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A Stable Startup Method of V/f Scalar Controlled Permanent Magnet
Synchronous Motors
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Abstract

This study presents a stable start-up strategy for v/f scalar-controlled permanent magnet synchronous
motors (PMSMs). The v/f-controlled PMSMs easily lose synchronism under low-speed conditions if an
msufficient stator voltage is applied to the machine due to errors in measured motor parameters and inverter
nonlinearity, such as inverter dead time and on-state voltage drop. The proposed method adopts the I/f control
method to ensure a stable start at low speeds and then switches to the v/f control method at medium speeds.
A smooth transition method from I/f control to v/f control is proposed to minimize the oscillation of the stator
current and rotor speed during transition. Moreover, the stability of the I/f and v/f control methods is analyzed
using a small-signal model. Simulation and experimental results are provided to verify the performance of the

proposed control strategy.
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Fig. 1. Steady-state vector diagram of the V/f controlled
PMSM.
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TABLE 1
TEST SPMSM PARAMETERS
Parameter Value
Rated Power 3.0 kW
Rated Speed 1500 rpm
Rated Torque 16 N'm
Rated Voltage (line - line) 220 Vims
Phase Current 7.8 Amms
Pole 8
Stator Resistance 0.158 Q
d-axis Stator Inductance 6.3 mH
g-axis Stator Inductance 6.3 mH
Flux Linkage 0.264 V-s
Inertia 0.01 N'm/rad's
Switching Frequency 5 kHz
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Fig. 2. (a) Eigenvalue plot of the open-loop V/f controlled
SPMSM under no load, (b) Rotor poles of the open-loop
V/f controlled SPMSM under different load conditions.
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