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Fractional PID Control for Gravitational Wave Detection Satellites Considering

Output Characteristics of Micro-propellers
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Abstract: Considering low-frequency disturbance of thrust caused by unexpected electrical breakdown and temperature drift in

the operation of microwave ion thruster, as well as the ultra-low bandwidth and strong robustness requirements of the drag-free

system, which is converted into a frequency domain constraint index, a fractional-order PID was designed as a drag-free controller

with perturbation suppression capability as objective function. Simulation study shows that the control had good robustness to

various disturbances of the system compared with the classical PID controller, and could suppress the control effects brought by

thruster firing and temperature drift, and finally achieved higher control accuracy. The research provides reference for the high-

precision control method of gravitational wave detection without dragging satellite considering micro-propulsion system.

Keywords: gravitational wave detection; drag-free control; ion thruster; unexpected electrical breakdown; fractional PID

Highlights:

e Relative dynamics modeling for multi-test mass satellites for space gravitational wave detection is conducted.

e The study analyzes the thrust noise caused by unexpected electrical breakdown and temperature drift of microwave ion thrusters.

e A nonlinear PID controller is designed for the practical constraints of a drag-free system.
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