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Conduction Noise Reduction Method for the Three-level VV-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) to reduce the neutral point potential variation of the
three-level V-connection 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 \V-connection inverter 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 can reduce the conduction noise. After that, the experimental comparison about
the conduction noise in the frequencies below 150 kHz is discussed. Due to this, the effect of reducing the conduction noise in the
frequencies below 150 kHz of the proposed method when using high carrier frequency can be confirmed. From that, the effect of reducing
the conduction noise in the frequencies above 150 kHz when using high carrier frequency can be predicted.
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Fig.1. Main circuit configuration of the 3-level
V-connection BTB system
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Table 1. The values of line-to-line voltages vy, Viw, Vuu
corresponding to each switching pattern of the 3-level
V-connection inverter

Vector State of the switch (1:0N, 0:0OFF) v v v
Sut | Suz | Sws | Sus | Sur| Suz| Swa| Sws| WV w wu
Vi1 1 1 0 0 1 1 0 0 Eg/2 | -Eqcf2 0
V1o 1 1 0 0 0 1 1 0 Eqc/2 0 -Eq/2
Vi1 1 1 0 0 0 0 1 1 Eg/2 | Eql2 -Eqe
Voa 0 1 1 0 1 1 0 0 0 -Eqo/2 | Eqdl2
Voo ol1]|1|l0fo0|1]|1]0 0 0 0
Vo1 0 1 1 0 0 0 1 1 0 Ea/2 | -Eq/2
Va1 0 0 1 1 1 1 0 0 | -Eq/2 | -Eqcf2 Eqc
V.o 0 0 1 1 0 1 1 0 | -Eql2 0 Euc/2
Vi 0 0 1 1 0 0 1 1 | -Ea/2 | Eal2 0

Fig.2. Output voltage vector diagram of the 3-level

V-connection inverter

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

Vector Vi Vo Vi Neutral poi'nt potential
variation Vp,

Vi1 E/2 | -Egf2 0 Ea/3
Vio Eqo/2 0 -Eael2 Ea/6
Vi Eqol2 Eqol2 Eae 0

Vou 0 Eal2 | Egf2 Ea/6
Voo 0 0 0 0

Vo1 0 Ea/2 | -Eqdl2 -Eqo/6
Vi1 Eal2 | -Eal2 Eqc 0

Vg -Eqol2 0 Eqd/2 -Eqo/6
Vi Eal2 | Egf2 0 -Eqo/3
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Fig.3. Neutral point potential variation distribution
diagram of the 3-level \V/-connection inverter
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Carrier 1 modulated wave
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Fig.4. Carrier comparison unipolar modulation
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Fig.5. Principle diagram of SVPWM
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Fig.6. Number of switching in each sector when changing
the reference vector
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V-connection inverter
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Fig.7. Experimental circuit diagram of the V-connection
inverter system

Table 3. Experimental conditions

Input DC voltage 300V
Output frequency 60 Hz
Switching frequency 16 kHz

RL load
Load (125 Q, 5 mH)

* * Output line-to-line voltage v [V] * * * ¥+ * - B mor e e n e e 280 gy

Output phase current |u[A] 5 Aldiv

Neut:ral point éotential \éno[\/] 100: V/div

4 ms/div

(a) Conventional method

n Outbutline-td-line vol{age vw[vj v e

Output phase current i [A] 5 Aldiv

Neut:ral point ;:)otential Vno[V] 100: V/div

4 ms/div

(b) Proposed method
Fig.8. Neutral point potential measurement results
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(b) Proposed method
Fig.9. Neutral point potential FFT waveform
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Table 4. Conduction noise measurement conditions

i3

Input phase-to-phase
voltage 20V
Input DC voltage 300V
Output frequency 60 Hz
Switching frequency 16 kHz
RL load
Load (1250, 5mH)
. T 0.5mH 10uH 12.5Q
LISN A|HA| H o] o —~
GHt T
’F—| [ Heatsink | :q:rl.SnF

Fig.10. Experimental circuit diagram of the V-connection

inverter system
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Fig.11. Equivalent circuit of one phase of LISN
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Fig.12. Conduction noise from 0 to 150 kHz
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