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Reduction in Capacitance of a Flying Capacitor for a 3+1-Level Converter
Considering Current Vector

Akihide Mizukawa, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a space vector modulation (SVM) strategy for reducing flying-capacitor (FC) capacitance in a
3+1-level flying capacitor converter (FCC) considering the phase difference between output voltage and current. In
conventional modulation, the FC charging/discharging state of each basic vector is determined mainly from the voltage
vector diagram under unity power factor. However, when the current phase differs from the voltage phase, the current
polarity of each phase changes, and the intended FC voltage control may not be achieved. To solve this problem, the
proposed method defines a current vector diagram according to the load phase difference, identifies the maximum-,
middle-, and minimum-current phases and their polarities, and determines the FC charging/discharging state for each
basic vector. Experimental results show that the proposed method reduces the FC voltage fluctuation rate from 11.79%

to 8.37%, while maintaining comparable THD characteristics.
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Fig. 1. Three-phase three-level FCC.

Table 1. The relation between the switching function and the

charging/discharging state of FC (x = u, v, w).

Switching (S«1, Sv2) 0.0 0.1 1.0 1.1
state (S+) 0 1 2 3
Output Voltage 0 Vi Vic—vg Vi
ing/| i =0 Discharging | Charging
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Fig. 2. Voltage vector diagram with FC charging and discharging.
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Fig. 3. The Relationship Between
the Three-Phase Voltage Axis and the Three-Phase Current Axis.
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(a). Max. Phase.

(b). Mid. Phase.
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Fig. 4. Maximum, middle, and minimum phase currents on the phasor diagram (Load angle 6 = 0°).
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Fig. 6. The basis vectors assigned by each state.
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Fig. 5. Maximum, middle, and minimum phase currents on the phasor diagram (Load angle 6 = —45°).
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Fig. 7. Charging and discharging
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Fig. 8. Charging and discharging
of each phase FC for all basic vectors (Load angle 8 = —45°).

Fig. 7 & Fig. 8 #ig¥ 2 L [A—® FC BESMHTH, £
FC OFREEN R D Z L BbhD,
ATHARMAICLY, K4 FC IEMENLELT 572, Fig.
91T T 7 —IZ LY FC EEEMEFRIT 5, HERIETIE, M
FEYE D F/NEEIT X0 VR KA - R/ MEZHBIL, &
tH FC BEEDMFE « W ERBIZE SN TRRY L
BWRET D, —F, EETIE, AWIIRMA%2 AWV TERR
A&leimﬁw B OME 2RI L, FEART L
BB FC OFRMEY 7 72 AEKT 5, ERLIEFR
mﬁ777&§ch@F®@%%-@mﬁﬁﬁmgdm
T, FCELEEBZIMEIT D2EINNT MV ERET D,



Vur, Vi, Vit

proposed
method

command values
to modulation ratio and phase

Conversion from three-phase voltage

fu, v, iw

|

Modulation rate phase

Extract the basic vector

within the sector located in the phase

Draw a current vector diagram

Determine the polarity of each phase

Basic vector
within the sector

based on the current vector

Determine the charging and discharging
of each phase FC for each basis vector

Comparison of Phase|
Current Magnitudes

Calculate the phase
current direction

imax, Vil Vral,
e Vi,

imid, Vol
Vioh® Viow

imin

Conventional

method

Maximum phase/
Minimum phase

FC Overcharge

'—> on the output voltage vector

Select three basic vectors based| } Generate charge/discharge flags

or over-discharge

and FC voltage

Charge/Discharge Flags

Fig. 9. SVM Flowchart.

Vo, V1, V2 di, dz, ds
To the FPGA
conventional(FC Voltage 40%) proposed

g

1275
£ 1250
&
%\ 00

E1rs

1150
3 o
&
o
3
L

00 001 0@z i oM 0B5 086 000 0Bl 002 003 od+ o5 00

Time [5] lime [s]
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Table 2. Voltage regulation.

thod Max FC Min FC Voltage
Mot | voltage [V] | Voltage [V] | Regulation [%]

conventional 131.0 116.8 11.79

proposed 125.9 115.9 8.37

Table 3. U-phase current/U-V line voltage THD (until 2500th).

Quantit Conventional | Conventional Provosed
¥ (50%) (40%) P
Phase current [%] 7.24 6.90 7.04

Line-to-line voltage [%o] 356 31.8 329
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