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Estimation of Motion of Spinning Membrane with Missing Measurements
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In recent years, there have been lots of attention in the use of membranes for large space structure application. Typical applications include sunshields, parabolic
reflector, solar concentrators, and solar sails. In order to predict the membrane dynamics precisely, it is necessary to use the on-orbit measurement data. However,
the on-orbit sail membrane measurement data are incomplete (missing spatio-temporal data) because of sensor placement limitation and disturbances, e.g.
sunlight reflection in case of image data. We propose a method of reconstructing incomplete measurement data into perfect measurement data by using membrane
motion estimation. We describe an appropriate number of modes to improve estimation accuracy, the number of iterative calculations, and how to determine the
appropriate initial estimate value. Further, the applicability of the proposed estimation method is evaluated via microgravity experiments and numerical model
data. The experimental/numerical model comprises a spin deployable membrane structure consisted of a square membrane, a center hub, and tethers.
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Item Value
Center hub
Initial angular velocity 18.85[rad /s]
Radius 0.0225[m]

1.803[deg]
(3.02.3.02.4.28)x10 " [kem’]

Initial nutation angle
Moment of inertia(Ixx,Iyy.lzz)

Cable

Young's modulus 3.0[GPa]
Cross section l.OXIO'ﬁ[nﬂ
Mass density 1.42x10° ke /]
Compressive stiffness coefficient 1»0X10-4H
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Overview of experiment

Ttem Value
NIembrnne{ OnIeside 200(mm}
Thickness  4.5[um]|
Degree of vaccum 100[Pa)
Gravity value 3x102[G]
Rotational speed 300[rpm]
Flame rate 1000[fps]

Measurement Error

Axis Mean error
X[axis| 0.03[mm]
Y(axis] 0.03[mm]
Z[axis] 1.62[mm)]
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