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Evaluation of total loss for an Inverter and permanent magnetic motor by applying modulation strategies.

Takumi Ogura™, Jun-ichi Ttoh, (Nagaoka University of Technology)

This paper evaluates total loss of a permanent magnetic motor drive system depending on each inverter modulation strategies,

which are a PWM operation and a six-step operation. At first, the loss analysis of an inverter and an permanent magnetc motor is

implemented by a theoretical model. As a result, when synchronous reactance is less than 26%, the PWM drive should be

used in order to obtain the minimum loss. On the other hands, when the synchronous reactance is more than 26%, the

six-step operation is suitable to obtain total high efficiency. Additionally, the optimum switching frequency is mentioned

according to the leakage inductance. In future study, the iron loss will be considered and the optimization of the modulation

strategy PM motor will be discussed in the term of experiment.
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Fig. 1. Inverter loss.
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Fig.2. Equivalent circuit of a PM motor verified by the

fundamental component.
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Fig.3. Equivalent circuit of a PM motor verified by the harmonic

components.
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Table 1. Parameters of Permanent magnet motor.

Items Values
Rated power 1.5kW
Phases and poles 3phases, 6poles
Rated frequency 90Hz
Rated voltage 180V
Rated current 6.1A
Rated speed 1800r/min
Back electromotive force 147V
Winding resistance Ra 0.783Q2
Synchronous reactance La 11.5mH
Number of poles 36slots
Stator outer diameter 130mm
Stator inner diameter 83mm
Winding configuration 138turn,series per phase
Rotor outer diameter 82.2mm
Rotor shaft diameter 30mm
Electrical resistivity p 1.4X10°Qm
(magnet)

M4 fEMTE—ZET IV
Fig.4. The model of a FEM motor.
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Table 2. The Constant number of each input waveform.

Input waveform a b
Six-step 560 1.5
PWM450Hz 2300 1.5
PWMO990Hz 3200 1.6
PWMS5kHz 1200 1.7
PWMI10kHz 220 1.4
PWMI16kHz 110 1.3
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Fig.5. Magnetic current density.
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Fig. 6. Eddy current loss by the FEM analysis.
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Fig.7. Relations between the eddy current loss and the

synchronous reactance.
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