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Experimental Verification of a Multi-level Inverter with Full-bridge Clamp

for Single-phase Three-wire in the Grid Disturbance.

Takayuki Karaki*, Jun-ichi Itoh, (Nagaoka University of Technology)

Yuichi Noge, (Tokyo metropolitan College of Industrial Technology)

A multilevel inverter with a H-bridge clamp circuit is proposed for single-phase three-wire (1P3W) utility

connected applications such as PV systems. The proposed inverter consists of two n-level inverters and a

H-bridge clamp circuit. The proposed inverter requires only 12 controllable switches to obtain a 5-level output

voltage though conventional multi-level converters with grounded neutral point of the DC-bus require 16

switches. The control strategy for the proposed circuit is also discussed in this paper. Moreover, the proposed

circuit was confirmed that it is satisfied with the FRT (Fault Ride Through) requirements. Finally, when

load-unbalance during self-sustained operation occurs, grid voltage was confirmed to keep balance state by

experiment.
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Fig. 1. Active neutral point clamped (ANPC)
multi-level inverter.
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(a) Proposed H-bridge clamped conveter.
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(b) Proposed H-bridge clamped converter at five-level
configration.

Fig. 2. Circuit configuration of a multilevel inverter for
single-phase three-wire utility connected system.

Table 1. Comparison of the number of devices in
four different multi-level topologies based on a 1/4Vac
voltage rating.

Proposed | ANPC | DCLP FC
Switch
(Carrier freq.) 8 8 16 16
SWltCh *] *9
(Grid freq.) 4 8 0 0
Switch(all) 12 16 16 16
Diode 0 0 24 0
Flying
Capacitor 2 2 0 6

*1:Voltage stress of Vdc *2:Votage stress of 1/2 Vdc
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Fig.3 . Control block diagram.
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Table2. Input-output relation of the MUX1,2.
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Fig. 4. Gate signal and select control S.
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Fig.5 FRT requirements.
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* Vi : Momentary voltage drop signal

Fig.6 Operation of momentary voltage drop.

Table3. Experimental condition.

Rated output power P 1 kW
DC bus voltage Vac 300V
Output voltage Va, Viw 100Vrms
Grid frequency forid 50 Hz
Rated current Lo, Iy 5 Arms
Inductor LyLz | 4 mH (%Z=6.35)
Flying capacitor Cs,Cs 4.7 nF
DC capacitor C1,C2 360 pF
Carrier frequency £ 20 kHz

Upp!er FC \!/oltage! vcz[fOO V/(iiv]

Fig. 7. Experimental results of the rated power.
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(a)Waveform of FRT Operation

U- phase curent iy [5 A/dlv]

(b) Voltage drop operation.
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[8ms/div] [8ms/div]

(C)Voltage return operation.

Fig. 8 FRT operation. (LVRT=20%).
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(a)Waveform of FRT Operation
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(b) Voltage drop operation.
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(c)Voltage return operation.

Fig. 9 FRT operation. (LVRT=5%).
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Fig. 10 Transit response of Load unbalance.
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