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Fig. 1 Drag-free control system with displacement mode and
acceleration mode
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Table 2 Drag-free control specifications for orthogonal three-

axis displacement mode of a single test mass
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2 90x 10~ m/Hz!/? 18 x 10714 m/s2/Hz!2
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Table 3 Drag-free control specifications for orthogonal three-

axis displacement mode of a single test mass
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Robust Controller Design for Drag-Free Satellites with Two Test Masses

FAN Yidi, WANG Pengcheng, LU Wei, AN Ke, ZHANG Yonghe

(Innovation Academy for Microsatellites, Chinese Academy of Science, Shanghai 201304, China)

Abstract: This paper discussed the attitude and drag-free control of two Earth-orbit drag-free satellites with two test masses.
The control schemes of the science mode were designed, and a robust controller capable of resisting disturbances was proposed. First
of all, based on the science requirements and the LEO characteristics, the configuration scheme for the science mode was designed, to
present a stable observation platform for the detection mission. Secondly, decoupling the complex system dynamics model based on
characteristics of dynamic coupling and control time-frequency, three loops—the spacecraft attitude control loop, the drag-free
control loop and the suspension control loop—were produced. Control requirements for each loop were specified according to
mission requirements. Thirdly, taking into account the control requirements in frequency domain and the spectral models of various
external disturbances and sensor noises, constrains for sensitivity functions and complementary sensitivity functions of each control
loop were derived utilizing the mixed-sensitivity method of H ,, robust control theory. By selecting appropriate weight functions, an
H ,, robust controller was designed. Finally, simulation results indicate that not only the inter-satellites pointing error but also the
pose errors and residual acceleration of test masses satisfy the control index requirements, which verifies the effectiveness of the
designed controller.
Keywords: drag-free control; earth orbit; H,, robust control; mixed sensitivity
Highlights:
e Control schemes of the science mode for the two LEO drag-free satellites with two test masses is designed.
e The dynamics model of the satellite with two test masses are decoupled into the spacecraft attitude control loop, the drag-free
control loop and the suspension control loop.
o Constrains for sensitivity functions and complementary sensitivity functions of each control loop are derived based on an analysis
of spectral models of the main disturbances for LEO.

e An H, robust controller capable of resisting disturbances is designed for each control loop.

[TIE%EE: HF, RILFR: RAE]
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