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ABSTRACT 

Solar sails are a form of spacecraft propulsion using the radiation pressure (also called solar pressure) 

from stars to push large ultra-thin membranes to high speeds[1]. Japan Aerospace Exploration Agency 

(JAXA) successfully launched and deployed a solar sail “IKAROS” in 2010. Corresponding dynamic 

response was analyzed by using a spring-mass model[2]. 

In this paper, a DEM-based approach is proposed to perform the dynamic analysis of a small-scale 

solar sail. First, the membrane is discretised into a number of mass particles, with no physical contact 

between them. The particles can interact with each other via remote interactions. Contact law is 

determined so that strain energies of the model and the membrane coincide, and buckling effect is 

taken into account[3]. 

Then, in order to improve the accuracy, additional forces are added parallel to the mass particles to 

take account of velocity-proportional damping, crease stiffness and contact, air drag. The bending 

spring constant is determined to tune crease stiffness to actual membrane. Numerical results 

including deployment rate and phase difference of the membrane are obtained. 

Finally, in order to validate the proposed approach, the predicted results of the centrifugal membrane 

deployment are compared with the experimental data and the spring-mass model results[2].  

The dynamic response of solar sail is typically predicted by the finite element methods[4] and spring-

mass system models[2]. This paper introduces a novel DEM-based approach to analyze the dynamic 

deployment of a solar sail membrane structure. It provides a new alternative approach to effectively 

analyze the dynamic deployment of solar sails or other membrane structures. 
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