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The technique of rapid evaluation of fatigue limit using infrared thermography has been
paid attention during the past 30 years. This technique is beneficial because it makes possible
to detect the fatigue damage point within the real products. In this technique, fatigue limit is
determined based on the temperature evolution with the load amplitude. Two methods are
known for quantifying the temperature evolution. One is the mean temperature rise
associated with cyclic loading and the other is the second harmonic amplitude of temperature
variation during cyclic loading.

Although many researches about the thermographic technique using these two methods
has been performed, the applicability for the real products has not been verified sufficiently
yet. In this thesis, in order to improve the reliability of the thermographic technique, first, the
effect of heat conduction on the thermographic technique was evaluated by both experiment
and analysis. Second, the source of the second harmonic amplitude was investigated
quantitatively. Finally, the data processing method for the thermographic technique which is
able to detect the fatigue limit accurately and objectively was considered.

From the results of this thesis, the following conclusions are obtained. First, due to heat
conduction, fatigue limit of objects with high stress concentration parts should be evaluated
by the second harmonic amplitude with high loading frequency instead of mean temperature
rise. Second, the second harmonic amplitude is caused not only by energy dissipation due to
fatigue damage of material but also by other factors especially loading equipment. Finally, a
series of data processing technique including methods selecting appropriate pixel in infrared
image, omitting inappropriate data by applying the adjusted R-squared concept and using
fitting curves representing the increasing behavior of the second harmonic amplitude can
evaluate the fatigue limit more accurately than the conventional method without any human
judgement.
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