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A Model Predictive Control Method of a Cascaded Flying Capacitor
Multi-level Rectifier for Solid State Transformer for DC Distribution System
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Abstract

This study introduces a model predictive control method for controlling a cascaded flying capacitor multilevel
rectifier used as an AC-DC rectifier of a solid-state transformer for DC distribution systems. The proposed
method reduces the number of states that need to be considered in model predictive control by separately
controlling input current, output DC link voltage, and flying capacitor voltage. Thus, calculation time is
shortened to facilitate the level expansion of the cascaded flying capacitor multilevel rectifier. The selection of
weighting factors did not present difficulties because the weighting factors in the cost function of the
conventional model predictive control are not used. The effectiveness of the proposed method is verified through

computer simulation using powersim and experiment.

Key words: DC distribution system, Finite control set-model predictive control, Flying capacitor rectifier,

Multi-level converter, Solid state transformer
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Fig. 1. Basic configuration of a 2-module cascaded flying
capacitor multi-level rectifier.
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Fig. 2. Block diagram of the proposed FCS-MPC method.
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TABLE 1
SYSTEM PARAMETER OF THE SIMULATION
Parameter Value
AC grid voltage (rms) 1600 [V]
AC grid frequency 60 [Hzl
DC link voltage 1400 [V]
Flying capacitor voltage 700 [V]
Grid inductor 100 [mH]
DC link capacitor 1000 [uF]
Fying capacitor 1000 [pF]
Load resistor 1000[<Q]
Sampling period 50 [us]

H

= = 0N
= 2 N
current 1 [A]

AC gridvoltage v, [V]
© &
E H

5 h b ona oo

Tnput AC

1.02 104 1.06 1.08 11
Time (s)

Fig. 3. Simulation results of the proposed method in steady
—state.
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Fig. 5. Simulation results of the conventional method with
current weighting factor 5.

P

rrant 7 [ A]

Tnput AC o

15 161 162 153 164 1866
Time (s)

DC link voltages Vs, Va: [V]

vollages

mmmwmmmmmmmmmm

4 15 2
Time (s)

Fig. 6. Simulation results of the proposed method.

TABLE II

SYSTEM PARAMETER OF EXPERIMENTAL SET-UP
Parameter Value
AC grid voltage (rms) 220 [V]
AC grid frequency 60 [Hz]
DC link voltage 200 [V]
Flying capacitor voltage 100 [V]
Grid inductor 35 [mH]
DC link capacitor 800 [uF]
Fying capacitor 800 [uF]
Load resistor 180 [Q]
Sampling period 50 [us]

25 3

AN wE-dE A5 2 a3 Aol Py

Vi [100V/div]

/I',H [100V/div]

™ v, [200V/div]
20ms/diy

Fig. 7. Experimental result of the proposed method in
steady-state.
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