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Vibration Analysis of SAR Antenna Reflectors During Satellite Maneuver
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ABSTRACT

Recently, there has been an increasing demand for SAR satellite as it can be operated
regardless of the weather condition. In general, main reflector of the SAR is formed of multiple
deployable panels to increase performance in the constrained payload envelope. By nature,
deployable structure lacks structural stiffness and it is vulnerable to external disturbances and
excitation. In particular, SAR satellites may have high levels of vibration occurring at the
antenna reflecting surface due to higher angular rate requirements. During image capturing it is
important to keep high surface accuracy of the reflector for the quality of images. In this
research, a performance degradation of deployable SAR antenna due to structural deformation
is analyzed. Panels for main reflectors are assumed to be flexible structures and multi-body
simulation environment is established. Then, deflection of the panel is calculated while the
satellite performs maneuvers. In addition, antenna gain and beam pointing error are analyzed
to determine how these deflections affect antenna performance and mission.
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Fig. 1. Configuration of antenna

Table 1. Properties of M55J/RS3

Density 1620 kg/m?
E11 163.4 GPa
E22 1634 GPa
E33 9 GPa
V19 0.03
Va3 0.3
V13 0.3

Table 2. Value for designing the antenna

Design Parameters Value
Deployed diameter 5000 mm
Stowed diameter 1600 mm
Focal length 1800 mm
Thickness 0.4 mm
Mass 20 kg
No. Panel 36
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Fig. 4. 9" (left) and 10" (right) mode shape

Fig. 5. 11" (left) and 12™ (right) mode shape

Table 3. Natural frequency

Mode number Natural frequency (Hz)

1-6 0

7 2298
8 35.46
9 51.82
10 59.58
11 70.16
12 76.40
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Table 4. Moment of inertia for each axis o Rotation angle
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2.1.2 Alg8lol M Za}

AFA 715l odt HEHY WA Fde 2
T BA] A, 9148 FA T4l EaE A Est
Ak iAol AgE E= ZTE91YL Path Planning
AA A5 AME-E= Bang-Bang ZEIYE 7HA S
qom[7], 22 HFEA YL 71Fo R 502 F<
90° IAst=x HgsAuth ¥E B =L
A4 AW A== 27} Fig. 99 Fig. 103 Zth

$A TFET GEA 95 Mgl 99 E
ﬂ E=R; TeI NN XJ_Q_O].cq _‘,]/K-] 7]£ /\]o]] 1%}\30]-‘—

PEl U WA e] RS FA s A AR 50

Torque profile

Torque(Nm)

o]
-05r ’

-1
15t
L

o] 10 20 30 40 50 60 70 80 jelo] 100
Time(sec)
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Fig. 10. Angular displacement in Y-axis
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Fig. 12. Deflection in Y-direction
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Fig. 13. Deflection in Z-direction
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Fig. 14. Influence of damping ratio
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Fig. 16. Deflection in Y-direction with damping
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Fig. 17. Deflection in Z-direction with damping
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