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Finite element analysis of influence of pretension on residual stress in
plasma surfacing welding of marine valve
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(1. School of Energy and Power Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China;
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Abstract: Based on the ABAQUS finite element analysis software, the plasma surfacing welding process of large marine valves with and
without pretension force was simulated. Through the secondary development of the heat source model, multiple birth-death element analy-
sis steps were established to realize the gradual filling of solder, and the variation of different material performance parameters with temper-
ature was considered. The results show that the pre-tensile welding method can effectively reduce the residual stress after welding. When
the pre-tensile stress o, =20% o, the effect is the most obvious, and the residual stress in weld area decreases by 43%. At the same
time, the residual stress distribution of the whole solder joint is more reasonable and the stress gradient is greatly improved. However, at
the axial welding, the stress does not reduce but increases obviously. Finally, the defects were analyzed and the process parameters were
optimized, the simulation results are in good agreement with the test results.
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Fig. 1 Mesh division of finite element model
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Fig. 2 Thermal property parameters of base material
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Fig. 3 Thermal property parameters of solder
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Fig. 5 Distribution of welding temperature field

(a) Welding at 1 s
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(d) Welding at 17 s
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Fig. 6 Distribution of welding stress field

(a) Conventional welding

(d) Pre-tensile welding in hoop direction

SE M :

(1]

M, W, ZEME. WAL 4R A AR HER AR R ) F AR
kg (1), #INTTE, 2005, 34 (12): 15-17.

LI Jingyong, ZHANG Mingming, LI Ying. Effect of pretension on
welding residual stress and deformation of aluminum alloy [J].
Hot Working Technology, 2005, 34 (12): 15-17.

KE, BH, KoA, ¥ RRESSWRBHERERR
B R MR IEER [T]. BT R¥®, 2017, 24
(2): 217 -222.

ZHU Zhi, WANG Min, ZHANG Huijie, et al. Thermal coupling
simulation of residual stress and deformation in friction stir welding

of high strength aluminum alloy sheet [J]. Journal of Plasticity

(b) Pre-tensile welding

(¢) Conventional welding in hoop direction

(e) Conventional welding in axial direction

(3]

(5]

(f) Pre-tensile welding in axial direction

Engineering, 2017, 24 (2). 217 -222.

YANCY, LIC, WULC, etal. Welding residual stress and dis-
tortion in ZS100 motorcycle rear fork welded joints [J]. IOP Con-
ference Series: Materials Science and Engineering, 2018, 452
(2):022022.

FHE, XEW, EE, F BHRMAMTHRESBERRNL
TIRBERL (1], s pokieER, 2008, 28 (5): 59 -63.
LI Jingyong, LIU Zhipeng, WANG Hu, et al. Numerical simulation of
welding residual stress of aluminum alloy under pretension condition
[J]. Journal of Aeronautical Materials, 2008, 28 (5): 59 -63.
g, ok, WEE MERELBRESD (M]. 1t
A ATk AR, 2009.

FU Jian, PENG Biyou, CAO Jianguo. Numerical simulation of mate-



210 R TRE2ER %21 %
350 —— WA L
— B 690 - N
300 | _ —o— Fidfhig#k
o
:
T | X 400
E 3
&%
& 200 & 300
p- £
E 150 * o
-3
100 100
- ; g 2 L . i 0 2 4 6 8 10
0 10 20 30 40 50 60 B Bl
B 94 3 0 15 B B /mm ; S
(a) (a)
800 —— W 350
700 —— BRI PR —— MR
e | —o il
y < 250 } o KR
% . E 200
= 400 N
& E 50
& 300 %
E 100 .
I E
& 200 I
100 50
A A A A 0 r
0 10 20 30 40 50 60 .50 ; z - . i i
B B A RS 0 AP B /mm 0 2 4 6 8 10 12
(b) PH B i 4R B B d/mm
(b)

Bl 7 ShREGELREERRE (a) FBhE (b) BRGS0

Fig. 7 Distribution of residual stress in hoop direction (a) and

axial direction (b) on outer surface near fusion line

rial forming process [M]. Beijing: Chemical Idustry Pess, 2009.
BAA, BRAL, #IL, . Q345/316L St Fi AT He 5k R 1L J1
5 REER [J]. REEFR, 2019, 40 (2): 138 -
144, 167.

HUANG Bensheng, CHEN Quan, YANG Jiang, et al. Numerical
simulation of welding residual stress and deformation of Q45/316L
dissimilar steel [J]. Ractions of the China Welding Institution,
2019, 40 (2). 138 - 144, 167.

NS ARRBRAN /AR £ el 9 09 AR e AR TR O BB (D]
HK: ERK¥, 2011

SUN Dai. Numerical simulation of welding deformation of low car-
bon steel/low alloy high strength steel sheet [ D ]. Chongqing:
Chongging University, 2011.

fafa. KRR RBRIE W — N —4H 288 5 (D],
FEG: MLX¥, 2013.

XIN Wen. Coupling thermo-mechanical and microstructure analysis
of super diameter shell in hot forming process [ D]. Qinhuangdao:
Yanshan University, 2013.

CHEN X, LU HS, CHEN G, et al. A comparison between fracture
toughness at different locations of longitudinal submerged arc welded
and spiral submerged arc welded joints of API X80 pipeline steels

[10]

(1]

[12]

P8 QAR ML PR ) (a) FIfhE (b)
FRAR I 153 A
Fig. 8 Distribution of residual stress in hoop direction (a) and

axial direction (b) along side of weld groove near fusion line

[J]. Engineering Fracture Mechanics, 2015, 148; 110 -121.

WU C B, KIM J W. Analysis of welding residual stress formation
behavior during circumferential TIG welding of a pipe [J]. Thin-
Walled Structures, 2018, 132. 421 -430.

LM, BRIE10, BKMRE, . S182A/HC340LA 5-Fh & J& {4
ko R R BESE M S KB KIE [J]. B8 TR¥IR,
2018, 25 (3): 155 -162.

LI Guangyao, CHEN Lili, GENG Huihui, et al.
simulation and experimental verification of magnetic pulse welding
for dissimilar metal parts 5182A1/HC340LA [J]. Joumal of Plas-
ticity Engineering, 2018, 25 (3): 155 -162.

RO, BT, AR, . AR/ SR R b -
HEEE AWML ONA R KRR [J]. BIEHRAR,
2019, 44 (10): 169 -175.

GAO Yuan, HUANG Shangyu, DENG Lingbo, et al. Influence

of temperature condition on microstructure of Cu tube/Al tube

Numerical

brazed joint produced by magnetic pulse and semi-solid composite
auxiliary technology [ J]. Forging & Stamping Technology, 2019,

44 (10). 169 -175.



