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internal energy was evidently relieved as the material relaxed. Then the cycle repeated, building
up residual stress (lower conductivity) and relaxing. Because the sawtooth conductivity cycle
was unpredictable (the episodes .of relaxation occurred randomly, after some tens of thousands
of cycles) it could hardly be used to predict the point of failure.

An example of the surface conductivity behavior exhibited by one sample is shown in Figure
2. The data have been modified by a mathematical transformation that makes the conductivity
changes more transparent. The original data, shown in Figure 3, are difficult to interpret.
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Figure 2. Changes in Conductivity due to Fatigue in 2024 Aluminum
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Figure 3. Phasor Data, Shot-peened Aluminum Fatigue Experiment
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Educated by this experience we began a new series of experiments. This time we prepared a
specimen of aluminum that had been shot-peened to approximately a 9Aintensity perMlL13165C.
This results in a distribution of compressive stress to a depth of about 0.25mm, with the greatest
stress just below the surface, diminishing to neutral at 0.30 to 0.37mm.

Figure 4 shows the results of this experiment. The residual stress in the surface produced a
significant increase in resistivity compared to the standard, unpeened, specimen. The specific
units on the ordinate of the graph are an artifact of our data algorithm. The units on the abscissa
are in millimeters of depth, corresponding to the standard depth of penetra~onat each frequency
used. The parameter identifying each curve is the number of stress cycles experienced by the
sample at the time it was measured.
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Figure 4. Shot-peened Aluminum Fatigue Experiment

Data for the uppermost curve were taken before the cyclical stress was applied and clearly
shows the effect of the 9Ashotpeening. The surface conductivity increased markedly at 30,000
cycles and then decreased again at 60,000 cycles. This was similar to the behavior observed in
the unpeened sample. Mter 60,000 cycles the surface conductivity continued to increase slightly,
remaining nearly constant from 90,000 to 150,000 cycles. A rapid decrease began at about
150,000 cycles and continued to 273,000 cycles, at which point the experiment was discontinued.
Large cracks were visible under the microscope. The surface resistivity caused by shot-peening
had declined to about 30% of its initial value at the time of failure. More importantly, the 150,000
cycle data, which represents about 55% of the ultimate fatigue life, show the resistivity down
about 50% from its initial value. This would be a good point to declare the specimen "unsafe" .

We intend to continue these experiments with other aluminum alloys as well as specimens
of steel, titanium, and the nickelbased alloys.
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