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Estimation of structure boundary conditions for virtual machine tools by data
assimilation of machining vibration
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In order to automatically calibrate the boundary conditions (contact
stiffness and damping between element parts, etc.) of a machine tool structural model, a study was
conducted to estimate the boundary conditions using real-time data of excitation force (cutting
force) and vibration. A digital twin system that sequentially updates the probability distribution
of the boundary parameters each time data is input is proposed by assimilating data from time-domain

reduced-order simulations of structural vibration and the time response of a limited number of
accelerometers installed at arbitrary points using a particle filter. The validity of the estimated
boundary parameters was demonstrated experimentally. It was also suggested that the uncertainty of
the estimated model and important boundary parameters could be inferred from the spread and change
of the updated probability distribution.
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