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were taken as process parameters, and surface roughness, microhardness, and polishing depth were taken as evaluation indexes
to construct a 3-factor and 3-level laser polishing experiment. Before the experiment, the plate was ground flat and processed
with a ball milling cutter to produce a texture and then ultrasonically cleaned with anhydrous ethanol and dried, and the zigzag
scanning trajectory was used to carry out the laser polishing experiment. A roughness meter was used to measure the surface
roughness of the polished surface before and after laser polishing, a microhardness tester was used to measure the microhardness
of the polished layer of the material before and after laser polishing, and a super depth-of-field 3D microscope was used to
measure the polishing depth after laser polishing. Based on the experimental data, the exponential model and the second-order
response surface model were used to construct the regression prediction models of the laser polishing process parameters and the
surface roughness, microhardness, and polishing depth regarding the construction method of the prediction model of the
geometrical characteristics of the laser cladding layer. By comparing the correlation coefficient R, determination coefficient R?,
and determination adjustment coefficient Razdj with the significance test of the two models, as well as comparing the correlation
between the experimental values and the predicted values of the two models, it was obtained that the second-order response
surface model had a higher prediction accuracy, and it could better reflect the mapping relationship between the laser polishing
process parameters and the response targets. The main effect analysis was used to study the effect law of each process parameter
of laser polishing on the surface roughness, microhardness, and polishing depth of laser polishing. The multi-objective gray wolf
optimization algorithm (MOGWO) was used to optimize the laser polishing process parameters so that the microhardness was as
large as possible and the surface roughness and polishing depth were as small as possible. The 50 Pareto solution sets obtained
were substituted into the comprehensive evaluation decision system constructed by the technique for order preference by
similarity to an ideal solution (TOPSIS) method and CRITIC for decision making, and the best combination of laser polishing
process parameters was obtained: laser power 114 W, scanning speed 3 m/min and lap distance 0.13 mm. The process test was
carried out under the optimal combination of process parameters. The experimental results showed that the surface roughness of
the material decreased from Ra 11.563 pum to Ra 5.713 um under the combination of process parameters, with a decrease of
50.59%. The microhardness increased from 185.9HV0.5 to 364.7HVO0.5, with an increase of 96.18%. At this time, the polishing
depth was 0.051 mm, and the maximum relative error was 7.84%. It is proved that this method can provide a reference for the
construction of a laser polishing quality prediction model and process parameter optimization for other metal materials.

KEY WORDS: laser polishing; second-order response surface model; MOGWO algorithm; TOPSIS-CRITIC; multi-objective

optimization
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Tab.1 Experiment groups of laser polishing
No. Laser power Scanning .sg?ed v/ Fill spacing Surface Microhardness ]?egth of
P/W (m-min ) J0/mm roughness/um (HVO0.5) polishing/mm

1 100 3 0.15 6.304 363.9 0.051

2 200 3 0.15 6.978 402.5 0.086

3 100 9 0.15 11.469 235.9 0.044
4 200 9 0.15 5.510 381.6 0.075

5 100 6 0.1 10.429 274.7 0.044

6 200 6 0.1 6.392 395.6 0.083

7 100 6 0.2 9.035 309.3 0.048

8 200 6 0.2 6.616 403.7 0.084

9 150 3 0.1 5.699 394.9 0.070
10 150 9 0.1 7.995 329.2 0.065
11 150 3 0.2 5.705 397.8 0.074
12 150 9 0.2 6.797 343.5 0.068
13 150 6 0.15 6.477 373.8 0.071
14 150 6 0.15 6.508 378.7 0.067
15 150 6 0.15 6.709 359.2 0.072
16 150 6 0.15 6.322 366.2 0.074
17 150 6 0.15 6.484 359.4 0.072
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Fig.9 Pareto front solution set: a) independent variable; b) objective function
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Tab.3 Weight of each index
Objective o G 4

Surface roughness 0.273 2.050 0.249
Microhardness 0.282 3.863 0.486
Depth of polishing 0.307 1.938 0.265
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Tab.4 Top 10 solutions
No. Laser power Scanning.sgleed Fill spacing S,
P/W v/(m-min ) Jo/mm
1 113.002 3.000 0.127 0.819
2 114.469 3.000 0.126 0.817
3 113.528 3.000 0.126 0.816
4 115.319 3.006 0.126 0.816
5 116.010 3.006 0.127 0.815
6 116.879 3.018 0.129 0.814
7 119.407 3.000 0.134 0.813
8 111.939 3.001 0.124 0.811
9 115.319 3.024 0.125 0.809
10 117.852 3.024 0.127 0.808

SR G AT T L0 HEA S 25 FIsE S0 M T 22
BAHAE R E2 %0 P=106 W, v=3 m/min,

0=0.11 mm F1 P=100 W, v=4 m/min, 6=0.10 mm.
S AT KELRE B2 AR L I 22 A TR ' )25 TR B o n 45 2R S
WIS U 5, WIEH S B REAY) &, &K

0.050'mnl =~ 0.05F mm

NHR 2K 7.84%, K EAE T LS E A0 EH
SRS . R Rk A E I E 11 B
TNo WIS FRIEMKER Ra R 11.563 pm PEZE
5.713 um, FEIE A 50.59%; OGO 2 1m0 AR i
i1 185.9HV0.5 J} & 364.7HV0.5, FHIE N 96.18%.
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Tab.5 Comparison of optimized prediction results
and experimental results

Surface . Depth of

No. Index roughness/ Microhardness polishing/
um (HVO0.5) mm
1 Predict 6.13 367.6 0.055
Experimental  5.713 364.7 0.051
Error/% 7.30 0.79 7.84
25  Predict 6.614 356.4 0.051
Experimental ~ 6.223 363.8 0.049
Error/% 6.28 2.03 4.08
50  Predict 8.512 319.1 0.046
Experimental  8.054 323.7 0.048
Error/% 5.69 1.42 4.17
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il g,
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b IR 0 5 10 15

Distance/mm
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Fig.11 Experimental verification results: a) morphology of polished surface; b) depth of polishing; ¢) contour trace
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