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ABSTRACT

Sloshing refers to the movement of a liquid free surface caused by disturbances of a liquid parti-
ally filled in a container. Sloshing generates forces and moments owing to the pressure distribution
on the liquid free surface, which affect the dynamic stability of the vessel. An equivalent mechanical
model that exerts the same amount of force and moment on the vessel wall as sloshing is used to
analyze the sloshing effect on the vessel. This phenomenon also occurs in the fuel tank of a satellite
structure that controls the attitude using a propulsion system with a liquid propellant. A satellite with
a deployable synthetic-aperture radar (SAR) antenna, which is made of a thinner and lighter material,
is likely to be more susceptible to various disturbances, including liquid sloshing. In this study, an
analysis of a deployable SAR antenna reflector vibrating from the liquid fuel sloshing between the
changes in the satellite’s attitude was conducted. The equivalent mechanical model is used to simu-
late the sloshing effect, and the vibrations of the reflector are compared and analyzed with and with-
out the sloshing effect for the specified torque input.
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Fig. 1 Equivalent mechanical model (E.M.M.)
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Table 1 E.M.M. parameters

E.M.M. Liquid height(filling ratio)
parameters | 0.5m(36%) | 0.4m(29%) | 0.3 m(21 %)

m, 35.60 kg 3523 kg 34.00 kg
K, 11.15 N/m 10.92 N/m 10.17 N/m
hy 0.297 m 0.274m 0.237m
m, 108.60 kg 80.13 kg 52.52kg
hy 0.235m 0.167 m 0.094 m
wy 0.560 rad/s 0.557 rad/s 0.547 rad/s

~for0<t< At (5.a)

~forAt<t<t/2-At=t (5.b)

~forty <t <t/2+At=t, (5.c)

cforty <t <t —At=t, (5.d)

- forty <t <t, (5.¢)
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Table 2 Max. displacement of SAR antenna reflector

Liquid height(filling ratio)
' 0.5 m(36 %) | 0.4 m(29 %) | 0.3 m(21 %)

displacﬁzht[mm] 8.63x107% | 9.03x1072 | 9.96 102
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Fig. 5 Vibration of SAR antenna reflector (15s, h=0.5m)
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