00E-05 8.20E-06

100 1.15E-05 9.50E-06

300 1.35E-05 1.12E-05

500 1.47E-05 1.30E-05

700 1.54E-05 1.45E-05

900 1.60E-05 1.55E-05
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Fig.4  Sections of induction hardened axle shaft
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Fig. 8 Installation of Axle shaft torsion test
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Table 3 Yield torque of axle shaft by JAEL method

Hardening Torque (MPa) Error (%)
Depth Experiment FEA
3mm 355 350 1.4
4mm 435 410 >7

Table 4 Ultimate torque of axle shaft

Hardening Torque (MPa) Error (%)
Depth Experiment FEA
3mm 732 674 7.9
4mm 799 731 8.5
E— ®
-

Fig. 10  Fracture of axle shaft; @ Experiment, (b) FEA
- distribution of equivalent plastic strain
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