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Fig. 1 Photo of CMT WAAM system
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Table 1 TC4 titanium alloy-wire composition (mass
fraction, %)
Al \% Fe (0] N H Ti

6.3 434 0.18 0.15 0.004 0.007 Bal

1.2 R R ER

NARIEFE R R P — J0 Ak 2 1 36 22 38 P AR AIE
Mk, HhESHERENERRANISEC: AfE
v oA 20 mm/s. FAHEIE d 2.2 mm. L
Z XA v, N 8 m/min. B Sl I HL K AL V) EIHLIR
S CMT 9IS A4 i) i TC4 5k & 4k 47 1) 1 Y
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Fig. 2 Tensile and fatigue specimen sampling diagram
(unit: mm): (a) Sampling diagram; (b) Tensile specimen

size; (c) Impact specimen size; (d) Fatigue specimen size

Fig. 3 Ultrasonic inspection result of CMT WAAM sample: (a) 2 mm depth from surface; (b) 5 mm depth from surface
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Fig. 4 Microstructures of as-built CMT WAAM TC4 titanium alloy: (a) Whole components; (b) Upper microstructure;

(c) Lower microstructure
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Fig. 5 EBSD orientation map of TC4 titanium alloy prepared by CMT-WAAM: (a) a orientation map; (b) a orientation

indication; (c) £ distribution map; (d) Contrast map
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Fig. 6 Tensile properties of TC4 titanium alloy prepared
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Fig. 7 Tensile fracture morphologies of tensile samples
along different directions: (a) Ductile fracture sampled

along Z axis; (b) Cleavage fracture sampled along X axis
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alloy prepared by CMT-WAAM: (a) X direction; (b) Z

direction

Impact fracture microstructures of TC4 titanium
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Table 2 Fatigue life of CMT WAAM sample

Serial Stress, a/MPa Cycle/10°
1 500 150.2
2 480 4814.2
3 480 2047.7
4 460 4125.2
5 460 152.5
6 440 10000
7 440 2971.4
8 440 10000
9 440 10000
10 420 6662.3
11 420 10000
12 400 7126.2
13 400 10000
14 380 10000
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Fig. 10 Fatigue source area micro morphologies of TC4
titanium alloy under different stress: (a) 0, =480 MPa, N=
4814.2x10% (b) 0,, =460 MPa, N=4125.2x10% (c) o, =
440 MPa, N=2971.4x10°
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Fig. 11
TC4 titanium alloy under different stress: (a) o =480

MPa, N=4814.2x10%; (b) 5, =500 MPa, N=150.2x10}

Crack propagation zone micro morphologies of
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Fig. 12
of TC4 titanium alloy under different stress: (a) o, =480

MPa, N=4814.2x10%; (b) 0, =460 MPa, N=152.5x10°

Instantaneous fracture zone micro morphologies
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Microstructure and mechanical properties of CMT wire arc
additive manufactured Ti-6Al-4V titanium alloy

LI Chang-fu', ZHENG Jian-shen', ZHOU Si-yu', YANG Guang', WANG Xiang-ming®

(1. Key Laboratory of Fundamental Science for National Defense Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China;
2. Shenyang Aircraft Design Institute, Shenyang 110035, China)

Abstract: TC4 titanium alloy samples were fabricated by cold metal transfer wire arc additive manufacturing
process(CMT-WAAM). Tensile strength, impact toughness and fatigue resistance of the samples in as-deposited
condition were evaluated. The fatigue fracture mechanism of the WAAM-fabricated samples was investigated. The
results show that the macrostructure of the as-deposited samples is consists of coarse f columnar crystals grown
epitaxially. And the microstructure is composed of a elongated lamellar and basket weave due to low heat input of
CMT. The tensile strength is high, reaching the level of forgings, but the plasticity is low, slightly lower than that
of forgings, and there is a certain anisotropy. The tensile fracture shows semi-cleavage and semi-ductile fracture.
The WAAM-fabricated samples, showing obvious anisotropy, have higher tensile strength and lower plasticity
compared with the forgings. The tensile fracture shows a semi-cleavage and semi-ductile fracture mechanism. The
as-deposited samples show a good impact ductility, and the anisotropy of impact performance is not significant.
The fatigue limit of the as-deposited sample is 460 MPa, and the fatigue crack sources nucleate at strip-shaped
incomplete fusion and pore defects. With the increase of the size of defect diameter and decrease of distance
between sample surface and defect, stress concentration becomes more critical, which results in a lower fatigue
strength and a shorter fatigue life.

Key words: CMT wire arc additive manufacturing; TC4 titanium alloy; microstructure; tensile strength; fatigue
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