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Comparative Study on Welding Process of TA18 Titanium Alloy Sheet
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Abstract: The effects of three different welding processes, direct-current tungsten inert gas welding ( DC TIG) ,

pulsed tungsten inert gas welding (pulsed TIG) and laser welding on the macroscopic morphology, microstructure and

mechanical properties of TA18 titanium alloy welded joints were studied. The results show that compared with the DC

TIG welding process, the high frequency pulse of pulsed TIG can promote the concentration of arc energy, decrease

the overall welding heat input and weld width. Meanwhile, laser welding process can significantly reduce the welded

joint width, and the width can be reduced by 69. 5% compared with DC TIG welding process. The microstructure of

laser welded joint is mainly consisting of acicular martensite &’ phase arranged in basket shape and a small amount of

massive transformation « phase, and acicular martensite o’ phase is finer. Laser welded joint has higher microhardness

than TIG welded joint, however, the bending properties of laser welded joint is lower than TIG welded joint.
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Table 1 Chemical composition of TA18 titanium alloy cold rolled coil

Al AY Fe C (0] N H Ti
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TIG LA S A T YC400TX4 &Y O 28 A
6000 W SLLF 0L, BT 2S5 nE 2 in, 7
fo K o TIG KT, JE{H L i 2 4 (A F U Y 20%
[ ISk i 2435 5 Ry 200 Hz, A F) T B ARG 1R 43 gk
PR, 7 (s i T S A R, (A A3
FMESCHEH, Bkoh TIG K424 HL I 180 A,
B TIG FREER T 215 A,

®2 TAIS KEEWMMER TIC, Bkim TIC MBIEZNTZSH
Table 2 Processing parameters of DC TIG, pulsed TIG and laser welding of TA18 titanium alloy plate

Distance of tungsten and plate/mm Welding current/A Welding speed/m+ min "' Welding torch angle/(°)

DC TIG

215

0.6 90 3

Peak current/A

Base current/ A

Welding speed/m + min ™'

Duty ratio/% Frequency/Hz

Pulsed TIG
300 60

0.6 50 200

Laser power/W

Welding speed/m - min ™'

Defocusing distance/mm

Laser welding

2200
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Fig. 1  Schematic diagram of sampling locations for

Microstructure

TA18 titanium alloy welded joint
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Fig. 2 Macroscopic morphologies of TA1S8 titanium alloy welded
joints under different welding processes: (a) DC TIG;
(b) pulsed TIG; (c) laser welding
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Table 3 Width of weld and heat affected zone of cross sectional

partition of TA18 titanium alloy welded joints

Welding modes Weld width Heat affected zone width
DC TIG 7.40 5.05
Pulsed TIG 2. 66 1.22
Laser welding 8.72 5.32
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Fig. 3 Cross sectional morphologies of TA18 titanium alloy welded
joints under different welding processes: (a) DC TIG;
(b) pulsed TIG; (c¢) laser welding
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Fig. 4 Schematic diagram of cross sectional partition

of TAIS titanium alloy welded joint
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Fig. 5 Metallographic structures of TA18 titanium alloy welded joint in various zones: (a) DC TIG; (b) pulsed TIG; (c¢) laser welding
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Fig. 6  Photo of tensile specimens of TAIS8 titanium

alloy welded joints
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Fig. 7 Room temperature tensile properties of TA18 titanium

alloy welded joints under different welding processes
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Table 4 Bending properties of TA18 titanium alloy welded

joints under different welding processes

Bending test DC TIG Pulsed TIG Laser welding
Positive bending 36. 8° 41.7° 32.6°
Negative bending 49.1° 39.1° 37.5°
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