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Detection of the Stator Winding Inter-Turn
Faults in Induction and Synchronous Machines
through the Correlation Between Harmonics of

the Voltage of Two Magnetic Flux Sensors

Miftah Irhoumah, Remus Pusca, Eric Lefevre, Daviertiler, Raphael Romary

Abstract—This paper presents a statistical methodology for
detection of inter-turn short circuit fault in asynchronous and
synchronous machines. This methodology uses a cdaton
coefficient obtained from external magnetic field neasured in the
machine vicinity. It is a noninvasive method whickHollows up the
signals of two external flux sensors located symnrétally around
the machine axis (180° spatially shifted). The priciple is based
on the calculation of the Pearson correlation coeffient between
two signals delivered by two sensors S1 and S2 whire machine
operates at different load conditions, which allowsus to detect
incipient faults in electrical induction and synchionous machines
with a high probability of detection. Experimental tests are
realized using two specific rewound machines to ca¢e inter-turn
short circuit faults with different severity levels.

Keywords—Correlation Coefficient, Electricals Machines, I nter-
Turn Fault, Fault Diagnosis, Magnetic Flux Sensors

INTRODUCTION

lightning, opening or closing of circuit breakensdaalso by
variable frequency drives. Thermal and environmesttasses
are another factor created by the overloading oa thostile
environment [9]. It is very useful to detect thdaalts at an
early stage for safety operations of these machibesause
the failures can lead to more energy consumptiod an
unexpected stop of the system.

The history of fault detection and diagnosis afcéiical
motors goes back to almost the date of their inganbut,
over the last few years, there has been an incrieaskee
application of many methods of diagnosis. Conterapor
researchers have also been involved in rigorousarebes to
come up with more efficient and sensitive intemtuvinding
faults detection schemes [10]-[12]. Recently, salvarethods
used for the diagnosis of electrical machines, dhasecurrent
signature analysis and vibration [13]-[15] have rbee
developed. Although their effectiveness has been
demonstrated, the generalization of these methadshé
industrial environment remains limited becausertleist is

|
IN numerous previous works, it is shown that eleatric relatively important. A number of time frequency nain

machines incur a wide range of mechanical problemnsmon
to most machinery, like unbalance, bearing fauktspnance
[1]-[5]. But electrical machines also incur theiwm specific
set of problems, which are the result of mechanitedrmal,
or electrical stress. In this case, monitoring desirelying the
information provided by the magnetic fluxes prodiity any
incipient magnetic or electric unbalance may becieffitly

used in addition to, or as alternatives to the lyidesed
current monitoring. Based on numerous evaluatiat, tdne
stator current and external leakage flux were seteas the
most practical signals containing the needed inédion for
detection of the inter-turn short circuit faults]-[8]. In

practice, there are many factors which can causeestator
winding faults as the supply voltage transient getesl by
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techniques have been also proposed, which incl8fest
Time Fourier Transform [16], Artificial Neural Nebtwks [17],
[18] and Improved Atrtificial Ant Clustering Technig [19].
Another technique used for induction motor faultedéon
exploits Artificial Intelligence tools, such as g Systems,
Fuzzy Logic [20]. These techniques can detect gait
electrical machines, but their implementation reegii
complex data acquisition equipment, sometime aattili
measurements and takes a relatively long time [21].

In industrial applications, it is interesting toeufslly non-
invasive measurement methods to detect faults ectrétal
machines without stopping or modifying the opemasystems
as the method presented in [22], where the diagriedhased
on the analysis of sensitive harmonics when thectinga
power varies. The advantage of this method isithates only
the external magnetic field analysis, it is fullpninvasive,
and it can be implemented for asynchronous (AM) and
synchronous machines (SM).

The principle exposed in [22] considering a 11kW A
extended in this paper by introducing the calcatatand the
analysis of the Pearson correlation coefficientwieen two
signals delivered by two coil sensors S1 and S8 ait.OkW



SM. These sensors are located symmetrically relgtito the
axis of the machine [23] and a specific harmonic tloé
electromotive forces induced in the coils is used fault
indicator to calculate the Pearson correlation facieht. The
interest of this extended study is double, firstlallows the
validation of the principle for a SM in order torgealize it
and the second is that the considered machine sllesvto
realize the incipient faults (1, 3 or 5 short-cited turns) in
order to test the reliability of the proposed metho
Compared to works [7], [24] which exploit the difface of
variation and ratio of the amplitude of two coilnsers by
fusion process of flux sensors signals using bdliettions
theory, this paper proposes the use of the Peaxswalation
coefficient to summarize both information.
This paper is organized as follows: section Il prés the
methodology of the diagnosis procedure and theciplim of
the Pearson correlation coefficient and sectiopiéisents the
experimental results demonstrating the validity tife
proposed method.

. TECHNIQUEOFTHE CORRELATIONCOEFFICIENT
FORFAULT DIAGNOSIS

The principle of the method is schematized in FigwWo

spectrum, which is known to be sensitive to a falltthe
following, the magnitude of this spectral line the positions
S1 andS2 will be denoted respectiveyS1 andAS2.
For a stator inter-turn short circuit fault, thesensitive
harmonics can be determined from an analytical inofithe
faulty machine that considers the slotting effe}. [This
model can be applied independently to asynchronous
asynchronous machines, by adapting the numbertof amd
stator slots. It is shown that the correspondinggdiency
depends on the number of rotor sldt tthe machine speed n
[rom] and the p pairs of pols. For a 50Hz suppbgtrency,
this sensitive frequency is given by:

f=NDP Q)

60

Equation (1) leads to define two frequencies. Ththod can
be applied for both frequencies, but one is enotlghhighest
magnitude for example. The principle of the methidetailed
in [24], is not to exploitAS1 and AS2 as single data, but to
analyze the variation of these magnitudes whemotdw of the
machine changes. It is shown in [24], that featca@ be
extracted from these variations and therefore ardistic
procedure can be defined. In this work, the progose
procedure uses the calculation of Pearson cowelati

+50

sensorsS1 andS2 are placed at 180° from each other around gpefficientr between those specific harmonics in healthy and

machine. Those sensors measure the external madje&tiin
the vicinity of the machine which may present intdrfaults.

SENSOR 1

Fig. 1. Position 1 of sensors S1 and S2 place8@ft &round the
electrical machine.

The method exploits the magnetic dissymmetry indune
an internal stator winding inter-turn fault. In kbg case, the
distribution of the field lines stays practicallynsmetrical
around the machine. So, the signals measured bgethgors

faulty conditions of the machine.

The population Pearson correlation coefficigmty between
two random variableX andY is defined as:

_cov(X,Y)
o JX JY

@

where cov means covariance ak and Y and ox and oy
correspond respectively to the standard deviatidné andY

In case of a series of measurements of andY written as
{x |1<i<n} and {y |1<is<n}, then the Pearson
correlation coefficient, noted is written as:

Zin:l(xi = x)(y; - 9)

. ®
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where x and y are the sample meansXandY

The correlation coefficient always belongs to the interval
[-1, 1] [26], [27]. The values of can vary depending on the

S1andS2 are almost identically. In faulty case when a tfaultype of data, which are examined.

appears, the distribution of the magnetic field uab the
machine changes and its symmetry is lost as coesegquof
the new stator current distribution.

Due to the dissymmetry, the sens8isandS2 placed at 180°
from each other will provide signals with differemagnitude.

Let considerAsl andAs2 the amplitudes of these variables
in both positions, which are used as inputs to uate the
Pearson coefficient. Different values o&sl and As2
corresponding to various load conditions are carsidl.
Considering a load increase, the method can beibedcas

This phenomenon can be measured for machines wi6 4 follows:

8... poles, (only the 2 pole machine requires furthealysis
because the faulty machine remains symmetricalprdier to
increase the sensitivity of the method, the anslysil not
focus on the full signal but on a specific spectia¢ of the

« If the values of are close to 1, there is a strong positive and
linear correlation betweesl and As2, this means that

variables vary similarly as shown in Fig. 2. Thislicates no

fault in the stator windings of the machine.



fault in electrical machines. Nonetheless, thespragches
differ in the way to interpret these measureshmnpapers [7]

o zg and [24], the same information, calldidference of variation,
- is computed with these measurements. In [7], initiaohdof
% 60 this information, the absolute value of the diffese
s measurements is used to improve the detection. Henvén
< 40 order to use this last information, it is necesdaryefine a
2 30 threshold which may differ from one machine to &eot
ER Another approach without threshold, calledtio of the
2 10 amplitude, is proposed in [24]. This ratio has a natural
2 tendency to overestimate the presence of defecte T
NOL L1 L2 L3 14 LS approach being proposed here, based on Pearsagiation
Loads (W) coefficient, is used to summarize both informatdbfierence

Fio. 2. Relationshio bet anals andAs, for health dition of th variation and the difference measurements for [7] (or
1g. 2. Relationsnip between sign an or healthy conaition o e H s : H
machine and load variation wheis close to 1. dl_ﬁerence variation and ratio (.)f. .the amplitude for [24])
without the weaknesses of the initial methods.

 |f the value of is close to O, there is no linear correlation or Moreover, in the papers [7] and [24], different ifioss of

a weak linear correlation betwedrsl and As2. This means both sensors have been used to help the detedtidefaults
that the variables do not change similarly, anthdicates a Wh'(_:h cgnnot be Qetected in-one posmorj. Here aoig
fault in the stator windings of the machine as shawFig.3. position is used. This aspect could be study iartutvorks.

lll. EXPERIMENTALRESULTS
A. Description of the Experimental Test Bench

—e—S5] =82

—_
=
(=1

5120 This section presents experimental results obtaoretivo
g 100 electrical machines which parameters are preséntédble I.
— 80
a TABLE |
. 60 THE CHARACTERISTICSOFTESTEDMACHINES
o
2 4 AM SM
:%" 20 Machine type asynchronous synchronous
Power (KW 11 1C
0 Frequency (Hz) 50 50
NOL L1 L2 L3 L4 LS Poles 4 4
Loads (W) Stator slot 48 54
. . . . " Rotor slots 32 32
T e s g " Blancedtne wotage (060 z20400
' Synchronous speed (rp 150( 140(
« If the value ofr is close to -1, there is a strong negative ?j‘ted speed (rpm) 0 ;§50 o 71400
linear correlation betweeAsl and As2. This means that the 2 - -

variables vary in the opposite direction as shawhig.4. This

also indicates a fault in the stator windings. The asynchronous machine shown in Fig.5, with 3@rro

slots (N=32) leads to sensitive spectral lines at 750Hz and
850 Hz.

—e—S] —=—82
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Fig. 4. Relationship between signals As1 and As2dolty condition of the
machine and load variation when r is close to -1.

Fig. 5. Test bench for the 11kW AM.

As with papers [7] and [24], this paper proposesise the The line at 850Hz is chosen for the analysis bexaus
values of two flux sensors to detect stator windimtgr-turn



experimental tests highlight a higher magnitudehef line at

rheostat is used to limit the value of short-citcaurrent

850Hz compared to the one at 750Hz. Actually, botturing the tests.

harmonics have rather low magnitude, and for
robustness of the method it is preferable to thlkeeane with
higher
frequency actually depends on the slip, but it vad still
denoted as “the line at 850Hz".

The synchronous machine illustrated in Fig.6 isacihime
with smooth rotor similar to the rotor of a turbengrator
(contrarily to a salient pole machine). The roterrégularly
slotted similarly to the stator, with a DC curremiich flow
through the winding. It has also 32 rotor slotS=®2) but
some slots are not filled by the winding. Equatid) also
leads to sensitive spectral lines at 750Hz and &5@idt for
the synchronous machine, the 750Hz spectral liseahtggher
magnitude than the 850Hz one, contrarily to thenelssonous
machine. Therefore, the 750Hz line will be chosen the
analysis.

In a practical case, without any prior informati@bout
harmonic magnitudes, it can be advised to extrauth b
harmonics from the signal, with an FFT. Then the waiith the
highest magnitude should be considered for theyaisalvith
the Pearson coefficient. If the frequencies arberasimilar,
both can be considered and we recommend takingethat
with the lowest correlation coefficient.

Test bench for the 10 kW SM.

Fig. 6.

These two machines allow us to simulate a damagéd c

(short-circuit coils) and to test the proposed rodthFor this
purpose, a number of experiments are carried orthé
considered machines. Each one is assembled anghddsio
study the behavior of the motor in faulty conditi@o, for the
tests, the stator winding of the machine has beediffad to
offer the possibility to make different levels dfost circuits
between turns as can be seen in electrical windfgeme
presented in Fig. 7. This configuration allows wsshort-
circuit any elementary coil (turns placed in onet)sin the
stator windings that corresponds to 12.5% of a phihse. A

magnitude. For the asynchronous machines thi

better

T~

: @@f@@f@@ﬁ@f@@fﬁ@@gl“’
P12 P(9-10) P(17-18) P(25-26) P(33-34) P(41-42)
Fig. 7.  Electrical winding scheme of asynchronoashine.

The measurements of the amplitud&dsl and As2 are
achieved using 6 loads for AM and 6 loads for SM.shown
in Fig.5 and Fig. 6 the two flux sens@®$% andS2 are placed
in opposition (at 180°), against the machine in ithiddle to
reduce the influence of end winding effects. Eashser is a
circular coil composed of 380 turns, which measutfes
external magnetic field around the machine andgyae emf
proportional to it. The amplitude of this signal \{inis
strongly depends on the machine frame attenuatiensors
position and number of turns, so the acquisitionicke must
be able to measure with accuracy this type of sighhae
signal spectrum is obtained considering the samplin
frequency fixed at.£10Khz, acquisition time ;£10s and a
frequency resolutiomdf= +0.1Hz. As for AM and SM the
interest harmonics are inferior at 1KHz, the sigealecorded
by means of a numerical low pass filter with a texi
frequency of 1500Hz. It has been proved that a leregternal
flux sensor is more efficient than the classicatat current
signature analysis to detect inter turn short-dirau three-
phase induction machine [23], [28].

B. Calculation Example

For AM, the amplitude variation of the harmonic880 Hz
is analyzed considering a load increase. The $fgrdnt load
levels, corresponding to different output powersdmoin the
tests are: LO=0W, L1= 128w, L2=513W, L3=1260W,
L4=2500W and L5= 4000W.

TABLE Il
MEASUREMENTOBTAINED FROMSENSORS1AND S2AROUND
THEHEALTHY AND FAULTY AM

HEALTHY FAULTY
MACHINE MACHINE
LOADS S1(uV) S2(uV) S1(uv) S2(uV)
w)
LO 13.58 13.98 55 67
L1 13.94 14.13 10 26
L2 18.9 18.53 18 34
L3 32.02 30.41 21 10
L4 45.33 42.73 14 61
L5 77.20 72.8¢ 4 11¢

To calculate the correlation coefficientvith two variables
Asl andAs2, let us considex the variableAsl of sensoiSl, y
the variableAs2 of sensotS2 andni the number of loads. The



measurements obtained by the sensors are summadrizeccases used for evaluation. In this case, the oelstip

Table Il where the values obtained for a load iaseg in
healthy and faulty conditions for AM are reported.

From (3) and measurement presented in Table tiorites
results shown in Fig. 8.

r=0.9999 r=-0.1060

52
S2

s1 S1
Faulty machine (AM)

Different values of the correlation coeffictr for healthy and
faulty asynchronous machine.

Healthy machine (AM)
Fig. 8.

It can be seen that in healthy AM, there is a girpositive
correlation coefficientr(= 0.9999) betweeAsl andAs2. This
means that the variables vary in the same direeti@hthere is
a linear correlation betweexsl andAs2. In faulty conditions,
it is calculated a very weak negative correlatioefticient
=-0.1060) betweeAsl andAs2. It is obtained with 10A short-
circuit current in the circuit position at P (33}3nd its low
value indicates a fault in the stator windingstaf tnachine.

C. Analysis Results for AM

A series of measurements is realized for diffepditions
of short circuit obtained in following cases:

- Without short-circuit.

- One fault on Phase A (short-circuits on coil 1-2)

- One fault on Phase B (short-circuits on coil 9-10

- One fault on Phase C (short-circuits on coil 8j-1

- One fault on Phase A (short-circuits on coil -2

- One fault on Phase B (short-circuits on coil 33-3

- One fault on Phase C (short-circuits on coil 8-4

For each case, measurements are performed witke thre

values of the short circuit curren=5A, le=10A, l.c=15A.

Table Ill gives the value of the correlation coetint r
calculated with 6 load levels for different faulbgitions and
different short circuit current values. So, 24 agaments are
analyzed: 6 healthy cases and 18 faulty cases.

TABLE Il
CORRELATIONCOEFFICIENTVALUES OBTAINED FORSENSORS
S1AND S2PLACEDIN OPPOSITION180°AROUND OFAM.

SHORT- NOT FAULT lcc =5A lec =10A lec=15A
CIRCUIT
P (1-2) 0.9999 0.9089 0.8562 0.6814
P (9-10) 0.9999 0.8686 -0.4097 0.1971
P (17-18) 0.9999 0.9865 0.8644 0.8446
P (25-26) 0.9999 0.7550 0.9423 0.9427
P (33-34) 0.9999 0.6948 -0.1060 -0.1478
P (42-43) 0.9999 -0.5642 0.5127 0.8677

In healthy condition of the machine, it can be obsd that

between the two sensors is linear and indicatesrangs
positive correlation between the two variables.

In faulty condition, the magnetic dissymmetry gerted by
the fault leads to a difference between the sigdelivered by
sensorsS1l andS2, and therefore between the magnitudd
andAs2 of the 850Hz sensitive harmonic. Then the cori@hat
coefficient r will fall down. This can be observed when in
faulty conditionr decreases for all the cases relatively to the
healthy cases.

Actually, the value of depends on the fault severity and
the position of the short circuit in the machinktigely to the
sensors locations. Let us analyze the influence tifreshold
of r value on the efficiency of the fault detection:

* For rmax = 0.95, the method can detect 17 faulty cases
among the 18 existing ones. Here, the method caectde
94.4% of the faults.

* Forrmax=0.90, the method can detect 14/18 faults. Here,
even for a fault of high severity:{l=15A) one faulty case can
be missed. Here, the method can detect 77.78%edhthts.

» Forrmax = 0.85, the method can detect 50% of the faults
for the 5A short circuit case.

Figure 9 presents an illustration, from values abl€ Il of
the correlation coefficient. Each corner represéimesshort —
circuit on specific coil (as example coil 1-2) whibave the
valuer = 1 for healthy machine.

54 ---10a
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P(-10)

P(33-34) P(17-18)

Fig. 9. Values of correlatioz(Z_égeﬁiciem for different shorgircuit
currents and short circuit positions in the AM stat
This presentation has the advantage of exposing
simultaneously multiple faults and the distancer dfom 1.
We can remark a decrease of correlation coeffigidat each
short-circuit position, which generally decreaseghwthe
increase of the¢d current. For some positions, corresponding
to a “good” positioning of the sensor related torsitircuit
winding position this coefficient can turn into radige value.
A low value forr means that a fault is detected as is the case
of P (42-43) with a short circuit current lcc=5Adawhenr=-

the correlation coefficient is very high and close to 1 g5g42.

(r=0.9999). That represents the highest value oldaioeall



D. Analysis of the Results for SM

In experimental tests for the synchronous machpesating
as motor, the elementary sections have been creagdnthat
it is possible to study a short circuit close te thput of the
phase (phase A), in phase medium (phase B) or thear
neutral (Phase C) as presented in Fig.10. The gilaber of
turns in the phase A is 126 and a short-circuitveen 1-2
corresponds to one short-circuit turn (0.8% of k filhase),
between 2-3 to three short-circuit turns (2.38%) hetween
1-4 to five short-circuit turns (4%).

1234
Phase A 5
o Y ﬂﬂ! o
Phase B y
o—ntcfvvﬂ____fvﬁr]'h____m___m_____o -
PhaseC Foes 5

o NESYYY

b)
Fig. 10. Stator configuration of synchronous maehia) external acceas
different turns positions between the four poleath phase b) electrical
winding schema

As mentioned earlier, for this machine, the analyze p,age.p

amplitude is realized for the harmonic at 750 HhaisTchoice
is realized in correlation with (1) and with expeental tests
which take in consideration the solid iron frametioé SM

which acts as a low pass filter for magnetic figddt leads to a
higher magnitude for the 750Hz harmonic comparedhto
one at 850Hz. The amplitude variation is analyzeusiering

a load increase. The six different output poweisseh for the
tests are: LO=0W, L1=
L4=8020W and L5= 9500W.

For the healthy synchronous machine, the correlati
coefficient calculated between the magnitédd and As2 is
very high and close to * € 0.998, Fig. 11). It shown a linear
correlation compared with the coefficient of thalfg SM (r=
-0.5297) when a weak correlation betweksl and As2 is
obtained. This test is realized with a 3A shortuit current
and the short- circuit position at (1-2). This meahat the
variables do not change similarly, and it can iatkca fault in
the stator windings of the machine.

To confirm the hypothesis that a low value rofis an
indicator of a fault presence in the machine, adeseof
measurements is realized for each load and forereifit
positions of short circuit. They are realized dbofes:

830W, L2=2500W, L3=4900W,

r=10,9987 ; r=-0,5297

s2
-]
Ss2

[-]

a
-]

S1

Healthy machine (SM) °' || Faulty machine (SN

Fig. 11. Different values of the correlation coeiffintr for healthy and
faulty SM.

- Without short-circuit,
- Three fault on Phase A (short-circuits betweed, P-3,
and 1-4),
- Three fault on Phase B (short-circuits betweeh 2-3,
and 1-4),
- Three fault on Phase C (short-circuits betweén 2-3,
and 1-4).
The value of the measured current in each casheof
short circuit fault was as follows:
-lcc=3A for short-circuits on coil ‘1- 2’, one shortégn
-1cc=9A for short-circuits on coil ‘2-3’, three shortagtns
-lcc=15A for short-circuits on coil ‘1- 4’, five shode
turns.
The results presented in Table IV will thereforelibgted
to the results obtained for motor operation.

TABLE IV
CORRELATIONCOEFFICIENTVALUES OBTAINED FORSENSORSS1
AND S2PLACEDIN OPPOSITION180°AROUND OFSM.

SHORT- NOT FAULT lec =3A lec =9A lec =15A
CIRCUIT 1TURN 3 TURNS 5 TURNS
PHASE-A 0.9987 -0.5297 0.7469 0.9681
0.9987 0.4935 0.8122 0.8078

PHASE -C 0.9987 0.5945 0.0173 0.4495

In Table IV the highest value af is obtained in healthy
condition of the machine. In this case, the retetfop
between the two sensors is linear and indicatesrangs
positive correlation between the two variables.

The influence of the fault severity is tested bgréasing the
number of short-circuited turns at 1, 3 or 5, asged with an

d’ncrease of the short-circuit current at 3A, 9A abfl A

(because here, the resistance that limits the stioctit
current does not change). The aim of this test determine if
an incipient fault can be detected and what issthesitivity of
the method. From Table IV it can be seen that tireetation
coefficient always decreases compared to the heeitbe.

Actually, the value of depends on the fault severity and
the position of the short circuit in the machinktigely to the
sensors locations. It is interesting to remark,tBatnetime a
low incipient fault (1 turn) can give a fall dowi ther value
(-0.5297) and a more important fault (5 turns) oalyjow
variation (0.968). This was also the case for tihé &ee Fig.
11, fault in P (42-43)). As for AM, a good fault tdetion
depends on the chosen threshold level:



e For rmax = 0.97, the method can detect 9 faulty casésexpensive and simple to implement. This noninxasi

among the 9 existing 9/9.
* Forrmax= 0.90, the method can detect 8/9 faults.

method uses two flux coil sensors diametricallyated to
measure the external magnetic field in the viciratfy the

* Forrmax = 0.85, the method allows us to detect 8/9 case asmchine. The method only needs the knowledge of the

for the last threshold.

So, the method can detect 89% of the faults in mbghe
cases including also the case when the fault ig onl one
turn. A global analysis of the correlation coeffici value with
simultaneous three phases is presented in Fig.l&renhe
great dissymmetry of the figure shown the faultedgon for
considered positions. The moving of the trianglenecs
towards the center of the blue triangle means ectiet of the
fault. We can remark a good sensitivity of this noet for

incipient faults (1 turn,r=-05297) and a decrease of the

correlation coefficient for each faulty case. Héne level of
the short circuit current is not essential for faldtection and
the threshold value supports slight variations authnotable
changes in the percentage of fault detection.

-Not fault = Jcc=34 cevene Tec=09A

Phase-A
1,

0.8/

AN

JAL R
-..'0
A2

S04
0,675

= Jec=3A Tec =134

Phase-C ™ S Phase-B

Fig. 12. Global presentation of correlation coeéiit value considering the
three phases of the SM and three short-circuiecist

An increase of the fault detection percentage can b
measurements at other aens

obtained with additional
position, to increase to chance for the sensaog tdose to the
faulty winding axis. However, this requires moresa's, and

need to have free space around the machine to place

Sensors.

V. CONCLUSION

This paper presents a statistical methodology &ieation
of short-circuit faults in the stator windings fasynchronous
and synchronous three phase machines. It propdses
calculation of a correlation coefficienbbtained by analyzing
the evolution of magnetic flux harmonics measunemliad of
the machine frame in no load and load conditioddtect the
incipient faults. This diagnosis technique basednagnetic
flux measurement is highly likely to meet critefia this type
of fault consequence of magnetic field sensitivity low
unbalanced created by faults.

The advantage of the proposed method is thatréliable,

number of rotor slots. From this, frequencies ofsitére
harmonics are deduced. Pearson correlation caafficis
proved a useful tool for detecting a fault by ondicator, its
use in proposed application allow to detect 94%(#dvis) of
the fault and 89% for (SMs) of the faults includiwhen the
fault is in one turn. Moreover, the method has ghHevel
accuracy and speed for the faults detections. @nather
hand, this method does not require any knowledgethen
presumed healthy state of the machine. A differasfoealues
of the Pearson correlation coefficient is a goodidator of
inter-turn short circuit fault and the increase tbke fault
detection percentage can be obtained with additiona
measurement at other sensor position if the sertsorsheen
placed around the machine.
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