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Abstract: In view of the problem that the conventional time-domain statistical features are not
sensitive to the early weak fault signals of rolling bearings under non-stationary conditions, this
paper proposes a performance degradation assessment indicator, namely the feature similarity
indicator (FSI) that is sensitive to the early weak fault signals and characterizes the performance
degradation trend. Firstly, four vibration signals of the bearings under variable conditions are
tested to analyze the sensitivity of statistical features to radial load, speed fluctuation and failure
degree; then, the features that are not sensitive to the conditions but sensitive to the failure
degree are selected as the best features; finally, the FSI is constructed by calculating the
similarity ratio between the best features of two adjacent samples. The FSI is used to verify the
bearing simulation failure data and life cycle test data, and the results show that: when the
bearing shows early fault, the magnitude of the best feature increases by 9. 4% , which is higher
than 4. 7% of the root mean square value and 5. 2% of the absolute mean value; when the full-
life-cycle bearing shows early weak fault, the magnitude of FSI increases by 21.8%, which is

higher than 6.5% of the root mean square value, and FSI accurately characterizes the trend of
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bearing performance degradation.
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Table 1 Feature parameters of vibration signal in time do-
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Fig. 1 Finite element model of the bearing
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Fig. 2 Outer race fault simulation signal and envelope spectrum
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Fig. 8 Feature ratio of time-domain signals in different

conditions
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Fig. 16 RMS of performance degradation curve
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Table 2 Performance degradation turning point

T I K

WORE R MRS
. N [23] 536 729 858
FFE AR 2
R [24] 533 703 958
) A3 533 703 853

FiZesgimfeE [25] 2 344 2 464 2511
97 57 K 5 A3 2 340 2 461 2 514

5 B 45

AN

B S B R W A AR P R B 1 L AR S
PR T — R obr 7 M BB R 1k 98 bR B RRAE A L E
(FSD),

(DA A R IC 05 30T 18 500 3 A48 2008 5
P 28 725 3 AN AR 3R AR B T IE W R R R B0 15
S AT T B SGE TR AE X S R A L 2R A A
B 1 S

(2) 3 58 5% 2 - e Bt 3202 0 28 A AN B0 AEL X i i
T R 11 R AU 4 o i AR R AE L S 445 B FSIL
FH EL T35 7 AR FST Xof e [ 5t 13 A A o fin UK

(3) 3 3 4 AR PR T80 Sl 7R 4 75 i % 57 38
SR B0 UE T FSTZE AR PR3 00N B o A )
S0tk s Bt 220 5 R T AR A R R ) — b T AT

S &
[1] LISong, CHEN Zhiyong, LIU Qiaobin, et al. Model-




20 [T T N - 55 56 &
ing and analysis of performance degradation data for [10] #lR, mEH, =P, &, BahihrBEPrEsgB L
reliability assessment: a review [J]. IEEE Access, PEAGEARMEEE ()], MLMRL2E S5 H R, 2017, 36(11) .
2020, 8. 74648-74678. 1771-1777.

[2] NIU Guangxing, WANG Xuan, GOLDA M, et al. An HUANG Haifeng, GAO Hongli, LI Dan, et al. Study
optimized adaptive PReLU-DBN for rolling element on evaluation of incipient performance degradation of
bearing fault diagnosis [J]. Neurocomputing, 2021, rolling bearings [J]. Mechanical Science and Technol-
445 26-34. ogy for Aerospace Engineering, 2017, 36(11). 1771-

(3] R3&., A4, f) 5, S FEHUE K EE 3 1777.

I3 53 AT R R Sl AR PR B AR AR AN 7 ik (T, W [11] ZHU Keheng, JIANG Xiaohui, CHEN Liang, et al.
R, 2021, 55(2) . 55-63. Performance degradation assessment of rolling element
ZHU Wenchang, LUO Mengting, NI Guangxian, et bearings using improved fuzzy entropy [J]. Measure-
al. An evaluation method for rolling bearing perform- ment Science Review, 2017, 17(5) . 219-225.

ance degradation combining random matrix theory and [12] Z=fe, HE. X486, . ETFEEBRIT AL S EE S
principal component analysis [J]. Journal of Xi’an R R0 T Sl il R AR AR 4R B [T, PR3 S5 epds, 2018,
Jiaotong University, 2021, 55(2); 55-63. 37(23): 219-225.

[4] LEI Yaguo, LI Naipeng, GUO Liang, et al. Machin- LI Hua. WU Xing. LIU Tao, et al. Bearing fault fea-
ery health prognostics: a systematic review from data ture extraction based on VMD optimized with informa-
acquisition to RUL prediction [J]. Mechanical Sys- tion entropy [J]. Journal of Vibration and Shock,
tems and Signal Processing, 2018, 104 799-834. 2018, 37(23): 219-225.

[5] LI Yazhou, DAI Wei, ZHANG Weifang. Bearing fault [13] LIU Xiaoyang, HUANG Haizhou, XIANG Jiawei. A
feature selection method based on weighted multidi- personalized diagnosis method to detect faults in a
mensional feature fusion [J]. IEEE Access, 2020, 8. bearing based on acceleration sensors and an FEM sim-
19008-19025. ulation driving support vector machine [J]. Sensors,

(6] XIZHr, ¥4, £ 38, % FRIERE S HTR 2020, 20(2): 420.

T2 W 2% () Sl R SRR 2 W 5 (T, PLef% 3, 2016, [14] MOTAHARI-NEZHAD M, JAFARI S M. Bearing
40(10) . 48-53. remaining useful life prediction under starved lubrica-
LIU Yunzhe, HU Jinhai, REN Litong, et al. Study ting condition using time domain acoustic emission sig-
on the bearing fault diagnosis based on feature selec- nal processing [ J]. Expert Systems with Applications,
tion and probabilistic neural network [J]. Journal of 2021, 168 114391.

Mechanical Transmission, 2016, 40(10): 48-53. [15] HALLQUIST J O. LS-DYNA theory manual []J].

(7] #ZER, 42w, 23, 4. X T WMRMR & 3) Livermore Software Technology Corporation, 2006,

WORIR A SRR PR Tk [J]. R3S obidi, 2015, 34 3: 25-31.
(19). 57-61. [16] SINGH S, HOWARD C Q, HANSEN C H, et al.
DAI Haomin, XU Aigiang, LI Wenfeng, et al. Fault Analytical validation of an explicit finite element model
diagnosis of rolling bearings in mixed domain based on of a rolling element bearing with a localised line spall
WMRMR []]. Journal of Vibration and Shock, 2015, [J]. Journal of Sound and Vibration, 2018, 416: 94-
34(19) . 57-61. 110.

[8] TUBISHAT M, ALSWAITTI M, MIRJALILI S, et [17] SAFIAN A, ZHANG Hongsheng, LIANG Xihui, et
al. Dynamic butterfly optimization algorithm for fea- al. Dynamic simulation of a cylindrical roller bearing
ture selection [J]. TIEEE Access, 2020, 8. 194303- with a local defect by combining finite element and
194314. lumped parameter models [J]. Measurement Science

(9] ke, RoRHE. WRahHR M REIR L PEAG Ay B 3 B AT il and Technology, 2021, 32(12). 125111.

WRekIe s [J1. #Rsh 5 ohdi, 2021, 40(2). 63-71, [18] LI Hongru, WANG Yukui. WANG Bing, et al. The
110. application of a general mathematical morphological
ZHANG Long., WU Rongzhen. Performance degrada- particle as a novel indicator for the performance degra-
tion assessment of rolling bearings based on the entro- dation assessment of a bearing [J]. Mechanical Sys-
py energy ratio of adaptive frequency band [J]. Jour- tems and Signal Processing, 2017, 82 490-502.

nal of Vibration and Shock, 2021, 40(2); 63-71, 110. [19] ZHU Keheng. Performance degradation assessment of

http: // zkxb. xjtu. edu. cn




L4l e A SR 3B 7 2 0 R 1 R IR A VA 1R AR 2l

[20]

(21]

[22]

(23]

rolling element bearings based on hierarchical entropy
and general distance [J]. Journal of Vibration and
Control, 2018, 24(14): 3194-3205.

YAN Tongtong, WANG Dong, KONG Jinzhen, et al.
Definition of signal-to-noise ratio of health indicators
and its analytic optimization for machine performance
degradation assessment [J]. IEEE Transactions on In-
strumentation and Measurement, 2021, 70: 1-16.
YANG Chuangyan, MA Jun. WANG Xiaodong, et
al. A novel based-performance degradation indicator
RUL prediction model and its application in rolling
bearing [J]. ISA Transactions, 2022, 121: 349-364.
LETY, HAN T, WANG B, et al. Interpretation of
XJTU-SY rolling bearing accelerated life tested dataset
[J]. Chin J Mech Eng, 2019, 55; 1-6.

e, R, FER, 5. W bR v 8 R 1k i it
FrZ2oe RSOk U], Rl 52 W, 2021, 41
(6): 1096-1104.

[24]

[25]

http: // zkxb. xjtu. edu. cn

ZHANG Long, WU Rongzhen, ZHOU Jianmin, et
al. Performance degradation assessment of rolling
bearing based on AR model and multivariate state esti-
mation technique [ J]. Journal of Vibration, Measure-
ment & Diagnosis, 2021, 41(6);: 1096-1104.

HU Mantang, WANG Guofeng, MA Kaile, et al.
Bearing performance degradation assessment based on
optimized EWT and CNN [J]. Measurement, 2021,
172, 108868.

A, D, ERAR, . RERELS 5K 6@ B
R ORYERRIBALTTPAN [T]. W 32240, 2022, 50(1).
106-115.

YANG Chuangyan, MA Jun, WANG Xiaodong. et
al. Feature fusion and grey regression for performance
degradation assessment of rolling bearings [J]. Acta
Electronica Sinica, 2022, 50(1): 106-115.

(i RME x4)




