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Abstract

FCAW(Flux Cored Arc Welding), SAW(Submerged Arc Welding), EGW(Electro Gas Welding), and three-pole
SAW are applicable in manufacturing the offshore wind tower. In this paper, mechanical properties of
these welded-joints for TMCP steels were evaluated in all above welding processes. The tensile strength of
welded-joints for all the welding methods satisfied the standard guideline (KS D 3515). No cracking on
weldment was found after the bending test. Changes of weldedments hardness with welding processes were
observed. In a weld HAZ (heat-affected zone), a softened HAZ-zone was formed with high heat input
welding processes (SAW and EGW). However, the welded-joint fractures were found in the base metal for
all cases and small decrease in welded-joint strength was caused by a softened zone. The multi-pole SAW
welds exhibited similar mechanical properties comparing to the one with one-pole SAW process.
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Schematic diagram
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procedure o 70°
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backing
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Multi 1imm 12.5mm
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Fig. 1 Schematic diagrams of welding procedure:
(a) FCAW, (b) EGW, and (c) SAW (d, e)
Multi-pole SAW
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Table 1 Mechanical properties and chemical composition of base metals on TMCP steel.

Chemical composition (W t%)

Mechanical property

Material C Si Mn P S Cr

Ni Cu Y.P(N/mm?) S(N/mm? | El%)

TMCP 0.14 0.5 1.6 0.03

0.025 | 0.02

0.01 | 0.015 345 470-630 22
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Table 2 The welding parameters used for each welding processes.

Fig. 2 Multi- pole SAW welding system
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Sample. W/D L. Ampere Volt Speed Heat Number of pass
N p Pole Position (A) W) (cm/min) Input
0 rocess cm/min (kJ/em) Top Bottom
A 1G 280 31 41 13 37 -
FCAW 1
2G 220 26 12 30 15 -
C EGW 1 3G 380 38 4.9 177 1 -
One-pole
D SAW 1 1G 800 34 26 62 6 1
E 3 240 54 2 2
Multi-pole SAW 1G 900-1550 38-42
F 3 220 58 2 2
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Macrodections of welded-joint q’ OE]lﬂ-FﬁlQE %;S (‘):} O] % ]—6]—74] Qt‘ﬁ'— 2%01]}\1
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Fig. 4 v 4o w2 AdH (front side)@ &
Fig. 3 Macro—:'sections of v&{elded—joint with respect H(back side)d] A=EXE H|wd Zjolt} &5A4
to welding processes: (a, b) FCAW, (c) EGW, ol sty i g0 .
and (d) SAW, (e, ) Multi-pole SAW (fusion line) <A @Y = &5FolA A
AERS Hole REA FH $0% AREEA B
oM 220 CPM(cm/min) &2 HAAA A 45 A ZE9dch AR ZAF A= < 170-190Hve]
Al & A3t Fig. (M He upe} o] ggtadel 9l &8F= <F 190-210Hv, €9%7= o 160-220Hv

£ FEg ol Fust bssgn
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2 SHES webr] Aoz WAsidTE ek A
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B’l—/lg o}‘o:h;]_ FCAW‘Q‘;ST/] AEE Fig. 4(a ) (d)

44 dgF A KS D 3515 40l wste oA #EE A3 FCAWSAHF Add=s &6F 2
VAT U GEAES BEG w ohje 0B A8 AL A S84 2AUL, 2] BIPREG o
Azt 2% BARolA stto] WA Table 30 Al 9FFN 7 2 AEAES B Fig. 4(b)
FCAW 2He] A, BRAT SAW 2He D, E, F = % (o) dlXs 2o] EGW &4 F= &g5lA d=7t
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84 99%el FHEFE AA gade 49e vy M UM E ARAS BAd 3 Fig (o), (DA
Table 3 Tensile strength and bending properties of weldment for each welding processes.
Sample. Welding Heat Tensile Yield Failure Fracture in
N Pr Input Strength Strength location bending test
0 ocesses (kJ/cm) (MPa) (MPa) ocato © g tes
A 13 588 477
FCAW Ductile / B.M No fracture
B 30 578 473
C EGW 177 556 426 Ductile / B.M No fracture
One-pole .
D SAW 62 562 442 Ductile / B.M No fracture
E i 54 571 464
Mué‘ivsole Ductile / B.M No fracture
F 58 566 452
* BM stands for base metal
18 Journal of Welding and Joining, Vol. 32, No. 1, 2014
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