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Loss analysis of step-down Modular Multilevel Converter using H-bridge cell
Toshiki Nakanishi*, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper discusses a loss analysis method of a step-down rectifier using a Modular Multilevel Converter with an H-bridge
cell. This step-down rectifier converts from a wind power generator voltage to a DC micro-grid’s voltage of several hundred volts
without a bulky isolated transformer. Moreover, the proposed system can achieve the step-down operation by applying H-bridge
cells. The paper shows the experimental result of the miniature model with 4 cells per leg. Finally, the comparison result of the
theoretical equations and the simulation in switching device losses. As a result, the maximum error between the theoretical value

and the simulation value is 1% or less.
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Fig. 1. Circuit configuration of the MMC for the wind power
generation system connected to the DC micro-grid. The MMC with

H-bridge cells is able to operate as the step-down rectifier.
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Fig. 2. Circuit configuration and output voltage of each cell. The
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chopper cell has the output voltage limit because the chopper cell cannot
output the negative voltage. On the other hand, the H-bridge cell does

not have the output voltage limit.
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Fig. 3. Control block diagram for step-down rectification in the upper arm
of r-phase. The proposed control system is applied to each arm of the
MMC in order to control each arm. Moreover, the ACR controls only the

AC component of the arm current. j is the index of the cell number.
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Fig. 4. Relationship between the cell output voltage and the arm current
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Fig. 5. Waveforms of input voltage, input current and output voltage.
The unity power factor is obtained in the input stage. The THD of the

input current is 5.6% when the %Z of the inductor is 2.5%.
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Fig. 6. Waveforms of the capacitor voltage in r-phase leg. The proposed
system maintains the capacitor voltage of each H-bridge cell to the voltage
command of 120 V. In addition, the maximum voltage error between the
capacitor voltage command and the measured voltage is 5% or less.

Tabele 1. Parameters of switching device loss calculation.

Input apparent power S 1 kVA Number of cell n 4
Input line voltage E 200 Vims | Capacitor voltage Ve | 130V
Output voltage Vime 80V Carrier frequency fc | 10 kHz

Drop voltage of switch Vo sw 15V
Resistance of switch Rsw 0.02Q

Turn-on energy of switch Wy, 8.4 mI@V 4=300 V l44=50 A

Turn-off energy of switch Wy 7.8 MI@V 3=300 V l44=50 A
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