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Abstract

Simulation Analysis and Experimental Study of 316L Stainless Steel
Weldments Processed by Laser Shock Peening

Lu Haifei, Lu Jinzhong, Zhang Wenquan, Luo Kaiyu

School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

A stress distribution model of " welding + laser shock peening (LSP)" is established by using the
ABAQUS finite element analysis software, and the effect of LSP with different pulse energies on the stress
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distribution and strain in the welding zones of 3161 stainless steels processed by the argon-arc welding is studied.
The study results show that the residual stress distribution simulated by this model is similar to the experimental

140.3390; 350.3390
5l

—

strain on the weldment surface increases with the increase of laser pulse energy.
=]

result. LSP can induce a residual compressive stress layer in the welding zone to eliminate the residual tensile stress
and the depth of residual compressive stress layer increase, but the increase becomes smaller. The peak value of
distribution; strain

induced by the welding thermal influence. With the increase of laser pulse energy, the residual compressive stress
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Fig. 2 Distribution maps of laser pulse pressure. (a) Spatial distribution; (b) pressure-time curve
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Fig. 4 (a) Overall stress distribution diagram, (b) cross-sectional metallographic diagram, and (c¢) cross-sectional

stress distribution diagram of weldment
A7 2 T A R A 1) (W L D o A WL 5 R, L 5 Ca) I AR R ST RS SR T DL L AR B R R A
L X384 15 7 40 A 1T DLy AR X VHAZ 53R XL R 32 X R HAZ WK JE S B2 7 mm 1 2 mm; J2
X CHAZ PR X I 5% AP0 I E 200 173,91,0 MPa, 45418 5Ca) . (b) AJ A1, 80O vh o 77 45 42 X 10 3=
AT 5% A% TN 7 (RS 6 235 2 5 A 400 5 SR KAz 3 o A 1 IX SR A P R H1 i R A 20k 161 MPa, S8 200 5 mm;
HAZ W5 AP iR BAEZ N 80 MPa, % FE 2N 2 mm,

200

—— line 1 without LSP)|
—— lihe 2 without LSP)|

(€))

p—
o
(=]

é /""-L._rr" -“\._.‘..«r '\
H

Weldmg zoné \

[+

&

S

2 ; 2

5100F /i 5

7] ' ! 7]

E T g E

.'E 50k / :HAZE EHAZE \ §

) : : 5 : g

~ ok / <}~ = —i-substrate = - —i- >\ =
X N I " o 0 i . . ) ) i
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12

Distance /mm Distance /mm

Bl 5 RN 120 A0 O BEBLEE 2R s (b) Il g 45 21

Fig. 5 Stress distributions on weldment surface. (a) Simulated result; (b) experimental result

3.3 B E 316L AEFENERGHRBLER S0
o R 53 A N 3 18 g e N A B SRR L 3161 AN 55 KR 3 IX BRI AT LSP IS A b o 18 1

101411-4



54, 101411(2017) BHSNBEIZHE www.opticsjournal.net

BE I35 R 3.6,9 T B0 Ik b BE 8 0 AR 32 1R BEAT HOL vh T BEEL L BOLEBERS 30 5000 B SR AN
6 s . WTLLFE Y, LSP 75 07 5 R 3 5 5 th AR A T W 7 J28 o EL AR 0 PAD 98 1) B A hr 1 g 93 A 45 21 Bl
W8 5 O DK b B B 1) 4 v o R 0 T AR AR I S AR AR R T LA R A TR O AR B A A BRI KL
{ELAIF ST A [ BE 12 O i o X AR 42 4 1o 3 2 A )52

(a) residual stress /MPa
2.362X 108
5.954 X107
-1.172X108
-2.938 X108
(b) residual stress /MPa
- - =1 1.801X 108
v 1.985X 107
g -1.404 X108
-3.006 X108
© residual stress /MPa
— —— 2.032 X108
-1.055X10°
e — -4.143 X108
-7.230X108
(@ residual stress /MPa
| — 1.810X 108
-2.297X108
-4.350 X108

6 AN [ fik e il B3O o o SR 48 X I BT AR AR ] 1 3 A 2B, () Rt s (b) 3 15(0) 6 J5(d) 9]

Fig. 6 Cloud diagrams of cross-sectional residual stress distributions in welding zones shocked by lasers
with different pulse energies. (a) Without LSP; (b) 3 J; (¢) 6 J; (d) 9]

AN T ik i B 2 0O oh o IS KR AR X R T AR A N S BRI A RN 7 TR . BR AR N T i i B AR 0
K7 s, B 7(h) Al AL Sk b RE Ry 3 T I, KR4 XA BR AR N I B 173 MPa #46°h —117 MPa, HAZ
(R 5R AR J1 B 91 MPa %4k — 82 MPa, Ak P FB Y I 7 7 (i 45 Fe A4 DX AR B R0 N 1 2028 57 MPas 4 fik
PREEN 6 ] I, AR X R FE A N S f 173 MPa $5 4k — 217 MPa, HAZ W58 4 0 f1 i 91 MPa #4k°h
—107 MPa, b4k P 0 7 F7 - i (6 75 F 44 X 77 A2 B B F1 298 83 MPas 4 Bk oh g 8 in & 9 ] i, 432 X
(B AV J1 H1 173 MPa %4k} — 285 MPa, HAZ (8R4 1 1 91 MPa %4k —207 MPa, #9816 1 7

S AR FEAR X AR LN 1290k 133 MPa., W DL Y, Bl Ik o B & 0 38 5 SRR R R T AR X CHAZ D
residual stress /MPa 150£(b) | ' :

1.801 X 10° & 100f ~3J.
@ 9.996 X 107 S 50 ==6J 1
1.985X 107 % ok
-6.026X 107 8 ol
~1.404 X 10° 8 100l
-2.205X 108 =
~3.006% 10° = - 150r
2200
é_%o_subst!rate :
-300p

0 2 4 6 8 10
Distance /mm
200
1504(9)
100 :

esidual tensile
- stress layer_ _

stress /MPa
ot
[=2=)
T
1

_50k
= -100¢ 37

2 -150f 6]
G -200f ~9J
& 250}

-300¢

0 05 10 15 20 25 30
Depth /mm

&1 7 AN [ ik ofr R et 9501 oo 6 A DX 3R AR 1 ) 43 A B
Ca) B A% L 7 0tk 6 A2 8 B TR 5 (o) 3R THT 3 A L 3 43 AT 5 (o) TR % A T ) 43 17
Fig. 7 Simulated residual stress distributions in welding zones shocked by lasers with different pulse energies. (a) Schematic of

measurement paths of residual stress; (b) surface residual stress distribution; (c) cross-sectional residual stress distribution

101411-5



54, 101411(2017) BHSNBEIZHE www.opticsjournal.net

T B DX B3 4% T L 3 #8384 o T 7% A4 87 1 385 o g il K b R i 1 1 I BT B AR, X R L
PR RHE O vt 3 R vh & AR VB M AR T 1) R A DG, B A K b R o 1 4R v el D A P S T P ) 4 iR A e
PRPE AR I iR, AR T R b, LR 0 07 g 088 A I 0 s/ o DL L S B g R S RO o R 1 3R AR I )
(B ZL/IN T BRI (E L 5% 4% 10 7 14 396 0 s 2 I 2 Ik b i k1) 398 A BT RIS

B 7 Co) B Ry AN T) ik o B Jk 35001 o o J A8 4 DX SR TR 199 38 A L T B0 A0 AT . SO o S B R 1
Joi KRR R T R T — R S B AR Ay TR AT )2 vt DXt B A i — R AR AR B N Jr. Yk hfE R 3]
B R 2 22 T T B 5% Ak FE I 1 2 TR B 248 0.5 mum, 3URE 0 IK 8 9 5% 4 H R 1 208 113 MPa; 24 ik G
N6 I KRR R B 5R AR R SR IR EE 2R 0.6 mm, SRR G X 3R A BN F1 29 R 139 MPa
MRk AR R 9 J B KRB Y K R A RN T 2R EE 2 0.67 mum, SRR H O DK B8R A B T 2R
152 MPa, W] LIFE . Bl 2 Dk i B et 04 32 5 A5 A2 3R 10 0 A T 07 g J2 R B L iAo 48 T i 0 558 4 19 3 A% it
07 3 ¥4 1 ) AR 484 o 32 Bt 5 ik o R Sk 1% 154 3 0 A B A

AN [) Jik v i ' ool R A 2 T 1 20 25 0 AR - (] il Ze B AE H An &) 8 BT R L W] LA L O [k v g
OGS T 0 o o A AR B 1 R T A I B A AR BT AN TR AR A A A b s AR AT AR v, o D
SRR AT R R AR 2R B AE 60 ns BN AR IA B WE(E L ] 8t A (B .C s 3.6,9 T Bk niig & O b
L % TR ) 7 28 U T, OB A3 51K 0,99 X 10 % ,2.45 X 10 %, 3.5 X 10, JIF % 07 1 I 28 2= [T Gl /&1 9 s, 42
2 2 T 7 A5 UG L B ik b RE R IO BN T AE K, 60 ns SR BOGE S 0wl ol e gk L AR R e T 0 1 AR
B 2 98055 5 — Uk o A A v i 5 S 10 00 AR il 2R AR Ak R R — B,

Strain /10~
o o
;o ;

6 9 12 15
Time /(107 s)

Pl 8 IO b A4 2 THT A 30 285 g A - [ i 2

Fig. 8 Dynamic strain-time curves on LSP weldment surface

strain
1.023 X103
3.776X10*
-2.679X10+*
1 -9.133X10*
-1.559 X103

strain
3.862X103
E 9934 103

(@

6.068X 10
-1.021 X107
-2.648 X107

®)

2.883 X103
1.757X 107
6.310X 10+
-4.950X 10

©

ny

strain
E 4.009X 103

&9 iy A e {220 % 1 16l 8 A8 = BT, () Bl 8t A B %05 (b)Y IRl 8 H B g BF 215 (o) &l 8 it C 45 i %
Fig. 9 Cloud diagram of strain at strain peak moment corresponding to Fig. 8. (a) Moment at point A in Fig. §;

(b) moment at point B in Fig. 8; (¢) moment at point C in Fig. 8

4 4k 1w
R I ABAQUS AE 2k A5 BT AL 77 22 » BE UM S I RS T 8OE n i XF 3161 885 U422 1 i 1
IRE 7 BB M 43 W I T AR (51K o A O o X 5L e 6 T 5 A I S5 50 2 7 48 G 5 W 75 50 0 F 4598

101411-6



54, 101411(2017) BHSNBEIZHE www.opticsjournal.net

1) Bl & HOG K oh g 1t 042 8 0 o s J5 R 45 X HAZ DL B BE A DX 33 A% e N7 g 05 A T 1 o L3

M 38 i 5 Ik i R e ) 2 1 T /)

2) B WO ko RE B A9 52 i, S H R R T A B AR TR ) )2 V5 BE LA B s AT 1 958 23 19 5 AR BN g

AT TS T B0 JE A i 3 K e A e A R o T O

(1]

(2]

(3]

(4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

30 ARHE A 2 AT IO 78 WAL Ik o R ik ) 42 55 T K
& % x M

Wang Ruolin, Gao Wei, Ye Xiaowei, et al. Some issues of fatigue failure of welded structures[J]. Engineering Journal
of Wuhan University, 2013, 46(2): 194-198.

EEM, EE, ME A, S RS 0T BRI 1] DR A E R (DA RRD L 2013,46(2) : 194-198.
Yousefieh M, Shamanian M, Saatchi A. Influence of heat input in pulsed current GTAW process on microstructure and
corrosion resistance of duplex stainless steel welds[J]. Journal of Iron and Steel Research International, 2011, 18(9):
65-69.

Ding ] H, Zhang L., Li D P, et al. Corrosion and stress corrosion cracking behavior of 3161 austenitic stainless steel in
high H,S-CO,-Cl~ environment[J]. Journal of Materials Science, 2013, 48(10): 3708-3715.

Xu Jijin, Chen Ligong, Ni Chunzhen. Effect of mechanical stress relieving method on welding residual stress[J].
Journal of Mechanical Engineering, 2009, 45(9): 291-295.

WU, WRALT), ARAEE . HUBURE ) T B 0 0 AR R AR B D s 1] LB AR 4R, 2009, 45(9): 291-295.

Zhang Shukui, Luo Zhiting. Analysis of residual stress produced by welding and its elimination methods []J].
Metallurgical Power, 1996, (6): 38-41.

kA, PHIE . RATIRER AR N ) KRR Tr 2 0] &8 )y, 1996, (6): 38-41.

Liu Kaixin, Zhang Jinxiang, Liu Ying, et al. Numerical simulation on the relief of welding residual stress through an
explosive treatment[J]. Chinese Journal of Applied Mechanics, 2004, 21(2): 10-15.

XUPUR, SREA, XRS5 BRI R AR 4 3K R AR L ) M B AL 0] . I )24, 2004, 21(2): 10-15.
Xiang Jianyun, Ge Maozhong, Zhang Yongkang. Experiment of laser shock strengthening tungsten inert-gas welded
AZ31B magnesium alloy[J]. Acta Optica Sinica, 2013, 33(sl): s114015.

Tz, #s8, k. AZ31B B £ 38 i IR SO vh il 3B AL 5280 [J] . D54k, 2013, 33(s1): s114015.
Yin Sumin, Zhang Chao, Wang Yun, et al. Numerical analysis for the structure effect on stainless steel welding treated
by laser shock processing[J]. Chinese J Lasers, 2013, 40(5): 0503005.

BRI, sk, B4, S WO XN AR R A S A Bl 4 B LT R ENEOE, 2013,40(5) 0503005,

Sano Y, Obata M, Kubo T, et al. Retardation of crack initiation and growth in austenitic stainless steels by laser
peening without protective coating[]]. Materials Science and Engineering A, 2006, 417(1/2): 334-340.

Xu Guojian, Zhong Liming, Wang Hong, er al. Performance of aluminum alloy welded joints by laser shock processing
[J]. Chinese ] Lasers, 2014,41(6): 0603007.

tREE, MharBl, FAr, S Ot RS SRR PERELT] . P EBOL, 2014, 41¢6): 0603007.

Li Wei, Li Yinghong, He Weifeng, e al. Development and application of laser shock processing[J]. Laser &
Optoelectronics Progress, 2008, 45(12): 15-19.

M, BRLL, T, . Bothd AR R 0 R R FIN T [T] . OGS bH TR, 2008, 45(12) 1 15-19.

See D W, Dulaney J L, Clauer A H, et al. The air force manufacturing technology laser peening initiative[J]. Surface
Engineering, 2002,18(1): 32-36.

Su Chun, Zhou Jianzhong, Huang Shu, et al. Influence of laser shock processing on fatigue properties of 6061-T6
aluminum alloy TIG welded joints[J]. Laser & Optoelectronics Progress, 2015, 52(6): 061403.

Spal, R, BEF, 5. Bobrhd R XT 6061-T6 47 & 4 TIG e or tERe i sgm [1]. WOk 5ot Fax ik,
2015, 52(6): 061403.

Lu Jinzhong, Zhang Yongkang, Kong Dejun, et al. Effects on mechanical properties of TC4 welding line by laser
shocking processing[J]. Journal of Jiangsu University (Natural Science Edition), 2006, 27(3): 207-210.

B, RokHE, fLEEZE, A OGRS TC4 L T SRR SE LR L RE (52 m [T . VLR R 22 i CH AR B D
2006, 27(3): 207-210.

101411-7



54, 101411(2017) BHSNBEIZHE www.opticsjournal.net

[15] Lu Jinzhong, Zhang Yongkang, Qian Xiaoming, et al. Effects on residual stresses of Ti6Al4V electron beam welding
line by laser shock processing[J]. Journal of Beijing University of Aeronautics and Astronautics, 2007, 33(7): 869-

872.
Bab, O, Boh, A BOGATIRS TI6AL4V KREEZR 1R PIRGLAYSE W (1], JERTT s (R R~ 2440, 2007, 33(7):
869-872.

[16] Fabbro R, Fournier J, Ballard P, et al. Physical study of laser-produced plasma in confined geometry[J]. Journal of
Applied Physics, 1990, 68(2): 775-784.

[17] Zhou Nan, Qiao Dengjiang. Materials dynamics under pulse beam radiation[M]. Beijing: National Defense Industry
Press, 2002.
JAE, FRRIL. ko R SRRy 2 IV s BB Ll AL, 2002.

101411-8



