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Table 1 Chemical composition of filler metal (/%)
Filler metal Mo Al \% Fe N (0] Cc H Ti
TC4 base metal 6.08 3.88 0.14 0.007 0.18 0.034 0.001 Bal.
TC3 solid weld wire 5.75 3.82 0.04 0.006 0.08 0.012 0.001 Bal.
Ti-Al-V-Mo flux-cored wire deposited metal  0.50  6.51 4.54 0.58 0.008 0.12 0.050 0.001 Bal.
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Fig.1 Diagram of groove shape
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Fig.2 Experimental set-up of narrow-gap laser welding with

filler wire
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Table 2 Welding parameters

Filled layer Laser power, Welding s_pegd, Wire feed §pfeled, Focal length, Defocus quantity,
P/W Vi/m min V,/m min f/mm Affmm

Backing by single laser 3250 1.00 428 +20
Welding with filler solid wire 3000 0.40 4.0 428 +15
Welding with flux-cored wire 4000 0.42 0.6 428 +15
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Fig.3 Gas protection equipment
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Fig.4 Dimensions of tensile specimen
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Fig.5  Cross-sectional macroscopic morphologies of welded

joints: (a) laser filled solid wire and (b) laser filled

flux-cored wire
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Fig.6 Microstructures of welded joint with laser filled solid wire: (a) overall micromorphology, (b) welded seam zone, (c) coarse-grained

zone, and (d) fine grain zone
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Fig.7  Microstructures of welded joint with laser filled flux-cored wire: (a) overall micromorphology, (b) welded seam zone,

(c) coarse-grained zone, and (d) fine grain zone
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Fig.8 SEM images and EDS element mapping of welded seam
with laser filled solid wire (a) and laser filled flux-cored

wire (b)
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Fig.9 TEM images of weld seam of the joints with laser filled solid wire (a-c) and with laser filled flux-cored wire (d-f)
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Grain morphology

Grain orientation
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Fig.10 EBSD orientation maps of weld seam of the joints with laser filled solid wire (a, c) and with laser filled flux-cored wire (b, d)
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Fig.11 Distributions of misorientation angle of weld seam zone of the joints with laser filled solid wire (a) and with laser filled

flux-cored wire (b)
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Fig.13 XRD patterns of weld seam zone
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Table 3 Tensile and impact properties of titanium alloy base metal and welded joints

Material Tensile strength, Rn/MPa Elongation, A/% 'I:c:g;ttiuorr? Roc;r:r;g;nn?aeézgfrle(\i/r;?act
TC4 titanium alloy base metal 925 13.0 - 20
Welded joint with laser filled solid 924 11.0 Welded seam 25
wire
Welded joint with laser filled 932 12.0 Base metal 28

flux-cored wire

BT sl i s T30

Fig.17 Morphologies of tensile specimens after fracture: (a-c) laser filled solid wire welded joint and (d-f) laser filled flux-cored wire

welded joint
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Fig.18 Morphologies of impact specimens after fracture: (a, c, e) laser filled solid wire welded joint and (b, d, f) laser filled flux-cored

wire welded joint
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Effect of Filler Metal on Microstructure and Properties of Titanium Alloy Laser Welding
Joints with Filler Wire

Fang Naiwen', Huang Ruisheng®, Long Weimin? Xu Kai*, Li Wei®, Wu Pengbo, Yin Limeng*, Cao Hao",
Ma Yiming', Zou Jipeng*
(1. Harbin Welding Institute Limited Company, Harbin 150028, China)
(2. State Key Laboratory of Advanced Brazing Filler Metals and Technology, Zhengzhou Research Institute of Mechanical Engineering Limited
Company, Zhengzhou 450001, China)
(3. Beijing Jinwei Welding Material Co., Ltd, Tianjin 301906, China)
(4. School of Metallurgy and Materials Engineering, Chongging University Science & Technology, Chongging 401331, China)

Abstract: TC3 solid wire and Ti-Al-V-Mo flux-cored wire were used as filler metals to carry out narrow gap laser welding of TC4 titanium alloy
plate. The results show that the micro-scale differences between the two groups are obvious. For the laser filled flux-cored wire welded joint, the
length of o' martensite in the weld zone and coarse grain zone is small, and the width of original £ phase grain boundary is narrow in the weld
zone. For the laser filled solid with welded joint the width of o' martensite lath is about 0.55 um, a small amount of residual £ phase is inserted
between o' martensite and a small amount of dislocation is found in o' martensite. The width of acicular o' martensite is about 0.35 um in laser
filled flux-cored wire weld, and a small amount of residual § phase is interlaced between lath o' martensite. Acicular «' martensite contains a
small number of fine twins and a large number of dislocation walls; at the same time, more dense dislocations are found at the phase boundary,
and the content of residual  phase is a little more. In the weld zone of laser filled solid wire weld, the proportion of grain orientation difference
greater than 10°with large angle grain boundary is about 79.25%, and that of flux cored wire is about 96.27%. The average hardness and tensile
property of weld zone and HAZ of laser-filled flux-cored wire welded joint is larger than those of laser-filled solid wire welded joint.

Keywords: filler metal; titanium alloy; laser filler wire welding; microstructure and properties
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