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Abstract Aiming at the technical problems of low surface precision and difficulty to control the
microstructure and properties of titanium alloys formed by plasma arc 3D printing, the influence of process
parameters on the size and shape parameters of the deposited metal was studied through the control variable
method, and the most suitable deposition process parameters were obtained by optimization. The Ti-6Al-4V
component can be divided into three regions, the top region is mainly composed of coarsen o and a,, and
the middle layer region includes a small amount of lamellar structure (o colony) and oy, the size of which
decreased significantly, and the bottom area was mainly composed of relatively uniform basket-like o+ 3; The

dimensional error of the titanium alloy components obtained by plasma arc 3D printing does not exceed 2%,
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and the tensile strength is 1 150 MPa. The forming accuracy and mechanical properties of the components

meet the requirements for use.
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Fig.2 Schematic diagram of the shape and cross-section

parameters measurement of the depositing metal
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Fig.3 Tensile specimen and related size parameters
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Fig. 4 Macroscopic morphology of depositing metal under

different moving speeds

12 180
—a— )y —e— H —A— R —&—D
11} —~—¢ <, —— 0,
10 b 160
9 L
sl 140
ER ~
£ 120 &
= O g
= i' 100
3t 80
5 "\’\k\‘\.
1t 60
0 1 L 1 1 1
2 4 6 8 10
BEh# g (mm/s)

E 5 #erhBanRENERERRTEHSHESHAFMm
Fig. 5 The influence of moving speed on the shape and

cross-section parameters of the depositing metal



6 3 REEE), 2. ZB-FRE I 3D $TE Ti-6A1-4V BJE T2 5MERERT 5% 79

BT T30 Eh T 22 11 [ 912 8T ) 5 Ui %) 5] A A2
3.1.2 IR 22 IR L )5

Bl 6 A [k 22 T8 R R HERR 42 @ 1) 2 T
FHE R . HE 6 ArEn, fEANFELIHEET,
ME BRI &Y R, THERME. B 7
R Ok 2 H B 3%k 22 T8 FE I OO T R AR R AR AL
P, mE 7 ATE, Mk 2 KT 280 cm/min

e NEET, L EK N 240 cm/mins 260 cm/mins 280 cm/min.
300 cm/mins 320 cm/min

El6 ARIELRETHREELR

Fig. 6 Macroscopic morphology of depositing metal under

different wire feeding speeds
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Fig.7 The influence of wire feeding speed on the shape and

cross-section parameters of the depositing metal
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Fig. 8 Macroscopic morphology of depositing metal under

different peak currents

12F —a— W —e—H —&— R ——D
1t —— D —4— P, —> 0, 1160
10 +
9.“,___%4,_;/‘4&’_':&<:'140
St
g, 1120 ©
E 'g::::::xk<::::: i
m 6} &
g 5 1 100
4.W
1 80
3t
2t o . - ° °
¢ . —* 160
1t

230 240 250 260 270 280 290 300 310
VEAE HLE (A)

B9 EERRNEREERTSHSHESHAIFMN
Fig.9 The influence of peak current on the shape and
cross-section parameters of the depositing metal
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Fig. 10 Metallographic microstructure of Ti-6Al-4V deposited by plasma arc 3D printing
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Fig. 13 SEM photograph of fracture morphology
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