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Abstract: The traditional virtual space vector pulse width modulation (VSVPWMD algorithm for neutral point
clamped (NPC) three-level inverter has been adopted to solve the neutral-point potential fluctuation without
considering DC side capacitors voltage asymmetry. So it is necessary to improve theoretically that the expressions of
traditional VSVPWM virtual vectors in the symmetric state are applicable to virtual vectors in the asymmetric state.
A VSVPWM strategy on a symmetrical neutral-point potential control was proposed, and on the basis of neutral-
point potential unbalance degree, the control of asymmetrical DC side capacitors voltage was realized by regulating
zero vector continuous action time. The proposed method could meet the requirement of a wide range of modulation
ratio, and control the DC side capacitor voltage accurately so that the quality of the line voltage was improved and
neutral-point potential fluctuation range was reduced greatly. The effectiveness and superiority of the proposed
method were tested and verified by simulation and experiments.
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(VSVPWMDtechnology ; neutral-point potential fluctuation; DC voltage unbalanced control; zero vector action time

allocation

i 5 B 47 3K (neutral point clamped , NPC)
= HL P AR A DR H BAT AR R B AR R
AR LA R 14 s T R R, G2 ] b s
RIYJFRAGU . NPC = 1 -0 A2 85 19 3 Fh 45 1) 2
ALFEAT R NPC AT B30 A2 2 45 7 B 50 28 gt 1)
i, AR, S (NP, neutral point) B 37 % 2 f&
NPC = FL - 30 A48 g A ] bt S ) TRt 35 v i

E£TH : W5 ARFAE A% B H (51474069)

AL 8 P85 1) REUAS BT R D, 7T R S B0 A8 e 1Y
TFOCLA K B i 0 Fh 25 e R A e, 48 T 1 e
RSB Raen - QN 1 I NG 3 A A R R S '
B O T, 25 18] J< 5 bk 58 4 i (space vector pulse
width modulation, SVPWM )+ AR JC 45 il NP HL {37
P

FIXE NPC = HL-38 25 i NP LA AP L

EE ' VLA (1989—) , 55, Wi+, BI#L, Email : 2742389092@qq.com
BIHEE AHEAR(1964—) , 2 T+, 2 8%, 1S, Email : fgjmhw@163.com

40



IARE, S AR P S AL 3E AR ] 69 VSVPWM R

wAEF 2021F F51E F4H

SVPWM {7 £ 1 [0 3, AR 2224 5 4 1 T R[] 11 fie
PO ZE N, SCER3VER X AL S8 SVPWM
AR AT L g i 8 TC AR /NS B A S [ L £ 5 2R
FR RSP 5 SCHR[7-912R FH TR - -
H AL o HR 3R D vk L NP P AT
fE 23 3 3ONP LA IR 3 . R R D IX — ]
A, B 7S 8] 2% o bk 58 9 ] (virtual space
vector pulse width modulation, VSVPWM) "7 K
VSVPWM H2 AR 42t DAk 52 372 &3, an STk
[11-12]4% 5L T VSVPWM 14 [ 38 NP B R 4252761 5
BT VSVPWM AR B IR 5 PWM 5 v L 2 fifk
NP HL R 3 80 18 A 50w

EUR: TR GAR A Ha A5 40035 75 X L 3 0 Pl 2
FEFFATAERT AR, DA4E = R G, i, 2
SK PWM AR AL BE S -1 NP HL A7, 3 B % 3 iof
N ST 1) T I A B 3 2R LA P R R I Y
i, IE X B AR A TS A TR A ORI
% T VSVPWM A B B 2 A -tk 28 F
RRIE A, A G S5 R R R Y
VEFH I T)  AACAT USR] NP A 3, ] i 5 58
ST ik R R R R T A

1 SVPWM &P & W 4% 69 %5 v@)

1.1 =ZBENPCHELRNTHEXEE

TR R, H P 3 AR SR AR v SR =
FE AP0 AR 2R, =R AR NS A A 1 TR
%L EL I REZR 4 TR FL S C, € 1 R ity LR 43
SR Uy, Uy, HIREFZEH 20, (1 A5 NP B
BT LA C, Co M LRI R Uy o dcysicsing
G3 N HLEE C,, C, AT A5 NP A LR, IR FL
] R IEJ7 ) o R —AH A R HREAT IR
B BHCHE DT, “o”, “n” =AY, HAtH R =
HL S8 AR B X = A TR . = HLSE NPC
WiAR 2825 ] S o 27 FOT SR A, xR 27 4

FI1 R EIL = FAE dn E ha
Fig.1  Topology of NPC three level inverter

AR RS RRED, Hhmd& e M KA, IE
HH4U,./3;6 P i, HE A 2V3 U, /3518
EH2U, 30 120 /NRE DL 3N TR,
1.2 HRBALEE S

MNP0 AR 2R I FR F NS R T, i R
SUNP BT A 2 5 S0CE Ui M H 25 e
L, TS NP FLAE . FE T A R v, R
wH/NR R AE R AN . HNR R
BB, HL— X /NG R IE L BN O %
NP HLA A A B2, R T 3 o 1R 4 /N R 2 AR
FHBS R b s A B B, (HE XA AR
b S B AT AR . AR , ELARSR 3
T B I A 0 268 F U P 388 R Ak BRI 0 A 1
R —E R RR

5% T % e NP R A8 A T 3R R B L A
2 B R AT v R AN R R e
Ot (U REAS SRAE JE 0 PN I s NP ) H S R
A2 BRI IEAE BT Uy, = Uy, X —F0E 1
P B 7 N TR s = e R VA F=S il N
PRI G AR SOGB4 L R AS - i B VSVPWM
ST

2 VSVPWM # K & 22

2.1 EHiRM B FERER VSVPWM AR

WE #0025 ] 5% SR TR AR Ge i 25 [A] R i Bl 2
e A . T2 S VSVPWM SIS 61> K X
FRYEE T RIX . 5 SVPWM AL, VSVPWM & X
T REAS 1] H A5 NP 78 FE AN I H A R AR A
WEH Uy, iR A, Uy, Uy, MU, (2=1,2)
I3 LR R G RN R i DL R IR R

JEL[13]
o

EEN

P2 1 RR DX AP D2 ) O it /s BT

Fig.2  Virtual space vector of sector |

22 EmMBEIFEFEERRN VSVPWM
5V AN R, 24 B A AN A
12 FT s i Ok st RS TR 58 0 PR o 1 Se e SO
AR, IR R
41



wAEF 2021F F51K F4H

L, B P s B a3k AR 69 VSVPWM 3% R

n=U, - Ux)U, (1)
B R AEXTFRET, Uy, U, BIR/NIEEAR
ST B m A IE B, m < O B9 23 (B 1 A 3 i o

Im 1

nno ono

nnp n, pn,

&3 <0 B2 8] % 4315 1
Fig.3 Space vector diagram with n<0

PLES T B XA, ELO i s AN RS TR
223 Al % Rk X~ R
Vo =Viuu =V, =0
V,,=(1/3+jV33)U,
V,.=1/3+iV3/3)U,,

v, =230,

V,.=23U,

Voo =Q2U¢ + Up)3+jV3 13U,
V,.=230, +i2V3 /30,
V,.=4/3U,

F &1 3 S5 (2) BT 19 28 8] O 32 3R =T A
Y E AN AL A, Z R i (000 , nnn Fl ppp)
Je KO3t (ppn Fl pan ) A FE 55 067 &34 R A AR AR
b R R F/NR i AR AR AR B, S
Wi & U, # Uy, BN /N 1t (oon 5 ppo, onn 5
poo) 17 ] ANAE (A FE Bl m (i 4 A8 46 177 AS P AH
o NPT R, nE AR AL T SO B R )
Bk A8l . X ECFERIRAS TS VSVPWM 1Y
REAR R IR I 2 A] BEAS 3 -

HE NP HLALASPERRAS TS, th K 5 pon WV U6
LKA R NBIE A AR X i A4 F L ikl 3
FiE 7R, m B 09 1E 57052 W 2K B pon B i B8 5 1] o
4545 7 (2) TSPl B m i ST DAE 5 i 23 ]
LK 8 pon R TA A, 40 R U7
Ups =5 11+ 200+ 2= )0l (3)

0 (3) L K4 pon M IHE H prn F ppn Ll —E
el AT O A A
R FE 43 BoAIE K R pon VT2 8] 5 [N IE 7N
42

(2)

WIEHIH T b B A pnn F ppn 53515 pon 14
BEZERL, IF 2R
-2
Ups = Uy =5 W = U (4)

2 (4) AT, AN R i 22 A7 7E LU DG 2R, B I
J7 1A I AE WA K K A8 pnn F ppn )45 4E T, B
AR EIENIEME o X — &M Mk
SEAERIRZS TR A VSVPWM 2 481 2% 8 () F el g 1L 1
Ll e i

AR NP B & A m A% |, (H 17 2005 H R AR
N WASARTTT AR AL, DR G 26 2 25 () % % NP FL AL
FA) 52 W) 5 S A 2 A R Y o T2 AT DA 4% Tl
DRSO A o i DU 2 e SRS RS
THEM AR LV 1 BIXn <0 k4], Bz
] 2% s T ] 4

N
/ ,
V), 000 poo onn pnny,

P4 <O 1 B8 DXCHR A RS 0] 5% 7 2
Fig.4 Virtual space vector in sector | with <0

JE AL AR dt AP IR 2T B9 K 4002 8] % A A
HEAITT 2R -
VC‘O =0
Vi =V, + V,0) /2
Vie = (Vppu +V,.)02
V\,'Ml = (Vonn + Vppo + Vpon) /3
Vii =V,

Vie=V,,

F (2 FRAZS) & B NP JE itk
A TFHEPREREX S (DOME, LR
ULHI VSVPWM By 40 % 1 LR X 5 n T Kk,
LA R DX 3E AR . PRI, NP LA RSP
B, VSVPWM & 8 2% f i e 8 T RS T3 51 LA
T AE FH s [R] K] 43 55y 10 359 AT 44 BECSV- 4 15F 149 Jr v
i
3 NP R-F#69 VSVPWM % #&

AN B SRR 2R R UL R I R R Y
3, AEE S0 OG5 P8 S 24 L R A AR
J LR 7 AR R o AR A O BN R A AN S
s T VSVPWM £ AR DA T4 35 2158 e i

(5)




IARE, S AR P S AL 3E AR ] 69 VSVPWM R

wAEF 2021F F51E F4H

AN BE . 1) Y TR R 30 4 I
it

W (1) kU, + U, =20, T2 H
T HL 2 G, C, W 3 1) H s 22 55 0 A NP 1Y HL 3t
i ZII S FR A

. . . d(Uc1 B Ucz) d

Ixp =l — Ly = CT: CUdC(TyZ (6)
K Co BRI A2

Ph—ARAFE SR T, 0y m 22 A i 0y T H 3 ]
T I I 220 B AN R R (1), — SRR I e
AN RE Ry (e + 1), WPARYE L (6) nl 45 T s
SRR S v

ne =)= g (7

AR — > SR S 285 %) 2 i I 20 -
FEn (e + 1) 5B5E B9 A1 BE 0,080 Ho 3R] LA
BT ZEPAEE R NP HLI Ady,, W0 F 2077

. CUd('
Aiy, = T

[N —n(t+1)] (8)

M) AR AT 2089 4, 455 30 (8) Y
Aiyp, BV A5 ZERE 9 NP R AE 0, IR X

, _ CU,
Inp = T [ — ()] (9)

2 (9) AT, i i 9 NP A H U AT LA FE
T4 8 1 HARAS VA FE 1.0 11 VSVPWM S RE A2
SRR B H B IE R iy, = 0, TS
Y FE I T B VSVPWM SR Ig e A T4k .

PLT B DX < O B S 681 23 T i, 110 080 48 SRS
H, R 2 F A FR I 40 1 S B s, A RIS M ppo—

—4

POO—PON—00N—0NN—00N"—pPON—POO0—PPO o

SKFEJEIH TN i 103418 1, T U R R
i =id, +id, +id, (10)

Krrid,,.d, fd, 5550 HRa,b,c =HFEBENFME

M.

T d,,,d, fd, v LGl AR iR 4y ik

AP, PR AT DR FH el AR 25 P L R T 1o

P P
(6]
P a.T, P
O O
:\E
o ATl 4.2
::::q N E::::
a T2 a4.TJ)2
T,

[E5 <O 15 XA HL R % sV

Fig.5 Voltage vector sequences in sector I with n<0

SRIMT, m A AR AR 5 | A 25 ) F e 2 o kA AR
1k, I S 30 VSVPWM T i 1 A & ¥ i
JERE ARG o0 A% . AR TE AR R
TR R AR AR R O O
N I NN AN e Gk SR
1 o 25 S I W R T R 28 4k . aniEl 5
Bz, i T LR 25 4 pon 5 b AH AL Y HEL I 2 2 2
NP, Jir DL an SR8 A 2% )5 H Fe P 15 A8 28 14 15 50
T EARFEARFD P, AT LR EE b A0 O B4
FHEHE], BIFE A d, SR 30 —A8 k& Ad,, -
Md,, S A — R d, 1 d,, B
F7AH D, DAGRAIE & 2 AR . i TR
WK T TE G L n, p HF B 4R B ] 3 ) 2
(m + 2)/AF1(2 - n)/Af5H T, R UL AT AR 45 45
FIX D) PRI o, p,n - 525 1 d),,
d;, A d;, anF R
d), =d, + Ad
dy, =d, —(2-n)Ad/4 (11)
d), =d, —(2+n)Ad/4
25450 (9) X (10) , 25 A8 30 o 4 i) 5 s oHs:
Iy 35 BTG 1 NP HLLAE ik, SGE LS d,,, 2022
HARb i AdRIA] . JEHYTE VSVPWM SRR A
M, = OB, Ad AR HGR T, , n R =X
i
Ad =i\, (12)
Mtk d,,,d, Md, WEXEXE O, 1N,
Ad A AR a2

. 4d,,  4d,,
Admalx = mln[l - dl)«)’ ’
2-m 2+07m
4(d,, -1) 4, -1
A(lmi“ = max [ —dhn’ ( bp ) ( bn )
2-7 2+

(13)

25 BT B A P s ) 8 e 194 2 RO T JH A Bt

DX [RIREAE FH o RSB o v 3 2ot P R4 oK 45

SE [ ARV BE .5 S B A SP- BE  14) 22 (AR R

P i A A AS S A B R T 4G B AN ST Al

(L, S B0 B O P =l X R il 45 ) D B ]
K6 T o

2 % R =
= i X ) 7 lmmmw%—+LWPWM TM&%%a
I ref

A1
S 5T

ERR(IETES
LR R A

6 kil VSVPWM i 14
Fig.6  Control diagram of advanced VSVPWM
43



wAAES 20215 FS51AE F44

LR, B P S Bz Ak 3 AR ) 69 VSVPWM 3 K

4 Ay AH5H G EIRIAE

4.1 FESH

3 5 Matlab/Simulink #F 4707 BAR L , DL 3G IF
A SCRFAR B £ X VSVPWM (02 5 8 R #4740
b B 5 s Xt = FL S NPC 3 A8 gm0 L 7 9% sh Y
O 1 O A R A 0 A e B o B A b .
MBI 600 V, BB A C, =C, =
1000 wF  SRAES R A 5 kHz, JE458 50 Hz, 30078
i AR S B E N : R=10 Q, L =10 mH,
BEE VAR E m = V3 U, U, AR 0.7 B 5 E 1 Ak
) VSVPWM X e LA (19 38 sl ] . BLiT &40
VSVPWM KA AL 1 VSVPWM [ H 5 NP HL A3 1
AL LU 7 B

C,.CHLENV

| | i | A
29(?.28 0.285 0.29 0.295 0.3
t/s
(a)fE4:VSVPWMHL 25 HL K
302 T T
3011 T T i
C HE
= T
]ﬁ‘ |
feua) 300 [ s i e
U?
o
2909 T 1
CHE
29(§28 0.285 0.29 0.295 0.3

t/s
(b)MHEAIVSVPWMHL 25 H

7 WG VSVPWM X NP LA 3 ]
Fig.7 The suppression of NP potential by advanced VSVPWM

&1 7 n] B S et i VSVPWM /Y HL 25
FL R I8 Bl B /N LV S A R U8 B R
299.6~300.4 V L T1& 4 VSVPWM £ T L 75 1
JE B 9% Sh 70 Bl 299.1~300.7 V., 784315 B ek 1 1)
VSVPWM B AH LE T £ 48 1) VSVPWN g T 41
HiLF AR NP HL 7% 50

Rt — 2 B UEAS SCHE ) U R A R HL
PRUHH T TE ANV B, AP FEHL S C, G, I LR
4390120 340 V1260 Vil 145 58 1. = 0 B 2800
VSVPWM WX il i Fe P il e 71 . [)

44

B, R U B AR SR ) % T 2 i S L A 7 1
Ll 35 B i (R A A , 7 BB 17 84S 722 ) 1
U KIS A i E S 0.2 F10.9, i i 8
i 1 HH 2 PR R R v SR A I OO G 1A 8 BT
o B8R T AN 0.2 52 0.9 B B M H 25
FL R ) A8 AR I 50 o L 3 00 Fh 25 P S 7 0 46
YU, =340 V, U, =260 V,0.1 s B 76 2k 37E 1Y
VSVPWM [/ T 25 fL R # [) 300V, BIE {E
AW/ o JE R 0.2 I FE 0.153 s P HL S 1Y)
LR3I 24 20 300 'V, B HESP-AiF 3R 5 FERT 0.053 5524
PR EE R 0.9 B, HL 25 L R 19 ] o R AR B
0.029 s, Fifi 5 IR Eb 0 186 A, S o 1 ST 35 B
() AN Wi ik 20> 475 L 235 2R 5t 43 1 W el gk 7 VS VP-
WM ] AR SE 7 Bt S 30 E S S R

360

340
]g U,
2320
&
B 300
=280
P
S H\UQ

60

240

0 0.05 0.1 0.15 02 025
t/s
(a)ym=0.28F HL 75 6

Ue

> 340
E 320
&
U

0 0..()5 Ol_] y O.IIS OI.2 0.25
tls
(b)m=0.98} Hy 25 i [T
8 WCHE VSVPW MO L3 ] HL IR 47 55 42 o)
Fig.8 The balance control of DC voltage with advanced VSVPWM

R F I UE ST H e m = 1A VSVPWM
FEMEAE L5 5 AN TA BE .53 908 0, 0.5 F1-0.5 1 42
A Aot A HR R 75 X L A 1) R R S B
il o 9 M5 B2 R T AN V- BE7E 0.6 s 1Y
5 ECE 8] P9 F WA 20 02 TR 0.2 s B9 0.5,
PEREAR 2 0.4 s I 19 -0.5 A9 3 72 mb 27 000 Fl 25 1
FE FH LR DA R 26 f R I AR AR I B o 7E 0~0.2 s P
H1F 1..=0, B30 PG HEL 25 B R A4S . 4 ,.=0.5
B, B2 C RIS C, P L R T
R, 5T 0.247 s I ZA B RS RS I il (R4
TE375 V1225 VL . 7E 0.4 s BPKE . (5 13 22
H-0.5, U, GHE R IF AR 2 T HLHT U, 1 F AR ;
R U, [T IF 38 B 2 00 U, BOE, . 28



IARE, S AR P S AL 3E AR ] 69 VSVPWM R

wAEF 2021F F51E F4H

A3 L 758 L R RSUE FERT 0.042 s, 284k T 75 st 0] 5
M,er =0.5 (14 FL 25 B R A8 AR BSF (1) 3T T A 458, 3t i3 1)
AN FEE PR 24 X (B[R] AR PR (R AR A5 . 3t
T v e 25 R R AR AL BB A5 R 37 . R A, R
IR AR (H, R ST SRR, TE Kk 3 5 TR A
AH R 5 2 e AR R . AR AR AR T . B
) E, 7 L 1 R 15 O 10 A g 11 VSVPWM 5
s ] S HRRES T B BN H AR

200 e— 1, =0 —>e—,~0.5—>e— 7, ,=—0.5—»
T

1
L o~ ]
300 = \,\ .
K \\‘/Uc: /

Ue, U/ V

200 L
0 0.2 0.4 0.6
T

400

A%

0

uu

-400
600

1 1
0.2 0.4 0.6

200

WV

=200

u,

-600
0

0.2 0.4 0.6
t/s

1O N4 5 NP A B 2070 P PR (m=1)
Fig.9 DC voltage control under varied 7, (m=1)

4.2 LIGIIE

= HLF NPC i 722 3 52 56 7 65 1Y 32 42 il 4R
FH TT 2N 5] 4 245 77 ) TMS320F2812, IGBT 45 e 1
52 2MBI100U4H-170,, EL il i s 5 L 42 55 5
S HEIER S8 —3. 7o sr i st iy
VSVPWM AT LU 7E 45 5 (6 18 ] Eb X 18] AR5 B 1
B = H S f R R SRR S 0 T A A ) L
m B RE N 0.1, M. 1R 0 AT, 76 5255 115 3 in
AR R BT B Sl BRI, B0 LA B 2 1) 7 3K
505 EA NS EARE LR =10 Q, L =10 mH; 4
1 AR ZRASE S 7 A TR A L O I B R £ 2K
R, =5Q,L, =20 mH, F51E51 VSVPWM J5 ik
%%‘J‘FE/‘J*"‘J@ %ﬁu)ﬁiﬁ AU(J(U(II - U(:z)iﬂ%‘bﬁ N
2 F R EA T X L, o b2 SR AR 10 BT o

110 H1, 50 ms B 20 028 £ 28045 0, B3 1T
TR o sk DAAH LU Y AR A AR T, TE AR S
VSVPWM FIgk ik i VSVPWM 575 i 45 il F 2 RE
FEAN PP B3 0 B AR LR P B[R, 2
FE A LA TE A S AR A, U A7 B 4R B
SN K, B B Rk . A EGH# Y VSVP-
WM Bk P AE T 2 248 ) FEAR /NS R AR R
N i VIS S Sl v B o I Y A (A N
VSVPWM 53k A B UMK & F B IE R ES
5% R NE N, TSGR VSVPWM B T %K

it AR LR O i RPN R DL R
PR EIEF S 55 % K a A RS B PR &
FIVE R B Sk . BeAh, etk VSVPWM Bk )
T — A& A FL LI I i (THD=2.94%) W]
/N T A5 G5 VSVPWM B A HL 30 38 % & &= (THD=
3.48%) 5 [a) i) 75 vh 5 H A I 3l b HCR (B Ko
1.3 V, 345 55 VSVPWM 5 I Hh o5, H A7 d5c i 5
1.9 V LR FEAIK

AUV Q2 VIHE)

AUV (2 V&)

Lt TR

AN

vV V ﬁ
A

Y,
A

i/A(2.5 AJK&)
i/A(2.5 A/KE)

u,,/V (200 V/k&)
u,,/V (200 V/k&)

t/ms(10 ms/f%)
(b HEVSVPWM

t/ms(10 ms/#%)
()f4iVSVPWM

F10 S S L (m=0.1)
Fig.10  The comparison results with different

load disturbance(m=0.1)

& 11 9 8k B VSVPWM 809 78 0, 28 AL i
Xof TN L 2 L T U, U R4S 0, o rp ot
AR SR B 2 R =10 Q, L =10 mH; ¥ 1 b m=
0.7 s AN A BE e, FRAT LR B 20 048 47 0.5

A T T,
S Jm
£ 0 | 4 Wy 'j
=3 S

S “()\NMMQ

- t/r‘nsém mls/)r‘é) I
B AR i 2 A5 6] (m=0.7)

Fig.11  Unbalanced capacitor voltage control (m=0.7)

45



wAAES 20215 FS51AE F44

L, B P s B a3k AR 69 VSVPWM 3% R

A B L] A P R 40 ms B 245 R AN
T E N = 0.5 5, LA HL PR e, we, 50590 ) FH 1Y
D5 1 A8 4L, 37 80 ms B 21 3 51l 35 2] f 25 L 458
HME 375 VAT 225 V., [ 11 I8 1Y 52 56 60 E 465 SR
P 0 M. AR AR Y 3 A 2R R T A R O D R O
o, B ARG o Re e M o LB 00 PR 25 e ) )3
PR e o B[] /L, S 2 S 5 ) B2 A —
B, AU T ok 2R VSVPWM B 5k i ] 47
A0 LA B AE 358 R ) Y BB PN BT LA A L
Pk, IEASGEAESE VSVPWM 598 T 7E B
HL R L i B% 1415 0 81 4 B30 00 fRL R DA 3K 3 BT
i AN LR (R R o

5 4

BE XL 58 VSVPWM B3 1 X L 3 ) H 25 H
JE AR X BRI JC 7 A 5HE AT v a5 e A = ST A 4 o
LR 8 ) E e /0N B A 2 H R TG Tk A2 =
T S SR RS A SRR T R VSV P-
WM 50, Mtk A VSVPWM 5 0 AT A A S £
FET Bk N RBE s, RIS
48 VSVPWM MU it LR BIEA L HA 2
P, 156 B 2l 7E B VSVPWM 1] L 2K 7K 1% 48 VSVP-
WM B AE S v H A I B T R . R AE
IWEEA B IS T —Fh G S % R w0 ok =
PR R E SV FI I (] 1 43 B 7 %, BN e AN
S A B RT A 20K S B A P L R ) A X R A
il o LA S A 5 S5 UF BH 2% 7 9 AE e P
FEL A2 0% B0 LA K 3L 0 A X AR 4 ol D T B A R
F B , 705 U BH AR SCHFFE 1) VSVPW M 3 I S
— i G B A0 T i v PR 7 RBAE ELTRAN BR LR
JE AN V- £l B i v i HE FL R R R IR TR B ) R R
PWM SR , NI A 14 R 4 BE 4 v] B FH 1
XoF B AN PR H e ol 4 T ) R R S 3

S 30k

[1] Li X, Dusmez S, Akin B, et al. A new SVPWM for the phase
current reconstruction of three-phase three-level T-type convert-
ers[]]. IEEE Trans. Power Electron,2015,31(3) :2627-2637.

(2] FEASE, RI5, UL, A5 AR AR A (] % dik 1 = NPC AR
Heds s AP 2 A SR (D). R [ AL TR A, 2015,
35(19):5013-5021.

[3] Jiao Y, Lu S, Lee F C. Switching performance optimization of a

46

[}

—

—_

—_

—_

high power high frequency three-level active neutral point
clamped phase leg|J]. IEEE Trans. Power Electron, 2014, 29
(7):3255 - 3266.

Chen W,Sun H, Gu X, et al. Synchronized space-vector PWM
for three-level VSI with lower harmonic distortion and switching
frequency[J]. IEEE Trans. Power Electron.,2016,31(9) : 6428—
6441.

WU A4, BRI BT VSVPWM I = 7t s e (U
i), UL 8, 2014,44(7) :38-43.

Beig AR, Kanukollu S, Hosani KA, et al. Space vector-based
synchronized three-level discontinuous PWM for medium volt-
age high-power VSI[J]. IEEE Trans. Ind. Electron, 2014, 61
(8):3891-3901.

Pou J, Zaragoza J, Ceballos S, et al. A carrier-based PWM strat-
egy with zero-sequence voltage injection for a three-level neu-
tral-point-clamped converter[J]. IEEE Transactions on Power
Electronics,2012,27(2) :642-651.

T AR, A 8%, 45 BT i B AL Y = A g
A 8 R AU s ] S R SR (D], H TR 2, 2017, 32
(18):230-238

JLee ] S, Lee K B. Time-offset injection method for neutral-
point AC ripple voltage reduction in a three-level inverter|[J].
IEEE Transactions on Power Electronics, 2016,31(3) :1931-
1941.

Busquets-Monge S, Bordonau J, Boroyevich D, et al. The near-
est three virtual space vector PWM—a modulation for the com-
prehensive neutral-point balancing in the three-level NPC in-
verter[J]. IEEE Power Electronics Letters,2004,2(1):11-15.
Gui S W, Wang L, Huang S H. An improved VSVPWM strategy
of considering neutral-point potential balancing in three-level
NPC converter[J]. Applied Mechanics & Materials, 2014, 496—
500:1079-1083.

I BB, XU, 45 . FETO0 A HE ARG i 19 = Ht P28
ey 5 H AP A P PR SR, A TR R AR 4, 2015,30(4)
179-186.

LR AR, e, 55 LB = 501 4 ]
I& it 5 ML AS ) A R A R D7 R . P R AL T AR
#2,2009,29(18):47-53

Park Y,Sul S K, Lim C H, et al. Asymmetric control of DC~link
voltages for separate MPPTs in three-level inverters[J]. IEEE
Transactions on Power Electronics,2013,28(6) :2760-2769.
XUB, PR, AT A . TR 0P AR A R 1 = R - o
ARSI S0 ] PWMIT]. L TR 4R, 2017,32(18) :
152-161.

BIEZE U BRI, 5 . — P P R R AR 1 = P s
e A AR R ). BRE A S TR, 2019, 16(2)
509-517.

Wk HH . 2019-09-11
fEchs H i :2019-10-11





