336

The Transactions of the Korean Institute of Power Electronics, Vol. 23, No.

5, October 2018

https://doi.org/10.6113/TKPE.2018.23.5.336

F¥574 DC A& 33 3-d4 AW FHAAF A NP
A7 AolE A% 19 E PWM 4
oled gNT AaE'

Space Vector PWM Method for Leakage Current Reduction and NP Current
Control in 3—-phase 3-level Converter used in Bipolar DC Distribution System
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Abstract

This study proposes a new PWM method for leakage current reduction and neutral point (NP) current
control in three—phase three-level converter employed in bipolar DC distribution systems. The proposed PWM
method uses medium vectors only when there is no need to control the NP current. Thus, common mode
voltages are held constant to realize zero leakage current. Some space vectors that produce low—frequency

common mode voltages are employed to minimize leakage currents when the average NP current needs to be
a positive or negative value. The proposed space vector PWM is implemented based on barycentric coordinate.
The validity of the proposed PWM method is verified by simulations and experiments.
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Fig. 1. 3-level converter system connected to bipolar DC
microgrid.
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Fig. 2. Equivalent circuit for estimating leakage current.
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TABLE 1
CLASSIFICATION OF SPACE VECTORS
Common Mode
Voltage
NP Current 0 (1/6)Va | RI6)Wa | BI6)4e | (416)Vae | (5/6)Vy Ve
Control
. Vi3[POO] | V4 [PPO]
Pos1t1ve NP V15[0P0] Vl(,[OPP]
Current V7[00P] | V5[POP]
. V5[ONN] | V,,[OON]
Negative NP 13
A V15INON] | V}([NOO]
Vi7[NNO] | V5[ONO]
V,[0O0O0]
V,[PON]
NP Current is not Vi[PNN] V[OPN] V,[PPN]
Controllable Vo[NNN] V;3[NPN] | Vo[NPO] | V4[NPP] Vo[PPP]
V5[NNP] | V,,[NOP] | V4[PNP]
V11[ONP]
Vi2[PNO]
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Fig. 3. Space vector diagram of 3-level converter.

HHE AEsER FERE A4 adeit ¥d 5
Atk W FERE Agke] 2 ST 2917 A
=3 i TAARE ¢

Vol00O], Vi Vg[OPN],

VulONP], V,[PNO]¢] 7747} E]%tﬂ o]aid 913 A}
B ALgstel SIMEE Aojdthd FERE Aol
Wahr] gfomw FAHFIE Hastdnh oleh 22 W
S MVPWM(medium vector pulsewidth modulation)

olgta e ey MVPWME AHEaHd FAARE
ﬂ@w S e AfE 0, 5 04

oi Zo]

Ak

EHE ARG,,)E AoE 5 gl wHol

2 R4 Ak LFCPWME NP A7) Alof e
oﬂ EE}E} 37]—7(] ZAnE=2 7tet)

PWM R=-A: ¥
FUMEE =AY 49 Puh
Via Vsl SIS NP A7} S0l ke 2 EoH
3, A Vo, Vi, Vs NP AR o Al ge
o @iek 8 404 61 FAME e 4

flo X
ol
i
2%
&
3>
3?
Ej
o
b 5
-~
q
fik

2
FU
'Y
r& 4

A 7]3‘”37} A1 Ay 7 @ 9301
A 3N wWEE /‘}9“0}04
ok 7t el NP A77F ) O] ]
I Aol= 270 o] E3Hrt

1 ~Ay 7Hd g o
<t HrdQl NP A

ful

N
-
o

V- )
o

< I

¥

N
-

[e=]
=3
w
L

3 W
Fe Fne ghe 2

[CERN

,E—

WA B N ox B _\1 ot >l\'



=4 DC WA 34 3-8 AnEe

V, PPN

Vi, [PC")O]

V, [PNP]
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Fig. 15. Experimental setup for testing the proposed LFCPWM
algorithm.
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