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The Beneficial Effect of Low Frequency Pulsed MIG Welding Process
on Grain Refinement of Weld Metal and Improvement

of Solidification Crack Susceptibility for Al Alloy*
—Study on Low Frequency Pulsed MIG Welding Process (Report 2) —

by Hideyuki Yamamoto**, Shoji Harada**, Tomoyuki Ueyama**,
Shunichi Ogawa**, Fukuhisa Matsuda*** and Kazuhiro Nakata***

Vibration of molten puddle is achieved with the low frequency pulsed MIG welding process of new
current waveform to switch over two preset unit pulse conditions alternately.

The degree of this vibration depended on switching frequency of unit pulse conditions, fs and there
was an optimum frequency range of fs=10—30 Hz, and moreover large difference between two pulse
current values promoted the molten puddle vibration.

It was made clear that the stirring effect of molten puddle was expected by this process and this
resulted in the remarkable grain refinement of weld structure of commercial avairable Al-Mg alloy
base metal and wire within the optimum frequency range, especially fs=30 Hz.

Moreover, this process had a beneficial effect to improve the solidification crack susceptibility of
Al-Mg alloy weld metal due to the grain refinement.

Key Words: Al-Mg alloy, Solidification cracking, Crack susceptibility, Grain refinement, Molten
puddle vibration, Switching frequency, Unit pulse, Low frequency pulsed MIG welding
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. Table 1 Chemical compositions of materials

used.

Chemical compositions (wt%)
Si JFe { Cul Mn | Mg | Cr { zn | Ti
Base metal ,A5052 0.1010.2710.02}0.02{2.40{0.22{0.01] -
{Filler wirelA5356 0.080.14}0,01/0.10{5.16f0,09]0.01]0.12
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IpH:Pulse current of pulse condition H
IpL:Pulse current of pulse condition L
tpH:Pulse duration of pulse condition H
tpL:Pulse duration of pulse condition L
TpH:Duration of condition H

TpL:Duration of condition L

Is :Base current

fs :Switching frequency of pulse condition

Fig.1 Low frequency pulsed current waveform

and its notation.
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Fig.2 Appropriate pulse conditions in pulsed
MIG welding for aluminium alloy.

Table 2 Waveform conditions.

Pulse condition H

Pulse current,IPH :360-480A
Pulse duration,tpH:1.6-2.2ms
Pulse condition L

Pulse current,IpL :360A

Pulse duration,tpr:1l,.2ms
Switching frequency,fs:2.5-50Hz
Base current,IB:30A

— 66 —






TERBOVA 2 R & SRR EEINE & SRR ORE

954,18.5V,40cm/min
60 T

T T
Base metal:A5052, 3mmt
Wire:A5356,1. 6mmg

w
(=]

o

(=)
T
1

w

(=)
—T
1

AN
e

Frequency of molten puddle
vibration, fv (Hz)

AN
j

o Conventional pulsed
v MIG welding(f=115Hz)

1 1 1 1
10 20 30 40 50 60
Switching frequency, fs(Hz)

Fig.6 Relation between fs and frequency of

molten puddle vibration.

95A,18.5V,40cm/min
T T T
| Base metal:A5052,3mmt
Wire:A5356,1. 6mmg

T T T T

w

-
T

Molten

puddle
Conventional pulsed
(nm welding (£=115Hz)

Amplitude of vibration,Vw{mm)
»N
T
\O
]

0 1 1 1. 1 1 I} 1
0 10 20 30 40 50 60
Switching frequency, £s(Hz)
Fig.7 Relation between fs and amplitude of

vibration.
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Fig.8 Effect of fs on crack susceptibility and

mean grain size.
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Fig.12 Effect of Iy on crack susceptibility and
mean grain size.
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