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This dissertation entitled “Control Methods Based on Performance Analysis of Three-Phase Active Power Filters
Equipped with Reduced Passive Components” discusses control methods for three-phase active power filters
(APFs) which compensate harmonic current produced by a diode rectifier in 10-20-kW motor drive systems.
This dissertation analyses circuit operation and control of APFs in detail and reveals control problems in stability
and performance. If reduced passive components are used, it is difficult for the APFs to operate under practical
condition.

First, this dissertation proposes two control methods having capability to suppress the dc capacitor voltage
fluctuation caused by a sudden load change. One is a new harmonic detection method based on a transient
analysis, which can reduce the fluctuation to less than 1/30. The other is an instantaneous voltage control method
across the dc capacitor based on the theoretically derived voltage ripple, which can achieve control bandwidth of
320 Hz above 6 times higher than the source frequency. Moreover, this dissertation proposes two control
methods to improve operating performance under an unbalanced condition. One makes it possible to suppress
the voltage fluctuation and to compensate non-characteristic harmonic currents, which consists of two harmonic
detectors with a repetitive controller. The other injects negative-sequence fundamental current so as to eliminate
excessive voltage ripple associated with the third-order harmonic current compensation. As a result, the voltage
ripple is reduced to almost the same amplitude as that under a balanced condition.

Next, this dissertation discusses improvement of harmonic compensating performance when APF employs
high-order switching-ripple filter equipped with reduced inductors. Transient voltage analysis in a deadtime
theoretically reveals that an output voltage error in PWM converters depends on the converter current ripple. A
new compensating method based on the analysis can effectively suppress the voltage error and exhibits a good
performance all over the operating range. The source current detection method with load current estimation
proposed in this paper exhibits both good compensating performance and fast transient response.

As a result, control methods proposed in this dissertation make it possible to operate the APF equipped with
reduced passive components in practical condition.
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