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A Study on The Waveform Control and Welding Characteristics of
Galvamzed Carbon Steel Sheets in Welding for Wave Pulse MIG Welding

Ki-Joung Kim

Department of Materials Processing Engineering, Graduate School

Pukyong National University
Abstract

The wave pulsed MIG welding process of new current waveform control to
switch over unit pulse conditions(pulse current, pulse duration) in the fixed
cycle was developed and its effect were investigated for zinc coated steel.

However, a significant amount of zinc in galvanized sheet steel is  bumed
off in the area of welds. Therefore the welding method is necded to reduce
the heat input.

Variable-polarity AC  wave pulse MIG welding alternates between
DCEP(Direct Current Electrode Positive) and DCEN({Direct Current Electrode
Negative). DCEN is higher wire melting rate than DCEP, while lower
temperature of droplet than DCEP.

In AC wave pulse MIG welding, for fixed welding current, wire melting
rate increases as the EN-ratio increase. For fixed wire feed rate, welding
current decreases as the EN ratio increases.

In this research, wc studied for the AC wave pulsc MIG arc welding to
decrease the heat input by using solid wire of wire diameter 1.0mm.

As the result of increasing EN-ratio, melting ratio of base metal and

burning off of zinc were reduced in gaivanized sheet steel.

Key Words : Galvanized sheet steel, DC wave pulse MIG welding, AC wave

pulse MIG welding, heat input, burn through, EN ratio, Waveform control
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Fig. 2.1 Arc principle of GMAW
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Table 2.1 The classification of transfer of molten metal (IIW)

Transfer of molten metal

Example

1) Free flight transfer
» Globular transfer
- Drop transfer
- Repelled transfer
- Spray transfer
Projected transfer
Streaming transfer
Rotating transfer

- Explosive transfer

GMAW (low current)
GMAW (CQs3)

GMAW (MAG, MIG)
GMAW (MAG, MIG)
GMAW (MAG, MIG)
SMAW

2) Bridging transfer
- Short circuiting transfer

- Bridging without interruption

GMAW, SMAW

3) Slag protected transfer

+ Flux-wall-guided transfer

SAW




®

(a) Drop transfer (h) Repelled transfer (c) Projected transfer

(d) Streaming transfer (e) Short circuiting transfer

Fig. 2.2 Various type of metal transfer in GMAW

Fig. 2.3 Arc phenomena and transfer of droplet at projected transfer
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A Anode
— Vvoltage drop
Plasma
Arc voltage drop
voltage r
i
cathode
voltage drop
Y
Arc length |
- '=l
Anode cathode
Fig. 2.4 The characteristic of arc Voltage
)
. Low
High temperature
tempeature
&
i
() (+)
{a) DCEP

{(b) DCEN
Fig. 2.5 Schematic of DCEN and DCEP
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(a) Blowhole (b) Wormhole

(¢) Pit {d) Pinhole
Fig. 2.8 Schematic illustration of the various defect in lap jointed
fillet weld
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Auto carriage

Inverter

bower
source

L

-+

Base metal

Timer

3 H
oo HH

L

a

Wire feeder

Computer

Fig. 3.2 Equipment for experiment

Table 3.1 Standard welding condition

Power source

200A inverter AC/DC
pulse welding machine

Welding current

60A(setting current)

Welding voltage 16-24V
CTWD 15mm
Traveling speed 80cm/min

Switching frequency

5~ 30Hz(MAX)

Progress angle of torch

Forchand 10°

Welding wire

YGW-12(1.0mm)

Welding -positibn

Flat(bead on plate)

Shielding gas

Ar+62%60(20 ¢ /min)
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Fig. 3.3 Schematic of metal transfer on pulse welding
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Fig. 3.4 Drop size by frequency in DC wave pulse MIG welding
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Fig. 3.5 Drop size by frequency in AC wave pulse MIG welding
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Fig. 3.15 Bead shapc by tin. in AC wave pulse MIG welding
(Setting current 60A, W.F.R 76mm/scc)
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Fig. 3.16 Bead shape by Ir. in AC wave pulse MIG welding
(Setting current 60A, W.F.R 76mm/sec, ty 0.6ms)
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{b) After improvement
Fig. 3.17 Waveform at AC wave pulse
(Setting current 60A, W.F.R 76mm/sec)
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quzhs gol MAE Hrbshel bkt SRS U A el gfstol
398 SATh Table 412 2 AT AEE AR 9 AEAEE e
9 Aotk

He7ls Fo Aavt £3EA v 9FS ArElr] 95k
100%Ar# Ar+6%0.5 E@3to] AlE89S A o2 wyEY Alxd
& ol&ate] EH 5 vX= 9GS 13Ed 2 video camera(F2.0,
51/130()0 V& o] gt otz Ae] Wy AAsigul

Table 4.1 Welding condition for experlment

200A [nverter AL/DC pulse welding machine
600A Inverter weldmg machme

Power source

(:d]vamzcd sheet(200><30><1mmt)
Mild Steel(_Z()OX 100%5mmt)
Galvanized sheet : YGW-12(¢1.0)
Mild steel : YGW—IS(G)I.Z)
CTWD 15~18 mm

Base metal

Welding wire

(Jdlvamzed sheet 80 cm/min
Mild steel © 40 em/min

Welding speed

Torch angle Right angle, Forehand angle 10
Welding position Flat(Bedd on Dldte
Gas shielding )O%Ar Ar+6%0. ?0 ! /mm
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Fig. 4.1 Waveform at steady current welding
(Z250A 26V, Mild steel)
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Fig. 4.2 Transfer of droplet by oxygen addition
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Fig. 4.3 Arc shape by oxygen addition
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Fig. 4.5 Formation of arc by 100%Ar gas and mixed 620 gas
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Fig. 46 Bead shape and bead cross section(t 5.0)
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Fig. 4.7 Wave form by mixed O. gas in DC wave pulse welding
(Setting current 60A, W.F.R 76mm/sec)
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Fig. 4.8 The shape of bead by wave pulse
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Fig. 4.9 Formation of zinc oxide by oxygen addition
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(Setting current 60A, AC wave pulse MIG)
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(Setting current 60A, AC wave pulse MIG)
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Fig.5.6 Blowholes by radiographic examination(KS B 0845)
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Fig.59 The shape of bead cross section
(DC wave pulse, fs BHz, W.F.R 76mm/sec, t1.00)
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Fig.5.10 Schematic illustration of blowhole formation in lap joint
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Fig.bh.11 Blowholes by radiographic examination
(AC wave pulse, fs 20Hz)
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