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A Study on Estimation of Bolt Clamping Force Using the Natural Vibration Modes of Structures

Yuta YOSHIDA, Masahiro TAKANO, Hiroyasu MIYAKAWA and Masayoshi SHINYA

The slackening of fastening bolts used in structures such as machinery can result in performance degradation and fractures. Therefore,
monitoring of the clamping force is critical. The purpose of this study was to identify the locations of bolt slackening in structures, and to
estimate the fastening force. We proposed a method for estimating clamping force from changes in modal parameters (eigenfrequency) by
selecting natural vibration modes effective in identifying the locations of slackening. The clamping force was obtained using an estimation
formula derived from FEM analysis. The structure used in this study was a miniature lathe. It was found that natural vibration modes with
nodes at the clamping positions were effective for identifying the locations of slackening. In addition, it was clarified via experiment that a
decrease in clamping force can be detected using the clamping force estimation formula obtained for each clamping position.

Keywords: natural vibration mode, clamping force, FEM analysis
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