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Experimental Verification of Multi-level Circuit
for Single-phase Three-wire System using H-bridge Clamp Circuit
Takayuki Karaki, Student Member, Yuichi Noge, Student Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

A multilevel inverter with H-bridge clamp circuit is proposed for single-phase three-wire (1P3W) utility connected applications such as PV

system. The proposed inverter consists of two n-level inverters and a H-bridge clamp circuit. The proposed inverter features high

compatibility with next generation semiconductors because of the uses of a high voltage H-bridge clamp circuit at grid frequency switching.

The proposed inverter requires only 12 controllable switches to obtain a 5-level output voltage. In conventional multi-level converters with

grounded neutral point of the DC-bus, 16 switches are required. The basic operation of the proposed circuit is confirmed by 5-level

experimental setup.
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Fig. 1. Active neutral point clamped (ANPC) multi-level inverter.
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Fig. 2. Circuit configuration of a multilevel inverter for single-phase
three-wire utility connected system. (a) Proposed H-bridge clamped
converter. (b) Proposed H-bridge clamped converter at five-level
configration.

ERL, WEIX 12V &7 D,

(2:2) REER

X 2@ HR R B OBEGR M & 777, R R ILE R A0
EFZn b oAq 0 R_"—=% HAHZH T v RO s
7 v 7 & RO, HAH SRAGRFIE U, W AH O BRI RS 23
FRHECE LT D78, RO ERM I Licr 7
TEEg x5, LoTI TV TRIEDOAAL v TF T
BHRIIEF NSV, ERHAELE VKT 20-1 LV
L7200, ANPC [EIE & Rl—Th 5.

B 2(b)Z 5 L_XAAERR DRI R Z R~ T, 7 T A 7 F xR

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

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

* Actual number of devices
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Fig. 3. Operation of upper/lower inverter and clamp switches.
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Table 2. Switching condition and output voltage.

Switching condition ("x"= not applicable)
Output Output Flying capacitor Inverter Clamp circuit
Phase It No. | current
vollage direction Upper Lower U w
Cl1 C2 S1 S2 S3 S4 S5 S6 S7 S8 Slu | S2u | Slw | S2w
Vqo/2 1 - - ON | ON | OFF | OFF X X X X
Va/4 2 .. Charge - ON | OFF | ON | OFF X X X X
Vo/d | 3 | POV hischarge } OFF | ON | OFF | ON | x X X x| ON | OFF | OFF | ON
U 0 4 - - OFF | OFF | ON | ON X X X X
0 5 - - X X X X ON | ON | OFF | OFF
-Va/4 6 . - Charge X X X X ON | OFF | ON | OFF
-Va/4 7 Negative - Discharge X X X X OFF | ON | OFF | ON OFF | ON ON | OFF
-Va/2 8 - - X X X X OFF | OFF | ON | ON
Vao/2 9 - - ON ON | OFF | OFF X X X X
Va/4 10 . Charge - ON | OFF | ON | OFF X X X X
Va/4 11 Positive Discharge - OFF | ON | OFF | ON X X X X OFF | ON ON | OFF
W 0 12 - - OFF | OFF | ON | ON X X X X
0 13 - - X X X X ON | ON | OFF | OFF
-Va/4 14 . - Charge X X X X ON | OFF | ON | OFF
Vo/d | 15 | Nesative - Discharge | x X X x | OFF | ON | OFF | oN | ON | OFF | OFF | ON
-Vgo/2 16 - - X X X X OFF | OFF | ON | ON
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Fig. 4. Control block diagram.
Table 3. Parameter and condition.

Rated power 744W Inductor 2mH(%2.5)
DC bus voltage | 300V Flying capacitor 14pF

Output voltage | 200V Electrolytic capacitor | 470uF

Grid frequency | 50Hz Carrier frequency 20kHz

Rated current 3.7A Power factor 99.97-99.99%

Digital controller Switching devices

DSP TI C6713 Inverter circuit H5N2007FN

FPGA | Actel | APA300 | Clamp circuit IPW65R070C6

r FlyingCapacitor voltage. ve[S0V/div]

Fig. 5. Voltage and current waveforms.
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Fig. 6. Expanded flying capacitor voltage.
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Fig. 7. Load efficiency characteristic.
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Fig. 8. Loss analysis of experimental result.
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