Lok
BB

non

M12 #HZE

EERE LI-BEER - REICHEN

MR FEEEE SR, 0N

Analysis of Welding Residual Stress and Deformation Considering Effect of Phase Transformation

by Masaki Hamada

Abstract

Recently, it is desirable to increase the use of high tensile steel having more than 800 MPa in tensile strength to reduce the
weight of structure. Large-scale steel structures such as ships are commonly constructed using welding. In the welding of those
structures, it is well-known that welding deformation have influence on the manufacturing accuracy and residual stress have a
significant influence on the life of structures. Furthermore, by using high strength steel, phase transformation such as the martensitic
transformation occurs at relatively low temperature during cooling. Martensitic phase transformation has a significant effect on the
residual stress and deformation that may cause a cold cracking in the heat affected zone and welding metal.

In this study, phase transformation model is introduced to the simulation of welding residual stress and deformation. The
influence of phase transformation is investigated by applying the simulation method to the analysis of multi-pass butt welding in
various conditions such as welding speed, heat input, martensitic temperature. Furthermore, the influence of phase transformation on
welding deformation and residual stress and its mechanism are investigated.

1. # E

WA, HEIEY O RBUIZ WS O 2L 23R O
b, FNEFEEL T 5 BB ER © I fREE Y E
AIhTna. il i3 ARV T, BfED=
TP L A mEEEEYRE O R EE RIS, 2T )
D RN AR ITHEEA TV, RO REURIC X 5t
T2 5726, 80~100mm F2ED L Y —BDEF
{ERHEITT D Z L2720, ERFEATIZR T 28
ME T2, GO EEEE2ER Y BNND D,
T, EREICBOTHREOR - fEoiRE{kt
HEYE L, BIEMRE2 800MPa #8225 X 5 Ak 14l
OFEROYRDLEN TS, E£72, 2T TS D
BN ONT D, EmERMINORELERICEHES
SO HRK S TND.

IR ORI IR & RS E L, EEEE T &
STHIESNDIOR—ZRNTH Y, HEHEEHORIET
W, BRI TR AL U DR BEA N RUER B 1T B % 5
25 LT, WEEFREEIG TGS D F IO K & e
EEZDZENRMOENTWS. &I, EiESMEZGFEM
THZLIICEY, BEIFORRHIERWEEICRBV T
T U A NENE R EOFEHE LI D BG N T,

-
—>

-
—

O DRSO IS SO ERIC R & e B % RIT L

FRICR B RO BB B I B W I BB S MR I 72
LZZEbHiEEh TV,

F7-, T TIRERE IR O R BB T B Ol
ORI G, EESAE OMBAL - BB FERA I HE
LiED SN TV DN, REEIES OIS E O
BB D & ZARKEL, BHEERO R 5 THREIN
1% BRI TR 5 72D O ELRERY 72 52 0 A BEME AN TR
CHBBIND LT TND.

’

M12-1

L2L, TRETDEL OWFFRIEEE L CEEIE o1t
BT — UV X DR - RIS IINZOW TR #)
STEY, FEOWEHERMEM B O 2R bIT3HS L T8
PR A RIS Clolmis i3 < <, $£72, HARE
TG « RIS TN RIETRBIC OV TR R IR
BT B L RN DI N L FEHETHS.

— 5T, WEO LY 2 — X OIFEFHES I O H
DZE L WFRITHEWFEHMEEY D 71771 1Z FEM(Finite
Element Method, ARERE)ZIILOH LT HHHET I =
L—yvarREI<HbnD X ickhotz. BT =
L—yarEAnaDZ LT, TEMEOWIAINEES
FHENHRT D Z EBAREL 72, RO I 5T %G
BB W THIRAS BASINTETWS., ITETIE,
ek DOBHRIRMRE FEM & EbTC, FHERER - AT U i
B0 R TR B EBRYE FEM ORZE B Thi, 0
BHMEIRENRTWA.

T, AR TIE, RIENMOMEREESERER
V3ial—varREORBEEEMNE LT, MEREET
VO ATV, BB LIBAEEFEM ~E A3 5. S b I
RESE U 7= IR REE TV % 23 U - B L AR 1k FEM % ¥
BT - FREEISTIREDfENT ISR L ClA L, A
OHHEREIRE S L OVER L BIEHEICE D2 O TIC
B BEAEMNT 2B LT, MHERNIEELT - EEIET
FIETHEBIZOWTHRNT 2 L EHIL, TOREAD=
A BNZONWTERELTH .

2. RERETILDIRE
2.1 HEROBEETI
A X 2 RBEE e ABMZ L - TIREE - MR EA(L
L, ZROICEVET) « OFRITEMEZ %2R L, %



& Ferrite L
8 v (1) Austenitic
» [Austenite transformation
g v 2-a) Fusin
ks 8
Liquid
2 ¥ (2-b) Solidification
a
S | Austenite |(3) Martensitic
0 ¢\t;ansformation
g Austenite Martensite I

Fig. 1 Conceptual diagram of phase transformation.
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Fig. 2 Relationship of Martensite fractions and cooling time t8/5.
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Fig. 3 FE mesh and size of analysis model.

Table 1 Chemical of AQV2A steel, wt%.
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(C (C (C) " ¢
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Fig. 4 Distribution of deformation in z-direction.
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Fig. 5 Comparison of out-of plane displacement.
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Fig. 6 Distribution of residual stress.



(a) Mesh division.
Fig. 7 Analysis model.

(b) Welding sequence.

Table 2 Chemical of S45Csteel, wt%.
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Fig. 9 Phase fraction.
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