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1 Introduction

Shot peening, known for its potential to improve fatigue strength of metallic parts, can be seen
as a multiple and progressively repeated elastic-plastic interaction between the surface and the
shots. With each impact the target undergoes local plastic deformation while the shot is moving
into the material. After the contact between the target and the shot has ceased, compressive resi-
dual stresses remain at the surface and small tensile residual stresses in the inside.

Developing a model to analyze the process of shot peening is useful for several reasons; to be
able to predict the material state after peening without having to conduct costly experiments and
to be able to optimize peening processes. In contrast to prior studies found in the literature [1-4],
a more detailed approch by simulating several single impacts on a 3-dimensional surface is cho-
sen to model the shot peening process.

2 Finite Element Modelling
2.1 Model Geometry and Boundary Conditions

The model used for the shot-peening analyses was realized in ABAQUS/Explicit and consists
of an infinite steel sheet of thickness 0.85 mm and multiple half-spheres. The target is represen-
ted by a three-dimensional mesh of 1.5 x 1.5 x 0.85 mm, surrounded by infinite elements. The
use of infinite elements provides “quiet” boundaries by minimizing the reflection of dilatational
and shear wave energy back into the finite element mesh. The boundary conditions on the tar-
get’s base fix the model in z-direction. The mesh consists of 372000 8-node linear brick ele-
ments with reduced integration and hourglass control. In order to achieve sufficient
discretisation it is graded in all three directions so that the smallest element occurs in the middle
of the target area with an element size of 0.008' mm.

Based on measurements of the cast steel shot used for experimental verification, half spheri-
cal rigid surfaces of diameter 0.56 mm are used to model the shot. Each rigid surface is connec-
ted to a point mass and a rotary inertia element providing the properties of a full sphere. Figure
| shows the mesh and one half-sphere after the impact of 19 shots.
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Figure 1: Discretised model used in shot peening simulation

2.2 Material Properties

Great importance was attached to the description of the target material properties. The quenched
and tempered steel AISI 4140 (German grade: 42 CrMo 4, R, = 1263 MPa, R,, = 1373 MPa)
was chosen therefore. A constitutive law which describes the influence of temperature and
strain-rate on the flow stress on the basis of thermally activated dislocation slip was implemen-
ted into the finite element code using a user subroutine VUMAT. Accordingly, the flow stress
0y, depending on strain-rate g, and temperature T, is calculated using [5]:
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where oy; is the athermal proportion of the flow stress, AG, is an activation enthalpy and
00*, €, ,n, m are further material dependent parameters describing the thermal flow stress com-
ponent. k is the Boltzmann constant. The work hardening behavior was modelled using a “gene-
ralized voce” constitutive equation according to [6]:

G; = Ogp + ((51 + 9/8) [1 B exp(we()s/G/)] ®

where o and ¢ describe the initial yield stress and hardening rate, while o; and 6; determine
the asymptotic characteristics of the hardening. The material constants were determined by a
numerical fit of data obtained from tensile tests at different temperatures and strain-rates to the
material law similarly to [5]. By comparing the shape of simulated and experimentally produced
























