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Fig.3 Simulation results of section temperature field in

laser-induction hybrid quenching
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(b) 1.5 mm from surface; (c) transition zone of hardened layer (5 mm from surface)
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Fig.18 Microstructures of surface hardened layer (a, d, g), middle hardened layer (b, e, h), and transition layer (c, f, i) by

hybrid (a~c), laser (d~f), and induction (g~i) quenching methods
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Geometric Characteristics and Microstructure of Laser-Induction Hybrid
Quenching Hardened Layer on 42CrMo Steel

Tang Zehao™??, Zhang Qunli*??, Huang Hua'*?, Chen Zhijun*?3, Cao Junsheng®, Yao Jianhua'?*
(1. College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China)
(2. Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhou 310023, China)
(3. Collaborative Innovation Center of High-end Laser Manufacturing Equipment (National “2011 Plan”),
Zhejiang University of Technology, Hangzhou 310023, China)
(4. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: A new process of laser-induction hybrid quenching was adopted in this study, which combined the laser and
electromagnetic induction heat source to improve the depth and uniformity of hardened layer of 42CrMo steel laser quenching. The
COMSOL Multiphysics 5.5 software was used to analyze the evolution process of temperature field during hybrid quenching
process of 42CrMo steel. The model was verified by quenching experiments and the simulated depth of hardened layer is in good
agreement with the experimental one. The surface temperature and depth of hardened layer by the hybrid quenching, single laser
quenching and single induction quenching were compared in the model, and the effects of different scanning speeds and laser spot
sizes on the depth of hardened layer were analyzed. The depth, hardness, grain size and microstructure of hardened layer by hybrid
quenching were analyzed by experiments. The results show that the hybrid quenching can effectively improve the surface
quenching temperature of the workpiece, increase the width and depth of hardened layer, and make up for the shortage of the single
laser quenching power. The optimal scanning speed and laser spot size of the hybrid quenching were predicted by the model.
Compared with two single quenching processes, the change trend of grain size and microstructure in depth direction of the
hardened layer by hybrid quenching is similar to that by laser quenching, but the average hardness of hardened layer is larger.

Key words: laser quenching; electromagnetic induction; 42CrMo steel; numerical simulation; geometric features; microstructure
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