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1 Introduction

Production processes, especially mechanical surface treatments like shot peening, lead to chan-
ges in the materials state close to the surface, which severely affect the success of the treatment,
especially the resulting fatigue properties. Formerly these effects on fatigue life were controver-
sely discussed as effects of mechanical workhardening, which first were postulated to be domi-
nating by Foppl and his group [1,2], and effects of compressive residual stresses, which first
were assumed to increase the fatigue properties by Thum and his group [3,4]. Additionally, ef-
fects of topography on fatigue properties were studied by Houdremont and Maildnder [5] and
Siebel and Gaier [6]. Today it is well known that most of the changes of surface characteristics
induced by shot peening which are listed in Fig. 1 and the stability of these changes may affect
the fatigue properties of components and that these effects can be described in the so called con-
cept of local fatigue properties [7,8,9]. Therefore the influence of process parameters of the shot
peening treatments listed in Fig. 2 on the surface characteristics has to be well known. Besides
the parameters concerning the peening device or the shot, the parameters concerning the work-
piece are of high interest. Especially the workpiece temperature and the prestress are altered in
modifications of the peening process named warm peening and stress peening which will be
discussed separately. In some cases additional annealing treatments are used to achieve further
improvements oﬂf the material state close to the surface.

In the present paper a systematic overview of up to date knowledge about the changes in the
surface state due to shot peening is given by discussing characteristic examples concerning
changes of the topography, residual stress state, workhardening state and microstructure of
components due to shot peening. A special focus will be drawn to the previously mentioned
modifications of the conventional shot peening process like stress peening, warm peening and
peening plus subsequent annealing, which show improvements in the surface properties or at
least improvements of the stability of the induced surface state.
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 Figure 1: Properties of the workpiece influenced by Figure 2: Parameters influencing the results of

shot peening and measures for them [acc.51] shot peening treatments
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2 Surface Characteristics

2.1  Topography

In [10], an overview of roughness values after different shot peening treatments of the steel
AIST 4140 is given. Fig. 3 shows that increasing peening pressures lead to growing values of
roughness. While they increase only slightly at the quenched state, these increases are the more
pronounced the lower the workpiece hardness is. Increasing size and hardness of the shot also
cause higher values of surface roughness [10]. Even at values of shot hardness which are lower
than that of the workpiece distinct effects on topography could be found [10,11]. These effects
are caused first by increasing strengths and therefore decreasing deformations if the workpiece
hardness is increased, second by increasing kinetic energy of the shot if the shot size or the pee-
ning pressure are increased and third by decreasing tendency to plastic deformations of the shot
if the shot hardness is increased. At high mass flow rates and peening pressures especially at
ductile materials states the roughness may decrease due to effects of mutual impacts of shots in
the nozzle and in the supplies which lead to decreasing kinetic energy [10]. While stress pee-
ning causes no significant changes in the effects on topography besides elliptic impact craters
found by [12], warm peening slightly increases roughness with increasing peening temperature
due to decreasing warm strength [13).
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Figure 3: Influence of the workpiece state on roughness vs. pecning pressure at AISI 4140 (p = 1.6 bar,
= 1.5 kg/min) {10}

2.2 Residual Stresses

Fig. 4 shows typical residual stress distributions in differently heat treated and shot peened steel
AIST 4140 [10]. With increasing hardness of the steel the surface residual stresses increase from
the normalized state up to the state quenched and tempered at 450 °C. Further increases of the
workpiece hardness lead to surface residual stress decreases of up to 100 MPa. The depth of the
zone bearing compressive residual stresses decreases with increasing workpiece hardness. Only
the state quenched and tempered at 180 °C shows a lower depth than the quenched state. A ma-
ximum value of compressive residual stresses below surface is characteristic for high strength













































