International Journal of Emerging Science and Engieering (IJESE)

ISSN: 2319-6378, Volume-1, Issue-10, August 2013

Online Condition Monitoring to Diagnose
Bearing Faults of Induction Motor

Neelam

Abstract—With advances in digital technology over the last

years, adequate data processing capabilities is ramailable on
cost effective hardware platforms, to monitor motdes variety of

abnormalities on a real time basis. For this reasortisis paper is
devoted to investigate the application of advancetynal

processing techniques for detection of bearing faaf induction

motor. In this study, bearing faults are succesdfutiiagnosed by
monitoring the stator current of motor. The expergnts were
conducted 0.5 hp, 415V induction motor. Virtual imement was
developed with help of programming in software ‘LabBAV’. This

instrument was used to obtain the current spectrush stator

current. The different spectrums of healthy motoma faulty

motor were than compared to diagnose the bearinglfauThe

experimental results show that FFT based spectral ais& may
be adequate to indicate the presence of bearindtiaf induction

motors. This may be achieved at a relatively lowtcetiminating

need for expensive spectrum analyzers.

Index Terms— Fault detection, signal processing, motor
current signature analysis.

I. INTRODUCTION

The reliability of an induction motor is of paranmiu
importance in industrial, commercial, aerospacerailithry
applications. Bearing play an important role in takability
and performance of all motor systems. Due to clo
relationship between motor system development @ity
assembly performance, it is difficult to imagine frogress
of modern rotating machinery without consideratainthe
wide application of bearing. In addition, most tawdrising in
motors are often linked to bearing faults. The ltesumany
studies show that bearing problems account for 40ét of
all machine failure [1].

The bearing consists of mainly of the outer raa# ianer
race way, the balls and cage which assures ecuidist
between the balls. The different faults occurringirolling
element bearing can be classified according toaffected
element: Outer raceway defect, Inner raceway defeal
defect. A fault could be imagined as a small halgjt or a
missing piece of material on the corresponding elem
Under normal operating conditions of balanced laad a
good alignment, fatigue failure begins with smadiséires,
located between the surface of the raceway andngoll
elements, which gradually propagate to
generating detectable vibrations and increasingent@vels
[2]. Continued stress causes fragments of the mater
break loose, producing localized fatigue phenonmeravn
as flaking or spalling [3]. Once started, the dffelcarea
expands rapidly contamination the lubricant andsoay
localized overloading over the entire circumferenéehe

Mehala

Contamination and corrosion are the key factoiseafring
failure because of the harsh environments presemhdst
industrial settings. The lubricants are contamidatg dirt
and other foreign matter that are commonly oftezsent in
the environment of industries. Bearing corroseproduced
by the presence of water, acids, deteriorateddaban and
even perspiration from careless handling durintpifegions.
Once the chemical reaction has advanced suffigientl
particles are worn-off resulting in the same alwasiction
produced by bearing contamination.

Under and over-lubrication are also some othereso$
bearing failure. In either case, the rolling eleiseare not
allowed to rotate on the designed oil film causingreased
levels of heating. The excessive heating causegrdase to
break down, which reduces its ability to lubrictite bearing
elements and accelerates the failure process. diti@ud
Installation problems are often caused by imprgpfenicing
the bearing onto the shaft or in the housing [BfsTroduces
physical damage in form of brinelling or false lelimg of
the raceways which leads to premature failure.

Regardless of the failure mechanism, defectiveingll
element bearings generate mechanical vibrationghat
rotational speeds of each component. Imagine famgie a
Shole on the outer raceway: as rolling elements nuwes the
(?efect, they are regularly in contact with the hualkich
produces an effect on the machine at a given fireguel he
next section of this paper demonstrates that these
characteristic frequencies which are related tortloeways
and the balls or rollers, can be calculated from kikaring
dimensions and the rotational speed of the machine.

II. BEARING FAULT ANALYSIS

The bearing consists of mainly of the outer raa# ianer
race way, the balls and cage which assures ecuidist
between the balls. The different faults that maguocin
bearing can be classified according to the affeefedhent
[4,5]:

e Outer raceway defect
Inner raceway defect
Ball defect
The relationship of bearing vibration to the statarrent

the surfacgpectra can be determined by remembering that iargap

eccentricity produces anomalies in the air gap tlexsity.
Since ball bearings support the rotors, any beat&igct will
produce a radial motion between the rotor and stitdhe
machine. The mechanical displacement resulting from
damaged bearing causes the machine air gap toiwvaay
manner that can be described by a combination tating

raceway. Some sources such as contamination, @mmros eccentricities moving in both directions. Due tdatmg

improper lubrication, improper installation or keiling
reduce the bearing life.
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eccentricities, the vibrations generate stator enis at
frequencies given by [1,3,4,6]:

f [femf | @
where

bearing —
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fio IS one of the characteristic frequencies whichteased dynamometer, transformer, NI data acquisition card
upon the bearing dimensions shown in Figure 1. PCI-6251, data acquisition board ELVIS and Pentlvim-
Personnel Computer with software LabVIEW 8.2. Taied
B data of the tested three-phase squirrel cage iimuetachine
were: 0.5 hp, 415V, 1.05 A and 1380(FL) r/min. Thetor is
attached with a rope brake dynamometer. The nominal
current is 1.05 A when star connected to 415 Ve b&aring
of the induction motor are single row, deep grodad|
bearing, type 6202-2Z. Each bearing has eight balls

Experiments were conducted on six bearings: twhexe are
undamaged while four bearing were drilled. Two begm

@7< I were drilled through outer race with ‘hole diamstef 2 mm
E ,] Dp

and 4 mm respectively while another two bearingdledti
through inner race with ‘hole diameter’ of 2 mm ahhm as
illustrated in Figures 2. Bearings of type 6202-@&re
drilled with help of Electric Discharge Machine (EIp and
were installed on motor.

Figure 1: Ball bearing dimensions [1]

2
= R

Nj Dy,
Outerrace : fig = l—'f,. (1 + =2 msﬁ)
De (2)

Where

Np=number of bearing balls

f. = mechanical rotor speed in hertz

D, = Ball diameter

D. = Bearing pitch diameter

B = Contact angle of the balls on the races

It should be noted from eqn. (2) that specific infation (a) Inner race fault (b) Outer race fault
concerning the bearing construction is requiredaizulate
the exact characteristic frequencies. However, ethes
characteristics race frequencies can be approxéhiatenost
bearings with between six and twelve balls [3,5,6].

f, =0.4N, f, -(3) .
f = 0.6N. f 4 To detect the bearing fault, FFT based power spexsr
e -(4) were used. The spectrums were obtained using Virtua
The expected fault frequencies for inner race faott outer instrumentation. The VI was built up by programmiing
race fault at various load condition are given ables | and LabVIEW. The VIs was used both for controlling ttest
1. measurements and data acquisition, and for the data
processing. The stator current is first sampledhi time
TABLE I. : EXPECTED FAULT FREQUENCIES FOR INNER RACE FAULT AT domaln and In the Sequence’ the power Spectrumoslated
VARIOUS LOAD CONDITION and analyzed aiming to detect specific frequeneypnents

Figure 2: Inner race fault and outer race fault

A. Data Acquisition Parameters and LabVIEW
Programming

:oa Speed | Slp | m=1 m=2 m=3 related to incipient faults. For each bearing fathiere is an
c (rpm) LSB | USB | LSB | USB | LSB | USB | associated frequency that can be identified insgectrum.
o H) | (H2) | (D) | (HD) | (H) | (H2) : i it
ditio The faults are detected comparing the amplitudspetific
ns _ _ frequencies with that for the same motor consideasd
No | 1485 | 001 |68 168 18T ) 287 1306|406 | pealthy. Based on the amplitude in dB it is alsesiide to
Eull 138( 0.0¢ 60 16C 17C 27C 282 382 determine the degree of faulty condition. The auehat
Load flow in the three phases of induction motor aressenby

current transformer. Current transformer decreatieel
TABLE II: EXPECTED FAULT FREQUENCIES FOR OUTER RACE FAULTAT  voltage to 5-10V. This voltage is supplied to ELVIS

VARIOUS LOAD CONDITION (National Instrument’s data acquisition board).idtthen
Loa | Speed | Slp | m=1 m=2 m=3 further supplied to National instrument's Data dsijion
dCO” (rpm) LSB USB | LSB | USB | LSB | USB card. Data acquisition card is connected to PCt sfo
ditio (Hz) (Hz) | (Hz) | (H2) | (H2) | (H2) Pentium IV personnel computer. The digitalized entr
ns signal is applied to the low pass current filterémove the
A e e 126 | 108 ) 208 | 187 | 287 undesirable high frequency components. Angularorsiof
induction motor is measured by a digital tachometdre
Et)lgd 138C | 0.0t | 23 12z | 97 197 | 17C | 27C ‘LabVIEW programme’ converts the sampled signal sdo
frequency is 25000 samples/s to the frequency dooming
LSB= Lower Side Band; USB= Upper Side Band power Spectrum algorlthm

lll. BEARING FAULT ANALYSIS USING FFT BASED  B. Results and discussion
POWER SPECTRUM The experiments as given in Table Ill have been
In order to diagnose the bearing fault of inductiator, performe(_j to detect bearing faults in three phaskadtion
modern laboratory test bench was used. It conefstaree MOtor using LabVIEW software. The power spectrum of

phase inducton motor coupled with rope brak&ealthy motor is obtained for all the cases as shaw
Figures 3, 8, 11 and 14.
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Figure 3: Power spectrum of healthy motor undeload condition  Figure 10: Power spectrum of faulty motor with 4rhate in inner race of
bearing under full load condition

N
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Figure 4: Power spectrum of faulty motor with 2rhole in inner race Figure 11: Power spectrum of healthy motor unaeload condition
of bearing under no load condition (m=1)

l l lll'
llllll “ll'llllll ‘\,M. ! ‘ll l

woozs we oz e s Eigure 12: Power spectrum of faulty motor with 2rhate in outer race of
Figure 5: Power spectrum of faulty motor with 2rhote in inner race of bearing under no load condition
bearing under no load condition (m=2)
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Figure 6: Power spectrum of faulty motor with 4thaie in inner race of bearing under no load condition
bearing under no load condition (m=1)
l

lW

'll
«ll lllll l ! llll |l ’l’l "l'l llll I ll"l‘

Figure 7: Power spectrum of faulty motor with 4rhole in inner race of Figure 14: Power spectrum of healthy motor undedad condition

bearing under no load condition (m=2)
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Figure 8: Power spectrum of healthy motor undéirlfad condition Figure 15: Power spectrum of faulty motor with _Zmﬂhe in outer race of
bearing under full load condition
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) Figure 16: Power spectrum of faulty motor with 4rafe in outer race of
Figure 9: Power spectrum of faulty motor Wlth 2rhote in inner race of bearing under full load condition

bearing under full load condition

The induction motor is tested with four defectivealings.
Defective rolling element bearing generate ecceityrin the
air gap with mechanical vibrations. The air gapestqcity
causes variation in the air gap flux density theddpces
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visible changes in the stator current. These claraye
determined in power spectrums of motor due to imaee
fault and outer race faults. The outer race faatd inner

The motor with same fault was also tested undéddatl
condition. The power spectrum of faulty motor wittnm
hole in inner race of bearing under full load coiodi is

race faults are diagnosed under no load and fidd lo shown in Figure 10. In this case, the fault freqies

conditions by conducting some experiments listed able
lll. The results obtained from these experiments given
below:

TABLE Il : EXPERIMENTAL CONDITIONS FOR BEARING FAULT DETECTION

Cases Experiments| Severity of bearing Load conditions
fault

Casel| 1 2mm inner race fault No Load

2 2 mm inner race fault Full load
Case2| 3 4 mm inner race fault No load

4 4 mm inner race fault Full load
Case3| 5 2mm outer race fault No Load

6 2 mm outer race fault Full load
Case4d| 7 4 mm outer race fault No load

8 4 mm outer race fault Full load

2 mm inner race fault:

The motor is tested under no load condition withltia
bearing. The fault in bearing was made by drillamgole of
2mm diameter in its inner race. It is observed ftbepower
spectrums of motor that fault frequencies are rearty
visible at no load condition because their magmtigdless.
The power spectrums of faulty motor with 2mm holéniner

appeared at 60 Hz, 160 Hz, and 170 Hz. It is oleskiivat the
magnitude of fault frequencies have been
significantly. It is due to increase of load andesdy of fault.
The power spectrum analysis for 4mm inner racet feul
given in Table V.

2mm outer race fault:

The motor was also tested with outer race fauliezfring.
Initially, the 2mm diameter of hole was drilled time outer
race of bearing and then it was installed in theamodThe
power spectrum of faulty motor with 2mm hole ineutace
of bearing under no load condition is shown in Féga2.
This figure shows that fault frequencies can beartje
identified in power spectrum at 29 Hz, 108 Hz a8 Hz.
Similar results are obtained from the experimenemvihe
motor was tested with same fault under full loadditions.
In this case, the fault frequencies are appeatir®Baiz, 97
Hz and 123 Hz which is indication of outer raceltfanf
bearing. Such frequencies are shown in Figure ableTVI
gives Power spectrum analysis for induction motitin @mm
outer race fault.

TABLE V: POWER SPECTRUM ANALYSIS FOR INDUCTION MOTOR WITEMM
INNER RACE FAULT

race of bearing under no load condition is showRigures 4
and 5When the motor is tested again with same beari
under full load condition, it is observed that mitgghe of
fault frequencies are increases but these aretlglidifficult

to identify in the power spectrum. The power speautrof
faulty motor with 2mm hole in inner race of bearingder

full load condition is shown in Figures 9. The powe
spectrums for 2mm inner race fault of motor arewshin

Fault frequencies

qgg Load [Slip L - - bservations
ure [Lond- rF Mag FF Mag fF Mag
ho. tion Hz) [dB) |Hz) [dB) [Hz) [dB)
6 No .01 |68 |-75 |6E {74 - 76 | FF clearly
and 7 | Load L87 dentifiec
10 |Full 60 | -68 |6C {68 -70 |FF clearly

Loac D.0¢ 170 dentifiec

Figures 4, 5 and 9 and their analysis for no lazdifall load
is summarized in Table IV.

TABLE VI: POWER SPECTRUM ANALYSIS FOR INDUCTION MOTOR WITRZMM
OUTER RACE FAULT

TABLE IV: POWER SPECTRUI\\fwATT'AZI.’\w/'\sAlig?ER INNER RACE FAULT OF MOTOR Fault frequencies
Fig- load Plip FF Mag FF Mag FF Mag Pbservation
Fault frequencies re 3tf_’”d Hz) |dB) |[FF) |dB) |FF) [dB)
L ) ho.  |tion
o é%iddi SiP e Tviag FF Mag [ FF [ M \(/)at:isoenr; 12 [No D01 pe |76 |108 |74 [129 [73  |FF clearly
ho. |tion (Hz) (dB) (Hz) |(dB) |(Hz) | &g Load dentifiec
(d 15 [Full p.o€ p2 |72 |97 |68 |123[73 |FF clearly
B) Load dentifiec
4 No .01 | 68 -78| 168 =77 187 -7|IFF
gns Loac 8 ?'ﬁ'c""t TABLE VII: POWER SPECTRUM ANALYSIS FOR INDUCTION MOTOR WITAMM
o OUTER RACE FAULT
identify
9 [|Full .08 | 60 -76| 160 -74, 170 -7|FF B Fault frequencies ]
Loac 6 |difficult | Fig-u poad | FF Mag | FF Mag [ FF Mag Pbservaiion
to eno. Cond Blip [Hz) [dB) [FF) [dB) [FF) [dB)
identify ition
4Amm inner race fault: 13 No (0.01 |29 69 |108 (69 (129 |-70 |FF clearly
To observe the effect of severity of bearing faaltcurrent Load dentifiec
components, the 4mm hole was drilled in the inaeerand |16 LFU“d 0.08 |23 67 |97 65 |123 |-69 dFF 9f|_eaf|y
then bearing was installed in the motor. The moi@s tested oa entifiec

under both no load and full load conditions. Theveo

spectrum of faulty motor with 4mm hole in inner eaof

bearing under no load condition is shown in Fig@esd 7.

These figures clearly show that the fault frequesieippear at
68 Hz, 168 Hz, 187 Hz and 287 Hz in the spectrunthvh
indicates the inner race fault in the bearing otonoThe

magnitudes of these frequencies are between -7t dB6

dB.
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4 mm outer race fault

The motor was again tested with highly defectigaring.
In this case, severity of fault was increased tomdiy
drilling the hole into outer race of bearing. Thksults show
that fault frequencies can be clearly identified power
spectrum, when motor is tested under no load comdénd
full load conditions. The power spectrum of fauttyotor
with 4mm hole in outer race of bearing under nodloa

increased
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condition is shown in Figure 13. It is observedt e fault
frequencies with increased magnitude have beercapgén
the power spectrum. The similar results have béxairmed,
when motor was tested under full load conditione plower
spectrum of faulty motor with 4mm hole in outer eaof
bearing under full load condition is shown in Figu6. The
power spectrum analysis for 4mm outer race faudtven in
Table VII.

IV. CONCLUSIONS

This paper investigates the feasibility of detegtithe
bearing failure using the spectrum of single phaké¢he
stator current of an induction motor. The signagessing
technique (Fast Fourier Transform) is used to detiee
bearing faults of motor. Experimental results shbat the
characteristic frequencies could not see in the goow
spectrum if outer race fault and inner race faslsinall in
size. As severity of fault increases, the charéstier
frequencies become visible. It is clear from thpeimental
results that FFT based spectral analysis may bguadke to
indicate the presence of bearing faults of indurctiaotors.
This may be achieved at a relatively low cost, lating
need for expensive spectrum analyzers.

REFERENCES

[1] R.R.Schoenand T. G. Habetler, and F. Kamatai “Motor bearing
damage detection using stator current monitoriflgFZE Trans. Ind.
Applicat, vol. 31, pp. 1280-1286, Nov./Dec. 1995.

[2] Eschmann P, Hasbargen L, Weigand Rall and roller bearings:
Their theory, design, and applicatiof ondon: K G Heyden), 1958.

[3] Riddle J, “Ball bearing maintenance” (Norma®K: Univ. of
Oklohama Press), 1955.

[4] Benbouzid, M. E. H., “A Review of Induction Mws Signature
Analysis as a Medium for Faults DetectiotZEE Transactions on
Industrial ElectronicsVol. 47, October, No. 5,pp. 984-993, 2000.

[5] M. Blodt, P. Granjon, B. Raiso, and G. RostpifModels for bearing
damage detection in induction motors using statorrent
monitoring,” Ind. Electronics, 2004 IEEE International Symposium
Vol. 1, pp. 383-388, May 2004.

[6] J.R. Stack, T. G. Habetler, and R. G. Hart&gult classification and
fault signature production for rolling element begs in electric
machines,” IEEE Trans. Ind. Applicat. Vol. 40, pp. 735-739,
May/June 2004.

[7] Richard G. Lyons, “Understanding digital sigprocessing”, Pearson
Education, 2009.

[8] Boashash B., “Time frequency signal analysia? Advances in
spectrum estimation and array processing, Ed. $kiRaPrintice
Hall, 1990.

[9] Leon Cohen, “Time frequency Analysis”, PrieatHall PTR, 1995.

[10] Lokenath Debnath, “Wavelet Transforms and Tinequency signal
analysis”, Birkhauser Boston, 2001.

Dr. Neelam Mehalareceived B.E. degree in Electronics Engineeriogfr

N.M. University Jalgaon (M.S.) in 1998. She recdi\d.Tech. Degree in

Electronics & Communication Engineering and Ph.€grée from National

Institute of Technology, Kurukshetra in 2002 andlROrespectively.

Currently, she is working as Associate ProfessorEilectronics and

Communication Engineering Department with YMCA Usrisity of Science

and Technology, Faridabad. Her areas of interesSagnal processing and
Fault diagnosis of induction motors.

73

ISSN: 2319-6378, Volume-1, Issue-10, August 2013




