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Table 1 Breakdown of control loops
Control loop Sensor  Actuator Requirements of controller design
SC attitude loop Star sensor FEEP 2 x 1079 rad
Drag-free loop EPS FEEP 3 x 1071 [280H2 4 30( L2 m s - Hy /2
TM attitude suspension loop EPS EPS Depending on the hardware
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Fig.2 Power spectrum of ASTROD I’s sensors and actuators
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Table 2 Basic parameters of ASTROD I simulator
Parameter Name Value Unit
msc Mass of SC 390 kg
mrM Mass of TM 1.74 kg
B s Offset of sensor coordinates (1074, 1074, 107%) m
3 x 3 Matrix diagonal off diagonal
Kirans Translational coupling coefficient —10-6 —0.39x1077 N-m™!
Kot Rotating coupling coefficient —10—9 —0.1%x1077" N-m-rad—!
Kirans2rot 1T2R Cross-coupling coefficient —6 x 10710 —6 x 10710 N
Kiototrans R2T Cross-coupling coefficient —2x 10710 —2x1071% N-.rad—?!
Im TM inertia matrix r=y=542="725x10"% 0 kg - m?
IS SC inertia matrix r = 263,y = 260, z = 351 0 kg - m?
Ri1S,ans TM Translational actuation matrix 0.22 0.22
his,.: TM Rotating actuation matrix 1 0.005 m~1!
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Simulation and Controller Design for Drag-free and

Attitude System of Single Test Mass Drag-free Satellite

LI Hong-yin"? HU Ming?

(1 Department of Control Science and Engineering, Huazhong University of Science and Technology,

Wuhan 430074)
(2 School of Physics, Huazhong University of Science and Technology, Wuhan 430074)

ABsTtrRCcT Taking the ASTROD I mission as an example, the structure and principle of

drag-free satellite are presented. We derive the dynamics of drag-free satellite and its test

mass, based on which a numerical simulator is built for them. Then, Hy optimal strategy is

used to develop the controller for the satellite to reduce the resulted noise. The comparison

between the transfer function analysis and the periodogram of numerical simulation indi-

cates that linearization of the dynamics is appropriate and the simulator is correct. Also we

can conclude that the controller can fulfill the requirement of the mission.

Key words space vehicles: instruments, methods: numerical



