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Abstract

The design requirements of modern satellites vary depending on the purpose of operation. Like conventional
medium and large-scale satellites, small satellites which operate on low orbit may also serve military
purposes. As a result, there is increased demand for high-resolution photos and videos and multi-target
observation becomes important. The most important design parameter for multi-target observation is the
satellites’ maneuverability. For increased maneuverability, the miniaturization is required to increase the
stiffness of the satellite as this decreases the mass moment of inertia of the satellite. In the case of a solar
panel having relatively low stiffness compared to the satellites’ body, vibrations are generated when the
attitude maneuver is performed, which greatly influences the image acquisition. For verification of such
vibrational characteristics, the satellites is modeled as a reduced model, and experimental zig for simulating
attitude maneuver is introduced. A rigidity simulator for simulating the stiffness of the satellite is also
proposed. Additionally, the objective of the experimental method is to simulate the maneuvering angle of the
satellite based on the winding length of the wire using a step motor, and to experimentally verify the
vibration characteristics of the satellite body and the solar panel generated during the maneuvering test.
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Fig. 1 Configuration of high agility a satellite
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Table 1. Specification of scale down satellite model A mElES A7 u, o] mElEDZ 2(2)sh 2o 1}
Description Value Unit E o)
Width of satellite body 200 mm
Thickness of satellite body 24 mm My=kb,, = FL, = kalL, (2)
Length of solar panel 216 mm
Width of solar panel 146 mm 0.7t AW Folgt FhdEA HH, 2(3)e] H A
Thickness of solar panel 1.5 mm 1,
Mass of satellite body 7.8 kg ) - ) z
Moment of inertia of 0175 Kem? 15 = SInG;, = tanf,, = L, )
satellite body ) &
Material Aluminum -
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dEE vehglen ol nhgem A4 Al A
&5 skl

Fig. 2 Deformation according to the force of a beam
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Fig. 3 Conceptual design of hinge-torsional spring
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Fig. 4 Conceptual design of the attitude maneuvering tester
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Table 2. Requirements of attitude maneuvering

Symbol | 6 w « T I
Unit |rad| rad/s rad/s® | Nmm kgm?
Value % 0.112 0.016 3.7 0.23
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Fig. 5 The First Mode of FE Model
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Fig. 6 The Second Mode of FE Model
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Fig. 7 The Third Mode of FE model
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Fig. 8 Schematic Diagram of the Experimental Setup
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Table. 4 Comparison of FEM Analysis and
Experimental Results

\case FEM Experiment Error
mode (Hz) (Hz) (%)
mode 1 3.579 3.784 5.73
mode 2 67.109 65.80 1.99
mode 3 91.243 85.45 6.78
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Table. 5 Experimental Results with Symmetrical panel

case | Experiment Panel 1 Reduced
(Hz) Frequency | Amplitude amount
mode [Panel 1] (Hz) (dB) (dB)
mode 1 3.784 - -15.22 6.373
64.21/ | -11.79/ | 4.512/
mode 2 65.796 66.28 ~12.00 4794
mode 3 85.45 - -15.05 8.677
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