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Finite Element Analysis for Prediction of Residual Stresses
Induced by Shot Peening
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ABSTRACT

The shot peening is largely used for a surface treatment of metallic components where small
spherical pellets called shots are blasted onto the surface with velocities up to 100 m/s. This
treatment leads to improvement of fatigue behavior due to the developed compressive residual
stresses, and so it has gained widespread acceptance in the automobile and aerospace industries.
The residual stress profile on surface layer depends on the parameters of shot peening, which
are, shot velocity, shot diameter, coverage, impact angle, material properties etc. and the
method to confirm this profile is the measurement by X-ray diffractometer only. Despite the
importance to automobile and aerospace industries, little attention has been devoted to the
accurate modelling of the process. In this paper, the simulation technique is applied to predict
the magnitude and distribution of the residual stress and plastic deformation caused by shot
peening with the help of the finite element analysis.
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Fig. 1 Schematic of elastic-plastic boundary below
the contact zone

7] W&ol £EHY FAE& HHI zA o §
o el 278 2EVYA BASE ¢E
9] o] 2 Avld F ALFAE AHsH e,
Fig. 13} o] £EEo] FE3t] FHPO &4
Wyo] st H REEY 5L 4

(3} 2ol Yepd & go,

M%% =—rna’p 1
4 (DelA pe FFHEYE(average contact
pressure) .24 ZAIX o2 AR JFERIJT 9
3ujs} 2t E, AER WP R, GE Ho|
Z 3 & 9 g Alelddl= 4 (2)9 72 A
7b e 1z mAgg FAEE 4 (3)F 2
o] Jepd 4 9ot

@+ (R—-2)?*=FR* )

a*=2RZ 3)

W, V&5, HFEE ), 7MEE e 28
I o]FAYst SU A4 AL A (@)
S} ZAth A7)A, 2EEC] FEI} F A2
AAAME HEESE p0] 0, olsAY S& 27t
Huz oluy 74k ok AEES 2IEE

g Hoizlo] Z& A 4 (5) 2ol XPHT

vi—v*=2aS @)

H9d HM1%, 2001 199



2 A 9eE - 4E - IRE

dv __ 0V

dt =72z ©)

gatA, A (33 4 B)E A (1 dgsty
A (6)F o] 2EE FEA 24P LR 3}
o WASE 4E Po] 28 T + oH, ol
&g A A ()l Y ¢4E 27 RE T
g 5 Ik

2
7= _LY_ ©6)

3p

3. petAdlA

31 d&42a o Yy

gty oz HEVYLS A FH AA iz}
o 13 g A4 100% AWHA 20& &
o] Hg3it) watd, ¥ AFNAME Fig. 2(a)%
Zo] 93 o] £ER] 13] FEI}= RS
AAsa, olg £ B AHE BFEY
Zo] A ¥FHd A BEXde Ao A
o} o7l 98 HAL HAALE Fol7] A
o Fig. 2(b)s} 2o] Ui B2 HA%o &
gairwe FANOH AA 84 FE FUHA
2 2 (axisymmetric element) 360071, 2d &
£ 3722700ith. 2EELS YA gl v I
7} o9 A7) W&o A 8.4(rigid element)
g AHgEten, SERY FAFAH HAAd &
o] Azt $Y3 A% Q2 A(mass element)E 3
43la, 2EE FAFTA 94X 44E& 7184
H(reference node)o.2 AAsle o] 7]FHH
9 &5l wat A8 AFALt A &

Table 1 Monotonic properties of SAE1045'"

i T
Yield Stralfl Strength rue
hardening .. fracture
stress exponent coefficient stress
M K
(MPa) 0 (MPa) (MPa)
380 0.23 1185 985

200 EIXNEXNSEHE=EY

/—Shot Ball

!

0 Plate

S

(a) Full model
Fig. 2 Model configuration

(b) Axisymmetric model!

A,

\ 1 /
[N S B
. y
. S

(a) FE model (b) Contact region
Fig. 3 Axisymmetric finite element model for shot
peening analysis
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Fig. 4 Dent after shot ball impact (shot diameter=
0.6mm, shot velocity=45m/s)

0.04

-+ Theory

T 0.03 = FEM

£

8

=

] 0.02

o

[=]

§

a 0.01

0 2 . "
15 30 45 60 75 90

Shot Velocity(m/s)
Fig. 5 Comparison between theoretical and analysed
results in dent depth Z according to shot
velocity (shot diameter=0.6mm)

0.16
~ Theory
0.14 « FEM
E
£
® 0.12
[}
=1
3
2 olt}
K]
a
0.08
0.06 . =
15 30 45 60 75 90

Shot Velocity(m/s)

Fig. 6 Comparison between theoretical and analysed
results in dent radius a according to shot
velocity (shot diameter=0.6mm)
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Fig. 7 The time history of the shot velocity (shot
diameter=0.6mm, shot velocity=45m/s)
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Fig. 8 The time history of the surface stress at the
central point on the dent surface (shot
diameter=0.6mm, shot velocity=45m/s)
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Fig. 9 Stress contour distribution after shot peening
(shot diameter=0.6mm, v=45m/s)
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Fig. 10 Residual stress distribution for different shot
velocity (shot diameter=0.6mm)
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stress distributions for different shot velocity
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Fig. 12 Residual stress distribution for different shot
diameter (shot velocity=45m/s)
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