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Table 1 Chemical compositions of TC4 alloy (mass

fraction, %)

Al \% Fe C N H (6] Ti
5.50-6.75 3.50-4.50 0.30 0.10 0.05 0.015 0.20 Bal.
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Fig. 1 Schematic diagram of experimental setup for dual-

beam welding
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Fig. 2 Shape and dimension of laser double beam welding

sample (Unit: mm)
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Fig. 3 Shape and dimension of laser spot welding sample

(Unit: mm)
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Fig. 4 Weld joint microstructure transformation phase diagram and OM photos of base metal: (a) Laser double beam welding

specimen transition phase diagram; (b) Laser spot welding specimen transition phase diagram; (c) OM of base metal
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Fig.5 OM photos of fusion zone weld: (a), (b), (c) Laser dual-beam welding specimen; (d), (e), (f) Laser spot welding specimen
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Fig. 6 OM photos of heat affected area of welding specimen:
(a) Laser dual-beam; (b) Laser spot
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Table 2 Tensile test results of different speciments

Mean value
Specimen o,/MPa /%
o,/MPa /%
942 19.5
BM 935 19.5 937 19.5
934 19
994 11
LSW 990 10.5 989 10.5
980 10
975 12.5
LDBW 995 14 991 13.5
1003 13

Note: BM—Base metal; LSW—Laser spot beam welded joints;
LDBW—Laser double beam welded joints.
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Table 3 Low cycle fatigue life statistics of laser double beam welded joints and laser welded joints

Tvpe Cyele. N Middle fatigue life, Logarithmic mean Standard Sub-sample variation
P yee, Nsy life, x deviation, s coefficient, C,
LDBW 5936590000 82876 69621 4.8427 0.124782 0.025766
96494 54467 48937
LSW 42342 42978 39418 42426 4.6276 0.062404 0.013485
42090 54659 35339
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Fig. 7 Life probability density function distribution of laser

welding specimens
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Fig. 8 Macroscopic fracture appearance: (a) Laser dual-beam

welding specimen; (b) Laser spot welding specimen
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Fig. 9 Fatigue source fracture morphologies: (a), (¢) Laser dual-beam welding specimen; (b), (d) Laser spot welding welding

specimen

8§
5
;é?
R,
(@)
9

/ Secom

Bl 10 557 Ray X S

Fig. 10 Fatigue crack propagation zone fracture morphologies: (a) Laser double beam welding specimen crack propagation
prophase fracture morphology; (b) Laser spot welding specimen crack propagation prophase fracture morphology; (c) Laser double
beam welding specimen crack propagation anaphase fracture morphology; (d) Laser spot welding specimen crack propagation

anaphase fracture morphology
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Fig. 11 Fractures of short interruption zones: (a) Laser dual-

beam welding specimen; (b) Laser spot welding specimen
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Fatigue performance and fracture mechanism of
dual-beam laser welded T-joints of TC4 titanium alloy

XU Liang"? SU Ju-ji', ZHOU Song"?, HUI Li"2, WANG Lei" % ZHANG Lu'

(1. School of Mechatronics Engineering, Shenyang Aerospace University, Shenyang 110136, China;
2. Key Laboratory of Fundamental Science for National Defense of Aeronautical Digital Manufacturing Process,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Based to the problem that the T-joint in the aircraft fuselage wall was often subjected to fatigue resistance
during flight due to air circulation resistance, the laser double beam welding technology and laser spot welding
technology were used on T-joint welding of TC4 titanium alloy. And the microstructure, tensile properties, low cycle
fatigue behavior and fracture mechanism of the two joints were investigated. The results show that after welding by two
different laser welding methods, the fusion zone structure is a basket structure composed of needle-shaped o’ martensite.
Compared with laser double-beam welding, the volume fraction of o' basket-like structure in the laser spot welded joint
mesh basket increases, the needle-shaped o' martensite size increases and the phase spacing decreases. Compared with
the tensile properties of the base metal, the tensile strength of the laser spot welded joint increases by 5.5%, and the
tensile strength of the laser double beam welded joint increases by 5.8%.The median fatigue life of the laser double-beam
welding specimen increases by 2.23 times. The main reason is that the mesh basket structure produces an interface
strengthening effect on the welded joint and increases the joint strength, while the crack propagation of laser spot welding
specimen penetrates the solder joint into the base material, causing the decrease of crack propagation resistance of the
specimen.
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