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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) maintaining an unbalanced voltage of the flying capacitor
(FC) for a three-level flying capacitor converter to reduce the output current ripple. The conventional SVM for
balanced FC voltage selects the output voltage vectors that evenly balance FC voltages at half the DC voltage. In
contrast, the FC voltage is controlled to be unbalanced to increase the number of output voltage vectors in this paper.
The increased number of output voltage vectors allows the reduction of the current ripple. From the simulation result,
the output current ripple is reduced by up to 20.4% in comparison with the conventional method.
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Fig. 2. Three-level flying capacitor converter topology.
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Table 1. Switching states of three-level FCC.

State | S(Sus. Surs Suss Sua) vV,
3 S(1,1,0,0) Vi
2 5(0,1,0,1) Vi
1 (1,0, 1,0) (VRVA
0 5(0,0,1,1) 0
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Fig. 3. SV with unbalanced flying capacitor voltage.

Table 2. Relation of switching state and capacitor charging.

Su Sv Sw
vat 1 1 0
vg? 2 1 0
v8g? 1 2 0
vg? 2 2 0
veg® |3 3 1
ve® |3 3 2
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Fig. 4. Waveform of phase voltage, current and V.
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Fig. 5. Enlarged waveform at peak of U-phase current.
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