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Microstructure and mechanical properties of high-strength
TC11 titanium alloy joints welded by laser beam

YU Hong-jiang', FAN Ru-yi%, HUANG Jian', PAN Li-hua’, WANG Yong®

(1. Shanghai Key Laboratory of Materials Laser Processing and Modification,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai Xin Li Institute of Power Equipment, Shanghai 201109, China)

Abstract: The titanium alloy TC11 was welded by fiber laser beam, the microstructure and mechanical properties of the
laser welded TC11 joints with different welding parameters were studied. The results show that the microstructure of
weld metal consists of o' martensite. From the base metal to fusion line, the microstructure evolves from a+f phase to o
phase. With increasing the heat input, the size of columnar dendrites increases, the distribution of &’ martensite becomes
more dispersive, the width of HAZ and grain size in coarse grain zone increase. Under the welding speed of 2.0 m/min
and laser power of 2.8-3.2 kW, the sound welds of 2 mm thick TC11 alloy were obtained. The hardness of the weld
increases with increasing the heat input. The tensile strength of welded joints reaches at least 97% of that of the base
metal, while the plasticity decreases significantly. The fracture topography of welded joints shows brittle fracture
character.
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Fig. 1 Microstructures of base metal (TC11 titanium alloy):

(a) Lower magnification; (b) Higher magnification
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Fig. 2 Sketch of experiment set for laser welding of TC11

titanium alloy plate with gas shielding
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Table 1 Nominal welding heat input values corresponding to
laser power at TC11 titanium alloy laser beam welding
Laser/kW 2.8 3.0 3.2
Heat input/(J-mm ) 84 90 96
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Fig. 3 Sketch of tensile sample size
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Fig. 4 Macrograph of TCI1 titanium alloy joint welded at
welding speed of 2 m/min and laser power of 3.0 kW
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Fig. 5 Microstructure (a) and XRD patterns (b) of TC11 weld

metal welded at welding speed of 2 m/min and laser power of
3.0 kW
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Fig. 6 Microstructures of heat-affected zone (HAZ) of TC11
titanium alloy joint welded at welding speed of 2 m/min and
laser power of 3.0 kW: (a) Recrystallization zone; (b) Coarse

grain zone

2.2 IEIEBAE N GHE L AL RY 2N

TC11 KRG & WO IR SR A SO L DA /1 7
P NG HVINIC R, BEE G N SR,
PREEFIRE OISR, 45 R 7 s

PEIRBEESE 2 m/min. AN[EEOEIIR R 4325
G WMAZINE 8 Frn. K 8 WTLUEH, AR
L AR BB S RN BV G . AEBHRIHA
BINET, AN GRS R FEAMIK, Wil 8(a)f
TNo Rl A NTRINE R, T E AR A B 085 AR AL,
AHHZ AR A S POIR, WiE 8(b)RI(e) iz A

Laser power/kW
B 7 TCI1 BRE-BEOGCE R A AR O 2 S O Dh &
IS
Fig. 7 Relationship between columnar dendrite width and
laser power in weld metal of TC11 titanium alloy weld by laser

beam
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Fig. 8 Microstructures of weld metal at welding speed of 2
m/min and different laser powers: (a) 2.8 kW; (b) 3.0 kW; (c)
32kW
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Fig. 9 Relationship between HAZ width and laser power
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Fig. 10 Microstructures of coarse grain zone in HAZ at
welding speed of 2 m/min and different laser powers: (a) 2.8
kW; (b) 3.0 kW; (c) 3.2 kW
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Fig. 11 Hardness of welded joints at weld speed of 2 m/min:
(a) Hardness distribution of welded joint at laser power of 3.0

kW; (b) Hardness of weld metal at different laser powers
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Table 2 Tensile strength of welded joints

Sample  Welding speed/ Laser power/ Tensile strength/
No. (m'min") kW MPa
1 1224.85
2 2.0 2.8 1207.18
3 2.0 3.0 1203.01
4 2.0 3.2 1197.08

1) Sample 1 is base metal.
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Fig. 12 Fracture morphologies of TC11 titanium alloy: (a) TC11 base metal; (b) Welded joint; (c) Fibrous zone of TC11 base metal

fracture surface; (d) Fibrous zone of weld joint fracture surface
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