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Evaluation of Total Loss of Both an Inverter and Motor Depending on Modulation Strategies
Takumi Ogura™, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper evaluates total loss of an induction 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 induction motor is implemented by a
theoretical model. As a result, when leakage inductance is less than 25%, the PWM drive should be used in order to obtain
the minimum loss. On the other hands, when the leakage inductance is more than 65%, the six-step operation is suitable to
obtain total high efficiency. Additionally, the optimum switching frequency is mentioned according to the leakage
inductance. The validity of the loss analysis is confirmed by simulation and experimental results in which an induction motor

of 1.5kW is used. In addition, motor loss analysis in consideration of iron loss is due to be conducted.
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Fig. 1. Inverter loss
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Fig.2 Equivalent circuit of induction motor for fundamental
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Fig.3. Equivalent circuit of induction motor for harmonic

components.
0.1 - Simulation
| & Point

[\ Square wave
0.0 \ — —  PWM500[Hz]
8 —.—-- PWMi[kHz]
O PWM5[kHz]
ool N PWM10[kHz]
- —-—-  PWM16[kHz]

Loss [pu]

L 1 L 1 L 1 L 1 L L
10 20 30 40 50 60 70 80
Leakage inductance ( % X ) [%]

K4 A X720 EREDRZR

Fig. 4. Relation between loss and leak inductance.
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