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Abstract 

Aiming at the problem that it is difficult to accurately predict the contribution trend of 
each eigenvalue in the remaining life change factors of rolling bearing in rotating 
machinery, making full use of the processing and analysis ability of grey correlation 
theory to each relevant factor, a whole life series correlation analysis is proposed based 
on the grey correlation theory. It provides a new idea for analyzing the influence of 
eigenvalues on bearing life in the whole life of rolling bearing parts. 
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1. Introduction 

With the continuous development of science and technology and the urgent need of engineering 
application, more and more large mechanical devices are designed and manufactured to serve 
the human society. As one of them, rotating mechanical devices are widely used in many fields 
such as metallurgy, aerospace, rail transit, electric power, petrochemical industry and so on.As 
one of the most common parts in rotating machinery, the state of rolling bearing is of great 
significance to maintain the stability and safety of the whole rotating machinery. However, 
relevant research shows that rolling bearing is also the most prone to failure. According to 
statistics, in the rotating equipment using rolling bearings, about 45% ~ 55% of mechanical 
faults are caused by rolling bearings [1]. 

The remaining life prediction of rolling bearing has become one of the hot topics in the field of 
mechanical fault diagnosis. Many methods for predicting the remaining life of rolling bearings 
have been proposed and applied to this. SVM prediction method combining KPCA and 
information granulation proposed by Xu Jiya et al[2]. Prediction method based on continuous 
HMM and PSO-SVM proposed by Liu Bo et al[3]. Ma Hailong [4] proposed a prediction method 
based on principal component feature fusion and SVM. The prediction method combining KPCA 
and improved SVM proposed by ZHE Na et al[5]. Most of these methods take support vector 
machine (SVM) as the core algorithm and improve it to realize prediction. However, although 
these methods have certain results in bearing life prediction, they are not enough to analyze 
the contribution of various factors in the process of bearing life decline. Based on the grey 
correlation theory, this paper calculates the correlation degree between the characteristic 
parameter series and the bearing life series in the process of bearing decline, and analyzes the 
prediction weight of each characteristic value in the process of bearing decline. 

2. Grey system correlation analysis theory 

Grey system correlation analysis was first proposed by Professor Deng Julong [6] in 1982 in 
China. This method is a new method to study the problem of uncertainty with few data and sub-
information. The grey system association analysis method is a method to quantitatively 
describe and compare the development and change of a system. Its basic idea is to judge 
whether the connection is close according to the similarity of the geometric shape of the 
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sequence curve. The more similar the curves, the closer the relationship between the 
corresponding sequences, and the greater the degree of association. The main process of gray 
system correlation analysis: first determine each sub-sequence and parent sequence, then 
collect the data of the sub-sequence and parent sequence to generate the sequence, then the 
data sequence is processed to remove dimensions. By comparing the degree of association 
between the sub-sequence and the parent sequence, the main influencing factors in each sub-
sequence are finally determined. Correlation essentially reflects the degree of geometric 
difference between sequence curves. Therefore, to measure the degree of correlation among 
various factors, the size of the difference in the shape of the curve can be used as a scale. 

2.1. System parent sequence  

system parent sequence:Y_j=[Y_j (1),Y_j (2),Y_j (3),…,Y_j (n)], j=1,2,…,q,q is the number of 
parent sequences, which can be one or more. 

2.2. System subsequence 

system subsequence: 𝑋𝑖 = [𝑋𝑖(1), 𝑋𝑖(2), 𝑋𝑖(3),… , 𝑋𝑖(𝑛)] ,i=1,2,3,…,p, p is the number of 
subsequences, which can be one or more. 

2.3. Correlation coefficient 

The correlation coefficient is the correlation value between the sub-sequence and the parent 
sequence at each sampling point. The correlation coefficient of the k-th sampling 
point𝑌𝑗(𝑘)an𝑋𝑖(𝑘)dis: 

𝜉𝑗𝑖(𝑘) =
△𝑗𝑚𝑖𝑛+𝜌∆𝑗𝑚𝑎𝑥

∆𝑗𝑖(𝑘)+𝜌∆𝑗𝑚𝑎𝑥
                                                      (1) 

among them:∆𝑗𝑖(𝑘) = |𝑌𝑗(𝑘) − 𝑋𝑖(𝑘)| 

△𝑗𝑚𝑖𝑛= min
𝑖

min
𝑘

|𝑌𝑗(𝑘) − 𝑋𝑖(𝑘)|, j=1,2,…,q, i=1,2,…,p，k=1,2,…,n； 

△𝑗𝑚𝑎𝑥= max
𝑖

max
𝑘

|𝑌𝑗(𝑘) − 𝑋𝑖(𝑘)|, j=1,2,…,q, i=1,2,…,p，k=1,2,…,n； 

𝜌 is the resolution factor, taken generally 0.1 to 0.5, usually taken as 0.5. 

2.4. Correlation 

The correlation degree is the average value of the correlation coefficients of all sampling points. 
For example, the correlation degree of the sub-sequence𝑋𝑖(𝑘)to the parent sequence𝑌𝑗(𝑘) is: 

𝑟𝑖𝑗 =
1

𝑛
∑ 𝜉𝑗𝑖(𝑘)
𝑛
𝑘=1                                                                  (2) 

3. Correlation analysis of test data  

3.1. IMS based dataset  

In order to further verify the feasibility of this method in predicting the remaining life of rolling 
bearings, the data of Intelligent Maintenance Systems (IMS) of the University of Cincinnati were 
selected. The data is 984 groups of data samples in the whole life. The sampling frequency is 20 
kHz, the sampling interval is 10 min, and the sampling time is 1 s. The test bearing is Rexnord 
za-2115 double row bearing, the constant speed is 2000 rad / min, the additional radial load is 
6000 pounds, and the bearing is arranged in four channels. From the end of the test to the 
failure test, a single fault occurs in the outer ring of No. 1 bearing, The actual remaining life is 
164 hours. In this paper, 984 groups of samples are selected to extract the corresponding 
bearing vibration characteristic parameters. 
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3.2. Bearing life cycle parent sequence 

984 groups of data used in this paper are full life data, the total length of bearing life is 164 
hours, and the time interval of each group of data is 10 minutes.Calculated as 100% of the whole 
life, for example, the 100 group of data accounts for 100 / 984, which is 10.16%. Based on this 
standard, the whole life parent sequence y is established. 

𝑌 = [𝑌(1), 𝑌(2), 𝑌(3), … , 𝑌(𝑛)]，j=1,2,…,984，                              (3) 

among them,      𝑌(𝑛) = (1 −
𝑛

984
) × 100%(4) 

3.3. Bearing vibration characteristic data subsequence 

Extract corresponding eigenvalues for each group of data, including: mean, maximum, 
minimum, standard deviation, root mean square, kurtosis, peak to peak, skewness, normal 
distribution mu parameters, normal distribution sigma parameters. 

 

Table 1. Characteristic index 

Characteristic index Characteristic expression 

mean 𝑋 =
1

𝑁
∑𝑥𝑖

𝑁

𝑖=1

 

maximum 𝑋𝑚𝑎𝑥 = 𝑚𝑎𝑥{|𝑥𝑖|} 

minimum 𝑋𝑚𝑖𝑛 = 𝑚𝑖𝑛{|𝑥𝑖|} 

standard deviation 𝜎𝑥
2 =

1

𝑁 − 1
∑(𝑥𝑖 −𝑋)

2
𝑁

𝑖=1

 

root mean square 𝑋𝑟𝑚𝑠 = √
1

𝑁
∑𝑥𝑖

2

𝑁

𝑖=1

 

kurtosis 𝛽 =
1

𝑁
∑𝑥𝑖

4

𝑁

𝑖=1

 

peak to peak 𝑋𝑃−𝑃 = 𝑚𝑎𝑥(𝑥𝑖) −𝑚𝑖𝑛(𝑥𝑖) 

skewness 𝛼 =
1

𝑁
∑𝑥𝑖

3

𝑁

𝑖=1

 

normal distribution mu parameters 𝜇 

normal distribution sigma parameters 𝜎 

 

4. Grey relational analysis of system data  

4.1. Initial value processing of data sequence  

For the sub sequence and parent sequence of the system, the first number in the number 
example is used to remove all the data in the number example, so as to obtain a new number 
example. 

The system subsequence is based on the bearing life data, and the corresponding eigenvalues 
are extracted for 984 groups of data to re form the subsequence with length of 984, in which 
the eigenvalues include: mean𝑋1, maximum𝑋2, minimum𝑋3, standard deviation𝑋4, root mean 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 1, 2022 

ISSN: 2664-9640                

194 

square𝑋5 , kurtosis𝑋6 , peak to peak𝑋7 , skewness𝑋8 , normal distribution mu parameters𝑋9 , 
normal distribution sigma parameters𝑋10. 

The initial value of each subsystem sequence is𝑋𝑖
′ 

𝑋𝑖
′ =

𝑋𝑖
𝑋1(1)
⁄ = (

𝑥1(1)

𝑥1(1)
,
𝑥1(2)

𝑥1(1)
, … ,

𝑥1(𝑛)

𝑥1(1)
)                        (5) 

4.2. Grey correlation analysis 

The correlation coefficient and correlation degree of each subsequence are calculated. The 
correlation degrees of mean𝑋1 , maximum𝑋2 , minimum𝑋3, standard deviation𝑋4 , root mean 
square𝑋5, kurtosis𝑋6, peak to peak𝑋7, skewness𝑋8, normal distribution mu parameters 𝑋9and 
normal distribution sigma parameters 𝑋10to the whole life parent sequence are obtained. 

 

Table 2.Correlation value between eigenvalue subsequence and whole life parent sequence 

Characteristic index Correlation value 

mean𝑋1 0.8404 

maximum𝑋2 0.9324 

minimum𝑋3 0.9197 

standard deviation𝑋4 0.9089 

root mean square𝑋5 0.9114 

kurtosis𝑋6 0.6997 

peak to peak𝑋7 0.9302 

skewness𝑋8 0.7842 

normal distribution mu parameters𝑋9 0.8404 

normal distribution sigma parameters𝑋10 0.9089 

 

It can be seen from the above data that among the eigenvalue factors affecting the whole life 
parent sequence y, the order of correlation coefficient from high to low is: maximum, peak to 
peak,minimum,rootmean square,standard deviation and sigma parameters,mean and mu 
parameters,skewness,kurtosis. 

To sum up, the highest correlation coefficient is the maximum value of the data group, and the 
lowest correlation coefficient is kurtosis. When analyzing the bearing life, we pay more 
attention to the maximum value of the data group. In addition, the correlation degree of 
standard deviation and sigma parameter is the same, and the correlation degree of mean and 
Mu parameter is the same. It shows that the standard deviation and sigma parameters have the 
same effect in analyzing correlation, and the mean and mu parameters have the same effect in 
analyzing correlation. 
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