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A Small Signal Modeling of Three-level Neutral-Point-Clamped Inverter and
Neutral-Point Voltage Oscillation Reduction

Ja-Hwi Cho', Nam-Joon Kuz, Seok-Eon Joungz, and Dong—-Seok HyunT

Abstract

This study proposes a control design for the grid output current and for reducing the neutral-point voltage
oscillation through the small-signal modeling of the three-phase grid connected with a three-level
neutral-point-clamped (NPC) inverter with LCL filter. The three-level NPC inverter presents an inherent
problem: the neutral-point voltage fluctuation caused by the neutral-point current flowing in or out from the
neutral point. The small signal modeling consists of averaging, dq0 transformation, perturbing, and linearizing
steps performed on a three-phase grid connected to a three-level NPC inverter with LCL filter. The proposed
method controls both the grid output and neutral-point currents at every switching period and reduces the

neutral-point voltage oscillation. The wvalidity of the proposed method is verified through simulation and

experiment.

Key words: Grid connected inverter system, Small signal modeling, Neutral point current, Neutral point voltage

.M B

A U W3 Alzele] 4F Lo Ak
Aol 1 A, 1 AY AzEe] st 1 gl o
F Zol A AN ANUAZ 227 FE AE =
Helgd AWE s} g ELgAw 7}
#oaa o J)Ee) 2-@w Awe e} vlawsld, HE)
AMEE O A4S 297 47 294 448
1 1z Ao Hojxl ¥ 5o A
ol Ade A a o,
ode)71x WElPHE EE247) QA% NPC S18E 7}
b de AFeEdf Sxwr 3-ww NPC QluE o=
FAH AL B89 A%olgE HAY wHe] gtk
NPC o]uﬂﬂ }\]/\Eﬂ ] _%_g EX_}EH_O‘ 7].x]g;1uq %H
A AGe Aoj7l Basitl Be =R FAH

o+

O:

st

Paper number: TKPE-2014-19-5-3

Print ISSN: 1229-2214  Online ISSN: 2288-6281
Corresponding author: dshyun@hanyang.ac.kr, Dept. of
Electrical Eng., Hanyang University

Teli +82-2-2220-0345  Fax: +82-2-2220-0632

Dept of Adavnced Power Conversion System Eng., Hanyang
Umversrty
“Dept. of Electrical Eng., Hanyang University

Manuscript received May. 7, 2014; accepted Jul. 13, 2014

o Alefell w3t WHEE A SRAA Adte] H3ts)
B F7HAQL Ao} FZ7h glojop A Birge) ¥
AE idstle F4H Al AT 1o At
deth DC g ASAE] ARA b} 2 S

wopll A= 1 Ao QFo] AA FAZE 2 5 Sl

294 FIhg o] nxstE Fol7] A, A9 T
7 FE7F AbgEojok gt L B LC ZEZF T2 A
& s, F2 e W dAddes 2 ¥ L @
S ARgsfoF dvh e 2 g Lt ftol Wi
i, 2w A7)7F o Aav A £ gl ukt

oh cred dhere] Mo he Aol LCL e olth
LCL ¥ L & LC ¥HEY ¢ 32 &3S AL
S PR Mzﬂ% 28 & ok

g_gﬂtul NPC o] ];HEi )\]/\Eﬂ_/] A—]] 4?_] l-";___l

o
hy
23w Gotth A~9% ndal A93 4k nul =

O:

A ARA g Asde JAE SHE o
ol 4w ol mde de Bgeln, RUg
gshed gl e Azl AUtk 294 wds) ~
94 B4 mdd ve) 245 mde AA 2907 =



408

Sal —|LL}L Dal  Sbi {E—}L Dbl ScHH}Dn

£
Vde = a2 K}Daz sh2-{[, &Db2 s &pe2
_ sa  Lfl L2 g
— e AL
F = F3 ] )
m Da5 b5 Dc5 ish_ P, P, igh
E’ Y YL YL i_gﬂ
% Da6 & Dbo & Des
5
sl si3 (& Da3 | sh3 K} o3 | seaf &pes .

ViasF Vb Vies- CF

Sad E—}L Dad  Shd| ? Db4  Sc4| H} Ded vn

Fig. 1. The grid-connected three-level NPC inverter with a LCL filter.
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TABLE 1
SIMULATION AND EXPERIMENT PARAMETERS
Parameters value
DC-link voltage 500 [V]
DC-link capacitance 33[mF) 25 [pF]
Grid voltage 220 [Vrms]
Switching frequency 20 [Khz]

Grid frequency 60 [Hz]
Inductor Z; 34 [mH]
Inductor Z;, 2.2 [mH]
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and d axis current waveform.
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