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Effect of Pulse Parameters on Droplet Transfer and Weld Formation

in MIG Welding of 6061 Aluminum Alloy
LI Zhiyong'?, WANG Xueli?, LI Peng?, ZHANG Ji¢>, WANG Shilw?, ZHANG Guangxian?

(1. School of Materials Science and Engineering, China University of Petroleum, Qingdao 266580, Ching; 2. Shandong Aotai
Electric Co., Ltd., Jinan 250101, China)

Abstract: The test system which consists of welding system, high-speed camera system and synchronous waveform
information acquisition equipment was built. The effects of different pulse waveform parameters on the droplet transfer, weld
formation and porosity in pulsed MIG welding of 6061 aluminum alloy were studied. The results show that under the
condition of average current of 200 A and 300 A, compared with the standard pulse waveform of one-pulse-one-drop
transition form, the droplet transition changes into a mixed transition form of droplet+jet by increasing the peak time of pulse
waveform and reducing the pulse frequency, and the impact strength and duration of the liquid column on the molten pool
increase, which can significantly increase the weld penetration. The weld penetration at 200 A and 300 A is 16.2% and 38.8%
higher than that of one-pulse-one-drop transition, respectively. In addition, in the mixed transition mode, the gas in the molten
pool is more likely to escape due to the impact and oscillation of molten droplets on the molten pool, and the porosity is
relatively reduced.
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Fig.1 Schematic diagram of the test equipment system
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Tab.1 Chemical composition of workpiece
and welding wire (wt%b)

B | S | Fe | Cu | Mn | Mg | Cr Ti Al
6061 |0.782|0.239| 0.116 | 0.016 | 1.098 | 0.0015| 0.0138 | 4%
ER4043| 535 | 0.65 | 023 | 030 | 002 | 001 | 010 |4
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Tab.2 Pulse MIG process and waveform parameters of the aluminum alloy

Gy | BRI A | OEEEEEE ((memin) | GRZZEE /(memin®) | REFEIR IV | MR /A | WEEITE] ims | SEEFRIE /A | R /Hz
1 200 0.6 9 204 310 18 135 210
2 200 0.6 9 204 310 32 135 130
3 300 08 12 226 360 21 150 298
4 300 08 12 226 360 32 150 195
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Fig.2 Waveform parameters and droplet transition state
under output current of 200 A, peak time of 1.8 ms

ST B T | o U (BN [B] 42 7H 2 3.2ms, ik it 42
iK% 130Hz, HARHI R IE S8 RS
WE 3R, TE(DNLE R B 22 bR A A —
WA KT LA IR S I 8/ 5 R AE L (2)
TEHLEE T WA E T P AR 4 3, TR (3) AL B I 5E il T
AT A I 7 22 0y VRS 4 S Il i oy P SR BT v
()28 T LA Hh 68 0 P S 2 5 TR R 9B P
T ELARAH LU (IS E] SR 1.6 ms B (5K, 2955 F 4
22 FiAe , B 1.2mm, 33 72 PR3/ | SR ORAIE HL SR
1o BE RFE AL AR 22 e R ST 1] Y I AL i 48R e 5¢
AT Z 5 eI AR ATS R W R B, 7 (4) R LI
22 S TR S 4 SR R e 2 PR AL R T
SEANSR A IR T LS A M SRS TR S 2 (7)1
IR LU R 2R B O, 7 (8) 1 B 58 G I
W PHTE ST A o 8 202 A0 A R+ 5 i
R G

|ﬁ@ﬁ%| | %ﬁﬁl |£ﬂmﬁ| | st |
,m‘. ;" @il
'v 1.2mm =y

.72 542 m! .73 352 m!

75.751mg 76.103m 509 s
| THifL | YL | R A | SEML I
Pl 3 it eI 200 A W TR 3.2 ms LS8
YSZGAEUR) 2NN

Fig.3 Waveform parameters and droplet transition state
under output current of 200 A, peak time of 3.2 ms

XF 300A Hiy i HL A R UEAE A 1] 64T T 38
T, YIEE IR g 2.1 ms I i o T 5
Tiad P WP 4 R A (2) 7 B B KR 22 v 8 T 0 46
L TR AR, AT 7 B

66



#INTTZ:
Hot Working Technology

[T, AL e 1 B PR S R % e K IR 5 b
P T R AR, LN R 0, WA e 2 (i 4
WY B I B AT EAR BN, K 4 v (3) fir

I TR ZAE (4) (L BN 58— L Ay o B 5 A et
et HoJo kil

5 ’1?‘ 1.00V/ 1.00V/
]3.41275V 37.50mV]

L P

HL Y

) 2
*:-" ?? ' i{;‘ ' ?
o, ) X

S i s S
93.728my 75.174ms 96.106 m: 96.896 m:
SR s | e || somidi
P 4 i 300 A WfE R IE] 2.1 ms A9 S5
Rk

Fig.4 Waveform parameters and droplet transition state
under output current of 300 A, pesk time of 2.1 ms
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Fig.5 Waveform parameters and droplet transition state
under output current of 300 A, peak time of 3.2 ms
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Fig.7 Influence of pulse waveform parameters on weld sizes
under different output currents
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