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Experimental Verification of Multi-port Converter

with Square-wave-voltage Multilevel Converter and Active Power Filter Connected in Series

Mitsuru Miyashita®

, Hayato Higa, Jun-ichi Itoh (Nagaoka University of Technology)

Yuichi Noge (Tokyo University of Agriculture and Technology),
Masaki Ishibashi (Tokyo Metropolitan College of Industrial Technology)

This paper proposes a multi-port converter in order to reduce the power conversion loss and circuit volume. The proposed circuit

consists of a multilevel converter, a series active filter, and an unfolder. In the proposed circuit, the number of inductors is reduced

from four to two compared to conventional circuit. In addition, a voltage balance controller is proposed in order to keep the capacitor

voltage. It is confirmed that a prototype circuit achieves the maximum efficiency of 99.3%. Furthermore, capacitor voltage is

balanced in different initial voltage conditions.
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Fig. 1. Circuit configuration of the proposed circuit.
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Fig.2. Conceptual diagram of the proposed circuit

operation.
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Fig. 3. Block diagram of the output current control.
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Table 2. Experimental conditions.

Parameter Symbol Value
Output power Pou 1.0 kw
Output voltage Vout 200 V
Output current lou 5.0A
Output frequency fout 50 Hz
Cell A voltage En 190 V
Cell B voltage Eg 95 V
C, capacitor voltage Vs 32V
C, capacitor voltage Veo 32V
Cell C capacitor C, 3300 pF (H=1.69 ms)™
Cell D capacitor Cs 3300 pF (H=1.69 ms)™
Step down inductor L, 1.57 mH (%Z=1.2%)"
Snubber capacitor Conp 4.4 pF
Snubber resistance Ronp 47 kQ
PWM Carrier Frequency fow 20 kHz
Response foun 2 kHz
PI1 Danping factor Spin 0.7
(ACR) Proportional gain Ke1 pu 2.07p.u”
Integral time Tu 111 ps
Response forz 10 Hz
P12 Danping factor Sei 0.7
(AVR) Proportional gain Kp pu 1.94p.u”
Integral time Tix 22.2ms
Response fora 10 Hz
PI3 Danping factor [ 0.7
(AVR) Proportional gain Kps pu 3.87p.u”
Integral time Tis 22.2ms

*1 H : unit capacitance constant'? based on an output average
current Jou ave and a capacitor voltage(Vcs” or Ves').

*2 %L based on an output voltage Vou, an output current Jou, and an
output frequency fout.

*3 Proportional gain based on an output voltage Vou, an output
current Jout
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Fig. 12. Transient response of the capacitor voltage at

initial voltage variations.
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