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Effect of Flux-cored Wire Gas Shielded Welding on Microstructure and
Transverse Crack of Weld Metal of S420 High Strength Steel for Deep
Water Jacket
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Abstract: The thick S420 high strength steel of deep-water jacket is prone to transverse crack defects in the actual welding
process of marine engineering. In this paper, the G-BOP test under low temperature and high humidity environment was
used to test the transverse crack sensitivity of seam and seamless flux-cored wire gas-shielded welding under high con-
straints. The effects of different diffusion hydrogen contents on the microstructure and transverse cracks of welds were stud-
ied. The experimental results show that the diffusion hydrogen content and transverse crack sensitivity of the weld metal of
the gas shielded welding with seam flux-cored wire are significantly higher than those of the gas shielded welding with
seamless flux-cored wire. In the low temperature and high humidity environment, the moisture absorption of the seam flux-
cored wire leads to a significant increase in the diffusion hydrogen content of the weld metal, and the crack rate of the trans-
verse crack is linearly related to the diffusion hydrogen content. When the content of diffusion hydrogen in the seam flux-
cored wire gas shielded welding is high, the transverse crack is easy to occur in the welding seam, which is mainly due to the
formation of a large number of coarse proeutectoid ferrite and side lath ferrite in the weld metal and the microstructure inho-
mogeneity between them and acicular ferrite. The hydrogen induced crack tends to initiate in the proeutectoid ferrite and

side lath ferrite and propagate along the lath direction. When the seamless flux-cored wire gas shielded welding has low dif-
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fusion hydrogen content, a small amount of proeutectoid ferrite, discontinuous austenite grain boundaries and disordered in-

terlaced acicular ferrite in the weld metal can be used to passivate hydrogen-induced cracks and interrupt the continuity of

coarse proeutectoid ferrite, which has strong crack propagation resistance and low transverse crack sensitivity.
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Table 1 Chemical composition of base metal and wires (wt. %)

R C Si Mn S P
EEpF 0.10 0.26 1.50 0.001 0.01
ESITI-NilM 0.067 0.32 1.38 0.008 0.008
ESITI-NilM-H4  0.074 0.37 1.40 0.004  0.008
L Cr Ni 4 Ti Fe
L7 0.11 0.18 0.06 0.01 Atk
E8ITI-NilM 0.02 0.90 0.02 0.055 Fi

E8I1TI-NilM-H4  0.05 0.94 0.04 0.054 Ak
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Table 2 Welding parameters of seam and seamless flux-cored wire

weld metal
gt JREEHLE KRR SRR JREEAEA
/A N /(mm+min™")  /(kJ*mm™)
E8ITI-NilM 230 28 260 1.16
E81T1-NilM-H4 230 28 260 1.09
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Fig. 1 Dimensions of welding test plate and G-BOP test tooling
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Fig.2 The crack rate and diffusion hydrogen content of seam and

seamless flux-cored wire weld metal
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Fig. 5 EBSD results of seam and seamless flux-cored wire weld metal



112 @;225\

UL S B B R AN Iy RSB AS I o 45 G ek
& BB LU AT il A 2y K e R e & m h
FEAE R PR AR i e e Tk R Ak . A T4
ARER A, Se LBk 3R AR B, 5 BEAIR , ZE 0 T 1
HR, Se bk RIRRSEE AE , S8 2k K
P IRER R AR 1R AEE 25 57 0 TR IR
AR R, Fe LT R R AR E IR AR AS PR
I FECHAAE N S E T LT Se R Tk R AR
SRR R (eI hr gk = AR A AL A KAMAE &7, 4n
Kl Sclin) . FEAE5 Rl ¥ PE (HELP) B3k 3 T,
AAT LA EE S B , 7 %85 v 1) DXl sy 0 Sk
g, SR Bk (HEDE) HLEI 0, &5 17T LA
WD 4R A N FLIE A N SR B . Rt ST R R
TR O W (VT | B QR o TS Rl = € 4358
A X 5 S BERBT e R R AR R 45 R
AHXT R (DLE 7b) o [l 5d . Se R Teas 2 p 22 14 4
JE& (%) TPF &1t 55 £ 5 0 PR, JHG e s R A1)
BRI, KA B fb B b s i EDRL R 1 Se A
BRBER G R/ AU SPEE L. /NG AR AR
A BE i S R T AR 2B P A RIS TR
ZEI KA A TS AR TR Z R KA R A
ZH RTINS E A4 . I ST A KAM
AT, AT B8 2 0 5 22 R 4 T R AR AR A8 o0 AT H A
Bi5y R ATE SN T VE R AR 43 A 4 5) H AR R
PMRRE I, R G Wi . A, 455K 4
Fh AR AE S JE DO AL BU 0 T 45 51, Je a2 0 AR 22 45
48 & R AR D B ST R R AR IO 0 218
SV FEAN JIVE T AR B RE 1 A R P 4, 2R
WA A R R

R T SR AT A RN TG 4 24 AR 22 SR B 4 T R Y
RS A A AT R WSS T AP R4 43 s 1K
SIS T COR S A a0y R i 42, anikl 6-7
Fis o AR 6a 7 , A 45 24 0 AR 22 AR 4% 42 e 1 W 1
FE AIA7 7 W S %) ik PHRL DT LR i o e 8L v R 284
1) IR UL e A S IR B i
W 2L RE AR, 1T A 00 1 DT SRR A 1 0 TR A T
U, , 3% BH 7 2R AT 2 o i AR T SRS ) D 2R ) TR
AW, MEAR BT BT RN IR EUIE AR
SR S Mk R AR AR 254k R AR A7 AE 2% )
ARG, oM Ry R n Rt T IRAE 4, X AR AR Y

(b) JCLE 2y )7 22
Blo HEMLENGTELEESEHEOMR

Fig. 6 Fracture morphology of seam and seamless flux-cored wire
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