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Abstract— In this paper, vibration parameters help to
detect the faults generally occurred in the beasirigr
the bearing defect diagnosis. Bearing fault diageas
important in condition monitoring of any rotating
machine. Early fault detection in machineries caves
millions of dollars in emergency maintenance cost.
Different techniques are used for fault analysishsas
short time Fourier transforms (STFT), Wavelet assly
(WA), spectrum analysis, Model based analysis, #its
Paper explains the procedure for detecting beafangts
using FFT and by using Wavelet analysis more
specifically HAAR wavelet up to two levels of
approximations and detail components. The analissis
carried out offline in MATLAB.

Keywords— Bearings, Fault diagnosis, STFT, Wavelet
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I.  INTRODUCTION
Because of the amplitude modulation of the bearing
vibration, its vibration spectrum consists of atgat of
equal defect frequency spacing distribution arotimel
resonance frequencies and Condition monitoring in
process control industry has got now a day's vagy b
relevance. Diagnosing the faults before in hand s=are
the millions of dollars of industry and can save thme
as well. It has been found the Condition monitorofg
rolling element bearings has enabled cost savingvef
50% as compared with the old traditional methodse T
most common method of monitoring the condition of
rolling element bearing is by using vibration signa
analysis. Measure the vibrations of machine reabiue
velocity sensor or Accelerometer continuously whish
mounted on the casing of the machine. More recdmtly
taking thermal images of bearing also we can diagno
the bearing fault. But the problem in this methedhat
we cannot diagnose the exact location where thelgm
occurs. In rotating machines mainly faults  Thaper
focuses on vibration measurement technique andofise
Fast Fourier Transformation (FFT) to obtain vilwati
amplitude versus frequency spectra for the study of
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bearing fault frequencies to detect and charaeeriz
different bearing faults. All vibration occurs abnse
frequency. Knowing the frequency of the vibration i
paramount in diagnosing the problem. This is eggci
true for bearing. All roller bearings give off sjfer
vibration frequencies, or tones, that are unique. A
spectrum from FFT (Fast Fourier Transform) is an
incredibly useful tool for machinery vibration aysis. If

a machinery problem exists, FFT spectra provide
information to help determine the source and cadishe
problem. While the presence of certain defect feeqgies

in bearing spectrum confirms the presence of fatitis
amplitude of these frequencies is an indicatiobexring
condition. A comprehensive review of research paper
and articles related bearing fault diagnosis hasnbe
presented to showcase various techniques and ngethod
developed in the past few decades.

Il. SHORT TIME FOURIER TRANSFORM
For non-stationary machines, the Short Time Fourier
Transform (STFT) of the signal should be used éady
identify non-stationary vibration data related tpeed
variation, from vibrations caused by the inceptioh
anomalies, Indeed, the PSD may not provide sufficie
information about the presence of transient effeirtce
abrupt change in the time signal is spread out over
entire frequency range. Time-frequency Analysisilitss
are displayed in a spectrogram, which shows how the
power of a signal is distributed in the time-freqoge
domain. Narrow-band, periodic signals, transientsl a
noise appear very distinctly on a spectrogram. $ReT
is based on the following mathematical operations,

5

PS(r. f)= r x(r o, (1 — e dr

PSis the power spectrogram of the siged) and 2v (t)
is a real and symmetric window translatedt byandf are
the instantaneous time and frequency.
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Il FAULT DIAGNOSIS
When a bearing spins, any defect or irregularitiethe
raceway surfaces or the rolling elements such as
indentation, spalls, crack, flaking or irreguladi in
roundness of the rolling element excites periodic
frequencies called fundamental defect frequencies.
machine with a defective bearing can generate at le
five frequencies [4]. These frequencies are:
1. Rotating unit frequency or speed (f): This is the
frequency at which shaft on which bearing is modnte
rotates. It is expressed in RPM, cycle per seceopd)(or
hertz (Hz).
2. Fundamental train frequency (FTF): It is the
frequency of the cage. FTF seldom appears in vibrat
spectrums as the train hardly carries any load.
3. Ball passfrequency of the outer race (BPFO): It is the
rate at which the ball/roller passes a defect & ahter
race.
4. Ball pass frequency of the inner race (BPFI): It is the
rate at which a ball/roller passes a defect inither race.
The level of BPFI is often slightly lower than BPFRG
the vibration is generated further away from the
transducer.
5. Two times ball spin frequency (2 X BSF): It is the
circular frequency of each rolling element as itnsp
When one or more of the balls or rollers have aedef
such as a spall (i.e., a missing chip of materia§,defect
impacts both the inner and outer race each time one
revolution of the rolling element is made. Therefothe
defect vibration frequency is visible at two tim@X) the
BSF rather than at its fundamental (1X) frequency.
The equations related to bearing fault frequenaies
presented below. These equations are used for l@ahgu
Frequency Factors:
Frequency Factor for inner race:

Fip = Z(1+%Cosa) ............... (1)

Frequency factor for outer race:
d

FOR = w ............... (2)

2
Frequency factor for cage or train when inner race

rotating

d
Z(1-5Cosa)
Feipr = +m )

Frequency factor for cage or train when outer race
rotating

FCORR = Z(1+%Cosa)
Frequency factor for ball spin:

Fgs = %%(1—%&7501)2
Above factors when multiplied with Shaft spedd (
gives

Specific Bearing Vibration Frequencies:

BPFI (100f OFIR

BPFO DOf OFOR
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FTF 0Of OFCIRR

BSF OUf OFBS

Where,

f =Shaft Rotational Speed (Hz)

BPFI =Ball pass frequency inner race
BPFO=Ball pass frequency outer race
FTF =Fundamental train frequency
BSF=ball spin frequency

Z =Number of Rolling Element or Ball
D = pitch circle diameter of the bearing
d =Rolling Element or Ball Diameter
[JJ=Contact Angle

V. EXPERIMENTAL WORK AND
OBJECTIVES

Condition of bearing has a great impact on power
transmission. Defects in bearing may lead to deeréa
transmission efficiency, jerk and noise. We have
implemented method based on acoustics to identify
looseness in bearing arrangement. A proper metbggol
is selected for this experimental work. The expenita
are done on the bearing in a shaft under loading
conditions. The bearing contains 13 balls. The rositell
of ball bearing is connected to a motor of rangé Watt
and 1400 rpm. A mike is used to record the acoustic
signal generated by the bearing assembly. In ohefse
reading the bearing is without fault. In the otlset of
reading the looseness in bearing is given. The
experiments are done at different defects. The stmou
signal generated by the bearing recorded for 0d se
duration by placing the mike near the apparatuserAf
recording the signal in computer the signal iseféd.
After recording the signal in computer the signal i
processed. Then proper spectrogram is shown atrelift
conditions for the raw signal, STFT (Short Term feu
Transformation).
This work shows the ability and feasibility of the
application of Short Term Fourier Transform in the
diagnostic of faults inserted in the rotating maeiy
using the vibrations signals during machine run-Tipe
applications of wavelet analysis using real dasayell as
its theoretical and practical aspects of implentanta
with Matlab and labview software are discussed.

V. EXPERIMENT AND RESULT
In our project we are dealing with four analysesmvefar
at inner race of the bearing arrangement. Arrangense
tested for different defect conditions. The beanvigch
is mounted over the motor shaft is our main area of
concern because from here we have to record onalsig
and following is the list of equipment required:
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Table.1:
INNE
APPL
S. | EQUIPMENT/ OUTER | R 1 ppp
N | apeararyy | SPECIFICAT | MAX | RACE |RACE |
0| SOFTWARE IoN R D&? DHI? DIN
wy | X6
1 MOTOR 160watt | 1400 | NA | NA | NA
2. | BEARINGARB) | 72058 | 14000 | 52 | 23 | NA
MIKELOGITEC | 20 Hzto
3 NA | NA | NA | NA
H) 16000 Hz
4| MATLAB | Vemion780 | NA | NA | NA | NA
5. | LABVIEW | Version8s NA NA

Now firstly we took a bearing with no wear at inmace.
The bearing got rotated with the help of motor shiElfie
RPM is checked with the help of Tachometer and the
audio signal was recorded for 0.1second with tHp b& bl aluhal

mike. The signal duration of 0.1 second was ampte f Fig.5.2: Bearing with wear of 0.5mm at outer racéhw

our diagnosis. The MIKE used was connected to the corresponding STFT Spectrum

Central Processing Unit with the help single piot.sl

Certain wave disturbances are clearly visible by time Next analysis we introduced wear of 1.0mm by wiaitid

on the monitor screen. The recorded readings trelift 0.2mm thickness at outer race and the corresponding
speeds got analyzed. STFT is drawn for their paetic signals are drawn and identified in the MATLAB &
speeds. LABVIEW with the help of certain programs as dome i
We introduced wear of 0.5mm at outer race and the the case of no fault conditions. STFT are drawrhat
corresponding signals are drawn and identified Ha t same speed as done earlier.

MATLAB & LABVIEW with the help of certain
programs as done in the case of no fault conditisng T
are drawn at the same speed.
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Fig.5.3: Bearing with wear of 1.0mm at outer racéhw
corresponding STFT Spectrum.

Next analysis we introduced wear of 0.5mm by wigitial
0.2mm by thickness at inner race and the correspgnd
signals are drawn and identified in the MATLAB &
LABVIEW with the help of certain programs as dome i
the case of no fault conditions. STFT are drawrhat
same speed as done earlier.

'0‘5 [ [N
O IN0GI0NN 112 ek M2 M6k WIN 38 U
Tine

Fig.5.4: Bearing with wear of 0.5mm at inner racithw
corresponding STFT Spectrum.

Final analysis we introduced wear of 1.0mm by wialtial
0.2mm by thickness at inner race and the correspgnd
signals are drawn and identified in the MATLAB &
LABVIEW with the help of certain programs as dome i
the case of no fault conditions. STFT are drawithat
same speed as done earlier.
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Fig.5.5: Bearing with wear of 1.0mm at inner racihw
corresponding STFT Spectrum.

These are basically STFT plots for the minimumesise
of all the four signals. Here also the value offih& peak
and last peak is given in the graph itself, througdtich
the value of the speed may be calculated.
http://www.skf.com/skf/productcatalogue/calculasibift
er;jsessionid=cLUcl2VM40WwYx2M3WCIlwU?lang=en
&reloading=false&next=ok&windowName=cLUcl2VM4
OWwYx2M3WCIlwU_1353944497406_Calc6&action=Cal
c6&newlink=&calcform=form1&calc_extrainfo=false&p
rodid=1050150305&ni=1440&ne=0
Here we feed the data in this place then clickalouwtate.
Our result will be appear in a second which is give
below:
Where
d =bearing bore diameter [mm]
D =bearing outside diameter [mm]
P =pitch diameter of rolling element assembly [mm]
Dy, = rolling element diameter [mm]
z =number of rolling elements per row
a =angle [degree]
n; = rotational speed of inner ring [r/min]
n. = rotational speed of outer ring [r/min]

fi = rotational frequency of inner ring [Hz]
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fe = rotational frequency of outer ring [Hz]
f. =rotational frequency of rolling element assem

[Hz]

f, = rotational frequency of a rolling element [Hz]
fi, = oversolling frequency of one point on inner ri

[Hz]

(frequency when one point on inner racewa

damaged )

fep = over-rolling frequency of ong@oint on outer rin

[Hz]

(frequency when one point on outer racewa

damaged )

fp = overyolling frequency of one point on rolli

element [Hz]

(frequency when one point on a rolling elemet
damaged. A ball may change its rotational axis
thus not always be overrolled at the same point)

Bearing frequencies

Bvery care has been taken to ensure the
accuracy of this calculation but no liahility
can be accepted for any lnss or damage
whether direct, indirect or consequential
arising out of the use of the calculation,

Bearing 7205 BECBP

d [mm] 5
D [mm] 52

n; [r/min]

e [r/min]

=
—
—

Caloulate

filt] 223
f [He] 0

foll] a8
fr [Hz] 55.2

Frequencies from patential damages
folll 176
fp 2] 1128
frplf] 110
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Bearing data of own chaice

P [mm]

Dy [mm]
z

0 [degrees]
n; [r/min]

e [r/min]

So now we can observe that wear increases the wave
shows more disturbance (more up and down) this is
because of increase in energy at each individutldba

the bearing because of the wear.

So we can say after observing these graphs wénelta
the conclusion that as the wear increases on thi e
peaks are staggering in the time plot and therdsis a
significant rise in the frequency obtained in ewitiration
signal.

VI. CONCLUSION AND APPLICATION
In this project work we have analyzed the effectvefar
in bearing system on the spectrum of acoustic and
vibration signal and developed a method to idergifgh
defects.
From the experiments following conclusions are draw
1.1t is demonstrated that, although the environment
influences acoustic signal for condition monitoriitg
does not significantly reduce the extraction offulse
diagnostic information. It has been demonstrated th
acoustic condition monitoring can effectively besds
for fault detection in bearing arrangement.
2.1t shows the STFT and Decomposition spectrum for
the cases of misalignment responded equally.
3.In vibration monitoring using acoustic signal bav
certain advantages over the conventional vibration
measuring techniques. Firstly in this sensors db no
alter the behavior of the machine due to its non
contact nature. And time based information is pet |
in this method.
4.Acoustic based method provides considerable éreed
in positioning of the microphone. For instancethis
application, small variations in distance and plahe
the microphone with respect to the bearing hadtla li
influence in detecting the main characteristicshaf
bearing acoustics. On the other hand, small change
the location of the accelerometers based methodhad
bigger impact in detecting the main characteristits
the bearing vibration.
5.The method developed in the project can be used f
the condition monitoring and for predictive
maintenance of the ball bearing for the wear.
This process can be used for live analysis of other
machines, example internal combustion engines,
Compressors, Turbines etc. we will use our thisctop
of vibration and acoustics for fault diagnosis e t
higher studies as here a very vast scope is alailab
1. Condition  Monitoring of lathe  using
decomposition (an application)
Condition of wear of tool in the machining has &air
impact on surface finish. | have implemented mésho
based on acoustics to identify defects due to Wéer
proper methodology is selected for this experimenta
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work. The analyses are done on machine tool under 4. Decomposition diagram
varying wear conditions.. A mike is used to rectind
acoustic signals generated by the machine asseifidy.
acoustic signals generated by the set-up are reddng
placing the mike in front of the rotating job . this way

we are analyzing the effect of wear on the spectaim
acoustic signals and developed a method to idesti€h
defects

2. Decomposition

The decomposition process can be iterated, with
successive approximation being decomposed in &on,
that one signal is broken down into many lower hgsmn
components. This is called the wavelet decompasitio
tree.
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Fig.6.1: Decomposition Tree
3. Experimental Setup
The setup consists of rotating work piece on ladhd
condition monitoring is done for different wear dion

Lol | el

of the tool. The signal is recorded by placing mian :

away from the tool. The signal is recorded for etiéint %J Zm;"w‘
condition of the tool after recording the signabqessing

is done on the mat lab. Decomposition is done up"to ok

level and from the decomposition tree condition is ”..D:M:ﬁ :

monitored.

I" Show Synthesized Sig.

: g

i <) 3 atleh
Fig.6.5: Decomposition of signal when more weathia
tool

e
Aves.

Fig.6.2: Experimental Representation
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5. Detailed view of 6" level decomposition
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Fig.6.10: Decomposition of signal af éevel when much
wear in the tool

And from decomposition tree we can find the coriclus

that as the condition of tool deteriorating the

decomposition peak gives clear representation.
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