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Numerical Simulation and Verification of Free-Surface Evolution
in Laser Polishing of H13 Tool Steel
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Science and Technology, Wuhan, Hubei 430074, China

Abstract Via numerical simulation and experiment, a two-dimensional transient model of laser polishing (LP) is
established to simulate the surface-morphological evolution of materials during LP. A moving laser-beam heat
source with the combined effects of capillary and thermocapillary forces is adopted, and the flow and temperature
fields are also coupled. The simulated-model surface and the actual examined material surface are constructed by
performing spectrum analysis. The simulated results show that under the effects of capillary and thermocapillary
forces, the peak material flows to the trough and fills the contour hollow on the polished material surface, achieving
the polishing effect. The laser power and scanning speed significantly affect the polishing results. A low-heat input
leads to a small molten pool, resulting in a poor polishing effect with insufficient flow time; excessive heat input
results in a molten pool with a long duration of time, which increases the LP surface roughness. Compared with the
experimental results, the simulated surface roughness and the depth of the molten pool have an error of less than
8%, reaching a high simulation accuracy.
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Fig. 1 Surface morphology of H13 tool steel after

wire-electrode cutting machining
i, W BRI S AT ORI G . R R B R A
E SCANLAB 23w B9 hurrySCAN #4455 , i i #f
BeokyERIBOC M E R . S T B 1k H13 W3 i
Bl Ak T A B0 T O kAR A O o AR L R A
SR N . SO AR B RE S 2 T Y
BE AR 0] LAGE 33 T B £ R R PR 14 v R AT R R

fiber —
| g
— 2D )
scanner_ | . " control
control scanning panel
\ - [
‘ g ‘ y / x\
hf\;‘ /'/,"""""""/ ¥y & 18 =4 Ar
out ~  sample] in

& 2 #OEH 6B & R B
Fig. 2 Schematic of laser-polishing setup
Sl Z WS B A E T — AR IR B BT
R B MOE S R 1 PR,
1 OIS

Table 1 Laser-polishing parameters

Parameter Value
Laser power /W 250
Scanning speed /(mm * s ') 300
Beam diameter /pm 600
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Fig. 4 Unpolished and polished surface profiles and frequency spectra of H13 tool steel.

(a) Surface profiles; (b) frequency spectra
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Fig. 5 Thermophysical properties of H13 tool steel. (a) Density; (b) thermal conductivity;
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Table 2 Material properties of H13 tool steel
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Table 3 Boundary conditions
Physics Boundary condition Boundary Equation
Laser irradiation 1 Equation (7)
Natural convection 1,2.3 Equation (8)
Heat transfer
Radiation 1,2,3 Equation (9)
Insulation 4 qo=0
Capillary forces 1 Equation (12)
Fluid flow
Thermocapillary forces 1 Equation (13)
Prescribed mesh displacement 2,3 dx=0
Moving mesh
Prescribed mesh displacement 4 dxr=0,dy=0
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Table 4 Element size

Parameter Top layer Rest
Maximum element size /pm 1.07 2.07
Minimum element size /pm 0.00318 0.0239

Maximum element growth rate 1.05 1.08
Curvature factor 0.2 0.25
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