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Fig.1 Schematic diagram of NG-LWFW system
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Table 1 Chemical composition of the base metal and welding wire deposited metal (/%)

Materials C Fe Al N H (0] v Mo Ti
TC4 titanium alloy base metal 0.032 0.14 6.08 0.007 0.001 0.16 3.88 - Bal.
Welding wire deposited metal 0.050 0.58 6.51 0.008 0.001 0.12 4.54 0.50 Bal.

R2 TCASRE G RIITRE
Table 2 Material properties of TC4 titanium alloy

Temperature/°C Ca:ap:;tc}i]gc. (}lif;;()' 1 Therrn\:]l . (C;I.lld(‘;itivny/ Yiellzjlt\r/[elr)lagth, c(i‘ei;'?:ireﬁ)t(/zalr(l)si(-)?C" Elastic modulus/GPa

20 611 6.8 890 8.4 125
200 653 8.7 790 9.2 114
400 691 10.3 560 9.5 100
600 713 13.7 380 10.0 74
700 725 14.4 280 10.4 54
800 735 15.8 130 10.9 33
1000 754 18.3 90 11.0 22
1200 771 21.7 66 11.0 5

1400 787 24.5 31 11.0 0.1

1668 803 20 2 11.0 0.01
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Table 3 Welding parameters
Welding Wire feeding Defocus Oscillation  Oscillation ~ Laser-wire
Pass of welding Laser power, speed, speed, Focal length, quantity, amplitude, frequency, distance,
P V /m'min”  V/m'min” fimm Affmm D/mm SfHz d/mm

Backing welding 3250 1.0 425 +20

2-35 4000 0.42 0.60 425 +15 2 100 0

3643 4000 0.40 0.60 425 +15 2 100 0
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Fig.2 Morphologies of welded joint: (a—b) the whole macro-morphology of welded joint, (c) cross-sectional morphology of the welded joint;

(d) local macro-morphology of UL, (e) microstructure of the welded seam of UL, (f) HAZ micro-morphology of UL; (g) local macro-

morphology of ML, (h) microstructure of the welded seam of ML, (i) HAZ micro-morphology of ML; (j) local macro-morphology of LL,

(k) microstructure of the welded seam of LL, (1) HAZ micro-morphology of LL
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Fig.3 TEM images of different areas in the welded seam: (a—) UL, (d—f) ML, and (g—i) LL
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Fig 4 Microhardness distribution of welded joint
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Fig.5 XRD patterns of the welded seam
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Fig.6 Mechanical properties along the thickness of welded joint at room temperature: (a) tensile properties and (b) impact properties
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Fig.7 Tensile fracture morphologies of the welded joint: (a—c) UL, (d—f) ML, and (g—i) LL
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Fig.8 SEM images of impact fracture at room temperature (a—f) and force-displacement curves (g—i): (a, d, g) UL, (b, e, h) ML (c, f, 1) LL
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Microstructure, Properties and Stress Analysis of Thick-Walled Titanium Alloy
Laser Welded Joint with Filler Welding Wire

Wu Pengbo', Feng Zhigiang®, Fang Naiwen', Lu Quanbin’, Huang Ruisheng', Liao Zhigian®, Sun Laibo’, Qin Jian’,
Li Quan’, Chang Yunfeng’, Niudong Shanyu’
(1. Harbin Welding Institute Limited Company, Harbin 150028, China)
(2. Beibu Gulf University, Qinzhou 535011, China)
(3. China Academy of Machinery Zhengzhou Research Institute of Mechanical Engineering Co. , Ltd, Zhengzhou 450000, China)
(4. Luoyang Ship Material Research Institute, Luoyang 471023, China)
(5. Harbin Institute of Technology Suzhou Research Institute, Suzhou 215104, China)

Abstract: To realize high quality and high efficiency welding of large thickness titanium alloy, a flux-cored welding wire was developed by
optimizing the synergistic mechanism of metal powder cores. The microstructure evolution of the interlayer region of the welded joint was
studied, the stress distribution in the process of laser welding was analyzed by numerical simulation, and the ultra-narrow gap laser welding of
TC4 titanium alloy plate with 96 mm in thickness was realized. The results show that the average tensile strength of the upper, middle and lower
parts of the welded joint is 935 MPa, the average yield strength is 794 MPa, and the elongation is 20%. The average value of the impact
toughness of the upper, middle and lower welded joints at room temperature is 31 J, and the microstructure and properties of the welded joints are
well distributed along the wall thickness direction. With the pass of welding increasing, the change from compressive stress to tensile stress
occurs in the welded seam center; the high stress zone of transversal and longitudinal residual stress is not in the surface of the sample, but in the
welded seam with 6 mm to the surface, and the maximum tensile stress is 1030 MPa.

Key words: thick-walled titanium alloy; narrow gap laser welding with filler wire; microstructure and properties; stress analysis
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