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ABSTRACT

Bearing is regarded as a widely used support coraptmin rotating machinery, its failure will serisly affect the
safe operation of the equipment. Pointing on thiéng bearing surface damage fault, in this papbke twavelet
transform method is used for its fault diagnosis,this algorithm we can obtain the spectrum of Witeation
velocity signal by using the wavelet transform rodtko decompose and reconstruct the vibration vigiaignal
and we can get the fault location by spectrum asialpf fault signals. The experimental results shbat the
wavelet analysis technique can the extract effelgtithe signals’ characteristic frequency of rofjinoller bearing
inner ring and the fault, which provides an effidtienethod for fault diagnosis.
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INTRODUCTION

With the progress of modern science and technodogy the constant improvement of the degree of aatiom
machinery and equipment have become more and manplex, the correlation of each part are incredginlpse.
The rolling bearing is one of the most common amtneasily damaged components in machinery, suah the
pharmaceutical machinery, chemical machinery, foodchinery, engineering machinery, etc. its failuvél
seriously affect the safe operation of the equigtmiien if we can real-time monitoring and diagsdsiem, it will
help identify potential failure and reduce econohogses which is caused by the sudden accident.

Now, the fault diagnosis of rolling bearings is gjivpriority to intelligent diagnosis. In ref onesticharacteristic
parameters which are able to image the fault tyfpth® rolling bearing are extracted to construa thagnosis
model of bearing fault based on Self-OrganizingttieaMap neural network[1]. Ref 2 built the thregdrs BP
neural network diagnosis model of the bearing diagn by extracting monitoring system’s seven diatjno
characteristics and taking two of them as the imgbtihe and others as the corresponding fault tgp#ysut[2], in the
paper 3, a method of ant colony algorithm combiwét neural network model is applied, which takihg error as
objective function, the weight of BP neural netwiskoptimized by using multiple generation compiotatof ant
colony, and then the accuracy of fault diagnosisrihanced via the optimized BP neural networkf8Ref 4, the
support vector machine (SVM) was adopted to esthaltlie mechanical fault diagnosis model, and theltseshown
that the SVM has high adaptability for fault diagisoin the case of smaller number of samples [4].

The fault existed in the working process of rollihgaring can be divided into surface damage faiture wear
failure. When the surface damage exists in corgadaces, the rest parts of the rolling bearind @ohtinuously

impact of the local fault and produce impact fortben they motivate bearing or other mechanicaisparproduce
resonance and impact vibration [5]. When therenisimpact vibration, the vibration signals are ntatisnary

signals. For non-stationary signal power spectraadysis can be used[6], When the bearing's outgr lias fault,
in the vibration spectrum diagram the peak of theeioring fault characteristic frequency and thegfrency
doubling is obvious, Inner ring or rolling bodylfaie, however, its characteristics in the vibratépectrum diagram
is not clear. This is because that when the vibnatiaused by the inner ring and roller fault isspasto the outer
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ring, it need more transition section, the impddhese vibration signal is quite weak, but theg ba extracted by
using wavelet transform([6].

Wavelet transform can multi-scale refine the vilmatof the time-frequency signal by using the méthaf
expansion and translation and focuses on the sugtalls, it overcome the Fourier transform’s fathtt cannot
simultaneously time-frequency analyze[7-12]. Irsthigorithm we can obtain the spectrum of the vibnavelocity
signal by using the wavelet transform method tcodgmose and reconstruct the vibration velocity digmal we can
get the fault location by spectrum analysis of fgignals. The experimental results show that theelet analysis
technique can the extract effectively the signeltsiracteristic frequency of rolling roller bearimger ring and the
fault, which provides an efficient method for fadiagnosis.

THE WAVELET ANALYSIS

In recent years, the wavelet transform as a rapictldpment signal processing method has appliedainy fields
widely [7-9]. Wavelet is the so-called "small wayé"'has the ability of concentrated energy in tiraad has the
characteristics of oscillatory waves. The waveledlgsis is that the signal is decomposed into &sewravelet
functions and they are superpose, the waveletiimeire made by a mother wavelet function aftendiation and
scale expansion.

CONTINUOUSWAVELET TRANSFORM
The continuous wavelet transform was developeddasdahe basis of Fourier transform, the basic idghe same
as the Fourier transform, but the function usethenwavelet transform is wavelet basis functionerafanslation
and scaling.
ASSUME:x(t)g LZ(R) Jits Fourier transform i¢ (<), if it meet the admissible condition(then

() D
¢, =[N o<

o

Wherezy (t) is mother wavelet functions.

The following functions ¢/, (t) can be obtained after translation and scalingchvts called analyzing wavelet

1 t—-r
Yo (t)=la] 29| — 2
a
Where:a, 7O R, a# 0, a is scale factor ris displacement factor.

The Continuous wavelet transform of the(t) can be defined as

WT (a7)=[ X, () d
U RO, @

where 7 (t) is the conjugate function ofy_ (t).

Thus, the signal is represented by mapping a omefsional signal into two-dimensional form, in arte make

the signals reasonable separation in differentuteaqy bands and different time. This feature ersatile wavelet
analysis to identify mutations in the signal ofnaition signal, therefore, the wavelet analysisssduto extract the
fault signal of the rolling bearing has a significaffect.

DISCRETE WAVELET TRANSFORM

In the continuous wavelet transforng, and r are continuously variable, and the time-frequendpdew is
continuous moving in the time-frequency plane,rdormation is highly redundant, and the key of aigorocessing
is used no redundancy information to fully expre#se original signal. Therefore, in the digital
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processingaandr must be discretization. By far, the most common veathat scale is discretization by the power
series.

Taking a=g),r=kdr,» wherejk0Z,r0OR g =1, then

t—kaoroj
3

=[af 20 (&'t k) ()

0 ()=l o

The corresponding discrete wavelet transform is
DWT, (k)= [ (e} (1) dt

=Ja| 2 [ (" (&' t- k) (5)
where jis frequency range indexk is time step change index

The most common discrete form is binatgking,a=2', r=2'k, j,kOZ, then the discrete wavelet transform is
given ad'*2,

DWT, (K =[2> jx(t)qﬂ[‘ ZkJ 6)

The essence of the mallat algorithm is that thgioal signal formats low frequency approximatiogrsils (scale
factor) and high frequency detail wavelet coeffitgeafter filters. And repeating this, the sigreatiecomposed into
many low resolution elements [7].

THE CHARACTERISTIC FREQUENCY OF ROLLING BEARINGS
The natural frequencies of the roller is:

i = 0.424 E (D
r \f 20

Where, r is the radius of the rollepis the density of material E is modulus of elasticity.

The natural frequency of inner and outer ring im ttimg plane is:

_ n(nz—l) /E (8
2’ +1V M

where,n is the order of natural frequendyis inertia of the ring cross section around teetral axis of &is the
radius of the rotary axis to the neutral axid is the quality of the unit length.

In the process of operation of rolling bearing, égtnstituent elements’ work surface damage repbated the
surface which contacts the constituent elementskwarface and produce low-frequency vibration,fteguency is
generally below 1 KHZ, it is called as fault chaeaistic frequency of the bearing. It is random aodtains the
transmission vibration of the roller. In practidfethe rolling bearing surface damage fault haspesged, an impulse

vibration will exist in these characteristics fregay and in its doubling.

Characteristic frequency of the defects causedéytter ring is:

f., =1 fn(l—gcosﬁj (9
2 D)
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Characteristic frequency of the defects causedhéyriner ring is:
1 d
f == fn| 1+=co (10
=5 {1-cosp)
Characteristic frequency of the defects causedhéydller is:

f, :% f (1—% cos,B] 1D

Characteristic frequency of the defects causedageg ¢s:

2
fb = l 1- g COS,B (12
2 d D
Characteristic frequency of the defects causedubgratation of roller is:
2
f Z:iGL l—(icosﬁj (13
¥ 2 dcosB D
where d is the diameter of the rollerD is pitch diameter of bear? is contact angle nis roller number,'c is

rotating frequency of the axis’ =N/60, N is speed of axig r/min),

&
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Acquisition the vibration signal
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Extract the signal characteristic
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Fault identification

v v

| Fault condition | | Fault trend |
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Fault diagnosis, analysis and evaluation

Decision

Fig 1. Theflow chart of fault diagnosis

PROCESS OF ROLLING BEARING FAULT DIAGNOSIS

Rolling bearing fault diagnosis needs to accuratdbntify the running state of rolling bearingscliding the
recognition of the running state of the rolling beg, fault prediction and monitoring and so force.

Bearing fault diagnosis principle is shown in figNE, the diagnostic procedure is as follows[8-12]

STEP ONE: According to the operation condition of the rajjihearing, to choice and collect signal that cdlect
the working state of rolling bearing.

STEP TWO: To extract fault characteristic information frohetstate signal of rolling bearing.
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STEP THREE: To identify roller bearing fault patterns by chagagstic information.

STEP FOUR: According to the operation characteristics andufailmodes to analyze the area, types, causes and
trends of the failure.

STEP FIVE: According to the rolling bearing fault and itsntds, to take time domain and frequency domain
analysis (including wavelet analysis) and makewatédn and decision-making.

EXPERIMENTAL SECTION

This article use the monitoring software SHGD20@&em which is designed by institute of the rotmachinery
and the measurement and control device of windggnethe installation position of the sensor isntake their
acceptance direction is consistent with the loadagEway. In the experiments, we use 6307 typeirmgearthe
inside diameter of the bearing is 35 mm and theidetdiameter is 80 mm, the width is 21 mm, thethpiiameter is
57.5 mm, the roller’s diameter is 14.5 mm, the aohtingle is 0 °. In order to simulate the coroesiing fault, we
have make some damage on the surface of the inlldiameter direction by way of electric erosiordamade
pitting on the inner ring raceway central with sigoacid corrosion, The fault characteristic frequefexpressed in
frequency doubling quantity) as shown in table 1.

Table 1 Rolling bearing fault characteristic frequency

state Characteristic frequencgy state Charactefistipiency
The inner ring rotation fI 1.0 Roller through the inner ring fg, 4.3826
Roller rotation f, 1.8576 Roller through the outer ring fg, 2.6174
Cage rotation f, 0.3738 Cage through the inner ring 0.6263

EXTRACTION THE BEARING FAULT FEATURE

Roller bearing inner ring and roller fault data amlected in 32 sampling periods, there are d wit82768 data
points in 32 cycles, When we collect the inner rpitling, the speed of the axis is 694r/min, theetidomain
waveform and spectrum diagram of the vibration aigme shown in figure 2.
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Fig 2. Time domain waveform and spectrum diagram for inner ring fault

When we collect the roller scratches pitting sign#the speed of the axis is 896r/min, the time domaaveform
and spectrum diagram of the vibration signal amwshin figure 3.
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Fig.3 time domain waveform and spectrum diagram for roller fault
WAVELET ANALY SISFOR BEARING FAILURE

In order to analyze the detail information of tledlected signals in time and frequency domaintlfirshe collected
original signal data is decomposed and reconstluctéour layers by using wavelet, After Wavelebgessing, we
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chooses the fault characteristic frequency spectiamthe data and analyze diagnosis them. Finally,get the

diagnosis results.

INNER RING FAULT ANALY SIS

We decomposed and reconstructed the collectedIsignfour layers by using wavelet , as it showrfigure 4. The
frequency range of the forth layer signhal whicheipressed in frequency doubling is 0 ~ 32 timesgueacy
doubling Hence, the a4 signal is processing by FFT transfoand we obtained the spectrum of the forth layer

wavelet decomposition of the bearing inner ringmit failure ,which is shown in figure 5.
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Fig.5 the spectrum of theforth layer wavelet decomposition of the bearing inner ring pitting failure

From figure 5, the amplitude is prominent in thegliency 2,2.374,4,4.386 and near its frequencylogubso ,we
can get the fault characteristic frequency of theer ring pitting failure, which can be expressed @f,

2f, +f,. fx f, ) and its frequency doubling.
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ROLLER FAULT ANALYSIS

We decomposed and reconstructed the collectedIsigheoller fault in four layers by using waveléte results are
shown in figure 6.
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Fig.6 four layers decomposition and reconstruction of the signals of roller fault

The frequency range of the forth layer signal whetexpressed in frequency doubling is 0 ~ 32 tifneguency
doubling. Hence, the a4 signal is processing by FRmsform , and we obtained the spectrum of thth flayer
wavelet decomposition of the bearing roller failyréhich is shown in figure 7.From figure 7, the ditople is
prominent in the frequency 3.8,7.6 and near itgifemcy doubling so ,we can get the fault characteristic frequency
of the roller fault, which can be expressed #&g:ahd its frequency doubling.
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Fig.7 the spectrum of the forth layer wavelet decomposition of roller failure
CONCLUSION
Bearing is regarded as a widely used supportingpoomnts in rotating machinery, such as in the phaeutical

machinery, chemical machinery, food machinery, eegiing machinery, etc., its failure will serioushjfect
the ,safe operation of the equipment. Pointinghenrolling bearing surface damage fault, in thipgrahe wavelet
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transform method is used for its fault diagnosisthis algorithm we can obtain the spectrum of vi@ation
velocity signal by using the wavelet transform noethio decompose and reconstruct the vibration itgleignal
and we can get the fault location by spectrum aislgf fault signals. From the experimental reswiscan obtain
the following conclusions.

(1) When the rolling bearing inner ring or the eolhas failure, the wavelet analysis method iszetd to extract the
fault information, the impact can be found in thegails signal of the restricted signal.

(2) Wavelet transform can accurately extract thét feharacteristic frequency of bearing inner rargd roller, this
method has a certain practical, also has its adgast is feasible in the field of fault diagnodidearing inner ring
and rolling element.
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