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Table 1 Horizontal displacement of node P and calculation

convergence time

ANCF T™M ABAQUS UMAT
EJE,

U/m T/s U/m T/s
1 6.774 33 13.8 6.789 95 3.1
2 7.229 50 14.7 7.213 68 7.0
5 7.696 99 17.2 7.645 53 11.3
10 7.970 26 17.8 7.898 76 14.7
20 8.193 32 20.3 8.107 53 17.1
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Spin Deployment Dynamics Simulation of Membrane Solar Sail Based on ANCF

XUE Pengcong', LIU Cheng"*’, SHUI Xiaoping'

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. CAEP Software Center for High Performance Numerical Simulation, Beijing 100088, China;
3. Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: During the launch process of the membrane solar sail for deep space exploration mission, the membrane structure
presents significant asymmetric characteristics under tension and compression. The dynamic behavior of the system shows strong
nonlinear characteristics, which brings great challenges to the dynamic modeling and simulation calculation. Based on the Absolute
Nodal Coordinate Formulation (ANCF) , integrating the tension field theory and the elasticity theory of different moduluses, the
accurate tangent stiffness matrix of the element was derived, and a calculation method of ANCF membrane element considering
different moduluses was proposed. On this basis, the first kind of Lagrange equation was used to model the dynamics of membrane
solar sail, the dynamic equations were solved by the generalized-a algorithm with controllable numerical dissipation, and the
influence of different structural design parameters of solar sail on its deployment dynamic characteristics was analyzed. The
simulation results verify the stability and efficiency of this method in dealing with space membrane problems, and provide
theoretical guidance for the system design of large sail membrane structures.

Keywords: ANCF; membrane structure; elastic theory of different moduluses

Highlights:

e Based on ANCF, the wrinkling behavior of membrane structure is described from the viewpoint of different moduluses under

tension and compression.

e Combined with elastic theory of different moduluses, the tangent stiffness matrix of membrane element based on ANCF is
derived.

e A calculation framework of ANCF membrane element considering different moduluses is proposed and applied to the dynamic

simulation of membrane solar sail.
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