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Abstract - Simulation of fault diagnosis of induction motor based
on spectral analysis of stator current signal using Fast Fourier
Transform (FFT) is proposed in this paper. System of current
recognition is based on a study of the frequency spectrum of stator
using FFT current signal. Turn-Turn short in one phase winding,
break in stator winding, unbalance in input voltage, and open
phase fault of induction motor is studied and result obtained with
the help of FFT. The results confirm that the system can be useful
for detecting damage and protect the engines. The failure
identification techniques applied for condition monitoring of the
motor is studied. The modeling of three-phase induction motor in
three phase reference frame using MATLAB 7 version software
and designing an intelligent system for condition monitoring of the
induction motor is proposed. Results are presented.

Keywords-Fast Fourier Transform, induction motor, fault
diagnosis, condition monitoring.

. INTRODUCTION

In all industrial motor application, it is clear that 90% AC
induction motors widely used in industry. The focus has been
on the use of On-line condition monitoring to detect
degradation processes and failure mechanisms. A three-phase
Induction motors may experience several types of fault
conditions which include Over load, Ground fault, Line to Line
fault, Unbalanced supply voltage, Over voltage, Under voltage,
Single phasing and Turn to Turn fault. When one of the three-
phases to the motor is open, single phasing situation occurs.
This result increased positive and negative sequence currents
and hence excessive heating. Unbalance supply voltage results
in negative sequence voltage. It leads to increase in positive and
negative sequence current components. Ground and line faults
are prevalent in motors than other power system devices. These
faults are detected by observing the zero sequence current.
Similarly Turn to Turn short and coil open faults can cause
current unbalance. It is necessary to treat each induction motor
drive as a unique entity and the potential failure modes
fundamental causes, mechanical load characteristics, and
operation conditions have all to be taken into consideration
when a condition monitoring system is being selected. Failure
of insulation between winding and ground can cause large
ground current, which would result in irreversible damage to
the core of the machine. If the fault is detected at an early stage,
the machine can be put back into service by just rewinding the
stator on the other hand, replacing the motor means increased
downtime. Typical protection for stator insulation failure in an
industrial environment includes the use of ground fault relays
and negative sequence or phase current balance relays would
cause nonsense trips with unbalanced line voltages. Ground
fault relays would not be effective for early fault detection.
Sensor less methods for detection of turn-faults are based on

monitoring the line currents and voltages for an electrical
asymmetry caused by turn-turn short circuits in the winding.
For line connected machines, the negative sequence current is
the fundamental fault signature for a winding fault. Turn fault
detection based on the axial leakage component flux and
electrically excited vibrations have also been existing, however,
the sequence components approach provides a better signal to
noise ratio, is easier to measure and does not require any
special instrumentation besides current sensors. The sensitivity
of sequence components based turn-fault detection schemes
depends on the extent to which the effects of non-idealities are
compensated. The negative sequence current is affected by
unbalance in power supply and inherent asymmetries in the
machine and in instrumentation. Motor Current Signature
Analysis can detect the fault before a phase-phase or phase-
earth failure. It is therefore possible with a low voltage stator
winding to have some lead time between shorted turns
developing and actual failure. The good condition of electrical
machines can be obtained by using diagnostics. There are lots
of methods that can be used for diagnostics of electrical
machines. In the literature, popular methods are based on a
study of electrical signals. Study of information contained in
signal of stator current is one of the tasks that must be done to
properly build workstation of current recognition of induction
motor. Information contained in the stator current signal should
contain indications of failure of electrical machine. Devices for
recording signals of the stator current at frequencies from 1 Hz
to 409 Hz have low price and are available. Therefore we will
conduct research in the frequency range from 1 Hz to 409 Hz.
The greatest difficulties arise when the engineer must choose
the method of signal processing and analysis of current.
However, the differences in signal cause that the methods used
are not always effective to recognize. It should be noted that
some of the harmonic frequencies of the signal of current of the
damaged and undamaged motor are different. Solving this

algorithms in order to detect small differences in the current of
induction motor.

Il. STATOR CURRENT RECOGNITION PROCESS OF INDUCTION
MOTOR

The process of current recognition of induction motor contains
pattern creation process and identification process. At the
beginning of pattern creation process current signals are
recorded. After that system divides data. Next signals are
sampled, normalized and filtrated. Afterwards data are
converted through the Hamming window (window size 512).
Next data are converted through the FFT algorithm (Rig.1)
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Fig.1 Pattern creation process and identification process with application of FFT

This paper presents a signal processing method is called
amplitude recovery method that can be used as the signal
pre-processing for fast Fourier transform (FFT) in order to
analyze the spectrum of the other-order harmonics rather
than the fundamental frequency in stator currents and
diagnose subtle faults in induction motors. In this situation,
the amplitude recovery system functions as a filter that can

problem is to find the appropriate choice of signal
processing algorithm creates feature vectors (256 features).
filter out the component of the fundamental frequency from
three phases of stator currents of the induction motor. As it
works as a filter hence called Amplitude Filtering System
(AFS). The filtering result of the AFS can be provided to
FFT to do further spectrum analysis. In this way, the
amplitudes of other-order frequencies can be extracted and
analyzed independently. If the FFT is used without the AFS
pre-processing and the components of other-order
frequencies, compared to the fundamental frequency, are
fainter, the amplitudes of other- order frequencies are not

able easily to extract out from stator currents. The reason is
when the FFT is used direct to analyze the original signal;
all the frequencies in the spectrum analysis of original stator
current signal have the same weight. The ARM is capable of
separating the other-order part in stator currents from the
fundamental-order part. The diagnosis application of AFS
combined with FFT is also displayed in this paper with the
experimented induction motor.

I11. SPECTRUM ANALYSIS ON STATOR CURRENTS OF
INDUCTION MOTORS

Faults of induction motors can be localized on the stator
windings, bearings, rotors or shafts. It can be divided into
two groups:

a. Firstis called E-problems and related to electrical
parts (such as stator windings or rotor
circuits).

b. Second is called M-problems and referred to
mechanical parts (such as bearings or shafts).

Stator currents can provide very rich information on broken

bars or rings, misalignment and eccentricities. = The
amplitude of some rotor faults allows dimensioning the
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failure’s degree. Therefore, the stator current spectrum of
induction motors can reflect the faults. According to the
analyses in, most of the faults in induction motors, except
the stator winding problems are subtle and sensitive to some
specific groups of harmonic frequencies in stator currents
The frequency of current flowing in the unbalanced rotor is
sfs, where fs is the frequency of the supply phase current
and s is the slip. With the effect of the rotor speed
fluctuation, the emf induces two additional currents of the
(1-2s) fs and (1+2s)fs frequency. The stator current at
frequency (1-2s) fs is the sum of the two components at
frequency (1-2s)fs: one is the initial component induced by
the rotor asymmetry; the other is a reaction of the initial
component. The stator current at frequency (1+2s) fs also
consists of two similar components as the stator current at
frequency (1-2s) fs does. The rotating magnetic field
continue store produce the stator current components.
Therefore, the harmonics in the stator current related to the
rotor circuit problems can be with the frequencies that are
proportional to the frequency of the supply phase current
and influenced by the slip as the following:

fre = (1 £ 2ks)f., (1)

Where fs is the frequency of the supply phase
current, k=1,2, y, and s the slip.

Bearing problems in M-problems can be the periodic
impulses in the vibration signal, and caused by the local
defects or wear defects. According to the different fault
locations, the frequencies can be divided into four types.
The first one is the fundamental cage frequency:

ﬂ=‘2—"(1—%c059) )

Where fr is the shaft rotation frequency, d the roller
diameter, D the pitch diameter of the bearing, and 6 the
contact angle between the rollers and the ball bearing rings.
These condone is the ball defect frequency:

d

fbd =§fr(1_ﬂ

i cos? E) (3)

The third one is the inner race defect frequency

fia = — f2) (4)
and the final one is the outer race defect frequency
foa =M f; ©)

Where n, is the number of rollers. The frequencies of these
impulses are determined by the shaft rotational speed, fault
location, and bearing dimensions. These mechanical
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vibrations cause the variant of the flux density in the air gap
and result in the modulation of stator currents. Therefore,
the frequencies of the harmonics related to bearing problems
in stator currents can be calculated by

fbngz |f;imf;:| (6)

Where m=1,2,3, y and fv is one of the frequencies
that are calculated. There are two types of eccentricity, the
static eccentricity and dynamic eccentricity. In the former,
the position of minimum air gap is fixed in the space, which
can be caused by the ovality of the stator or the incorrect
placement of the rotor or stator during the assembly. In the
latter, the position of minimum air gap changes in time and
space, which can be resulted from the deformation of the
rotor axis, bearing wear or misalignment, or the mechanical
resonance at the critical speed. If the slot frequency is set to
the supply frequency, the sideband components around the
slot frequency can be given by

1-=

faotsace = I [(kﬂ tng.) {?) + “od] (7

Where k=1,2,3)y, R is the number of rotor bars, p the
number of pole pairs, ng=1 for the dynamic eccentricity
and 0 for the static eccentricity, and n, the order of
magneto motive force (mmf) of the stator slot harmonic.
Therefore, it can be summarized that most of the faults in
the induction motors, except the stator winding problems,
are subtle and sensitive to some harmonics in the stator
currents. It is possible and necessary to diagnose these
subtle faults to protect the motors from serious latent
damages .As these subtle faults are related to the
frequencies different from the supply frequency that is the
fundamental frequency in three phases of the stator currents
of the induction motor, the components of other order
frequencies need to be separated from the one of the
fundamental frequency. This is the purpose of the AFS.

Signal Processing
The signals to be analyzed are acquired through signal
conditioning circuits and DAQ card. This is shown in Fig.2.

After acquisition the signal is brought to the actual
magnitude by suitable multiplication factor.
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Fig.2 Schematic diagram of the actual setup

The signal processing has been convergent into Spectrum
analysis as detailed below:

Spectrum analysis using FFT

The samples of the signal obtained from the DAQ
card constitute the time domain representation of the signal.
This representation gives the amplitudes of the signal at the
instants of time during which it had been sampled.
However, in the fault diagnosis of induction motor, it is
required to know the frequency content of the current signal
rather than the amplitudes of the individual samples. The
representation of the signal in terms of its individual
frequency components is known as the frequency domain
representation of the signal. The frequency domain
representation could give more insight about the signal and
the system. The algorithm used to transform samples of the
data from the time domain into the frequency domain is
known as the Fast Fourier Transform (FFT). The FFT
establishes the relationship between the samples of a signal
in the time domain and their representation in the frequency
domain. The FFT is widely used in the fields of spectral
analysis. If the signal is sampled at a sampling rate of fs Hz,
then the time interval between the samples is At, where

1
At - ®)

The Fast Fourier Transform is given by

.1

- IOl

X, =25 ke ¥
for k=0,1,2,...N-1 9

Where X(t) is the frequency domain representation.

(10)
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The time domain 'x' and the frequency domain X'
have a total of N samples. If the FFT is complex, it contains
two pieces of information-the amplitude and phase.

AL CEDEY] ay

The objective of performing FFT analysis on the current
signal is to identify current components in the stator
winding that are function of shorted turns. The following
equation gives the components in the air gap flux waveform
that are a function of shorted turns. The components are
clearly a function of motor design, in a four pole, three
phase, squirrel cage induction motor, from equation (11)
there will be a whole series of components,

withk=1n=1 fe=(3)f(1-(3)) and Za1+9

2
Withk=1n=2 fo=[f{2—35) and sf;
withk=1n=3, fu=(5)f(1- (%)) and L1 -39

Withk=1n=4, fu =3f(1-(5)) and f,1-29)

Withk=1n=5, fu = (2)fu(1— (%)) and ZL(1-55)

Withk=1n=6, fu =4f:(1- (%)) and f,2-39)

Withk=1n=7, fu=(3) (1 (3)) and ZL(1-15)

and so on with combinations of k and n values.

IV. SIMULATION AND RESULTS

Normal Operation

The induction motor was simulated during starting from rest
with rated voltage applied and no mechanical load. Fig.3
and 4 shows the Stator current and health of induction
motor, Stator input voltage, speed and torque, symmetrical
components of stator current, symmetrical components of
stator induced voltage, symmetrical components of stator
input voltage are shown.
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(Normal Operation) motor (Normal Operation)

From these results it can be concluded that after the
transient period is over, the health of the motor is good, and
there is no negative sequence component in both stator
induced voltage and stator current.

Turn-Turn short in one phase winding

After the simulation for normal operation of the induction
motor model, simulation for the short circuit in the part of
the winding in R phase has been carried out. At this
condition the value of the stator resistance at short circuit
fault is equal to R stator, fault = 13.1Q, we can find the
value of the inductance at the fault state by using the ratio
between the value of the resistance at both state (normal and
fault). Thus the value of the inductance is

R

Statornormal

R

L

Lratormormeal

L

=ﬂ=

Lrator,foult LFrator,foult

rf' IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 4, June 2014.
1JISL. J} www.ijiset.com

ISSN 2348 - 7968
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131 L

Lrator.foult
Lrator,foult

Replacing the values of the stator resistance and stator self-
inductance in phase R by these values the results can be
obtained. Fig.5 shows the Stator current and health of
induction motor, speed and torque, symmetrical components
of stator current, symmetrical components of stator induced
voltage, are shown. The simulation is started up with normal
state parameters. After obtaining steady state at 0.5 second
the turn fault has been created by changing the above said
parameters. From these results it can be concluded that
during normal operation (before fault), the health of the
motor is Good, and there is no negative sequence
component in both stator induced voltage and stator current.
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Fig.5 Symmetrical component waveforms of stator current
(Turn-Turn short)

As soon as the fault is created the stator current becomes
unbalanced, and the health of the induction motor goes
seriously damaged and finally settles to Damaged state, and
we can notice that there is presence of negative sequence
component in both stator induced voltage and stator current
waveforms during fault conditions.

Break in stator winding

For simulation of the break fault in the stator
winding at R phase, it is not possible to apply a break in the
phase by putting the value of the stator resistance and the
stator inductance to infinity. It is assumed that the value of
the stator resistance is very large and corresponding to this
value we can calculate the value of the inductance by this
equation:

L.‘.‘tfz tormormal

L

R.‘.‘rﬂ tornormal

R

:n:

LFrator.fault Lrator,foult
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Replacing the values of the stator resistance and stator self-
inductance in phase R by these values, the fault state results
can be obtained. Fig.6 and 7.shows the Stator current and
health of induction motor, speed and torque, symmetrical
components of stator current, symmetrical components of
stator induced voltage, are shown. The simulation is started
up with normal state parameters. After obtaining steady
state at 0.5 second the break in winding fault has been
created by changing the above said parameters. From these
results it can be concluded that during normal operation
(before fault), the health of the motor is Good, and there is
no negative sequence component in both stator induced
voltage and stator current.
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= Lgtarorpaue ~ 38233FAs soon as the fault is created the stator current becomes

fully unbalanced, and the health of the induction motor goes
seriously damaged and finally settles to the same state, and
the presence of negative sequence component in both stator
induced voltage and stator current waveforms during fault
conditions can be noticed.

Unbalance in input voltage

The simulation of induction motor with voltage unbalance
can be simulated by simply varying the voltage magnitude
in any one of the phase, no other parameters need to be
changed. As in the previous case, the machine is started up
with normal value, and at 0.5 second, the current takes its
steady state value, now the fault has been created by
changing the voltage of B phase. In this case a 6% of the
rated voltage in C phase was reduced to create unbalance.
Fig.8 and 9 shows the Stator current and health of induction
motor, speed and torque, symmetrical components of stator
current, symmetrical components of stator induced voltage,
and symmetrical components of input voltages are shown.
The simulation is started up with normal state parameters.
After obtaining steady state at 0.5 second the turn fault has
been created by changing the magnitude of B phase voltage.
From these results it can be concluded that during normal
operation (before fault), the health of the motor is Good, and
there is no negative sequence component in both stator
induced voltage and stator current. As soon as the fault is
created the stator current becomes unbalanced, and the
health of the induction motor goes seriously damaged and
finally settles to Damaged state, and we can notice that there
is presence of negative sequence component in both stator
induced voltage and stator current waveforms during fault
conditions.
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Fig.8 Stator current & %-tage health of induction Symmetrical component
waveform of motor (voltage unbalance)
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Open Phase fault

In this case after normal startup, at 0.5 second, R phase was
open circuited and the corresponding results are shown in
fig.10. Shows the condition monitoring of motor.
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Fig. 10 Stator current and Percentage health of induction motor (one phase
open)

V. DISCUSSION

Moreover, the number of channels was 1, the number of
samples was 16384, the period of sampling was 1221ps,
power supply was 220V, nN = 1400 rpm. Pattern creation
process was carried out for eight one-second samples. New
samples were used in the identification process. Twelve
one-second samples were used for each category. The
system should determine the state of induction motor
correctly. Efficiency of current recognition is defined as:
g
AN
Where: S — efficiency of current recognition, N; —
number of correctly identified samples, N — number of all
samples. The best recognition results were obtained using
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the normalization of the amplitude and the filter that passed
frequencies from 4 Hz to 409 Hz. Efficiency of current
recognition of induction motor with faulty ring of squirrel
cage was 100%. Efficiency of current recognition of
induction motor with one faulty bar was 66.66%. Efficiency
of current recognition of induction motor with two faulty
bars was 83.33%. Current recognition system was designed
and implemented for induction motor. Results of current
recognition were good for FFT. Filter that passed
frequencies from 4 Hz to 409 Hz was applied. Efficiency of
current recognition of induction motor was 66.66 - 100%.
Time of performance of identification process of one-
second sample was 1.075 s for Intel Pentium M 730
processor (normalization, filtration: 4-409 Hz, FFT).
Current recognition system can be useful for detecting
damage and protect the engines. In the future, the current
recognition system of induction motor can be applied with
other effective data processing algorithms and soft
computing methods.

V1.CONCLUSIONS

A FFT based measurement and health evaluation
system has been developed and implemented. This
application allows fast failure state estimation. The more
detailed investigation to point out the difficult conditions of
the machine under different stator fault conditions of
induction motor can be performed. This is a highly versatile
technology for condition monitoring and fault analysis of
motors. It solves the shutdown Problems and ensures safe
working environment in continuous process industry. It is
necessary for three-phase electrical machines to have their
specific filter and diagnosis methods. The in-situ diagnostic
systems are usually small-sized and fast-response because
they are usually expected as part of the electrical machine
systems in order to protect their objects. A promising
project is diagnostic system on electrical machines with
assistance of FFT in order to realize small size, fast
response and portability of the whole diagnostic system in
the future.
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