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Abstract
stainless steel welding joint, the numerical analysis of the stainless steel welding process and laser shock processing

In order to investigate the influence of laser shock processing on the residual stress distribution of

weld is implemented. The results show that the residual stress distribution of welded structure is not uniform after
welding, and the large residual tensile stress is produced on welding surface, meanwhile, the differences of welding
residual stress between horizontal and vertical orientation are large. The residual stress of welding area is notably
improved after laser shock processing. the residual stress on surface is changed from tensile residual stress into
compressive residual stress, and the residual stress increases with laser power density and shocking times increasing.
The residual stresses on horizontal and vertical orientation become uniform. The uniform residual stress can be
induced with suitable overlapping rate. It provides a reference for the application of the laser shock processing in
improving welding structure performance.
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Table 1 Thermophysical parameters of solder materials

Temperature / Conductivity / Thermal expansion /Specific heat / Young's Poisson's Density /
C [J/(m=+s+K)] (10° mm/C) [J/(kg +« K)] modulus /GPa ratio /V (kg/m*)

10 15. 26 15. 39 502 191.2 0. 294 7966

200 16. 69 16. 21 514 185.7 0.294 7966

400 19. 54 17.37 538 172.6 0.294 7966

600 22.38 18.12 562 155.0 0.294 7966

1000 28.08 19. 27 611 100. 0 0.294 7966

1400 33.78 20. 21 659 2.0 0.294 7966
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Fig. 1 Schematic diagram of welding simulation
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Fig. 2 Grid division of welding simulation
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Table 2 Parameters of JC constructive model

Parameters A B C n
514 MPa 514 MPa 0.42 0.508

Values
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Fig. 3 (a) Gaussian distribution of laser pulse and (b) simplified curve of LSP loading with time history
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Fig. 4 Residual stress distributions of welding samples
and unwelding samples under LSP
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Fig. 5 Residual stress distribution of welding under different laser power densities. (a) Horizontal; (b) vertical
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Fig. 6 Residual stress distribution of welding structure under different shocking times. (a) Horizontal; (b) vertical
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Fig. 7 Contour of transverse residual stress under different spaces R

Pl 8 Sk AN (] DI B I BT G 1) 3k A Bz ) 23 A i
2. by DUE WML A H L A5 S [ 9 BE R B R
T OEBEZ EHER B TR S BR S BLAR L Th B
[AIEE R=2 mm F 3 mm I . I )3 3 B 3) i ELAR X 45
/N 2 G B S AR CRLAE T o 3 R /N 0 A ot
BEEE — ek B R=1.5 r ] 2 »(r NEBERAD)
ZI8] s BEE JAT 280 Bl A% TS IV 3 o T ARl 45 48 4 5k A%
J2 153 AT N2

100

Residual stress /MPa
&
(=)

-4 0 4 8 12 16 20
Transverse distance of welding /mm

&8 ANIF] ) BE R 7T R Bk 4% B g g A i 4%
Fig. 8 Distribution curve of transverse residual

stress in different spaces R

4 45 B

HEAT T O Wl X AN 5 B0 0 0 2 4 1) M 43 A
238 T U458 .

1) 25 AR A A 3 2 50 0 o 5 50 bE IR B A
P AR LM L R e I A8 22N 1 b Rk M 1 A A
HE 35 F B TT IO B AR RN 3 25 43 BT ASE B 43 1) A 400
MO AR B T T LA B AR I o ol i Ak 1) ot S B 08 3K
A5 0T 4 AR S5 1 1) 5 R AR L 1 5 LA B o i s Ak
J& W ER AR N 1

2) BRAXNL S5 53 B 3R WY o AR 4 2ok R 2 R B AR
FIVS 1t A L e AR B I IR ) X 3 1T TB I K 1 R
JE 6+ H T A7 310 JR B DX 3B 9 O, e R X S
FRAYTLAN S 7 - 107 & 6] X e 5 B0 7 g . R R g
DX 3ok 154 7 380 vh it S BE S T AT RIS B A
BEN D) 434 AR T AR A A I R RE

3) MO iy 2 BOR R 42 B A I ) 3 A 1 5%
Wi K, — PRI 0T Bl 5 0T 2 23 28 3 R e o TR B
A3 0 % T8 4% A 0 I 7 7% RSP W 7 (L 8 K B e
I\ 1wl 1 3 43 A e T34 5 L ABLTE i YBORN By %
JE R B — 5 {ELJT - 1 0 By 258 95 BE R0 R BOR AR R B )
ST AR /N S 3 FH A 3 1) oo O B T 56 % B D S

0503005-5



H |

# ot

HERA ) T3 RO b s B AR B T 0 0 B B AR
TG E AR

s X X #

1 Zhang Shukui,Luo Zhiting. Analysis of residual stress produced
by welding and its elimination methods [ ] ]. Metallurgical
Power, 1996, (6): 38~41
kP4, BAEE. IRPTREER AN ) R BRI ] % 2%
A1, 1996, (6): 38~41

2 Liu Yong, Shen Naijie. Residual stresses analysis for actual
material model of autofrettaged tube by non-linear boundary
element method [ J]. International J. Pressure Vessels and
Piping, 1991, 48(1): 10~25

3 J. N. Johnson, R. W. Rhode. Dynamic deformation twinning in
shock-loaded iron [J]. J. Appl. Phys., 1971, 42 (11).
4171~4182

4 Chen Jiaquan, Shen Weiliang, Yin Zhixin et al.. Simulation of
welding temperature distribution based on element birth and death
[J]. Hot Working Technology, 2005, 34(7) . 64~65
PRERL, T R FHas 4. BT B0 A4 58 i AR 2 1L R S i 0
Bl #mT T, 2005, 34(7); 64~65

5 Chen Ruifang, Hua Yinqun, Cai Lan. Estimate of residual stress
of steel materials induced by laser shock wave[J]. Chinese J.
Lasers, 2006, 33(2) . 278~282
BiRam oy . AEARAE, 45 22, WOG bl s & 0 WA R 8R4 N ) 1Y
fEEE[T]. Bk, 2006, 33(2) . 278~282

6 Zhao Xuerong, Zhu Yuanxiang, Sun Qinming. Analysis of finite
element of residual stresses in butt welds [ J ]. Welding
Technology, 2003, 32(5): 14~15
B RBEAE, INZEW]L X IRGE SR AN ) A BRIC A LT
FAEH K, 2003, 32(5): 14~15

7 P. Merrien, H. P. Lieurade, P. Peyre et al.. Laser shock
processing of aluminium alloys: application to high cycle fatigue
behaviour[ J ]. Materials Science and Engineering: A, 1996,
210(1) . 102~113

8 Liu Shiwei. The Research of Laser Shock Processing Technology
[D]. Hefei: University of Science and Technology of China, 2000
XA, Bt b B AR B ELD]. AL P EBERE A RS,
2000

9 Ni Hongfang, Ling Xiang, Peng Weiwei. Prevention of stress
corrosion cracking in weld joint of type 304 stainless steel by
class-bead peening [J]. J. Chinese Society for Corrosion and
Protection, 2005, 25(3): 152~156
RELTy . v #f. AR, BEIRWULAL B w304 A5 W AR He 4k
SKPIN S RE e RE TR LT]. P B Rk 5 B4 F 4R, 2005,
25(3): 152~156

10 Zhou Jianzhong., Fan Yujie, Huang Shu et al.. Research and
prospect on micro-scale laser shot peening[J]. Chinese J. Lasers .,
2011, 38(6): 0601003
L, BER, 8 S BOURBULMB AR AR BT R S R
[J]. P E#A. 2011, 38(6): 0601003

11 J. Goldak, A. Chakravarti, M. Bibby. A new finite element
model for welding heat sources[J]. Metallurgical and Materials
Transactions ,» 1984, B15(2): 299~305

12 Ni Hongfang, Ling Xiang, Tu Shandong. Simulation of 3D
residual stresses field of multi-pass welding by fem [J]. J.
Mechanical Strength, 2004, 26(2). 110~117
REryy, v #f. &R, ZHER =5 RN T %A R T
[J]. MR E . 2004, 26(2): 110~117

13 Wang Xucheng, Shao Min. The Basic Principle of Finite Element
Method and Numerical Method [ M ]. Beijing: Tsinghua
University Press, 1997. 3

EESE: "%

0503005-6



