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Abstract.Usage of instantaneous power signal spectra for detection of most frequently caused induction motor’s
damages was grounded. Efficiency of this method was verified experimentally.
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OBIPYHTYBAHHS TA EKCIIEPUMEHTAJIbHA ITEPEBIPKA MUTTEBOI'O AHAJII3Y
CIIEKTPIB HOTYKHOCTI B IKOCTI METOAY JIJIsI BUSABJAEHHSI HECIIPABHOCTEM
ACHUHXPOHHUX JABUI'YHIB

Anomauin. O61pyHMOBAHO BUKOPUCIIAHHS CHEKMPY CUSHATY NOMYICHOCMI ACUHXPOHHO20 08USYHA 0N 0IACHOC-
MUKYU HAUOIIbW MUNOSUX 11020 Oeexmis. ExcnepumenmanvHo niomeepodtceHo eqheKmueHicmy 11020 0ideHOCMUKY 3d

CNEeKmpom nomyofCHocmi.

M. B. 3arupHsik, 1-p TexH. Hayk, podecop,
A. KanuHoB , KaHJ. HayK,
. Mamuyp

OBOCHOBAHMUE U SKCITEPUMEHTAJIBHASI IPOBEPKA MTHOBEHHOTI'O AHAJIM3A
CIHEKTPOB MOIIIHOCTH B KAUECTBE METO/IA U151 OBHAPYKEHU S
HEHUCIIPABHOCTEN ACUHXPOHHBIX JIBUTATEJIEN

Annomayun.O60CHO8AHO UCTIONB3068AHUE CNEKMPA CUSHALA MOWHOCTU ACUHXPOHHO20 dgueameis Oas OUACHO-
CMuKu Haubonee MUNUYHBIX €20 OeeKkmos. DKCnepuUMeHmaibHO NPO8ePeHa SPPeKmMusHOCHb e20 OUACHOCMUKY 1O

Cnexmpy MOwHOCHU.

Introduction. Induction motors (IM) are most
widely used energy consumers and energy converters for
different industrial applications. In spite of a very simple
and reliable construction, there happen sudden failures of
IM, and they may lead to serious faults of the whole work
station. This may results in significant pecuniary losses
because of repair operations and idle time. Thus, timely
diagnostics of incipient IM faults is a very important task.
To achieve this effect the on-line IM diagnostic systems
are being developed.

Analysis of previous researches. Different reviews
[1] showed that most frequently caused IM defects are the
following: the bearings defects (32-52%), stator windings
defects (15-47 %), rotor bars/rings (less than 5%), shaft or
coupling defects (about 2 %), defects caused by external
devices (12-15 %), other defects (10-15 %). For detection
of bearings faults there are well-developed and widely
used methods of vibration diagnostics. Thus, this work is
devoted to incipient faults detection of stator and rotor.
Most common rotor faults are the rotor-to-stator eccen-
tricity and the rotor bar breaks. Most common stator de-
fects are the short circuits in windings and also the wind-
ings parametrical asymmetry.

There is a range of methods for incipient fault detec-
tion. Widely used are monitoring of mechanical vibra-
tions, currents, reverse sequence pole and partial charges.
The aim of these methods is to detect deviations in signal
spectra.
© Zagirnyak M., Kalinov A., Mamchur D., 2011

Well-known IM incipient faults detection methods
are successfully used for large and medium machines.
However, there are some limitations to usage of these
methods for low-voltage machines, because of economi-
cal reasons and sensors size.

The analysis of existing IM diagnostic methods
gives the following results.

Motor stator currents analysis (MSCA) is a very
popular diagnostic method because of simplicity of signal
recording under operation mode. There is a humber of
works devoted to using MSCA as a medium for detection
the stator windings short-circuits, rotor unbalances and ro-
tor bar breaks, and also bearings defects [2]. But it has to
be mentioned that electrical distortions and influence of
supplying voltage low quality could lead to appearance of

harmonics in current signal on the same frequency as a
fault harmonics. This may lead to wrong diagnosis. To
eliminate such shortcomings of this method the additional
analysis by vibrations or more complicated mathematical
apparatus for analysis are used. However, even this addi-
tional analysis does not protect from diagnostic mistakes
when low-power IMs with significant influence of voltage
unsinusoidality are under analysis. This fact is especially
significant for IM fed from low-voltage supply of indus-
trial plants.

Another well-known diagnostic method is supply
voltage analysis [3,4]. The data are analyzed either ac-
cording to supply voltage spectra with neutral voltage [3],
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or high frequency carrying signal [4]. As for the first
mentioned method, diagnostic result significantly depends
on voltage quality, which is not always ideal in low-
voltage networks with IM. As for the second mentioned
method, there is necessity of using additional equipment
for making test carrying signals.

Also there is a range of methods for fault detections
under transient conditions, as [5]. But these methods pro-
vides the best results for analysis of starting, braking
modes, and modes under transient load, when there are
significant signal changes both in time and frequency do-
mains. Thus, these methods are less convenient for steady
state modes analysis.

The instantaneous power spectra analysis allows
avoiding shortcomings of above mentioned methods [6].
Instantaneous power spectra analysis allows both detec-
tion of fault presence and estimation of damage level by
analysis of proper harmonic value. Thus, instantaneous
power spectra analysis allows one to make estimation of
the energy of fault and the correlation of this energy to
additional damage of IM parts under influence of addi-
tional vibrations caused by proper harmonic. Moreover,
the instantaneous power spectra analysis allows analyzing
of IM operation modes under significant nonlinearity,
when it is incorrect to use superposition principle for cur-
rent harmonics. Also, instantaneous power analysis is
more reliable, it is less dependent on noise, and gives ad-
ditional harmonic components for analysis.

In [7] it was offered to provide monitoring and esti-
mation of IM operating conditions by instantaneous
power and electromagnetic torque spectra analysis. This
analysis is based on developed in [8] algorithm. As it was
mentioned, it is very important to take into account supply
voltage quality for making proper diagnosis of low-power
IM. A number of authors have investigated the influence
of supplying voltage low-quality on parameters and op-
eration modes of low-power IM. It leads to conclusion
that it is necessary to eliminate the influence of noises,
asymmetry and non-sinusoidality of supply voltage on
analyzed currents and power signals. It improves accuracy
and reliability of diagnostic.

Purpose of work. Investigation IM diagnostic
method based on instantaneous power spectra analysis.

Material and results of research. To verify the in-
stantaneous power spectra analysis as a method for IM
fault detection the experimental tests were carried out.
The most frequent caused damages as rotor bar breaks
and stator windings short circuits were chosen to be in-
vestigated. IM diagnostics by 3-phase motor instantane-
ous power spectra analysis is carried out on the basis of
measured stator currents and voltages. In case of voltage
supply low-quality, both the motor non-linear elements
and the network non-sinusoidality and dissymmetry cause
harmonics in current signal spectra. Thus, IM diagnostic
based on MCSA may lead to wrong result. It is possible
to increase reliability of diagnostic methods based on cur-
rent and power spectra analysis by elimination the influ-
ence of supply voltage and non-sinusoidality on analyzed
signals, as it was proposed in [9].

The test motor used in the experimental investiga-
tion was a three-phase induction machine type
ANP80B4Y2, 50 Hz, 4-pole, 1,5 kW, 1395 rpm; 3,6 A.
For investigation of turn-to-turn short circuit in stator

windings, the taps were provided in one of the stator
winding phases to imitate this type of damage (Fig. 1, Ta-
ble 1). For broken bars investigation there were used two
rotors of identical type which can be interchanged. One of
these rotors has drilled hole to imitate break of one rotor
bar. DC generator provided a mechanical load.
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Fig.1. Stator phase winding taps circuit

IM winding resistance measurement data

Phase Resistance value, ohm
A 5,03
B 4,99
C 5,01
Winding | Resistance | Reduction of
part value, winding turns
Taps in ohm number, %
phase C 1-z 4,94 1,36
2-z 4,88 2,52
3-z 4,34 13,33

The following assumptions were accepted for ex-
perimental researches. The possibility of load variation
was not taken into account. This variation may lead to ap-
pearance of interharmonics and low-frequency harmonics
in power spectra. Interharmonics do not make significant
influence on informative harmonics which are used for
analysis. The influence of low-frequency harmonics could
be compensated by analysis of three-phase IM instantane-
ous power mean value. The influence of heating appears
in changes of windings active resistances. In case of uni-
form heating the active resistances will change symmetri-
cally. Nonuniform heating mainly leads to more clear
asymmetry demonstration. It could be observed by differ-
ence between amplitude harmonics by phases. Researches
[7] showed that the main influence of saturation appears
on 6-th and its multiple harmonics of instantaneous
power. However, harmonics of lower frequencies also
were used for analysis in this work. It has to be men-
tioned, that offered method could be used both for vari-
able speed motor and for fixed speed motor based on
voltage inverter (voltage inverters with PWM).

Analysis was carried out both for IM idle conditions
and for half load conditions. Preliminary data showed that
defects could be more obviously manifested in loaded
machine signals. Thus, following analysis is presented for
half loaded conditions. Experimental data analysis leads
to conclusion that elimination of supply voltage unsinu-
soidality and dissymmetry, using proposed in [9] meth-
ods, allows removing from consideration harmonics
caused by voltage low-quality. This simplifies the analy-
sis and improves diagnostics results [9].

Experimental data analysis showed that the follow-
ing defects were present in the basic variant of IM without
artificial damages (Fig.2,3):

— rotation speed harmonics (24,8 Hz for tested 1M) and its
multiple in current and power spectra shows misalign-
ment of shaft and actuator;
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— double supply frequency in three-phase power spectra
(100 Hz) shows base motor dissymmetry. Its low value
confirms good motor condition;

— power harmonic multiple of six supply main harmonic
shows IM nonlinearity and influence of magnetizing
curve;

— power harmonics multiple of supply main harmonic
shows presence of both motor nonlinearity and dis-
symmetry and appears as result of multiplying of
proper current and voltage harmonics.

The values of considered harmonics for base IM are
not significant. These values are less then 2 % of rated
power. It shows motor good conditions.

Experimental data analysis for rotor with one broken
bar leads to the following conclusions (Fig.4,5).

Two sideband components appears in current around
fundamental component at following frequencies (Fig.4)

f,, = f, (L 2ns),

where f, - is a fundamental frequency, s - is a motor

slip, n=12,...
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signal is eliminated, sideband components became more
clearly visible (Fig.4,b).

3-phase power spectra, in addition to two sideband
components around double fundamental component, con-
tain component at the modulation frequency (Fig.5). This
component provides additional diagnostic information
about motor conditions, and allows improving reliability
and accuracy of diagnostics.

When a turn-to-turn short circuit appears, as well as
when there is stator windings asymmetry, the amplitude
of harmonics of the frequency of 100 Hz increases sig-
nificantly. Separation of these defects is possible when
power factor cose is calculated, as in the presence of

turn-to-turn short circuits, unlike asymmetry of stator
windings, the angle of current and voltage phase shear re-
duces, i.e. the value of this coefficient increases.

Thus, experimental verification of IM diagnostic
method based on instantaneous power spectra analysis
showed its utility for rotor bar breaks and stator
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Fig.2. Current spectra of IM without artificial damages: base signal (a) and signal after supply low-quality elimination (b)
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Fig.3. 3-phase power spectra of IM without artificial damages: base signal (a) and signal after supply low-quality elimination (b)
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Fig.4. Current spectra of IM with one broken bar: base signal (a) and signal after supply low-quality elimination (b)
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Fig.5. 3-phase power spectra of IM with one broken bar: base signal (a) and signal after supply low-quality elimination (b)

windings short-circuits detection. The diagnostics simpli-
fication and improvement due to elimination of supply
voltage low-quality, was confirmed.

Conclusions. An IM diagnostic method, based on
three-phase instantaneous power spectra analysis, was
considered. Usage of supply voltage low-quality elimina-
tion method makes it possible to analyze the spectrum of
consumed three-phase instantaneous power without com-
ponents caused by supply mains low-quality parameters.
This method provides improved accuracy and information
value of IM diagnostics on the basis of the analysis of the
spectrum of consumed three-phase instantaneous power.

The method of IM diagnostics on the basis of the
analysis of three-phase instantaneous power has been
checked experimentally and its applicability to determina-
tion of stator and rotor winding several defects simultane-
ously has been proved. The possibility of estimation of
the extent of defects development according to the value
of the amplitude of consumed power correspondent har-
monic has been shown.

References

1. M. E. H. Benbouzid and G. B. Kliman, “What
stator current processing-based technique to use for in-
duction motor rotor faults diagnosis?”, IEEE Transactions
on Energy Conversion, vol. 18, no. 2, pp. 238-244, Jun.
2003.

2. CH. De Angelo, G.R. Bossio, S.J. Giac-
cone, M.I. Valla, J.A. Solsona and G.O. Garcia, “Online
Model-Based Stator-Fault Detection and Identification in
Induction Motors”, IEEE Transactions on Industrial Elec-
tronics, vol. 56, no. 11, pp. 4671-4680, Nov. 2009.

3. A. Khezzar, M. El Kamel Oumaamar, M. Had-
jami, M. Boucherma and H. Razik, “Induction Motor Diag-
nosis Using Line Neutral Voltage Signatures”, IEEE Trans-
actions on Industrial Electronics, vol. 56, no. 11, pp. 4581-
4591, Nov. 2009.

4. F. Briz, M.\W. Degner, P. Garcia and A.B. Diez,
“High-Frequency Carrier-Signal Voltage Selection for
Stator Winding Fault Diagnosis in Inverter-Fed AC Ma-
chines”, IEEE Transactions on Industrial Electronics, vol.
55, no. 12, pp. 4181-4190, Dec. 2008.

5. M.  Riera-Guasp, J.JA.  Antonino-Daviu, M.
Pineda-Sanchez, R. Puche-Panadero andJ. Perez-Cruz,
“A General Approach for the Transient Detection of Slip-
Dependent Fault Components Based on the Discrete
Wavelet Transform”, IEEE Transactions on Industrial
Electronics, vol. 55, no. 12, pp. 4167-4180, Dec. 2008.

6. M. Drif and A.J.M.Cardoso, “The Use of the In-
stantaneous-Reactive-Power Signature Analysis for Ro-

tor-Cage-Fault Diagnostics in Three-Phase Induction Mo-
tors”, IEEE Transactions on Industrial Electronics, vol.
56, no. 11, pp. 4606-4614, Nov. 2009.

7. Dmytro Mamchur, Andriy Kalinov “Diagnostics
of Asynchronous Motors Based on Spectra Analysis of
Power Consumption,” in Proc. XI International Ph Work-
shop OWD’2009, Poland, Gliwice, 2009, pp. 434-439.
Auvailable:
http://mechatronika.polsl.pl/owd/pdf2009/434.pdf

8. Andriy Kalinov, Dmitriy Mamchur, Anna
Chumachova, “Research of the Asynchronous Motor’s
Observability for Estimation Operating Conditions and
Energy Efficiency,” in Proc. X International Ph Work-
shop OWD’2008, Poland, Gliwice, 2008, pp. 357-362.

9. M.V. Zagirnyak, D.G. Mamchur, A.P. Kalinov,
“Elimination of the Influence of Supply Mains Low-
Quality Parameters on the Results of Induction Motor Di-
agnostics,” in Proc. XIX International Conference on
Electrical Machines - ICEM 2010, Rome. IEEE Catalog
Number: CFP1090B-CDR. ISBN: 978-1-4244-4175-4.
Library of Congress: 2009901651. RF-009474

Received 19.07.2011

Mykhailo Zagirnyak

Rector of Kremenchuk Mykhailo
Ostrogradskii National University
and the Chairman and the Professor
of Electric Machines Department,
Pervomayskaya str. 20,
Kremenchuk, Ukraine, 39600,
e-mail: mzagirn@kdu.edu.ua.

Andrii Kalinov

Department of Electric Drive Control
Systems, Kremenchuk

Mykhailo Ostrogradskii

National University,

e-mail: scenter@kdu.edu.ua.

Dmytro Mamchur

Department of Electric Drive Control
Systems, Kremenchuk Mykhailo
Ostrogradskii National University,
e-mail: scenter@kdu.edu.ua.

426


http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5282654
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5282654
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4681672
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4681672
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5282654

