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Evolution Law and Forming Mechanism of Microtexture under
Variation of Laser Pulse Duration
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Abstract: Laser texturing is widely used in friction pair in order to improve the contact strength and friction performance. However,
there are many problems such as complex forming mechanism and poor morphology controllability. By studying the two-dimensional
model, considering the effects of recoil pressure,thermal capillary force and surface tension on the flowing of laser molten pool, the
morphology evolution law and laser action mechanism of texturing process are analyzed. The results elaborated the evolution of
microstructure center from dimple to bulge with the increase of pulse duration. The formation of central bulge was attributed to the
thermo-capillary stress and limited by Young-Laplace stress. In addition, the surface profile of the molten pool in the heating stage was
mainly affected by the recoil pressure, while the initial and later phase of molten pool cooling were respectively dominated by Young-
Laplace stress and thermo-capillary stress. Considering the effects of recoil pressure, thermal capillary force and surface tension on the
flowing of laser molten pool, a two-dimensional numerical simulation model of laser texturing is established, which provides a reliable
theoretical basis for future engineering applications.
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Table 1 Material properties of 45 steel

Parameters Value
Liquid phase density p,/ (kg-m™) 6 550
Solid phase density p_/(kg+m™) 7 850
Melting temperature T, /K 1788.5
Vaporizing temperature T'y/K 2633.5
Latent heat of fusion L,/ (kJ-kg™") 271
Latent heat of vaporization Ly/( MJ-kg™") 6.24
Specific heat of liquid phase CPJ/(_I-kg_1 ) 670
Specific heat of solid phase Cl,_l/(J-kg_] ) 830
Surface tension of pure metal y, /(N -m™') 1.943
Constant in surface tension gradient A,/ (mN- m™ K™ 0.3
Dynamic viscosity of liquid phase u,/(mPa-s) 5.1
Mushy zone constant A, 107
Surface excess at saturation I”_/ ( pmol -m™2) 13
Entropy factor k, 3.18x107°
Activity of sulfur a; 0. 003
Standard heat of absorption AH,/(kJ+mol™") -188
Coefficient of heat transfer h,(W-m™2+k™") 10
Radiation emissivity & 0.7
Thermal expansion coefficient 8, 0.2
Temperature transition interval of melting AT/K 50
Absorption confficient 7 0.39
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Fig. 1  Variations of surface tension and surface tension

temperature coefficient of liquid 45 steel with temperature
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stress during laser heating for 7=1 ms
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