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Thermodynamic Effects of Ultrashort Laser Pulses
Acting on Metal Materials

FAN Mi, WANG Yuan,CHENG Xiaojin *

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science ,Shanghai 201620, China)

Abstract;In order to explore the application of picosecond and femtosecond laser in metal material processing and
surface treatment, based on the heat conduction equation and finite element software, the thermal generation and
accumulation of different pulse widths and pulsed energy laser irradiation on Au, Cu and Cr were studied. The results
show that the laser pulse width will affect the peak value of the electron temperature and the time of the electron lattice
coupling. With the same pulse energy, the narrower the pulse width is, the higher the maximum value of electron
temperature is, and the shorter the time of reaching equilibrium of electron lattice temperature is. The accuracy of the
thermodynamic model is closely related to the laser pulse width. When the laser pulse width is greater than 10 ps, the
single temperature and double temperature model can describe the thermal effect of laser on materials, but when the laser
pulse width is less than 10 ps, the double temperature model is needed to describe.
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Figure 1 Laser acting on metal materials
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Table 1  Parameters in thermal analysis
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Figure 2 Electron and lattice temperature changes of three golds with pulse width of

100 fs and pulse energy of 0.1 J/cm’
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Figure 3  Electron and lattice temperature changes of gold with different pulse width
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Figure 4  Variation of maximum electron

temperature with laser pulse width
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Figure 5 Fitting curve of three golds under single and double temperature equations
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