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Abstract: The appropriate single bead size and spacing play a crucial role in controlling the surface forming of the
workpiece during additive manufacturing. Adopting high-energy density plasma arc as heat source, the forming characteristics
and cross section model of the two materials (TC4 and TA1 wires) deposition single bead were studied. The results show that
when the current is constant (/r=130A, /74,=140 A) and the melting ratio n € (0,16), the single-bead cross section of TC4 and
TA1 are both parabolic models, further, the error is less than 2.5% when the melting ratio n € (6,10). The optimum process
parameter, as TC4:1=130 A, WFS=1.8 m/min, TS=3.5 mm/s; TA1:I=140 A, WFS (Wire Feed Speed)=1.8 m/min, TS (Travel
Speed)=3.5 mm/s, and the best bead spacing of additive manufacturing of dissimilar materials is 0.738 W (W is single channel
width).
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Tab.1 Chemical composition of two wires (wt% ) E TC4
Fe | C N | H o | Al | v | T Tt
TC4 | 0.250 | 0.085 | 0.016 | 0.008 | 0.100 | 6.122 | 4.105
TA1 |0.017 | 0.016 | 0.003 | 0.001 | 0.040 | - - 057
1.2 0.0 1'20 1'25 13'0 135 146
99.99% , /A
. . 2 I TC4.TAl
0.8 L/min, 20 L/min, 4.8 Fig.2 Effect curves of current on width and height
mm, 3mm, 2.87mm, of TC4 and TA1 deposition single bead
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Tab.2 Process parameters of single—bead deposition
/A WFS TS
WES/TS TC4 TAl /(m-min™) | /(mm-s™)
1.22 130 140 0.3 4.1
2.44 130 140 0.6 4.1
3.95 130 140 0.9 3.8
4.29 130 140 0.9 3.5
5.71 130 140 1.2 3.5
6.10 130 140 1.5 4.1
6.58 130 140 1.5 3.8
7.14 130 140 1.5 3.5
7.81 130 140 1.5 32
8.57 130 140 1.8 3.5
8.62 130 140 1.5 2.9
9.38 130 140 1.8 32
10.00 130 140 2.1 3.5
10.34 130 140 1.8 2.9
11.54 130 140 1.8 2.6
12.07 130 140 2.1 2.9
13.46 130 140 2.1 2.6
15.22 130 140 2.1 2.3
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Fig.3 Diagram of relative error of the cross-section area
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Fig.4 TC4&TA1 single bead geometry dimension
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Fig.5 Sketch map of two parabola bead overlap model
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