A3 A 11 ooE % Ok Vol. 43, No. 11
2016 4F 11 A CHINESE JOURNAL OF LASERS November, 2016

el di 7050 B G B AR e W 1 i HL
E3R0 AL BEEC REA ERA

VRE I R 2ENLMR TR 2ERE, VLN RSl 226019
PR N R 2EHLE TR AR, Wil RN 325035
YLK 2FEPUAR TR 2= BE . LA F7T 212013

WE  AWREOG g 7050 58 A 4 AR R TE ER A R 3R 9 AL 43 4 T R S 1,98 GW/em” *ﬂ
2.77 GW/cm? B EOE hi 7050 84 4Rk, R ANSYS/LS-DYNA A R I 43 7 5 28 A5 480 43 7 T 75 ) 3 % Jig

1.98 GW/cm® MG wh i T A9 MEAR IRE . S0 rh R X4 0 I 43 B S0 et 8 AR 3R ) ~ffiiukﬁﬁﬁﬁizékﬁ?ﬁ
A3 )P P T S A% S DU i YO o o B SRR B Bl 2 R AR L I R T = 4 R AR 4 00 5% T o o DX B Y 26 T R 4
My, SeEGZE LW, SR N 1.98 GW/em? Fl 2.77 GW/cm?® BYIEOGTRE mhidi 7050 484 4 Witk il ke J5 477 4= T 5%
RN IRG o 1 TS5 AT B0 25 2R 5 S 00 B8 B A B 1 — B0 R s e A s O i S R E A
FRATIRE ST B 0 B N . P SR AY B 43 A A B0 25 B AR T, 2 R PN R [ B A b o D 6T B Ay B 7 T A B
AR VB R 2.77 GW/em® BSOS ol i in 205, AR R AR SRR i oy DX O B JEE B 0 i) L I G X8R
Y JEBE K10.800 pm il 8,150 pum 5 78 3K 11 F i ¢ 15 o i e A S [RIAE TR S 0RE R 44 77 2 T 3R AR N TR L4
KR WOCHOR WOt s BN 5 7050 R4

FESES  TN249 XEEARIRED A

doi: 10.3788/CJL201643.1102003

Formation Mechanism of Residual Stress Hole on 7050 Aluminum Alloy
Sheet Sample Under Laser Shock

Cao Yupeng'?® Zhou Dongcheng' Feng Aixin®? Hua Guoran' Jiang Suzhou'
'School of Mechanical Engineering, Nantong University, Nantong, Jiangsu 226019, China
2School of Mechanical and Electrical Engineering, Wenzhou University, Wenzhou, Zhejiang 325035, China
*School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract To investigate the formation mechanism of residual stress holes on 7050 aluminum alloy sheet sample
under laser shock, the 7050 aluminum alloy samples are shocked by laser with the power densities of 1.98 GW/cm?
and 2.77 GW/cm?®, respectively. The finite element analysis software ANSYS/LS-DYNA is applied to simulating
the sheet samples shocked by the laser with the power density of 1.98 GW/cm”. The distributions of residual stress
on the thin plate and thick plate samples are analyzed by the X-ray stress analyzer, the dynamic strain of the samples
shocked by laser is measured with the piezoelectric thin film sensor, and the surface microstructures on the shocked
areas are observed through a three-dimensional microscopy system. The experimental results show that the residual
stress holes on the 7050 aluminum alloy sheet samples can be caused by the laser shock with the power densities of
1.98 GW/cm? and 2.77 GW/cm?. Under reflecting boundary conditions, the simulation results agree well with the

experimental data, which indicates that the gathering of the rarefaction waves to the center of the light spot is the
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major reason for occurrence of the residual stress holes. Through analyzing the distribution of residual stress and
dynamic strain, the influence of the shock waves reflected back and forth in the samples on the residual stress holes
cannot be ignored. The thicknesses of the central areas of the thin and thick plate samples are 10.800 pm and 8. 150
pm thicker than those of their surrounding areas respectively after the samples are shocked by laser with power
density of 2.77 GW/cm?. The residual stress holes on sample surfaces are caused by the joint effect of rarefaction
waves and laser shock waves.
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Table 1  Chemical composition of 7050 aluminum alloy (mass fraction, %)

Si Fe Cu Mn Mg Zn
0.12 0.15 2.0-2.6 0.1 1.9-2.6 5.6-6.7
W EBEAR [ 78 I FE R 1 RE UG PVDF JE A% A% . 0 B BB BE 0 3 mm s 76 B5URE 15 1 15 X6 BE o f &
Kl PVDF Ji H A& g g, BARSC o2& A 1 Fros . AR B 7 35 9 4 56 B3 L 3806 oh o6 38 5 09 B 7 9% 7 3K
R et ] 2 S5, A 24 18 7 DAL % B RE 22 T 575 TG B . PVDFE R F AL RS 7™ A — A U Bk o, 3% L A5 5 )
F 7% 8 A SR A2 FHE 5 CH3 L CHA 43 51 o8 7% 5 2% A9 I B3 3 Horp CHS B SR 48 K W 78 i FE 75 1/ 49 PVDF
JE HLAR R AR B S A N AR, CHA T R AR WS 78 1R 10 1 PVDF JK HL AL IR 25 10 2 25 0 AF
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Fig. 1 Detection device schematic for dynamic strain of samples induced by laser shock
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Fig. 2 Positions of test points in laser shock region
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Fig. 4 Diagrams of boundary conditions. (a) Non-reflecting boundary condition; (b) reflecting boundary condition
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Fig. 7 Nephogram of residual stress under non-reflecting boundary condition
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Fig. 8 Distribution of radial residual stress on sample surface
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Table 2 Superficial residual stresses of detected points on thin plate sample shocked by laser with different power densities

Superficial residual stress /MPa

Power density /(GW ¢ cm ™ %) Point direction
a b c d e
Bo —130 —102 —159 — 140 — 144
1.98 Bis —106 —119 —218 —106 — 144
Boo —100 —136 —121 —117 —121
Bo — 156 —106 —172 —45 —118
2.77 Bis —112 —115 — 207 —171 —178
Boo —130 —132 —26 —93 — 140

F 3 AN[E) T8 o v s T A AR A 1 R Ay 3 Ry B T £
Table 3 Residual principal stresses and directional angles of detected points on thin plate sample shocked by

laser with different power densities

Measured Detected point
Power density /(GW * cm ™ ?)
parameter a b c d e
0 max/ MPa —97.51 —102.00 —59.72 —103.23 —116.24
1.98 0 min/ MPa —132.49 —136.00 —220.28 —153.77 —148.76
B/ 15.48 0 —38.15 —31.46 —22.50
6 max/ MPa —109.38 —105.40 31.36 —44.92 —78.78
2.77 0 min/ MPa —176.62 —132.60 —229.36 —93.08 —179.22
B/ —33.62 8.55 27.97 —2.38 —38.67
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Fig. 9 Comparison between experimental and simulation results of residual stress on sample surface
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Table 4 Superficial residual stresses of detected points on thick plate shocked by laser with different power densities

Superficial residual stress /MPa

Power density /(GW ¢ cm™ %) Point direction

a b c d e
Bo —114 —150 — 146 —160 —179
1.98 Bis —163 —216 —78 —114 — 147
Boo —169 — 180 —95 —126 —122
Bo —188 —190 —139 —185 —148
2.77 Bis — 166 —253 —39 —278 — 148
Boo —121 —184 —133 — 187 —137

K5 AR 3 BE B0 vh o SR AR AR SR A% T2 0% B T e A

Table 5 Residual principal stresses and directions on thick plate shocked by laser of different power densities
) Measured Detected point
Power density /(GW * cm ™ ?)

parameter a b c d e
0 max / MPa —106.99 —111.55 —71.19 —109.65 —122.18
1.98 O min / MPa —175.81 —218.05 —170.01 —175.65 —179.02
B/ —19.02 —36.65 —29.33 —29.44 —3.54
0 max / MPa —118.47 —121.33 —39.26 —94.20 —134.84
2.77 6 min/ MPa —189.83 —253.07 —233.04 —278.10 —150.26
B/ 9.95 43.65 —44.22 —44.74 23.55
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Fig. 10 (a) Maximum residual principal stress, (b) minimum residual principal stress and (c¢) direction angle

of principal stress on plates with different thicknesses

JEARREE R A 5 mm , WA R B R 1 mom , oy 9 78 R ARG RE A 0 B 5 AT R R A% 3 8 RE G K T
MR AR AT sk ol 30 7 PR A R %) Sk [ s S5 0T 3 TR 836 Ak 1N 3 43 A 1) 5% St /N T AR URE . Fl 18T 10 HT L,
TESNRBZEEH 1.98 GW/em® BIEOG T VE T 27050 5854 4 v AR i R 1 JEE MR b KR 119 4 A e 0 o5 o R B% 42
N B S, B A R A I R B G, v A R 1) R A N T T B G2 L TR SR W B S A TR
S 2.77 GW/em® [3O6 b VB TR S TR AR AR 25 A B0 s 10 85 K % 4x 32 0 0 (B 38 K T AR AR AR X e
s KIR s A B R BR AR N 1 MBI S e BE O B BER A N S R B L 5 R AR A AR L v AR K
P ot DX A 14 B3 A 167 ) 30 5 M B S o A e 98 R SRR ) DR [T S T B A L g T 1 S e R T 2
W 38 AR JEE R W  5555 e o D A A P 4 SR R % TSR A g T R L

MR IR EE R 4.07 GW/em® WEOEH P 7050 4354 &M RS  FIH X 548 8 F1 40 BEALA BT
TR A 2 T R AR I ) A3 A s R B R R AR FE N T R A A B ST R T O R 7 AR AR AR B AR . S A3 T b
/&Ewﬁ#ﬁﬂ%ﬁlﬁl}iﬁﬂfﬁ%rﬁj/HFEEEE’JE?HH KM PVDF J H A% 8% 8% U it D) R % B2 ol 4.07 GW/em” I
1.98 GW/cm” By O v i URE R TG S A8 0 AE , & W R LR Ve, ) WKL 11 FR

rigger Time: 2014/04/28 22:38:27.32 Funber of Data: 125000 Zoom Trigger Tim 2014/04/28 22 59 57.66 Funber of Data: 125000
-4 B g Interval: 16.000 p: Sampling Interval: 40.000 ps

29359&: 2 [2000ns/d1v] 44761% S"er C . [500.0 ns/div]

1
L’"\wMMWV P

S R 0 -
\&M o J\ e i
B v e B w1 A 4 e

v

.

~2,0641 (@) —2.0528|®) ==y 1
0 _399. 98 l’IS 1.60000 s .00 ~999.96 ns 4.00000 ps

Bl 11 AR EREE Nt E TR AN, () 1.98 GW/cm®;(b) 4.07 GW/cm’

Fig. 11 Superficial dynamic strain on sample surface shocked by laser with different power densities.
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Fig. 12 Three-dimensional topography of center area shocked by laser with power density of 2.77 GW/cm?.
(a) Thin plate sample; (b) thick plate sample
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