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Reduction of Flying Capacitor Capacitance in a 3+1-Level Inverter

Akihide Mizukawa®, Keisuke Kusaka, (Nagaoka University of Technology)

This paper proposes a space vector modulation (SVM) strategy for reducing the flying capacitor (FC) capacitance in a 3+1-level

flying capacitor converter (FCC). In conventional modulation for the 3+1 level inverter, FC voltages are intentionally kept

unbalanced to reduce output harmonics. However, since the control considers only the phase with maximum current amplitude,

large FC voltage fluctuations occur, requiring a large capacitor. To address this issue, the proposed method simultaneously and

independently controls the charging and discharging of FCs in both maximum and minimum phase currents. By optimally selecting

voltage vector coordinates near the output voltage vector, precise regulation of each phase FC voltage can be achieved while

suppressing fluctuations. Simulation results show that the proposed method improves the voltage fluctuation rate from 5.42% to

1.75% and enables a 72.2% reduction in FCCapacitance. Moreover, improvements in output current and line voltage THD are

confirmed, indicating that the proposed method enhances power quality.
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Fig. 1. Three-3phase, -three-level FCC.

Table 1. The relation between the switching function and the
charging/discharging state of FC(+=u, v, w).

Switching (S 1, S =) 0,0 0,1 1,0 1,1
state 0 1 2 3
Output Voltage 0 Vie Vie-ve Vac

ing i >0 Dischargi Chargi
FC Charging/ 11 Neutral £ne £ne Neutral

Discharging |; <0 Charging Discharging
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Fig. 2. Output voltage vector on space vector modulation.
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Fig. 3. Voltage space vector diagram (3+1 Lv.).
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Fig. 4. Voltage vector diagram with FC charging/discharging

(only max phase current).
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Fig. 7. Voltage vector diagram
with FC charging/discharging (all phase current).
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Table 3. Simulation parameters.

System Parameter Value
DC Link Voltage DC 300 V

Flying Capacitor 1.8 mF

DC Link Capacitor 4.7 mF
Carrier Frequency 10 kHz
Resistance 55Q
Inductor 346 uH

Voltage Reference Frequency 50 Hz

conventional
method Proposed method

Resistor current [A]
<
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voltage [V]

=)
S

United voliage
reference [-]
=3

250 Y
Vi

250

o

ne voliage [V]

|l

000 001 002 003 004 005 006 007 008 009 010 o011 012
Time [s]

Fig. 10. Output Time Responses.
Table 4. Voltage Regulation.

method Max FC Min FC Voltage
Voltage [V]|Voltage [V]|Regulation [%]
conventional 125.7 119.2 5.42
proposed 121.3 119.2 1.75
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Fig. 11. Output Waveforms for Reduced FC Capacitance.
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Fig. 12. Frequency Analysis Results (until 2 kHz).

Table 5. Phase current/Line voltage THD (u-phase).

Phase current | Line voltage
method THD [%] THD [%]
conventional 0.239 0.258
proposed 0.141 0.164
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Fig. 13. Frequency Analysis Results (until 25 kHz).

Table 6. Phase Current Amplitude.

method 10 kHz 20 kHz
conventional 0.891 0.280
proposed 0.929 0.243
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