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Abstract

This paper proposes a sensorless speed control of a permanent magnet synchronous motor (PMSM)

based on an adaptive sliding mode observer (SMO) for electric propulsion system of small ships.

An

adaptive observer gain is proposed based on the Lyapunov’s stability criterion to reduce the chattering
problem at any speed operation instead of the constant gain observer. Furthermore, a cascade low-pass
filter with variable cut-off frequency is suggested to strengthen the filtering capability of the observer. The
experimental results from a 1.5 kW PMSM drive are provided to verify the effectiveness of the proposed
adaptive SMO. The result shows that the proposed method gives good speed control performances even
when the PMSM operates at 0.5% from its rated speed value.
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[Fig. 1] Block diagram of the sensorless vector
control system based on FOC and SMO
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[Fig. 2] Block diagram of the proposed sensorless
control of PMSM with SMO
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[Fig. 3] The experimental system

<Table 1> Parameters of the tested PMSM

Parameter [symbol] Value [unit]

Rated power [P, ] 1.5 [kW]
Rated torque [ 7] 7.16 [N.m]
Rated speed [n] 2000 [rpm]
Stator resistance [R,] 0.4 [Q]
Stator inductance [L,] | 4.9x107% [H]
Flux linkage [4),] 0.145 [Wb]

Inertia [J] 1.45x107% [Kg.m?]
Pole number [P] 8
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[Fig. 4] Sensorless control performance of the
PMSM with the proposed SMO
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[Fig. 5] Sensorless control performance of the
PMSM with SMO under loaded state
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