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Effects of Hybrid Welding Conditions on Impact Toughness of Weld Metal

in Ship Structural Steel
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ABSTRACT In passenger ship building where thin plates are mainly used, conventional arc
welding processes result in significant post-weld reworking due to thermal distortion of welded
joints. In order to solve this problem, European shipbuilding industries introduced hybrid welding
process since the 1990’s. For passenger ship, first of all, stability is very important. So, in this
study, we investigated effects of hybrid welding conditions on impact toughness of weld metal in

passenger ship building using DH36 steel.
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Table 1 Chemical composition of DH36 steel
used.(wt%)

C Mn Si P S QOthers
0.16 1.05 0.42 <0.002 -

Fig. 1 CO; laser-MIG hybrid welding system
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SE=1.85NE+0.58 (at -207T) 3D
SE: Absorbed energy from standard Charpy specimen
NE: Absorbed energy from side-notched Charpy specimen
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Fig. 2 Correlation of absorbed energies from
standard Charpy specimen and side-notched
Charpy specimen.
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Fig. 3 Absorbed energies depending on test
positions of weld metal

solmes $HTEY Fure AT
R Rt LR
28L& 12kW, §HEEE Im/min2 2 A A]F]

3, o] &4 gap, #olA-ot= separation, &F XH
5 $94%, A3 &F process, EHAE F
& W3 12&4 B7t A%, S48 FF °1
=5 gap ¥ A3 process F/H7F §HF —‘?— %
AU JFE F= RoE Ygyt &, o=z
A

A% solE= 83 processE ©] 83 ol
H gapE HUE FA FANAEAM, Tig IHF
ot AT FHARE AHEAS W, MR 7

T FHEET FHSAHS €€ F UeE Q‘l
Atk olFAME 53], EHAE Ti A& o

-131-



20064 S FH| SIEUHECS| WHE=D 20061 108, SA

2 §HEFEE FAEARLS €L 9% st
Fig. 4914 H%o], 0055wt%E Hde &3
AMEFEH FZAAH F738Id ¥ 0.1wt.%7HA
olggt AYE Bt LHFE ADH mA
zZZS B2 d3}(Fig. 5), Tig a3tz UA
%S &HTEY A% "AZFo] upper bainite
9} martensite2 FA4d WE, B8 49 Tig
g3t e ASd= YA ferrite, polygonal
ferrite, accicular ferrite 522 FAE "M Z3
€ Holz Yot &, Ti H7'E A3 accicular
ferrite Aol FR=H1, o2 A3 SHIFEH
A4l g3E Aoz Algdnh

2 dFdA e dolBIds SHITEE FEAUA
£ FAA7171 98 ok= M3 process, Omm
gap ¥ high Tidl €HAEE AFE-3Ah. ol
g SHZAE AMSElY 98 8FHEEE $EY
A€ A)E AFSdtd @48E o, -20TlA
oF 50J9 & g JEhlo], AFeA 87
3He 0T 34J2 F¥3te Roz FASAT

Absorbed energy (-20°C. J)
]
i

e U T

T T T T T
0.003 0.017 0.024 0.055 0.081 on 0.12

Ti (wt. ¢5)

Fig. 4 Effects of Ti
toughness of weld metals.

addition on impact
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Fig. 5 Microstructure of

weld metals
containing (a) low Ti content (<0.003wt.%)
and (b) high Ti content (0.12wt.%)
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