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Application of Narrow Gap Welding Process with “J -STAR® Welding”
to Shipbuilding and Construction
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Abstract:

The “J-STAR” Welding” is performed with an electrode negative polarity in CO: gas shielded arc welding using rare
earth metal added wire. In the “J-STAR” Welding,” a conical arc plasma is formed from the wire tip and the droplets
that transfer to molten pool become fine and continuous, which called “spray transfer.” As a result, reduction of spatter
and deep penetration can be obtained. In the narrow gap welding of thick steel plate, it is necessary that spatter
doesn’t accumulate on the welding nozzle and the groove sidewall, and the bottom corner and sidewall of the groove
are melted stably. Therefore, narrow gap welding utilizing the benefits of the “J -STAR® Welding” was examined, and a
new narrow gap welding process by 2-pass one-layer technique using an electrode with curved tip was developed. It
was confirmed that the good joint of 100 mm plate in thickness for which the developed narrow gap welding process

is applied can be produced with a very few welding processes of 31 passes and 16 layers.
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Fig.1 Comparison between conventional CO arc welding and “]-STAR” Welding”
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Table 1 Chemical composition of welding wire

(mass %)

Type C Si Mn

Others

KC-550

(JIS Z 3312, YGW18) 0.05 0.7 1.9

0.01 0.01 0.2 Mo, B, REM*

*Rare carth metal
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Table 2 Chemical composition and mechanical properties of deposited metal

Chemical composition (mass %)

Mechanical properties

. 0.2% proof stress | Tensile strength Elongation Absorbed energy
c Si Mn P S (N/mm?) (N/mm?) (%) at-5C ()
0.06 0.5 1.4 0.01 0.01 571 621 30 146
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Fig. 2 Issues required in narrow gap welding
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(a) Schematic illustration of conventional narrow gap welding

(b) Macrostructure of cross section
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a0, B2IRT & 512, BICEME % I TAR S
¥arrbis, BAHRELZE LTRSS ¥ 208D H 5,
Lo L, WaHE7 — 2 ofsitksshy [1-STAR® Welding | %
MAvTdh, BETIORTEIICIBLD 18 1 S 27T
Frrv—1FdHY) TIIEEMBEDERIRIT 1 mm F2ETH
D, FERkIZm ToFETH -T2,

BHACHIBE DTARVZ PR S ¥ 27001213, BRIBIRT £ 91,
7 — 2 D3RSI AL e B IBE IS B M7 2 L 5 IS T b
Hhd b eEZ, fim LIy Em T v 7 e e
PWICHRA L 7o TR TOMGET 21775 - 7o TARMRET OFER,
[J-STAR® Welding | ®ifiv> 7 — Z $&1PE DRN R 1< F
LT, BRSCEHER<e B/ EE DR RIS & B LR T &

JFE %R No. 34 (2014 4 8 1)

Stable melting
of groove sidewall

1N

Bending the
electrode tip

| Wire

“ 2 Pa
- 1 Palss §8

Certain melting
of groove corner

K3 Soimpn ) BIRF v TEBWE 1B 2 INABEE
Fig.3 Schematic illustration of developed narrow gap welding
process
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Table 3 Groove geometries and welding conditions

Groove configuration Welding conditions

Current (A) 330-353

Voltage V) 353

40 Welding speed . 600

(mm/min)

S < (mm) Heat input (kJ/mm) 1.3

10 Layer number 7

Pass number 13
50 Current (A) 324-371
< Voltage V) 34.9-38.4
100 Welding slzzif,l/ i) 200-600
Heat input (kJ/mm) 1.2-2.5

— Layer number 16

gﬁé (mm) Pass number 31
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Photo 3 Macrostructure of welded joint of 40 mm thickness
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Photo 4 Macrostructure of welded joint of 100 mm thickness
by developed narrow gap welding process
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Fig.4 Hardness distributions of welded joint of 100 mm
thickness by developed narrow gap welding process
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Fig.5 Application part and groove conditions of “J-STAR®
Welding”
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(a) Conventional welding; DCEP (Direct current
electrode positive), Welding current: 280 A

(b) “J-STAR®™ Welding”; KC-550, DCEN (Direct current
electrode negative), Welding current: 380 A
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Photo 5 Comparison of welding phenomenon of internal
bottom joint

One side welding of butt joint, Groove: V40°, Gap=0 mm, KC-550,
DCEN (Direct current electrode negative), 2 Pass, 100% CO,,
Welding current: 380 A
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