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1 Introduction 

Shot peen forniing is a flexible pressure forming procedure. According to the velocity and mass 
of the balls striking the components we can induce convex as well as concave curvatures. Hit- 
herto, it has been solely usual to bring both niethocls of curvature generation to bear one after 
the other on both sides of a particular component. This s t i~ ly  describes the new technology of 
double-sided shot peen forming. 

The 11ianufactiu.ing of three-dimensional structural parts may serve as an example of how to 
identify the mechanisms which come into play during this double-peen technology in order to 
optiniise the process as to both effectiveness and reproducibility, 

Beside tlie experimental serie5 of tests, the siliiulation of shot peen forming, which due to the 
many difficulties arising from the basic principle is still in its infancy, is being further de- 
veloped, so that in future we will be able to apply this kind of simulation to rapid advance plan- 
ning of the process strategy. 

2 Principles of curvature Generation 

2.1 Single Sided Convex and Concave Shot Peen Forming 

From the literature we are familiar with various ~nodels of devxibing tlie two pmsible types of 
curvature produced by single-sided shot peen forming, for i~ista~ice tlie plane model of elemen- 
tary theory [ l ]  or the slip line niodel [2].  The foniier is only good for cases of convex forming 
however, the latter mainly for plain strain and for rigid ideal plastic material behaviour, which 
represents a considerable limitation. 

To investigate the mechanisms which bring about a convex or a concave curvature simulati- 
ons of individual ball hits at various ball velocities were carried out explicitly using the FEM- 
Software LS-DYNA3D (Figure 1).  This model will be used in the further course of the experi- 
ments for the double-sided hitting of balls, one on the top side and one on the bottom side. In 
what follows we shall first present and discuss the results only. A further detailed discussion of 
the problems involved in simulating this technology will follow later in this paper. 

Figure 2 shows the equivalent strain as well as the nodal displacements brought about in the 
sheet underneath an individual hit at various ball velocities. As expected, these are greater on 
the upper side of the component. The equivalent strain is reduced the deeper is the hit, and in the 
region of the bottom side it becomes larger again. This indicates that there is a dynamic bending 
effect with a short-term overextension of the fibres at tlie time of contact with the ball. 



The zones on the bottom side which are affected by plastic strain increase more noticeably at 
higher ball velocity than are those on the top side, which to a greater extent is also true for the 
nodal displacements in the sheet (x-direction). At higher ball velocities the dynamic, short-term 
bending is more pronounced, which prodiices a greater plastic extension on the bottom side than 
on the top, and therefore also a concave curvature. 

Side A: 
Ball diameter dA = 6.4 111111 
Mass 111~ = I .07 g 

Side B: 
Ball diameter dB = 4.0 mm 
Mass 11113 = 0.26 g 

Model: 4892 Nodes, 5244 Elerncnts, Software: LS-DYNA3D 
Elen~ent length in forming zone 0.25 mm Geometry: Sylnnlctry in x- and z-direction, 
Material law: Elasto-plastic, Balls rigid Sheet thiclmess 3 111111, 
Alloy: AlMg3 Flow curve at dqddt=300 s-' Work picce diameter 25 111111 

Figure I: Slrnulat~on of ~nc i iv~d~~a l  hits, smglc-51clccl and double-s~cled 

Nodal displacements A\ in mm 

Figure 2: Efl'ectlve strams (top) and cl1spl;tcement5 (bottom) in the sheet (x-drrect~on) 

2.2 Double-Sided Shot Peen Forming 

The simulations described above were extended for double-sided shot peen forming. A second 
ball with the properties dew-ibed in Figure I strikes the bottom side of the sheet, doing so 
however after a short interval of time so that positive countervailing effects caused by both balls 
striking at the same time may be avoided. A further simplifying assumption concerns the two 
hit locations, which in reality would hardly eves lie on one axis. A clisplacen1ent to one side 
would, however, mean that one would not be able to assume any quarter symmetry. The results 
are shown in Figure 3. 












