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Abstract Neutral point clamped (NPC) three-level inverter is a widely used multilevel inverter
topology. The neutral-point potential imbalance is the main drawback of NPC three-level inverter.
The traditional NTV? modulation strategy can control the voltage balance over the full range of
inverter output voltage. However, the inverter output side will produce high common-mode voltage.
This paper proposes a new NTV? modulation strategy to solve the high common-mode voltage
problem generated by the traditional NTV? modulation. This modulation selects the basic voltage
vector that generates smaller common-mode voltage to synthesis a new small virtual vector and
middle virtual vector. At the same time, the duty ratio method is put forward, to reduce and fix the
switching frequency of the new NTV? modulation. The simulation and experimental results show that
the new NTV? modulation can effectively suppress common-mode voltage, and it can also control the
neutral-point voltage balance over the full range of inverter output voltage.
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Fig.1 NPC three-level inverter topology
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Tab.1 The relationship between NPC inverter

output voltage and device conduction
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in the first sextant

N=SE IESER
1 ONN—-OON—-000—~POO—PPO
2 ONN—OON—~PON—POO—PPO
3 ONN—PNN—PON—POO—PPO
4 ONN—PNN—PON—PPN—PPO
5 ONN—~OON—-PON—PPN—PPO

NS EPRREN T/ NZ/ME 3 PR, HE
FERI N AR B IE P A 4 Bos

P P P P p PP P

I I I ] I I I |
[ (R E E R A |
i‘ B e
N N B A A A
a L PP
Lo I Lol 1
! c,0 | CLO
| | | I
b INGN| L b NN
T
R
: } O] 00 0 } } }
I T T T
| [ Iy | oy |
¢ | NI'NJN L N N N,
] ] T
s : du} dM: dSl: a’sz: dSQ: dSl: dM} dL]} dsi }
' | e |
Ts ! 1 |

Kl 4 A4 NTV2 5k EEA R & 1E R 41
Fig.4 Switch sequence of traditional NTV?

ME 4 FATE H HSERIEREN TN =
30, a MR ¢ AHBFE BT SRS HE — N RAE
WA TR T 1k, b ARNEE TSRS T 7
20 ZHIMERITORESITIH T 4 %

3 B NTV?2 5%

3.1 #HBEMZEREEX
TSI L, ASSO A58 NTV2 Tk

() RE /N R B AN RE UL R EHE Lo B Y

NTV2 IPEAE S — B X P A A R R & 5 fios.
REMVINRE Vg « Vg RHIFEAR T R EMEA

KRB, & SEL/NREN
1 1

Visi = 3 Voooo)y + 3 Viienn
X (6)
Viso = 3 Voooo) + 3 Viaeeny

VL’LZ: VL’.’(PPl\)

, )
Vzo=Voo00) Vg =(Voonny¥Lipoo)/2 Vzui=Viies

5 HIBNTVZ 7k 5 — B X 2 W R
Fig.5 New NTV? space-vector in the first sextant

I T B AT O AN A AR ™ A ) v LR
HWAE, BRINRE Vi« Vi M ERH fiHR

[EPSE
PR E Vyg RAZA AT R EEK, &

SCHEM AR E N
1 1 1

Van = 3/ MI(PON) + gVMZ(OPN) + EVMG(PNO) (7

HTHEARFRE Vipon)s Vmaorn M
Vasenoy = A H SRR don i FH des WAL

R E Vg AR B SN (i +iytic)/3=0.

MR R & Vyg, MEILR K E Vg~ Vig E

SMERFEGE NTV? J7 i3 A0 A

B LA BRI aT s, B8 NTV?2 J7ikE Ry
KPR B ARREORUE 7= AR 1 s o R, WO A
NTV?2 J5 i REM8 1E 4= 30 [l P9 428 1 o s e AL P4l
3.2 FFRIMESH

TG e 0L b O BN R T RS AH 208 X



114 BT R % #H

2015 & 12 H

HhRE, TEAER T/IRE, FEENMN=ATED
3ANTI AL TP OREN A —FE. Flan, Hh=
T 1) 3 AT A E I OIRE 508 PNN.
OO0 I PPN, Ti/N=F/TE 3 I 3 MT A& T
FRA > BN PNNL PNO. PON. OPNAI 000,
A NTV2 L — WX 5 AN = AT LT
IR 4. WNRFATLLEH 5 AN = AT R
BN, BN ZMABIF RS DR
DA 2
F= 4 B NTV?2 53R EFS

Tab.4 Switch sequence of new NTV? in the first sextant

N=HE e
1 PNN—-0OOO—PPN
2 PNN—PON—-PPN—OPN—~0OOO—~PNO
3 PNN—PNO—~PON—~OPN—000
4 PNN—PNO—PON—~PPN—~OPN
5 PPN—OPN—~PON—PNO—~000

HZHERILREM TN/ 3 P, AR
FEFII N AR BRI A 6 Fios.

P P P PP P

T T \ \ [ T T |

I \ 0IlQl 0l \ | \

I [ | ! | \ | [

I \ I \ \ \ | \ | \

a Lo PPy I N S [ \
t f T f T t 1
0 0,0 O

I | T | \
NN NN
I \ I \ \ \ | \ | \
IO I PO 0 I IO \

I \ I \

I \ I \
-
cl‘g! a'|1 dz! a’;,} dq} d41 61'3! dzl d“]! a'()}
T | T |

Bl6 HA NTV2 kT IRE IEH P51
Fig.6 Switch sequence of new NTV?

ME 6 Rl LAE 24225 B S R E AL TN =
T 3, a AR T SR SAE — RN )
Bl 10 b AR ¢ MAE T ORI T 1
3, ZMME R CRSITIH T 7 k.

M EREI AT AT EL NTV2 BN N =M
B = AT AR BT RARS N AR S, K
FER NI RS TI B B A A, HAE R
BRI A IT SOR ST IR B AL S8 NTV2 7%,
M-S BOT RAEAE E, TTRIF AR KIG I
3.3 HE&THE

N YRR T R R UL 7 ) O A o e R T %
BN TE  TF R i (0 el A SOARE — >R
BRI T E A AR ER ST, HE

av b Al c —HMMFE P. O FI N =R 5L,
HAERIUER—4 P O M1 N =Fi e P 525 L AR A
AT T, X =AME JFOOIRES 1IAE 7 5147 T
W, IR — AN A I SRS T vk, S
FRAZITE A G 2 i

USEHIERENT B—HX/N=/MF 3 K,
FAH % E PNN. PNO. PON. OPN #1 00O ]
LD BIN dos dis das ds B dy, HIA A AS HETR
A1 a AHMEE PRSI SN dotdi+dys O RES
MmN ditdys b AMVE NORSH SN
dotd), OWRBM AN dotdy, PRSI G2
j“jd3: C*Hﬁ% O’Ij(%?ﬁ"])ﬁ?tlﬁjﬁ d1+d4’ N’Ij(#&
H 2SN dotdytds. as b Al ¢ ZFIMRE 3 5
TERRESER 5 il 7 fios .

M 7 T DL, R GG, a
H ¢ A I DOIRSFE — AR N 3 D)4 T
1Lk, b AEME R OCIRE DI T 2 Ik, =MHENE
TP ORGSR T 4 k. UBFHBIEREMNT H
— B X AN =M, TTRREMEE NS R, BT
FREHERRFASE 7280, U¥SHBIEREN
FAEN=MEFE, a. b Al c ZMHPFEN P,
O Fl N =Ff P 1) 5 25 EE AN [F]

P ) P ) P 0] | 8] | 0 | (¢} P r P |
} } e i
| | | | | | | |
A ldo1di db| dy) dai dit K| db)odr ) dy
| 1 T T T . ' |
P, P :
[ } | i}
l lolo | 0,0 ]
b N | N T | | T Ny N|
dy i di | dr : dy } ds i ds I dy } dy | d | dy :
| | | | | |
olol | } : L 10l 0
i N NI N NN N
¢ dlldst dy) dy | dy 1 dy | da | dy d4|dl:
T 1 T [ I
Ty | s I
» »

7 R AR S B X I RREER A
Fig.7 Switch sequence of phase duty cycle method

in the first sextant
B — SR T PO R A o 2 B
¢ MBI OIRESE R P FI LR 5.
x5 HATHEBFAXFT

a. b Al
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