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Table 2 Deposition parameters of WAAM
Heat input/
Sample  Peak current/A Base current/A Duty rate/% Peak voltage/V  Base voltage/V a 1y
‘mm
A 130 0 100 152 15.2 988
B 130 90 50 15.2 13.6 800
C 130 60 40 15.2 12.4 618
D 130 30 30 15.2 11.2 414
(a) (b)
OM sample
Tensile sample
(Unit: mm)

B2 Ayl s R UR

Fig.2 Schematic diagram of location of additive manufactured samples: (a) Sampling location; (b) Sample size
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Fig. 3 Three-dimensional thermal model and element mesh diagram
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Fig. 4 Plasma morphologies under different heat inputs: (al), (a2), (a3) 988 J/mm; (bl), (b2), (b3) 800 J/mm; (cl), (c2),
(c3) 618 J/mm; (d1), (d2), (d3) 414 J/mm

Lack of fusion
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Fig. 5 Macrostructures of P-TIG WAAM Ti6Al4V alloys under different heat inputs: (a) 988 J/mm; (b) 800 J/mm; (c) 618 J/mm,;
(d) 414 J/mm
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Fig. 6 Microstructures and grain size distribution charts of P-TIG WAAM Ti6Al4V alloys under different heat inputs:
(a), (b) 988 J/mm; (c), (d) 800 J/mm; (e), (f) 618 J/mm; (g), (h) 414 J/mm
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Table 3 Temperature gradient and solidification rate of

melt pool
. Temperature Solidification
Heat input, ) )
4 gradient, velocity,
E/(J-mm™) o B
G/(K-em™) R/(cm*s™)
988 2866.86 0.056225
800 2318.32 0.074332
618 1832.75 0.125613
414 1476.42 0.164971
106
Fully columnar
105 L,
10*E 988 J/mm
s . 80)
é 103k 414 J/mm
<!
S 102E
10k Fully equixed
100 P T T UTTY BT UTTH T TT BRI BT
102 102 10" 10° 10! 10? 103

R/(cmes™)

E10 A [EIB N TR EERR BE AT AR T R Ok &
Fig. 10 Relationship between temperature gradient(G)

and solidification rate(R)

GX*R determines morphology!|
of solidification structure

GXR determines size of
solidification structure
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. -

Low G/R
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Fig. 11 Effects gradient(G) and

solidification rate(R) on microstructure

of temperature
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Fig. 12  Effect of heat input on constitutional supercooling(a) and schematic diagrams of columnar grains formation(b) and

equiaxed grains formation(c)
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Effect of heat input on microstructure and mechanical properties of
pulsed TIG-based wire arc additive manufactured Ti6Al4V alloy

GAO Zhen, WANG Ying, YANG Weiran, YANG Zhenwen, LI Huijun

(Tianjin Key Laboratory of Advanced Joining Technology,
School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: Due to the high heat input of wire arc additive manufacturing, it is easy to produce coarse
microstructure in the titanium alloy, resulting in lower mechanical properties. In this study, the effects of heat input
and duty cycle on the process, microstructure and mechanical properties of Ti6Al4V titanium alloy fabricated by
wire arc additive manufacturing were investigated by applying plused currents during the wire arc additive
manufacturing Ti6Al4V. The results indicate that, with the base current and peak time ratio decreasing, the heat
input reduces from 988 J/mm to 414 J/mm. This reduction is accompanied by a decrease in the temperature
gradient(G) and an increase in the solidification rate(R), which leads to the transformation of coarse £ columnar
grains into equiaxed grains. At the same time, with the decrease of the heat input, the cooling rate increases from
7.27 “C/s to 44.08 ‘C/s. The high cooling rate promotes the refinement of the o laths, the width of the « laths
reduces from 1.07 pum to 0.49 pm. The formation of £ equiaxed grains and the refinement of o laths improve the
tensile strength from 914 MPa to 1049 MPa, and the strain remains at about §%.

Key words: pulsed arc additive manufacturing; titanium alloy; heat input; temperature gradient; microstructure

refinement
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