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Safety region estimation and state identification of rolling
bearings based on LMD-PCA-LSSVM method

Zhang Yuan® , Qin Yong® , Xing Zongyi™ , Jia Limin* , Liao Guiling”
( * School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044 )
( ™ Department of Automation, Nanjing University of Science and Technology, Nanjing 210094 )
Abstract

The idea of safety region was introduced into the condition monitoring of rolling bearings, and the research on
estimation of a rolling bearing’ s safe operating region and identification of a rolling bearing’ s operating state ( nor-
mal or at fault) was performed by combinative use of empirical mode decomposition (EMD) , principal component
analysis (PCA) and least square support vector machine (LSSVM). Firstly, the vibration data of a rolling bearing
was collected and it was segmented at regular intervals, and intrinsic mode functions (IMFs) of each segment’ s
data were obtained by using EMD. Then two statistical variables’ control limits as the state characteristics of the
rolling bearing were calculated based on PCA. At last, the boundary of the safety region was estimated by a two-
classification LSSVM, and the normal condition and three fault conditions were identified by a multi-classification
LSSVM. The experimental results indicated that the accuracy of safety region estimation and that of state identifica-
tion were both more than 95% , so the effectiveness of the above method was verified.

Key words: rolling bearings, condition monitoring, safety region, empirical mode decomposition (EMD) ,

principal component analysis (PCA), least square support vector machine ( LSSVM)
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