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Electromechanical Characteristics of a Squirrel Cage Induction Motor due to
Broken Rotor Bars and Rotor Eccentricity
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Abstract — This research investigates the electromechanical characteristics of a single—-phase squirrel cage induction
motor due to broken rotor bars and rotor eccentricity. Numerical analysis is performed by solving the nonlinear
time-stepping finite element equation coupled with the magnetic field equation, circuit equation and mechanical equation
of motion. It shows that the asymmetry of magnetic flux due to the broken rotor bars and rotor eccentricity introduce a
change in the stator current, torque, speed, magnetic force and vibration of a rotor at the same time. However, even in
the existence of rotor eccentricity, a broken rotor bar introduces a dominant change in the magnetic force and rotor
displacement, i.e., beating phenomenon in time domain and sideband frequencies in frequency spectra, respectively.
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Table 1 Specification of a motor

Symbol Description Value
P Power 2.1 kW
|4 Input voltage 220V
f Supply frequency 50 Hz
P Number of pole pair 1
n Number of rotor bar 33
Ty Rated load torque 7.848 N'm
C Capacitance 40 pm
m Mass of rotor 3.0359 kg
ke, k, Stiffness of bearing 4.752¢7 N/m
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Fig. 3 Variation of torque due to error rate
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Table 2 Frequency and amplitude of rotor speed for
normal, 1, and 3 broken bars

Normal 1 broken bar ||3 broken bars
Freq. { Amp. {| Freq. | Amp. | Frea. [ Amp.
[(Hz] | [rpm] || [Hz] | [rpml || [Hz] | [rpm]

2sf 27 10038 28 3123 29 | 11.32
(2—2s)f| 973 | 0372 | 972 | 0869 || 97.1 | 3.848

2f 100.0 | 34.95 || 100.0 | 3498 || 100.0 | 35.12
(2+2s)f| 1027 | 0372 | 102.8 | 0.201 || 1029 | 2.311

Frequency
component
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Table 3 Frequency and Amplitude of rotor displacement
for normal, 1, and 3 broken bars

0
o

Normal 1 broken bar |3 broken bars
Freq.| Amp. | Frea.| Amp. || Frea.| Amp.
[Hz] | [rpm] | [Hz] | [rpm] | [Hz] | [rpm]
fi—4sf || 43.3 |3.64e-3]| 43.1 {1.07e-1| 426 |6.5%-1
fi—2sf || 46.0 |1.22e-3|| 45.8 |9.14e-1| 456 | 2.92

A 48.7 |197e-3|| 486 | 1.15 | 485 | 3.93
fi+2sf || 51.4 |7.62e-4|| 514 |5.23e-1| 51.5 | 1.98
fit+4sf || 541 {2.53e-3|| 542 |6.11e-2| 544 |8.8%e-2

Frequency
component
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Table 4 Frequency and Amplitude of rotor displacement

for a broken rotor bar, static and dynamic
eccentricity
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