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A Rotor Speed Es_timation of Induction Motors Using Sliding Mode Cascade
Observer

(Eung-Seok Kim)

Abstract - A nonlinear adaptive speed observer is designed for the sensorless control of induction motors. In order to
design the speed observer, the measurements of the stator currents and the estimates of the rotor fluxes are used. The
sliding mode cascade observer is designed to estimate the time derivatives of the stator currents. The open-loop
observer is designed to estimate the rotor fluxes and its time derivatives using the stator current derivatives. The
adaptive observer is also designed to estimate the rotor resistance. Sequentially, the rotor speed is calculated using
these estimated values. It is shown that the estimation errors of the corresponding states and the parameters converge
to the specified residual set. It is also shown that the speed controller using these estimates is performed well. The
simulation examples are represented to investigate the validity of the proposed observers for the sensorless control of

induction motors.
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Table 1. The parameters of induction motor

Rated Power 10 [hp]
Rated Voltage ?219 AR
Rated Speed 1740 [rpm]
Number of Poles 4

Stator Resistance( R;) 0.1695 { 2]
Rotor Resistance( R,) 0.161 [ 2}
Mutual Inductance( L,,) 2277 {mH]
Stator Leakage Inductance( L) 1.2 [mH]
Rotor Leakage Inductance( L7) 1.79 [mH]

=® 2 ZH Hojz) & HEI] Ay F7)
Table 2 The execution period of each controller and observer

Inverter PWM 1.850[msec] : 0.540 kHz

Speed & Vector Controller | 0.463[msec] : 2.160 kHz

Speed & R, Observer 0.100[msec] : 10.00 kHz

Flux Observer 0.010[msec] : 100.0 kHz

SMCO 0.010[msec] : 100.0 kHz
E 3 Herst MET| F4

Table 3 The equations of the proposed observers
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Fig. 1 The block diagram of the overall system.
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Fig. 2-1(b). Its estimates.
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Fig. 2-1(a). Curent in a—phase.
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Fig. 2-2(b). Its estimates.
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Fig. 2-3. Current estimation error in a-phase.
Fig. 2-4. Cument estimation error in b-phase.
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Fig. 3-1(a). Flux in a-phase.
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Fig. 3-2(a). Flux in b-phase.
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Fig. 3-1(b). Its estimates.

aE 3-20b) FHA
Fig. 3-2(b). Its estimates.

a8 3-3. adt A& FHAL J% 3-4. bt A FHLAL
Fig. 3-3. Flux estimation error in a-phase.
Fig. 3-4. Fux estimation error in b-phase.
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Fig. 4-1(a). Current derivative in a-phase. Fig. 4-1(b). its estimates.
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