#2H HI0H
2005 4£ 10 A

N 0,
FOF

ot
XEHE . 0253-2239(2005)10-1352-5

ird
ACTA OPTICA SINICA

Vol. 25,No. 10
October, 2005

op O R A 2R BRE 5
x %' IFRS BAET RARX

1 FERZREZBOEERE BRI, &8 230031
(2 FEBEBEARRFREEEARE N, 418 230026)

BE: FHNERMW 11— "M (PVDP) [k i A%, KB T X 80 51 & i wh o I 7 o S 90 2, 45 203
51 % ) e o 15 W P A 4 P AR R F SR LR 5 TR T AN IR 49 SRR b A 48 B R 7 AR I BOE i B BT T

AR L RIE XS vy 50RO s B RO v 7 3R AL 26 B X 7050-T7451 fiss 48 B & G5BT T s i 1L ik
AP E R EENRAREN W RMUEFEERAGTTIE. SREALEEPHLBHRGETEERSE
BIBRARER J1, 035 —200 MPa Dl . #tmHi A BEHREENNVEFERIEENRERE . BEFEHRED
175 % ~428% X Sb E B 45 Rt v A B AR W iR N A B A B A,
35 TN246

KR BOWEE; OGBS Bt BRI BRARER S MEHE; BT HMw
SRR IR A

on Aluminum Alloy
Wang Shengbo®

Research of Material Modification Induced by Laser Shock Processing
Wu Bian'
Abstract:

Guo Dahao?
1 Anhui Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences, Hefei 230031

Wu Hongxing?
2 Institute of High-Power Laser Technology, University of Science and Technology of China, Hefei 230026

)

Using a new poly (vinylidene fluoride) (PVDF) piezoelectricity gauge, the real-time measurement of
pressure of the laser-induced shock wave is realized. The attenuation of peak pressure of the laser-induced shock
wave in aluminum is an exponential function. Laser-induced shock waves on surface of aluminum targets different in

confining materials are observed, and the effects of different confining materials are studied. At last, the 7050-T7451

dislocation density; fatigue life

compressive stress can exceed —200 MPa. There is a distinct increase in the dislocation density of aluminum alloy,
the fatigue life is improved by 175% ~428% . These experiments have guide meaning to the practical engineering
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—

aerial aluminum alloy material is shock-strengthened by laser shock-strengthening processing (LSP) technique with

the device which is developed by authors, and the residual compressive stress and dislocation density of LSP area are
applications of LSP technique.
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tested, the test results show that test piece will have very high residual compressive stress after LSP, the residual
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Table 1 Shock effects of different confining medium

Confining Acoustic impedance / Laser intensity / Experimental P,/ Standard P/
medium [10% g/(cm?® » s)] (10° W/cm?) (10° Pa) (10° Pa)
PMMA 0. 32 0,74 1.1 1.13 1.11

Silicon rubber 0. 47 0.74 1.2 1. 38 1.35
K9 glass 1.14 0,68 3.7 1.59 1. 66
Quartz glass 1.31 0.76 2.8 1.72 1.66
Pb glass 1.54 0. 90 3.1 2.28 1.93
H,O 0. 25 1.14 3.5 0.63 0.52
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Table 2 Residual compressive stress induced by LSP on T7451
(Material: T7451,6=5 mm; Confine of LSP: ¢8 mm;X-ray transmitter aperture:$3 mm)

Mode of LSP Serial number Confining medium Pulse width of Laser intensity /  Residual stress  Residual stress
ode o
of facular (K9 glass) /mm laser (FWHM) /ns (GW/cm?) (obverse) /MPa (inverse) /MPa
Unshock
) Matrix 1 Nothing Nothing 0 —8.940.0 0
Processing
Dihedron Obverse 1-1
$20X 12 20 1.74~2. 26 —226.9£56.4 —66,7£11.3
in twice Inverse 1-1F
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in twice



1356 Xt &4

1% 25 &

Bro DL5EE BRI B SR B A s B, TR B
HORAEZR A 1250000 ) A% 48T /9 U & 45 51 I 7
Bl 6T .

& 25 RR Y - L HOE vh oy A BF B A48 £E Bh
W KA RS Ml b B R LSRR T
KRB 5 B T S G50 o A iK JiE AR 5
FER o, RLEETEIER o, AR SCHR[ 11 TA] A1 5oc ot , fiL
SR o B2 B A B IR R GR B R L X R T
BOPPRHL R 37 A7 SE PR BB AR R o Hh ST L B A1 R
AR BO b ol 55 Ak Ak BE A AR T BB I ROR

5 4 § 7

FI B oh & B AR X 7050-T7451 i =S 864
B A7 3R AL AL B8 , 8 3 % Ak 28 5 A1 R 6 2 57 75 A
RN IR, B2 T — RN EELEL:

D &t ehdi A BE , A5k A4S B B KO
FEmia R BERRE, KT FaiRIRELEY
175% ~428 % i ha o

2) faEothG s, hBAXKWERRE
NIAE T HAMES, 7] i5—200 MPa Ll k.,

3) Gt WK B v i A B LY B R AL B R 44 R
WY R AR L 7K F- 8 8K B B 320, AT Ak B — A%
1) Sl

4) MUK Uk vk 3%CR B B AR B S oh s ) —
T b, H S oo 3R 5 0 G b i — HD sp 3R

VL bS5 X ot sh i iR AL AL BB R IR A B3
ML TREMNHABEAREEZENALIERENL,

Z # X MW
1B. P. Fairand, A. H. Clauer. Laser generation of high-
amplitude stress waves in materials[J]. J. Appl. Phys., 1979,

50(3): 1497~1502
2 P. Peyre, R. Fabbro. Laser shock processing: a review of the
physics and applications [ J]. Optical and Quant. Electron. ,
1995, 27(12). 1213~1229
3 Zhang Yongkang, Zhang Shuyi, Tang Yaxing & al.. Study of
anti-fatigue fracture laser shock processing technology [ J].
Science in China (Series E), 1997, 27(1): 28~34 (in Chinese)
TR KB, B TH . HURE S BT ROk b R ORI
], +EAFER), 1997, 27(D): 28~34
Wang Shengbo, Fan Yong, Wu Hongxing e al.. Research of

~

strengthening 7050 aerial aluminum alloy structural material with

laser shock processing[J]. Chin. J. Laser, 2004, 31(1): 125~

128 (in Chinese)

FAEW.E B.RENX % 7050 fiSE A LSS MR Ok

[J]. +E#%, 2004, 31(1): 125~128

Li Xinzeng, Tang Zhiping, Yu Jilin. Piezoelectricity gauge of

insulation film and combined high polymer[P]. Chinese Patent,

No. 92242887. 5 (in Chinese)

ZjRME, ERT BERK BEEAEGXERYERSZEAELP],

FEHEHM,EF]5:92242887. 5

6 J. P. Romain, F. Bauer, D. Zagouri e al.. Measurements of
laser induced shock pressures using PVDF gauges[C]. In S. C.
Schmidt eds. , High-pressure Science and Technology-1993,
American Institute of Physics, 1994. 1915~1919

7 Wang Shengbo, Fanyong, Wu Hongxing e al.. Property of

w1

laser-induced shock wave with confinement[]J]. High Power
Laser and Particle Beams, 2004, 16(8): 981~984 (in Chinese)
EFENR,E BL.RMNM % ARSGH T RO ERFEERH
E[]]. Bk s E-F R, 2004, 16(8): 981~984

8 Hong Xin, Wang Shengbo, Guo Dahao e al.. Study of the
properties of the shock wave induced by high-power laser[J].
Chin. J. Laser, 1998, A25(8):. 743~747 (in Chinese)
o oL EFE.BAN F BEAEISIEEMHREETR
[J]. +E#k, 1998, A25(8): 743~747

9 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

10 Grevey D, Maiffredy L, Vannes A B. Laser shock on a TRIP
alloy: mechanical and metallurgical consequences [ J]. J.
Materials Science, 1992, 27. 2110~2116

11 Guo Dahao, Wu Hongxing, Wang Shengbo e al.. Study of
mechanism of strengthening materials with laser shock processing
[J]. Science in China (Series E), 1999, 29(3): 222~ 226 (in
Chinese)
BRHE, R, EF Y &, ot RAVERRD]. R
#(E#), 1999, 29(3): 222~226



