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Fig. 1 Fine-wire deposition process with laser and joule heat hybrid source. (a) Schematic; (b) experimental device
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Table 2 Experimental parameters of fine-wire deposition with laser and joule heat hybrid source

Process parameter

Value

Laser power P /W
Wire feed speed V,/(mm-*min ")
Travel speed V. /(mm+min~")

Joule current I /A

50, 75, 100, 125, 150, 175, 200
60, 120, 180, 240,300, 360
30, 60, 90, 120, 150, 180, 210, 240, 270, 300
0,2,4,5,6,8,10, 12
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Fig. 3 Effects of laser power on geometric characteristics of single bead. (a) Width and height; (b) wetting angle
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Fig. 4 Forming morphologies and cross sections under different laser powers. (a) P=75 W; (b) P=125 W; (¢c) P=200 W
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Fig. 5 Effects of wire feed speed on geometric characteristics of single bead. (a) Width and height; (b) wetting angle
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Fig. 6 Forming morphologies and cross sections under different wire feed speeds. (a) V=60 mm/min; (b) V,=240 mm/min; (¢) V.=

360 mm/min

0802306-4



&50% £ 8HI/2023 £ 4 B/HEHH,

SRIM , 16 22 TR 1 34 K 51 S S 38 U0 FRUZ 19 T
FRERE N . 2436 22 #3300 mm/min B, BE Y
T A 2k 507, 10K 1 5 B A RN, 52 e 0 R Y 26 THD
Jiet o /N 22 P T I N i AR (E TR e
AR EBREACEES BRI RES . BEAh, Yk 22
B2k MR 26 K b 22 6 TE TR S8 A AR, DT ik
EBH Ty, 5w 3% 2 R g T (H DT RR 2 = B Bl R R B
B3I W R R, W 6 () s . 48 LTk A H
240 mm/min f % 22 38 5 5 R A .

33 BIBEE

7 87 i 8% Bl 3 6 B SE DT AR 2 JU AT R AiE R~
F) % ) B 141 8 T 7 R AN [) 8% 3l 1R T 1 O T S
RV . 25 LR W], 8% ol o B B B, SR E U E Y

1200 1200
@ —a— height
1000} —~ 11000
| ‘-\o\o_.‘.\.\. |
e 800 800 -
2
< 600} 600 2
= 400t {1400 &
200_ A\A_A A A A 7 3 A A A _200
0 0

60 120 180 240 300
Traveling speed /(mm/min)

Vi 2 A0 DR/ 3 A v BE IR B — AT, B Bl B
JCH A . 488 2 HUE i 30 mm/min i A5 B N
TOR B f 156.78 pm FEAR 2 129.73 pm, 76 58 8l o
KF 90 mm/min J5 , = BERUESE 129 pm 247, 1 1% A
18 30°7c A 5 il % A% o) B 9 185 o, 7 15 ) P Y 2 e
SEEUED L A B R A U )N B TR 0 5 B
971.253 pum /N % 800.834 um., HIK , %2 5%
B R 5L OE OGR4 I w8 B DR /N A VR AR T
] S04 K, DT DT AR 14 e B8 4 A8, IR, 7E#8 3)
35 #] 90 mm/min 5 A FE B9 R = R . (E LA
TR i B R (1% 0 8 A% 2 sl 32, U RR 9 B /N i
JE SN TR A A W AR . T R KA TUARACR,
VEFE 300 mm/min (7% 3 B FEAT IO Bidi

60

(®)

[e1]
(=]
T

'S
(=]
T

W
S

= ./.\./.ﬁ./.\./.\.\.

Wetting angle /(°)
[\
(=]

—
(=]
T

0 . . . . .
60 120 180 240 300

Traveling speed /(mm/min)

&7 Fo 2 0] B T A5 AE A 52 0 . () T8 2 15 B2 5 (b) 108 £
Fig. 7 Effects of traveling speed on geometric characteristics of single bead. (a) Width and height; (b) wetting angle
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Fig. 9 Effects of joule current on geometric characteristics of single bead. (a) Width and height; (b) wetting angle
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Table 3 Comparison of mechanical properties under different processes

Condition UTS /MPa Yield strength /MPa Elongation /%
Casting 835 765 5
Forging 895 828 10
Wire based additive layer manufacturing'*"’ 872-940 791-874 4.1-12.5
This process 905-960 610-870 14-20
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Fig. 19 Macro/micro morphology of fracture. (al)(a2) Traveling
direction; (b1)(b2) deposition direction
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Research on High-Quality Additive Manufacturing Process of Titanium
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Shaanxi, China;

*National Institute Corporation of Additive Manufacturing, Xi an 710300, Shaanxi, China

Abstract

Objective Titanium alloys are lightweight alloys with excellent properties including high strength, high stiffness, and good
corrosion resistance. Hence, they are widely used in aerospace, automobile manufacturing, and other fields and are one of the most
widely studied engineering materials in the field of additive manufacturing. Metal wire feed deposition forming is an important metal
additive manufacturing process that has the advantages of low cost and 100% material utilization rate. However, the process

characteristics easily lead to problems of poor surface roughness and low dimensional accuracy of parts, which limits the wide
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application of this process. Accordingly, to improve the surface roughness and dimensional accuracy of such parts, fine metal wires

can be deposited by controlling the energy input. However, a method for obtaining high-quality titanium alloy parts has not been
reported in the literature. In this study, the composite heat source of the laser and joule heat is used to fuse and deposit the fine
titanium alloy wire with the diameter of 0.3 mm. The influence of process parameters on the geometrical characteristics of the
deposited single bead is systematically investigated, and a stable combination of the forming process parameters is obtained. Then,
based on a stable single bead, aiming at shape control, high-quality thin-walled parts are obtained using the gradient transition

deposition method.

Methods The process uses the synergy of a laser and joule current to deposit metal wires on a traveling substrate. Metal wires are
continuously fed into the molten pool for continuous deposition as the substrate moves and rapidly solidify to form continuous smooth
single beads. In this experiment, the effects of process parameters on the geometric properties of single bead are systematically
studied, metallographic sample of single bead is prepared, and pictures and geometric characteristic data are collected. A high-quality
titanium alloy thin wall is deposited by a stable single-layer deposition process parameter combination, the length and wall thickness of
thin-walled parts are measured, and the line roughness and surface roughness of the thin-walled titanium alloy are determined.
Finally, the thin-walled parts are cut into non-standard tensile specimens to test the mechanical properties in the deposition and travel

directions.

Results and Discussions The width and height of the deposited single bead are significantly affected by laser power. Under
univariate conditions, with an increase in the laser power, the width of the single bead increases, the height decreases, and the
wetting angle decreases (Fig. 3); with an increase in the wire feeding speed, the width remains stable, the height increases, and the
wetting angle decreases (Fig. 4); with an increase in the travel speed, the width of the single bead decreases, the height tends to
remain stable after reaching a certain speed, and the wetting angle does not change significantly (Fig. 5); the current does not affect
the single bead deposition geometric features, but excessive current could worsen the formed morphology (Fig. 6). Thin-walled
titanium alloys are deposited based on optimized process parameters, and it is found that the main factors affecting the deposition
quality are the heat input and interlayer increment. By controlling the gradient input of the laser power and optimizing the interlayer
increment and wire drawing method, the deposition quality is improved, and defects in the deposited parts are avoided. Finally, a
titanium alloy thin-walled part without defects and with uniform width and height is obtained (Fig. 14). The average wall thickness of
the titanium alloy thin-walled parts without post-treatment is 0.648 mm, with the thickness deviation of 0.004 mm (Fig. 15) and
surface roughness (R,) of 1.776 pm (Fig. 17). Results regarding the mechanical properties show that the tensile strength of the
titanium alloy sample is 905.05-957.64 MPa (Fig. 18), and the mechanical properties are comparable to those of forging and casting
(Table 3).

Conclusions In this study, the effects of process parameters on the geometrical characteristics of deposited single bead are
investigated using filament melting deposition process with the composite heat source of laser and joule heat. Using the composite
energy generated by the laser and joule heat as the heat source and by controlling the heat input, titanium alloy is continuously
deposited during the process of heating the wire, and high-quality thin-walled parts can be obtained at low laser power. By optimizing
the deposition process, the defects and deficiencies in the deposition process are solved, and a thin-walled titanium alloy part with high
surface quality and high dimensional accuracy is obtained. Accordingly, R, is determined as 1.776 pm. The forming quality is much
higher than that of mainstream wire feed additive manufacturing, and the maximum ultimate tensile strength is 957.64 MPa. The
mechanical properties are comparable to those of forgings and casting.

Key words laser technique; composite heat source; additive manufacturing; titanium alloy; high-quality deposition; process

optimization
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