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Effect of laser quenching process on surface hardness and wear
performance of wheat grinder roller
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(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: [Objective] To study properties of surface material of wheat grinder roller after laser quenching, and
solve the problems of grinding roller such as serious wear and short service life. [Method] Using the principle of
rotating combination design of response surface, a mathematical model of laser power, spot diameter and scanning
speed with surface hardness of grinding roller material was established according to three-factor and five-level test
method. The effects of laser power, scanning speed, spot diameter and reciprocal action among three factors on
grinding roller surface hardness were analyzed. The optimal parameter combination was obtained. The wear
mechanism of surface material of the grinding roller after quenching was investigated. [Result] Laser power, spot
diameter and scanning speed significantly affected surface hardness of grinding roller material. The effects of laser
power, spot diameter and scanning speed on surface hardness of grinding roller material weakened successively.

The optimal technological parameter combination was laser power 190 W, spot diameter 0.70 mm and scanning
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speed 220 mm/s and the sample surface hardness obtained was 688.67 HV, which was 35% higher than original

hardness. The mass loss of sample treated by optimal laser quenching parameter combination in wear process was

about 7% of the untreated sample. The friction between grinding roller surface material and wheat powder material

after laser quenching weakened. The scratches of wheat powder material on sample surface were lighter and

shorter. The grooves were shallower and narrower. [Conclusion] The wear resistance against wheat powder

material of grinding roller surface material is obviously enhanced after laser quenching treatment.
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Table 2 Experiment design and result

AR & [# % Factor T3 /Y
Sample number WOLIIZ Laser power  J6BE 4% Spot diameter #4414 & Scanning speed Hardness
1 -1 -1 -1 545.36
2 1 -1 -1 600.13
3 -1 1 -1 520.86
4 1 1 -1 637.81
5 -1 -1 1 530.77
6 1 -1 1 515.00
7 -1 1 1 592.02
8 1 1 1 560.35
9 —1.682 0 0 532.10
10 +1.682 0 0 695.13
11 0 ~1.682 0 534.76
12 0 +1.682 0 658.30
13 0 0 —1.682 627.76
14 0 0 +1.682 521.55
15 0 0 0 644.24
16 0 0 0 680.32
17 0 0 0 659.18
18 0 0 0 663.26
19 0 0 0 687.08
20 0 0 0 631.29
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Table 3 Variance analysis table

AR B SJE Variance source SS DF MS F P

17 Model 65 184.71 9 724275 6.14 0.004 5

A 11 625.85 1 11 625.85 9.86 0.0105

B 7 855.99 1 7 855.99 6.66 0.027 4

C 5932.68 1 5932.68 5.03 0.048 8

AB 267.73 1 267.73 0.23 0.644 0

AC 6 003.89 1 6 003.89 5.09 0.047 7

BC 1090.91 1 1090.91 0.93 0.358 8

A 7396.70 1 7396.70 6.27 0.0312

B 11 866.84 1 11 866.84 10.06 0.0100

c 19 125.48 1 19 125.48 16.22 0.002 4
5% % Residual 11 792.58 10 1179.26

AT Lack of fit 9567.22 5 1913.44 4.30 0.067 7
4fii% % Pure error 222536 5 445.07

ST Total 76 977.29 19
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1) 4, B and C indicated laser power, spot diameter and scanning speed, respectively
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Fig.2 Response surface figure and contour map of effects of laser power and scanning speed on hardness
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Fig. 3 Response surface figure and contour map of effects of laser power and spot diameter on hardness
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