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Experimental study on nanosecond laser processing of
surface groove structure of titanium alloy

TAN Jingang'”, HE Bin'** | WAN Xuanrui'*, HAN Jinjin'*, LEI Weining'"
(1. Department of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China; 2. Jiangsu Provincial
Key Laboratory of Advanced Materials Design and Additive Manufacturing, Changzhou 213001, China)

Abstract: In order to process high-quality microstructures on the surface of titanium alloys and to investigate the influence
of different factors on the surface quality, the nanosecond laser was used in the experimental research on the processing of
titanium alloy Ti6Al4V. The surface morphology of titanium alloy workpieces processed under different parameters was measured
by three-dimensional microscope and confocal microscope. Further, orthogonal experiments and one-way analysis of factors were
used to investigate the effects of scanning speed, laser power and scanning line spacing on the processing morphology and
roughness values. The results show that under the conditions of low power, high speed, and large line spacing, the material
removal is discontinuous and the processed surface shows intermittent pit structure; with the increase of power, the decrease of
processing speed and the reduction of line spacing, the material removal is gradually continuous and the processed surface quality
is improved. The parameters of laser power 24 W, scanning speed 2000 mm/s, and line spacing 0. 01 mm were selected to
successfully process the array microgroove structure with a width of 500 pm and a depth of 140 pwm on the surface of titanium
alloy. This study has good practical value for laser processing of the surface microstructure of titanium alloys.
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Table 1 Ti6Al4V titanium alloy chemical composition

element Al v Fe C N Ti
<0.12 <0.01 <0.09 balance

mass fraction/% <6 <4

F2 kG4 TICAUV MRS

Table 2 Performance parameters of titanium alloy Ti6Al4V (2]
elongation =8%
density 4420 kg/m®
Poisson’s ratio 0.31
hardness 195 HB
heat conductivity 7.955 W/(m + K)
specific heat 0.612 J/(g - K)
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Table 3 Orthogonal experimental parameters and measurement results

serial  scanning speed/ laser line spacing/ surface
number (mm-s") power/ W mm roughness/ pum
1 500 6 0.01 2.272
2 500 12 0.025 1.953
3 500 18 0.05 15.975
4 500 24 0.1 11.000
5 1000 6 0.025 2.573
6 1000 12 0.01 1.847
7 1000 18 0.1 4.587
8 1000 24 0.05 5.237
9 1500 6 0.05 1.913
10 1500 12 0.1 4.778
11 1500 18 0.01 1.375
12 1500 24 0.025 2.565
13 2000 6 0.1 1.940
14 2000 12 0.05 6.604
15 2000 18 0.025 3.046
16 2000 24 0.01 1.398
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Fig.2  Processing surface morphology of 16 orthogonal experiments
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