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1 Introduction

For many years controlled shot peening (CSP) was considered as a surface treatment of questio-
nable benefits. This impression was fuclled by contradictory results from fatigue experiments
[1,2]. It is now clear that the performance of CSP in terms of fatigue depends on the balance
between its beneficial (compressive residual stress and work hardening) and detrimental effects
(surface roughening) [3,4]. Hence, in order to achieve a favourable fatigue performance, the
role of those effects has to be analysed and understood. To achieve such undertaking it is essen-
tial to consider their interaction with other parameters such as the nature of the target material
and the loading conditions.

This work brings together two micromechanical models, (i) for notch sensitivity [5] and (ii)
for fatigue life [6]. The former assesses the effect of surface roughening, whilst the latter incor-
porates the residual stress distribution and work hardening on fatigue life calculations. Combi-
nation of the two models allows the determination of the residual stress distribution to meet
specific improvements in fatigue life (improvement life factor, ILF). Using the ILF methodolo-
gy, the effects of CSP can be scrutinised against stress level, surface roughness and ILF value.

2 Modelling the Surface Roughness

On shot peened surfaces, cracks are likely to form at micro-notches (dents). Early studies from
Smith [7] and Tanaka [8] indicate that the propagation of cracks from notches depends on the
bluntness of the notch, given by (OL/p)O‘5 (p is the notch radius). Despite the numerous models
published in the literature, as illustrated by the work quoted in [9], most models fail to provide a
relationship between the geometry of the notch and the microstructure of the material, except by
that provided by Vallellano et al [5,10]. According to their work, the nominal stress in a notched
member is given by,
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where o™P is the applied stress, 67”" is the distribution of the nominal stress ahead of the notch
root as a function of the distance from the notch 7, mapped as i = 2 a/D (a: crack length) and Z;
is the notch factor given by,
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and B =" represent in a dimensionless form the notch depth « and
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the notch half width £. The parameter D represents the distance between two successive barri-
ers. In the case where grain boundaries are considered being the dominant barrier, D is regarded
as the grain diameter.

Li et al [11], proposed that the elastic stress concentration K, introduced by multiple micro-
notches in CSP, is somehow lower than the one determined in the case of a single notch of simi-
lar depth and width. The above finding reflects the uniformity of the micro-notches on the sur-
face. According to Li, the resulting K, from CSP is given by,

K, =1+2. 1{-&] 3

where the parameters R, and S are respectively the mean of peak-to-valley heights and the mean
spacing of adjacent peaks in the surface roughness profile. In the case of a semi-elliptical notch
and a high degree of uniformity (CSP coverage percentage of more than 100%), Eq.(3) can be
written as,

K, _1+2.1[%] )

At the beginning of this section it was pointed out that the bluntness of the notch could signi-
ficantly affect the strain generated at the root of the notch and consequently the propagation rate
of the crack. In light of that, Smith and Miller [7] proposed that K, should be determined by,

1<,;1+2\/g 5)
p

where p is the notch root radius. In the case of a semi-elliptical notch, the notch root radius can
be approximated by p=a’/y and thus Eq.(5) can be rewritten as,
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where v is the notch half width that considers the bluntness of the notch. By equating Eq.(6)
with Eq.(4), the stress concentration due to multiple micro-notches can be expressed in terms of
a single notch by,

o
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3 Modelling the Fatigue Life in CSP Components

In [4,6] it was proposed that the fatigue life of polycrystalline materials can be determined by,
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where A,, my are parameters from the Paris law of crack propagation, CTOD is the crack tip
opening displacement and n, n. are limit values of n| as defined in Figure 1.
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Figure 1: Schematic showing the position of n; prior (n.) and after (n), the unblocking of the crack tip plasticity

In Eq.(8) the parameter n! and n. represent respectively, the position of the crack tip at the
beginning and end of each interval i of crack growth. These two parameters are calculated by,















