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Fig.1 Laser peening area and path of square specimen: (a) schematic

diagram, (b) experimental diagram
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Fig.2 Laser peening area and path of vibration fatigue specimen:

(a) schematic diagram, (b) experimental diagram
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Fig.3 Residual stress curves of laser peened 316L stainless steel
specimens with different power densities followed by
hydrogen charging: (a) on the surface and (b) along the
depth direction
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Fig.4 Surface microhardness of laser peened 316L stainless steel
specimens with different power densities before and after

hydrogen charging
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Fig.5 Microhardness of laser peened 316L stainless steel
specimens with different power densities followed by

hydrogen charging along the depth direction
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Fig.6 Surface SEM images of laser peened 316L stainless steel specimens with different power densities followed by hydrogen charging:
(a) 0 GW/cm?, (b) 4.71 GW/cm?, (c) 6.28 GW/cm?, and (d) 7.84 GW/cm?
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Fig.7 Surface TEM images of laser peened 316L stainless steel specimens with different power densities followed by hydrogen charging:
(a) 0 GW/cm?, (b) 4.71 GW/cm?, (c) 6.28 GW/cm?, and (d) 7.84 GW/cm?
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Fig.8 Vibration fatigue life of laser peened 316L stainless steel
specimens with different power densities followed by

hydrogen charging
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%2

WA WOLBURIRAL AL 2 70 A 3161 B IR SR ANIR B 77 1 RE A + 585

BETIAN, PEITRAY R ARG FEal, 0L
IR EN 7.84 GW/em® I, %K PE 19 55 4 7 1] 2R
BN, BIE 97 R R AR BN, R 57 R AT I
PR A, FEROCThREE N 7.84 GWicm® 7§
SRR 1T AR WL B R B IR, IR
A G ZEH AR e RE B, (R (07 AT TR KN 7)
BRAR, AT ZE T R8N % 55 R80T AR

X TR S AR, AR GUE G, m R
ENHAT 2k — DA T Y O R 4, 2 3161
AR 7 A 2 {9 5 RARA AR, RO AL
Ly ERAAAR K 78 2003 S0 JR) B R g BT, AT 1
KT RGP o & o T O SR AL 5 1 78 SR,
HEZZ BN T HEM S KRB, @Rz
BT, B A% 00 F R e L A 4 AT RELAS U
PR RS, ToikAE G I B R BT R PR
WIE ;RIS AR R N e AR 2 BU U iR
ENET AR T RN A7, S T R8T B it 3K
271, MIIRZE N 57 R ALY T =%

Bl 11 AN [0 T 2 4 FE WAL 3161 A H5 M 78
U B0 B W DX W7 VT30 AR 5 AL 78 SRR W 7 X 1)
Mo A A S /AN S, HEa — e s
JeaW, il 1la fion. 57 Ry T, R

P2

Fatig@e

triatiogg
0

> P2
Fatigue
striations

P1
o o

H7e AR R G I ) BOK R BU i 2B XA
A0 i TR 7 A AL, AR IR B BT i A I 8a ik
FLIFZ AT G KI5 R I, PR At AL IR 3 5
IR, FE N2 iR BRI E . &
H2ZRER G, CHIE N E KPR O SUE IR
AR, %R AL TR A A T 3y T 4 R A R R 4%
KEE, JRIPRAY fRE %,

11b~11d W], WG JE 78 SR I B X 1
Wr RS LB o X, (HARBCT AR AL T S A
PV e PRI EARE K B IR . BEE W06 D) 5% L
W, P EARNR L ZE N, HEOL TR
JEy 7.84 GW/em?® B, 5URF ¥ 85 T 3 ELAR AR JEE
MR K. CABEFRY, BOLmALR SR TR R JE AR
9 MRS, B AR AR 3 n B AR v A S W A
SRTHRH AT AP, T BRI R L R R .
JemE AL T A AR R T X, RS R AR T R 2
RGN AL IR b 5 B f 2 D0 IR IR sl s g i, fie
i 24 80 BBV X AR AL I R SHIB 20 BB R, KR
SRR AL L 53 58 Ja T B W0 68 B R RER R W
JEmi AL 316L ANEE N TE SR K W RIS LA T
YR L 35 75 A 13 LA O,

p1 . llx ~© Secondary cracks .

O

Fatigue
striations
]
‘ e p3 e
Eatigue strlatlon@\ :
P1&g

K10 ARIWOLT A% BEmE AL 3161 ANG5 N 7t SR RE 198 55 R AT R XS
Fig.10 Fatigue crack growth area morphologies of laser peened 316L stainless steel specimens with different power densities followed by

hydrogen charging: (a) 0 GW/cm?, (b) 4.71 GW/cm?, (c) 6.28 GW/cm?, and (d) 7.84 GW/cm?
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Effect of Laser Peening on Vibration Fatigue Performance of Electrochemically
Hydrogen-Charged 316L Austenitic Stainless Steel

Huang Shu?, Hu Lei?, Sheng Jie*, Meng Xiankai?, Song Yunjian? Lu Jinzhong?, Zhou Jianzhong®
(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)
(2. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The effect of laser peening on vibration fatigue performance of electrochemically hydrogenated 316L austenitic stainless steel
was studied. The residual stress, microhardness and microstructure of laser peened specimens with different power densities followed by
hydrogen charging were tested and analyzed, and the vibration fatigue life and fracture morphology of the corresponding specimens were
compared and studied. The results show that laser peening induces an increase in dislocation density on the surface of material and
effectively refines the grains, which inhibits the invasion of the hydrogen atom. At the same time, the complex grain boundary and high
density dislocation multiplication structure hinder the aggregation and diffusion of hydrogen atoms, reduce the degree of the martensitic
transformation of 316L austenitic stainless steel, which helps to suppress micro-crack initiation. On the other hand, the high residual
compressive stress induced by laser peening not only inhibits hydrogen penetration, but also increases the fatigue crack growth threshold
and slows down the crack growth rate. Vibration fatigue test results show that the fatigue life of laser peened specimens with different
power densities followed by hydrogen charging has been significantly improved, and the maximum amplitude can be up to 79.36%. The
fracture morphology analysis further proves that laser peening can effectively reduce the fatigue crack growth rate of hydrogen-charged
specimens, increase the fracture toughness of the material, and then improve the vibration fatigue properties of materials.
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