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A Method for Evaluating Performance Degradation of Rolling Bearings

Using Detection of Time Series Mutation Point

LIU Dan, LI Xiaowan, LIANG Lin, WU Jie, XU Guanghua, SHEN Qiang

(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Taking rolling bearings as research object and according to its practical significance of
performance degradation curve, four evaluation indexes are defined to guide the extraction of
performance degradation characteristics. These indexes are initial degradation point, initial
sensitivity, failure mutagenicity and trend consistency. A quantitative index for evaluating the
performance degradation characteristic is designed based on the physical characteristics of the
performance degradation curve, and a calculation process of the evaluation index is given by using
the method of detecting time series linearization mutation point, which provides a more intuitive
basis for the selection of performance degradation characteristics. The proposed method is
verified by using the internationally available Swiss datasets. Experimental results show that the
method can comprehensively evaluate the characterization effects of all performance degradation

characteristics on performance degradation process. A local linear embedding (LLE) algorithm
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based on adaptive selection of neighborhood parameters is proposed to better maintain the spatial

location relationship of the original high-dimensional data. The local linear structure of high-

dimensional spatial data is preserved by an adaptive local weight vector, and multiple local

linearities are superimposed to continuously approximate the global nonlinearity. The reliability

and stability of directly using high-dimensional data to reflect the performance of the original state

are hence effectively improved. The performance degradation characteristics extracted by the

neighborhood parameter adaptive LLE algorithm and the conventional LLE algorithm from the

accelerated life test data of rolling bearings are compared. Results show that the neighborhood

parameter adaptive LLE algorithm retains more information of the original high-dimensional data.

Keywords: performance degradation evaluation; feature extraction; time series mutation point;

local linear embedding; rolling bearing
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