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Table 1 Chemical composition of base metal and welding wire
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Ti-Al-V welding wire 6.10 4.15 0.040 0.012 0.006 0.001 0.02 Allowance
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Table 2 Welding parameters
Layer No. Laser power,  Welding speed, Wire feed speed, Focal length, Defocus quantity,
P/W v,/(m'min”") v,/(m'min~") fimm Af/mm
Backing by single laser 3500 1.01 - -
2-12 3000 0.65 1.5 5 +5
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Fig. 1 Sampling location
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Fig.2 Phase diagram of TC4 titanium alloy
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Fig. 3 RT microstructure of weld metal
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Fig. 4 RT microstructures of specimens at characteristic temperature point under different cooling rates: (a) 1050 C, 0.5 ‘C/
s; (b) 889.5 C, 0.5 C/s; (¢) 725.7 C, 0.5 C/s; (d) 1050 C, 5 C/s; (e) 864.2 'C, 5 C/s; (f) 749.3 'C, 5 C/s; (g)
1050 C, 20 C/s; (h) 835.5 C, 20 C/s; (1) 769.4 °C, 20 C/s; (j) 1050 C, 80 C/s; (k) 818.9 °C, 80 C/s; (1) 789.2 'C, 80 C/s
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Fig. 5 RT microstructures of specimens at different cooling rates: (a) 0.5 C/s; (b) 5 C/s; (¢) 20 ‘C/s; (d) 80 ‘C/s
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In-situ observation of grain growth and phase transformation in
laser welding of titanium alloy with filler wire

FANG Nai-wen' 2, GUO Er-jun', XU Kai?® YIN Li-meng’, HUANG Rui-sheng®, MA Yi-ming”, WU Peng-bo’

(1. School of Material Science and Chemical Engineering,

Harbin University of Science and Technology, Harbin 150022, China;
2. Harbin Welding Institute Limited Company, Harbin 150028, China;
3. School of Metallurgy and Materials Engineering,
Chongqing University Science & Technology, Chongqing 401331, China)

Abstract: The microstructure formation and phase transformation of TC4 titanium alloy laser flux-cored wire
weld zone during cooling process under simulated welding thermal cycle were studied by in situ observation with
high temperature laser confocal microscope. The results show that when the cooling rates of 0.5 ‘C/s, 5 ‘C/s, 20 ‘C/
s and 80 C/s are lowered to 889.5 ‘C, 864.2 C, 835.5 C and 818.9 C, respectively, the microstructure of the new
phase in weld zone begins to appear at the phase boundary. When the temperature of welded zone is lowered to
725.7 °C, 749.3 C, 769.4 C and 789.2 °C, respectively, the temperature range of the new phase transition
gradually narrows with the increase of cooling rate. It is found that the lamellar spacing of the new phase decreases
with the increase of cooling rate, and the hardness of samples cooled to room temperature increases with the
increase of cooling rate, from 339 HV10 to 368 HV10. The samples are all composed of HCP crystal structure
without rhombic lattice and BCC crystal structure.

Key words: TC4 titanium alloy; laser filler wire welding; flux-cored wire; phase transformation; in-situ

observation
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