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Abstract: The transformation and upgrading of marine engineering equipment have set higher requirements for the perfor-
mance of steel materials. Low-alloy high-strength steel, with its superior strength, toughness, and corrosion resistance, has
been widely used in the field of marine engineering equipment manufacturing. This paper systematically reviews the core
reasons for the formation of cold cracks and the decline of joint mechanical properties during the welding process of low-
alloy high-strength steel for marine engineering equipment, and deeply analyzes the mechanism of solutions such as alloy el-
ement optimization and welding process parameter control. In addition, the application status of traditional welding technolo-
gies such as electrode arc welding and submerged arc automatic welding, as well as new technologies such as laser-arc hy-
brid welding and narrow gap welding in marine engineering low-alloy high-strength steel, are compared in terms of heat-
affected zone control, welding efficiency, and joint performance. Through collaborative optimization, including the precise
matching of alloy elements such as Cr, Ni, and Mo to strengthen the structure and corrosion resistance, the fine control of

welding heat input to suppress grain coarsening, and the promotion and application of new welding technologies, the
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strength, toughness, and corrosion resistance of welding joints can be significantly improved. Finally, the development trend
of intelligent welding, additive manufacturing, and other technologies in the field of low-alloy high-strength steel welding
for marine engineering equipment is prospected, providing theoretical support and technical reference for the safe service of
welding structures under extreme marine environment.
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F1 BYUBTREARSESENNUFERS (RESH, %)

Table 1 Chemical composition of a typical low-alloy high-strength steel (wt. %)

i) C Si Mn P S HAbG SeE o
IMnCrMoNi 0.031 021 123 0.003 0.003 0.50Cr, 1.68Ni, 0.30Mo
BS700MCK2 0.071 022 1.85 0.0001 0.0022 0.17Mo,0.14Ti,0.056Nb
34Cr2Ni2Mo 0.30~037 0.30~0.60 0.60~1.00 — — 1.40-1.70Cr, 0.15-0.35Mo, 1.40-1.70Ni
35CtMoV 0.30~0.38 0.17~0.37 0.40~0.70 — — 1.00-1.30Cr, 0.20-0.30Mo
BWELDY960Q 0.18 0.50 1.60 0.02 0.01 1.00Ni,0.08Cr, 0.60Mo,, 0.05Nb, 0.03Ti
E690 0.15 0.20 1.00 0.005 8 0.001 4 0.99Cr, 1.45Ni,0.0091Cu,0.37Mo,0.030V
30Si2MnCrMoV 031 1.56 0.76 0.006 0.002 0.25Ni, 1.14Cr, 0.11V,0.47Mo., 0.05Cu
Q355D 0.12 0.26 138 0.018 0.011 0.066Cr,0.036Ni, 0.08Cu
13MnNiMoR <0.15 0.15~0.50 12-1.6 <0.020 <0.010 <0.30Cu, 0.6~1.0Ni,0.2~0.4Cr, 0.2~0.4Mo
20Si2Mn2CrNi 0.20 1.80 0.50 <0.01 <0.01 1.0Cr, 1.0Ni, 0.3Mo
HG785D 0.13 021 1.41 — — 0.35Cr,0.02Ni,0.18Mo
1.2 &ML ER R2 WHNHERD (RESE, %)
ﬁﬁzﬂé fﬂiﬁﬁ‘ﬁ/\dgﬁﬁﬂi ﬂ%ﬁk%?%ﬁ(% Table 2 The chemical composition of steel (wt. %)
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Fig. 15 Microstructure of heat-affected zone at 60° and 90° slope
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Fig. 16 Austenite structure of 60° groove and 90° groove welds
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Table 4 Tensile strength of joints(Unit: MPa)

BerfEE/(°) IHE 1 2 3 SFEE
60 720 678 672 690
90 887 834 829 850

REAR A DU AR BB R AR R IEAAR , S 8GR ) X R i
FEA s 24 LG1100QT # £45>75 s . LG1400QT %4 £,5>30 s
B, 25 B i X Rl . AR 2 S5 I R BPRARZ P
ZEAFTE R, LG1100QT 5 LG1400QT Y it i 75
(539714 0.14% . 0.23% ) S V3 2L SRR R K (4397 hy
0.27%.0.25%) , Hid LG1100QT 4N¥4 2L i)k %k
1o T T v 2 ) 1) B0 R B A 0.25% , RN
RS R T 0.45%. R, 784242 LG1100QT Al
LG1400QT #NHT , F kA% my e Re )k , gy B ] 43531
FEHILE TS sF130 s P, AR H BE
5 REMHULERS (REHE, %)

Table 5 Test the chemical composition of the steel (wt. %)

TAFEAN C Si Mn p S Ccr Ni Mo
LGI100QT 024 024 124 0011  0.004 033 0.016 047
LG14000QT 023 024 093 0.0047 <0.002 038 121 053

ARSI Q690 1 K422 1 A rp b HH BAR:
gL RHERAG SRR, MR IR. N
b, SR A B 00 1 I PR AR T A R 7Nk
MK RE A A A5 N WF TRFEEDN
R AU . R 7 RN T Q690 44 44
SIS ZE T AT Q690 X HA — i IV SRR R
FH/INER BE 7 (1.48 kJ/mm ) #5725 BTV, | AS T Bt 422
IF Il BT 2L 1A 650 MPa, TR 75 °CHt il FL Wt
407 1 AT I8 930 MPa, I KRR ZLe8URR: | kT
PRGN A AR R ZERE i (3.08 kI/mm) &5 T,
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Table 6 Chemical Composition of steel (wt. %)

C Si Mn P S Cr
0.074 0.12 1.54 0.008 0.001 0.44
Ni Nb Cu Mo Ti \Y%
0.60 0.045 0.31 0.38 0.012 0.007

®7 fAHKBER

Table 7 Bolt test results

o R AR BRI
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Bl 1.48 75 890 Jing% 24 h KL
B B2 1.48 75 930 AR 24 hoA WL
B3 1.48 75 960 iz a8
C1 3.08 i 830 gk 24 h AR 4L
c 2 3.08 Eil 870 gk 24 h AR
c3 3.08 £ 890 iz 65 min 5L
DI 3.08 75 830 iz 24 h AR
D D2 3.08 75 850 TNk 24 h A WL
D3 3.08 75 870 iz 32 min %L
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Fig. 17 Comparison of the radar charts of the three thermal input

parameters
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Fig. 18 Weld structure with different heat inputs
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Fig. 19 Al content of the weld metal
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Table 8 Mechanical properties of the base metal

B R /MPa R /MPa A%  ZI%  KV(-50°C)/J
157 835 792 20.5 75 230
IR 885 897 18.5 70 139
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[ g 808 ;o 1y e
B8 B8 4 /MPa
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Fig. 22 Comparison of the radar charts of the three thermal

input parameters
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Table 9 Mechanical properties of welded joints

TR Y BURGREER MPa WIRME 120080 1800l
SMAW 935 BEbF EL33 EL3a
GMAW 935 BE#F SEhT SEAf

R10 SRR HRER(RALJ)

Table 10 Impact energy of welded joints(Unit:J)

CED YIRS SMAW GMAW
JirgE 52.7 81
ek 96.7 127

IO+ 111 205
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Fig. 23 Microstructure of the weld seam of the
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Fig. 24 Comparison of microstructure in the heat-affected zone

AT 2R R R AR, RER T AR
AL RO 2 T2 bEfe . 455 3R M M
AFZAFT  JREE 2 S R R HOR Ak R R
DB EIRER R AR AL, A R B SRR R AR, X —
HLVRRIEA R TR aE 1) 1 +bERE . /125 iR,
FHL i B ] DX A2 A A A I S ) B Ry B8, T AR
HE DI b e M A 2 5 AR Sk I i v B
TEHL A X SE T I A 2R AL (222 HV ) , SR AE 243 T-40
i X (181 HV) , A B AL IX

X1y S50 R FH PR 4 A K e B A 00 Y 25 4
FHAI EH36, I3 ik #ds e C1 47 A58 (SENT) i 5%
F2E 4 B P ERIRER Z AR (AF) 55 0T gk 14 (PF)
I AR 2431 . 25 B MR O T R R
IR EPIRER R (R LA S i b 24 vk . R R A
T EIRER 2R R P A T 0 B S A




28 F 5K

2025 4F:

240
A-a-JELeE
230k a-b-F i P2 ] X
b-c- Al b A X
220F c-e-ili AR X
S0k e-B-HE£1
o
>
T 200
B
= ook
180 F
170 F
160 |
150 Iy o b o e B

AR AE O PR /mm
E25 ZHKEEHmML

Fig. 25 Stiffness distribution curve of the joint
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Table 11 Bending test value of welded joints
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Fig. 26 Impact test results of welded joints
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Fig. 27 Room temperature and —40 °C impact performance
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