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Abstract
peening (pLSP) is carried out. The results show that nano-hardness and elastic modulus treated by pLSP are higher
than those of substrate, with the maxima of 4.21 and 2.39 times, respectively. Change laws of nano-hardness and

Experimental research of nano-hardness and elastic modulus of copper treated by micro laser shock

elastic modulus in shock region are explored, and main factors and strengthening mechanism are discussed. With
reasonable characterization of surface mechanical performance by nanoindentation technique, good guidance on
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parameter optimal selection for further study of surface mechanical performance in pLSP is provided.

Key words laser technique; hardness; elastic modulus; nanoindentation technique; characterization

OCIS codes 140.3440; 140.3538; 320.5520; 140.3390

1 5  F

POEME AL — PhORT 19 R 1 PR BR L BE S AR
1 A L2 11 ol D8 A R L T 7 AR L IR A B B R
JE R 3 5 o A A 8 O A5 i AR EED L O
WEALBA (uLSPYM J2: 75 B WAL H A B it B &
JEEAA » EZEE XL AR G2 (MEMS) A R
2 1) 4z s s (R A T 32 P R AR AL . A [A) 9 2 R
MR HAREROR R 2, Bk b RE R AE R B2 AR
. pLSP T B B 8RR AL BE 06 1 Bl dv 1 R )2

Wi B HA.2011-03-18; W E & B #A . 2011-04-10

g Jey HR 7 A T BE R AR L 3 43 AT 38 T 2 XS ) A
JEE T2 S AR A O A SRR P 1 g A P RE L T 4R
o AT HE A L DA 3 Sk i e MEMS Hb 43 J Bl o F
(19 9 I TRTE o AT T L 2% 3 8 A T 1) A/ A 2F 2 i o
PEIEAF 508 T2 1 20 1T E N AME 2 5238 1 R 1T
FIHFFE .

B MEMS ft £ mb e R & Jm AR i T
FEAS B Ty 2 R 22 VR B+ RO TR RE B4 17 2R 20
WSS FRAT . 2002 4F 52, Chen 557 XM 1R HEAT T

HEEWMB: WK A KRB 24 (50675090) 2 F #B 4 5 5L 4 (200802990004 (VT 75 4 = 18 A SR Bl 4 3k 4 & Ko H
(08KJA460002) VL7 H 4R B # 3k 4 (BK2009219) VL7 K 2% 8 B 5 H JE 4 (CXO08B_06x) FI VL 75 i AL A 75 2 Bt bk T2

7T B,
VEB A B F AR (1979

) 2L R AR, EE R B b S Oy M BESY . E-mail : fanyujie@ tom. com

SIRE A AL (1964—) 55 B2 8 oA S U L T A S 0 Sl 1 o i R R T P S A R A U TR T

E-mail: zhoujz@ ujs. edu. cn

0603026-1



H | # g

WOCTBOIL SO 70 IE SR FT A B BOE T2 S GO B R A 1 A8 1 B HR AR LR S OB 1t

B0 BERSAE IR R 2 A A A IR AR IR Ry R8BI T R R /R I BT SE 2 (A8 Bl

BR AR IV 3 53 A A SRy W HL iR A AR B 2 BERAE U7 5

H i TBOLKE R AE RO 7EROR BE gL i HATR 2 52 I

X PP RAT O R M E ) X B HBRRZE 21 grEmiasn

1 mmZe A7 o RS B 00 5 GBS L Ak 3 X3 1 8% A I ) BB 15 mm X 10 mm X 1. 5 mm [ 441, %

By R o DRI 2 18 B2 0 PR i I AR A Dh a e of P Z s v . DAZ920 L A SRR A R RE

POBALIR A ROR I RAES B R — PRI BES Y g2 VKO BE3 16 R 29 )2 5 5% 7 2 % SGR-

Tidi . MALGER BE B C A8 THOGEWIL 10 B0 Y638 Q kb Nd: YAG [# A& 80k 28 . 9% K

SRACROR B RAE . AR IEIREORTEMES I 1 1064 nm, JJKFE7 ns.

FEAS I 7 i LA R v 1 B s A3 R SCHRLT R A O B T AL 52 0+ O BB 43 Sl O 50, 60,

K IR AR X B WAL SR A DX Ik B 8 B JEAT T 70,8090 mJ DEHE B AR K380 pm, B EL A K.

HLIFE AT TR H TS A SO ROE Tl TR R A S 00 vhah B R I 7E 3~5 GPa,

WAL AR A A 0 BF S o B BE R SRR AR e R B A T IR R L S B I R AT 7 A

A28 LA G AR B R R BB 4 A b PR RE L XL PEARTR L M T B AR 208 500 pm . fr KB PR R E

R SR O 167 pm JNIEL 1 BT . 00 0 X R 52 T 2 1T 11 9
ASCLAAEH B R R HAEROCMBOLE TR RS N e B RE R . A 0G0 %) xR ok 7

DORTE R A B A4l T ROEROBOLIE i IR 4R

Depth /um

(IR I S A T S T S S O S S PR T S S I
0 100 200 300 400 500 600 700 800 900 1000
Width /um

F1 OG0B LS MR B 5 R i (RE - 60 m] L BEALUCEL 1 YO

Fig. 1 Measurement of dent geometry induced by micro laser shock peening (energy: 60 mJ, one pulse)
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Table 1 Nano-hardness and elastic modulus at different regions of copper treated by micro laser shock peening

Non-shocked region

100 pm to center Center of laser spot

Maximum load P../pN 1500
Maximum depth A, /nm 195. 60
Slope S /(uN/nm) 102. 16
Contact area A /nm® 1046800
Nano-hardness H /GPa 1.41
Elastic modulus E,/GPa 88. 47

1500 1500
145.13 92.37
71. 38 119. 69
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85.15 211. 44

SIS
3.1 BRBARBHEREARBEEMEERS
[l 2 Sy 2 ] AR (R I HL DX 3880 IR 1ot AL 5
A rb O DI 98 K R R n s 2 ARt 4k AT DL R TE
AH R B4 28k 28 A T o A W AL DX 35 R M A e 7 TR
AR BE 43 51 2 195. 60 nmA192. 37 nm, JE 3k i K
Fe fil TR B AZ /N L R B OB USSR AL S T 2 R
T P KR B, R i F2 2R = AN D S
AT 5 N TR A L PR AR R S A W R AT Y
e LA is sh g R I AR I VE TR S 7 A 6
FERL BB T3 ) AN e 38 00 o A 8 85 B 20k £
o RA A 7 A B 0 R AR s . 2) e b
PRI B AR RN ). 0 R TS A A SR AR N s i
R e IR 23 52 N T 0 A2 3 I S ) o R o 1 B AR i
1600
1400
1200

1000
800+

600
400
200 ™

0 hoZ 1 1 N 7 0 1
0 50 100 150 200
Displacement /nm

@

Force /uN

J155 55 T S ERAR N1 5 B D5 18] b 4L R g Y
S PR TR 2 R BT T S XL ) 5 R R
7 T AL AEAE BEL Ok IR L BT LA AR TR B/ L 3) i
JERUIBE LT BB AR R0 s ).
Fift < J B ORHE 25 7€ IR B2 251 R L #0 A A C I AFAE
AT . YA R R TR AL R I o 5] R
FEBT T T i o A0 N A) 5 2 94 R0 9 5 i 1 BT
BeA RG]k 58 A 52 AR A R o S PE R BE R
WAL X3 9 88.47 GPa Mg hm F| WE L o 1
211. 44 GPa, S L2 bR 89 [ A s V. 5 6 8
8T PN P 2 AL A O o — e Rk ) i e AR it G A AL
W2 AT RED OB UBE AL 58 1k 00 5 58 18 i %
J2 S5 AR TN B L AR 2 BRI FL B A T 52
ity DX 2 B SRR A

1600 | (b)
1400 } 5%‘
1200 } a{& {i
Z 1000 , & ’x
g 800 y.
5 o |
h‘ [ .
600 aﬂgﬁ ;
400 o P
o &
200 L e
05 = - aa L nl’ 1 1 M 1 M 1
" » i 2 80 100
Displacement /nm

2 a9 oK R MR B AR 28 . () SR CRBUL XD , (b) BOBRUBE L5 Ak o X sk

Fig. 2 Measured load-displacement curves at maximum load of 1500 uN in indentation test

(a) substrate (non-shocked region), (b) center of laser beam
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Fig. 3 Measured distributions at surface in the indentation test. (a) nano-hardness, (b) elastic modulus
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Fig. 5 Measured values at center of laser beam in the indentation test. (a) nano-hardness, (b) elastic modulus
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