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Development of Two-electrode Electro-gasArc Welding Process
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Abstract

Electro-gas arc welding (EGW) is used for vertical position welding of shear-strakes of container-
shipsduetoits higher welding efficiency. In ordinary welding processes for ultra-heavy-sectioned steel
plates however, it islikely to occur defects such aslack of fusion. In order to solve this problem, we have
developed two-electrode VEGA® (Vibratory Electro-gasArc Welding) process. This paper shows outline
and characteristics of this newly developed process for vertical position welding on extra-heavy-sec-
tioned steels. It was demonstrated that VEGA® process achieves stabilised fusion-line profile for ultra-
heavy-sectioned steel plates with higher welding efficiency. It was then confirmed that joint perform-
ancein thisstudy satisfies regulations such as classNK KEW53 and KEWS53Y 40.

0000000000000 00D0O0O000U0O0OVEGA® D ODOO

1. toood goooooopooooooOoooooooooooooooDoOoo
000000000000 000000000000000000 000000000 OOVEGAR Vibratory Electro-gas Arc Welding[
Oo00o000o00o0oooo0oooooooooooooooon O0000000O000O0ooO0oOVvVEGA DO DOUODOOOoooooo
00000000000000000000000000000 ooooooobod

oo

Hatch cover
godddoooboobooooooobobooooooooooooa

goooooooooooobooooooboooooooooooo

Hatch coamin
0odoooooooooooooooooooooooooooon «—Haten ¢ 9

ooooooooooooooooooboOooooooooooo —— Sheer strake
gmoboecwbOooomoooooooo
gobooooooboooooooooboobo@moooooooo CargOSpace

goboomooboooooboooooooooboOooobooooo
ecgwo0oooooooooooooooooooooooobooon
gbobooooobobooooboooobOooOooobooOoooo
gobooooooooooo@moooooooooooooooo

oo0oooooooooooo

gbbooboobobooboobooboooboobooono Cross-section of container vessels
DU goooomomooo D4 gpOoUooo0oooOoooooooog

0000000020-10 O 293-8511 O TEL:(0439)80-2630 ms QOO000000000000000000000
mm QOO00MO0MO0000000o W QOO000000000

W Qo000 omoooooo

o570



gobooooOooOo0ooOoOoOooboOooooo

2. 0DOooOoooo

oeo00000o0ooooeEGWOYW 000000240 3.2mm
goooooooooooooobobooboooooooooooo
0000000000000 HAZDO Heat Affected ZoneD 0 0 O O
pbooooobooOoooooboOooboooOoOooobooOoooooboooo
O000000000O0O0o0000000O0D0oDOoOOOVEGA®D
googooooooooo@momoooooooooooo
OooOooOooOvecA® D OOOOO0OOOO0ODOOOOOOOO
ooooooooooooooobobooboooooooooooo
goboooooooooooooooooooobooomooon
gmooooooooooOoOoOoOoOOOOOOOO0OO0O00O0
ooooooooooooooobobooboooooooooooo
000000000000 000000O0OU0DO0O0OOVEGA®D
000000000000 D0O0VEGA® D OO0 0000000
O00OVEGA® D O DOOODOooOoOooo

O000VEGA® D U DO UOODOOODOOoOooooooooooo
pbooooobooOoooooboOooboooOoOooobooOoooooboooo
gbbooHAzOOOOOOOOODODOOOOOOODOOoOooOoOoo
O00D0DDEGWOOOOOVEGA® D DU ODODOOOODOOOOO
pbooooobooOoooooboOooboooOoOooobooOoooooboooo
pooooooooooooOosommbOOOODOOOOOOOO
gobooooboooboooooboooo

pbooooobooOoooooboOooboooOoOooobooOoooooboooo
ooo0oooo0oooo0ooo0o0o0ossmmbOdOnes5070mm
gooobooooooooosommOooooOOOooooOO
VEGA®U OO OOO0oO0o0o0oooooooooobooomo
poomooooooooOoOOOOOOO0OO0OO0OO0O0O0O000O0
gooooooooooooooboboooooooooooooo

Oscillation direction
>

Shielding gas

R

Weld metal

P

material Cooling water

.
AN
R
RGN
R
]
RN

PR ehOonn
AR

g R
RO
RS
BRI,
R

O000O00VEGA®D D OOOOO
Schematic illustration of single-electrode VEGA®
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Welding Plate . Heat
) Cross-sections of welds
processes thickness input
Conventional 227
EGW kd/cm
19mm
72
kd/cm
Single-electrode
VEGA
258
60mm kd/cm
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Comparison of cross-sections of welds by conventional EGW proc-

ess and single-electrode VEGA®
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Example of* lack of fusiontJ indicated by allowlin weld by single-
electrode VEGAY] plate thicknes$170mm0J
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Two-electrode VEGA® apparatus (a) Ceramics backing material J 9:
for single-electrode VEGA 460\
Oscillation direction il hl
(b) Modified ceramics backing - 3
material (No.1) - 60 o
(¢) Modified ceramics backing r—%.
material No.2) " 60
- — mm)
oooooooo
=] shielding gas Backing materials with various shapes
Ceramics backing material
Weld metal <« Steel plate 10mm \ Steel plate
Cooling water
R
70mm
\/'
/ 2o
Water-cooled copper shoe
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Schematic illustration of two-electrode VEGA® Groove configuration
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Welding conditions
Current Voltage Travel Heat Electrode Oscillation Shielding gas
Electrodes Welding wire OAO gvod speed input spacing width Composition Flow rate
Ocm/min0 | O kd/emOd | O mmO 0 mmQ O I/mind
1st Flux-cored wire™ 420 42
. 5.0-5.5 366-404 15 35 100% CO, 30
2nd Flux-cored wire™ 400 40

Y "0 For single-electrode VEGA®
[J Base plate[] EH40 (plate thickness[] 70mm)
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With ceramics
backing for
single-electrode VEGA

With No. 1 ceramics

With No. 2 ceramics
backing backing

Very large

Amount of spatter

Cross-sections

Fairly small Small

of welds
Good Good
Comprehensive
evaluation Not suitable Not suitable Not suitable

for actual application
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Weld test results by various backing materials
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Welding conditions
T Travel Heat Electrode | Oscillation Shielding gas
Neost Electrodes Welding wire Current Voltage speed input spacing width Composition | Flow rate
' O A0 ovOo [Ocm/mind |OkdlemO | O mmO 0 mmQO O /mind
1st Flux-cored wire™ 420 42
1 - - 0,
ond Flux-cored wire™ 400 20 5.0-5.5 366-404 15 35 100% CO, 30
1st Flux-cored wire™ 420 42
- - 0,
2 ond Solid wire™ 400 20 5.0-5.5 366-404 15 35 100% CO, 30
1st Solid wire™ 420 42
3 N - 0,
ond Solid wire™ 400 20 5.0-5.5 366-404 15 35 100% CO, 30
1st Flux-cored wire™ 420 42
4 N . 0
ond Solid wire*2 400 20 5.0-5.5 366-404 15 35 100% CO, 30

B070 For single-electrode VEGA®

B0U72[] JIS Z 3325 TGL1-4Gl AP
BU*30 For two-electrode VEGAT] contains one-half the flux compared with the wire for single-electrode VEGA®[
[ Base plate[] EH4Q] plate thickness(J 70mm[J

pooooooooooo
Test results with various welding wires

Test ) ) Test results
No Electrodes Welding wire Amount of Bead Comprehensive evaluation
' spatter appearance for actual constructions
1st Flux-cored wire™ .
A ond Flux-cored wire™ Very large Good Not suitable
1st Flux-cored wire™ .
B ond Solid wire™ Large Good Not suitable
1st Solid wire™ .
C ond Solid wire™ Very small No good Not suitable
1st Flux-cored wire™ .
D ond Solid wire™ Small Good Suitable

0 ™0 For single-electrode VEGA®

020 J1S Z 3325 TGL1-4G APO

[0 "0 For two-electrode VEGAT] contains one-half the flux compared with the wire for single-electrode VEGA®
[J Base plate: EH4Q1 plate thickness: 70mm(]
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Two-electrode VEGA

Travel speed {cm/min)

40 50 60 70 80
Plate thickness (mm)

00000000000 oVvVEGA* U O DOOUOOoOoMm oo
Comparison of travel speed with single- and two-electrode VEGA®
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Amount of shielding gas
consumption (I/cm)

40 50 60 70 80
Plate thickness (mm)
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Comparison of amount of shielding gas consumption with single-and
two-electrode VEGA®

Plate thickness : 50mm

Plate thickness : 60mm

Plate thickness : 70mm

O00000OVEGA* D U0 00oooooogogo
Cross-sections of welds by two-electrode VEGA®
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Welding conditions
Plate Travel Heat | Electrode | Oscillation Shielding gas
. . ) Current | Voltage . . . —
thickness | Electrodes Welding wire O AL qvh speed input spacing width Composition | Flow rate
O mm0O [ cm/minCd| O kd/emOd | O mmO O mmO O I/minQ
1st Flux-cored wire™ 410 41
50 Lecored wi 71 281 15 5 100% CO, 30
2nd Solid wire™ 400 40
1st Flux-cored wire™ 410 41
60 Lecored wi 6.2 321 15 17 100% CO, 30
2nd Solid wire™ 400 40
1st Flux-cored wire™ 420 42
70 Lecored wi 58 382 15 35 100% CO, 30
2nd Solid wire™ 460 42

[0 ™0 For two-electrode VEGAT] contains one-half the flux compared with the wire for single-electrode VEGA®[I
020 JIS Z 3325 TGL1-4Gl AP
[J Base plate(] EH4Q! plate thickness(] 70mm(]

Ceramics backing material

Steel plate ﬂ 10mm h Steel plate

Thickness

251
o Microstructure of weld metal welded by two-electrode VEGATI center(]
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Water-cooled copper shoe

ooooooo
Groove configuration

Tensile test specimen

X

Thickness: t

Impact test specimen

O000oO00OvVEGA D DOOODODOoOoOoooo
An example of construction site where two-electrode VEGA® operated

gilo00oooooo
Sampling locations of test specimens

goodoooooooooao
Mechanical test results of weld metal with two-electrode VEGA®

Plate Tensile test Charpy impact test
thickness Classification 0.2% proof stress Tensile strength Elongation 0 Absorbed energy at [J 2001
O mm0O [0 MPall [0 MPall 0 %0 0Ja
50 EH36 473 610 25 89
60 EH40 471 611 23 86
70 EH40 506 656 24 79
ClassNK KEW53 0375 490-660 022 034
ClassNK KEW53Y40 1400 510-690 022 041
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