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Abstract: Titanium alloys are widely used in aerospace, shipbuilding and some other fields due to their high strength and high heat
resistance. However, traditional forging+machining methods are suffering from severe die loss and long manufacturing cycle because of the
difficult machining of titanium alloys. Additive manufacturing, as a green manufacturing process with low manufacturing cost and high forming
efficiency, has received wide attention from domestic and international scholars in the field of titanium alloy manufacturing with its advantages
of direct forming without die. Compared with other additive manufacturing processes,such as laser additive manufacturing, electron beam
additive manufacturing, etc. , wire arc additive manufacturing possesses higher deposition efficiency and is not limited by the dimensions of
parts, and it has outstanding advantages in the manufacturing of large and ultra-large parts. Wire arc additive manufacturing based on cold
metal transfer (CMT) has gradually become a research hotspot in the field of titanium alloy additive manufacturing because of its more stable
deposition process and lower heat input. This paper reviews the current research on CMT-based wire arc additive manufacturing for titanium
alloy. The microstructure and mechanical properties of titanium alloy printed parts are introduced, and the influence of forming parameters on
the microstructure and mechanical properties of printed parts is summarized and analyzed. The influencing mechanism of assisted
technologies, such as nucleation condition control, rolling and ultrasonic impact on the microstructure and mechanical properties of printed
parts are summarized. Finally, the prospects of CMT-based wire arc additive manufacturing are proposed.
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Fig. 1 Publication number and research hotpots in the field

of titanium alloy additive manufacturing from 2010 to 2020
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Fig. 2 Research hotspots in CMT-based titanium alloy wire arc additive manufacturing from 2012 to 2020
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Table 1 Characteristics of WAAM processes

WAAM Energy source Features (A Advantages; D: Disadvantages) Process diagram
Protective gas
PAW-WAAM PAW A: Non — consumable electrodes; High energy ~—Plasma gas
density and high arc column temperature ; Deposition
rate: 2~4 kg/h. Protective cover
D: Bypass wire feeding; Unstable melt pool; gl’:::frlce)fles
Complex equipment; High gas consumption and
strict cleanliness requirements for parts.
GTAW-WAAM GTAW A': Non-consumable electrodes; Low heat loss and Nozzle
stable welding process; Deposition rate; 1~2 kg/h.
Wire feeder
D: Stringent cleaning requirements for substrate;
High manufacturing costs; Low welding speed and
productivity.
Substrate 60°( \) 60°
Workbench
GMAW-WAAM GMAW A: Deposition rate: 34 kg/h; High production
efficiency and low manufacturing costs; Coaxial wire
Welding
feeding. direction
_—
D: Consumable electrodes; Stringent surface Melt nool
. . . cltpoo Melting metal
cleaning requirements for substrate and wire; Additive o )
S Forme
Unstable melt pool. ditection / ‘metals
- !
é_. 7l Sulbstraties —
CMT A; Coaxial wire feeding; Deposition rate: 2—3 kg/

h; Low heat input, stable melt pool, little/no
Spatter.
D: High equipment costs; Stringent surface cleaning

requirements for substrate and wire.

Nozzle

Wire

Arc

Deposition ¢
~
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Fig. 12 Micro-hardness of the deposited specimen
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(b) Wire arc additive manufacturing

(a) Casting

P13 kA b g 5

Fig. 13 Tensile fracture morphology of titanium alloy parts'*®’
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Fig. 14  Effect of B% on the tensile properties of the parts

x2 RMTENEGNFEERENE
Table 2 Effect of added elements on the mechanical

properties of samples!®™*!

Tensile strength/  Elongation Microhardness

Samples

MPa (%) (HV 0.5)
Without MoSi, 959 9.07 352
With MoSi, 1035 10.75 359
Without Nb 1028 9.51 349
With Nb 1182 6.41 363
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Table 3 Mechanical properties of the parts under heat treatment process

[52]

Post-treament Sampling direction

Tensile strength/MPa

Yield strength/MPa(20%offset ) Elongation( % )

0° 1 013.36

Unheated 450 1032.91
90° 962. 75

800 °C,1 h/FC+ 0 958. 13
600 °C,1 h/AC 45° 967. 19
Y 90° 947.20

870 °C,1 h/FC+ 0 938. 36
600 °C,2 h/AC 457 937.75
7 90° 933.28

853.75 5.13
860. 39 5.85
850. 43 7.7

840. 26 11.26
837. 60 10.27
842.27 10. 03
831.83 12.34
829. 15 12.96
827.56 12. 14

% Prior-f grain
} boundary;
200" jum

200" um

(a) Untreated
P15 ol B pouA gl

Fig. 15 Microstructure under ultrasonic impact'™"

(b) Ultrasonic treatment
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Fig. 16  CMT based WAAM of titanium alloy parts'®
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