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A symbolic dynamic analysis of flywheel system for fault detection

WANG Rixin, GONG Xuebing, XU Mingiang, LI Yuqing

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The fault detection method of symbolic dynamics is proposed to detect the tiny faults of flywheels.
Firstly, the symbolic dynamics algorithm transforms the flywheel current into a series of symbols. The signal noise
reduction and data compression can be accomplished by the symbol generation. Secondly, the D-Markov machine
can define the abnormal transitions of symbol sequences and produce the probability state transition matrix. Then,
the number of symbols is selected from the change in entropy of symbol sequences. Moreover, the symbol
probability vector can be obtained according to the eigenvector of the probability state transition matrix. The
threshold of distance among the symbol probability vectors can be used to detect the faults of the flywheel. Finally,
The simulation results show this method can identify varying degrees of faults in the flywheel and achieve the tiny
fault detection by the distance among the vectors. Compared with the extended Kalman filter method, the proposed
method can detect the faults of flywheel by using the single variable without the complicated kinetic modeling. The
proposed fault detection method in this paper can be also used in the other components of satellites, which can learn
the system behavior from process data and have the merit of portability.
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Fig.1 High accurate simulation model of flywheel
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Fig.5 Block diagram of the closed system with flywheel system
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Fig.7 The fault detection of the motor gain decrease fault
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Fig.8 The fault detection by Extended Kalman Filter algorithm
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Fig.9 The current of flywheel in the motor friction increase fault
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