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[ = Research Dirsction

. The significant research direction in
mechanical fault diagnosis area:
= Theories and approaches for fault feature
extracting and fault classification,
identification

& Complicated fault gonorating mechanismand
its modei

% Intalligent fault diagnosis aystem (including
the expert system and network based remote
diagnosis system)

- One of the Key Points: Fault feature
extracting techniques based on {modern)
signal processing
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Mechanical condition monitoring and fault

diagnosis is

« A doveloping subject, and supported by many
other subjects

« A technique related closely to the modemn
industry

+ A 10308rSh hot point In machanical
engineering area
=Koy Point: sxploit the fault diagnosis
theory, method and available technology

Fechnique Structure

* P Specrad Inamy 1907, " Loinana, " R8T Lo * U qarcnm
P I R RIS, S M Netnerta NN, 0 e e Trmatoery
. aniady 55T, * T

* Sasmi sy, " Nl A Hrrgiss ¥

Camcbannes, TN




e Segans Prareang P

.r
Signal Processing

i

2 Saignal processing techniyue is the basis of
fault diqgnusis. and is the nevessary and
exsential ol for feature oxtracting

The wraditional signal processing still play an
important role

<1 recent wear, the modern signal processing
technique has shown its strength
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* Modern Signal I'rocosslng

The mbemg ol' modem 5i gnnl processing can be
recopitulated a5 a pretix “non-", tat is 16 researciy
Z Nen-linear, non-ceusal, hon-minimuny phase systerny

% Non-Gaussian, nog-stationary,
(fractal) aignal
4 Non-white additive noise
-« To abioin fault feature necurately and availably.
it's necessary to develop the fauh diagnosis
theorivs and methods based on non-Gaussian, non-
statiohary and non-linear siganl analycic

non-integral dimengion
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- o Traditional signal procesdng
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modern signal processing
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*w hy Time-Frequency Distribution

L When foult wecurs in 2 vunhing machine, the
vibratien or acoustic signals are usually time-
variant nonstationary

£ Bo, e el to characterize signals via g joint
function of time and frequency. but not just on
lime or Maguency domain
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&~ Fault conditlon usually comasponds to the energy change

&  of the measured signal

» = For fechure extracting, since our purpose is to describe a
signal's Time-Frequency (T-F) energy distribution (that is,
the instantaneous PSD), while wavelet transform is not in
meantng of T-F (but in timeacaling) & don 't corresponds
to the epergy, therefore, the C. class is selecled
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3. Wavelet Analysis

&
.

The Time-Frequency resolution of wavelet transkuin
is various on the whole time-ihequency plane

3 At high-fraquancy, L time nmge is small

¥ Al low-fraquency. the Imquancy band is narrow
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Wavslet Transform

~ Cominuvs wavelel tansform L

Yoalte~
. . W .Ju, ]
W6, hy= sy, (0l

- Discrete wavelet transfonm <
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< Dyadic wavelet transfoom vt i L
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 Wavelet Packet algorithm
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Scating and phase spectrurm analysis
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= Application of Wavelet Packet -
2 & Decomposition of Gear Signal with Wear
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4. Bispectrum Analysis
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< Non-parametric bispectrum analysis

A Basically The non-pariwetric bispectral analysis is
defined as
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Properties of bispectrum
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* Identification of frequency coupling
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Simulation analysis
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5 Detection of quadratle harmonics
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f & Basic Concept
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& “iw:ﬁ' Syats & . Cyclostationary signal is a special kind of non-
s e *  silionary sigual with underlying periodicitees, Hs
B ®  siatistic properties exhibit periodical stationary, or
S C:VC’NM#HBO’ Sc‘gnﬂ Mcessing &  jts slati sllic .fm\clion_vary \\'i}h til:ne pericdically or
Ra  polyperiodically twith multiple incaninensurate
& perieds)
B 2 The vibmtion signhals msasined Brom the wtating
& machinery especially when some faults veeur are
B ®  rypical examples of regular variant signals.
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Algorithm of sine-wave generation j , Basic algorithm

< A cyclostationary signal is such a signal that the
finite-strength additi ve sine-wave components
may be genented via nonlinear transformation.
while the signal itself contains typically no any
finite-strength additi ve sine-wave component

A The minimum order of nonlinear transfonmation
needed for generating sine waves is called the
eyelostationary order of the signal, while the
genenated frequency of sine wave is named cyclic
frequency and all the cyclic frequencies compose
acyclic frequency set

s« Cyelic mean
ALY = Bl (exp(— f2xen )]

~ Cyclic anwoworrelation function
Rf(:;=lrjr$:ﬂ.u. rieNpi- gl ma vl

4 Specteal correlation density function
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IS Numerical simulations
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® Assume that:

(11 fomyoeremners § ane distinet in{—m U0, 1) :
& (2 gt a deterministic constants i (-7, and
mmutually independent with ey o2,y muy a3, &
Q) g, a4 a, (0 and ()] are mutually independent,

¥ stationary. and mixing processes.
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* Example-5: Demodulation

A Asguime the amplitude modulated signol is
X1 s sini2ay s 200
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: Spectral corrsiation density function - :’ Application

* Ralling element buaring
$Type: GB6202 (ball bearing)
®Pitch diameter: 28.5mm,

’ Sdlamater of balls: 8,747mm,
‘ i il : Scontact angle: 0

Sdewiew on e, Binacl, ' ,‘ 2 Mangiring vondition
@working speed; 1800 rMmin,
@ampling frequency: S120Hz,
@dah length: 1024

+ Feavure (eharocteristic) frequencics
@inner rave: 129.86Hz,
Soutar race: 30.14Hz,

Side-view va cyclie frog Dinst $ball: $9.81Hz.
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* Degree of Cyclostationary (DCS) {5 Result of DCS for bearing
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4 The definition of DCS
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F'rmcnp\e of noise dsduction by SSA

It is plauslblc te assume the sxstem stk space is
rather high dimensional and the noise fills in low
dimensiunal stale spave more or less uniformly
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Principle of noise deduction by SSA

~ Presupposition: The first several eigeavalues (say
M i1 all) of the covarianoe matrix almost arise
from the signal (maybe slightly contaminated): the
remaining L-M eigenvalues arise from the naise

S S s possible w Gnd o “noise Noor™ that atiswes
from noise

+ Then by renaving those extra cigenvalues, a great
amom of doise can be neduced —
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¥ Noise cancellng by SSA method ¥ Corrslation dimension {SSA based )
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= A techuique of that under the condition of
unknowing the niixed coeflicients and probabilities
of multiple sounce signals, find the independent
source signals fram the mixed signat. That is, in
case of knowing only the output ofa system. find
the input and the system,

w1t is developed based on MUSIC (Multiple Signals
Classilication) » nsignal subspace method of autos
cormrelation matnix for eigenvalue problem

7. Blind Source Separation
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B & Application area of blind source
g & separation techniques

A Blind Source Separation -- a technique that under b * Wave recovering and signal reconstructing
the condition of unknowing the trangbee function. } @ -+ Estimating to Direction of arrive (DOA)
the mixed coefficients and probobilities of sources,
to obtain (vin separation) the independent sowrces
based on a set of neasured imixed signala
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& Till now, the Blind source ucpnmlivan technique
has already received widely applications in radar,
somar, felecommunication, biomedicine, image
prowssmg. and phvma] g,eoglaplly e,
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¥ Computing approaches

blind source separation algonthms, such as.
®maximum likelihoud

signal subspoce

#®higher-order spectrum

®maximum entropy

#Adaptive

#Joint Approximate Diagonalization of Eigen-
matrices (JADE)
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{3 Simutations

- For narrow -band signal. Thete exist many

. : 4 Suppose there are bwo sources, and four sensors ane
uzed to mensure the mixed signals. The paramerers
are as follows:
®Sampling Hequency:
3200Hz
®Source location: sl - [0.3
1.8); 52-[06 1.4]
®Sensar positions: [0.1 0}
[025 0]; [0.4 O]; [0.55 0]
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Wide band signals
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« Strategy for wide-hand and

§ > correlation sources

3 ® . The wide-band signal can be divided up o

several un-overlapped namow-hand signals.
amd then the above algorithms can be
employed

« For carrelation svurces. the following
techniques can be utilized:
#Space smooth technique
®Frequency domain sinooth technique
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* Narrow band signals
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¥ Experiment

L Two sources: motor running at 3000r/min, speaker
with | 75Hz signal

4 Three sensors

+ Sampling frequency: S000Hz
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2 Aralysis result

8. Conclusion
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Conclusion

+Mechanical fault diagnosis 1s an active
research area

A Feature extracting 15 one ol the most
important directions in mechanical fault
diagnosis

4 The signal processing techniques,
especially the modern signal processing
techniques provide many important and
available tools for faull feature extracling
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