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along with a record of all machine scteings and specific equipment used (machine
type, nozzle type, robot arm, etc.) This would permit a regression curve fit to
determine a more precise “intensity definition” and would permit comparisons
with other peening conditions. Although this still will not capture variability in
intensity measurements due to variability in the Almen strips themselves [21], it
should help provide better documentation of the exact peening conditions used at
that point in time.

Additional work is needed to characterize the variability in each of the input
parameters (slip depth, surface roughness, residual stress profile), and the sensitivity
of the analysis to those variations. The interaction of these effects could change
over a range of test conditions and alloys. At this time, the most sensitive
parameter appears to be the slip depth used for the initial crack size determinarion.
It would be useful to obtain several microstructures for each shot peening condition
being evaluated to provide a better characterization of the variability and depth of
slip. Characterization of the microstructures for each peening condition used in
new fatigue test campaigns is also important. One of the limirations of the current
analysis is'that there is no guarantee that the peened specimens produced several
years after the original test are characteristic of the original peened specimens,
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Footnote

The first rough fracture mechanics calculations were conducted in January 1996, as a result of the
microstructures obtained of precision sections through impact dimples from the single particle impact cest
completed in November-December, 1995 [1]. However, the exclusion of a Kr factor at that time did not permit
adequare differentiation berween the 45° and 85° incidence angle effects. Around this time, Herb Popp,
working independently, advocated the use of a fracture mechanics approach and suggested iterating to find what
size cracks were needed to correlate with test data. The next round of iterations focused on the plastic strain
profile, and an attempt to define a “damage depth” as the layer above which the compressive plastic strains
exceeded a critical plastic strain (perhaps the true fracture strain for the peening condition of interest).
Although this method also obtained results of the right order of magnitude, it did not predict the right trends to
differentiate between peening treatments. The team advised caution in trying to interpret and apply the plastic
strain information obtained from x-ray diffraction techniques as well as “true fracture strain” data from tensile
tests in terms of cyclic strain. At this point, the work of Lt, Mei, Duo and Renzhi [14] on surface roughness was
retrieved and incorporated into the analysis, This improved the correlation, but siill did not reverse some of the
inconsistent trends. Finally, the plastic strain/true fracture strain approach was abandoned and the
microstructural slip measurements were retrieved and incorporated into the model with the custom residual
stress profiles and Kt stress gradients for the first time. This combination provided the differentiation between
peening conditions which was sought. The only exception is the overly pessimistic prediction of the
ccw31/10A/45°/800% condition life.

If further investigation confirms the connection between microstructural slip depth and life capability, then the
effect of specific shot peening process conditions on complex features such as corners, holes and fillets could be
evaluated directly by taking surface roughness measurements and obtaining microstructures through a sample
feature. This would provide a direct method which does not depend on a lengthy list of questionable
assumptions. Alternately, regression analysis could be used to correlate the effects of intensity, % coverage, %
satutation, incidence angle, velocity, shot size and hardness. '
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