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Heating Processing of Laser Quenching on 20CrMnMo Gears Used in

Heavy-load Automobiles
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Abstract: To research the hardness and microstructure of 20CrMnMo gears that were treated by laser
quenching, a batch of gears were treated by the process of “carburizing and quenching”, and “laser quenching
after carburizing with different parameters”; the hardness of tooth surface was measured and the date was ana-
lyzed though Matlab software; the microstructure of typical samples were observed by scanning electron mi-
croscope (SEM) ; the grain sizes of some samples were measured and analyzed. Results show that the highest
hardness of tooth surface treated by “laser quenching after carburizing” can achieve 61. 4 HRC, 2.3 HRC a-
round higher than the carburizing and quenching gear. The microstructure of some samples with high hardness
is the mixture of pyknoticneedle —shapedmartensite and lath martensite, whose grain size is about 9, the mi-
crostructure of the sample that appears a phenomenon of fusion is tempered sorbite,and the types and sizes of
microstructure for the samples treated by different laser processing parameters are quite different. 20CrMnMo
gear can obtain higher hardness, better microstructure and grain size through the process of “laser quenching

after carburizing”.
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Table 1  Composition of the 20CrMnMo steel (w/ %)
Element C Si Mn Cr Mo S, P, Ni, Cu
Content 0.17-0. 23 0.17-0. 37 0.90-1. 20 1.10-1.40 0.20-0. 30 <0. 035
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Table 2 Comparison of the D - value hardness between
plane and tooth surface (HRC)
Carburizing and Plane Tooth o
quenching gears surface surface Deviation
Point 1 60.0 51.9
Point 2 60.1 50.0
Point 3 57.5 49.0
Point 4 59.0 48.7
Point 5 59.1 52.1
Average 59.1 50. 3 8.8
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Table 3 Basic condition of the five samples with different processes and parameters

No. Method Parameter Hardness/ HRC
A Carburizing and quenching Oil cooling at 110 C 59.1
B Laser quenching after carburizing P=2 300 W; =750 mm/min; d=14 mm 61.4
C Laser quenching after carburizing P=1 900 W; =750 mm/min; d=10 mm 58.4
D Laser quenching after carburizing P=2 500 W; v=390 mm/min; d=10 mm 52.2
E Laser quenching after carburizing ~P=2 700 W; v="750 mm/min; d=8 mm 39. 3
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Table 4  Average hardness of tooth surface treated by laser quenching of different powers and velocities ~ (HRC)
P/W
v/(mm * min ")
1700 1 900 2100 2 300 2 500 2 700
390 37.8 (No.1)  38.4 (No.6) 42.1 (No.11) 45.1 (No.16) 52.2 (No.21) 35.4 (No. 26)
630 51.6 (No. 2) 46.5 (No.7) 41.5 (No.12) 45.8 (No.17) 38.6 (No. 22) 38.5 (No. 27)
750 56.2 (No. 3) 58.4 (No.8) 44.0 (No.13) 49.3 (No.18) 39.4 (No. 23) 41.0 (No. 28)
870 49.2 (No. 4) 56.6 (No.9) 49.2 (No.14) 51.7 (No.19) 38.4 (No. 24) 43.7 (No. 29)
1110 40.9 (No.5) 44.3 (No.10) 51.7 (No.15) 58.3 (No.20) 48.5 (No.25) 48. 4 (No. 30)
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Table 5 Average hardness of tooth surface treated by laser quenching of different powers and spot diameters (HRC)

Spot diameter, P/W
d/(mm) 1700 1900 2 100 2 300 2 500 2 700
8 40.3 (No.31) 40.9 (No.32) 42.2 (No.33) 50.5 (No.34) 47.6 (No.35)  39.3 (No. 36)
10 57.1 (No.37) 52.8 (No.38) 42.0 (No.39) 37.7 (No.40) 42.5 (No.41)  40.8 (No. 42)
12 54.9 (No.43) 61.0 (No.44) 54.3 (No.45) 43.7 (No.46) 45.5 (No.47)  50.9 (No. 48)
14 40.6 (No.49) 47.1 (No.50) 59.9 (No.51) 61.4 (No.52) 49.5 (No.53)  43.1 (No.54)
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Table 6 Determination standard of the steel grain size

Grain size Average diameter Average length Average area of Average amount of
number of grain/mm of chord/mm one grain/mm?* grains/mm™
-3 1. 000 0. 875 1 1
-2 0.713 0. 650 0.5 2.8
-1 0. 500 0. 444 0.25 8
0 0.353 0. 313 0.125 22.6
1 0. 250 0.222 0. 0625 64
2 0.177 0. 157 0.0312 181
3 0.125 0.111 0.0156 512
4 0.088 0.078 3 0.007 81 1448
5 0.062 0.055 3 0.003 90 4 096
6 0. 044 0.039 1 0.001 95 11 585
7 0.030 0.026 7 0. 000 98 32 381
8 0.022 0.019 6 0. 000 49 92 682
9 0.015 6 0.013 8 0. 000 24 262 144
10 0.011 0 0.009 8 0.000 122 741 458
11 0.007 8 0.006 8 0. 000 061 2 107 263
12 0.005 5 0.004 8 0.000 131 6 010 518
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