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Study on the Correlation between Process Parameters and
Thermal Effects during Laser Polishing of Cr12MoV Die Steel
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Abstract: Laser polishing can effectively improve the surface quality of cold work die steel Cr12MoV. To explore the influ-
encing factors of surface quality during laser polishing, an orthogonal experimental design was employed to formulate the
experimental protocol. Cr12MoV die steel surfaces were treated using varying laser polishing parameters. Through charac-
terization of the polished layer microstructure and geometric features such as cracks, the mechanisms underlying crack ini-
tiation and propagation during laser polishing of Cr12MoV die steel were examined. SPSS software was utilized to assess
the influence patterns of laser polishing parameters on surface quality metrics of the polished regions, including remelted
zone depth, polished layer depth, surface roughness, and crack formation. The results show that the surface roughness of
all polished die steel specimens across experimental groups was reduced compared to the original surface, with the mini-
mum value reaching 0. 944 wm, decreased by 88. 8% relative to the original surface. Crack formation was observed on the
polished surfaces of die steel specimens in certain groups subjected to higher polishing power. During laser polishing of
Cr12MoV die steel, laser process parameters directly effect surface quality indicators such as remelted zone depth, pol-
ished layer depth, crack dimensions, and surface roughness. Among these parameters, laser power and scanning speed
are significant factors affecting the aforementioned surface quality metrics, whereas the influence of overlap rate is non-
significant. Optimal selection of laser polishing process parameters can effectively enhance the surface quality of Cr12MoV
die steel.
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Table 1 Chemical composition of Cr12MoV cold work die steel %
Ni Cr Mo Mn Si Cu AY P Fe
1.45~1.70 11.0~11.5 <0.30 <0.30 <0.25 <0.03 <0.03 Mo 83.30
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Fig. 1 Surface morphology of the material matrix before polish-
ing
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Fig. 2 Polishing path
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Fig. 3 Scorched black defects
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Table 2 Cr12MoV mold steel laser polishing orthogonal
experiment table
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Table 3 Orthogonal experimental program and results
ha=s ot/ R (mmesT) SR /% BEEKEE/am JEEEE um RS /pm REUL 52
1 200 10 60 209 395 1.362 0
2 200 8 50 226 426 1.522 0
3 250 10 40 214 450 1.539 1
4 300 6 50 297 625 1.768 2
5 350 10 50 275 558 1.313 1
6 300 14 40 252 515 1.255 0
7 300 10 70 273 564 1.359 1
8 350 12 60 337 641 1.210 2
9 400 12 40 325 615 1.043 2
10 250 12 50 258 510 1.453 0
11 300 12 80 304 622 1.305 1
12 350 80 369 717 1.640 3
13 400 70 393 773 2.116 3
14 400 10 80 378 726 1.312 2
15 250 14 60 254 523 1.260 0
16 400 14 50 222 462 1.385 2
17 200 12 70 196 406 1.186 0
18 200 14 80 178 353 1.106 0
19 200 6 40 253 523 1.425 0
20 350 14 70 322 617 1.806 3
21 400 6 60 425 856 1.532 2
22 250 8 80 295 596 0.944 1
23 300 8 60 312 621 1.432 0
24 350 8 40 343 685 1.261 1
25 250 6 70 320 653 1.061 1
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Fig4 Schematic diagram of roughness measurement
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Schematic diagram of polishing depth measurement
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Table 4 Analysis of between—subjects effects of remelted
zone depths
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&I 1% 4 2 471.700 3482 042
R 12 709.833
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Table 5 Analysis of the between—subjects effect of pol-
ished layer depth

P A ¥1J5 F1H M
MEIEAR AL 12 28 494.060 12.795  <0.01
HHE 1 8331304.960 3740.999 <0.01
WOETE W 4 52 443.260 23.549  <0.01
PG (mm-s™) 4 25 156.860 11.296 <0.01
&R 1% 4 7 882.060 3.539  0.40
R2E 12 2227.027
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Table 6 Analysis of intersubjective effects on crack geom-

etry size
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R 1% 4 0.560 1.424 0.285
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Fig. 6 Material roughness contour traces before and after pol-

ishing
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Fig. 7 Surface morphology of the polished material matrix
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Fig. 10 Microstructures of various cracks :

Influence of laser power and scanning speed on remelted zone and depth of polished layer :
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(a) Morphology without cracks, (b) remelted zone in the small-crack specimen, (¢)

(a) Laser power, (b) Scanning
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