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Effect of martensitic transformation on welding residual stress of P91 steel
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(1.School of Ecological Environment and Urban Construction, Fujian University of Technology, Fuzhou 350118, China;
2. Xiamen Special Equipment Inspection and Testing Institute, Xiamen 361004, China)

Abstract; Based on the simulation software SYSWELD, the material attribute database of P91 steel was estab-
lished, and the “thermal-metallurgical-mechanical” coupling calculation method considering martensitic trans-
formation was designed and developed. The thermal cycling curve method was used to simulate and analyze the
residual stress field of P91 steel plate buit joint. In addition, the welding speed of up and down 0.5mm/'s was
adjusted according to the original welding process scheme, and the residual stress was simulated. Results show
that martensitic transformation can counteract the tensile stress produced by weld thermal shrinkage. The ther-
mal load applied in the welding process of the rear weld has a significant effect on the stress change of the front
weld and the angular deformation of the flat plate. Considering the influence of the thermal load applied during
the welding process of the rear weld on the microstructure change of the front weld, the overall tensile stress of
the welded joint decreases greatly, the tensile stress in the heat affected zone increases to a certain extent, and
the angular deformation plays a role in easing. The greater the welding speed, the greater the Von Mises resid-
ual stress and transverse residual stress are, and the smaller the longitudinal residual compressive stress is.

Keywords: P91 steel; martensitic transformation ; numerical simulation; thermal cycling curve method ; weld-

ing residual stress; welding speed
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Tab.1 Welding process parameters

JRgE R/ R EEEE, T B
, RN/
J=ER v A (mm-s oC 7
1 10 100 2 200 0.75
2 10 120 2 200 0.75
3 12 150 2 200 0.75
4 12 180 2 200 0.75
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Fig.2 Thermal strain and yield strength parameters of P91 Steel varying with temperature
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Tab.2 Material performance parameters of P91 Steel

. R/ °C
PERESHL
20 200 400 600 750 800 1000 1200
I/ (kg m™?) 7900 7900 7900 7900 7900 7900 7900 7900
LR (] - kg™ - °CT) 451 512 621 806 954 873 722 705
ALY (kg™ -°CT) 165 196 227 258 289 321 352 384

BCARE R (W m™
BIUARE R RE (W - m™
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EL /= 032 032 032 032 032 032 032 0.32

-oCc™) 29.1 29.5 29.3 29.1 28.9 32.1 35.2 38.4
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Fig.3 Schematic diagram of double ellipsoid heat

source model
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Fig.4 Thermal cycle curve of the first weld bead
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Fig.5 Curve of temperature and different metal phases

varying with time during welding of point A in Fig.1
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Fig.6 Evolution process of transverse residual

stress during welding
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Tab.3 Welding speed scheme

mm - s
BHE TR ARE TRBEEE TR IR
2% R R B

1 L5 2 2.5

2 L5 2 2.5

3 L5 2 2.5

4 L5 2 2.5

B 10 A3 MR THE 14 L1 RS 12 i
B ERIRE A YN W A0 Von Mises B AW 1 %T E
HE 10(a) (b) (¢) AT UL, 3 4% £k v [a] 548 1 2
FETER B, AL X AT A, BLHITE L1 42
YR P 1 A8 A 2 X R 7 B IR AR I 1 RN

SRR 4 R K, R A B A Y Von
Mises 5% A% 1 R 0] 5% 43 1 7 8K, A Il 54 TR
BTN, FAN, W 10(c) ATRLE 78 L1 j42
A 1 A X 2 ) B A TN D 1 B i N
., ME10(d) (e) (£) AT UL, 3 SRl 2T I3 07 1n)
H ] DA AR AR P T B 75 30 198 i ) o A/ N
JCHGR AR IR A X3, UERHAE L2 #§42 I
SR A KL HP [B) X387 A2 9 Von Mises 5%
ARV RV ] B A% I 7 B A, A 1) 3% 4% s 7 ) 7
/N, HIEL 10 FTE HY e B 1) A8 fb 2 AR AR
BRARIV T AR IN AR FAR S R A B ) 19531
AL R BRI H B ) S M N (3

3 SiE

1) Je 75 7% i AR 7 5 I A R 38 ey o S AR
1B LU R0 T3 L1 B A 73 A A 4 ]
WIS, A5 Case2 H, 2R BAR ) 437 17 7 [X 4k
HBUAESS 3 AR B BRI Ay R 2 Wi DX I, T4
RGN LI S W G BRAE SR 1,23 Jal S R i
MRGEI X SR, 7 Casel & BIZF KT, B
PR R BE AR 1 P S AR N T



BRI DI XS PO1 ARKEHESR AN J7 152 33

51
800
< —O— HEA
g —A—J7%B
E 6001 ——HRC
R
‘12
& I
= 400
g
S 200t
f=]
§ DA Ny
N 4 s ”
-100 -80-20 0 20 80 100
PR R g% 07 B/ mm
OO(QU%%%%%%ﬁWﬂ
—O— I RA
@ —— KB
W —F— RC
2 200¢
R
E
4 100+
&
oy -
£ " ——

100 80" 20 0 20 80 100
BE S IR 4E RO B/ mm
(b) L1FEARAE [ 5R AR N )

8001 ,
—O—HRA
- —A—Ji%B
E —7—FRC
~ 400t
R
E
&
R iz > N Y
R
-400 L s L s s )
-100  -80 -20 0 20 80 100

BE 2 IR 4% L B/ mm
(c) L1EEAZ IR R A N 7

Von Mises/¥. 17/ MPa

400

300¢

200

100 f

0 25 50 75 100
PE B IR BT MRS 4G A AL B/ mm
(d) L2 A2 K FE Wik A B 7

[+
(=W
=
R
g
&
&
T
#
0 25 50 75 100
P B AR R R R AL B/ mm
(e) L2REAZ M 170 R A N 7
1001 —O—FiRA
——Ji%B
PV
& 04
=
R
E -100 N
f\j:(<
o -200f
-300 s s s s
0 25 50 75 100

PR SR BT MR 4 /AL B/ mm
(D) L2EEAZ N IR R A N 7

E10 FEFARERFLIML2 ENBRKEA5H
Fig.10 Residual stress distribution of each scheme on paths L1 and L2
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