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precisely is critical to control the performance of related parts accurately. In this paper
critical temperature

Metal parts with textured bumps are widely used in engineering, and controlling their morphology
of the molten pool
circulation

is the 45 steel is taken as the
and a two-dimensional axisymmetric model is used to simulate to explore the evolution of the
temperature field and the direction and velocity of fluid flow in the molten pool irradiated by the pulsed laser
the greater the tangential stress is

surface temperature is above the critical temperature, the tangential stress is positive, and the melt flows to the edge
morphology at the last moment
Key words

the microscopic mechanism and dynamic process of the formation of the textured morphology can be
studied. The results show that during the heating period and while the temperature of the surface is below the
OCIS codes

the tangential stress is negative, and the melt flows to the center of the molten pool

the greater the peak velocity is

. If the
finally forming a convection-free location at the junction of the two circulations
small when the surface temperature exceeds the critical temperature

morphology
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If the new circulation velocity is
it will weaken the deformation of the
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For the same
Otherwise, an abnormal shape will be produced at the convection-free position
laser technique; laser texturing; tangential stress; convection-free location; surface velocity; surface
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Table 1 Material properties of 45 steel-+*"

Parameter Value
Liquid phase density p;/(kgem *) 7850
Solid phase density p./(kgem™) 7850
Melting temperature T,,/K 1788.5
Vaporizing temperature T, /K 2633.5
Latent heat of fusion L,,/(Jekg ") 2.717X10°
Surface tension of pure metal ¥, /(Nem™") 1.943
Constant in surface tension
4X107*

gradient A,/(Nem '+K™ ")

Dynamic viscosity of liquid phase p;/(Pa*s) 5.1X10*

Mushy zone constant A . 10°
Surface excess at saturation I'./(mol*m %) 1.3X10°
Entropy factor &, 3.18X10°°
Activity of sulfur a; 0.0072
Standard heat of absorption AH,/(Jemol™!') —1.88X10°
Coefficient of heat transferh /(Wem 2K 1) 10
Radiation emissivity € 0.7
Ambient temperature T,/K 293.15
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Table 2 Specific heat capacity C, and thermal conductivity £ of steel 45 at different temperatures

[25]

T /C 20 100 300 500 700 755 800 900 1000
C,/Jekg '+°C) 472 480 524 615 854 1064 806 637 602
k/(Wem '+°C) 47 43 38 28 25 26 25 24

1
I _Gaussian pulse

\ z
AN
! defonnalzle surface N

80 um
no slip wall

y

300 pm .

K1 PR
Fig. 1 Physical model

#3

2 /(104 m)

0.J5 1.JO 1:5 2.L0 2?5
7 /(10 m)

K2 M

Fig. 2 Computational grid

A

Table 3 Boundary conditions

Physics Physical meaning Number Boundary condition
Laser irradiation 3 Inward heat flux
Heat transfer . . )
Natural convection 2,3,4 Convection heat flux
Normal stress 3 Normal boundary stress
. Tangential stress 3 Marangoni effect
Fluid flow .
Wall 2,4 No slip
Axis 1 Axisymmetry
Fixed boundary 1.2.4 Prescribed mesh displacement
Moving mesh . .
Free deformation 3 Prescribed mesh speed
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Table 4 Laser parameters Leal

Parameter Value _ 162}

Monopulse energy E,/m] 250 TE 160+

Pulse width P, /ms 0.8 5 158}k

Beam size r /pm 200 = 156k

Absorption coefficient 7 0.39 1.54F
Temperature transition interval of 10 1.52 -

melting AT /K
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Fig. 7 Spatial distribution of viscosity at

different time
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Table 5 Width and height measured in experiment

Number Height /pm Width /pm Number Height /pm Width /pm
1 3.39 145.6 11 3.71 136.1
2 4.39 143.7 12 4.45 147.9
3 5.56 152.2 13 2.89 130.9
4 4.40 129.5 14 3.88 146.5
5 2.03 126.7 15 4.35 142.7
6 4.61 163.9 16 4.37 144.1
7 4.24 129.9 17 4.79 135.2
8 5.25 150.3 18 5.54 146.9
9 5.49 129.0 19 6.38 147.0
10 4.05 126.2 20 3.54 126.7
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Table 6 Comparison between experimental measurement

and numerical simulation results
Experimental /  Simulation /

Result Difference /%

pm pm
Height 4.37 4.13 5.492
Width 144.1 172.6 16.512
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