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" ABSTRACT

This paper presents a novel scheme for the detection and magnitude determination of turn faults.
Artificial neural network {ANN) plays a role as fault defector and fault Jocation estircator. This
- study is based on simulating the faulty motor on phase (abc) frame. Insensitivity of the technique
to load variation, supply voeltage variation and unbalance in supply voltage is illusirated in this
paper. The results from this study suggests that the proposed method provides a powerful and a

general-approach to the ANN based fault detection.
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1, INTRODUCTION

Stator faults are one of the most common electrical
faults in induction motors. Moreover, most of these
faults start as an inter-turn short circuit in one of the
stator coils {1]. During this time, the temperature in
the short circuit exceed the breakdown temperature
of the insulation [2]. The increased heat due to this
short circuit will eventually cause twm to fin or tumn
to ground faults, and finally lead to a breakdown of
the stator [3]. The time, from ap inter-tn short
circuit occurrence to breakdown of the stator, can be
as small as 1 to 2 sec,

Researches [4-9] have been dome and wvarious
schemes have been presented for on-line detection of
turn faults at their earliest stage. Although the
schemes presented, generally have the advantage of
being real-time solutions, noiie of themn deals with the
magnitude of the fault, or in6thet woids, the number
of short turns:’ Also, due to the simplified model
used, or due to the unplementanon difficulties, they
have some limitations, even in thé detection of turn

faults. Some of them are not:valid “under various

possible operating conditions of the machine, such as

- variation in load, supply voltage and teraperature,’

unbalanced supply voltage and inverter supplies.
Some others require experimental data, collected for
each specific motor, under artificial faults and/or
from fault-free motor, which make them impractical.

A novel scheme, for turn fault detection, based upon
neural network is presented. By using this technique,
in addition to fault detection, the exact location of the
fault is also determined.

ANN-based turn fault detection schemes may be
based on supervised learning neural networks [10]
and unsupervised learning neural networks [11]. In
[11], the effective negative sequence impedance is
used as an indicator of a twn fault and the neural
network is trained on inputs from a healthy machine
only; however, this scheme ignores the effects of
unbalanced supply vollages and would not reliably
monitor the condition of machines with significant
inherent asymmetries. Supervised-learning - neural
networks require for training, a desired output vector
for each input vector. The learning algorithm updates
the network weights to minimize the error between
the estimated and desired output. Hence, the network
learns the complex mathematical model of the
system, with non-idealities in the maching and
instrumentation included. On the other hand,
unsupervised learning neural networks cluster data
into different classes, like “healthy machine” or
“machine with turm fault®, based on the smmilarity of
the input vectors; hence, they do not need output or
target vectors for training. The Self-Organizing
Featire Map (SOFM) is a popularly used
unsupervised-learning neural network [12].
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Fig. 1. The current waveform of phase 4 for 5% of
turns in phase A short-circuited.
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Fig. 2. The estimated amplitude of the fimdamental
frequency component of the phase 4 current for 5%
of turns in phase A short-circuited

3. ANN-BASED PROPOSED SCHEME

The proposed scheme is shown in Fig. 3. The foput
carrent and voltage signals are extracted using one
current transformer and one voltage transformer for
each phase: These extracted signals are sampled with
8 sampling rate of 200 sample/cycle. The six
sampling signals are fed to DFT filter. The DFT filter
has been nominated among different digital filter
routines, as the most dependable filter for .relay
implementation [14-15]. This -filter is characterized
with a maximum gain-at the frequency of the
fundamental and zero gain for the dc and inteper
harmonics. But it is failed to remove the non-integer
harmonics [16]. The output of DFT filter are the
voltage and the current phasors for each phase. The
magnitudes of these phasors are used as the input to
‘the neural network.

The basic function of the ANN techmique is fo
identify the hidden correlations between the input
wvector -and the oufput, through training patterns
obtained from several simulated health and fault
cases, which may not be deduced otherwise. In order
to deduce this correlation between inputs and output,
the ANN is trained with typical healthy and faulty
cases prior to the application stage,

internal faults in addition to the healthy conditions.
Fault conditions are applied to cover all the possible
winding faults. This is achieved by varying the
percentage of the splitted windings, based on the
internal fault simulation approach discussed in
section II. Unbalance voltage supply variation is also
studied and included in these cases.

Some 1023 internal fault cases are simulated.
However, healthy cases are imposed by varying the
load torque and supply upbalance to- cover all
possible loading conditions. Some 93 healthy cases
are considered. The total collected cases sum up to
1116 including both healthy and faulty conditions.
These cases are divided to be used for training and
testing modes as given in tables 1 attached in the
Appendix.

The proposed scheme consists of two stages. The
first stage is used to detect the fault occurrence. The
second stage is the fault location determination (i.e.
the percentage of faulty turns). Each of these neural
network stages is trained using different construction
and training strategies to get the most accurate
scheme, The most successful constructions of these
networks are shown in Fig. 4 for fault detection and
in Fig. 5 for fault location. Note that, there is no
meaning to use fault location stage before fauit
detection stage gets high.

The fault detector net has six input neurons

(magnitude of stator phase voltages and magnitude of
stator phase currents), four hidden neurons arranged
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int one hidden layer and one neuron output whose
value determine the fault occurrence.

The fault locator net has the same structure in input
and hidden layers but has twa differences. The first is
the output of fault location is the location of fault as a
percentage of faulty turns. The second difference is
that the fault locator must be enabled from the output
of fault detector.

Va

02 for healthy case

1-3 for faulty case

Fig. 5 The proposed fault location net structure

4. EXPERIMENTAL SETUP

The stator of 4-pole induction motor has been
modified by addition of a number of taps connected
to the stator coils, for each of the three phases,
allowing for the introduction of short turns at several
locations in the stator winding,.

The experimental system scheme is shown in Fig. 6.
AC contactor is used to Introduce or remove shorted
turns. Notice that a shorting resistor should be used,
whose value is chosen appropriately, so as to create
an effect strong enough to be measured, but
simultaneously big enough to limit short-circuit
current and thus protect the motor from complete
failure. The stator three-phase voltage and current

were sampled by high-frequency multi-channel data
acquisition device, type NI - PCI6013, and delivered
to MATLARB 7.1 for thorough processing and
analysis,
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(a) Main Loop scheme
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(b) Inter-turn short circuit loop scheme

Fig. 6 Experimental system Scheme

5. SIMULATION RESULTS

For fault detector net, only 297 cases are included in
the training file. These cases belong to the healthy
conditions and faulty conditions (with 0.01 of turns
short circuited). The remainder of the collected cases
are employed as a testing cases.

The output of the fault detector net is shown in Fig. 7
for fault occurrence with 0.005 of turns short
circuited. It can be seen that the decision of the net
gives correct classification. The effect of the
percentage of faulty turns on the detector is shown in
Fig. 8 This figure illustrates that, the larger the furns
short-circuited, the faster the response of the detector.

Time |sec]
Fig. 7. The output of the fault detector NN for 0.005
of turns short circuit occurred at 0.9 sec
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Fig. 8. The output of the fault detector NN for 0.005,
0.01, 0.03, and 0.1 of turns short circuit occurred at
0.9 sec

A total number of 558 different faulted cases in
various locations of the stator winding were used in
order to traint the ANN-based fault locator. In the
aforementioned cases several percentage of iurns
short circuited (between 0.1% - 10%), load variation
and distinct supply unbalance conditions were
included. Concerning the pre-fault load current, three
cases of pre-fault (No-load; Half-load; and Full-load)
were chosen for the training process.

Fig. 9 and 10 illustrate the results obtained from fault
locator net as the error in estimating percentage of
the faulty turns against the actual percentage of the
faulty turns for different percentage of unbalance in
one and two phases.

These results show that, the errors obtained as
unbalance in one or in two phases are nearly the
same. The maximum error bounded between -0.55%
and +0.55% and occurs at 0.5% and 10% of turns
short circuit, Also it can be noted from these figures
that, the least.emor occurs at nearly 1.5%, 5% and
8%. Beyond these percentages, the error increases to
maximum value of 0.4%,

Percentage of fault turn

Fig. 9. The output of the fault locator NN for
unbalance in one phase
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Fig, 10. The output of the fault locator NN for
unbalance in two phases

6. CONCLUSION

In this work, a proposed fault detection and location
determination method, based on ANN techniques
applied for identification of winding inter-turn shorts
of induction motors has been presented. The location
of fault “percentage of shorted turms” has a
substantial effect on increasing the visibility of fault
signature. The error obtained in fault location
determination is not affected by the unbalance in one
phase or in two phagses but it is affected by the
percentage of unbalanced. The proposed method
need not motor parameters and is not affected by
motor imperfections or supply unbalance. In this
tiethod a steady output from the fanlt detector is
obtained in 20 msec or less, initiated from the instant
of fanlt éecurrence.
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APPENDIX
Table 1: Healthy and Faulty cases
Number of cases
Pffal;;c]:;tt?;gri]zf Load variation Supply balanced Supply unbalanced
: In one phase | In two phases

Full load 1 5 25

Healthy case Haif load 1 5 25

Neo load 1 5 25

Full load 1 5 25

0.5% Half load 1 5 25

No load 1 5 25

Note that:

Cases of 0.5% are repeated for 1%, 2%, 3%, ........ ,» 10% of turns short circuited

Total number of cases = 1116
297 case are used for the training mode of fault detector
558 case are used for the training mode of fault locator
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