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A Dynamic Modeling Method for Flexible Folding Structure based on
Three Dimensional Finite Segments

LI Xuan, HUANG Tieqiu
(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing, 100044)

Abstract: In response to the problems of large deformation, multi-contacts, and time-varying folding stiffness during the
deployment of flexible folding spacecraft, research has been conducted on the dynamic modeling methods of the deployment process
of large-flexibility folding structures. Based on the folding method of such large-flexibility structures, a typical folding model is
simplified and extracted, and a three-dimensional finite-segment discrete model suitable for the deployment of large-flexibility folding
structures is established using the finite segment method. Utilizing vector mechanics, a mechanical model of the connecting forces
between adjacent units is derived from the Newton-Euler equations, and the stiffness matrix of the connection forces is provided.
Nonlinear equivalent contact spring damping and a continuous friction coefficient Coulomb friction force model are introduced to
simulate the contact and friction states between units, ensuring the stability and efficiency of the solution. A time-varying nonlinear
elastic connection model at the crease is proposed, along with a parameter identification method for bending stiffness. Using ADAMS
software, dynamic simulations of deployment are conducted for typical folding models under four working conditions, and
corresponding deployment experiments are designed. The comparison between the two results shows that the change in tensile force
during the deployment process of typical folding models matches well, validating the feasibility and accuracy of dynamic modeling for
such structures, and laying the foundation for subsequent simulations of the overall structure's unfolding.

Keywords: large-flexibility folding structures; finite segment method; Newton-Euler method; bending stiffness parameter

identification; dynamic analysis and experimentation
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Fig.2 Structure diagram of flexible space vehicle
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