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ABSTRACT

Many kinds of conditioning monitoring technique have been st나died, so this study has investigated 
the possibility of checking the trend in the fault diagnosis of ball bearing, one of the elements of rotating 
machine, by applying the cepstral analysis method using the adaptive noise cancelling (ANC) method. 
And computer simulation is conducted in order to verify the usefulness of ANC.

The optimal adaptation gain in adaptive filter is estimated, the performance of ANC according to 

the change of the signal to noise ratio and convergence of least mean square algorithm is considered by 
simulation. It is verified that cepstral analysis using ANC method is more effective than the conventional 
cepstral analysis method in bearing fault diagnosis.

요 약

各種의 Conditioning Monitcring 技術이 研究되卫 있는데 本 研究에서는 Gepsirum 解析法에 Adaptive Noise Cancel- 

img(ANC) 法을 利用 하여 i미轉機械要素의 하나이 베어 링 의 缺陷을 管理 하b F■段으로써 의 祁能性을 檢討하였으며 ANC 

의 物理的 意味를 止確히 把握하고자 컴퓨터 시율레 이션을 行하였다.

컴퓨터 시 뮬레 이션에 依해 Adaptive fi" 어! 서 으】 最適한 適應利得을 推定 하였으며 信號對維音比에 따른 ANC의 性 

能과 LMS 알고리즘의 收斂性을 考察하였다. 또한 ANC 法을 Cepstrum 解析法에 利用한 베어링의 異常診斷은 旣存의 

■mmFm 解차!,法보다 白效함若 일以나.
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I. INTRODUCTION

In monitoring the faults within a rotating 
machine, using vibration signal, various kinds of 
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analysis method have been used. Generally, 
these analysis methods can be divided roughly 
into two main classes, namely the handiness 
diagnosis and the precision diagnosis. The handy 
dia옹nosis is the method that measure the 
change of RMS level, peak level, crest factor, 
and kurtosis value in vibration signal. And 
another method, the precision diagnosis, is to 
use the power spectrum and the power ceps

trum.
The main objective of vibrational signature 

analysis is to extract suitable features from a 
diagnostic signal which can distinguish between 
the good and defective states of components 
within a machine. However, if, when the above 
analysis method is applied to detection of 
faults, one is confronted with a situation in 
which the diagnostic signal is embedded in a 
high background noise, the signal to noise 
ratio (SNR) will be aggravated and then it will 
show that these analysis methods are not avail
able to detect and dianose faults. In order to 
improve these situations, a substantial improve
ment in SNR must be achieved.

In the work reported here the conventional 
analysis methods which fail to detect and dia
gnose faults because of a poor SNR can be made 
to be effective by using the adaptive noise 

cancelling (ANC) method. Essentially, ANC is 
the method of estimating signal corrupted by 

additive noise or interference. This method 
makes use of two inputs: a primary input which 
contains the corrupted signal and a reference 
input containing noise correlated in some un
known way with the primary noise. The re
ference input is suitably filtered and subtracted 
from the primary input to obtain the signal 
estimate. The filtering process is based on the 
least mean square algorithm.

n. THEORETICAL ANALYSIS

2.1 Noise Cancelling Adaptive Filter

The general problem to be considered 
here is that of the noise cancelling adaptive 
filter shown in Fig.l. With time index k the 
primary input dk ' consists of an information 
signal sk contaminated by additive noise ; the 
reference input Xk is a measureable noise signal 
derived from the same source as, and there
fore correlated with sk . All primary and re
ference inputs are assumed to be stationary and 
of zero mean, and it is further assumed that 
xK is not correlated with sK .

The adaptive filter attempts to cancel the 
primary noise by forming an estimate nR which 
is 나len substracted from the primary input 
dK to yield an error output eK . It has been 
shown that best noise cancelling is equivalent 
to minimizing the mean square error (MSE) 

Adaptive noise canceller

Fig, 1. Adaptive linear cancelling applied to 교 simpli
fied model of a machine,
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output.5)

Denoting the vector of reference noise 
samples by

X[ = [瓦，Xk-i,…，"n+i ] (1)

and the weight vector of filter coefficients at 
time k by

W - [ wok, wlk, ■■■,心.一ik] ⑵

We can express the MSE output as a function 
of Wk thus

£ (l\k) =E[eH = E[d饥 2 丄 (3)

where E is the expectation operator.

R=E「XkXZ] ⑷

is the reference noise covariance matrix, and

P = E[dkXQ 5,

is the reference-primary covariance vector.
Minimizing e( Wk)by setting the gradient e( Wk) i 

equals to zero yields the optimum weight vector.

W* = R'P (6 f

If £* represents the optimum MSE, then equa
tion (3) may be rewritten in terms of the weight 

error vector

Vk=-Wk W* 171

as

E £*，JO Vk ? ⑻

where the residual or excess MSE is given by

J( VG VJRVk ⑼

If e* is the error output for Wl W더: it may 

readily be shown that

ek-e：-VJXk M

E[eJXj = 0 (ID

2.2 The LMS Algorithm

The adaptive system previously described 
must be provided with an algorithm such that, 
given an arbitrary starting weight vector is 
forced to approach O in a least squares sense. 
If the statistical parameters R and P were known 
the gradient 卩v [e (Vk) ] could be evaluated and 

the me한hod of the speedest descent would 
give the following iterative procedure for com

puting the weight error vector :

vh+1 - Vk (Vk)] M

where the constant 以 is greater than zero. 
The LMS algorithm replaces e (V k)by its instane- 
ous estimate to give the following approxi

mation for the 듬radient :

[ £ ( Vk) j - 2 XkVk 2 ej Xk (13!

from equation (10). Substituting this into 
equation (12) we get the LMS algorithm in the 
following form :

Vk + 1=(I- 2#XkX【)W 2^e*Xk 血

where I is the unit matrix.
Using previ^is results, equation (14) may 

be formulated in the more computationally 
efficient form

Wk，! - Wk ! 2 糸 ％Xk (15'

This equation is the Widro-Hoff equation. This 
algorithm is simple and generally easy to im
plement, because it does not even require squar
ing, averaging, or differentiation in order to make 
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use of grdients of mean-square-error functions. 
Starting with an arbitrary initial weight vector, 
the algorithm will converge in the mean and 
will remain stable as long as the parameter u is 
greater than 0 but less than reciprocal of the 
largest eigenvalue 차” of the matrix R.

0 </^ < 1 /A max ⑯

An appropriate value of 卩 the scalar constant 
which controls the stability and rate of con
vergence, has to be chosen when implementing 
ANC method. Small values of “ in very slow 
adaptation and large values introduce instability.

III. CONSIDERATION OF COMPUTER 
SIMULTION

A computer simulation of ANC has been 
carried out by following equation consisted of 

direct wave and reflect wave.

x(t}=e~150t sin( 2"t){ d(t)+ a (171

where f is the fundamental frequency, 6(t) is 
the unit pulse function, a(=l) is constant and 
t is the time delay (an arrival time of reflect 

wave).

3.1 Estimation of Optimal Adaptation Gain

ANC method, using LMS algorithm, is 
considerably effected on the stability and rate 
of convergence by the value of adaptation 
gain u In order to estimate the optimal value of 
adaptation gain 卩 the primary input has been 
used as a wave which consists of a fundamental 
wave in (17) plus a vibration signal of an actual 
rotating machine, and the reference input has 
been used as a vibration signal of a simple 500 
Hz simple wave. A fundamental wave is charac
terized by following parameters: fundamental 
frequency, 500 Hz； time delay of reflect wave, 

25 msec.
After calculating the upper bound of given 

in (21), ANC has been implemented into several 

values of 卩 below the upper bo나］id. The error 
percentages by RMS ratio between the funda
mental wave and the estimated fundamental 
wave at the output of noise canceller is illu아rat- 
ed in Table 1 and Fig.3. In this case, the value 
of 以 with the smallest error percentage can be 
estimated as the optimal value of 以.Fig.4 
shows the estimated fundamental wave at the 
output of noise canceller. The result of Table 1 
and Fig.4 represent the optimal vahie of M =0.1 
in this simulation.

Table 1. RMS error percentage according to the 
change of value.

M Error (%) M Error (%)

0.01 21.52 1.5 -47.18

0.05 7.09 2.0 -50.06

0.1 -0.68 2.5 -52.85

0.5 -26.60 3.0 -53.26

1.0 -40.20 3.5 -53.67

Fig. 2. Adaptive linear combiner in the forms of 
single-input adaptive transversal filter.

Fig. 3. RMS error percentage according ro the change 
of 卩 value.



Development of software for machinery Diagnosis by Adaptive Noise Cancelling Method (1st: Cepstrum Analysis) 81

(A

 M
O

K
E

a

 경00

•*

200
1.0

0 100
Time (msec)

3.2 Comparison of ANC Performance Caused by 
the Change of SNR

In order to compare ANC performance 
caused by the change of SNR, the primary input 
has been used as a wave which consists of a 
fundamental wave as in section 3.1 plus additive 
random noise. The random noise was generated 
on using the RND function in micro computer.

When SNR are -10 dB, -5 dB, 0 dB and 5 
dB, the results in the power cepstrum before and 
after implementing ..ANC is shown in Fig.5 
and Fig.6. As one see in Fig.5 and Fig.6, 
the result of the power cepstrum, after imple
menting ANCt shows that it is possible to obtain 
the definite signal analysis even in the case of a 
poor SNR.
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Fig. 4. Variation of the output wave at the noise 
canceller according to the change of u value.
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Fig. 5. Variation of cepstrum according to the change 
of S/N ratio before implementation of ANC.
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Fig. 6. Variation of cepstrum according to the charge 
of S/N ratio after implementation of ANC.
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Fig, 7. Typical learning curves for the LMS algorithm
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3.3 Convergence Performance According to the 
Number of Data

In LMS algorithm, the value of mean-square- 
error becomes smaller when the iteration number 
of adaptation increases. As the iteration number 
of adaptation is proportional to the number of 

data, the mean-square-error becomes smaller 
as the number of data increases. Fig. 7 illustrates 
the convergence performance according to the 
number of data.

IV. CONSIDERATION OF RESULT IN 
APPLYING AND TO BALL 
BEARING

The ANC method has been utilized in the 
fault diagnosis of ball bearing, one of the ele
ments of rotating machine, by using the result 
obtained by computer simulation. The ball 
bearing used in this experiment was type 6207zz, 
manufactured by KMC.

The vibration signal in good state was 
measured by fixing outer race and rotating at 
4,000 rpm. And also the vibration signal was 
measued same as above, with outer race in defec
tive state caused artificially.

Fig.8 illustrates the vibration characteristics 
of the ball bearing in good state and Fig.9 
illustrates the defective state. Fig. 10 shows the 
vibration characteristics of the ball bearing 
after implementing ANC with good state as the 
reference input and defective state as the primary 
input. In time signal and the power spectrum, 
it is diffi이ilt to estimate the component of 
faults, however, in the power cepstrum, it is 
possible to interpret the faults with distinct 
peak value when the faults occur in bearing.

In observing the result of the power ceps
trum after implementing ANC, the gamnitude of 
al at quefrency 16.5 msec and of a2 at quefrency 
33 msec are rahmonics which are caused by side 
band coinciding with the 4th harmonic of the 
rotation frequency 240 Hz of outer race due to 
the fault of outer race. The gamnitude of bl at 
quefrency 28.5 msec and of b2 at quefrency 

53 msec are rahmonics which are caused by side 
band coinciding with the 9th harmonics of 
rotating frequency 320 Hz of ball due to the 
fault of ball. And the gamnitude of cl equals 
to the 3rd harmonic of shaft speed 4,000 rpm 
(66.6 Hz).

From these results, we can see artificial 
fault of outer race and fault arising out of ball 
contacting with outer race after implementing 
ANC.

(a) Tine

Frequency (퐤云) 
(b) Power spectrum

Fig. 8. Vibration characteristics of ball bearing ir 
good condition.
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(A
)

Quefrency (msec) 
(c) Power cepstrum

Fig. 9. Vibration characteristics of ball bearing in 
bad condition.

Fig. 10, Vibration characteristics of ball bearing after
implementation of ANC.

V. CONCLUSION

In this study, we obtained the following 
conclusions by computer simulation and ap
plication of ANC method to the ball bearing 

fault diagnosis.
(1) It can be found that it is important to 

estimate the adaptation gain appropriately

when applying ANC method.
(2) By applying ANC method, it is possible to 

practically improve the signal to noise ratio 

of input signal,
(3) In the fault diagnosis, applying ANC method 

in cepstrum analysis is more effective 
compared to the conventional cepstrum 

analysis.
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