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THE SOFTWARE FOR INDUCTION MOTORS DIAGNOSTIC SYSTEM
BASED ON ELECTRICAL SIGNALS ANALYSIS

Introduction. Nowadays induction motors (IM) are most widely disensumers of electric energy. According to
last researches, they consume over 80 % of thieatmt@unt of electric power. Induction motors widelsed because of
their reliability and relatively low cost. Creatiarfi speed-controlled electric drive systems resliteincreased usage
of IM because of the simplicity of their implicationto such systems. However, different damagefddoel caused to
IM parts under operating conditions. They couldlléauntimely motor failing. Every year as a regilfailures about
20-25 % of induction motors fails. Thus, there nisimportant task of creation reliable IM diagnostistem. In many
manufactures sudden failure of the motor could kashutdown of the technological processes. Oiperatf electric
motors under unsatisfactory technical conditiomultesboth in direct financial losses and in consatiée (about 5-7 %)
indirect expenses of the electric energy. On this@her reasons there is a necessity of IM diagsognder operating
conditions. The most convenient and reliable IMgdiastic methods are based on the electric sigradysia [1-4]. In
order to utilize such methods for practical usdlyere is task of development the software for siyiply and automa-
tion diagnostic operation.

Purpose of the work.The software development for IM diagnostic systems

Material and results of research.The idea of IM fault detection methods based oneleetric signals analysis
consists in correspondence of IM defects to cerairmonics in electric signal spectra. Each dantgge causes
modulation of motor electric signals with uniqueduencies. The most popular diagnostic method dbaiseslectrical
signals analysis, is Motor Current Signature AnialyMCSA). The idea of this method is supervisidrtisanging the
motor current waveform [2, 4]. Fast Fourier TramsfdFFT) of motor current gives a current spectfonfault detec-
tion procedure. Thus, presence in a motor curneettsum specific harmonics and their sidebands shmwsence of
electrical or mechanical damages. In papers [2hd]equations for determining fault frequenciesumrent signal
caused by rotor bar breaks, rotor eccentricittpstaindings short-turns and bearings damageseseribed. All these
equations are presented in tab.1, colu@uarfent frequencies caused by danfaddl these frequencies lead to current
modulations. In tab. 1, columrCurrent modulations, caused by damageere are equations for calculation the cur-
rent modulations caused by each considered dargpgelt should be mentioned, that IM diagnosticdolasn current
analysis depends on supply voltage quality, arebime cases could lead to wrong results [1, 2].

Lacks of the previous methods can be avoided ubimgliagnostics on the basis of the InstantaneougPSpectra
Analysis (IPSA) using methods, proposed in [2 |d$tantaneous power spectra analysis allows bd#ctden of fault
presence and estimation of damage level by anatygisoper harmonic value. Thus, it allows one t@kmestimation
of the energy of fault and the correlation of thrergy to additional damage of IM parts under &rfice of additional
vibrations caused by proper harmonic. Moreover,iseantaneous power spectra analysis allows ainglyaf IM op-
eration modes under significant nonlinearity wheeis iincorrect to use superposition principle farrent harmonics.
Also, instantaneous power analysis is more reljable less dependent on noise, and gives additibarmonic com-
ponents for analysis [1, 2]. In papers [2, 4] thpressions for calculation of instantaneous powenator, operating
with damage, were described. These expressionmesented in tab. 1, columin$tantaneous power of motor operat-
ing with damagé

Basing on the expressions for the correspondendautif type and electrical signal harmonic compdri@rown
from the MSCA analysis method and the IPSA metliogl software for IM fault detection system was deped. The
user interface is shown in Fig. 1, 2. This softwallews one direct measuring of electrical sigraltéle working as a
part of physical diagnostic equipment, or uploadingliminary measured data for analysis (Fig.1siBg on the given
signals, the program calculates FFT transformagioth shows the signal spectra for each phase afléugric signal
(Fig. 1) and all three phase instantaneous poweats (Fig. 2). According to developed algorithrRig( 3), the pro-
gram gives a diagnostic result based both on th&Meénd IPSA methods (Fig. 2).

In order to verify developed software, a serieexferiment were done using previously developedrtisatic
equipment [2, 3] and previously measured data ofadged motors with preliminary known damage typesoApari-
son of diagnostic results obtained using develgmétivare, which implemented both MCSA and IPSA rodth leads
to the following conclusions. Both methods couldulsed for detection of the most common motor damagewever,
current spectra analysis in some cases could eeagddng diagnosis because of small amplitude vatfidsarmonics
related to damage. Power spectra analysis allowsliamg such mistakes, and it could be considereth@® suitable
and reliable method for IM fault detection. Deveddpsoftware allows obtain diagnostic results caled basing on
both MCSA and IPSA methods and get most relialdgrbstic result.
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Table 1 Correspondence of IM faults to current imstantaneous power harmonics and modulation frezjas

Current frequencies caused by damage

type

oo = fs[l+ 2,
wherefg is the supply fundamental frequency,

s is the motor slip.

Broken rotor bars

feccen_fun: fstkf,,
where f, -1 , wheres is the motor slip,
p

p is the number of pole pairs;

1-s
feccen_prin= {(kR Ny {TJ + n}fs ,

where R is the number of rotor slotk is the positive inte-
ger number;ng is an integer due to dynamic eccentricity;

is the time harmonics present in the motor supply.
fo = fs{%(l—s)i k} ,

wherefg is the supply main frequency; is a positive inte-
ger number (1, 2, 3...)x canbe equalto 1, 3,5 0r 7.
fbrg = |,fs imfi,o]v
wherem=1,2,3.., andf; , is one of the characteristic vi-

bration frequencies, which are based upon the rgalit
mensions:

fio= %f\{li%cosﬁ} ,
where n is the number of bearing balls;
f, is the mechanical rotor velocity in hertz;
bd is the ball diameterpd is the bearing pitch diameter;
B is the contact angle of the balls on the races.

Air gap eccentricity

tirne

Bearing damage

Current mazhdacaused by damage

ipb (1) = i(D[1+ 1, coserfyut)| =
=i(t) 22, . Cos@T(fs ~fpp)t =) +} :
2 77| +cosen(fs +fpp)t-9)
where |, is the modulation index;

fpp IS the modulating frequency.
I gy COS@T(fg —kf )t -

i a2, & a0
'ecc(t)_l(t)+7ll|§ + | gg) COS@T(f +kf )t - ’
—O(ezk—¢)

phase angle for frequencieg—kf, ;

leg» O egy are the current amplitudes and the initial phase

angle for frequencief; + kf .

im® =i(@OL+ 1, coserigt—0)] =
=i(t) ++2/21 1l [cosert st - )]

where fg is the modulating frequency.

Iy COSRT(fg —Kfprg)t =

- N \/E K —C(blk_q))+
'brg(t)-'(t)JrTIlkzz + 12y COS@T(fs +Kfprg)t = |
—Gb2k_¢)

phase angle for frequencits— kf g ,
b2k A2 are the current amplitudes and the initial phase
angle for frequenciefs + kf g -

Instantaneous power of mpé&rating with damage

Pob(t) = ipp (Yu(t) =
=P, +U;l; cosfh) cosQuwt) +
+ U4l sin(®) sin(2wt) +

|

|11 mUy cog2mif ~fpp)t - 0] +
+14l Uy COg27(F +f 1)t = 0]

)cos@wt).

Pecc(t) =iecc(tu(t) =

= PRy +U4l; cos) cosRuwit) +U 411 sin() sin(2wt) +
21(fg —kf )t -
K I'gy CO +

where lgy , O ¢ arethe current amplitudes and their ﬁul cos@ut) Y

— 21(f +kf )t -
k= +|e2kco{7—(s r) }

—Og — 0

O —0

Pm (D) =im (Qu(t) =
=Py + U4l cosfp) cosut) +
+ U4l sin(®) sin(2wt) +
+1/(21 4l ;U cog2rt ot - d] coset)).

pbrg(t) = ibrg (t)u(t) =

K
where Iy, Oy, ae the current amplitudes and the ir +1U COSQaI)Z
1™~

k=1

=R, +U,l, cos@) cosRat) +U, |, sin(@)sin(2a

1, cos@r( f, —kf, )t -
~ Oy —9)
+ 1y, cos@r( f +kfy )t
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Diagnostic result: | I diagnostic results

Damage type detection
using MCSA and IPSA
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Fig. 2 “Spectra analysis for total 3-phase instaatas power signal’ Fig. 3 The program algorithm for de-
and “Diagnostic results” windows veloped software

Conclusions. Software for induction motor diagnostic system,iclvthimplements MCSA and IPSA methods, was
created. This software allows both direct measuswgerimental data from real diagnostic equipmentg analyze
previously stored data. Experimental results shoseédbility of proposed diagnostic system resufisture work will be
related to implementation forecasting algorithnte developed software in order to predict posgiif motor failure.
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