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DIAGNOSTICS ASYNCHRONOUS MOTOR WITH STATOR
WINDING BREAKDOWNS

DIAGNOSTYKA SILNIKA ASYNCHRONICZNEGO Z USZKODZENIAMI
UZWOJENIA STOJANA

Abstract: For finding breakdowns or defects on electric machines it is useful to use such a method, which
does not demand the machine’s shutdown from running. For this reason we check our analysis method of
scattered magnetic field in the neighborhood of the motor frame also for finding thread cut off on the stator
winding. In this grant we show some results.

Streszczenie: Zakres stosowania maszyn asynchronicznych obecnie stale si¢ powigksza, znajduja coraz szer-
sze zastosowanie w elektrowniach wodnych 1 wiatrowych. W zwiazku z tym ro$nie tez znaczenie ich bezawa-
ryjnej eksploatacji. Dla diagnostyki i wykrywania uszkodzen maszyn elektrycznych szczeg6lnie przydatne sa
metody nie wymagajace wylaczania maszyny z ruchu. Autorzy opracowali dla tego celu metode pomiaru
i analizy magnetycznego pola rozproszenia na zewnatrz silnika, ktore mierzy si¢ cewka umieszczona na ze-
wnetrznej powierzchni  kadluba. Badania przeprowadzono na specjalnie uzwojonym silniku modelowym o
mocy 4 kW, 400 V, 2p=4, majacym 36 zlobkdéw stojana, Srednicg wewngtrzna pakietu 97.5 mm, dlugos¢ pa-
kietu 105 mm. Ilo$¢ zwojoéw na fazg 234. Potaczenie uzwojenia w gwiazde. Silnik miat wykonane dodatkowe
wyprowadzenia réznych punktéw uzwojenia stojana w dwu jego fazach. Wyprowadzenia te pozwalaty na
realizacj¢ zwar¢ zwojowych na poczatku, w §rodku i na koncu fazy. Jedna z faz (bez dodatkowych wyprowa-
dzen) miata o 10% wigksza ilo$¢ zwojow. Opracowano réwniez metode pozwalajaca wykrywanie uszkodze-
nia wirnika przez pomiar pola rozproszenia na zewngtrznej powierzchni kadtuba silnika. (Autorzy w omawia-
nym artykule nie podajq jednak zasady dzialania tej metody, ani tez zadnych jej szczegotow, powoltujq sie na-
tomiast na swe uprzednie prace podane w spisie literatury). W artykule przedstawiono wyniki badan efektu
zwar¢ zwojowych na poczatku, w §rodku i na koncu fazy stojana. Efekty te okazuja sig nieco rozne. W arty-
kule na wykresach podano pomierzone przebiegi czasowe praddéw biegu jatowego w fazach i przebieg ze-
wnetrznego pola rozproszenia silnika. Przeprowadzono czgstotliwo$ciowa analiz¢ pradow biegu jalowego
trzech faz stojana i pola magnetycznego rozproszenia mierzonego cewka na kadtubie. Pomiary powtorzono na
nastgpnym silniku 4 kW, ktoéry miat réwniez specjalne wyprowadzenia w jednej z faz. Stwierdzono znacznag
deformacj¢ zewngtrznego pola rozproszenia juz przy zwarciu jednego zwoju fazy. Rowniez analiza czgstotli-
wosciowa wykazuje zwigkszenie amplitud pasm sasiadujacych z czgstotliwoscia gtdowna (50 Hz), jak i czg-
stotliwo$cia obrotowa (25 Hz). Przedstawiona metoda moze by¢ przydatna dla wykrywania uszkodzen silni-
kow indukeyjnych bez potrzeby odstawiania ich z ruchu.

1. Introduction

By the reason that asynchronous machines are
used nowadays more often also for electric en-
ergy production in wind-power and water-
power station, importance of their reliable and
trouble-free run increases. That is why impor-
tance of finding their actual functional character
and technical diagnostics methods increases as
well. In a turning electric machine defects and
breakdowns can be occurred in:

a) an electric circuit, i. e. in

b) a stator or a rotor magnetic winding

¢) mechanical parts, i. e. shaft, bearings, frame
and so on

When we foreclose complete breakdowns, of
such cause an accident of the machine and im-
possibility of their next running (short-circuit in
winding or its interrupt, shaft’s break, bear-
ings’seizing and others), then we find out by
diagnostics methods the faults or sequential
breakdowns. In electric circuits it can be wind-
ing decrease of the isolation state, contact re-
sistance increase, winding cut off, especially on
cage motors, turn-to-turn short-circuit, short-
circuit on the frame or between phases, forbid-
den winding warming ect. For finding out rotor
winding breakdowns we have verified a lot of
methods /1/, /2/ and we have created the new
method of finding breakdowns by spreading
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magnetic field measured on the surface of the
stator frame. This method we use for finding
stator winding breakdowns as well. About some
results it deals this report.

2. Measurement on asynchronous ma-
chines

For check different diagnostic methods for
finding out the breakdowns on asynchronous
machines” winding it was specially winded the
motor 4 kW, 400 V, 2p=4. Winding connection
is shown at the picture Nol. The number of the
stator grooves 36,39 threads in a coil (6 coils =
6x39=234), conductor 2x0,71 winding wire
LCIA1,6/3 the number of coils in the phase
(two triple-coils per a phase), inside average
mg. stator packet is 97,5 mm and its length is
105 mm.
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Picture 1. Winding connection
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By the idling cycle there were measured the
stator current of each phase and scattered mag-
netic field on the motor frame. These measure-
ment was done for every possible variations of
factitious turn-to-turn short-circuit on the phase
W winding.

1) On the winding W there is no short-circuit
done.

2) On the winding W there is done turn-to-turn
short-circuit at the beginning of the winding
(z-1).

3) On the winding W there is done turn-to-turn
short-circuit in the middle of the winding (3-2).
4) On the winding W there is done turn-to-turn
short-circuit at the end of the winding (4-k).

Time records:

1) On the winding with more tags there is no
short-circuit done and at the picture No2 are
shown the current running in all three phases
and the running of magnetic field on the motor
frame U p,g.
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Picture 2

2) There is done turn-to-turn short-circuit at the beginning of the winding
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Picture 3

3) Turn-to-turn short-circuit in the middle of the winding
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Picture 4

4) Turn-to-turn short-circuit at the end of the winding
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Picture 5
Next it was done frequency analysis of the cur-  turn-to-turn short-circuits the most conclusive

rents and also scattered magnetic field. Just in  as it is shown at the picture No6.
the magnetic field it is possible to watch the
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Picture 6
On a different asynchronous motor with the Ut vi Wi
load 4 kW, 1440 min" there were brought out
tags from separate coils phase Ul, as it is
shown at the picture No7. Again there was A
measured the running of the scattered magnetic
flux on the motor frame surface by synchronous B
winding and by idling cycle — picture No8. Fre- c
quency analysis is shown at the picture No9.
There is expressed specially rotating frequency
about 25 Hz. u2 V2 W3
There are brought out
connections f coilos
groups skupin
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Picture 9
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Next there were step by step made short-cir-
cuit of separate coils phase Ul and measured
mg. field on the motor surface. At the picture

No10 there is then shown the measurement
result at the short-circuit of first coil and at
the picture Nol1 the frequency analysis.
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Picture 11

Is evident that the scattered magnetic field on
the motor surface is going deform at the stator
winding short-circuit. In the frequency analysis
it is possible to watch increase side-bands as
around basic or also rotating frequency as well.

4. Conclusion

Performed measurements proved that with the
analysis of the scattered magnetic field, meas-
ured on the surface of asynchronous motor
frame is possible to determine turn-to-turn
short-circuit respectively already at the short-
circuit of one thread. Especially well there are
found out short-circuits at the end and at the
beginning of the winding. So it is evident that
this diagnostic method without dismantling is
advantageous to use also for finding out turn-to-
turn short-circuits of the stator winding in
common running of the motor or the asynchro-
nous generator.
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