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Abstract: Bolted connections are widely used in aerospace equipment assembly due to their
structural simplicity and high reliability. The dynamic characteristics of bolted connections significantly
influence the dynamic behavior of assembled structures. While detailed finite element models can analyze
vibration characteristics, their computational cost is often prohibitively high, making them unsuitable for
analyzing complex bolted assemblies. To address this issue, this study proposes an equivalent bolted
connection unit model, which simplifies the bolted connection into a stepped double-ring thin-layer unit to
simulate the stress distribution at the bolted interface. The model consists of three parts: the upper joint, the
double-ring thin-layer unit, and the lower joint. The size of the thin-layer unit model is determined based
on the bolt stress distribution, and key parameters of the ring-shaped thin-layer unit—including thickness,
elastic modulus, Poisson’s ratio, and density—are derived using Hertzian contact theory. The accuracy of
the proposed model in simulating dynamic characteristics is validated through comparison with vibration
experimental data from a typical aerospace tooling structure. The results demonstrate that, compared to the
traditional virtual material method, the proposed model significantly improves simulation efficiency while

maintaining vibration frequency simulation errors within 10%. This indicates that the model is effective for
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dynamic simulation analysis of bolted connection structures.

Keywords: aviation tooling; bolted connections; stepped thin-layer element;

vibration simulation; sweep frequency experiment
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