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Effects of Hybrid Welding Parameters on the Toughness of Weld Metal
in Ship Structural Steel
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Abstract

Since the 1990's, European shipbuilding industries introduced hybrid welding process in order to decrease
thermal distortion of welded joints in passenger shipbuilding. In this study, we investigated effects of hybrid
welding parameters on the toughness of weld metal using DH36 steel in order to obtain more sound welds
in passenger shipbuilding. Type of leading process, joint gap distance and chemical composition of consumables
were considerably correlated with the toughness of weld metal. Especially, the toughness was considerably
increased with high-Ti containing consumables. In addition, hybrid welding speed increased by using plasma
cut edges, the oxides layer of which increased absorption efficiency of laser beam.
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Table 1 Chemical composition of DH36 steel used.
(wt%)

C Mn Si P S Others

0.16 1.05 | 042

Fig. 1 COg laser-MIG hybrid welding system
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Fig. 2 Result of Charpy impact tests for hybrid
weld metals at -20C
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SE: Absorbed energy from standard Charpy specimen
NE: Absorbed energy from side-notched Charpy specimen
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Fig. 3 Correlation of absorbed energies between
standard Charpy specimens and side-
notched Charpy specimens
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Fig. 5 Distribution of Ni element on hybrid weld
metal using EPMA

REEBRET F247% 6%, 20064 128

A o Fio] AR o FHekgkR| AR
3l sub-size FAAYHE /R FHEYE v
B3t

Fig. 694 BEXo] slo|Bele 28545 sy Z
ARl o] Aol vla| o 3t AR S HUG
meA, 2 dFoMe FAUel ¥ LHIER A
Ho] S vXle LFHEFE e FH54

PR S nESAT

ool Aol ZH4, sholo} $FEE, HA §4 =
2A2 2%, $AAR 27 5 Az 97}
3}, o5 $RUFEFIN SWAR FF
Ao A% ZeAs FR $8IE 34949 9
$2 F= Aoz Uit Fig. 7). 3, ol2 Ag 3

304

20

10

Absorbed energy (-20C, )

Top Botton
Fig. 6 Absorbed energies depending on test positions
of weld metal for side-notched Charpy
specimens (sub-size)

Omm gap

imm gap

Arc leading

Laser leading

Wire with 0% Ti

Wire with 0.11% Ti

0 5 1‘0 1‘5 2‘0 2‘5 éO 35 40
Absorbed energy (J, ~207T)
Fig. 7 Effects of hybrid welding conditions on
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side-notched Charpy specimens
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Fig. 9 Microstructure of weld metals containing
(a) €0.003wt.% Ti and (b) 0.12wt.% Ti
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Fig. 11 SH-CCT diagram of DH36-TM steel @:
cooling curve of weld metal (bottom) in
arc leading hybrid welding process @:
cooling curve of weld metal (bottom) in
laser leading hybrid welding process
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Fig. 12 Cross sections of hybrid welds using (a)
milling surface and (b) plasma cutting
surface
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Table 2 New hybrid welding conditions

Parameters ARk
Steel DH36 (14mmt)
Laser power 12kW
Wire feed rate 8m/min
Welding speed 1.8m/min
Joint gap Omm
Leading process Arc
Filler wire Wire containing 0.11% Ti
Cutting method Plasma cutting

§\ i 25.2)
zE@ak 3.9]

o\

Frequency

\ \ .

T T T T T
10 15 20 25 30 35

Absorbed energy (J, —20TC)

Fig. 13 Absorbed energy for side-notched specimens
using new hybrid welding conditions
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