Vol. 15 No 2

Trans. Nonferrous Met. Soc. China

Apr. 2005

Article ID: 1003 ~ 6326(2005) 02 ~ 0443 ~ 04

Finite element method simulatiog of
shotpeening wing skin panel

WU Wei( %= °4), ZENG Yuanrsong( % 7o),

HUANG Xia(# &), LI Zhiqiang( 45 58)

( Beijing A eronautical M anufacturing T echnology Research Institute,
Beijing , China)

Abstract: Finite element method( FEM) was used to simulate the forming process of shotpeening the wing skin

panel. Experiment of shotpeeing the wing skin panel was carried out. The results show that equivalent deformation

in shotpeening process can be obtained using the elongation and bending result caused by thermal stress that is in-

duced by applying temperature load on the surface of the part. Deformation of the part in the shotpeeing process can

be analyzed using this method. The parameters and their relationships are identified.
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1 INTRODUCTION

Shotpeen forming can generate compressive
stress on the surface of the part. The compressive
stress layer can stop the fatigue crack from crea-
ting and growing, thus improving the fatigue prop-
erty of the part. At one time, shotpeen forming is
dieless, so it is especially appropriate for large part
processing like wing skin panel ™'

There are many factors contributing to the
shotpeen forming!*, such as the impact velocity of
the shot, the shape ( diameter) of the shot,
coverage, the thickness of the part, and the status
of the part. Presently, much success of SPF lies on
the skill of the operator. There are two main kinds
of FE simulation applied in the shotpeen forming.
The first one is to set analysis models according to
the real impact process so as to study the mecha-
nism of the shotpeen forming, the size of the dim-
ple, and the distribution of the residual stress in
the object of manufacture, etc. Because of the lim-
its of the FEA and the hardware of the computer,
it can not be simulated that thousands of shots are
really impacting on the part surface. The second
one is to use the deformation equivalent principle,
which uses other loads as the impact loads in the
real process, and simulates the shotpeen forming
process. This paper is about simulating the shot-
peen forming process and the needed conditions u-
sing thermal loads, while indicating the applicabili-
ty of the method.

2 SIMULATION METHODS

[678]

2.1 Theory and assumption
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There are only stretching and bending effects
when the material is being shotpeen formed, so
these two conditions should be met with any equiv-
alent simulation methods.

The residual stress G.(Z) on the cross section
of the part after shotpeening can be decomposed in-
to three portions:

O0(Z)= O(Z)+ &(Z)+ 9(Z) (1)
where 0G.(Z) is the stress generated by shotpeen-
ing; G (Z)is the stretching stress in the cross sec
tion; G,(Z) is the bending stress in the cross sec
tion. Assuming that 0.(Z) is even and continuous,
ignoring partial plastic deformation and load histo-
ry.

In the temperature gradient field, the internal
stress generated in the free rectangular plate

isth 2
_ o wki(Z) _]_f
O= -—
i ¥ 2e(1- ) 7C<1Et(Z)dZ+
3
2 (1= ¥ ﬂaEt(Z)dZ
= 0+ G+ Oy (2)
where 0 is the stress generated by temperature;

& and Oy are stretching stress and bending stress
generated by temperature gradient; E is elastic
modulus; ¢ is temperature; ais conduction coeffi-
cient.

Derived from Eqns. (1) and (2), shotpeening
process is similar to the deformation of the rectan-
gular plate in single dimension temperature field,
so project load of the shot can be replaced by tem-
perature load.

2.2 Analysis model
Multiple layer shell elements were employed
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to define compressive stress deformation layer gen-
erated by shotpeening. Analysis model of deforma-
tion is shown in Fig. 1.
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Double-sided peen forming

Fig. 1 Principle of analysis model
for simulation

3 ANALYSIS AND DISCUSSION

3.1 Coefficient conversion between heat load and
intensity of shotpeening

The relationship between temperature and pa-
rameter of shotpeening must be found to simulate
shotpeening process using heat load where the in-
tensity of the shotpeening is a most important fac
tor. Through experiment and FE simulation, the
corresponding relation betw een temperature ¢ and
arc height ¢ (intensity of the shotpeening) was
built as'”

t= ki (3)
where £ is the scale coefficient obtained by exper-
iment and FE simulation. The material of the part
is 2024T 351, with its dimension as 76 mm X 19 mm
X 4 mm, the shot is S390. Experimental data are
shown in Table 1. The FE model is built according
to the material of the part, its size, and the experr
mental condition. Fig. 2 separately shows the sim-
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Fig.2 Simulated and real deformation

for shotpeening part of
material 2024T 351

ulated and the real deformation when shotpeening
the part. Under such experimental condition, the
scale coefficient £ is decided as 47. 152.

3.2 Saddle shape simulation of shotpeening
The present wing skin panel often shows sad-
dle or drum shape owing to the aerodynamic re-

UM Tt is very instructive for real

quirements
manufacture to simulate the deformation process
before shotpeening and decide the amount of de
formation. Fig. 3 shows the simulation and shot-
peening condition when the plane part is deformed
into saddle shape. The dimension of the part is 665
mm X 500 mm X 4. 06 mm, and the material is
2024T351. There are 3 300 multiple layer shell ele-
ments defined in the FE model. Figs. 4 and 5 show
the equivalent strain of each node in the spanwise
edge and chordwise edge gained by FE simula

tion "'

Table 1 Scale coefficient k& decided by shotpeening and FE simulation

Part Wheel rotating Amount of Forwarding velocity/ Initial arc height/ Final arc height/ 1 C b
number speed/(r* min"')  media flow/ % (mm * min™ ") 0.254 mm 0.254 mm
W0l - 0.1 + 2
1 000 15 1 000
EO1 + 0.1 + 2
27.7 479.32
W02 + 0.1 +3
1 000 15 1 000
E02 -0.2 + 2
w03 -0.2 + 4.2
1 500 15 1 000
E03 +0.2 +5.6
60.15 478.52
W04 0 +5
1 500 15 1 000
E04 0 +5
WO05 +0.2 +5
1250 15 1 000 50.73 478.85
E05 -0.2 + 3.8
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Fig. 3 Simulation and shotpeening condition
0.84
Cigasacasiaga )
O"W ) %06,
0.82F K4 ‘s
S o080F ° .
E L 4 *®
< .
£ 078 ¢
B N .
&2
S 076 ¢ .
'3
= ‘ ’
0.74 e *
072 | A R (P S 1

0 10 20 30 40 50 60 70
Position of nodes in spanwise direction edge

Fig. 4 Deformation condition in
spanwise edge of panel

1.0
o** *%
« 08F ".o’ ‘0..'
= L4 S
g
s 0.6+ ® ®
b7
|5
= 04r
=
=
D
0.2 [‘ .’v. .0..
* o
%o ¢”‘
0 1 I‘."”"’t | L
10 20 30 40 50 60

Position of chordwise direction edge

Fig. 5 Deformation condition in
chordwise edge of panel

3.3 Simulation of panel deformation

It is valuable to simulate the shotpeening de-
formation process with FE simulation, in which
the position and path of the shot can be decided,
and to analyze the shotpeening of the blank model
while decide the deformation size of each position.

Fig. 6 shows the map of blank partial of some type
of wing skin panel. The distribution of themal load
on the panel surface is shown in the map, which
represents the shot track. And different tempera-
ture stands for different intensity of the shotpeen-
ing. The panel which stuff is 7075T 651 has a rib
there, and takes a saddle shape at the same time.
To form the saddle shape, single curvature in the
chordwise direction is made first, as shown in Fig.
7. Spanwise deformation is made then, and the
saddle shape is obtained finally, as shown in Fig.
8.
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Fig. 7 Single curvature in chordwise direction
deformation on panel with rib
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Fig. 8 Double curvature saddle shape on
panel with rib

4 CONCLUSIONS

1) It is possible to simulate shotpeening
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process of the workpiece by applying temperature
field on it. Above all, the deformation process,

deformation strain,

and deformation area can be

analyzed quantitatively.

2) To simulate shotpeening process with e

quivalent deformation method needs to be com-

pared with experiments, so as to decide the rela-
tion of temperature and the intensity of the shot.
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