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Performance Comparison of Common-Mode Voltage Reduction PWM Methods
in Terms of Modulation Index

Geon Heo' and Yongsoon Park™

Abstract

This study introduces a new pulse width modulation (PWM) method to reduce common-mode voltages
(CMVs) and then compares its performance with other reduced CMV-PWM (RCMV-PWM) methods. CMV's
should be reduced to ensure the electromagnetic compatibility and safety of grid-connected inverters.
RCMV-PWM methods attempt to synthesize voltage references without zero vectors, which cause high CMV
peaks. In these methods, the peak-to—peak magnitude of CMVs can be reduced by one-third of the
conventional space-vector PWM. The introduced method splits every reference vector into two vectors to avoid
the use of zero vectors. The performances of the RCMV-PWM methods are analyzed in accordance with the
modulation index through simulation and experiment.
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2-level inverter
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Fig. 1. Circuit of grid connected inverter system.
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Fig. 2. Space vectors from inverter output.
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Fig. 3. Voltage syntheses in RCMV-PWMs. (a) AZSPWMI,
(b) NSPWM.
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Fig. 4. Voltage synthesis on the boundary of voltage
hexagon. (a) Vector diagram, (b) Switching pattern per 7.

S

Mz
o

%

N

T

. rlo

717

>

(0

o

ot

4

T o

o & mi W mo o%

OLMO-E

o,

N

ox

o3

o 4
=

of
2
[e]
2
i
il
S
>

Z
v
1o,
>
¢ J}‘_, r1r obo i
R
=
M= j;j
FH‘ F[{E o, H ICR|
IS
Mo x X0
et (o
o il
o
2
—n
¥:)
v
2 ox o
< g %
oo oy
Lo 5

1
o
=
S
=
o,
LS
it

oy
S,

<1>L'
ox
o}
ol
~
I fo Lo

Ml
lo,
r>4
3
fo

0 N

[r ogt
1o,
=
o

o
=
]E1 Vleadg’]' X]}\o]'?_] H—’]H Vlag
2 SVPWM# ¢
A57ke 77el wE

AE)7} o 3

>~
)
I
%
av!
=

\ TFoo] uwel VSPWMOlA 7, F<t
ZYHE FadE e o] dEbxith 17 SellA
Vb Culz=1-6) T Cyol
NSPWM#} 2ol v* o} <153k 371
Aecy, T3 vE Gl

AZSPWMI1# fAFSHA V' e}
E7h &9tk v 72y}
7} Fo] ARt HES Mo
SETFE Cp7t AA S HlEo
ola}el A5 V' CnRt AuA Hrh

I ol 4o
10 plr 2

jgig
o 2 o
ok

o
o
N
=

o & o

o2 N
ST
i)

ol
Loy, ol
=
N

o 4
N
3
ol
ok,
K
=
N
AN}
j=
[o]1]
Co

137

V, (010)

C;
C31

Vv, (110)

3 c21
C/{s‘( Viead

V; (001) V, (101)

(a)

V5 (010) vy V,(110)

V. (001) V, (101)

(b)

V3 (010) ., V2 (110)

Vs (001)

V, (101)
(c)
Fig. 5. Vector-splitting methods. (a) Region 1, (b) Region 2,
(c) Region 3.
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Fig. 6. Switching patterns with carrier-implementations in
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TABLE 1
EXPERIMENTAL PARAMETER OF GRID CONNECTED
INVERTER SYSTEM

Parameter Value

Grid voltage 110 V (60 Hz)

Filter inductor 15 mH
Parasitic capacitor 47 nF
Parasitic resistor 300 2
DC-link capacitor 5600 uF
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