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Space Vector Modulation to Maintain Unbalanced Flying Capacitor Voltage

for Output Current Ripple Reduction

Shinjiro Shimura, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a novel space vector modulation (SVM) strategy for maintaining the unbalanced flying capacitor voltage of a

three-level flying capacitor converter to reduce the output current ripple. The proposed SVM strategy maintains the FC voltage

unbalanced, i.e., at a voltage other than half the DC voltage. The output voltage levels are increased from three to four by unbalancing

the FC voltage without changing the circuit topology. The increase number of voltage levels helps to reduce the output voltage and current

ripple. However, the reduced number of redundant voltage vectors makes it difficult to maintain the unbalanced. The proposed method

not only achieves a continuous ripple reduction but also keeps the unbalanced FC voltage. The proposed method is evaluated through

simulation and an experiment with a 7-kW prototype. The proposed modulation improved the harmonics of the switching frequency by

26% and increase the converter efficiency by 0.5 point.
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Fig. 1. The circuit diagram of three-level FCC.
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Fig. 2. Current path of a phase in switching state.
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Table 1. Relation between switching pulses and voltage.

States | S(Sy, S, S, S1) Vi
3 S(1,1,0,0) V.
2 $(0,1,0,1) Vie
1 S(1,0,1,0) Ve Ve,
0 (0, 0,1, 1) 0

(a) FC voltage 0.5 X Ve (b) FC voltage = 0.4 X Vgc
Fig. 3. Space vector diagram with FC voltage changes.
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Quantity Value
Output Power Py 7 kw
Input voltage Vi, 300 V
Switching Freq. fg 10 kHz
Output Freq. f 50 Hz

Load indactance L 0.346 mH

Flying capacitor Cg 500 uF
FC voltage ref. v°, | 120V
Modulation ratio M 0.82 -
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Fig. 7. Voltage output method of proposed SVM.



50 0.8

25 A 0.6

= 0 04
-2

—25 A 0.2

=50 T T T 0.0

0.000 0.005 0.010 0.015 0.020 0 10 20
Time [s] Freq [kHz]
(a) (b)
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