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ABSTRACT

This paper presents a novel method for measuring the clamping force using sound that occurs

during bolt fastening. The resonance frequency of the bolt increases with the progress of the fasten-

ing process. This characteristic change is utilized as the feature analyzed by a convolutional neural

network (CNN). The clamping force is measured using a load cell, and is then used during labeling

for classification. To measure the radiated noise, a microphone is installed near the fastening part. In

addition, a signal-processing method is proposed to apply the measurement to deep-learning classi-

fication and perform data augmentation. The CNN architecture was modeled, and the fastening force

was determined using the classification method. The estimated value was compared with the actual

load cell measurements.
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Fig.1 Experimental setup of bolt clamping force es-
timation with microphone and load cell
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Fig. 6 Basic concept schematic of resampling for vibration signal
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