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Application of Semi-automatic Arc Welding Method for Pressure Vessels
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This paper describes the application of semi-automatic arc welding method using
flux-cored wire for manufacture of pressure vessels, which is one of semi-

automatic arc welding methods.
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Table 1 Welding methods

. __Manual arc
— Arc welding welding
I— Fuel gas welding (FGW)
— Fusion welding —{— Electron beam welding (EBW)

[~ Plasma-arc welding (PAW)
Electroslag welding (ESW)

Gas pressure welding

1

‘Welding processes —

Cold pressure welding
— Resistance welding
— Forge welding

| Pressure welding —~ Friction welding

I

Explosion welding

I

Ultrasonic welding

Hard solder brazing

— Brazing

Soft solder brazing

Contact tip Wire
\ ] Molten pool
{ A Flux Slag

Wire—|

Shielded metal-arc welding (SMAW)
*Il; Gas tungsten-arc welding (GTAW)

— Spot welding

t— Seam welding
— Upset welding
I— Flash -butt welding
— Butt seam welding

COz2 gas shielded arc welding
Metal active gas arc welding

Arc spot welding Semi-automatic gas tangsten-arc welding
Ga¢ metal-arc welding (GMAW)

Solid wire

Semi-automatic
arc welding

Flux-cored arc welding (FCAW)
Flux-cored wire

Self shielded arc welding

L~ Automatic arc welding — Submerged arc welding (SAW)

I— Projection welding

Flux hopper - il

=

l 2

§Base metal
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Fig. 3 Submerged arc welding
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Photo.1 Cross section of flux-cored wire
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Fig. 5 Semi-automatic arc welding
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Table 2 Welding data for clad steel (SUS304+-SM41B)
i . Welding Welding Welding
Pass Welding processes E:rlalgé gna?;aél) current voltage speed Welding procedure
i ‘ A) V) (mm/min)
1 | Shielded metal arc welding L B-26 280~300 31 | 150
2
DW-309L 230~250 34~35 280
3 Flux-cored arc welding
4 (FCAW)
—_— DW-308L 240~260 34~35 260
5
6 . 700
Swm%“amW*%iw)hﬂu%xusassm~mo 34
7 400
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Table 3 Results of welded joint test (Clad steel)

T Tensile test Bend test
‘est : Radiographic
;;Ie:e S(ﬁf:éﬁﬁg; Sectional area Load Tensile strength| Location of Face bend Root bend examination
' (mm) (om) () (eg/mm?) fracture 2TR x 180°
1 18.2x25.0 } 455.0 1 23600 51.9 Base metal Good Good JIS Code Gr.1
2 | 18.6x25.0 | 4650 | 2380 51.2 ’ ’ ’ Good
Chemical composition analysis (EPMA) 95 Depth (mm) Cr Mn Fe Ni
0 19.84 1.74 67. 38 10. 07
Deposit 0.5 1947 1.87 67.27 9.60
Clad metal - o 5
3 229 10 | 1888 1.90 67.78 10.52
\ NI
i 1.5 19.27 1.76 68. 12 9.46
Base metal 2.0 19. 39 1.65 67.82 9.83
3.0 17.70 1.64 68. 88 10. 70
4 R BFEEIR
Table 4 Corrosion test
1) 308L
Huey Test (659 HNOj Corrosion test) (IPM) ] Intergranular corrosion test (Strauss: HeSO4 « CuSOy test)
As weld 0. 00059 1 PWHTC AC i Bend test: No defect
° 2 .
PWHT (650°Cx 2 HrA. C) 0.00093 | G0Cx2H A.C ,
s (1050°Cx0.5Hr W. Q) 0. 00044 | !
2) 316L
5% HeSO4 Corrosion test (g/m2h) \ Intergranular corrosion test (Strauss: HeSO4 ¢ CuSOy test)
As weld 5.8 i PWHTC A Bend test: No defect
H Q 2 .
PWHT (1050%0.5Hr W. Q) 5.6 | G0CHr A.O
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Table 5 Results of preliminary welded joint test (Carbon steel & Stainless steel)

Tensile test Bend test
Test piece %‘Iﬁf;‘,ﬁ??,ns Seg;ic;nal Load ;l;f::élti Location | Face bend | Root bend iijﬁi:g};:
(mm) (ram) & | (eg/mmz) | Of fractare 2TR x180°
Carbon steel to carbon 15 49 19,09 852.9 18020 510 | Base metal |  Good Good
gﬁc‘fl"’“ steel to stainless )3 61519 08 355.0 18030 50.7 ” y y Jéil@GiZ i
Stainless steel to stainlessjg 96 19,05 3669 23300 63.5 | Weld metal y ”
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Table 6 Combination of qualified welding procedure (P.V, 1IHPG)

shield|
NI

Ar-COq

Welded joint (combination
of base metal)

Combination of welding processes

wire >\

1 Clad steel to clad steel

Flux-cored arc welding (FCAW)
Flux-cored arc welding+Submerged arc
welding (FCAW-+SAW)

solid wire % % 2

Carbon steel to Carbon steel

Flux-cored arc welding (FCAW)

3 Stainless steel to stainless

Flux-cored arc welding (FCAW)

Flux-cored arc welding+Submerged arc
welding (FCAW+SAW)

Gas tungsten arc welding+Flux-cored
arc welding (GTAW+FCAW)

steel
flux-cored @ @
wire

4 Carbon steel to stainless steel Flux-cored arc welding (FCAW)
8 BIABARTL Stainless overlay to carbon .
Fig. 8 Shape of penetration 5 steel Flux-cored arc welding (FCAW)
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Table 7 Deposition efficiency & deposition rate

. Carbon steel

V/4 : Stainless steel

1) 100

37 35 38 40
24 33
/ % % EI
Shielded metal |Gas tungsten| Submerged |Gas metal- | Flux-cored

-arc welding {arc welding | arc welding |arc welding | arc welding

NOTE 1) Based on shielded metal arc welding

cost set at 100 %
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Fig. 9 Comparison of cost for welding processes
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Welding processes ‘ efficiency ‘ eposition rate
(%) (g/min)
Shielded metal-arc welding ‘
(SMAW) 50 ) 40
Flux-cored arc welding ‘ 85 ‘ 85

FCAW)
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