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Abstract

This paper analyzes some effects on sensorless speed control performance of a sliding mode observer
(SMO) for building electric propulsion system of small ships using a permanent magnet synchronous motor
(PMSM). An adaptive observer gain and switching function in the SMO are analyzed in detail to reduce
the chattering phenomenon in estimated back electromotive force information. Furthermore, cascade low
pass filter and PI controller gains are also investigated to progress speed sensorless control performance
especially in low speed area. The results of simulations and experiments considering a 1.5 kW PMSM are
provided to assure the effectiveness of the optimized SMO and controllers. The results show that the
optimized SMO, cascade low pass filter, and controllers can give good speed sensorless control
performances even when the PMSM operates at Srpm.

Key words : Electric propulsion system, Permanent magnet synchronous motor, Sliding mode observer,
Cascade low-pass filter, Adaptive observer gain
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<Table 1> PI gains based on FRM and GA

C 1L FRM GA
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K, | K| K | K
Speed 2.42 | 4833 | 243 | 27.78
Current d-axis | 2.45 200 4.08 | 81.63
g-axis | 2.45 200 4.08 | 81.63
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<Table 2> Parameters of the tested SPMSM

Parameter(symbol) Value (unit)
Rated power () 1.5 (kW)
Rated torque (7)) 7.16 (N.m)
Rated speed (V) 2,000 (rpm)

Stator resistance (f7,) 0.4 (Q)

Stator inductance (L,) | 4.9x10-3 (H)
Flux linkage (\,,) 0.145 (Wb)
Inertia (.J) 1.45%10-3 (Kg.m?)
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