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Fig.1  Model of metal droplet intermittent in pulse pressure 
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Table 1  Physical parameters 

Physical parameter Value 

Density, ρ/kg·m

-3

 8520 

Viscosity, µ/(N·s)·m

-2

 1.3×10

-3

 

Surface tension, σ/N·m

-1

 0.48 

Thermal conductivity, k/W·(m·K)

-1

 31.7 

Specific heat, C/J·(kg·K)

-1

 212.9 

Solid temperature, T

s

/K 456 

Liquid temperature, T

l

/K 456 

Latent heat of fusion, L/J·kg

-1

 47560 
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Table 2  Process parameters of alloy liquid flow 

Process parameter Value 

Melt temperature, T

d

/K 550 

Nozzle diameter, D

 0

/mm 0.5 

Substrate temperature, T/K 300 

Deposition distance, h

s

/mm 3~10 

Pulse pressure, P/MPa 0.3~0.5 

Pulse frequency, f/Hz 30~60 

Environmental oxygen content/µL·L

-1

 20 
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Fig.2  Molten metal drop deposition process: (a) 0 ms, (b) 3.3 ms, (c) 6.8 ms, (d) 10 ms, (e) 13.5 ms, (f) 15 ms, (g) 21.6 ms, and (h) 25 ms 
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Fig.3  Numerical calculation (a) and experimental verification 

(b) of metal deposition process  
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Fig.4  Intermittent flow diagram of metal droplet�

�

�

 

 

�

�

�

�

�

�

�

� 5  �=>?EF§¨M©¨ª«KL¬6 

Fig.5  Displacement of head and tail of metal droplet 

 

º»_`
º»cdu��4�Z>à��NO

����BQ�v!uw�øù 6 úû8¶x¥¦E

F¹yq���cv S B¡�¬� L��=BP�`

_ P�hi8éº»_` P=0.3 MPa�f=30 Hzì�v

ì��P�¡�¬� L=1.45 mm�4�>z����

BQ�v!{S=1.5 mm�øù 6aúû|é P=0.4 MPa�

f=40 Hzì���P�¡�¬� L=2.5 mm�S=3.7 mm�

øù 6búû|é P=0.5 MPa�f=50 Hzì�¡�¬�

L=3.5 mm�S=6.2 mm�øù 6cúû8×}�éº»

`_.�ì���P�¡�¬�.��4�>z��

�BQ��v!.��øù 7úû8 

ù 8a �~������InfraTec�Ú��8�Ú

����Ò¶�d� 640×512�KvÖ}×â���

�¥t��(�����§z�¾¶��øù 8b ú

û8�º»_`� 0.4 MPa�f=40 Hz�Q�2g� 0.5 

mm�{|� Sn63-Pb37 Y�����ò�§z��

550 K8×}������(?@4�4K��A à

÷4�B CCD IJ�4K�>N��"u�øù 8c

úû8 

üA'pq�¶xJ���ì� t

1

�t

2

���o-

���ù��&'ù� %�HQ@5 2�ù�q��

�q�åæ^��x

i

�y

j

���K[\�1�×��5�

�nvìcc����N��

[3-6]

�C§øù 9úû8 

( ) ( )

2 2

2 1 1 2

2 1

x x y y

L

V

t t t

− + −

= =

∆ −

                   

�%Ë��¹yBüA¥¦¹y�Z>øù 10

úû8@A¥¦������NDB%Ë�¥D´µ

���"�¥¦��NDB%Ë¹yÌ��>N8ñ

ùq��û�%ËB@A¹y3cWn�@�:x�

 ×m�� üAi¼�i¼+S���øDEb�0

����§z�â
DEz�� �0FG¦� �0

{|�¡¢p�0Q��£¢p�e�¤��8 

a 

b 

t =10 ms 

t =15 ms 

t =20 ms 

t =25 ms 

Displacement of metal 

droplet tail, D

t

 

Length of metal 

droplet, L 

Displacement of metal 

droplet head, D

h

 

D

t 

D

h

 

0.2        0.7       1.2        1.7        2.2       2.7 

Time/ms  

14

12

10

8

6

4

2

 

D
i
s
p

l
a
c
e
m

e
n

t
/
m

m
 

(1) 



� 7�                                      !"#P��=>���@A�Jbc                                 �2235� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  �=EFNOdqrst®Y¬6 

Fig.6  Relationship between the pulse pressure and metal morphology: (a) P=0.3 MPa, f=30 Hz; (b) P=0.4 MPa, f =40 Hz;  

(c) P=0.5 MPa, f =50 Hz 
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Fig.7  Relationship between metal flow morphology and pulse 

pressure 
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Fig.8  Sample surface temperature: (a) infrared thermal imager, 

(b) observation results, and (c) evolution process of 

droplet morphology 
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Fig.9  Velocity measurement of droplet deposition: (a) t

1

 and  

(b) t

2
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Fig.10  Relationship between deposition rate and pulse pressure 
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Fig.11  Relationship between droplet diameter and pulse pressure 
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Fig.12  Relationship between droplet diameter and pulse  

frequency 
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Fig.13  Droplet distribution: (a) collected 139 particles, (b) OM image, and (c) particle size distribution 
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Characteristics Analysis of Metal Melt Spray Deposition  
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Abstract: Since metal flow intermittent changes randomly and intermittent morphology parameters are difficult control and forecast in the 

metal droplet deposition additive materials manufacture, metal flow discontinuous intermittent morphology and its influencing factors 

including pulse pressure and pulse frequency were studied. The results show that by adjusting the pulse pressure and pulse frequency, 

fracture shape accuracy and dimensional accuracy of the metal flow can be improved, which provides stable uniform micro drip for the 

subsequent manufacturing process. 

Key words: metal melt; intermittent deposition; pulse pressure; pulse frequency; sedimentary morphology  
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