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he thermal physical process of bypass coupling micro plasma arc welding in additive manufacturing process was studied. Concretely the ther—

mal cycle curves were measured by K type thermocouple at various welding speeds bypass currents and stacking sequences in stacking
forming. And the influence of each parameter on the thermal process was analyzed. The results show that the heat input of the base metal de-
clines with the increase of welding speed. In appropriate range of bypass current enlarging the bypass current can reduce the heat input of the
base metal. Meanwhile the unidirectional stacking shows better heat dissipation than reciprocating stacking. The control of thermal process of by—
pass coupling micro plasma arc welding in additive manufacturing can be realized by precise control of bypass current and reasonable plan of stac—
king path.
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Fig.1 Schematic diagram of DE-MPAW
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Fig.2 Schematic diagram of DE-MPAW stacking process
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Fig.3 Arc shape and droplet transition diagram
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Fig.4 Test system of DE-MPAW
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Fig.5 Physical diagram of thermal process test
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Fig.6 Schematic diagram of points or temperature measurement
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Table 1 Chemical composition ( mass fraction/%) of welding wire 3 R 9
C Si Mn P S Ni Cr Fe R 9
Max Max 1.00 Max Max 8.00 18.5 -
— — — argin
0.06 0.30 0.03 0.02
2.00 11.00  19.00 °
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Table 3 Parameters of welding process under diverse bypass currents
) P Total current Wire feed rate Welding rate
2 80 mm/min. 100 mm/ arameter 1A v /(memin) v, /(mm e+ min™)
min~ 120 mm/min o 7 Values 50 1.8 90
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Table 2 Parameters of welding process under diverse welding speeds % 3001
Parameter Total current Bypass current Wire feed rate & 200l
arameter /A /A v, /(m * min™!) w’\\‘
Values 42 > 2 10— 01 02 03 04 05
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Fig.7 The thermal cycle curves of each temperature measuring point
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Table 4 Parameters of welding process in stacking forming
5000 \\ P Total current Wire feed rate Welding rate
1 —=— A point arameter I/A v, /(m* min™") v, /( mm ¢ min~")
) —e— B poi
5400f L chom Values 25 1.2 120
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Fig.8 Peak temperature variations of each welding point under diverse wel-
ding speeds
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Fig.10 Sample prepared by single-pass with multilayer stacking: ( a) main
view; (b) side view
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Fig.11 Thermal cycle curves of A and B points Fig.14 The comparison of cooling time under different bypass currents
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Fig.15 Thermal cycle curves of A points in different stacking orders
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Fig.13 Thermal cycle curve of A point under different bypass currents
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17 A



(A) 2019 33(1):162-166

320
310
300
290
2801
270
2601
250
2401
230

S B T S A

Time/s

—=— Reciprocate
—s— Unidireclion

Peak temperature/C

9

17

Fig.17 Peak temperature variation of A point in different stacking orders

Shurong Yu graduated from Harbin Institute of Tech—
nology in 1991 and was assigned to serve in Lanzhou
University of Technology in the same year. During this
period she obtained the master degree from Lanzhou U-
niversity of Technology in 2000 and the doctor degree in
2007. She has published more than 40 journal papers as

the first author applied 4 national invention patents and

2 of them were authorized. The main research direction
includes: material laser processing; Wire Arc Additive
Manufacture( WAAM)  welding process control and by-pass coupling arc
welding technology and so on. More than 10 scientific research projects have

166

1 Geng HB XiongJ T Huang D et al. Welding & Joining 2015( 11)
17( in Chinese) .

2015( 11) 17.
Mughal M P Fawad H Mufti R. Acta Mechanica 2006 183( 1-2) 61.
3 Mughal M P Fawad H Mufti R. Numerical Heat Transfer A 2006 49
(1) 95.
Mughal M P Fawad H Mufti R A. Proceedings of the Institution of Me—
chanical Engineers Part C. Journal of Mechanical Engineering Science
2006 220( 6) 875.
Mughal M P Fawad H Mufti R A et al. Modelling Simulation Materials
Science and Engineering 2005 13 1187.
Zhao Huihui Zhang Guangjun Fan Qing et al. Transactions of The Chi—
na Welding Institution 2011 32(2) 45( in Chinese) .
. 2011 32(2) 45.
Zhao H H Li H C Zhang G J et al. Review on Advanced Material
Science 2013 33 402.
Li KH ChenJS Zhang Y M. Welding Journal 2007 86( 8) 231.
LiKH Zhang Y M Xu P et al. Welding Journal 2008 87(3) 57.
Huang J K YangM H LiT et al Journal of Shanghai Jiaotong Univer—
sity 2016 50( 15) 1906( in Chinese) .

10

2016 50( 15) 1906.
( )

been accomplished by her including the National Science Foundation project
and the international cooperation project of the Ministry of Education. She has
guided over 20 master’ s degree students and over 100 undergraduates.
. 1991
2000
2007 o
40



