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A diagnostic of induction motors supplied using frequency
converter basing on current and power signal analysis

Abstract. The paper describes a way for providing induction motor diagnostic in case of motor fed using frequency converter, when additional
distortions caused by pulse-width modulation could affect the diagnostic result. It is proposed to use preliminary clarification of current and voltage
signals, aimed to exclude from consideration harmonics caused by pulse-width modulation, with further re-computation of power spectra using

discrete convolution algorithm.

Streszczenie. Artykut opisuje metode diagnostyki silnika indukcyjnego zasilanego przetwornikiem czestotliwosci w przypadku wystepowania
zaktécen spowodowanych modulacjg szerokosci impulsu. Zaproponowano wstepne oczyszczanie sygnatow prgdowych i napieciowych majgce na
celu wytgczenie z rozwazan harmonicznych generowanych modulacjg szerokoscig impulsu. Prowadzi to do ponownego obliczania spektrum mocy z
wykorzystaniem dyskretnych algorytméw konwolucyjnych. (Diagnostyka silnikéw indukcyjnych zasilanych z przetwornikéw czestotliwosci

opartych na analizie sygnatéw pradu | mocy)
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Introduction

Nowadays reliable operation of induction motors (IM),
as one of the biggest energy consumers that are used
almost at all fields of industry, is very important task. To
ensure their safety and reliability, it is essential to provide
diagnostics of IM technical conditions. Traditional
diagnostic techniques determine suspension of production,
and partly disassembling of IM along with harmful testing
operations. Thus, alternative diagnostic techniques
become popular last years. These techniques allows one to
provide diagnostic under operational conditions, they are
not harmful for equipment, have well-grounded theoretical
basis and provide reliable results. The most attractive
among them are techniques based on electrical signals
analysis, namely, motor current spectra analysis (MCSA)
[1-5] and instantaneous power spectra analysis (IPSA) [6—
9]. In previous works authors provided theoretical basis of
IPSA [8, 9] and presented results of successful
implementation of these methods in industrial applications
[8]. The crack tip opening displacement test has been
become a common method of measuring the real
mechanical properties of used base materials [12].1t should
be mentioned, that all previous results were derived for IM
fed by polyharmonic supply sources. However, modern
electric drive systems often fed by frequency-controlled
drives, with voltage signal formed by pulse-width
modulated (PWM) source. Thus, influence of PWM voltage
source on spectra composition of current and
instantaneous power signals in tasks of MCSA and IPSA is
not fully investigated, and this research is aim of current
paper.
Problem statement

The development of approach for diagnostic IM

supplied by FC basing on electrical signals spectra
analysis.

Fundamentals of induction motors diagnostic methods
based on electric signals analysis

In case of healthy symmetrical motor with symmetrical
power supply, phase currents i(t)and voltages u(t) could

be represented as purely harmonic signals:
) u(t) = ~2U; cos(wt),
) i(t) =21, cos(wt - ¢).
Thus, in case of healthy motor fed by “ideal” supply and

running with constant velocity, instantaneous power could
be described by following expression:

(3) plt) = u(e)i(e).
p(t)=u(t)i(t) = 2U,/; cos(wt)cos(wt — @)=
(4) = U4/, cos(e)+ Uyl; cos(p)cos(2wt) +
+ Ul sin(g)sin(2ot),

where Uy, I; are RMS values of phase voltage and current,
respectively; o = 2nfyis the angular frequency, where f; is

the supply frequency; ¢ is the motor load angle.

In case of IM faults or supply mains low-quality currents
and voltages becomes polyharmonical. MCSA and IPSA
are based on correspondence of certain fault types with
certain harmonics in current or instantaneous power
spectra. The frequencies of most typical damage types
could be detected basing on the expressions, which were
well-described and grounded in previous works [8, 9].

In case of frequency-controlled drives voltage signal will
contain a number of non-informative harmonics, caused by
PWM, which will influence on current and power signals,
and lead to complication of harmonic analysis. These
harmonics may cause multiplication of noise harmonics in
resulting power spectra signal, or elimination from
consideration of fault-related harmonics. Both cases lead to
wrong diagnostic result using IPSA method.

In order to eliminate noisy harmonics from
consideration, it is suitable to represent current and voltage

signals as sum of Fourier series with cosine (U?, /?) and

sine (Ub, P ) components [10]:
N

(5) u(t) = Z(Uﬁcosnth,?sinncot),
n=0
Ny

(6) i(t)="3 (12 cos mot + 12 sinmot) .
m=0

In this case power signal is represented as product of
sums of voltage and current Fourier series:
Ny
p(t)=i(t)-u(t)="3 (12 cos mot + 1% sinmot) x
m=0
N
7) x 3 (U2 cos not + UL sinnot ) =
n=0
N1+N2
= Y (Pgcoskot +P sinkot).
k=0
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Such representation allows us estimate contribution of
certain current and voltage harmonics into certain power
harmonic. However, it is quite hard to use such
representation for analyzing signals which contains big
number of harmonics.

Implementation of discrete convolution algorithm [10]
for multiplication of current and voltage Fourier series gives
following equation for computation amplitude of each k -th

cosine (Pka) and sine (Pkb) power harmonic components
basing on known current and voltage harmonics:

=
DI Ui+ 207Ul -
iz iz
1 | k-i20 k—i<0
(8) A o N1 N-1
b b b b
= 2P U= Y- Uilk
k=0 k=0
E k—i<0 |
[ N-1 N-1
b a b a
Z I,‘ 'kal' + Z I,' 'U,',k +
-0 i-0
p 1 |k-i20 k—i<0
) Pe =+
3 = S T I
+ 207U = 21U
k=0 k=0
| k-i>0 k—i<0 |

Basing on equations (8) and (9) it is possible to detect
contribution of each current and voltage harmonic with
certain frequency in certain power harmonic component.
Thus, it makes possible to analyse separately influence of
noisy and/or fault-related current and voltage harmonics on
the amplitude of certain power harmonic.

a pb
Computation of Pk‘* Pk‘*

a a _
Pk‘* = Pk‘* + S,

b b !
Pk‘* = Pk‘* +Sp

End

Fig. 1 An algorithm for computation power harmonics basing on
discrete convolution of current and voltage harmonic series

An approach for diagnostic IM fed by FC basing on
electrical signals analysis

To clarify current and power spectra from noisy
harmonics it was proposed to eliminate non-informative
harmonics, which certainly do not influence on final
diagnostic result. Fulfilled analysis showed, that current
harmonics with amplitudes less than 10% of main current
harmonic amplitude, and voltage harmonics with amplitude
values less than 5% of main voltage harmonic component
amplitude could be excluded from consideration.

In this case we'll get clarified voltage and current
spectra contained only main supply and valuable fault-
related harmonics used for further analysis.

The idea of this method consists in preliminary

exclusion of non-informative harmonics from current and
voltage spectra with further computation instantaneous
power signal values in time-domain using discrete
convolution algorithm (8, 9). In result, it is possible to
recalculate instantaneous values of power signal which is
clarified from noisy harmonics caused by PWM.
Equations (8, 9) could be easily coded using any
programming language and then implemented for
automatic computations for IM diagnostic system based on
electrical signals analysis. Thus, in order to automate
computations for diagnostic system, it was developed
related computation algorithm (fig. 1), which was
implemented in developed software (fig. 2).

Experimental investigations

Basing on developed solutions and using previously
developed diagnostic equipment [9] it was carried out
experimental investigations of proposed approach on the
basis of Ferrexpo mining company. It was investigated four
mechanisms equipped with IM fed by FC: two flat-belt
conveyors, circular refrigerant and movable lathing.

Analyzing derived power spectra on the example of IM
of movable lathing mechanism it could be mentioned, that
initial signal is too noisy, and fault-related harmonics are
barely detectable in current signal (fig. 3, a) and almost
equal to amplitudes of noisy harmonics in power spectra
(fig. 4, a). After clarification, all informative harmonics,
related to fault signatures and supply frequency harmonics,
are clearly detectable, while all non-informative harmonics
were eliminated from consideration (fig. 3b, 4b).

Thus, experimental verification of proposed solutions
confirmed possibility of using electrical signals analysis for
detection IM faults basing on their spectrum analysis with
preliminary elimination of noise harmonics using power
harmonics analysis basing on discrete convolution
algorithm. This method, along with method for elimination of
supply mains low-quality parameters on the results of
induction motor diagnostics [11], will help to increase the
reliability of IM operation, and, as sequence, could be used
to forecast their lifetime.

Conclusions

It was developed an approach for analyzing current and
instantaneous power spectra for purposes of MCSA and
IPSA in case of IM fed by frequency converter. In order to
eliminate influence of noise harmonics caused by PWM on
diagnostic result, it was proposed to use discrete
convolution algorithm for recalculation power harmonic
components. For task of implementation of proposed
solutions in automated diagnostic system it was developed
related computational algorithm which was adopted as a
base for creation related software.

Proposed approach and developed software were used
for evaluation technical condition of IM at Ferrexpo mining
company, and showed reliable results, which confirmed
theoretical conclusions.
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Fig. 2 Software interface for computation power harmonics basing on discrete convolution of current and voltage harmonics
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