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Analysis of the effect of surface texture on the residual stress of laser

cladding H13 die steel

ZHAO Changlong, YU Zice, DU Weilong, ZHANG Zihao, BAI Yuyang, ZHANG Shuhao

(College of Mechanical and Vehicle Engineering, Changchun University, Changchun 130022, CHN)

Abstract: In the process of multi-layer laser cladding of H13 die steel, the residual stress of the cladding layer

after laser cladding is reduced by presetting the surface texture. Firstly, the surface was pretreated, the
square surface texture was preconfigured, and the laser cladding process was simulated by the APDL
language of Ansys software, and the temperature field and stress field in the cladding process were
analyzed and studied. Secondly, the influence of preset texture on the temperature field and residual
stress of the laser cladding layer is studied by orthogonal simulation results. Finally, the experiment was
carried out. The research results show that the average analysis of the orthogonal simulation experiment
results shows that the optimal cladding parameters are laser power P = 400 W, scanning speed v =
20 mm/s, and laser beam radius R = 0.8 mm, and the sequence of factors affecting residual stress of
cladding layer is laser power > laser beam radius > scanning speed. A comparison between the results
of simulations and the actual processing results under optimal parameters showed a 25.96% reduction in
residual stress on the surface of cladded workpieces with textures compared to those without textures in

simulations, and an 18.55% reduction in residual stress on the surface of cladded workpieces with
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textures compared to those without textures in actual processing. Therefore, the application of pre-

setting textures on the surface of H13 mold steel has been demonstrated to effectively reduce residual

stress within the cladding layer, thereby minimizing or eliminating crack formation. This has been

shown to play a positive and effective role in the mold remanufacturing process using laser cladding.

Keywords: residual stress; laser cladding; surface texture; finite element analysis; H13 mold steel
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Tab. 1 Thermophysical properties parameters of H13 steel

# ES- 47 bb #A 25 of
L R (W%(Ejn%"jf ) J/ <kg-ﬁ"C) ) HB kR 3
25 243 460 11.0x10°
200 27.4 500 11.5x10°°
400 30.5 540 12.1x10°
600 326 580 12.6x10°°
800 33.8 620 13.2x10°
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Tab. 2 Thermophysical properties parameters of Ni60 alloy

s Mk g e
e | MhEREK (N%@i») P R B O
20 14.5 460 12.0x10°
200 16.0 480 12.5%10°°
400 18.0 500 13.0x10°°
600 19.5 520 13.5x10°°
800 20.5 540 14.2x10°°
1000 22.0 560 15.0x10°°
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Fig. 1 Finite element model diagram
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Tab.3 Orthogonal experimental plan table

e Bot & EEE[ipuES Ol i X
PIW v/ (mm/s) R/mm

1 5 0.4
2 400 10 0.6
3 20 0.8
4 5 0.6
5 600 10 0.8
6 20 0.4
7 5 0.8
8 800 10 0.4
9 20 0.6
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Fig. 3 S1-S9 position plan diagram
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Tab. 4 Stress value table of texture free simulation cladding layer MPa

5 S1 S2 S3 S4 S5 S6 S7 S8 S9 RSN
1 705.73 531.54 1013.20 1529.74 1395.26 1279.14 685.25 1515.07 1107.13 1 084.67
2 683.22 535.47 634.42 786.96 868.49 896.12 619.29 924.17 577.93 725.12
3 662.72 619.77 651.06 787.18 773.78 708.05 577.10 706.43 620.62 678.52
4 855.55 515.58 1015.10 1 529.96 1497.61 1234.61 858.84 1791.30 1293.59 1176.90
5 600.82 545.74 594.15 722.98 970.34 795.13 635.53 1092.81 604.68 729.13
6 997.90 729.04 1 054.76 1590.19 1696.38 1774.66 904.47 1722.20 810.04 1253.29
7 759.15 637.84 101541 1565.34 1 750.08 1 140.55 886.33 2072.82 1453.12 1253.40
8 1141.07 785.35 1693.36 2 665.25 2536.08 2 438.95 1182.50 2737.05 1 881.47 1 895.68
9 971.41 711.81 928.34 1268.76 1475.39 1450.34 1042.89 1618.91 959.94 1 158.64
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Fig. 5 Temperature distribution diagram without texture simulation under

optimal parameters
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Tab. 6 Average stress values of untextured laser cladding layer under

optimal parameters MPa

for & 1 1 23 fir & 29 L)) E
S1 564.96 S6 585.74
S2 590.29 S7 682.83
S3 706.53 S8 904.51
S4 875.21 S9 641.51
S5 787.44 W B R ¥ B 704.34

4 BRESHTHERAR-NEUHE

4.1 LAWWME
TE H13 B 5L AN 5 s 78 6 i Tl B R 2y, 3t
307, F%3x10 HEF, (AR 6.45 mm. & 214N

Iy A& LA

R

e

laser cladding

B 7 PR R S
Fig. 7 Prearranged surface texture map of the substrate
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Tab. 7 Average stress values of texture simulation cladding layer under

optimal parameters MPa

B | TWRAE 8 P Rz 7 {8
S1 620.67 S6 586.71
S2 535.25 S7 369.59
S3 573.93 S8 528.88
S4 526.43 S9 365.01
85 589.62 Wi B R Y LD B 521.48
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Fig. 9 Schematic diagram of laser cladding device
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Fig. 10 Schematic diagram of residual stress analyzer device
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Fig. 11 Measurement of residual stress without texture under optimal

parameters
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Fig. 12 Determination of residual stress with texture under optimal

parameters
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