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Analysis of Squirrel Cage btor with Broken
Bars and Rings
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Abstract — In the paper results of calculations and allowing making breaks in any bar or in rings frame
measur ements of an induction motor with broken bars or side of the rotor.

rings are presented. The calculations were made using the The basic data of the motor are the followifg: = 4

circuit and circuit-field method. The stator current as K | | - I f
diagnostic signal for estimation of a damaged squirrel cage W, supply voltageJy = 380 V, power supply frequency

motor has been taken. For separation of additional fn = 50 Hz, rotational speedy =1470 rpm, stator slot

components in the stator current arising at a rotor number Qs =36, rotor slot numberQ, = 24, star
asymmetry low-pass filters of Mathcad program wer e used. connection, two-layer winding.

Keyv_vords _—Electric machine, induction motor, broken
bars, diagnostic. . CIRCUIT MODELING OF THE MOTOR

A. Mathematical model

I. INTRODUCTION In order to make analysis of time current waveforms
Diagnostic of electric motors, especially large ansf ~ during motor start-up while asymmetry in rotor éxithe
is currently important operations issue from paifwview  machine model in phase coordinates [5] has beeneir
of electric drives reliability. Therefore in lasears it is  For simplification it were assumed linear magneticuit
observed great interest of this subject matter. Wanof a 3-phase symmetric induction machine, unifoim a
publications where diagnostic signals subject falgsis gap, sinusoidal distribution of the winding (mono-
have arisen (diagnostic signals: available wavefooh harmonic model), constant values of motor pararaeter
stator currents, machine vibrations, etc.) on thsidoof The rotor squirrel cage winding witlQ, slots is
such analysis estimation of the damaged squirrgé ¢  represented b, of phase windings corresponding@p
made. It is proposed to use band filters, FFT ammly closed loops of the cage formed by linked bars and
wavelet analysis, artificial neural network, Kalmfdters ~ connecting them fragments of rings sections (Fjg. 1
and other [1, 2, 3, 4, 6, 7, 8]. However, no onalobve
methods gives information concerning number of brok
bars and their distribution. No one method gives
information if a damage concerns bars or squiregjec
rings. In the stator current no additional compasemise
in case of symmetric damages, therefore such wawefo
may not be used as a diagnostic signal. In pradtice
possible by periodical carrying out measurements to
deduce about arising damages by comparison of rturre
waveforms.

This study is aimed at examination of the influente
the rotor bars and rings damages on time wavefarins
the stator currents and comparison of the circad a
circuit-field methods with results of tests carrimat on a
real motor. As diagnostic signal for analysis o th
current waveforms were used band-pass filters from Uso
Mathcad program. In the stator current spectrumnwhe is2
the rotor is damaged the components with frequépcy
dependent on slip appear
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Also quasi-static mechanical characteristics ofciam Fig.1. Electrical circuits of the squirrel cage oot
for damaged rotor bars and rings were compared.

The squirrel cage motor built on the basis of a mebu
rotor has been used as the analysis object. Inntbier
the stator winding has not been changed while dter r

has been made as the cage with special constructi%]The model characterized in the above way is desdrib

phase coordinates:
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¢ system of three voltage-current equations of thtost

w2 RG]+ LR BT+ M)+ (ML )]G D, @

¢ system of Qvoltage-currentequations of the rotor (where current coordinatdstie rotor are closed loop
currents in the cage)

o= [RIG1+[La S+ M, 12T+ O D, ®
¢ equation of mechanical state

dQ

J ot =T, - T,. (4)
where
) :
Te_[ls] dﬂ[Msr(ﬁ)][lr]' (5)
t
#=[Q,dt+5(0) ©6)
0

The system of differential equations (2)+(4) is non
linear system composed of)( + 4) equations with
) o variable coefficients [5]. Nonlinearity of equat®r{2)
[Los] - matrix of stator phase winding leakage ang (3) results from non-linear relation of elensesttthe
inductances, inductance matrix Nls(v)] and Ms(v)] and the rotor
) ) rotation anglev, that is a non-linear function of time.
[M SS] - matrix of stator-stator mutual inductances,  Nonlinearity of equation (4) is related to expressfor
electromagnetic torque (5).
[M st (79)] - matrix of stator-rotor mutual inductances, |n the presented mathematical model various caes o
i o ) damages in the rotor (breaks of cage, breaks gfsyin
[R,]' matrix of rotor winding resistances, may be modeled by setting a suitably large resistdar
the given bar or ring.

[RS]- matrix of stator phase winding resistances,

[Lar] - matrix of rotor bars and rings leakage

inductances,
[M s (19)] - matrix of rotor-stator mutual inductances B. Results of calculations of the circuit model
— T of motor
([Mrs(ﬂ)]_[Msr(ﬁ)] ), . .
For the above mentioned motor it were made
T. - electromagnetic torque of the motor, calculations for damaged successive rotor barsriagg.
€ Calculations were performed for start-up of the onot
J - moment of inertia, with an increased moment of inertia, assuming regat
initial rotational speed.
T., - mechanical load torque on machine shaft, Exemplary results of calculations of the torque and

stator currents are presented in Figure 2.

Both broken bars and rings cause arising of additio
pulsations in the torque and additional componenthe

19(0)_ - initial rotor rotation .angle between th_e axis Ofstator phase currents (1) that may be in practee as a
stator first phase and the axis of rotor cage fitssed  diagnostic signal.

loop att = 0 (Fig. 1).

9 - rotor rotation angle,
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Fig.2. Waveforms of the stator currents and tordaeblealthy rotor (a) and for 4 broken bars, dgnnotor start-up
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Fig.3. Characteristics of average torque vs rqteed for broken bars (a) and broken rings (b)

As have been mentioned above the stator current mayathcad program. In Figure 3 there are presentested
be used as the diagnostic signal of rotor damageshis  out current waveforms as a function of rotatioratex
purpose it were used procedures of filtration adéd in  for various types of damages using a low-pasg filte
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Fig.4. Filtered waveforms of the stator currentsotational speed for different number of brokersta broken rings

lll.  FIELD-CIRCUIT MODELLING OF THE
MOTOR

_ For the analyzed motor it were performed also @Cu the two-dimensional model the leakage inductandes o
field calculations using FEM (Fig. 5). In calcutats it  stator winding ends and rotor rings were included the
were not taken into consideration motor ironséss For  cjrcuit diagram of the Maxwell program.



Transactions on Electrical Engineering, Vol. 1 (2DINo. 2

40

Fig.5. Field model of the rotor
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In Figure 6 waveforms of torque during start-up of
not damaged squirrel cage and the motor with 4
broken bars are presented. The tested motor geserat
large synchronous torques that beyond the
synchronous speed become pulsating torques with
large amplitudes. Therefore, comparing resultshef t
circuit-field calculations (Fig. 6) and results tie
circuit calculations for the mono-harmonic model
(Fig. 2) it is possible to notice the essentiafedince
in the waveforms of these torques.

The effect of broken cage bars is an increaseef th
current in adjacent bars. In Figure 7 time waveform
of currents in 6 bars of cage, in bars adjacen? to
broken bars are presented.

When waveforms of stator currents subjected to
treatment described previously the filtered out
waveforms were obtained (Fig. 8) for various casfes
bars and rings breaks.
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Fig.6. Waveforms of the stator currents and tordaekealthy rotor (a) and for 4 broken bars
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Fig.8. Filtered waveforms of the stator curre

ts in the bars adjacei broken bars, during motor start-up
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IV. MEASUREMENTSRESULTS an temperature increase in these bars, increase of

In the analyzed motor it was possible to disconaegt Mechanical stresses and other breaks.
number of cage bars. Currents measurements were mad  Application of digital band filters allows after
for various types of the rotor damage during metart-  separation of additional component of the statareru
up at an increased moment of inertia. Filters efsame to use it as diagnostic signal. But this signaésimot
type as in case of currents from derived calcutstio comprise information concerning number of thedardage
were used for the current analysis. In Figure 9esah bars or rings.

current waveforms are presented. » The principle saying that increase of damaged bars
IF=F(t) results in an increase of additional component hef t
0.4 stator current is in general not true. In case fuf t

analyzed motor when 8 bars were damaged this
component was lower than in case of 4 damaged bars.

» Depending on the rotor bars number it may arise
cases of symmetric distribution of breaks, in suclease
no additional components in current arise. In thistor
such component does not arise when symmetric biafaks
3 bars arise.

* In practice, when diagnostic method of the stator
current filtration during motor start-up is used, i$
necessary to make such measurements periodicadly an
by comparison of them to examine if change of an
additional stator current occurs.

- 0.4
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