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Fig.1 Schematic diagram of arc signal synchronous acquisition

system (a) and test equipments (b, c)
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Table 1 Chemical composition of wire and substrate used
for CMT-WAAM (w/%)

Element Al Nb Zr Mo H (0] N Ti

Wire 6.2 29 22 0.6 0.0014 0.060 0.010 Bal.
Substrate 6.0 3.0 2.0 0.7 0.0010 0.050 0.010 Bal.

# 2 BEIZSH

Table 2 Forming process parameters

1 Weld s_pe_fd/ CTWD/mm Shield_ g_?s/

m min L min

0.30
0.40
0.50 18 20
0.50
0.60

Number  v¢/m min

a b~ W N
© © N N O
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Fig.3 Arc characteristic image and synchronous electrical signal
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Fig.4 Stress state of molten pool in cantilever structure
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Table 3 Mechanical properties of CMT-WAAM Ti6321 alloy

Mechanical property Standard Horizontal direction Vertical direction Anisotropy/%
Rm/MPa 840 855 875 -2.3
Rpo.2/MPa 740 763 773 -1.3
Kva/J 47 56 51 8.9

B 10 AE 710 L i 0 SEM JESR
Fig.10 SEM morphologies of impact fracture in horizontal (X) (a, b) and vertical (Z) (c, d) directions
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Forming Mechanism, Microstructure and Properties of Ti-6Al-3Nb-2Zr-1Mo Titanium
Propeller Deposited by CMT Additive Manufacturing
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(1. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract: The forming process of wire and arc additive manufacturing (WAAM) based on the cold metal transfer (CMT) was studied.
Through the monitoring of arc shape, current signal and molten pool shape, the characteristics of droplets in different stages of arc and the
stress of molten pool metal were studied. Based on the study of the force on the molten pool metal during the formation of suspension
structure, the propeller was made, and its microstructure and properties were investigated. The results indicate that the rapid prototyping of
suspension structure and good mechanical properties can be obtained by the precise control of lpase and lIpase/lpeax during the CMT process.
Under the conditions of this study, the short-circuit transfer is the main metal transfer form during CMT-WAAM of Ti6321 titanium alloy.
When lpasellpeak IS less than 0.2, the cantilever structure with large inclination can be obtained by reducing lpase, and the maximum
inclination angle of Ti6321 titanium propeller is 53.26 < The microstructure of Ti6321 alloy fabricated by the optimized process is dense,
and no coarse columnar crystals penetrating multiple layers are found. The mechanical properties of AM are equivalent to the standard of
forgings, and the anisotropy between horizontal and vertical is not obvious.

Key words: CMT; arc morphology; molten pool; arc force; titanium propeller
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