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Microstructures and Defect Analysis of TC4 Titanium
Alloy Joints by the TIG Welding

Lu Xin
( Pangang Group Research Institute Co. Ltd. Panzhihua 617000 Sichuan China)

Abstract: TIG welding experiments on 20 mm thick TC4 titanium alloy plate were carried out by two var—
ying heat inputs and the joints were investigated in terms of microstructure mechanical properties and
welding defects. Microstructural observations showed that martensite in welded zone is more dispersed than
those in fusion zone and heat affected zone.inHeat affected zone has less quantity and small size of mar—
tensite . With the welding heat input increasing the grain size of the joints grows and martensite becomes
larger and more dispersed.High heat input leads to stomata defect and deteriorate the mechanical proper—
ties of weld joint seriously.To avoid the defects such as abnormal structures and cracks the welding heat
input should be strictly controlled to prevent the coarse grain in the weld joints.
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Table 1 Chemical composition of TC4 titanium alloy and welding wire
1% ( ) 1%
Ti Al Vv Fe C N H (0]
Tie6AI—4V 5.5~6.75 3.5~4.5 0.30 0.08 0.05 0.015 0.20
89.20 6.19 4.35 0.111 0.005
ERTi-6A1-4V 5.5~6.75 3.5~4.5 0.25 0.05 0.02 0.008 0.15
2 TC4 TIG
Table 2 The parameters in TIG welding for TC4 titanium alloy
I/A v/ (mm *s7") /(L min™") /C Q/(J* mm™)
1 14 120~ 130 0.6~1.6 10~15 <100 618.2~1671.2
2 26 120~160 1.1~3.7 10~25 <70 314.8~897.4
n 0.7,
N N HF : HNO, : H,0= o o
2:3:95 0- 1( b) TC4 TIG
LYMPUS ; 1( b)
GB/T 2654—2008 HVS (WM) .
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; GB/T 229—2007 o
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1 mmo 2
) o 2
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Fig.1 The microstructure of base metal ( a) and weld metal ( b) of TC4 titanium alloy
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Fig.2 The microstructure of samples in different welding zones with different heat inputs

3 73.2 pm; 2
. 3 1 257.6~6 969.1 wm 2978.3 pm
1 265.6~5 230.4 pm 115.4~1 428.6 pm 560.5 pm
3356.9 um 230.8~1 844.3 um 971. 64.8~175.4 pm 109.6m
7 um 95.6~275.7 pm 34.9~75.4 pm 51.3 pm.
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Fig.6 The fracture morphology of the samples
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Table 3 The results of energy spectrum analysis %
[0} Al P S Ti \ Cr Mn Fe Cu

1 4.17 0.20 0.13 2.96 0.54 0.82 91.18
2 11.69 4.12 0.14 79.93 3.39 0.16 0.35 0.23

3 37.91 4.44 0.15 54.47 2.64 0.39
4 39.21 4.03 0.34 46.47 2.67 0.56 5.64 1.09
5 11.16 1.75 0.43 76.91 9.40 0.23 0.12
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Fig.7 The Crack defects in TIG welding of TC4 titanium alloy
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