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Abstract: Thin-walled TA2 titanium tubes were welded using four methods: friction stir welding (FSW), tungsten inert gas
welding (TIG), high-frequency induction welding (HFIW), and laser beam welding (LBW). The microstructure and
properties of the weld zones were characterized by optical microscopy (OM), X-ray diffraction (XRD), scanning electron
microscopy (SEM), and micro-hardness testing. The results show that the TA2 titanium tube welded by FSW exhibits good
weld formation with a smooth and defect-free surface. The weld zone mainly consists of fine equiaxed a phase and exhibits
the highest micro-hardness at the weld center. The shear fracture surface exhibits characteristics of both quasi-cleavage and
intergranular fracture. TIG can also achieve TA2 titanium tube welding, but oxidation is observed on the weld surface,
which appears gray-black. The weld zone consists of coarse serrated o phase and dot-like S phase, with a micro-hardness of
171.0HV. The shear fracture surface shows quasi-cleavage characteristics. HFIW weld exhibits surface oxidation and
peeling. The weld zone consists of equiaxed a phase, and the lowest micro-hardness of 166.5 HV occurs at the weld center.
Due to the presence of acicular o' martensite, the heat-affected zone (HAZ) reaches the highest micro-hardness. The shear
fracture surface shows cleavage morphology. LBW produces high-quality weld on TA2 titanium tube with a silvery-white,
smooth, oxidation-free surface. The weld zone consists of acicular o’ martensite and retained S phase resulting from rapid
cooling, achieving a micro-hardness of 204.7 HV. The shear fracture surface exhibits quasi-cleavage features.
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Table 1 Chemical composition of TA2 titanium plate

Fe C N H o Ti

0.30 0.08 0.03 0.015 0.25 Bal.

Bl 1 TA2 SRR
Fig.1 Metallographic microstructure of TA2 titanium plate
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Table 2 Parameters and characteristics of different welding methods

Welding

Shielding

Equipment type Process parameters Advantages Disadvantages
method atmosphere
Tool WC-Co alloy; Shoulder ¢15 mm; . . Expensive equipment,
. . K Fine microstructure, L .
FSW FSW-3LM-003 Pin 1.8 mm; Rotation 800—1000 r/min; Ar high st th limited to simple
igh strength, no
FSW Machine Traverse 60—100 mm/min; Tilt 2°; (>99.999%) g . g structures,
fusion defects .
Plunge 0.15 mm parameter-sensitive
PTA-400 Plasma Current 90—-110 A (DCEN); Yoltage Ar Low cost, mature . Large HAZ, cgarﬁe
TIG 12—-14 V; Speed 60—80 mm/min; Arc process, excellent microstructure, significant
Arc Welder (>99.999%) . . .
length 2-3 mm protection distortion
High effici , .
Frequency 300-350 kHz; Power o .101enc.y Coarse microstructure,
HFIW HFRW-50 HF 120-150 kW: Speed 1.2-1.5 m/mi Ar energy-saving, suitable lativelv 1 ) th
— ; Speed 1.2—1.5 m/min; . . relatively low strength,
Welder P (>99.999%)  for continuous thin-wall Y g

Force 3.5-4.5 kN; V-angle 4°-6°

ducti narrow applicability
production

PG-YLS-6000 Wavelength 1070 nm; Power 2.5—

LBW . 3.5 kW; Spot ¢0.3 mm; Speed 1.8—
Fiber Laser .
2.4 m/min; Defocus +1 mm

. . Expensive equipment,
0 Precise heat input,
e

(>99.999%)

.. . . . orosity sensitivity,
minimal distortion, high P Y Y

stringent assembl
depth-to-width ratio & Y

requirements
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Fig.3 Macrographs of TA2 titanium tubes welded by different
methods: (a) FSW; (b) TIG; (c) HFIW; (d) LBW
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