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A Signal Processing Technique for Predictive Fault Detection
based on Vibration Data
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ABSTRACT

Many problems in rotating machinery such as aircraft engines, wind turbines and motors
are caused by bearing defects. The abnormalities of the bearing can be detected by analyzing
signal data such as vibration or noise, proper pre—processing through a few signal processing
techniques is required to analyze their frequencies. In this paper, we introduce the condition
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monitoring method for diagnosing the failure of the rotating machines by analyzing the
vibration signal of the bearing. From the collected signal data, the normal states are trained,
and then normal or abnormal state data are classified based on the trained normal state.
For preprocessing, a Hamming window is applied to eliminate leakage generated in this
process, and the cepstrum analysis is performed to obtain the original signal of the signal
data, called the formant. From the vibration data of the IMS bearing dataset, we have
extracted 6 statistic indicators using the cepstral coefficients and showed that the application
of the Mahalanobis distance classifier can monitor the bearing status and detect the failure

in advance.
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Hamming window

Cepstrum analysis

Statistical Analysis
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o N2 9149 Zol& vetith 7] $lste] 4EX 67H4 B 71Wke] AEA &
. (condition indicators)E °|-&3k% L, 7t A%
— 0.54— 0.46c0s 22t ) =
w, =054~ 0.46c05 = o 274 WHe <Table 1>o] et
(Table 1) Statistical Indicators
Statistics Formula Description

Root Mean

1 & )
T .= — X;
Squ are rms n ’[21 i

A square root of mean square on time series value

Peak-to-Peak Lptp = Tmax ~ Lmin

series

The change between highest value and lowest value on time

r =
Crest factor "<t & 1
rms =0 a? |value
e

= Totp _ Pmax “Fmin | Tpe peak-to-peak of the time series value divided by the RMS

1 .
. —>n
Skewness - _n' 1 Measure of the asymmetry of the measured value
skew 0_3
1 ) .
Kurtosis ng':lﬂf? Measure about how much data is concentrated at the center
Tpurt = 1 on time series
o
Standard

Deviation

Measure that is used to quantify the amount of variation
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(Table 2) Mahalanobis Distance of Training Data without Preprocessing

Training data(24 normal data)

T1 | 21989 | TS5 | 03302 | T9 | 09074 | T13| 13262 | T17| 01973 | T21 | 0.7737
T2 | 02460 | T6 | 0348 | T10| 07468 | Ti4| 07181 | Ti18| 01973 | T22| 1.0057
T3 | 01266 | T7 | 1.0261 |Ti1| 09253 |T15| 03458 |T19| 01561 |T23| 19129
T4 | 02590 | T8 | 14739 | Ti12| 03202 | Ti6| 09966 | T20| 01822 | T24| 24461
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(Table 3) Mahalanobis Distance of Test Data without Preprocessing

Test data(4 normal data and 12 abnormal data)

N1 24858 Al 383.1564 A5 82.7521 A9 301.7465
N2 4.6849 A2 346.8526 A6 2477782 Al0 62.3294
N3 9.2762 A3 231.4498 A7 2239317 All 251.2914
N4 17.3637 A4 23,5781 A8 2268779 Al2 15025.3466

(Table 4) Mahalanobis Distance of Training Data with Standardization

Training data(24 normal data)

T1 | 18333 | T5 | 06769 | T9 | 07873 |T13| 0285 |T17| 20412 | T21| 09078
T2 | 05258 | T6 | 02696 |T10| 04174 |Ti4| 04456 |Ti18| 03162 |T22| 15891
T3 | 02811 | T7 | 04399 |Ti1| 0480 |Ti5| 09006 |T19| 02280 |T23| 1.017
T4 | 14807 | T8 | 12384 |Ti2| 11298 |Ti6| 06400 |T20| 08400 |T24| 0.3921
(Table 5) Mahalanobis Distance of Test Data with Standardization
Test data(4 normal data and 12 abnormal data)
N1 47114 Al 630.6310 Ab 94.7669 A9 322.4844
N2 1.4352 A2 280.3135 A6 197.8018 Al0 70.6552
N3 2.1584 A3 197.6309 A7 5.4556 All 152.0583
N4 189765 A4 13.3083 A8 2284830 Al2 112.2293

<Table 3>l A o]’ Feje] HAE Ho|E]
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(Table 6) Mahalanobis Distance of Training Data with Standardization, Hamming
Window, and Cepstrum

Training data(24 normal data)

T1 | 00229 | T5 | 01234

T9 | 00833 |T13| 03436 | TI17| 02843 |T21| 12630

T2 | 00485 | T6 | 1.7086

T10| 01892 | Ti4| 00159 |Ti8| 0283 | T22| 0.7461

T3 | 0288 | T7 | 01709

Ti1| 00690 | Ti5| 00375 |T19| 01899 | T23| 0.3304

T4 | 01427 | T8 | 0.2540

T12| 00379 | T16| 00320 |T20| 02199 |T24| 0.7793

(Table 7) Mahalanobis Distance of Test Data with Standardization, Hamming
Window, and Cepstrum

Test data(4 normal data and 12 abnormal data)

N1 1.5489 Al 26.9808 Ab 152015 A9 4735843
N2 0.7587 A2 141.9984 A6 31.55% Al0 464.3511
N3 0.8766 A3 80.6922 AT 142.6638 All 4484148
N4 0.8384 A4 254212 A8 119.4029 Al2 691.3534

(Table 8) Comparison of Error Rates Among Three Preprocessing Experiments

Preprocessing Training error rate Test error rate
(normal states(24)) normal states(4) abnormal states(12)

none 8.3%(2/24) 100%5(4/4) 0%6(0/12)

standardization 4.2%(1/24) 75%(3/4) 02%(0/12)

Sta“\jféﬁlfg;ﬁng 06(0/24) 096(0/4) 024(0/12)
<Table 6> 4 2471 73] F& wlo]¥] B /A4 ARES FE5] vhdehen| s &
(TI~T208] shatehen] 2 A2E 248 2 08 758 T, 4449 o) das r
3, vhehen) s ARl BE 0~2bols HA sk W 2es BE 1A As . 58]
3 EEAN S AT 5 9 ol A A GAE Al 7HAE T8k
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