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Four-Terminal Network Theory-Based Virtual Reactance Circuit for Grid-Side Inductor Miniaturization

Riki Yamazaki®, Keisuke Kusaka, (Nagaoka University of Technology)

Improving the power density of power conversion systems (PCSs) requires reducing the size of passive components in grid-

connected inverters. While increasing the switching frequency may reduce inductor size, the approach becomes impractical for

high-power PCSs due to excessive switching losses and device limitations. This paper proposes a four-terminal virtual reactance

circuit that emulates passive reactance behavior over a wide bandwidth while allowing only a small portion of the current to flow

through its auxiliary circuit. Its broadband characteristics are verified through simulation and experiment using an 800-W prototype.

Additionally, the total passive volume is reduced by 73% compared with a conventional passive inductor, demonstrating strong

potential for realizing high-power-density PCSs.
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Fig. 1. Concept of a two-terminal virtual reactance circuit.
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Fig. 3. Concept of a four-terminal virtual reactance circuit.
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Fig. 4. Basic elements of a four-terminal networks.
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Fig. 5. Realizable four-terminal virtual-reactance network.
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Fig. 7. Proposed four-terminal virtual impedance circuit.
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Table 1. Analysis and simulation parameters.

Parameters of the grid-connected inverter

Output power P, 1 kW
Input voltage Vi 400V
Output voltage Vour 100 Vs
Output frequency Sout 50 Hz
Switching frequency Sin 5 kHz
Current ripple ratio of 7o Al 10 %

Parameters of the proposed virtual reactance circuit

Average voltage of Cy. Veae 250V
Voltage ripple ratio of vy AVeae 5%
Switching frequency Sfeom 1 MHz
Current ripple ratio of s Al 25%
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