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Characteristics of Pulse MIG Arc Welding with a Wire Melting Rate
Change by Current Polarity Effect

Tae-Jin Kim', Jong-Pil Lee*, Byung-Duk Min*, Dong-Wook Yoo* and Cheul-U Kim**

Abstract — Joining thin aluminum alloy is difficult using most welding techniques. Many of the prob-
lems are associated with burn-through by the high heat input. Common welding techniques are TIG
(Tungsten Inert Gas), MIG (Metal Inert Gas), and PULSE-MIG welding. The method provides more
control of the heat balance in the welding arc by taking advantage of the different arc characteristics
obtained with each of the two polarities. In this paper, we proposed a new welding method by control
DSP 320C32, and the characteristic and experiment result-voltage, current, welding bead, and penetra-

tions by this method are presented.
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1. Introduction

Aluminum and its alloy possess many beneficial charac-
teristics such as lightweight, high strength, corrosion- re-
sistance, and good recycling properties, all of which allows
them to be widely used in related fields. Especially, they
have been widely applied not only in the fields of
high-speed railway, subway, tanks of LNG vessels, and
architecture, but also those automotive industries that are
aimed at reducing weight by developing an aluminum en-
gine and chassis.

Aluminum welding, such as shown in Fig. 1, is the main
current of TIG (Tungsten Inert Gas) and MIG (Metal Inert
Gas) welding that use an inert gas to prevent oxidation in
welding.

In the case of the TIG welding, the arc is very stable, and
it shows a good aesthetic weld bead because the melted
metal is not directly interacted with the welding rod.
However, it has a problem of low productivity due to the
difficulties of the increment of traveling speed and auto-
mation of the welding process.

In the case of a high current, MIG welding is mainly ap-
plied to the welding of a semi-infinite thick plate with the
thickness over 5Smm due to the deep penetration that is caused
by the welding of DCEP (Direct Current Electrode Positive)
polarity in the case of the high current MIG welding. How-
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ever, a burn-through is caused by the extremely deep pene-
tration if this welding is applied immediately for the thin
aluminum plate having a thickness of about 1~2mm.

Furthermore, there are frequent short-circuits between the
wire, the base material, and the unstable arc when the low
current and voltage are applied to prevent the burn-through
due to the shortened length of the arc. It becomes too dif-
ficult for the practical uses of the welding.

TIG Welding MIG Welding

Non-censumable Electrode

consuinable Electrode Method

Fig. 1. Comparison between TIG and MIG welding

This study proposes a technology to accomplish the
minimization of burn-through for the thin plate welding
having thickness of about 1~2mm by controlling the depth
of penetration with the DCEN (Direct Current Electrode
Negative) polarity variable ratio of 0~60% of the output.
This not only permits the utmost possible assembly toler-
ance but also performs low spatter and rapid welding by
implementing the pulse MIG welding algorithm using the
method of one pulse-one droplet that allows exact metal
transfer by the synchronization of the instant pulse current
as the control of the output waveform of a welding machine.
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2. Pulse mig welding for thin aluminum

2.1 Problems with Al welding

The high current MIG welding, which works very simply
for automation and for increasing the quality while produc-
tivity is increased, is applied for the welding of an Al
semi-infinite thick plate. However, the TIG welding has
been used for the welding of Al thin plates and it has dem-
onstrated the following problems.

@ At the commencement of the arc emission of TIG weld-
ing, the high frequency radiation noise is quite severe
and will affect the adjacent devices frequently and fatally,
such as in the case of a computer or robot.

@ In the case of high speed welding with high current, it
essentially demonstrates very low productivity due to the
production of humping bead.

@ Automatic production is difficult because the tungsten
electrode will be continually controlled during the
welding, and the workers will have to make an effort to
change the electrode.

In addition, it is required to develop an AC pulse MIG
welding machine by controiling the polarity ratio that pre-
sents the arc stability and reduces the spatter while it con-
trols the penetration in order to permit the large assembly
tolerance as well as solving the problem of penetration for
the thin plate. Here, the required conditions for the welding
are summarized as follows.

(D A spray transfer mode to prevent spatter production.

@ A reduction of heat input to prevent penetration of the
thin plate.

@ The elimination of oxidation coating using the arc of
reverse current in the welding of metals, which includes
an oxidation coating, such as aluminum, magnesium, or
other metals.

2.2 Definition of the characteristics of polarity and
polarity ratio

Fig. 2 presents welding drop characteristics DCEP and
DCEN. As indicated in Table 1, the polarity effect in gas
metal arc welding of DCEP and DCEN is different.

The voltage drop of the arc can be categorized by three
large parts, which are the positive, negative, and arc voltage
drop. Here, the positive voltage drop is about 1-~10 volts,
and the negative voltage drop is about 10-~20 volts. In ad-
dition, the current density shows the difference followed by
the levels of voltage drop, and the general current densities
for each polarity are as follows.
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Fig. 2. Welding Drop Characteristics of DCEP and DCEN

Table 1. Polarity effect in Gas metal arc welding

Polarity DCEP DCEN
Current density 102~ 10° A/emy, 10°-4x10°A/cm?
Voltage drop 1-10V 10-20V
Arc stability Stable Unstable
Melting rate Low High
Temperature High Low
Penetration | Deep Shallow

Moreover, the negative spot is not fixed as the positive
spot and shows a property that is irregularly and rapidly
moved through the surface of a negative plate. In addition,
the arc cannot be focused at the end of the wire and is moved
to the far back of the wire from the end of the wire. There-
fore, it is demonstrated that a part of the end of the wire can
be surrounded by the arc as an outward look, so that the
melting speed of the wire is faster than that of DCEP.
However, the arc is unstable, and as a result, the temperature
of the metal is lowered.

As presented in Fig. 3, the waveform of AC pulse is pe-
riodically repeated by DCEP and DCEN, and the wire
melting speed and heat input can be controlled by applying
the En-polarity ratio defined as expressed in Eq. (1).
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Fig. 3. Definition of the En-ratio
Incen: average current of the DCEN
Ipcep: average current of the DCEP
Tpeen: time for the DCEN
Tpcgp: time for the DCEP
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2.3 Welding algorithms for the patterns of welding
current

Fig. 4. Proposed algorithm of the pulse MIG welding
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Fig. 5. Relationship between the shape penetration and the
En-ratio

Fig. 4 shows pulse MIG welding algorithm using the
method of one puise-one droplet that makes an exact metal
transfer by the synchronization of the instant pulse current
as the output waveform control of the welding machine in
order to perform the high speed welding of a thin Al plate. It
also presents the implementation of low spatter and high
speed welding by using the constant metal transfer.

Fig. 5 presents an outline of the technology that attempts
to accomplish the minimization of burn-through for the thin
plate welding with thickness of about 1~2mm by controlling
the depth of penetration with the DCEN (Direct Current
Electrode Negative) polarity variable ratio of 0~60% of the
output and permits the utmost possible assembly tolerance
of the base material.

3. Welding system for thin aluminum
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Fig. 6. The pulse MIG welding system for thin Al

The main and control circuits for the high speed welding
of a thin Al plate are illustrated in Fig. 6. The input voltage
of 3-phase AC 220V, 60Hz can be converted into the
smooth DC voltage of 300V through a diode rectifier, and
then the DC voltage is transferred to the insulated secondary
side of the high-frequency transformer followed by the
20kHz switching full bridge DC/DC converter. At this time,
the magnetic flux of the coil can be increased by the alterna-
tive coiling of the primary and secondary side of the trans-
former during transformer production in order to maximize
the efficiency of energy transmission. In addition, the output
of the secondary side of the transformer is formed as a kind of
center tap and is rectified by using a diode, allowing it to
become a low-frequency inverter (10Hz~200Hz).

Fig. 7 is the current waveform control for constant arc
length L. In the case of A welding bead shape and penetra-
tion depth, spatter is not independent of arc length L. If arc
length L is not constant during arc welding, the welding is
not good. In this study, the arc length L is controlled base
current (I,), but pulsed current waveform is fixed (about
300A, 1~2ms). In this welding, the DCEN period Tgy is
constant and so is the En-ratio. Thus, Iy cannot be constant
in this welding droplet for a pulsed period.
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Fig. 7. Current waveform control for constant arc length
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Fig. 8. Waveform of the voltage & current of average weld-
ing voltage, current: 15.5V, 56.5A, En-ratio 20%,
traveling speed: 120cm/min
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Fig. 9. Waveform of the voltage & current of average weld-
ing voltage, current: 20.5V, 202.5A, En-ratio: 20%,
traveling speed: 120cm/min

4. Evaluation of the output characteristics of de-
veloped pulse MIG welding machine

The welding machine with the designed AC pulsed
waveform is used to evaluate the output characteristics of
the waveform where the Al plate (Al 5052, Length: 300mm,
Width: S0mm, Thickness: 1.2mm, 3mm, 5mm) and shield
gas (100% Ar) are used in the test, and the traveling speed is
120cm/min with the wire of A5356 (¢1.2). The welding is
evaluated by the bead on the plate and lap-joint welding.
The currents are applied by the step of 20A up to 50 ~ 150A,
and the En-ratios are increased by the step of 10% up to
10 ~ 40%. In addition, the root gaps are Omm, 0.5mm, 1mm,
and 1.5mm. The applied current is 60A, and the En-ratio is
20% in the case of the lap-joint welding.
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Fig. 10. Relationship between the wire melting rate and the
En-ratio

5. Results and evaluations

Fig. 8 depicts the waveforms and bead shape on the top
view average welding voltage and current of 15.5V, 56.5A,
En-ratio of 20%, and traveling speed of 120cm/min. Fig. 9
shows waveforms and bead shape on the top view average
welding voltage and current of 20.5V, 202.5A, En-ratio of
20%, and traveling speed of 120cm/min. Fig. 10 presents
the wire melting speed for the En-ratio. It is shown that the
wire melting speed is increased by the increment of the
En-ratio under the same measurement current. Fig. 11
presents the relationship between the En-ratio and pene-
tration depth, bead width, and bead height. It can be seen
that the higher the En-ratio is, the narrower and higher the
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shape of the bead is. Fig. 12 shows a microscopic picture
of the cross-section of the welding sample (3mm) that is
welded by the bead on plate method using the developed
welding machine. Fig. 13 illustrates shapes of the bead on
the top view by the En-ratio. As a result, the penetration is
shallow, the width of the bead is narrowed, and the height
of reinforcement is increased by the increment of the
En-ratio at the same current and traveling speed. Fig. 14
presents a microscopic picture of the cross-section of
lap-joint welding used by the base metal with a thickness
of 1.2mm. The burn-through does not occur at the gap of
Omm for both En-ratios 0% and 20% but occurs at the gap
of 0.5mm, 1mm, and 1.5mm for the En-ratio of 0% That is,
the burn-through occurs for the DCEP, and good welding
is acquired at the En-ratio of 20% without any penetration.
Fig. 15 is a picture of the prototype for the designed sys-
tem.

Dimension (mm)

8 T T —T T T T T

—o— Penetration depth
m —o— Bead width T
—>— Bead height
6 .

EN ratio (%)

Fig. 11. Relationship between the En-ratio and bead shape

Table 2. DEVICES FOR THE WELDING SYSTEM

Items Welding power supply
Input Voltage AC 220V 3-phase 60Hz
Primary converter:
. IGBT(2NBI300N-60) : 600V, 300A
Device
Secondary converter:
IGBT(CM600-HA-5F):250V, 600A
Switching Fr. 20kHz
Transformer Ferrite core, EEtype 1set 14 : 4
Leak Inductance 4.5pH (20kHz)
Output Current
(Peak Current) 60-250A(3204)
Output Voltage
-40
(No-Load) 16-40V(100V)
. FRD
Output Diode (MEO 500-06 DA) : 600V, 500A

i

a) En-ratio = 10% b) En-ratio =20%

¢) En-ratio = 30% d) En-ratio =40%

Fig. 12. Shapes of the bead cross section by the En-ratio

a) En-ratio =10%

b) En-ratio =20%

Fig. 13. Shapes of the bead on the top view by the En-ratio
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Fig. 14. Shapes of the lap-joint bead cross section by the
root-gap changes

Fig. 15. Prototype of pulse MIG welding power supply
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6. Conclusions

This study shows the results according to the test of the
characteristics of pulse MIG welding waveform that is pe-
riodically repeated by DCEP and DCEN to control the wire
melting speed and heat input for the changes of polarity in
order to apply for the thin Al plate welding as follows.

1) A good bead appearance of welding is acquired for the
high speed welding of a thin Al plate without any penetra-
tion.

2) The wire melting speed is increased and the heat input
is decreased by the increment of the En-ratio at the same
current settings. It can be verified by the cross-section
shapes of the bead of welding.

3) In case of the gap existing for the lap-joint welding of
thin plate, good welding can be acquired by the increment of
En-ratio without any penetration.
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