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Neutral Point Potential Variation Reduction Method for the Three-level V-connection Inverter
Using Space Vector Modulation
Huynh Dang Minh™, Daisuke Sato, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes a method which uses the Space Vector PWM (SVPWM) modulation to reduce the neutral point potential variation of
the three-level V-connection rectifier-inverter. In the proposed method, by selecting the vectors which has low neutral point potential
variation to generate the output voltage command value, the neutral point potential variation of the \-connection inverte can be reduced. In
addition, the neutral point potential variation influence the magnitude of the load’s common-mode leakage current. Moreover, the load’s
common-mode leakage current is dominant the generation of the conduction noise. Therefore, by reducing the neutral point potential
variation, it can be considered that the proposed SVPWM method can reduce the conduction noise. After that, the simulation results and
experimental comparison of the neutral point potential variation of the proposed method and the conventional method are analyzed. Due to

this, the effect of reducing the neutral point potential varitation of the proposed method can be confirmed.
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Fig.1. 3-level VV-connection inverter

Table 1. The values of line-to-line voltages vyy, Viw, Vau
corresponding to each switching pattern of the 3-level

V-connection inverter

Vector State of the switch (1:0N, 0:0FF) v v v
Sut | Suz | Sus | Sus | Swi| Swz| Sus | Sws w v wu
Vi1 111|001 |1 0| 0| Ew2]-Ew2 0
Vie |2 l1]ofofol1]|1]ofE2] 0 |-Eu2
Vi 1110000 | 1| 1]|Ew2]| Ew2)]| -Eg
Vo1 of141j0|1]1]01]0 0 -Eq/2 | Eql2
Voo of1y1j0]0|1]1]0O0 0 0 0
Vo1 o110 0]0]1]1 0 Eqo/2 | -Eqo/2
Vi 0|0 | 1|21 |21]1] 0] 0|-E«2|-Eal2]| Eg
V.o 0Oy0 |1 |10/ 1]1]0]|-E«2 0 Eqo/2
Vi 0|0 |1 1|0] 0] 1] 1]|-E«2]|Es 0

V.11

Fig.2. Output voltage vector diagram of the 3-level
V-connection inverter
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Table 2. The neutral point potential variation corresponding to

each output voltage vector of the 3-level VV-connection inverter

Vector Vi Vo Vs Neutral poi-nt potential
variation v,

Vi1 Ee/2 | -Egf2 0 Eqo/3
Vig Eqdl2 0 Eqol2 Eqo/6
Vi Eqol2 Eqol2 Eqe 0

Vo1 0 B2 | Egf2 Eqo/6
Voo 0 0 0 0

Vo1 0 Eaw2 | -Eql2 Ea/6
Vi1 Eq2 | -Eal2 Eqe 0

Vi Eqol2 0 Eqd/2 Eq/6
Vi B2 | Egl2 0 Eao/3

Fig.3. Neutral point potential variation distribution diagram of

the 3-level VV-connection inverter

Fig.4. Neutral point potential variation distribution diagram of

the 3-level VV-connection inverter
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Fig.6. Principle diagram of SVPWM
Table 3. Simulation conditions
Input DC voltage 300V
Output frequency 60 Hz
Switching frequency 16 kHz
RL load
Load (125 Q, 5 mH)

MWRIZELDT, DCY VIV EEORESDOLATHRED, Lo
T, DC Vv 7 BEN—ELRDHE, EREICLLT, |
PERBMNEBORKEN —E L 72D 2 ENTN5D,

X 8 IZ#%E SVPWM S ik S EBMEH DY I = L—
va URERERT, K 8@ D, EFHEN 05 DR, iR
BEALDOLENIRIL Egf6 & 705, X 7(2) & X 8(a) & ik LT
REFROFMABMOEBEMEURTECNDZ Endb
D, iz, 80D, EHFEE 1L LizkE, FiksEhr
DKL B3 &2 503, EENEN Egl6 THDHZ LMD
2%, K 7(b)& K 8(b)Z b LC, iy o i S AL E) oo
FBREIL Eg/3 ERILTHDN, LT PHERENOE
BRI KDL TH D,

4/ 6



Neutral point potential
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$ 20 Vv/div

5 ms/div

(a) Modulation index = 0.5

Neutral point potential
variation von[V]
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(b) Modulation index = 1

Fig.7. Neutral point potential variation waveform when using the conventional control method

[ ]

Neutral point potential $ 20 Vidiv

variation von[V]

5 ms/div

(a) Modulation index = 0.5

—— W _inv 1]

Neutral point potential
variationvon[V]

$ 20 Vidiv

—>
5 ms/div

(b) Modulation index = 1

Fig.8. Neutral point potential variation waveform when using the proposed control method
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Output line-to-line voltage vi,[V] 100 V/div

Neutral point potentfal Vartation VvaofV] : & 50 V/div

Output line-to-line voltage vy [V]
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(a) Conventional method
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o

Output current i,[A]
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(b) Proposed method

Fig.10. Waveform of output voltage, output current and neutral
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Fig.11. Harmonic analysis of the neutral point potential
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