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Research on deformation mitigation mechanism of marine
medium plate butt-welded joint based on heating induction
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Architecture and Civil Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: The welding displacement of marine medium plate caused by welding seriously affects the
structural integrity. Butt-welded joint of AH36 steel with the thickness of 14 mm was fabricated using CO,
welding process and the out-of-plane displacement was straightened using self-developed electromagnetic
induction back-heating equipment. A series of experiments were conducted to measure the microstructure,
mechanical performance, transverse residual stress and out-of-plane displacement. A welding-back-heating
numerical simulation method was proposed, and applied to predict the heating conduction, stress, strain and
out-of-plane displacement during the processes of butt welding and back heating. Based on the deformation
theory, the transverse bending moment after butt welding and back heating was computed. Results show that

the microstructure is mainly cementite and back heating almost has no influence on either the microstructure
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or mechanical performance. The peak value of transverse residual stress is mainly at the weld seam and
transverse bending moment.
Key words: medium plate; welding displacement; induction heating; numerical simulation

becomes larger due to back heating. The back heating generates a larger transverse compressive plastic strain
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near the surface of AH36 plate, thereby obviously straightening the out-of-plane deformation through the
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F1 AH36 WULZERS (EE %)
Tab.1 Chemical components of AH36 steel (wt.%)

C Si Mn P S Cr Ni Cu Al \% Ti
0.18~0.21 0.1~0.5 0.9~1.6 <0.035 <0.035 <0.20 <0.40 <0.35 <0.015 <0.10 <0.02

(d)

1 AH36 (=5 X et B S 75 e
Fig.1 Butt welding and back heating process of AH36 steel

2.2 AR R A F M REMHK

T LI RIPLR SR I AH36 SR BRI K422k 15 b Ja i e AR, , ARV S AP AC . o't 4 P A
BT, SR 4% B FR IR 65 1ok A B AR 0 S L5 AH36 SR BEAT M 423k 5 be I i oW 2L 28, an & 2
Fims e MEIHRT LUE W, BEAF B 83k 15 085 IO 213 LB iRl 32, TR #Je, afvkr R m i
K, REAEMWA LA

Kl 2 AH36 =5 H9E Be T Y O 21
Fig.2 Microstructure of AH36 butt-welded joint after back heating
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Fig.3 Dimensions of tension sample and experimental results
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Fig.4 Dimensions of impact sample and experimental results
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Fig.5 Dimensions of bending sample and experimental results
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Fig.6 Transverse residual stress measurement of butt-welded joint by X-ray diffraction
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Fig.7 Out-of-plane displacement measurement of AH36 steel after butt-welding and back heating
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Fig.8 Finite element model and temperature-dependent material properties parameters of AH36
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Fig.9 Transient temperature of butt welding and back heating of AH36 steel

33 HEEFR RIS
K10 S AH36 BT 2 1 S 2 3k 15 be Je I 1) 5% 43 b ) = L S A xF ke . AL 10(a) ~(b) R



5 8 1] SRDRIEAS - 5T L SR TR A FH SRR ARG 4+ 1295

AT Hh, BT SR AR ) LT RE AT KRS DR, HLN T (34K 98 BE Uy e 3 W KA1 TRy ) 2 e rh T
PRAEE ISR BeAh, AH36 FXT %Sk T b8 e, M 1) Sk AR 0 ) 3 A1 S AR e AR A, Rl 2 Jm 5
BeJaHLN T EGE RO R . B 10(e) 92 L1CUIE 1Ca) Bz ) L (b 1] 3 2% 17 g 00 (i e 900 L %o 1E
Pl AT AT LA 8 1w AR (S PO ) 5 5 . AH36 BN H kR b 433k 15 B I B 1
BRARNYL T3 53 Ai RESAARA,, 8 130 e A I T3 R AL T AREERREIT, ISk SERETT o B R . Fbe i x.
AR I AR LT Y 65 MPa 362 95 MPa, b AR 1) 55 A% LT L -55 K-4 I B8R 1T A {E T L
&

2.5E+8 2.5E+8

2.0E+8 2.0E+8

1.5E+8 1.5E+8

1.0E+8 1.0E+8

5.0E+7 5.0E+7

0.0E+0 0.0E+0

~5.0E+7 “5.0B+7
-1.0E+8 Z4 ~1.0E+8 Z
~15E+8 )‘(/I\ ~15E+8
—2.0E+8 y |2 0E-+8 )f,l\{

obes OB i 2B it buwh RS
—3.5E+8 MPa 135 298 —3.5E+8 MPa 142 280
(a) XHEHE (b) Fpe
1051 o HHENRE
L 90F — SR
g 751 O HHEMEE A
= — Whe R
= 60 R
ﬁg 45+
% 30+
15+
0—2'40 —1'80 —1'20 —éo 6 6.0 12'0 1é0 24'10
X423 A 52 18 fmm
(¢)

B 10 AH36 ST R0 e 15 B Jm A ) SR AN 1 A

Fig.10 Distribution of transverse residual stress of butt welding and back heating of AH36 steel
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Fig.11 Distribution of out-of-plane displacement of butt welding and back heating of AH36 steel
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Fig.12 Contour of transverse plastic strain of butt welding and back heating of AH36 steel
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Fig.13 Comparison of transverse plastic strain of butt welding and back heating of AH36 steel
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(3)THE T AT AH36 HIRFFEHE ST 0T R 100 DX AR BOR ARASE [7) PR i SR 042, 38 2o A ) 257
FIHERF IEX SR B IS METE
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