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Abstract

This paper proposes the selective voltage balancing scheme of a modular multilevel DC-DC converter for solid-state
transformers. In general, the sub-module capacitor voltage can be controlled uniformly by individual feedback controllers,
however computation time increases according to the number of modules. The voltage balance control scheme in this
paper can reduce the computation time by selecting and controlling sub-module of maximum/minimum voltage
momentarily. The performance of the proposed selective voltage balancing scheme is verified by simulation.
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Fig. 1. Topology of a modular multilevel DC-DC converter.
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Fig. 2. Sub-module structure.
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(c) Discharging mode
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Fig. 3. Mode of operation in sub—module.
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Table 1. Output reference of voltage balancing scheme.
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Fig. 4. Conventional voltage balancing controller.
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Fig. 5. Principle of voltage balancing scheme.
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Fig. 7. Proposed voltage balancing controller.
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Fig. 8. Voltage controller of modular multilevel DC-DC
converter.
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Table 2. Simulation parameters.
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Parameters Value

Number of Sub-module per Arm 4 ea

Number of full-bridge 4 ea
Switching frequency 10 kHz
MVDC voltage 800 V

LVDC voltage 400 V
Sub-module capacitance 600 uF
Arm inductance 100 uH
Leakage inductance 40 uH
Magnetizing inductance 4000 uH
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Fig. 9. Simulation waveform of proposed voltage balancing
scheme. (a) Capacitor voltages of sub-module.
(b) Max/Min Capacitor voltage.
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Fig. 10. Simulation results of proposed voltage balancing
scheme. (a) Capacitor voltage of sub-module. (b)
Arm current. (¢) Sub-module number of Max/Min
capacitor voltage. (d) Offset reference of 4th
sub—-module.
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