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Development of High Efficiency CO2 Gas Shielded Arc Welding Process
with “J-STAR® Welding”
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Abstract:

The J-STAR ® Welding is performed with an electrode negative polarity using the rare earth metal added wire in
CO: gas shielded arc welding. With the welding current over 250 A of the J-STAR welding, a conical arc plasma is
formed from the wire tip, fine droplets transfer to molten pool continuously, which is called spray transfer, and the
penetration depth of bead-on welding increased by 50%. The result of examination of narrow gap welding, utilizing
the spray transfer phenomenon, the J-STAR Welding established high efficiency narrow gap welding with 5 mm-gap

square groove and 25° single bevel groove of 2 mm gap. It was confirmed that the joint between the column and

beam which the J-STAR narrow gap welding was applied had sufficient deformation capacity under the load test.
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Table 1 Example of chemical composition of steel welding

wire
(mass%)
Type C Si | Mn P S Ti | Others
Si-Mn-Ti-REM
KC-500* 0.05| 0.7 | 1.6 | 0.01 | 0.01 | 0.2 | REM
*JISZ 3312YGW11
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Table 2 Chemical composition and mechanical properties of
deposited metal

Chemical iti . .
emical composition Mechanical properties

(mass%)
0.2% . Absorbed
. proof Tensile Elqn- energy
C Si | Mn | P S stress strength | gation at 0°C
2 | (N/mm?) | (%)
(N/mm?®) )
0.06 | 0.40 | 0.96 | 0.01 | 0.01 470 560 32 160
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Conditions

Electrode negative
100% CO,

Welding current: 300 A
Arc voltage: 30 V
Welding speed:

== 400 mm/min

(b) Upper video camera
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Photo 1 Images of droplet transfer with J-STAR Welding
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Photo 2 Macrostructure of bead-on-plate welding
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Fig.1 Relationship between welding current and spatter
generation

10 mm Conditions

— Electrode negative, 100% CO,
Welding current: 300 A
Arc voltage: 30 V
Welding speed: 400 mm/min
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(a) Square groove
(Gap 5 mm)

(b) Single bevel groove
(Groove angle 25°, Gap 2 mm)

Backing metal

T — | (b) Macro structure of cross section
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Photo 4 Bead appearance and macro structure of T joint

specimen after 1 pass welding (Single bevel
groove, Groove angle 25°, Gap 2 mm)
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Plate thickness: 25 mm
Interpass temperature: 250°C

(c) Single bevel groove
(Groove angle 35°, Gap 7 mm)
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Photo 5 Macrostructure of butt joints
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Fig.2 Gap and groove angle map for good welded joint
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Table 3 Mechanical properties of welded metal with J-STAR

narrow gap welding
Mechanical properties
Heat 1 0.2% .
Groove type | Input | proof Tensile Elongation Absorbed
(kJ/cm) strength o energy at
stress | omm?y | P Joee ()
(N/mm?)
Square
groove 6-10 612 654 29 138
(Gap5 mm)
Single bevel
fggffe 630 | 412 | 517 34 143
Gap2 mm)
Butt joint

Plate thickness: 25 mm
Interpass temperature: 250°C
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517 N/mm?® % 1%7- ¥, 490 MPa M O@F & L <+ 457
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(a) square groove (b) Single bevel groove (c) Single bevel groove
(Gap 5 mm) (Groove angle 25°, Gap 2 mm) (Groove angle 35°, Gap 7 mm)
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Fig.3 Change in welding current and temperature of specimen
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Table 4 J-STAR narrow gap welding groove standard

of displacement
A

Groove type Welding position Parameter range
Single bevel groobe T: Thickness (mm) 6=T
a a a
\7/ \7/ \7/ G: Gap (mm) 1.5=G
Flat position and
T / Rv_ / RV_ / RV_ horizontal position
R: Root face (mm) 0=R=2
G G _,:I:G:
JS-BL-1B JS-TL-1B JS-CL-1B a: Groove angel (°) B=a
Square groove
T: Thickness (mm) 6=T7T=25
| Flat position
; ;G —) ;G
G: Gap (mm) 45=G
JS-BI-1B JS-CI-1B
8
=i :
:*7 /\\ 4
T -/ / 5
Measurement point 0 /\ /\
2
4

g
g
Q
3 000 mm %
a
2450mm | X J-STAR Welding
S
X
(=1
(=1
T
zl/ / [1—400X400X 16 mm
v IR = N | T L | B NN —
<1
500
| 1400

4 HETHER & HBREDOTIR
Fig.4 Specimen and loading set-up
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Fig.5 Schematic illustration of deformation cycle
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(a) Butt joint of square groove (Gap: 5 mm)
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(b) Butt joint of 25° single bevel groove (Gap: 2 mm)
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Fig.6 Relation between relative rotation of beam end connection and moment of beam end
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