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1 Abstract 

In this paper, both the impact model and the forming process simulation of the shot peen for- 
ming are introduced. In the impact model, effects of the shot diameter and velocity on the value 
and depth of the compressive stress and plastic layer arc analy~ed with dynamic explicit finite 
element method(FEM). A new equivalent thermal loading method is presented for the simulati- 
on of the shot peen forming process. The deformation of the standard Almen Stnp and a wing 
skin with ribs are simulated with the method using static implicit FEM software. Results show 
that the method is very effective if the relationships between thermal loads and the shot peening 
strength are suitably set up 

2 Introduction 

For a number of years, the aircraft industry has used shot peening as a forming process to some 
metal parts, such as airplane wing skins [I-21. The basic principle of the shot peen forming is a 
partial forging process. When the surface of a metal part is repeatedly hit at a high velocity by 
small steel shot, a thin plastically deformed layer is formed beneath the impacted area, and resi- 
dual stresses generated in the part result in an equilibrium of forces and moments, therefore, ob- 
tains a permanent convex curvature. Figure 1 shows the typical residual stress distribution 
throughout the part cross-section. It can be seen from the figure that two surface layers are all 
compressive stress, which can improve the resistance of the metal part to fatigue and stress cor- 
rosion . 
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to be controlled. The reason is many process variables can affect the curvature generated by shot 
peening, such as the shot diameter 11, the shot velocity 71: the shot coverage ratio 7, the shooting 
angle, the material of shots and sheets. And it is a random process for the impact of a large num- 
ber of tiny shots against the surface of a metallic component. Therefore, for a long time, the shot 
peen forming is a try-and-error process. The experience of operators play a very important role 
in the process. 

With the developing of the computer and finite element method, it is possible to use FEM si- 
mulation to predict the deformation of parts, to design peening process and to decrease the 
times of experiments. 
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Figure 1: The ~ e s ~ d u a l  stless d ~ ~ t t ~ b u t ~ o n  generated by shot peening 

3 Impact Process Simulation 

Because the shot peening process is comprised of the impacting of many single shot on the sur- 
face of parts, it is also very important to research the impacting process of one shot on a metal 
part. For the impact of one or several shots, it is easy to simulated with FEM, and it is also signi- 
ficative to examine the effect of varying the shot size and velocity on [he local stress field. 

A finite element model as shown in Figure 2 is used to simulate the impacting process of one 
steel shot on the surface of a part. 011 account of the highly dynamic impact characteristic ofthe 
shot peening, a dynamic explicit finite element program, ANSYSILS-DYNA, was used to simu- 
late the process. Dynamic effect, contact and elasto-plastic nonlinear parameters are taken into 
consideration. 

Figure 2: The impacting model of one shot 



The thickness of the part is 3mm antl the material is I,Y 12CZ, which the properties are shown in 
Table I .  It is supposed that the effect of'tlie strain rate hardening on the deformation is omitted. 

Table 1: The properties of aluri~ln~uii alloy YLI 2CZ 

From thc Figure 3 i t  can he seen that with the increasing of 13, the maximal compressive 
stress gradually move Srom the s~~rSace to the core zone, its v a l ~ ~ e  is also increased, a~icl tlie stress 
at the surface changes from the coml)ressive stress to the tensile stress, which express thi11 shots 
wilh s111;111 cliametcr should he used for getting thc co~npressivc stress on (lie peened surface. 
The satme situation take place i f  increasing \< except Sor tlie valuc oftlie maximal compressive 
stress is not cliangcd as shown in Figure 4. That is to say, we can obtained the desired cleptli and 
value of tlie conipressive stress tliro~~gh acljusting I )  and 1! 

From the distribution of the el'l'ective plastic straill show11 in Fig~lre 5 and Figure 6, thc depth 
of plastic layer after peening can be obtained very directly. Results shown that with the increa- 
sing of D and \< the clepth of plastic layer antl the value of the effective plastic strain will be 
increasecl. 

Although, the impact model is able to directly simulate the impact process of finite shots, and 
the stress distrib~~tion and plastic layer also can be obtained, i t  is impossible to silnulate the im- 
pact process of many shots, and the final shape of the part is also not easily preclictecl. 
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Figure 4: The eficl  of \/ on the stress (I)= 0.046 inch) 

Figure 5: The effect of I )  on fhc  hardening layer(\/= hO~n/s) 

Figure 7 is u numerical 11-~odel which can be ~ ~ s e d  to simulate the effect of 77 on the stress dis- 
tribution. In this model, the central shot is evenly sul-rounded by six shots. So, i f  the shot cover- 
age ratio can be changed with the changing ol' the distance L,, which will lead to the change of 
stress ciistribution under the center sIio(. Fro111 Figure 8 i t  can be seen that the depth of'the com- 
pressive stress increased with the increasing of 17. 
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I'igure 6: The effect of V o n  the ha~deniny layer( I> = 0.046 inch) 

Figure 7: The numerical model of 7 shots 



- 

The distance fro111 thc peened surfiicc, nil11 

Figure 8: The eSf'cct of 77 on the strcss(V = 60 m/s, 11 = 0.046 inch) 

4 Fassaning Process Simralation 

Some method to simulate the shot peen forming process have been presented [ 3 ] ,  One  neth hod is 
to input a set of initial stresses to the finite element mesh, so that when the analysis starts ele- 
ments are immediately subject to a residual non-equilibrating stress field that causes clefor~nati- 
on. However, this instantaneous application of the resitiual stress can be difficult to alialysis 
successf~~lly. Another method is to apply pressure to the Saces of elements near the surface of 
the component. But the value and lasting time of the pressure is very difficult to determine. The 
third method is to use the thermal loads to set up the resitiual stress profile across the thickness 
of the sheet 131 In this method, the load applicatioli is stsaightforward because the existing input 
methods for thermal analysis can be wed only by the temperature profile and the coefficient of 
thernial expansion. But in pmcticd shot peen forming process, shot coverage is often not more 
than 50 '6, the 100 O/o shot coverage is very seldom used so the residual stress field is very diSS- 
cult to tested precisely, Therefore, the application range of this method is very limited. 

In present, a new  neth hod is presented, which also use the thermal loads to produce the equi- 
valent deformation not the residual field. That is to say, i f  the clefonnation on a part inclucetl by 
a thermal load is the same as that of a set of peening variables, the thermal load will be regarded 
as the equivalent load of the set of peening variables. A relationship between thermal loads anti 
the deformation can be set up with Almen Strip, which can be expressed as follow. 

Where, yis the arc height of Almen Strip, i.e. the shot peening strength, T temperature, P the  
coefficient ofthernial expansion in the plane of the sheet, the expansion in the thickness direc- 
tion is omitted in order to agree with the practical situation. And the relationship between the 



arc height of Almen Strip and tlie main peening variables also should be set up according to ex- 
perimental data: 

Using above two equations, it is possible to sitnulate all kincis of shot peening process with fini- 
te element method regardless of co~nplex residual stress field. 

It is supposed that the thermal loading process is a steady process, then the shot peen forming 
process can he silnulated with static iniplicit FEM. Figure 9 is the deformation of an Almen 
Strip simulated by MARC software. Multi-layer shell ele~nents in the simulation are aciopted to 
describe the gracis of temperatures from the peened surface to the other- surfke.  It can be seen 
the deformation is very same as that of peening process. It should he stated that the rigid col~s- 
traint ofthe un-peened area to the peened area should be tale into account. Otherwise, the simu- 
lated shape will not same 21s the practical shape. 

The complex structure are also able to be simulated with the metliod. Figure I0 is the pee- 
ning track of a wing-skin panel with strengthening ribs along the longitudinal direction, wherc 
shade areas are peening bands. The shape of tlie panel after peening will be nearly a single cur- 
vature outline according to the peening track. Figure 1 I is the shape simulatcil with the ther-ma1 
loading. The simulated shape of the panel is very in agreement with that of peening process. 
These results show that the shot peen forming process can he simulated using thermnl loads ac- 
cording to the rule of equivalent deformation. 

Figure 10: The peening trcak of a wingskin with ribs 



The el'f'ects 01' the shot diameter, the sliot velocity and the shot coverage ratio o n  the stress tlis- 
tribution and plastic layer were nnalyzccl hy in~pactiiig model wit11 the dynamic explicit finite 
elelnent i-netliotl. O n  tlie basis of cxperimcntal data, [lie shot peen I'orming process is able to he 
moclelecl with static implicit finite element metliotl [ l ~ ~ g l ~  tlie ccl~iivalcnt tllermnl loads with 
the help of the Almcn Strill. 

'7 References 

[ I I I<isho~. M, Kulkarni. Sohn A. Schey and llouglas V. I3;~lger. Iilvestigation of shot peening 
as a forinillg process for aircraft wing skins. J .  Applied Metal Working, 198 1 ,  I (4), 34-44. 

121 I<. D. Vantuchcne and E. J .  Cramcr. Numerical n~odcling of'a wing sltin peen forming pro- 
cess. J .  of Materials Engineering ;mci Perforiiia~~ce, 1996, S(6). 753-760. 

13 1 Andrew Levers, Alan Prior. Finite element onalysis of sliot peening. S .  of' Materials Pro- 
cessing Technology, 1998. 80-8 1 ,  304-308. 


