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Fig. 1 Underwater calculation model of composite

material lattice sandwich beam
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Fig. 2 Homogenization process of lattice unit cells
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Fig. 3 Flowchart for underwater vibration modal calculation

of composite material lattice sandwich structure
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Fig. 5 Schematic diagram of underwater modal testing platform
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A Solid-Fluid Integrated Homogenization Computational
Model for Modal and Damping Analysis of Composite
Lattice Sandwich Structures

SI Bingqi, LI Miaomiao, LI Gen,MA Zihao, HONG Yi~

(Center of Composite Materials and Structure, Harbin Institute of Technology,Harbin 150001, China)

Abstract: As a type of periodic porous material ,composite lattice sandwich structures exhibit excellent load-
bearing capacity and functional characteristics,showing promising application prospects in marine engineer-
ing. However, the micro-structures within the lattice substantially increase the computational cost of model
prediction, which hinders efficient simulation and analysis. To address this issue, this paper proposes a sol-
id-fluid integrated homogenization model. By simultaneously homogenizing the solid and fluid within the
lattice unit cell,the equivalent elastic coefficients and damping loss factors are solved,reducing mesh com-
plexity and computational cost.. The calculation results show that modal analysis based on the solid-fluid
integrated homogenization approach significantly reduces the required memory storage and computation
time. Moreover, the prediction errors for modal natural frequencies remain within 1. 7% , while those for
modal damping loss factors are within 4. 2% ,confirming the consistency of the predicted modal frequencies
and damping characteristics. Experimental results show that the proposed homogenization-based modal a-
nalysis achieves errors within 12% for modal natural frequencies and within 17% for modal damping loss
factors compared with test data, which meets the requirements for engineering applications. The proposed
method enables efficient and accurate analysis for composite lattice sandwich structures immersed in wa-
ter,thus facilitating further application in the prediction of underwater modal responses and performance
optimization.
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