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Effect of Laser Quenching on Fatigue Properties and Fracture
Morphologies of 40CrNiMo High Strength Steel

Kong Dejun'® Zhang Lei' Song Renguo® Fu Guizhong' Ye Cundong'
" College of Mechanical Engineering, Changzhou University, Changzhow , Jiangsu 213016, China

? College of Materials Science and Engineering, Changzhow University, Changzhow , Jiangsu 213164, China
* Jiangsu Province Engineering Technology Research Center for Large Heavy Gear Transmission ,

Changzhow , Jiangsu 213012, China

Abstract The surface of 40CrNiMo high strength steel is quenched with CO, laser, and the fatigue limits of
40CrNiMo before and after laser quenching are obtained through the tension-tension fatigue experiments based on
Locati theory. The fracture morphologies of 40CrNiMo before and after laser quenching are investigated by scanning
electron microscope. The mechanism of laser quenching on 40CrNiMo's fatigue strength is analyzed. The results
show that a layer of hardened zone, martensite and compressive residual stress after laser quenching is formed on the
sample surface, and the fatigue strength of 40CrNiMo is increased significantly from 626 MPa to 715 MPa, increasing
by 14.2% . The fatigue crack sources of the sample in quenching and tempering state are produced in the surface,
while that are transferred to the subsurface after laser quenching. The fatigue crack sources expand slowly to be
fracture. Grain refinement and compressive residual stress by laser quenching are the main mechanism.
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Fig. 1 Sketch of laser quenching and the fatigue sample. (a) Device of laser quenching; (b) fatigue sample
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Fig. 3 Experimental results of fatigue tests. (a) Quenching and tempering; (b) laser quenching
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Fig. 4 Fatigue crack source and fracture morphology of the sample by quenching and tempering.

(a) Source of fatigue crack; (b) fracture morphology
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Fig. 5 Fatigue crack source and fracture morphology of the sample by laser quenching.

(a) Source of fatigue crack; (b) fracture morphology
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Fig. 6 Fracture morphologies of the sample dimple by quenching and tempering.

(a) Dimple fracture; (b) intergranular fracture
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Fig. 7 Dimple morphologies of the sample fracture by laser quenching.

(a) Dimple fracture; (b) intergranular and dimple fracture
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Fig. 8 Fracture defects of the sample surface by quenching and tempering. (a) Surface impurities;

(b) impurities of crack source; (¢) secondary cracks
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Fig. 9 Section morphologies of 40CrNiMo before and after laser quenching. (a) Quenching and tempering; (b) laser quenching
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Fig. 10 Metallographic microstructures of 40CrNiMo surface after laser quenching. (a) Quenching zone; (b) overlapping zone
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Fig. 12 Fracture defects of the sample by laser quenching. (a) Surface impurities; (b) plastic holes; (¢) secondary cracks
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