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Controlled Laser Shock Peening Technology

SUN Yue-qing, Zhou Jian-zhong, CHEN Yi-bing, HUANG Shu
(School of Mechanical Engineering , Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract A new technology-controlled laser shock peening which is applied by using a high energy pulsed laser to
induce a high amplitude shock wave to make surface modified is introduced. It can improve fatigue life, corrosion and
wear resistance of metal part. The fatigue life and the corrosion resistance do not always increase with laser shock
peening intensity linealy. Optimal fatigue life and corrosion resistance depend on magnitude and distribution of
residual compressive stress, and influence by optimization of various laser processing parameters. Laser processing
parameters have a crucial effect on residual stress. Selecting laser processing parameters according to preconcerted
fatigue life and corrosion resistance becomes a present subject. Laser shock peening mechanism has a significant
relation with the generation of residual stress. In this work, the effect of laser processing parameters such as laser
power density, laser beam diameter, laser pulse width on distribution of residual stress, and the relationship between
these parameters and residual stress depth are examined. Specimens of QT700-2 are used in this investigation. The
magnitude and distribution of the residual stress are measured by using an automatic X-ray diffraction technique. It is
observed that while residual compressive stress induced by laser shock peening reach an optimal level, the surface of
metal part can obtain optimal fatigue life and corrosion resistance, then optimal combination of laser processing
parameters can also be obtained.
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Fig. 1 Principle of laser shock peening
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on fatigue crack propagation

3.3 XFHRL 1S T BE 77 HY R M

BUBR A4 14 1 L ) 8 R 18 72 — € Y L g 26 1F
M—ERBERAEPRENBRAR . BHFES
FFRRL AR ITEC , i) 4 B ER (A 5 419 B 7E 5 2 AL
WA R O B o, BB B TR — E W S R R
HRL I R . KRB SCERIESE , R — i P, F
PR 2 N A7, AR RH 1k BRAE SR L S ik, R, R
TET S0 0L A7 5 T 8 02 2F s S I Ay . 32 L
R mZ LRGN R AE 8 R R R EF AR
ST BB E

4 ZPEFOCWL R SE Rt 5
L1 WREH RIS LT
BBEBTR S QT700-2 BREBF . WOLBIALE 1k



¥ NH RS

S RHOLB AR LA 77

LW SEON  BOGH K 1. 06 pm, BKFE 20 ns, % i
D143 3R 20 1,30 J, 6BER TR 67 mm, WRIERHA
RERR OV G BB 2980, 025 mm., ¥E E G mE LT 2= 7
2.0 GW/em® 2245 , JO6E AUTE B Y e < 38 06 1 AL 17
KT QT700-2 B3 25 JE I3 FE 1. 055 GPa, LA R E X}
Bl op bR A — B BB
4.2 ZEIWHERiITiE

Kl 4 B8 QT700-2 4 2 WL B AL B )5 , 13
UK B BRAR TN 7 5 ok 48 188 AL T X A7 78 19 3R 4R DL
JIREE A TR KB, ATk 8] — 155~ —221 MPa
LR, HOE v 5 5R R R R T 4 AR B R
51, TEBE R %, BRAR TR N 7 B B 2RI, 2
I T REFRARBLIL ST, 24 T S X F 0 2R AR
LI 3 5 W b 3R A A R, B SEAT R R WL, AfEE
X ANRL R 7 5% 7% B 55 RS AR AL LASE

100 " x . . v v

0-"7\/5&“‘

not laser Shock peened

i
—
o
<

1

| \‘I-—-—-__.M.,_’#"'.
-300 4 laser Shock peened

Resmlual stresses /MPa
to
[}
<

~400 4

-500

o 1 2 3 4 5
Distance from center of laser spot /mm

B 4 JG3E X AR A N ) B 43 TR
Fig. 4 Distribution of residual stress on the field

of laser spot

Bl 5 AR SR BT ERARIL B 74 . AT LA

F L BOCRE RS I, R R AR N R, X R

ﬁﬁ%&ﬁ@%%%ﬁ@%,ﬁ%%@%ﬁﬁﬁﬂ%ﬁ
JE 38 i bk 2l 25 AR B JBE ) W B K, R TR AR

R, 7 A B9 3R TH 5 AR B R éli%ﬂ‘(;'ﬁiﬂ

R BT #/\QA%{EF %%?T“j]lﬁﬁﬁé)#i"“bﬂ 15N

50

<
N

not laser Shock

150 4

Re51dua1 stress /MPa
!
—
< gt
< [ws)

-200 -

—950 4 30J

0 0.1 02 03 04 05 06 0.7 08
Distance from the surface /mm

B 5 AR Zh IR BT B AR B A
Fig. 5 Distribution of residualstress under different

power density conditions

FEBF B2 T8 Ak B B AR I 3 40 98k /) (32 B2 A o i B
) X PO RO R R TR —ER, s
{5 e P A B S Dy 2 4 BE Y 38 i 3% s S A
LPRE, XEREHTARBEMNES ST W&
B, XEPHEAREFZESFE TR, FFEEH
THRRREEN. MEEEFRNETFTARE
AT RE B s>, BRI T oy P 04 FR A3 A0

5%
SZAEWOCH LSRN B A5 » MR 5 AR BL T 559
FHARERVMTHFROTER. ZEHOLBLS
HAnRE R TR 5 A B B A iR OR B
A, BRURIHFE & DR & T2

2 % X #

1 Fang Bowu. Control Shot Peening and Theory of Residual Stress
[M]. Jinan: Shandong Science and Technology Publishing
Company, 1991
HR., $ZFAALEERLELARS [M]. FEE: WARBEHEARE
R, 1991

2 Guo Dahao, Wu Hongxing, Wang Shenbo e al.. Study on the
mechanism of laser shock processing [ J]. Science in China
(Series E), 1999, 29(3);: 223~226
TR, RN, B . Bobhd R XYL [T]. F
A% (E ), 1999, 29(3); 223~226

3 J. L. Ocana, C. Molpeceres, J. A. Porroet al..

assessment of the influence of irradiation parameters on surface

Experimental

deformation and residual stresses in laser shock processed metallic
alloys [J1. Applied Surface Science, 2004, 238 (1 ~ 4);
501~505

4 Charles S. Montross, Tao Wei, Lin Ye e al..
processing and its effect on microstructure and properties of metal
alloys: a review [J]. International J. Fuatigue, 2002, 24
1021~1036

5 Chen Ruifang, Hua Yinqun, Cai Lan. Estimate of residual stress

Laser shock

of steel materials induced by laser shock wave [J|. Chinese J.
Lasers, 2006, 33(2); 279~282
Biam oy, (BARTE, 22 2. Bobwd S RN RAM R AR S
f58 [J]. + B#st, 2006, 33(2): 279~282

6 Zhang Yongkang, Zhou Jianzhong, Ye Yunxia et al.. Laser
Process Technology [ M 1.
Publishing Company, 2004
TRaRE, AL HEE % BemI R (M) dbE. LT
Ak i R AL, 2004

7 Zhang Hong, Yu Chengye. Laser shock processing of 2024-T62
aluminum alloy [J]. Material Science and Engineering A, 1998,
257(2): 322~327

8 S. Curtis, E. R. de Los Rios, C. A. Rodopoulos e al..
Analysis of the effects of controlled shot peening on fatigue

Beijing: Chemistry Industry

damage of high strength aluminium alloys [J]. International J.
Fatigue, 2003, 25(1): 59~66
9 Zhang Dingquan. The effects of residual stresses on the fatigue

strength of metal [J|. Part A: Physical Testing , 2002, 38(6) ;
231~235
RS, BANM XN SEEFBRENEW [J]. 24—
2 5 M, 2002, 38(6): 231~235

10 Wyman Z. Zhuang, Gary R. Halford. Investigation of residual
stress relaxation under cyclic load [J]. International J. Fatigue,
2001, 23(Supplement 1); 31~37



