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Bolt-joint Structural Health Monitoring Technique
Using Transfer Impedance
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Abstract A technique was researched to detect bolt looseness using a transfer impedance technique (the
dual piezoelectric material technique) for monitoring the structural health of a bolt joint. In order to use
the single piezoelectric material technique, an expensive impedance analyzer should be used. However,
in the transfer impedance technique, low-cost fault detection can be performed using a general function
generator and a digital multimeter. A steel plate frame test specimen composed of bolt joints was
fabricated, and the tightening torques of the bolts were loosened step by step. By using the transfer
impedance method, the damage index was obtained. It was found that the presence of faults could be
reasonably estimated using the damage index, which increased with the degree of bolt looseness. An
experiment was performed on the same specimen using the single piezoelectric material technique, and
the results showed a similar tendency. It could be possible to estimate the damage of a bolt joint at low
cost by eliminating the expensive impedance analyzer. This method could be used effectively for

structural health monitoring after carrying out a study to estimate the fault location and severity.
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where, V,,, denotes measured voltage, ¢ is

frequency, and 0 and d are healthy and damaged

state respectively.
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Fig. 1. Shape of the specimen (lengths in mm).
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Fig. 2. Bolt and PZT patch locations (lengths in mm).

Table 1. Damage scenario

Torque (%)
Bolt 1 Bolt 2 Bolt 3 Bolt 4
Healthy 100 100 100 100
Case 1 70 100 100 100
Case 2 70 70 100 100
Case 3 70 70 70 100
Case 4 70 70 70 70
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