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Multiphysics coupling analysis of progressive induction hardening process of linear slider
XIAO Cichao, HE Lianfang, LI Huiping

(School of Materials Science and Engineering., Shandong University of Science and

Technology. Qingdao, Shandong 266590, China)

Abstract: Based on ANSYS software, a three-dimensional finite element model of the progressive induction
hardening process of linear slider was constructed, and the induction hardening process was analyzed by multiphysics
coupling of “electricity-magnetism-thermal-mechanical” model and phase transformation process. Through a self-
developed user subroutine, the volume fraction of austenite on the slider surface generated in the induction heating
process was calculated based on the non-isothermal Johnson-Mehl-Avrami (JMA) equation. Then, the volume
fraction of martensite generated in the quenching process was calculated based on the Kubelka-Munk (K-M) model.
The initial strain and phase-transformation plasticity caused by phase transformation and in induction hardening were
calculated based on the phase transformation initial strain model. The technological parameters of the optimized
slider induction hardening process were obtained based on the numerical simulation results. The comparison of the
numerical simulation and the experiment shows that the simulation results of the phase transformation field are in a
good agreement with the experimental results, and that the technological parameters of the optimized induction
hardening have higher feasibility. The research results can provide certain theoretical basis and better technical
guidance for the design of induction hardening process parameters of linear slider.
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Fig. 1 Cross-section of LG35 linear slider
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Tab. 1 Material parameters of 45 steel

BE/C SREH/(Wem™ T A/ kg™ T XIS R HBHAR/(Q e m)  HBAK/(Wem™ - T

20 46.0 327 200 2.41X10° 7 3 800
100 42.7 463 194 2.93X10°7 7 000
200 36.7 381 187 3.76 X107 6 389
300 33.1 330 181 4.72X10°7 5778
400 29.2 324 169 5.85X10°7 5167
500 25.3 310 157 7.15X10°7 4 556
600 24.9 392 140 8.60X 107 3 944
700 24.4 658 100 1.04 X106 3333
800 24.1 428 1 1.26 X106 2722
900 23.8 401 1 1.53X10°6 2 111

1 000 23.5 307 1 1.80X 106 1500
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Fig. 2 Diagrammatic sketch of progressive induction hardening
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Fig. 4 Temperature distribution of linear slider(30 s)
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Fig. 6 Temperature distribution on the section at different time
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Fig. 7 Thermal stress variation curves at position A
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Fig. 8 Total stress variation curves at position A
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