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ABSTRACT 

This paper presents a comparison between the experimental and finite element analysis 
results, based on changes in the size and location of the bolt clamping force in a bolted 
structure, with respect to the frequency response and the MS similarity function. When 
the severity and location of bolt loosening change, the dynamic characteristics of the 
structure change as well. In particular, it has been confirmed that the tendency for the 
MS similarity function to relatively change significantly in the frequency range around 
each natural frequency can be used to predict bolt loosening in the system. 
For the finite element model of the bolted structure, the frequency response is efficiently 
calculated using a reduced-order model (ROM) generated by the Krylov subspace-based 
model order reduction (MOR) method, and the MS similarity function is calculated. 
Subsequently, a method has been presented for generating and utilizing an MS similarity 
map in the form of a heat map image for deep learning. Finally, a convolutional neural 
network (CNN) was trained using numerous MS similarity maps as training data, 
demonstrating its capability to predict the clamping force of bolted structures. 

Fig. 1 Bolt-connected structure for prediction of bolt clamping forces 
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