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Fault Diagnosis of Rotor Bars in a Single Phase Induction Motor Monitoring_

Electromechanical Parameters

S.J.Park, J.H.Chang, GH.Jang, Y.B.Lee, C.H.Kim

Abstract

This paper characterizes the electromechanical parameters due to the fault of rotor bars in a squirrel cage

induction motor. Simulation is performed to investigate how broken rotor bars have effect on them by

solving the time-stepping finite element equation coupled with magnetic field equation, circuit equation

and mechanical equation of motion. It shows that the asymmetry of magnetic flux due to the broken rotor

bar introduces the beating phenomenon in time domain and the sideband frequencies in frequency spectra,

respectively, to the stator current, torque, speed, magnetic force and vibration of a rotor. However, vibration

of a rotor would be the most effective monitoring parameters to detect the faults of rotor bars.
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Fig.1 Schematic diagram of Permanent Split Induction
Motor
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Fig.2 Equivalent rotor circuit
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Fig.3 Free body diagram of a rotor
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Table 1. Specification of a motor

Symbol Description Value

P Power 2.1 kW

v Input voltage 20V

S/ Supply frequency S0 Hz

P Number of pole pair 1

n Numbet of rotor bar 33

T Rated load torque 7848 Nm

c Capacitance 40 yF

M Mass of rotor 3.0359 kg

k Stiffness of bearing 4752¢7N/m

A SIS 24 Ao 44y 242

PgEoda, M :S(node): 6,5587F, 8.4
(element)E 13,0077 7HAES 3. HA
24 wpol}l Ago] #AY A4 JE AR vl
Higlo] JojAog e AL E FAq3Rn. 3
Al A9, 171 3AA vie] Ag, 37 A=A
vlo] AYS shA= A9 Z2 A do A,
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Fig.4 Magnetic flux distribution for normal, 1, 3 broken
bars
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Fig.5 Radial and tangential flux density along air gap
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Fig.6 Main winding current for normal, 3 broken bars
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Fig.7 Frequency spectra of main current for normal, 3

broken bars
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Fig.8 Speed for 3 broken bars

Table.2 Frequency and amplitude of speed for normal, 1,

3 broken bars
Frequen Normal 1 Broken Bar 3 Broken Bars
C:annc?t Freq. Amp. Freq. Amp. Freq. Amp.
[Hz]  [rpm] [Hz]  [rpm] [Hz]  (rpm}
2sf 27 0.038 2.8 3123 29 11.32

(2-25)f 973 0372 972 0869 971  3.848
2f 1000 3495 1000 3498 1000  35.12
(2+2s)/ 1027 0372 1028 0200 1029 2311
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ol 23S FAstn AL, Az v A &
AA) v A A7 EE B7jAAM &7 Foj =
By go] 2 Fig9ol BojF 23 go} 2}

7Z18L AFY =9 €9 ) A 0 4
#o] FeAE FEAE Hio] YL Roln
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Fig.9 Magnetic force x for normal, 1, 3 broken bars
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Fig.10 Rotor displacement x for normal, 1, 3 broken

bars without mass unbalance
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Fig.11 Frequency spectrum of the rotor x displacement
for 3 broken bars
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Tabel.3 Frequency and Amplitude of rotor displacement

for normal, 1, 3 broken bars

Freq Normal 1 Broken Bar 3 Broken Bars
Comnoncnl t Freq. Amp. Freq. Amp. Freq. Amp.
Hz}  [pm] Hz]  [um] Hz]  [um]
fi-4f 433 3643 431 1071 426  6.5%-1

SLi-3f 460 122¢3 458 91de-l 456 292
A 487 1973 486  1I15c-1 485 393
Si+2f  st4 7624 514 5238 515 198

L+4sf 541 2533 542 6lle2 544 8892
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Fig.12 Rotor displacement ( x ) and frequency spectra for

3 broken bars with mass unbalance
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Fig.13 Experimental apparatus
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Fig.14 Main winding current for normal, 3 broken bars
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Fig.15 Rotor displacement x for normal, 3broken bars

Table.4 Sideband frequency component of main current

and rotor displacement

Main Current

Rator Displacement

AollM tg A 2207 AFAHAR L &=
ol A2 vt Aol ARHolel: AN A
Aoz AFsAh

6. 2 E
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719 7NAAAdRrEo] ojR A WIEE=NE n
Zadoh. FAdz vie] A FFL gty v
WA AN ALREE FAA7|Y, o] AFY &
3, £, A7 A QoA Ao @4
% FAFT 4l A E(sideband frequency)s %
AA7IG 7HE & dae A7) Al
A BEFR0Y, SARAAY) AR wre] A
A 71 BHAQA WS FAsMg Ay
& B FAAG. FAHY d AgaMe A
He= =A% 7 (squirrel cage motor) ¥ A A}be)
A¢S vasy] A A52 AHSHF Aol

Frequency Freq. Amp. )

3 Frequency Freq. Amp. o)
Component  [Hz) [A)

Component Mzl [1em)

£ -2 400

S-2 436 032 206 030 41.67
ra 503 1556 100 FA 470 072 100

S+2¢ $70 002 013 f+29 535 041 5694
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