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Alleviate Current Distortion of Dual-buck Inverter
During Reactive Power Support

Sanghun Han' and Younghoon ChoT

Abstract

This study presents a method for reducing current distortion that occurs when a dual-buck inverter
generates reactive power. Dual-buck inverters, which are only capable of unity power factor operation, can
generate reactive power capabilities by modifying a modulation technique. However, under non-unity power
factor conditions, current distortion occurs at zero-crossing points of grid voltage and output current. This
distortion is caused by parasitic capacitors, dead-time, and discontinuous conduction mode operation. This
study proposes a modified modulation method to alleviate the current distortion at zero—crossing point of the
grid voltage. A repetitive controller is applied to reduce this distortion of the output current. A 1 kVA
prototype is built and tested. Simulation and experimental results demonstrate the effectiveness of the proposed

method.
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-buck inverter under lagging
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Fig. 1. Dual-buck inverter.
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Fig. 3. Waveforms of the dual

power factor operation.

Fig. 2. The modulator for reactive power generation.
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Fig. 4. Operating modes at zero—crossing point of the grid
voltage. (a) vg >0, (b) vg <0.
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Fig. 5. Waveforms at zero-crossing point of the grid
voltage.
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Fig. 7. Waveforms at zero-crossing point of the output
current. (a) Unity power factor condition, (b) Non-unity
power factor condition.
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Fig. 10. Modified operating mode for deadtime.
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Bode Diagram

-50

Magnitude (dB)

-100

-150
180

135
90 [

45 -

Phase (deg)

ot

.45 L
10° 102 10° 10*
Frequency (Hz)

Fig. 12. Frequency response of reference-to—error model.

TABLE I
PARAMETERS OF DUAL-BUCK INVERTER IN
SIMULATION AND EXPERIMENTS

Parameter Value
Grid voltage, v, 220 V
DC-link voltage, V. 380 V
DC-link capacitor, Cye 2 mF
Filter inductors, L1, Ly 2 mH
Filter capacitor, G 330 nF
Parasitic capacitor, G, 80 nF
Ground resistor, F, 10 @
Grid frequency, fy 60 Hz
Sampling frequency, f; 30 kHz
Deadtime, t; 2 us

v, (100V/div) i, (SA/iv)|| v, (100V/div) i, (SA/div)

T~
,’

Sms/div Sms/div

(a) (b)
Fig. 13. Waveforms of 1kVA lagging power factor
operation. (a) Conventional method, (b) Proposed method.
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i, (1A/div) i (1A/div)
K K

500us/di Ops/di

Fig. 14. Waveforms of the current distortion. (a) Conventional
method, (b) Proposed method.
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Fig. 15. Waveforms at zero—crossing point of the grid
voltage. (a) Conventional method, (b) Proposed method.
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Fig. 16. Experimental setup.
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Fig. 17. Waveforms of 1kVA lagging power factor
operation. (a) Conventional method, (b) Proposed method.
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Fig. 18. Waveforms of the current distortion. (a) Conventional
method, (b) Proposed method.
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Fig. 19. Waveforms at zero—crossing point of the grid
voltage. (a) Conventional method, (b) Proposed method.
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