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Table 1 Chemical compositions of X80 piepeline steel and electrodes
R C Si Mn P Al Cr Ni Mo Fe
X804 0.030 0.207 1.650 0.008 0.002 0.265 0.022 0.250 0.190 N
S 0.072 0.245 1.185 0.012 0.002 0.025 0.024 0.023 0.005 i
K2 BETESH
Table 2 Welding parameters
S SRS JZRRET,/°C JEHLIRIA HIRHLREU/V B v/cmmin )
D, fiti - 20 175 27 18
W, KF 20 175 27 18
W, KF 20 190 27 18
W KT 20 205 27 18
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FH 1,96 N £ A, in#aF (0] 15s. SR FH 74 A% 34
ASMB6-60 i 7 Ji A8 AL KL T /INFL IR ST AR T
(%A I T A TR

2 AR

21 JUUEE=E

FIFH ABAQUS A3 FRITH M, X X80 45 LM #E
fili ERUKT 2 FhREE T 4 AR IR e Rk AT
FEATL, X80 5 LN BEE RES UM 7 24 M Rk
SIS IR [8] "M BRI TS . B SR & 45
R E M4 (weld metal, WM) 4T IE S S50, 3
T4 2 ST PR L. Dy R B AR R ST
4 J24k 4GRS, W IRARE G S eI R g ST 4 Rt

7 IEREE, W, Fl W, iR I = ZERR R 3 N7 4 J2 L
6 EIREE. E 10 W i FER) =44 FRIC MRS A5 AL,

B1 W, HERTERE
Finite element model of the specimen W,

Fig. 1

oK DC3D8 BAJE Xt = 445 100 ik 47 18 311
B, ZJ5 R C3DSR HLIGHE IR ST 25 R 3k
Bt BT R PR A A
2.2 HFRE

X PR bR RUK NIRRT
BITF 300V IEHE 1, 2810 A BE R BRI, AT 5



%3 FEERE, T X80 & LMK T R % £ R TR B A 247 17

R 75 T 5L Y A5 T AR 2 RS TR B, TR SRR A YRR A A 70 20 g ok, MR A BAA RS 2807
PO R R DL AR B R I A T B B AR T AE R TR R SR TR U R B ) A
ABAQUS %, it P2 ) W IF R SRR s i s gich !

6 V3Qf;sinBsiny 3x2 3y? 37
qf(x,y’z) = eXp|— 5 . - - 7 o ) - 5 o ) (1)
nagbccos @ \r a; -sinf b?-siny c?-sind
6 V307, sinBsin 32 3y? 372
qr(x,y,2) = Jisinf Y exp [— 5T T3 Y e e 2
narbecos 6\ al-sinf=2  b%-siny?  ¢?-sind

s £ A BN EIERT R R AN E SR RB o RDRHI R SR, IR IR
B, WL £+ =25 © AMGA, Q=nUL n, U, 1AM K, Wiz 404 F 95 0. 8.

Jg PSR | HL L PR AV 05 0 R a, 5350 W

WK HBEG bR 12T e B By, 3 SR 54k

053K x, y, z =7 AR A e

23 HREH 31 BHaEg
o HGh RO, R R 4y SRR T2 SO0k 1 S
wIbs i b AR Dy FUK TR W,
Geony = H(T ~To) () Wi S IERSE Y B ST AT, R
Grag = £ (T* = To*) @ T RGN 2 BR. wTLE B

s Goone FXTTEHG B X BAREL TR B HEEARE Dy AR 4E T 21 B Se T R R
FHREE; T, MR ; gg MIRETI ¢ W#ER & (proeutectoid ferrite, PF). I # 4%k K 14 (ferrite
U280 0 F Stefan-Boltzmann % %1, 0=5.67 x 10°  side plate, FSP) fll #& £ [ &1k %k & {& (acicular
W-m K. ferrite, AF) 21 A%, HOHL & #4452 0 X (coarse grained

2 HRMR AT, SRS h Jy 5~ heat affected zone, CGHAZ) 14 FE 21
25 W/m™ K" K H R X SR, bl 200 ~ KRR DL FGAAK (granular bainite, GB) 1/ (16 44k I
1000 W/m™ K, 3Crf i T a4 453+ 80 20 [RAA (lath bainite, LB) 2. 4 Tikke W, S48 @
W/m* K, % T K T8, AR 250 Wim® K. ZHZUH PF, GB, LB 1 AF 40, AH LR EE Dy,

(&) W, Hii4E (F) W Hilh X

B2 AEEEEZGTEINERAEAR
Fig. 2 Microstructures of joints under different welding conditions. (a) Dy WM; (b) D; CGHAZ; (c) W, WM; (d) W,
CGHAZ; (e) W3 WM; (f) W3 CGHAZ
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Fig. 3 Hardness distribution
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Residual stress analysis in multi-pass underwater wet wel-

ded X80 pipeline steel YAN Chunyanl, GU Zhengjial,

NIE Rongqi, ZHANG Kezhao', WU Chen', WANG
Baosenz(l. Hohai University, Changzhou, 213022, China; 2.
Baosteel Central Research Institute, Shanghai, 200431, China).

pp 15-21

Abstract: Underwater wet welding of X80 pipeline steel was
performed using different welding currents. Onshore dry weld-
ing with welding current of 175 A was also implemented for
comparison of underwater wet welded specimens. Influence of
welding current on distribution of microstructure, hardness,
temperature and residual stress was obtained. The results show
that microstructure in underwater welded joints is different
from that in onshore welded joints with the same welding cur-
rent, with weld metal exhibiting a structure of proeutectoid fer-
rite, granular bainite, lath bainite and acicular ferrite, and
coarse grained heat affected zone exhibiting a structure of pre-
dominant lath bainite and small amount of granular bainite.
Underwater wet welded joint exhibits higher hardness, cooling
speed and residual stress level compared to terrestrial welded
joint with the same welding current. The residual stress levels
in underwater wet welded joints are high. In the current range
from 175 to 205 A, the amount of ferrite side plate and acicu-
lar ferrite in weld metal increases with increasing welding cur-
rent. However, the maximum hardness, peak equivalent resid-

ual stress and peak longitudinal stress decrease moderately.

Highlights: Underwater wet welding of X80 pipeline steel
was conducted. The effects of welding current on microstruc-
ture and residual stress distribution in underwater wet welded

joints were obtained.

Key words:  underwater wet welding; multi-pass welding;

temperature field; residual stress

Atomic diffusion behavior in the interface formation of
copper-aluminum electromagnetic pulse welding LI
Chengxiang, XU Chennan, ZHOU Yan, CHEN Dan, MI
Yan(State Key Laboratory of Power Transmission Equipment
& System Security and New Technology, Chongqing Uni-
versity, Chongqing, 400044, China). pp 22-31

Abstract:  Electromagnetic Pulse Welding (EMPW) techno-
logy is widely concerned because of the reliable connection of

dissimilar metals driven by high-voltage discharge. However,

the interface bonding mechanism is still unclear. A compre-

hensive experimental platform for copper-aluminum EMPW is
set up, the welding dynamic process is captured, and the colli-
sion velocity and angle are obtained. Based on these paramet-
ers, a molecular dynamics simulation model is constructed for
the formation of typical interfaces (flat interface and vortex in-
terface) in EMPW. The atomic diffusion behavior in the weld-
ing process is studied, and the thickness of the diffusion layer
at the typical interface is calculated. The microstructure of the
bonding interface is analyzed by the transmission electron mi-
croscopy. The research results show that the severe collision
drives the plastic deformation of the interface material, which
forms metallurgical bonding and mechanical engagement. This
is the bonding mechanism of the copper aluminum EMPW in-
terface. And the atomic diffusion thickness at the vortex inter-
face is greater than that at the flat interface. This paper can
provide a scientific basis for further understanding the mechan-

ism of EMPW and regulating the welding effect.

Highlights: (1) A hybrid calculation method of diffusion lay-
er thickness based on molecular dynamics simulation results is
proposed.

(2) The atomic diffusion behavior and the cause of the differ-
ence in the formation of typical welding interface are investig-
ated.

(3) Through simulation and experiment, it is revealed that the
bonding mechanism of the welding interface under this condi-

tion is the combined effect of metallurgical bonding and mech-

anical engagement.

Key words:  electromagnetic pulse welding; interface form-

ation; atomic diffusion behavior; molecular dynamics

The effect of welding method on the fracture toughness of

X90 pipeline girth weld joints REN Wei, SHUAI

Jian(China University of Petroleum-Beijing, Beijing, 102249,

China). pp 32-42
Abstract: With the continuous increase in energy demand in
China, the research and development of new generation high-
grade pipeline materials has become a hot topic. And X90
pipelines have gradually become the focus of research.
However, they have not yet been officially put into use. In the
actual construction of oil and gas pipelines, the girth welded
joint of the pipeline is a weak link. The welding quality is cru-
cial to ensure the safety of long-distance oil and gas pipelines,
and the welding method plays a decisive role in the welding
quality of the pipeline. Therefore, it is necessary to study the
effect of welding method on the fracture toughness of X90
pipeline girth welded joints and clarify the fracture perform-
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