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Abstract
AMS50 magnesium alloy sample was processed with Nd: glass laser with the wavelength of 1054 nm and pulse width

In order to study the effect of laser shock processing (LLSP) on the properties of magnesium alloy, an

of 23 ns, and its surface figure, microstructure, micro-hardness and residual stress were examined and analyzed.
The experimental results show that a bright dense shallow dent forms in the laser shocked area with laser power
density of 3.1 GW/cm’, and the dent depth is about 27 ym. Ultrahigh strain rate plastic deformation takes place in
the surface layer and results in extensive formation of dislocations and twins, and the depth of strengthening layer is
about 0.8 mm. Laser shock processing improves hardness and residual stress of AMS50 magnesium alloy
significantly, surface micro-hardness increases by up to 58% and the compressive residual stress on the surface of

laser shocked area reaches up to —146 MPa. The experiment results show that the effect of laser shock evidently

)

strengthens the magnesium alloy.
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Table 1 Composition of AM50 magnesium alloy

(mass fraction, %)

Al Mn Cu Fe Si Mg
4.83 0.32 0.001 0.001 0.003 Bal

B 1 AMS0 B4 4 B SR 4141
Fig. 1 Microstructure of the AM50 magnesium alloy
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Fig. 2 Schematic of LSP
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Fig. 3 Photograph of sample surface after LSP
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Fig. 4 Depth of the dent after LSP




739 KK HE 4F . AMS50

A WOt R AL SE SR BT 5T 1071

Ut A RD L [RGB ORE B8 0 A RAR . Tl gk
107 st BLEY . b — 25 0 n] UL, BT 16 i 152
ot i B4 8 2 I A D T A A% e AR A OF- L3R T AR
T 5% - X 2 WO o i il DUGR 7 B 2 8 & 4
Tk T A SOM DG 775
4.2 WAAR

B 5 g O vhly b 275 B ECTE A S A2 i
PRI L O et I 22 AR D 0 il 535 B o 4
HE— 25 U B O sy X bR R A P AR .
BLARR) S AHHL CanE 1 TR A TG . R 2 O
i gE s AR S B A . RN E &R KRR
TR WO S (9 58 v ok BT A I 22 7 T A
YA . B G & Jm T W HEN T R A A
FRAEAG 8 R EUD IR AR IR fE O B 2 FLI Pk AR
TS T 57 585 0 A% R 2k g B R A T O e
A B A & L M e . S ECE 2
ot T o S A R A0 A R P 5 T LB R

Bl 5 ot K44
Fig. 5 Microstructure of laser shocked zone
4.3 BRHEE
WOETE T 1 bk B A AR L 51 R E BB
AR IO TR AR A SR AR A TR L R PN A R R A AL

BERNZE S SRR R R R R R . BOL bl XORE
TRCTAT A S DR R o3 A AN 1B 6 T 7 s 32 1Y B R Al
B W (E 29 63 HV . i 56 4 1) f 3 5 B 24

65

W D
W (=}
!
*
*
*
*

W
!

Micro-hardness /HV
W
(=]

&S b
(=)

L

*

*

*

*

*
*

T T o e S S B S B S e
0 010203040506 070809 1.0

Distance from the surface /mm

Pl 6 o whaly DR AT A S R R 0 A

Fig. 6 Micro-hardness profile on the cross-section of

laser shocked zone

40 HV . W ibE B 29 82 5 T 586, b 4 3 3 1w B
P R T S BRI R (L o A S A

IS 73 2 A A R A A4 I JH e (L T ) B A 4% B
S 18 0 S AR S R 24 Ry i ) A1
THB on Jo MR R A IBIEAZRIE . I3
75 S 10 3 o ol IO ) A8 4 R 2R TR — s R S [
IR R B8R 1L . SO 00 ol i B A A4 4
T A B SR T IS L A I8 A5 L o A e ) 5 A R
iR W IO 3 9 i) R oA S A2 A B P 38 5
W T Uk X BT RE B SR A BCR L e . PR R
JZE A 1 A A gy i A ) 2 T A A I B R
TR % Uk

ot RN B R RE D aldE T
A fhF

D — C.Cyt (P*O'H>’

C.—Cy
o Co s C, 3 B Ay 53 It R0 98 P D A A ) 4%
HE, £4 4 C. = 5 74X10°mm/s, C, =
4.44X10° mm/s™*, ¢ Ay oph AR TR RD L b 0Ok
Jik i B8 BE SR 23 s, 29 52 AR A vl o A B [R] J B
Z K ERE ) 2~3 F5 L F G ¢ ~57 ns ¥ Co . C, s
LPonfRA (D X, MBHLIRZHRE D~
0. 84 mm X 5 AR I b A9 W G0 RE A 3K 45 SR Ot
AR—FNE 6 Fin) . HIgTHE 55K mtgh 51
TR MR R AR R E 29250, 8 mm,
4.4 BENA

OB T 100 5k o o B TR SR R A
AT o 22 2 RN i o B ST A A B ) ST T T Tl
NS E L A 2B T & A AR 2
RS2 o I8 RE N 0 (R 8 s A48 1 1oz g A S R 8%
RN TT . BEp AR E L F XS A
Sty XN A R T A A B T, 4 SR TE O eh b X
Fm. Bk AR N N H M —145.9 MPa (3% £ Ol
+18. 2 MPa) , 11l 7E 28 5 3O vhds IX ) 26 10 H ok A
N SE N —3.5 MPa (iR 25 £12. 7 MPa) , o] L,
W oo Ak B oy X2 PR AR AR AR R Sy, SR
BRAYTE IV 748 i ik — 146 MPa, b k2% 1 19 5% 4% IR
INE 3T RSP A Rk A 3ek R A N g, DA AE 2%
W7 BB PR AR TN R L RE AT RCHE R M R B O

T,

D

20']_[

5 #%
SR el B B K o O o b T AMS0 B A 4
B T8 SN RS 1 GW/em?, B



1072 i

i

ot 35 &

BWRIEIEZ150 pm, K YRR JE 23 mm., 525 25
REYAEZ L LSRN BRARAT T B i vh i 5 Ak
ROR S SURI T RPBER 100 AN B8 RESOL I 13 s O o

AL H AM50

fe b o (1 KL I R Rt 2 OB AR N A

WERE MR R E A B A R 58%,
A} 3R 1T 5% A R W ) (B 5 35 — 146 MPa. 5% £k )2 TR
B 2450, 8 mm, 5 AR + 4 B i .

7

& X X #
Zhang Jin, Zhang Zonghe.
Application[ M]. Beijing: Chemical Industry Press, 2004, 1~
307
gkooE. RS BES A KW M. dtat: feaE Tl b At
2004, 1~307
A. Tharumarajah, P. Koltun.

Magnesium Alloys and the

Is there an environmental
advantage of using magnesium components for light-weighting
cars? [J]. Journal of Cleaner Production, 2007, 15(11) ;1007
~1013

B. L. Mordike, T. Ebert. Magnesium properties-applications-
potential [J]. Materials Science and Engineering A, 2001, 302
(1):37~45

Y. K. Zhang, C. L. Hu, L. Cai e al..
improvement on fatigue life of metal by laser-excited shock
waves [J]. Appl. Phys. A, 2001, 72(1):113~116

Charles S. Montross, Tao Wei, Lin Ye e al..

processing and its effects on microstructure and properties of

Mechanism of

Laser shock

metal alloys: a review [J]. International J. Fatigue, 2002, 24
(10):1021~1036

Zhang Yongkang, Zhang Xingquan, Zhou Jianzhong et al..
Deformation of aluminum alloy LY12CZ plate by laser shot
peening [J]. Chinese J. Lasers, 2006, 33(10):1417~1421

TR RE R AL R . LY12CZ 4R A Aot LA R LT .
FE B, 2006, 33(10):1417~1421

J. Z. Zhou, J. C. Yang, Y. K. Zhang e al.. A Study on
super-speed forming of metal sheet by laser shock waves [J].
Journal of Materials Processing Technology ., 2002, 129(1):
241~244

Zhou Nan, Qiao Dengjiang. Materials Dynamics under Pulse
Beam Radiation [ M .
Press, 2002. 1~159
I3 I o A W QUL S ISR v S ) A R <A 9\ O e | v P = o 4
H AL, 2002, 1~159
R. Fabbro,

processing of aluminium alloys.

Beijing: National Defense Industry

shock
Application to high cycle

P. Peyre, P. Merrien e al.. Laser

10

11

12

13

14

15

16

17

18

fatigue behaviour [J]. Materials Science and Engineering A,
1996, 210(1) :102~113
Thord Thorslund,

Temperatures,

Kar.
shock
processing [ J]. Optics and Lasers in Engineering , 2003, 39
(1):51~71

R. Fabbro, J. Fournier, P. Ballard e al.. Physical study of
laser-produced plasma in confined geometry [J]. J. Appl.
Phys. . 1990, 68(2) .775~784

Zhang Yongkang, Gao Li, Yang Chaojun. Theoretical analysis

Kahlen, Aravinda

stresses

Franz-Josef

pressures and during laser

and experiment on deformation of TA2 sheet under laser shock
[J]). Chinese J. Lasers, 2006, 33(9).:1282~1287

ROAKHE.E L . MOt E TAZ SO TE 19 B 4 B
ML ®F5E[J]. P B3k, 2006,33(9):1282~1287

Ren Xudong, Zhou Jianzhong et al..
Thickness optimizing of surface coating for laser shock
processing [J]. Heat Treatment of Metals, 2006, 31(7) 61~
64

FETEAR sk i, gt 8 4%, ot ok n T 2 2 R B A
LI, & # A2, 2006, 31(7):61~64

Zhang Yongkang,

Zhang Yongkang,

Gu Yongyu, Zhang Xingquan et al..
Theoretical study on the influence of the overlay on the pressure
of laser shock wave in photo mechanics [J]. Acta Physica
Sinica , 2006, 55(11) :5885~5891

JBAK K RRE SRR S 24 )2 X i B B o i O
Wi AL BB B SELT ). #2224, 2006, 55(11):5885~5891
Liu Shiwei, Guo Dahao, Wang Shengbo et al.. Effects of
experimental parameters on LSP [J]. Chinese J. Lasers, 2000,
A27(10):937~940

XU AT S8R 5 I 5. S0 S HO0 Ok vh i SR AL AR 1
Ful)]. P E# K, 2000, A27(10):937~940

Xia Weijun, Yang Chunhua, Huang Changqing et al. . Influence
AM60
compression test [ J]. Materials for Mechanical Engineering ,
2006, 30(8):13~15

BT AL, SRS S5, TR i RIE T 3R X AM60 5 §E
JE4i i B AR g (], AL A2 A, 2006, 30(8) 13~
15

Hong Xi, Wang Shengbo, Guo Dahao e al..
attenuation property of the

of deformation and rate on twins of cast during

Research on the

laser induced shock wave
propagating in aluminum [J]. Chinese Jowrnal of Quantum
Electronics, 1998, 15(5) :474~478

WL EFE PR AFL WO b e e BRI b R R R Y
W5E[I]. &F & -F 5K, 1998, 15(5):474~478
Xin Hong, Shengbo Wang, Dahao Guo e al..
medium and absorptive overlay: their effects on a laser-induced
shock wave [J]. Optics and Lasers in Engineering . 1998, 29

(6):447~455

Confining



