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Fig. 1 Satellite layout with fuel represented by

a sphere on a pole( pendulum)
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Fig.2 Free body diagram of (a) satellite without moving fuel

and (b) moving fuel
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Table 1  Satellite and fuel properties
Quantity Value Units
Tank radius I [0,0,0.228 ] [m]
Tank placement b [0, 0.4,0] [m]
Engine force F, [0,5,0] [N]
Max control torque chmax per axis 1 [Nm]
Satellite mass m, 100 [ke]
Fuel mass m;, 30 [ kel

8.542 0.065 0.136
Inertia matrix satellite /; [ 0.065 10.767 0. 198] [ kgm?]
0.136 -0.198 8.727

1.56 0 0
[ 0 1.56 0
0 0 1.56

Inertia matrix fuel 7,

] [ kem® ]
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Fig.3  Simulator validation — simulation time step variation
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Table 2 Test case properties

Quantity Value Units
Initial satellite state [ 6, ,, ] [0,0,0,0,0,0 ] [rad,rad/s]
Initial fuel state [ﬁj-,@-] [0,0,0,0,0,0 ] [rad,rad/s]

Reference state [ 6,0 ] [#/3,7/3,7/3,0,0,0] [rad,rad/s]
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Fig.5 Controlled response — adaptive NDI controller
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ADAPTIVE NONLINEAR DYNAMIC INVERSION CONTROL FOR
SPACECRAFT ATTITUDE FILLED WITH FUEL"

Zhu Lemei Yue Baozeng

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract A discussion was devoted to designing adaptive nonlinear dynamic inversion controllers. The equations
of motion of the combined satellite/fuel system were derived, and the Rigid - liquid coupling system equations
were constructed. Due to the strong coupling nonlinearity of spacecraft control system with fuel sloshing, neural
networks were applied to create an adaptive NDI ( Nonlinear Dynamic Inversion) controller. The results in the
form of tracking performance for the adaptive NDI controller were shown using a model of SloshSat, which demon-
strates that the proposed NDI controller with neural network is capable of excellent reference tracking in case of

fuel shloshing.
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