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Phenomenon and Analysis of Periodic Ripple Structure on Magnesium
Alloy Surface Induced by Laser Shock Processing
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Abstract In order to study the ripple phenomena and its causing mechanism on material surface that caused by the
laser irradiation, the pulse generated by neodymium glass laser was used to shock the specimen of magnesium alloy
AZ91 covered with black paint as the absorption layer. The three-dimensional surface measurement instrument is
applied to measure the shocked region of the specimen surface after shocking. And the ripples phenomenon is
observed in the shocked region from the measurement results. The surface morphology. as well as the distribution of
the surface ripples, is observed and described; and the relation between the characteristics of the ripples and the laser
energy is analyzed. It can be concluded that the characteristics of the ripples are affected by laser energy. Based on
the effects of the plasma to the specimen and the grating effects caused by the mechanism of coherent stimulated light
scattering within plasma, the process of generating thermal micro-disturbance on the sample surface by coupling the
thermal conductivity, the thermal radiation and the laser irradiation is discussed, and then the formation mechanism
of the surface ripples caused by the non-equilibrium state of the surface thermal micro-disturbance is discussed.

Key words laser optics; laser shock processing(LSP) ; surface ripple; shock wave front; plasma

1 2B = SMEA R A SCBEIE . B OB AR R 1 2L

PO b ok i A AR AR S — B 4 (1 2 i Ak B
A PRl E FOE AR 09K BTz T
R PR 3 S 2 AU 24 Tk Bl

W B 2009-10-11; W EME A B : 2010-01-14

e on 22 T 51 S By S G RO E 5T R IS R R AR
K. 1965 4F Birnbaum TR RIE T Bk i 21 % A 0%
ARG Q Y & 2 AR bR R T S A= G 4

EETH: HRARPFIES G073500D) MILTRE @A A AR5 4 (09KIB460002) B By iRl .
YEE B A : SR (1963—) . 55 W 3045 . EENSEROLSEHERE SR 5B S I W B .

E-mail: ykzhang(@ujs. edu. cn
* BEBEE A, Email: peixuu@126. com



2614 B %

ES i1 30 &

PG MG . 56 T S0 WF 58 i TE AN I BL. 20
48 70,80 ARARAFFE N B 32 B O 7 A i S A
WIFNEC I BF SR £, 1982 4F J. F. Young I £ A4~
2R IR Q O AE B B S AN T RE SR K b Ok
0 A1 B0 T 4 R B AR . S T A IR
LA ) R R R OR R s, 1983 4F ] F.
Young ]l it 4 O B B Ge, St AL FI B
1 BITE I T WO R B A PR SR
e BT i IR O 1) 1 A BOAEEY . 1995 AE AL VL
Demchuk 78 #0855 J 82 305 A4 RH5 57 B0 (8 R 2
T WO RS R 4 JC s 8 2 1T T2 AR 1R X
L2 51 2 1 H B AR i R A A . KRS
Nd = YAG ik of 8 o' 5 B8 2 1m0 006 (04 5 44 8}, 78 460
155 DX B 30 K B ) G S £ 5 i) B e 0

B & S 05 W 5 19 JR I L 06 T O i B TR b R
FETE LML R R A TE RN B . i O R
o7 | R A ek 2 T U S AR A AR AR TR A U S0 R
G ORI H B, TR I %o % 90 R 42 B = 45— (1 PEE
B, — B R B T A B B — b SO A . H L Y R
BEA R EHU T AT SR R
PEFRIE SRR Ty 2 B OO IR Bl i
PRI A R R UG AT I 2 o o 2 A R AR O 2
BRI AR, H AR AF S AL J. E. Sipe #1J. F.
Young \K K 2 i 443 45 SCH L, IF B 5 64 RS T
TERMT K S B W SR R, % HRLRE 2 7 A R
JE 5403 0 JEL TR 5 30 4R B0 i B E IR A B 0O S
AR 5 R Y 3R DRI I = R B T R R
PE AN R e REY ., Z)E.]. F
Young X % & T 5 ¥ Ot 5 8 WM 2% w45
(LIPSS) H X1 M kL F L #E A W A TE B sh 25
PR DA HL R 7 5 2 T 45 R R AR R B AR B AR
ik o D R b P 0 R 5 L A R R A D SR K AR
o 32K A 55 FAE T 32 OGSO UL R R T Bk ik
Stk BRRE A RS R R A B Ak X
S L B B 9 kR )y A AN AE T T
e,

L EE D AN [ B e O b Y DR
R W AT Y — AL B A A R L IS T K b O b
B4 Ja 51 R bR 2 1H AN [R]  SOIR S5 48 1 B4, W
T ] S e S 1) 45 5 I SURR A L A AT TR ORE R
AT BCR S5 A6 A 5 WO TR % B O R Bl 5 X
X SRR o [X 2 18 W Ak 2 B R R A, 1T AR08 4 A
YL LA T IR 43 AT 5 28 7T A ek 35 1T ] B0 U A
P AR LB AT TR R 5T .

2RI AR KT

R Tl TR AZ91 B G S AE N
FE . LD E K R I TR ~F 2 20 mm X
20 mm X5 mm P /N, 2R T HEAT FT B AL O Ak
B PRI R R b BRBAE O vhi A IR IO
$8 RO B it 1 R A5 A 4 R IO A R R 1
Az 1 o i He s S e A A T D ofrf A oR
K9 B N AR

et B SR Bl B 3 ok b O L WO RE R A
B 5 7 4 A WO B K 1054 nm, ik o 98 B
23 ns, BB E AR N 5 mm., O LR & 1 fT
IR SEIG Ay SR AN [R) B fig ok HEAT S5 43 i
PL 5,10, 15 T A ik w8 5t o ol 2 160 % 04 2R O4 A9 3k
B AR B — 4l b i R R, F R = 4R B 5 Y
(VEECO) 43l % 120 F i o X 3% 180 T8 50 #F 47 L0 43
Brs FH X G528 BB 1% I (EDS) % wfr o7 X 38 3 17 003K
Sy M b o 1S BORE AR A 1 AR AR I SR 9 A B
(SEM) X it DX 48 T fOUR <6 A 21 2 E A7 WL

laser

_ overlayer
/

Ve
/

1 #othdi R g A

Fig. 1 Schematic diagram of the laser shock processing
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Table 1 Average distance and height of the surface ripples

on the painted specimens under different pulse energy

Pulse energy Average distance Average height

/] /y.m /;Lm

5 8.6 0.02~0.2
10 7.3 0.05~0.2
15 4.7 0.05~0.2
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Fig. 2 Distribution of the surface ripples on the painted specimens induced by LSP with different energy.
(a) 5J; (b)10J; (c)15]
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Table 2 composition of AZ91 magnesium alloy

Composition Mass fraction /%

Mg 90
Al 8.3~9.7
Zn 0.35~1.0
Mn 0.15~0.50
Si <0.01
Cu <0.01
Fe <C0.03
Ni <0. 005
Others <0.02
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Table 3 Energy spectrum analysis of the different points of laser shocked region and laser un-shocked region

Laser shocked area

Laser un-shocked area

Spectrum Mg Al Spectrum Mg Al
Spectrum 1 92. 39 7.61 Spectrum 1 92.49 7.51
Spectrum 2 92.55 7.45 Spectrum 2 92.74 7.26
Spectrum 3 92.53 7.47 Spectrum 3 92.58 7.42
Spectrum 4 92.56 7.44 Spectrum 4 92. 37 7.63
Spectrum 5 93 7 Spectrum5 92. 56 7.44

Mean 92.61 7.39 Mean 92.55 7.45
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Fig. 4 Microstructure distribution of AZ91 magnesium alloy
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