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Time-varying temperature field characteristics of TC4 titanium
alloy by Gaussian-pulsed laser ablation
LI Long"*, HE Zhenglong', LI Xinyang', NING Jianghao', JI Yuxiao',
YANG Hengxin', SHI Pu', ZHANG Chunling"?

(1. School of Science, Xi'an University of Architecture and Technology, Xi'an 710055, China; 2. Institute of Applied
Physics, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: TC4 titanium alloy has a series of advantages such as excellent corrosion resistance, low density,
high specific strength, good toughness and weldability, and plays an increasingly important role in the
aerospace field. Based on the finite element analysis method, the temperature field of TC4 titanium alloy disc
was numerically calculated by using the heat conduction equation. On the basis of analysis of the working
characteristics of metal materials processed by pulsed laser, a thermal model that conformed to the actual
processing characteristics was established, and the influence of the temperature field of TC4 titanium alloy
with laser power, spot radius and laser pulse width was numerically analyzed. The results show that if the
central laser wavelength is 1 064 nm, the laser power is 2 kW, the spot radius is 2 mm, the laser pulse width is
8 ms, the pulse repetition rate is 1 kHz, the diameter is 5.0 cm, and the thickness of 5 mm, the peak temperature
rise of TC4 titanium alloy within 50 ms is 1 209.80 K. Under the same conditions, when spot radius is 1.5 mm,

2.0 mm, 2.5 mm and 5 mm, respectively, the highest thermal deformation of the end face of titanium alloy is
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30.033 um. The research results will provide a theoretical basis for laser processing of titanium alloys and

accurate setting of laser processing parameters.

Key words: laser technology; TC4 titanium alloy; pulsed laser; temperature field
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Fig. 3 Thermophysical parameters used
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Fig.4 Three-dimensional simulation of temperature field of TC4 titanium alloy disc with Gaussian pulsed laser ablation at

1 kW and 2.5 kKW laser power, respectively
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Fig.7 Time-varying distribution of temperature field of

TC4 titanium alloy disc under different spot radii
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Table 2 Temperature changes of core temperature of
ignition point with action time of different spot

radii K

Spot radius/mm

Duration of action/ms
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2.00 764.86 558.93 45232 325.88
4.00 1180.70 797.94 598.09 357.16
6.00 1550.80 1014.20 732.17 387.71
8.00 1880.50 1209.80 855.56 416.54
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Fig. 8 Time-varying distribution of temperature field of

TC4 titanium alloy disc under different pulse widths
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Table3 Temperature changes of core temperature of

ignition point with action time of different laser

pulse widths K
Laser pulse width/ms
Duration of action/ms
5.0 8.0 10.0 20.0
2.0 558.93 558.93 558.93 558.93
5.0 908.75 908.75 908.75 908.75
8.0 1209.80 1209.80 1209.80
10.0 — — 1386.10 1386.10
15.0 — — — 1711.20
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