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Addressed problem: fault diagnosis 1n industrial machines

o Damage detection
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Methodology
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Informative frequency band selectors
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where ,+ - scale parameter of ,+stable distribution:
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ElexpifX] = ¢x(0) = {eg|9|{1+iﬁsign(9)%10g(|9|}+fl‘9 x = 1.

where. / O,B/ [-1,1], u/ O —scale, skeweness and shape parameters
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Conditional Varinace Based Selector (CVB)

The 20/60/20 Rule - global equilibrium state

20-60-20 rule for the standard normal distribution
T T T T T

0.35

0.3

0.25 -

0.2}

pdf(x)

0.1

0.05 -

Ly = (—o0, Bh(q). Ry i=[@;5(1 - ), 00),

o

My = (®,5(0), 2,5(1—q)),

The main property of divisions Lyy Myand Ry
is that their variances are equal:

2 _ 2 _ 2
OLy = 9Mm, = 9R,>

Dispersion balance for the conditional populations.

. "H$%&%'%()

150$'&$'+(2)3'4'$'%4,
vt (B T
p o o

1 — normalizing constant value

I' — length of the vector

Application:
1. Financial data
2. Leadreship & change management




Conditional Varinace Based Selector (CVBYS)
Extension of the Rule 20/60/20

Partitioning into 7 subsets for the standard normal distribution

Ay = (—o0, @, (0.004)],

1\ | Ay = (91(0.004) L (0.062)],
| Ay = (9,1(0.062), @L(0.308)],
g oz | Ay = (951(0.308), @5,1(0.692)],
| A5 = (9,1(0.692), @;,1(0.938)],
| Ag = (9,1(0.938), @,,%(0.996);

o e Ar = (9,5(0.996), 00),

567(&)*)+$%0#, The main property of the Rule is

still fulfilled:
A 52 —6% 6% —82 \°
Cr(z) :=( e ““) Vit | o} =0 =0, = 0d, =0 =0}, = o}
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Envelope spectrum based indicator (ENVS)

, . V\{hite noi;e ‘ %1073 anelope spevctrum,'ENVSI'= 0.13‘ IndlcatOI' deﬁnltlon
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White noise with cyclic impulses added %1073 Envelope spectrum, ENVSI =0.49
| A A PR 1 — M. - number of components to
; T ,
= 2 BRI E: analyse (10 should be good enough
2 2o | : :
Eo g | . | to detect the cyclic behaviour)
4 | i ! OL,.»'.«:,‘ ey ol ‘ WA e M g- number of frequency bins used
e ° ‘i?equ;f,iy [sz‘ﬁ o s to calculate total energy

Note that bandwidths should be the same M. - f, = Mg f', where f is frequency resolution
in envelope spectrum.

This measure is a sum of amplitudes at the fault frequency and its M. harmonics
(abbreviated as the sum of the side-bands) normalize by the total energy of all components.
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f& Model of the signal

Additive model of the vibration signal from the crushing machine

sg = ANO - randn(length(t),1), sqg~ N(0,ANO)
5 Standard Normal Distribution, ANO =1
Eo ! | | | | ! L | | |
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Analysis of the simulated data — relatively small CNIR = 5.4
5LM"I"HI"SNO"I"PB6 78(9): ;

1. Time_frequency representation of data: 3. Filtered signals with the selector’s spectrum:

Filtered signal - Kurtosis selector
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Analysis of the simulated data — relatively big CNIR = 21.8
5LM"I"HI"'SNO"I"PB6 78(9(<;

1. Time-frequengy representation of data: 3. Filtered signals with the selector’s spectrum:
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New selector’s advantages and disadvantages
1. Increasing amplitude of the non-cyclic impulses
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The new selector outperforms classical approaches, especially in the case when the

non-cyclic to cyclic impulses’ amplitudes ratio is high

. Discussion



2. Increasing number of the non-cyclic impulses (100 Monte Carlo simulations)
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Comparing with other methods — the noise i1s Gaussian
S5LM"I"HI"SNO"I"PB678(9(: ;
Informative frequency band selectors’ results
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Comparing with other methods — non-Gaussian noise
S5LM"I"HI"SNO"I"PB678(9(<;
Informative frequency band selectors’ results
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Only the CVB selector clearly identified the frequency band corresponding to the
cyclic impulses
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Conclusions

.

The definition of the proposed selector originates from the statistical
phenomenon commonly referred to as 20/60/20 Rule and the statistic can be
simple modified.

Intuitive definition based on conditional second moments and very easy
model implementation.

If the cyclic impulses appears in the vibration signal in the presence of the
Gaussian noise and there is no non-cyclic impulses, the problem is relatively
casy and could be solved by all selectors.

The new selector outperforms classical approaches (Kurtosis and Alpha
selector), especially in the case when the cyclic to non-cyclic impulses’
amplitudes ratio is high (there are local damage and oversized pieces of the
ore crushed).

. The new selector is superior also if the numbers of the non-cyclic impulses

growth.
CVB selector does not take into consideration the periodicity of the
impulses, it bases only on the distribution of their amplitudes.
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Thank you
for your attention!

OPHO
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