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Validity Evaluation of Lumped Mass Approximation for Solar Sail Analysis
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The solar power sail IKAROS was launched in May, 2010 by JAXA, and the 14m-sized sail membrane was successfully deployed in
June, 2011. Currently, JAXA is considering the next solar power sail OKEANOS, which is much larger than IKAROS. IKAROS

and OKEANOS are gossamer structures characterized by large area and super lightweight. Because of those characteristics, it is

difficult to conduct the ground experiments on structural dynamics, so numerical analysis is indispensable to predict the dynamic

behavior of the structure in space. It is effective to employ the lumped mass approximation for the increase of the computation

speed in the numerical analysis. However, such an approximation does not guarantee calculation accuracy. Therefore, this study

focuses on the numerical accuracy of the lumped mass approximation for the solar power sail model. The natural vibration analysis

of the sail in steady spin state is performed in the case of consistent mass and lumped mass, and the results in those cases are

compared with each other. As a result, it becomes clear that the lumped mass approximation is valid.
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Table 1 Parameters of Numerical analysis model

Item Value
Spacecraft main body

B 0.1kg

[EEe 0.08m

mE 0.04m
FHE 6mrrad/s
Membrane

YR 3.0x10° Pa
i 1.25x10° kg/m®
JEX 1.25%10° m
AR 1.0x107*
B FEDOR S 0.15m
BIEO TEOR S 0.4m

EiIE 3

IRIEBR CORERIR 1.0x107" sec
Tip mass

B 0.01kg

HeAE 0.005m

Tether

Yo R 100x10° Pa
P 1.813x10° kg /m*
IR 1.0x107°

WrimifE 7.854%x107° m?
HLT P—DR S 8.28x107*m
ST P—nRES 0.03m
TIREBCOREIRE 1.0x107" sec
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