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1 Introduction

The beneficial effects of shot peening have long been recognized. One of the major reasons for
shot peening is to induce a beneficial surface condition (compressive stress layer and altered
microstructure) that acts to retard the development and propagation of surface cracks. If surface
crack formation and propagation can be suppressed, longer component operating lives can often
be attained. Dorr and Wagner [1} demonstrated that shot peening was effective in retarding
crack propagation of existing cracks, even when peening was applied after the development of
cracks. Luetjering and Wagner [2], and others have recognized, however, that shot peening can
also cause the equivalent of fatigue damage. This effect has received considerably less attenti-
on.

There is increasing interest in methods to predict life capability of shot peened parts, and in
the use of models that enable a designer to select a robust level of shot peening that will optimi-
ze the life benefit, minimize manufacturing costs, and avoid potential life degradation from
“overpeening®.

This paper examines six different approaches to assessing shot peen impact on life. Four ap-
proaches focus on fatigue crack initiation life, or rather the life to failure in the absence of pre-
existing cracks. One method deals with crack propagation life. The final approach attempts to
correlate surface residual stress state with residual life remaining at the time of inspection. Of
these six approaches, only two offer general predictive tools: one of fatigue initiation life, the
other of crack propagation life. The other methods provide alternate ways for analyzing and
using specific fatigue and/or residual stress data.

This paper examines some of the challenges and limitations in using each of these methods.
Where possible, these methods are demonstrated using data from a shot peening Design of Ex-
periment (DOE) conducted on Rene’ 88DT, a nickel-base superalloy, as documented in refe-
rences [3, 4, 5, 6].

It must be noted that life prediction methods are engineering attempts at modeling complex
physical processes, and will therefore always be limited by inadequate understanding and inabi-
lity to model the significant elements of physical reality. All models are wrong — by definition
they are approximations at best — but some are useful. The most useful are substantiated by data
covering the relevant conditions of interest. One must be cautious when trying to apply a model
to conditions outside the validated set of conditions — physical reality is often complex and non-
linear, and does not always cooperate with attempts at extrapolation.
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2 Challenges and Approaches to Modeling Life Behavior

Perhaps the greatest challenge with any life prediction method is obtaining the data necessary to
generate a useful model. Life behavior can be affected by many factors:

= operating conditions (“mission” — including stress & temperature profile, minimum, maxi-
mum and mean stresses experienced, and time or duration at specific conditions)

+  operating environment (air, vacuum, salt water, etc.)

- geometry (including resulting stress concentrations, stress gradients and stress state)

+ surface condition — topography & microstructure (low stress ground & polished, turned,
broached, reamed, shot peened, etc. & various combinations; each of these processes may
have additional specific parameters which need to be defined in order to adequately charac-
terize the surface state)

»  residual stress state (tensile or compressive stress at surface, maximum stress magnitude
and depth of residual stress layer)

«  material (chemistry, processing method — cast or wrought, heat treatment, microstructure).

A variety of methods are reviewed here. Some are very specific and are able to incorporate
the details of operating conditions, geometry, and specific surface condition since they are de-
rived from specific component or test data. Others can be used as more general predictive tools,
but will generally result in reduced correlation with specific data since they are not as well adap-
ted to assessing the variety of factors which can affect component life.

2.1  Weibull Analysis of Data at Specific Test Conditions

One life prediction approach is to fit replicate specimen fatigue test data collected at specific
test conditions to statistical distribution functions. The Weibull distribution [7] is often used to
analyze failure data including analysis of complete systems or components. When used for ana-
lysis of actual component failures it is particularly powerful because the specific details of ope-
rating conditions, geometry, surface condition & material can be accounted for. The cumulative
distribution function is given as:

F(r)=1-¢ ] (1)

Figure 1 shows the results of a Weibull analysis for 5 different shot peen populations compa-
red against a low stress-grind & polish (LSG+P) baseline [3], while Table 2 summarizes the mi-
nimum and median lives for each population. Note that the 50 % line gives the median life. A —
3o life would correspond to a CDF value of 0.135 %. Shot peening behavior observed fell into
three categories: 1) good - life benefit, 2) low — life degraded, and 3) transition — some low and
high life results at the same peening condition. If one ignores the transition group, all other po-
pulations exhibit a high slope characteristic of a “rapid wear out” mode. This suggests that shot
peening reduces the crack initiation time (by accumulating plastic strain, which is equivalent to
fatigue damage); however it also increases the crack propagation life due to the beneficial sur-
face state imparted.





























