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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 space vector modulation (SVM) method for maintaining unbalanced flying capacitor (FC) voltages for a three-

level flying capacitor converter to reduce the output current ripple. The conventional SVM for balanced FC voltages selects the output

voltage vectors that evenly balance FC voltages at half the DC voltage. Conversely, the proposed method maintains the FC voltage in an

unbalanced, i.e., at a voltage other than half the DC voltage. The unbalanced FC voltage increases the output voltage level more than the

conventional method. The increase number of voltage level helps to reduce the output voltage and current ripple. However, when the FC

voltage is unbalanced, the number of overlapped space vectors are reduced, making it difficult to maintain the unbalanced state. In order

to solve the above problem, the proposes method achieves ripple reduction of output voltage and current but also maintains the FC voltage

unbalanced. The proposed method is evaluated through simulation. The total harmonic distortion of the output voltage is improved by

6.75 %, and the output voltage and current ripple are reduced.
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Fig. 2. Current path of a phase in switching state.

Table 1. Relation between switching pulses and voltage level.

States | S(Sy, Sy, Suzy Se1) V,
3 (1,1, 0, 0) Ve
2 (0,1, 0, 1) VA
1 (1,0, 1,0) Ve Vi
0 (0,0, 1, 1) 0

(a) FC voltage = 0.5*Vqc.

(b) FC voltage = 0.4*Vq.

Fig. 3. Space vector diagram with flying capacitor
voltage changes.
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Fig. 4. Three-level SVM.
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Fig. 5. Proposed space vector modulation and

charge/discharge states.
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