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ABSTRACT: The work aims to obtain the transient law of laser quenching temperature field and microstructure transformation
law of 45 steel obtained through simulation calculation, get the formation and transformation degree of martensite, and measure
the layer depth and width of quenching phase transformation hardening. Based on COMSOL Multiphysics, the thermodynamic
coupling model for laser quenching process of 45 steel plate laser was established and the changes of physical parameters during

laser quenching were calculated by JMatpro to modify the physical parameters of the model. At the same time, based on 4000 W
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disk laser, a quenching experiment of 45 steel was carried out. The quenching microstructure and phase change hardening law of

45 steel were observed by Axioskop 2 scanning electron microscope, Zeiss-XIGMA HD field emission electron microscopy and

HXS-1000A microhardness tester. Under the same laser power, the hardened layer and heat-affected zone of disk laser quench-

ing were obviously larger than those of conventional laser quenching, the boundary of phase transformation was clear, the

quenching affected zone showed Gaussian distribution, and the microstructure transformation effect in the complete phase

transformation zone was better, and the heat-affected transition zone was approximately equidistant along the Gaussian arc. The

laser quenching layer was composed of completely quenched phase transformation zone, incomplete quenched zone and core

matrix, from the outside to the inside. Fine needle like martensite and a small amount of retained austenite were formed in the

complete quenching zone; the hardened layer showed Gauss distribution, the depth was 1084.589 um, the maximum width was

9761.989 um and the hardness was 799HV. The thickness of incomplete quenched zone was 361.533 pm. All the experimental

results coincide with the simulation results, and COMSOL Multiphysics can achieve an effective simulation of laser quenching

process.

KEY WORDS: disk laser; laser quenching; phase change; microstructures; numerical simulation
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Tab.2 Test parameters selected by laser quenching

Specimen Laser irradiation power/W Scanning speed/(mm-s™") Spot diameter /mm Defocusing amount/mm
1 3500 60 7 120
2 2000 60 7 120
3 1500 50 5 80

t=1 s Surface: Temperature (K)

a =1 sEHREZE

b =2 sHHRERE

c =3 shiRERE

d =1 siiE S HL A

e =2 shHiREF(ELE

f =3 siHiR EFEEL

4 X PF 2 TEAS R I 2080 E Ve K 7 R A2 AL 1
Fig.4 Instantaneous change of test part 2 in laser quenching temperature field at different time:
a) b) c¢) temperature nephogram at =1 s, 2 s, 3 s; d) e) f) temperature contour diagram at +=1s,2s,3 s
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Fig.5 Quenching temperature change curve of test part 2
along the collection line at different time
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Fig.6 Quenching temperature curves of the laser scanning initial position at different time:
a) schematic diagram of initial position line of laser scanning; b) quenching temperature change curves at different times
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Fig.7 Quenching temperature curves of the laser scanning termination position at different time:
a) schematic diagram of laser scanning termination position line; b) quenching temperature change curve at different time
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Fig.8 Width (a) and depth (b) of laser quenching phase change layer of test part 2 at t=0.5 s
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Fig.12 Longitudinal depth structure change of test part 2: a) quenched layer microstructure,
b) microstructure of transitional impact zones, c¢) joint microstructure of quenched layer and matrix
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Tab.3 Measurement of depth of phase change hardening layer by laser quenching

Specimen PT1/um PT2/pm PT3/pum Average thickness/um
1 1139.634 1054.581 1059.578 1084.598
2 695.371 689.404 663.023 682.599
3 511.022 512.899 492.125 505.349
F4 HAERARAZMITEXEENE
Tab.4 Measurement of thickness of transition zone by laser quenching
Specimen PP1/pm PP2/um PP3/um Average thickness/pm Ratio/%
1 379.878 351.527 353.193 361.533 33
2 292.056 289.549 278.469 286.691 42
3 255.511 256.449 246.063 252.674 50
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Fig.13 Schematic diagrams for measuring the surface hardness (a) and hardened layer (b) of test part 2
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Fig.14 Hardness distribution of laser quenching hardened layer: a) longitudinal hardness distribution,
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