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Residual life prediction method of rolling bearing based on
morphology fluctuation conformance deviation distance
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Abstract: Aiming at the problem that the setting of the complete failure threshold of rolling bearings is mostly selected according to
artificial experience, and the degradation trajectory adaptation ignores the overall morphological trend change of the time series, a method
for setting the failure threshold and predicting the remaining life of rolling bearings based on the consistent offset distance of
morphological fluctuation is proposed. Firstly, the forward difference (FD) is introduced to preprocess the vibration signal, and the root
mean square ( RMS) value of the processed signal is calculated as the degradation indicator (DI). Secondly, the double exponential
model is used to fit the DI curve to determine the total failure threshold (TFT) of the final reference bearing, so as to reduce the setting
deviation of TFT. Finally, the similarity of the DI curve is calculated by using the morphology fluctuation conformance deviation distance
(MFCDD) to complete the setting of the failure threshold of the test bearing, and the remaining useful life ( RUL) prediction of the
rolling bearing is completed by using the particle filter to update the double exponential model. The experimental results on the XJTY-SY
dataset show that the score of rolling bearing RUL prediction is 82. 97% and 73. 64% higher than that of dynamic time warping matching
method, convolutional neural network and bidirectional long short-term memory network prediction method, respectively. The
experimental results on the PHM2012 dataset show that the score of rolling bearing RUL prediction is 99.99%, 60.65% and 99. 90%

higher than that of dynamic time warping matching method, convolutional neural network and bidirectional long-term and short-term
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memory network prediction method, long-term and short-term memory and self-attention mechanism prediction method.

Keywords :rolling bearings ; failure threshold; double exponential model; RUL prediction
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Fig. 1  Proposing method flow chart
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2 XJTU-SY fliR I 7 5L -1 &
Fig.2 XJTU-SY bearing accelerated life test platform

F1 XJTU-SY HRHEEFEE—K
Table 1 XJTU-SY bearing data set information list

TH Bl FEARRE PR (R AR /min

B11 123 123
B12 161 161
1 B13 158 158
B14 122 122
B15 52 52
B21 491 491
B22 161 161
2 B23 533 533
B24 42 42
B25 339 339
B31 2538 2538
B32 2 496 2 496
3 B33 371 371
B34 1515 1515
B35 114 114
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AR BRI IR (1) L (2) #-ATHT R 2253 JF
T RMS {8, AR shil & (14 M RE IR (b 48 45 DI, SR )5 4%
H(3) L (4) PR IR AL F8 4R DI B9 A R0, 45 R nk 2
Fi7m

F 2 XJTU-SY H&EEEENHRR ISR IERE TR
Table 2 Performance evaluation of bearing degradation
index constructed by XJTU-SY bearing data

S% Corr(F,T) Mon( F) Rob(F)

g EAET ESE R4 ESE ESW E4E
B11 0.9939 0.9966 0.3770 0.5738 0.9783 0.966 9
B12 0.9971 0.9916 0.3500 0.7500 0.9727 0.959 8
B13  0.9931 0.9966 0.5414 0.6688 0.9801 0.9715
Bl14 0.9358 0.9339 0.0083 0.0413 0.9646 0.969 1
B15 0.9917 0.9973 0.6078 0.6863 0.9589 0.9757
B21 0.9980 0.9991 0.0000 0.1673 0.9722 0.979 8
B22  0.9978 0.9960 0.5375 0.8000 0.9750 0.9687
B23  0.9991 0.9971 0.4812 0.4436 0.9806 0.967 6
B24 0.9874 0.9963 0.7073 0.4146 0.9403 0.9415
B25 0.9984 0.9989 0.4911 0.5976 0.9814 0.9816
B31 0.9976 0.9943 0.0296 0.0713 0.9788 0.9821
B32 0.9704 0.9623 0.1054 0.3780 0.9527 0.9297
B33 0.9971 0.9982 0.2432 0.5189 0.9724 0.9792
B34 0.9985 0.9988 0.0264 0.0859 0.9639 0.9710
B35 0.9949 0.9982 0.4690 0.9646 0.9706 0.978 6
Y 0.9901 0.9903 0.3317 0.4774 0.9695 0.968 2
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Table 3 The complete failure threshold ( TFT) of XJTU-SY data was fitted by double exponential model

% REAGRNNL SRREENARER 17T,/ | 5% REGmiinL,  SORREOR A e 171, /
ﬁh% min g iﬂ]??( min g

B11 123 2.306 5 B23 533 3.8385

B12 161 4.619 5 B31 2538 3.666 5

B13 158 4.175 2 B32 2496 2.771 8

B21 491 5.468 9 B33 371 6.4257

B22 161 3.094 3 - - -
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Bl4  522.293 5 92.051 8 15.586 2 8.042 4x10° 6.828 8x10* 399.766 0  1.094 4x10° 7.547 1x10°  1.797 7x10°
BI5 1.9572x10° 669.006 1 1.028 0x10* 2.142 6x10° 1.218 1x10* 4.110 9x10> 9.144 8x10° 1.7829x10°  2.810 4x10*
B24  705.2604  310.569 6 2.456 8x10° 546.049 8  2.8650x10° 1.158 8x10° 1.010 1x10°  664.8032  3.109 0x10°
B25 - - - 3.258 8x10° - 6.294 3x10° 1.427 9x10'* 5.494 6x10"  2.998 1x10"
B34 - - - - - - 1.335 8x10°  8.332 5x10° -
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Table 5 XJTU-SY test bearing failure threshold setting

5 AR VeRchR  SERIJBNERE TFT,, /g
1 B14 BI3 4.1752
2 BI5 B12 4.619 5
3 B24 B12 4.619 5
4 B25 B23 3.8385
5 B34 B31 3.666 5
6 B35 B32 2.771 8
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Table 6 XJTU-SY test bearing life prediction algorithm score and algorithm time comparison

M YT SR AR

P 5 25 {5/ min

B /s

_ T ST (DTW)  CNN-BILSTM o HANPRE(DIY) Rk AR

AR /min - /min Pk e (MFCDD) VS 7k

B14 91 122 - - - 0.263 0.014

B15 38 52 -6.450 1 -7.006 9 -2.886 6 0.129 0.014

B24 31 42 —8.7581 —10. 250 -7.872'5 0. 086 0.017

B25 253 339 -88.916 41.924 —-66. 581 0. 800 0.024

B34 1136 1515 - - - 2.583 0. 054

B35 84 114 —78.495 4 66. 942 -54 0.218 0.019

Score - - 1.3529x10° 873.803 2 230.365 3 - -
SD of Error - - 44,152 8 37.837 2 32.180 7 - -
EiHK - - - - - 4.079 0. 142
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Table 7 IEEE PHM 2012 bearing test data sheet

AR el ek LFm bR (R
X5y HEd  BdR4A FFATIE L) /s
B11 - 2 803 28 030
%% B12 - 871 8710
7k B31 - 515 5150
B32 - 1 637 16 370
B13 1 802 2375 23 750
Bl4 1139 1428 14 280
W B15 2302 2 463 24 630
TR B16 2302 2 448 24 480
B17 1502 2259 22 590
B33 352 434 4 340

2) VEREIR AR bR B S S % K TFT #1145
R i 45 B8 (1) | (2) #EAT AT 1R 2220 R 5
RMS {8, 7] 15 % 3l il 7 (9 M BE IR AL 458 B8 DI, S8 )5 2 IR
X (3) . (4) TFAGIRfLI54R DI B A Rk, 45 R 3k 8
FioR
% 8 IEEE PHM2012 ¥R %2 5l AR (L5 AR RE T i
Table 8 Performance evaluation of bearing degradation
index constructed by IEEE PHM2012 data

5% Corr(F,T) Mon( F) Rob( F)
Wk ZEOET EAME BRI EANE BN ENE
BIl  0.9892 0.9954 0.1963 0.1485 0.9598 0.969 0

B12  0.9879 0.9733 0.1103 0.1678 0.9351 0.909 0
B13  0.9718 0.7696 0.3404 0.4038 0.9638 0.960 1
B14  0.9987 0.9983 0.0527 0.2091 0.9748 0.9802
BI5 0.9781 0.9841 0.6141 0.4959 0.9801 0.9846
B16 0.9240 0.9086 0.0569 0.0830 0.9581 0.9712
B17 0.9493 0.9758 0.0665 0.2256 0.968 1 0.969 0
B31 0.8472 0.9244 0.1362 0.1012 0.9445 0.9659
B32 0.9844 0.9915 0.0403 0.0416 0.9493 0.970 6
B33 0.9780 0.9952 0.0028 0.1396 0.9677 0.973 4
A 0.9609 0.9516 0.1617 0.1616 0.960 1 0.965 3
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Table 9 PHM2012 test bearing data

failure threshold setting

¥ IR PCRchiR  SERJANRE TFT,, /g
1 BI3 Bl1 2.3376
2 Bl4 Bl1 2.3376
3 B15 Bl1 2.3376
4 B16 Bl1 2.3376
5 B17 B11 2.3376
6 B33 B12 2.536 0
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WRPE(11) ~ (13) THE IS E, K5
DTW VCEC 53" AR 22 0 28 — X ] < e 3030 12 ) 4%
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Table 10 IEEE PHM2012 test bearing life prediction algorithm score and algorithm time comparison
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H/s s (DTW) N— Attention o (DTW) P #E 2 (MFCDD)
IRy A By k) i) VLRC i
B13 18 020 23 750 -2 920 -1 440 -1930 -1320 3. 805 0.033
Bl14 11 390 14 280 - - - - 2.220 0.027
B15 23 020 24 630 - - - - 3.913 0. 031
Bl6 23 020 24 480 - - - - 4.785 0.052
B17 15 020 22 590 2 840 -720 -2210 -30 2.943 0.035
B33 3520 4 340 -200 90 -200 -140 0.678 0.022
Score - - 2.163 2x10"  6.529 1x10*  2.695 8x107  2.569 4x10* - -
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