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Abstract

For the airborne antenna support in the service environment of combined run-up take-off, random vibration and shock impact, as
well as temperature and humidity cycles, a vibration and strength collaborative design method based on small deformation elasticity
mechanics and finite element is constructed. Through parametric modeling and topological geometric collaborative optimization,
considering multi-bolt pre-tightening and contact effects, combined with acceleration power spectral density and half-sine impact
load, constraining natural frequency and damping ratio, polyether polyurethane is selected to configure the vibration isolation
characteristics and perform equivalent linearization. Using Gaussian process surrogate and sequential quadratic programming to
drive optimization, the test bench re-creates the interface stiffness of the actual installation and realizes the consistency alignment of
the load spectrum and measurement points. Engineering cases show that the vibration transmission rate of the flange relative to the
base is reduced from 0.6 to 0.3, and the nominal stress of the dangerous section is reduced from 300 MPa to 245 MPa, meeting the
strength and resonance avoidance constraints. The results indicate that this method can significantly reduce wideband response and
improve strength margin without increasing mass.
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