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Fig.1  Metal droplet deformation: (a) movement stage, 

(b) deposition stage, and (c) balance stage 
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Fig.2  Comparison between simulation (a

1

~c

1

) and 

experimental (a

2

~c

2

) results 
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Fig.3  Parameters and morphologies of the droplets at different 

contact angles: (a) θ>90° and (b) θ<90° 
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Fig.4  Critical lap conditions of the fusion drops with different 

droplet diameters and contact angles 
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Fig.5  Multi-layered process diagram 
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Fig.6  Shape experiment: (a) multiple layers of metal were fused 

together, (b) schematic diagram of sample, and (c) cross 

section of two-layer 
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Table 1  Process parameters of 3D component deposition 

Parameter Value 

Pulse pressure, P/MPa 0.4 

Pulse frequency, f/Hz 40 

Substrate temperature, T/K 400 

Nozzle diameter, D

0

/mm 0.7 

Distance between substrate and nozzle, h

s

/mm 5 

Melt temperature, T

d

/K 550 

S

y

/mm 

1.17 

1.61 

2.22 

2.51 

Environmental oxygen volume fraction/% 0.002 

Height of part, H/mm 20 
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Table 2  Comparison of multi-layered lap with different 

surfaces flatness 

θ=45°  θ=135° 

Number 

First floor 

H

d

/mm 

Second floor 

H

d

/mm 

 

First floor 

H

d

/mm 

Second floor 

H

d

/mm 

1 0.15 0.18  0.05 0.09 

2 0.18 0.19  0.04 0.08 

3 0.20 0.23  0.03 0.07 

4 0.16 0.18  0.04 0.08 

5 0.17 0.23  0.04 0.08 

Mean 

value 

0.172 0.202  0.04 0.08 
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Fig.7  H

d

 curves of multi-layered process 
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Fig.8  Results of the deposition experiment of 3D parts under 

different sedimentary thicknesses: (a) three-dimensional 

component model, (b) parts are layered, and (c) forming 

parts and local micro topography 
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Fig.9  Relation curves of thickness to height and relative error 
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Abstract: Based on the research on single metal droplet deposition behavior, a numerical calculation model of three-dimensional part lap 

forming was established, and the flowing, spreading and solidification mechanism of molten metal droplets in small space and under large 

temperature gradient were explored. The typical cross section during lap forming was revealed, and the influence of the main characteristic 

factors of droplet deposition on the forming morphology and internal quality was influenced. The results show that when the pulse 

pressure P=0.4 MPa, the pulse frequency f=40 Hz, the melt temperature T

d

=550 K, the substrate temperature T=400 K, the distance 

between substrate and nozzle h

s

=5 mm, the nozzle diameter D

0

=0.7 mm and the thickness of the forming part S

y

=2.22 mm, there are no 

obvious holes inside, resulting in better density. 

Key words: metal droplets; 3D parts; forming process; lap rate; flatness 
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