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System Evaluations about Rated Voltage of Switching Devices
for Isolated Three-phase AC-DC System using Modular Multilevel Converter Topology
Toshiki Nakanishi*, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper discusses a novel isolated three-phase AC-DC converter using MMC topology for a medium voltage application.
The MMC at primary stage of an isolated AC-DC converter can directly convert a three-phase AC power supply into a
high-frequency AC voltage of 1 kHz. In this paper, the features of the proposed circuit are discussed according to the voltage
ratings of the switching devices. Moreover, the total harmonic distortion (THD) of the input current, the output voltage, the
number of cells and the capacitance of DC capacitor are evaluated on each switching devices in the proposed system. In addition,
the proposed system performance with SiC MOSFET of 3.3 kV is demonstrated by the simulation.

As aresult, the proposed converter achieves low THD of the input current waveform which is approximately 2.36%.
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(a) Main circuit configuration.

(b) A H-bridge cell.

Fig. 1. Circuit diagrams of the proposed circuit for AC-DC isolated converter with MMC topology.
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Fig. 2. Control block diagrams of the proposed circuit for the arm group A.
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Table 1. Device Parameters and switching frequency.
Device Parameters fs

Vce=2.5KV, 1.=400A,

Eon =500 mJ @ Ic =400 A,

GO | Vee= 125KV, Ry =750, Vee = 15V | 9khz
Eor =400 mJ @ Ic = 400 A,
Ve = 125KV, Roor= 75 Q, Ve = £15V
Vce=3.3KV, 1.=800A,
Eon = 1200 mJ @ Ic = 800 A
33KV IGBT - m ol '

Vce = 1.65kV, Rgon = 2.5Q, Ve = £15V 3 kHz
Eqff = 1000mJ @ Ic = 800 A,

Ve = 1.65kV, Rgor= 2.5 Q, Vge = =15V
Vce=6.5kV, 1;=400 A,

Eon = 3450 mJ @ Ic = 400 A,

Vce=3.6kV, Rgn=19Q, Vge = £15V 1 kHz
Eoff = 2250 mJ @ Ic =400 A,
Vce=3.6kV, Rgo= 13 Q, Vge = =15V

CMB800E2C-66H

6.5kV IGBT
FZ400R65KE3

Table 2. Comparison for numbers of
cells and switching devices depending on the rated voltage of
the switching device.

Rated Numbers of Cells Numbers of
\Voltage @leg Switching devices
2.5kV 10 120
3.3 kV 8 96
6.5 kV 4 48
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Fig. 3. Comparison of total energy in DC capacitor

according to the switching device.
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Table 3 Simulation parameters

Output power 200 kW Input voltage rms 6.6kV
Input voltage frequency 50 Hz Output voltage 450V
Number of cell per leg n 8 DC capacitor C 1.7mF
Load R 10 Filter capacitor Cy 80 uF
Output reactor L, 4 mH Output capacitor C, 200 uF
Turn ration pri.: sec. 24:1 Carrier frequency 9 kHz
Interconnection reactor Li, 1mH

Buffer reactor Ly 2 mH (Z% = 0.58)
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Fig. 4. Waveforms of the input phase voltage and current.
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Fig. 7. Waveform of the MMC output voltage.
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Fig. 8. Comparison of the input current THD

according to the switching devices.

6.6



