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WIROTE SANGTUNGTONG : DEVELOPMENT OF AN ADAPTIVE
SLIDING-MODE SPEED AND LOAD TORQUE OBSERVER FOR A
SENSORLESS VECTOR CONTROLLED INDUCTION MOTOR.
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SPEED OBSERVER/LOAD TORQUE OBSERVER/INVARIANCE PRINCIPLE/
LYAPUNOYV STABILITY/ADAPTIVE SLIDING-MODE OBSERVER/

INDUCTION MOTOR

This thesis presents the development of a novel speed and load torque observer
used in a speed-sensorless vector-controlled three-phase induction motor drive. The
observers are of the type adaptive sliding-mode and used to replace the speed sensor
and the torque transducer. The speed observer incorporating core loss acquires the
stator voltages and currents in order to compute the rotor flux while its PI adaptive law
simultaneously performs an on-line estimation of the rotor speed. The load torque
observer obtains the calculated electromagnetic torque of the motor and the estimated
rotor speed from the same speed observer in order to perform the on-line load-torque
estimation. Two proposed observers have a cascade configuration and both of them
operate in a combined mode. The Lyapunov’s second method has been used to
guarantee the uniform stability of these observers treated as non-autonomous systems.
Applying the LaSalle’s theorem of invariant sets, we can confirm that the developed
observers’ operations converge to the equilibrium status before the end of the transient
periods approaching the uniformly stable steady states. Moreover, the discretized

observers using Heun’s numerical integration method remain stable, and also their



practical operations approach equilibria in steady states under a sufficiently small
sampling-period. Additionally, the proposed observers are used in a closed-loop
sensorless speed control system with feed-forward load-torque compensation. The
simulation results indicate satisfactory performances of speed and load-torque

estimations together with good command following speed responses.
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