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Effect of boundary constraint conditions of thin plate on residual

stresses and plastic deformation induced by laser shock peening
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Abstract: The numerical simulations and experiments were employed to investigate the effect of boundary
constraint conditions of thin plate on residual stresses and plastic deformation induced by laser shock
peening. Two boundary conditions, bottom fully constrained and both ends clamped, were used to
compare residual stresses distribution and deformation morphology of 7075 aluminum plates after impacted
by multiple laser shock peening. The results show that micro-dents were generated in impacted regions of
both cases after treated by laser shock peening. The plate still kept flat without cross-sectional
deformation when its bottom surface was fully constrained, while the overall upward convex deformation
was produced in the impacted region of plate with both ends clamped. Moreover, the maximum

compressive residual stresses existed on the surface of both cases, which was 299.0 MPa in the plate with
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bottom fully constrained and 251.6 MPa in the other case. Different styles of residual stresses field are

also found in the thickness direction. The residual stresses from the impacted surface to the bottom was "

compressive residual stresses —tensile residual stresses" in the plate with bottom fully constrained, while it

was "compressive residual stresses—tensile residual stresses—compressive residual stresses" in the plate with

both ends clamped.
Key words: laser shock peening;

plastic deformation
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Fig.1 Two common constraints of laser shock peening

A BRI A ABAQUS B 8 ) 32 I FH T 455 5 3
O I8 AL A P 5 014 ke A% I g Ay A 0T A L Ao
45 B 25 53 B AR 28 50 B o B S5 fE ABAQUS/Explicit
S A BEY o A AR5 0 A AR EAE TS R 2
P N/ VI AP 1= = e e 2 S X RN A b DR
FHSRBE + o0 1055, AN TR A MBI R T% , FLgh A R 1 4R
SWEEARRIFRE . 4% ABAQUS/Explicit I 25 Wi
45 5 A ABAQUS/Standard # 28 B v, BEiK
FEAETE BN S 45 R b iy SR PE R AR B, AR RRE 1Y
BRAR N 15 o TEREAUAROR 22 m OB WAL 5 AL i 7
T BB KR AT S S RE S 0T, BITES — 55
BN AT G A AR T N ) i B A 2 AR )
HREF AR RSB hIHR, RS s R
TS B B P AE R A R IR A, R
A, B 58 BT A A AL
21 HRTHEE

BRI, 57 9 = 4 IR OTAE AL 5] 2 Pl A
R RSE R 30 mmx30 mmx2 mmo,  7E it il 5 2%
B, 4 0] 24 SROBORE B4 VS TR DY S5 b i (1 2 v S A 2k
Wil LSRR RS ¥ 4 24 BRI AR T i S 4 2 o
PR B0 o D T PR IE T B30 2 T) I 19 48 3 SR ), 7E &)
53 PRSI ety XA 9 XOZ P T 4 9 508 RF
0.1 mm, 7 #h o KB BT RS2 0.35 mm, [A]
B, W AR RS B 5 1) B A T A3 Oy R PR 4, B
HAr BT ROT i 0.1 mm AR I #E] 0.15mm, R 2
B 43 0.2 mm AR YIS I #] 0.35 mm, RS AE A
322752 MG, HOU R RIOR A C3D8R, & 2 Hhik i
P 4% B 6 42 Path—1 Fil Path—2 5% % £ Uy X J7 [a] #1
Z Jy T (4 2 TR 50 AN Bk A 0y g {8, A | 3 TR
S 2 A L T A AR AU 22 OGBS Y i X

Pl 2 A7 PR T A5 B A IR s A2

Fig.2 Finite element model and measurement paths
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Tab.1 Mechanical properties of 7075 aluminum alloy
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Material A/MPa  B/MPa n o £

7075 430 350 0.4 0.12 1
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Fig.3 Shocking sequence and loading curve
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Fig.4 Two constraint conditions in experiments
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Fig.5 Deformation morphology of central impacted region
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Fig.6 Surface deformation depth of measurement paths
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Fig.8 Contours of surface residual stress distribution
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Fig.9 Contours of redidual stress distribution along the thickness

direction
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