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Table 1 Chemical composition of TC4 titanium alloy (wt/%)

Al \Y% Fe C N H o Ti
6.06 3.92 0.3 0.013 0.014 0.014 0.15 Bal
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Fig.1 Diagram of titanium alloy deep penetration welding system and specimen preparation
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Table 2 Welding parameters of TC4 titanium alloy with 6 mm in

thickness
Pulsemode [ /A [, /A /A f/Hz I/A  f/kHz
DC 300 300 300
LP 180 310 245 2
LP-1 200 350 275 2
DP 150 320 275 2 80 40

Note: DC stands for direct current mode; LP and LP-1 are low frequency
pulse modes with different parameters for each; DP stands for high

frequency-low frequency composite pulse mode
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Fig.2 Appearances (a, ¢, e, f) and cross-section morphologies (b, d, f, i) of WZ under different arc modes: (a—b) DC; (c—d) LP; (e—f) LP-1;
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Fig.3 Dimensions of WZ under different pulse modes
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Fig.4 Microstructures of BM, WZ, and HAZ of TC4 titanium alloy: (a) joint cross-section; (b) base metal; (c) upper part of WZ; (d) middle part
of the WZ; (e) bottom of WZ; (f) HAZ near to WZ; (g—h) middle part of the HAZ; (i) HAZ near to BM
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Fig.5 Microhardness distribution of joints under different pulse

modes
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Table 3 Tensile properties of BM and DP-TIG weld joint

Joint strength

Parameter UTS/MPa Elongation/%
factor/%
BM 986 12.8
DP-1 954 33 97
DP-2 974 4.0 99
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Fig.6 Evolutions of tensile strains of different joints of TC4 titanium alloy: (a) BM and (b) welding joint (white dashed box indicates the DIC

testing area and the red color marks the fracture location)
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Fig.7 Molten pool behavior in a single cycle under different pulsed current modes
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Deep Penetration Mechanism of Dual Pulse TIG Welding for Medium-Thick Titanium Alloys

Yang Qingfu', Luo Zhiwei’, Zeng Caiyou', Jiang Zihao', Cong Baogiang', Qi Bojin'
(1. School of Mechanical Engineering & Automation, Beihang University, Beijing 100191, China)
(2. Capital Aerospace Machinery Co. , Ltd, Beijing 100076, China)

Abstract: In response to the issues of shallow TIG arc penetration and low welding efficiency in medium-thickness titanium alloy arc welding,
TIG welding experiments were conducted on 6 mm-thick TC4 titanium alloy. The effects of different arc modes (direct current, low-frequency
pulse, and low-frequency plus high-frequency dual-pulse) on the weld pool and weld bead formation were studied. Finite element simulation was
employed to investigate the temperature field and flow field dynamics of the weld pool in dual-pulse welding, and the deep penetration
mechanism of dual-pulse TIG welding was analyzed. The results show that compared to constant current and low-frequency pulse modes, the dual-
pulse current mode increases the flow velocity of the weld pool, effectively excites the deep penetration keyhole at the center of the pool,
promotes the downward movement of the heat source, and thus increases the penetration depth. The tensile strength of the dual-pulse TIG weld
joint reaches 964 MPa, the joint strength coefficient is 98%, and the post-fracture elongation is 3.7%, achieving a near-equal strength match for
the joint.

Key words: medium-thick titanium alloy; TIG welding; pulse modulation; deep penertration keyhole; microstructure
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