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Abstract

To address the existing gearbox failure evaluation needs to study the mechanism of the equipment
resulting in low efficiency and low functionality, this paper proposes a combination of empower-
ment-based IDP-CRITIC of gearbox fault evaluation method. Firstly, the vibration signal data col-
lected by sensors are analyzed to extract relevant features. Then, the vibration signal time series
functions of different sensors in different states are plotted, and the features of these functions are
briefly analyzed. Next, the average and variance, which are the two characteristic variables used to
describe the overall trend of the vibration data, and the kurtosis and skewness, which are the two
characteristic variables that play an important role in determining the gear failure of gearboxes,
were extracted from the data, and the characteristic data were calculated for each set of data by
using SPSSPRO. Finally, through the calculation of characteristic data, the effectiveness of these
variables is analyzed based on the combined weighting based IDP-CRITIC evaluation model, and
the selected features are all effective in describing gearbox faults. The simulation and experimen-
tal results show that the proposed method is more descriptive of the gearbox failure evaluation.
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Table 1. Selected vibration signals collected under normal operating conditions of the gearbox
F 1. WREERTIATREZNMARINES

No Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 0.0158906 0.0128281 0.0524688 5.00525
2 —0.0421406 0.0036875 —0.0527969 5.00525
3 0.03225 -0.0147031 0.0178906 5.00525
4 —0.0129688 —0.00684375 —0.0100313 5.00525
5 —0.0190625 0.0107969 0.0679688 5.00525
6 0.00464063 0.000140625 —0.00426563 5.00525
7 0.00798438 -0.0023125 —0.00760938 5.00525
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Table 2. Selected vibration signals collected in fault state 1
= 2. HFERES 1 TREENBOERIMES

No Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 0.0005 0.0100781 0.0150313 5.00175
2 —0.0164688 —0.0217031 0.0197813 5.00175
3 0.00732813 0.00728125 0.0119063 5.00175
4 0.00460938 0.00645313 —0.0095 5.00175
5 0.0251406 0.0214531 0.00175 5.002
6 —0.0670156 —0.0088125 —0.00282813 5.002
7 0.00570313 —0.00735938 —0.00090625 5.00175
Table 3. Selected vibration signals collected in fault state 2
= 3. MPERTS 2 TREFNH A RIES
No Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 0.0301719 0.00289063 0.0403438 5.00325
2 0.0253906 —0.0180781 0.0295156 5.003
3 —0.00329688 —0.00414063 0.00660938 5.003
4 —0.0719219 —0.00434375 —0.02725 5.00325
5 —0.0266563 0.0195781 0.00460938 5.003
6 0.0555156 0.0237813 —0.00110938 5.0035
7 0.0304063 —0.0080625 0.00471875 5.004
Table 4. Selected vibration signals collected in fault state 3
e 4 BPERTS 3 TREFNH I RINES
No Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 0.0333594 —0.0184844 0.02875 5.00275
2 —0.0342031 —0.000421875 0.0132813 5.00325
3 0.0154375 —0.001875 0.017625 5.00375
4 —0.0103594 0.0227656 —0.0370781 5.00475
5 -0.012375 —-0.0199219 —0.0230313 5.0055
6 0.0165469 —0.00453125 —0.00301563 5.006
7 0.00879688 -0.00714063 0.0685469 5.00625
Table 5. Selected vibration signals collected in fault state 4
e 5. MRS 4 TREZNH I RIES
No Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 0.0262813 —0.00629688 0.0390156 5.00475
2 0.0321719 0.0008125 —0.00459375 5.005
3 —0.0530781 0.0254219 —0.0174531 5.005
4 —0.0538125 —0.00453125 —0.0239844 5.005
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Continued
5 -0.00598438 -0.0103281 0.0693594 5.005
6 0.0104219 -0.0166875 -0.00329688 5.005
7 -0.0146875 0.00464063 -0.036375 5.00525

B2 30(1) AT LAAS H v e s (RT B t, {2 SPSSPRO #5443 7 22 il DU AN B A7 R AR 3 15 5 6 1 47 L
MHR SIS [ 2 81 ) A2 1 D o

BEXTTLASRES P9 20 3 AN B AL 18] P S AR AL I AT 73 #r s PTRAE M BT AIRES . T BRI IR 3N 5
SIS B8 A e 8] P A ot BRI TR N s PR, By — & I RLER .

WA PUAS sensor [ ARSI S ATECA B . R 1~4 AR AR BR AT AR bR 38 73 T R IR A2 PP

FIRBNE 5 1I1E
0.15
[ ]
01 o8 s, E.2
0.05
0
-0.05
0.1 ® e 8 Voo ® o2
[ ]
0.15
0 5000 10000 15000 20000 25000 30000
Sensor 1 IE#RZS
02 0.15
015 o
. 0.1

0.05

0

[ X J
0 5000 10000 15000 20000 25000 30000 770 50000 10000 15000 20000 25000 30000
Sensor 1 IR 1 Sensor 1 #EIRAS 2
0.15 0.2

¥ Vel go iy ,

-0.15 -0.2
0 5000 10000 15000 20000 25000 30000 0 5000 10000 15000 20000 25000 30000

Sensor 1 IR 3 Sensor 1 #FERES 4

Figure 1. Scatter plot of the distribution of the five states of Sensor 1
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Figure 2. Scatter plot of the distribution of the five states of Sensor 2
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Figure 3. Scatter plot of the distribution of the five states of Sensor 3
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Figure 4. Scatter plot of the distribution of the five states of Sensor 4
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LA CRAT — e B RE, 8 1t PRI R AL A AR R AR R AT o (LA 6-9): BAEEA
RTAZ e R B JOSIVER R BGE . CRUTIC fEARALE R E 1T

Table 6. Calculation results of Sensor 1 related features
5% 6. Sensor 1 fAF4FEITESER

Max Min Average Stdev Median Var Skew Kurt CcVv
sensor01 0.121 -0.132 0 0.032 0 0.001 -0.06 0.058 69.217
sensorll 0.152 —0.133 0.001 0.038 0.001 0.001 —0.144 0.069 38.302
sensor21 0.127 -0.129 0 0.035 —-0.001 0.001 -0.226 0.066 116.633
sensor31 0.13 -0.126 0 0.034 0 0.001 -0.086 0.056 99.918
sensor4l 0.159 -0.15 0 0.038 0 0.001 -0.094 0.041 123.181
Table 7. Calculated results of Sensor 2 correlation features
5% 7. Sensor 2 HEFE4FHFITEER
Max Min Average Stdev Median Var Skew Kurt Ccv
sensor02 0.049 —0.053 0 0.013 0.001 0 —-0.101 —0.081 29.966
sensorl2 0.05 -0.06 0 0.014 0 0 0.01 -0.084 -212.815
sensor22 0.057 —0.049 0.002 0.014 0.003 0 —0.083 —0.054 5.704
sensor32 0.053 —0.061 0.001 0.014 0.001 0 —0.028 —0.108 20.314
sensor4?2 0.074 —0.062 0 0.015 0 0 0.075 —0.083 160.510
Table 8. Calculation results of Sensor 3 related features
5% 8. Sensor 3 HEAFEITELER
Max Min Average Stdev Median Var Skew Kurt CcVv
sensor03 0.094 -0.097 0.001 0.024 0.001 0.001 -0.066 0.046 18.364
sensorl3 0.127 -0.12 0.001 0.028 0.001 0.001 0.109 0.009 29.071
sensor23 0.105 —0.102 0.001 0.025 0.001 0.001 —0.045 —0.006 26.291
sensor33 0.102 -0.114 0.001 0.026 0.001 0.001 0.012 0.018 37.115
sensor43 0.126 -0.114 0.001 0.029 0.001 0.001 0.036 0.023 30.911
Table 9. Calculated results of Sensor 4 related features
52 9. Sensor 4 HXAFAEITE LR
Max Min Average Stdev Median Var Skew Kurt Ccv
sensor04 5.5 -0.284 4.944 0.533 5.005 0.285 75.432 —8.666 0.108
sensorl4 5.509 -0.235 4.943 0.525 5.002 0.276 77.522 -8.78 0.106
sensor24 5.51 -0.237 4.944 0.525 5.003 0.276 77.436 —8.775 0.106
sensor34 551 —-0.229 4.944 0.524 5.003 0.275 77.733 —8.791 0.106
sensor44 5.505 —-0.231 4.942 0.524 5.001 0.274 77.617 —8.781 0.106
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Figure 5. Flowchart of IDP-CRUTIC evaluation model based on portfolio assignment
5. £ THAMIAY IDP-CRUTIC I &R IZE
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MA—EE, HiFEARXWT:

C, = (SD+MN)x100% (7)
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ﬁ\:l:':" Cv=_o
H
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SRR AIEEEKREE, i=01234: j=1234).

Table 10. Mean, variance, coefficient of variation and weight values for each group of data
2 10. HEHIWENE, FZE, THRUERBRNERE

T FHME FrifEZ CV R## B
Sensor 01 0 0.032 69.217 0.117
Sensor 02 0 0.013 29.966 0.051
Sensor 03 0.001 0.024 18.364 0.031
Sensor 04 4.944 0.533 0.108 0
Sensor 11 0.001 0.038 38.302 0.065
Sensor 12 0 0.014 —212.815 —0.359
Sensor 13 0.001 0.028 29.071 0.049
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Continued
Sensor 14 4.943 0.525 0.106 0
Sensor 21 0 0.035 116.633 0.197
Sensor 22 0.002 0.014 5.704 0.01
Sensor 23 0.001 0.025 26.291 0.044
Sensor 24 4.944 0.525 0.106 0
Sensor 31 0 0.034 99.918 0.168
Sensor 32 0.001 0.014 20.314 0.034
Sensor 33 0.001 0.026 37.115 0.063
Sensor 34 4.944 0.524 0.106 0
Sensor 41 0 0.038 123.181 0.208
Sensor 42 0 0.015 160.51 0.271
Sensor 43 0.001 0.029 30.911 0.052
Sensor 44 4.942 0.524 0.106 0

ERIER TR RBUEBCGE AR, i RIS R B MRS OB AT 2 T (LK 10).
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KANIHER, BEABAR RIS IZINE AL B AR A, M B SRR .
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Figure 6. Histogram of importance of coefficient of variation CV index
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Table 11. Independence weight coefficient method to calculate each group of data
2 11 AT R ERBUE T E S E R

®)

T HAHKXRER SRR R UR R
Sensor 01 0.146 6.868 0.032
Sensor 02 0.079 12.675 0.059
Sensor 03 0.128 7.838 0.036
Sensor 04 0.083 12.081 0.056
Sensor 11 0.34 2.938 0.014
Sensor 12 0.293 3.418 0.016
Sensor 13 0.25 4.003 0.019
Sensor 14 0.043 23.254 0.108
Sensor 21 0.248 4.029 0.019
Sensor 22 0.247 4.051 0.019
Sensor 23 0.094 10.658 0.049
Sensor 24 0.046 21.621 0.1
Sensor 31 0.252 3.966 0.018
Sensor 32 0.264 3.783 0.017
Sensor 33 0.105 9.493 0.044
Sensor 34 0.084 11.852 0.055
Sensor 41 0.074 13.462 0.062
Sensor 42 0.085 11.792 0.055
Sensor 43 0.037 27.193 0.126
Sensor 44 0.047 21.279 0.098
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Figure 7. Histogram of the importance of indicators by the indepen-
dence weight coefficient method
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Table 12. Calculation results of weights of CRUTIC method
% 12. CRUTIC M EITELER

T FabrAs et fabr i RAE FEE Y
Sensor 01 0.032 18.98 0.609 0.011
Sensor 02 0.013 18.939 0.251 0.004
Sensor 03 0.024 19.214 0.461 0.008
Sensor 04 0.533 18.966 10.118 0.177
Sensor 11 0.038 18.623 0.712 0.012
Sensor 12 0.014 18.67 0.258 0.005
Sensor 13 0.028 18.714 0.526 0.009
Sensor 14 0.525 18.997 9.973 0.174
Sensor 21 0.035 18.816 0.661 0.012
Sensor 22 0.014 18.781 0.26 0.005
Sensor 23 0.025 18.829 0.47 0.008
Sensor 24 0.525 19.092 10.029 0.175
Sensor 31 0.034 18.802 0.633 0.011
Sensor 32 0.014 18.724 0.258 0.005
Sensor 33 0.026 18.91 0.487 0.009
Sensor 34 0.524 18.966 9.938 0.174
Sensor 41 0.038 18.92 0.722 0.013
Sensor 42 0.015 19 0.287 0.005
Sensor 43 0.029 19.041 0.561 0.01
Sensor 44 0.524 18.99 9.948 0.174
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Figure 8. Histogram of importance of CRUTIC indicators
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Table 13. Calculation of sum weights
13, BFINETE

EHE T E Sensorl Sensor2 Sensor3 Sensor4
ST R R 0 0.0442 0.0048 0.0088 0.1748
CRUTIC fatr &2 ¥ 0.02825 0.02675 0.0595 0.09025
SR EE 0.07245 0.03155 0.0683 0.26505
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Figure 9. Weighting of integrated indicators
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