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The riveted and the bolted joints are primary sources of fatigue cracks in service life of machinery such as aircrafts
and vehicles and so on. The fatigue cracks often initiate at these joints mainly due to the high stress concentration
at a hole edge, and the fretting also occurs at mating interfaces of the joint part due to repeated relative movement.
Fretted regions are highly sensitive to repeated loadings and lead to nucleation of cracks even at lower stresses. If
such cracks are not detected during inspection, progressive structural degradation takes place, which can finally
lead to complete failure of the structures. From these situations, many studies have been carried out on the fretting
damages of different materials but the quantitative evaluation and analysis on the effect of tightening conditions on
the life cycle in consideration of the failure mode: the mechanical fatigue failure and the fretting fatigue failure were
rare. To avoid unexpected failure, it is vital to detect these cracks nondestructively. In the bolted joint, however, crack
initiation sites are on the contact surfaces and it is difficult to observe the fatigue crack in an early stage of the fatigue
process. Among the non-destructive techniques, the ultrasonic measurement with Surface Acoustic Waves (SAW)
method has been used for detection and evaluation of surface cracks initiation and propagation because of a simple
path, independence of the plate thickness, and hence easy identification of the crack at the mating surface of bolted

joints under fastened conditions.

This dissertation presents the research work on the evaluation of the influence of the tightening torque on the fatigue
behavior of the bolted specimens fabricated from the Al alloy plate: the fatigue life and the failure mode at different
stress amplitudes. In this research, we propose a non-destructive detection method of the fatigue crack initiated in
bolted specimen under fastened conditions by using the SAW, and a relationship between the SAW intensities and
the crack length. Then, the synchronized SAW measurement by synchronizing ultrasonic pulsation with the fatigue

load during the fatigue testing of the bolted specimen was carried out to examine changes in the intensity of the SAW



reflected from the fretting fatigue crack in the fatigue cycle. Finally, the size of the fatigue crack was estimated from
the change of the SAW intensity in the fatigue cycle following the Elber’ model on the crack opening and closure

following the stress intensity factor.

To achieve these objectives, the bolted specimens were fabricated from the aluminum alloy A2024-T3 plate and
fastened with a different tightening torque by high strength steel bolt, a nut and washers. The specimens were
subjected to fatigue testing at different loading conditions to understand the fatigue behavior. Then, the in-process
and synchronized ultrasonic measurements in the fatigue testing were also carried out by the local immersion method
with a water bag to detect the fretting fatigue cracks of the bolted specimen under the fastened condition.

The results of the experiments revealed that the fatigue life of the bolted specimen increased with increasing
tightening torque in the lower range of tightening torque, and the mechanical failure occurred at the bolt hole edge.
At the higher range of torque, the fretting wear and the fretting fatigue was observed and the fractured occurred
near the bolt hole. In the fretting wear region, the fatigue life increased with increasing torque, whereas in the
fretting fatigue region, the fatigue life decreased with increasing torque. These trends were also compared with the
analytical life modeling in mechanical fatigue and fretting wear regions whereas fretting failure life modeling was
discussed with Smith-Matson-Topper (SWT) equation. By the in-process SAW measurement, fretting fatigue cracks
of different lengths were detected in the fatigue process of bolted specimen. During the fatigue process, the average
and peak intensities of the scattered wave ahead of the bolt hole edge reflection gradually increased in the early stage
of the fatigue life and then steeply increased. The steep increase in the average and peak intensities was thought to
be caused by a combination of surface roughness, crack initiation and propagation. The average and peak scattered

intensities from the fatigue crack were seen to increase with increasing crack length.

The synchronized SAW measurement was developed and carried out during fatigue testing of the bolted specimen
of aluminum alloy A2024-T3 plates, in which the ultrasonic wave was generated in synchronization with the
fatigue cycle to obtain ultrasonic wave signals at different stress levels in the fatigue cycle. In the synchronized
SAW measurement, the peak and average intensities increased in the loading stage, reached the maximum, and then
decreased in the unloading stage of the fatigue cycle. At larger number of fatigue cycles, the intensities formed a
terrace around the maximum stress level, and a relation between the peak and average intensities and the stress level
showed a sigmoid curve. The crack length was estimated at different numbers of fatigue cycles from the change of
the peak intensity in the fatigue cycle following the model given by Elber, and showed a good agreement with the

measured ones.

The SAW intensity distribution between the crack and the bolt hole edge was also analyzed to evaluate the depth
of the crack: the SAW intensity distribution after the crack root was subjected to the band-pass filtering to recognize
the creeping wave (the longitudinal wave) reflected from the crack tip, and then the crack depth was estimated from
the propagation time of the creeping wave from the crack root to the crack tip, which was in good agreement with the

value measured on the cross section of the specimen and evaluated through the scanning acoustic analysis.
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