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ABSTRACT

Feasibility study for DC-AC Pulse Tandem Gas Metal Arc
Welding Process

Sang Hoon Kang

Advisor : Prof. Bang, Hee-Seon, Ph.D.
CO-Advisor : Prof. Bang, Han-Sur, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

Tandem gas metal arc(GMA) welding has been suggested to weld thick plates
requiring high deposition rate,. Conventional tandem GMAW uses phased DC
pulse to avoid arc interference between two wires.

In this study, to increase the cost efficiency, non-phased tandem GMAW were
used DC or DC pulse as leading current, and AC pulse as trailing current.
When DC is applied to leading current, the drop transfer has changed from
projected to streaming transfer depending on the inter-wire distance, the
magnitude of current and the magnitude of trailing current. During DC-AC
pulse GMA welding, lots of spatter was generated because of short-circuiting
by attractive force and droplet scattering by repulsive force resulted from
streaming transfer.

In order to compensate the above disadvantages, performing the DC pulse as
leading current leads to strong arc |linearity because of the droplet

transfer occurs at high peak current. Consequently, the stable droplet

_VI_
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transfer, which is hardly affected by arc interference, was accomplished

with reduction of spatter generation.
Compared with the conventional DC pulse-DC pulse phased tandem GMAW, the

amount of deposition was increased and there was no difference in

penetration depth.

- VII -
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Fig. 1.3 Waveforming of CLOOS.
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2.2.1 A 2T

roll

= AF0A AtEet E2E 2A0/0= GMANOIA JtE B0l 0lE&= KISWELALS
KC-25M(AWS A5.18 ER70S-3) 1.2 mmE OIZotRUCH. A& & 2A010{2 3stE 4

O o -

o JIHE HdE2 Table 2.10 LIEFWHSRICEH., 2= Mild steel EIHE 0|20+

e

ANESHRCH. ESItA= Ar 80% + C02 20% (25 L/min), Ar 90% + C02 10%(25

L/min)2 B35 JIAE AZ0ILE.

s8s MdotAlt. 22 32 =2 dFE Qo= S&0| Jtsgt 12 mm 5
=
=

Table. 2.1 Chemical composition and mechanical properties of weld wire

Chemical composition (%)

C Si Mn P S

0.061 0.220 0.019 0.018 2.503

Mechanical properties
Yield stress(MPa) Tensile stress(MPa) Elongation(%)
440 540 30
- 9 -
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Fig. 2.1 Welding machine - P500L.
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O 2t HelE 8~18 mE Bl+=5 =0 &8s oLt Fig. 3.12 E&
o= UERTH

DX ez, dd 2 =& 2401012 dF0 Wt ot 2 & E5822
gdets FJ| =20 g 20l xS 250~350 A, =& 2H0/012
100~300 AKXl BlotE F=EHA &gs oAt

&y A2 TableWAM2 201 &2lE ol &= MAoIRULE

Table. 2.2 Welding parameters used in the experiments

Y Ha =58 XA
2k0lHZt Hel
8~18
(mm)
Leading current 250 ~ 350
SHE=
A) .
Trailing current 100 ~ 300
Leading current 26~39
=5 A
(V) .
Trailing current 18.5~26
=8EE
1.6
(m/min)
Contact tipUIA Z2ILXIS Hel 20
(mm)

_‘|2_
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Fig. 2.3 Schematic diagram of experimental setup.
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Inter-wire Bead
distance ead appearance
8 mm
_
Welding direction
12 mm
(b)
15 mm
18 mm
()
Fig. 3.1 Comparison of bead appearance according to the inter-wire
distances.
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Inter-
wire

distan Leading current:250 A, Trailign current: 250 A, Welding speed:1.6 m/min
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15
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T T T T T 1 ; T
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Time (ms)

(b)

Fig. 3.2 Arc interference and droplet phenomena with different inter-wire

distances.
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Leading current:250 A, Trailign current: 250 A
Inter-wire distance:8 mm, Welding speed:1.6 m/min

d (=) [
@ (= (f)

‘oltage [\W]

+320

Voltage [VW]

[

Current (4)

T T T T 5
38450 IBEE 38460 3465 38470
Tims(ms)

(8 (h)

Fig. 3.3 Measured current-voltage waveform and high-speed camera images

during the constant voltage DC-AC pulse tandem GMAW welding.
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Current (A) Bead appearance

Leading:
350

Trailing: ﬁ- i

Leading:
300
Trailing:
120

(b)

Leading:
250
Trailing:
100

(©)

Fig. 3.4 Comparison of bead appearance according to the leading current.
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Current (A) Inter-wire distance:12 mm, Welding speed:1.6 m/min

L —

Leading: 350 Welding direction Streaming droplet

Trailing: 140
(a)

Leading: 300 project:d droplet

Trailing: 120
(b)

‘prnjected droplet
N

Leading: 250
Trailing: 100
(c)

Fig. 3.5 High-speed camera images for different leading currents.
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Inter-wire distance:12 mm, Welding speed:1.6 m/min

Current (A) Bead appearance

Leading:
250
Trailing:
100

Leading:
250
Trailing:
200

Leading:
250
Trailing:
300

Fig. 3.6 Comparison of bead appearance according to the trailing current.
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Trailin . . . .
8 Inter-wire distance:12 mm, Welding speed:1.6 m/min
current (A)
projected droplet A prajected droplet
(a) 100
() 200
() 300

Fig. 3.7 High—-speed camera images for different trailing currents.
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

Current

Bead appearance
(A)

Leading:
250
Trailing:
100

Leading:
300
Trailing:
120

Leading:
350
Trailing:
140

Fig. 4.1 Comparison of bead appearance according to the leading current.
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

(f)

800 5 : : : g : [— Current
500 - : : 2 . |[——Voitage
400 ] : : 5 :
300 4
200
100
0= T T i T T ] T i 1
; a028 k=l 6096 i 6100 8104 6108
; L Time () & : [~ Current
800 - : : i i | —— Voltage
sy %
204 | T '
T A = !
a0 d ; :
-300 T — T T = T —T 1
E088 a8z E096 E100 6104 6108
Time (ms)
(8)

Fig. 4.2 Measured current-voltage waveform and high-speed camera images
during the constant voltage DC pulse-AC pulse tandem GMAW welding.
(Leading current: 250 A, Trailing current : 100 A)
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

: ; ; Time (ms) — Current

800 i i § . |——Voltage
400 " . i
i \ -/

"1 — = —
200] : : ! :
-400 -|- T T T T T Ill T T

g812 a818 Ga20 ga24 G828

Time (ms)
(8)

Fig. 4.3 Measured current-voltage waveform and high-speed camera images
during the constant voltage DC pulse-AC pulse tandem GMAW welding.
(Leading current: 300 A, Trailing current : 120 A)
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

0 e

T: L .7 T T T T T T T T T+ 7 T T 1
€954 6980 ; G965; 6990 6990 690K €996 @988l TOOO 002
5 ’ Time (ms) ;
: ; ; i — Curmet
e g g ¥ — Voltage
04 : : ¥ i
Y
T : 5 i3 —
200 - : : : i ;
400 r T— — T T T |:. T T T : T 1
6964 6566 G985 £9O0 6990 6994 6990 6558 TOOO  TOO2
Time (ms)
(8)

Fig. 4.4 Measured current-voltage waveform and high-speed camera images
during the constant voltage DC pulse-AC pulse tandem GMAW welding.
(Leading current: 350 A, Trailing current : 140 A)
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

Current(A) Bead appearance

Leading: 250
Trailing: 100

Leading: 250
Trailing: 200

Leading: 250
Trailing: 300

Fig. 4.5 Comparison of bead appearance according to the trailing current.
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

(a) (b)

Time (me) — Current
800 - — Voltage

o 4
300 -
-400 T — T — T
FEDE FEBE 200 s e Fod4
Time (ms)
(d)

Fig. 4.6 Measured current-voltage waveform and high—-speed camera images
during the constant voltage DC pulse-AC pulse tandem GMAW welding.
(Leading current: 250 A, Trailing current : 200 A)
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

(b) (©)
(bj (Cj — Current
— '/ oltage

5748 =m0 stz 57ee

iTime (ms) | —— Currert
800 g : —\Voltage

200
-400 - T T T T T T T
B4 5748 57D BTEZ A7 B4
Time (ms)
(d)

Fig. 4.7 Measured current-voltage waveform and high-speed camera images
during the constant voltage DC pulse-AC pulse tandem GMAW welding.
(Leading current: 250 A, Trailing current : 300 A)
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm
Current DC JHAY-AC "HA | DC =®A-AC A
(A) Bead appearance
- ¥ T |__l.r I3

Leading:
250
Trailing:
100

Leading:
250
Trailing:
200

(b) @

Leading:
250
Trailing:
300

} & 5'." .
s

-.--}.-‘-'. !
e T

(©) (f)

Fig. 4.8 Comparison of bead appearance according DC-AC pusle and DC pulse-AC
pulse tandem GMAW.
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

Wire
feeding
speed
(m/min)

DC TA-AC ™A | DC TA-DC A

Bead appearance

10.8

m/min

3.7

m/min

Leading:

Trailing:

10.8

m/min

6.9

m/min

Leading:

Trailing:

10.8

m/min

10.5

m/min

Leading:

Trailing:

Fig. 4.9 Comparison of bead appearance according DC pulse-AC pusle and DC

pulse-AC pulse tandem GMAW.
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Welding speed: 1.6 m/min, Inter-wire distance: 12 mm

Wire DC HA-AC T2 | DC "A-DC HA
feeding
speed Cross-section

(m/min)
(a) ()
(b) )

Fig. 4.10 Comparison of cross-section according DC pulse-AC pusle and DC

Leading:
10.8
m/min
Trailing:
6.9

m/min

Leading:
10.8
m/min
Trailing:
10.5

m/min

pulse-AC pulse tandem GMAW.
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heat—input according DC pulse-AC pusle and DC pulse-AC
pulse tandem GMAW.
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