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A Warning Method for Early Weak Failures of Bearings by
Symbolic Time Series Analysis
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(Aeronautical Foundation College, Naval Aeronautics and Astronautics University, Yantai, Sandong 264001, China)

Abstract: A warning method for early weak failures of bearings is proposed based on symbolic
time series analysis to address the problem in early warning of weak faults in bearings. The phase
space of bearing vibration signals is reconstructed using C-C method and then segmented by k-
means clustering. Then each segmented subinterval is given an unique symbol and the bearing
vibration signals are transformed into a symbolic time series. Finally, a quantitative analysis of
the symbolic time series is carried out through the Lempel-Ziv complexity. The algorithm’s
accuracy of the representation of the dynamic structure is verified using the Duffing equation as
the study object, and its precision is up to 95. 85%. A comparison with the conventional symbolic
time series analysis methods shows that the proposed method has a better accuracy. Since the
proposed algorithm is sensitive to the dynamical changes, it is applied in the bearing state
monitoring. Experimental results show that the algorithm can discover the early feeble wear-out
failures of bearings and realizes the monitoring of whole life performance degradation.
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