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Combined switching state of model predictive control for unbalance regulation
strategy for three-level NPC inverter
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Abstract: Neutral point voltage balance of a three-level compensator produces insufficient compensation of
zero-sequence current in a three-phase four-wire grid. This will affect the effectiveness of unbalance control. To solve this
problem, this paper proposes a combined switching state control strategy after researching the relationship between
zero-sequence current and neutral point voltage with regard to different kinds of voltage vectors. According to the ability
to compensate zero-sequence current of all switching states, a combined scheme of 13 switching states composed of zero
vector, short vector and middle vector is selected to practice model predictive control. The zero-sequence current
compensation ability of different combination switching states under the neutral point voltage balance is compared by
simulation, and the switching state proposed in this paper is adopted to control the unbalance. The results verify the
effectiveness and accuracy of the combined switching state theory and control algorithm.
This work is supported by National Natural Science Foundation of China (No. 51607159 and No. 51707176).
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FE=AHPUZe PR I BE M, = AR 32 2
PRI AT i SC AT B = A Ui, ik
TR IS T AR PR ORI AR e F R AN LA
AME IR Leom EAN LM, A2 I HL I FEIL AT S(T)
IR

1

E2VC L SN AN
AR o

Sk 7 K AHES N A IGBT kA0 ARETT
FME, 0fCEITFRWIT, K=a. b ¢, N=1. 2. 3.

sys = Iload - Icom

(1)
Tpg T3 AME RIS RO LA



B %

A5 TT IR NPC — HL P BER FIGIAN -4 6 P - 99 -

4), =M NPC JFORA St s K &R
1) Y Sxi=1, Spo=1, Sx3=0, Sgs=0, AHX} O £
RSN Ugel2, & IEHSFIFOORE SP, HI+3R0r,
2) 4 Si=0, Sxo=1, Sxs=1, Sis=0, X} O &
HEh 0, ZFHAFIFRORA SZ, 10 2ok,
3) é/l Sk1=0, Sgr=0, Sx3=1, Sxs=1, *ﬁﬁ 0 5 EEE
H-Uql2, RGHEIF R SN, HI-HR,
T XITRAR S ARFRKFAT Ak H PR
1, (EHSFIFSRIRE)
Se=1 0, (FHFIFRRE) )
-1, (HAPITRIRES)

2 ZHEMOZHAEE T A AR IR SRR

K] 2 25 T = HSF NPC AN -1 FE I 76 AR Y i
D HIRE B, I s F s PT R S — Al ik
6 NFE R E PRI A, i SR Y L
KA AT FE 5 3608 1 E 7 U AE N, S
TR D2 R T EAME HLIAL Lepo AR 2R T2 1A
FA k+1 B ZUAS R T OGRS T AME I Lom A1 1
R T R 2, Rl M R R R AT
TORA, H I RAG 4] 12 AN TF R IE#shE

L

2 =B NPC AT e AR B Tl = HIAEE
Fig. 2 Block diagram of three-level NPC unbalanced grid

model predictive control

2.1 NPC = B8 FEF4MZ B A i ok £4
NPC — HL PR i fE R 5 TF QR BOC &R
mAG)FR,

- €)

AR 2 g B, B = i~ NPC it 22y Hi s

5 55 B 1) T AR B E PP
SR, NPC LI I 5 1 P
R

2.1 1 1
U=ﬁn—U — U, +—U 4
0 ( I a0 + / bO + / cO) ( )

5

\f(f R ©)
A1 v B2 I X SR L R LR O &R

U, L%— (6)

A 2 /140, FEMEER S U FE LT RR:

U =U-E-U, (7)

S T 6 R A T g 3
% ~ [L(k+l) _IL(k)
de T,

S

®)

¥R (7). REAK(6), 15 k+1 BZIF) NPC
it LR Q)P

RT, T,

1@+U=(L—quﬁ)+fﬂdk+0—EQ+0)

©)

B REMAROVE 1 B2 P R .
RT, T

IAk+U:@— ;]g@ﬂ+f{@¢k+n—54k+u)

(10)

KA, Ups Eo ok NPC i HRN 025 5 fEL S
2.2 R BEARAE S TS TN EE

—HIPPENPC [ 27 NIRRT 27 AN HL 2R
HE 3 FR), AR R 2B N IR AR,
S KRR, PRE. BRAESERE.

E 3 NPC ZHELmBMERES

S B R EE
Fig. 3 Space vector diagram of output voltage of

three-level NPC



-100 - ® LRGP B R

1) SAMEAER 6 ANHR R R 2Uqe, 52
KREE, Un(l,-1,-1)s Un(1, 1, -1\ Up(-1, 1, -1),
Uss(-1, 1, 1) Upe(—1, -1, 1)s Up(1,-1, 1)s

2) FPIEEFR LI 6 MR EIRMERE U, , 2F
K, Ue(l,0,-1)s Us(0,1,-1)s Uis(-1,1,0).
Uio(-1, 0, 1)s Up(0, -1, 1)s Usi(1, -1, 0).

3) N Z B B 12 MREIEE LU, » 25
K Uyl0,-1,-1)+ Us(1,1,0)+ Us-1,0,-1)
Us(0, 1, 1)y Us(=1,-1,0)s Ug(1,0, 1); Uy(l, 0, 0)-
Un(0, 0, =1)« Upx(0, 1, 0)« Ups(-1, 0, 0)s U140, 0, 1)+
Ui5(0, -1, 0).

4) [0 FI 3 AN REIREN 0, RFRE,
Uy(0,0,0). Ux(-1,-1,-1). Us(1,1,-1).

Kl 4 g5l TR Ao R K, B A=k
HREARIM EFLALA L ITRAE TR0 b, £
U R R 1, 5 NPC AR S LA o, T
YER, S Cy G AU, N2 AR HUE
FROEREAME, FECETRAERRZELR, Hth
JEHRBEIE AR . —AHUL RS, PRy
TR S P AE R G R R o

I,

L | L,

1
-'rr:

i1y T h >
o> J
loy . Y0

G 1.
T —>_

I

»
»

4 = NPC =R LI H M 4514
Fig. 4 Structure of three-level NPC connecting to

three-phase four-wire grid

ML 4 0745 50 Hh S RSP AT R HLRE L (1)
PR
I, =1+, (11)
T SRR S WX (12) s .

:¥,Km$%¥ﬂimﬁ 12)
20, KAIZHCEIT ST
NPC 1 g UL 1, WnR(13) s .
1, =S, *1, +S, *1, +S, *1I, (13)
T L, (14 PR,
l,=-1,~1,~ 1, (14)

K(13). RAHFRAK (1), 175

I, =(S,, —D*I, +(S, —D*I, +(S,. —1)*1,

15)
NPC il f 7 f s PR R sl (16) s
1, =c3Y (16)
dr

ST ) WA T o 2 P P S 5
ADFTR.
dU. N Uc(k+l) - Uc(k)

(17)
di T
e IR LS U B R (18) T
U (k+1)=U, (k)+%]c(k) (18)

LTI LR P A A1 I 2 s 2R K (19)
Fizs.

AU@+D=%Ud—QQ+AUm) (19)
P 4 mrsn, 1, =1, -1, WA LF
AU%+D:%%+AUM) (20)
K (15N (20), 157
ALKk+J):%%«Sh-—D*Ia+(Sm-—D*Ib+

(S, =D *1,)+ AU (k)
2D
2.3 BREFNMNMEER S
a-p-0 A b Z5 FLU LN (B 4% 21] abe ARAR R,
RE PR HU RS BTN AN (PR A 22T -
€=t = Leoma| Tty = Looms| Hrete = Leome | FA|AU]

refa  * coma refb ~  comb comc
(22)

A 1~ L~ L., M abc A7 k+1 B ZIF
L A AR SR THTRCE R 2

AN FF RS XS AN [F A (B R A, e/
BRIEEDOS I (R T RS A B A TT ORRZS, $551Hi] NPC
SRS IESNE, fn i AME R, VR E A
AP o

3 FARNREDENNSAES

S NPC2T AMTF AR A 6, £ SHOT
SFREHI A, ST RO B, (EHRILATF
AR, EIGHUFE, [ B AP P A=A A
A

gL, SHLERG, B
UM L T HL B O Bk, oAb A
FAMEE AR, & 1 ARSI R
MR LR, 3T =4




PRI,

A TT IR NPC — PRI U AN i PSR

- 101 -

2 = HI NPC SR o i Hs A R Tt 42
IR SR B, LR i AN B IERS, TP
SRR U S, AT T I 2 A LR
WA 0T -

F1 FREAXRSTEFERSFRBEXR
Table 1 Relation between zero sequence current and midpoint

voltage in different switching states

WEEWT Ol
P N ZIF
Kookt 0 0 0 0 Logt Ivo+leo
TR 1 1 0 0 Ivo+leo
TS 1 1 0 0 Ivo+leo
% 2 ! 1 0 fo

ATRE 3 ! ! ! 0

KREITIIRAT, NPC #5357 1% W
FFr Szas Sz Szo 3K 0, abe =AHEJFHLI &
(120, Ivo, Ico)ﬁlﬁ%ﬂr”]qj L Al w\(—’_a +, _)ﬂ:ﬂ‘%
RENB, Low Lo R Lo 730l 5EMA T R 78 50H
i 5) TN,

~
J

o
]
L
ey
F\
N

@) (. +.7) (b) (+,0. )
5 K. RREFXRESTEFRAN L TEEREN

Fig. 5 Effect of zero sequence current on capacitance voltage

o

in long and medium vector switching state

R EFFOCIRE N, 415 NPC I ZFHL P
SR, Szas Szos Sze PHA—ANN 1, WAHE
J R [ ) S ) R P RSP, BAG, 0, ) FFK
RENGN, Lo T Lo 735520 BRI A8, b
AP S S TP 2B, Lo B PRI N %
FrmlEg, Wik So)FTR.

—ANFHPRHREIF RS T, —4H5 NPC 4
MRS R, Szas Szos Sz T HRA N1,
P AH 23 HL R 0 o () I S e T A, DA
(+, 0, DIF TR TG, Lo M1 Lo [RIINSEMHEZE C) 78
L, b ARSI 5 IR,y W TN Y
SN L, Wl 6(a) T .

A ZFHP R R BT OOIRAE T, AHS NPC 4
MRS R, San Szps Sze TN ML, A
— AT LI S B R s R T, LA+ 0, 0)
FFARE MBI, Lo HWIHEZE C, AJBCE, by ¢ HFE
HSP S S I, Lov Lo B TE AT

Felalig, sl 6(b)in.

c AT & AT

ey
Tn " "
CI > — L 8] : > A
P s I .00
Sl P il e W (7] | |
Tr.——ﬁ—¥J' O _Tq L % ) \JW

la

(a) (+,0,+) (b) (+,0,0)

6 ANMEREFRNRETEFRAN L TRARESMN
Fig. 6 Effect of zero sequence current on capacitance voltage

in two short vector switching states

(0,0, )REFFFMRET, =5 NPC N#IZE
RV SRR, Szan Szon Sze A 1, = AMF P
Bl BB N B, AR B, B
FEL IR AN S M s F P

FEORUIE R 7 IR AME IR N EAT D s
i, ZAHAPHAMER B A BEIE N TAE . BRI
PEHLS R BT R T S R AME AR S
P SN PAIPS P atiIIPS

H3). K@) 15 NPC Hir i =7l

U, =2U—d\/§(Sa +85,+S.) (23)

2 g5 T AR HL IR S TT AR AR W (1) %
PR OCR, g PAREHIIRET, NPC
W FRPHEA 0, ToVE R TP HTAME KR
AP F A PFRLR IR T, frd )5 s
BN, AR RAPRLR R T OOIR A 2 e i s
K, BEMEI L TP R AME I oK

F 2 FEEFRREHNEFBERHRXR

Table 2 Different switching states corresponding to zero

sequence voltage output relations

R PN Sa Sh Se Us
KRR 0 1 1 -1 U 2B
R 1 1 0 -1 0
RiRE 1 1 1 0 U, /3
RiRE 2 1 0 0 U, /243

EESN 3 0 0 0 0

A R I (K A P K4 T o s o ST 4T )
fic, MM ERMSAAFRPT. M. 2%
He RETFIRARZ i LRI, AE B AL
THOLT, T Z I R A o

HOG, PR REITORIRE, RS
HL R 18 <30 o, /N TR R UK RS 20, HL%
J BN TR AT RN TR R T ORRAS o



-102 -

® LRGP B R

For, O 7 HE B 58 % e Fo R R s
e, [R A R e A, DL BE— A
TP R TT IR, R 2 7 U
Ko

Wi, N T AR o BN LA
W, EFEAREO0, 0, OKRERS. LR, &
A AT RSP R — DE PR R R,
PRRETFRELLE 13 FIFRRES .

BT P R TR P U 0, AN
PR R BT ORI R i 2 e iU B (LR 2), Y

SR,

L

HI g3
o

£ IS g
EER5
p-swom
Q=134

P - 1E

Q
"
"
=

ﬁnm_______
|<':
ECT,
1
b
-] - . ¢ - B e e e

LB

.hi_

=

.,
3 =
o BRKDEVICE -

BEAVEAE IR R A Z HI P R AL T R
AT =AHIATETAE, D) S EERPAMEA L T .

4 FTERBIESR

7£ PSCAD/EMTDC H#&# —FHA P4l i BT
LAY, SR BHB AN P 47 285 [l — A FL AN
5, AE A SRR IR AT N BT AR DY 2 AN )
HETF RS EL N 7), W iFA SCHe R et 4
EIFFARAS, I FVKIAT PIAN £ BE 23 M e T
FKARERPHEIRBAR, RSV HSHIE 3.

AA—]:
17 [ahan] it
AN —j:

€.15[H] 5 [chm]

HET T

PRt RS 9 il b
Io— . v
_:3 ;:'_._
—d E -
p iy = -
R e (R £
FHEEE I m—
“ E e
___I"i = -y
A A i g
au] Compensative Device Of 3P4L System
3 Main : Cortras -
] FSYSA 15¥SE 1S¥5C PNV
- .
TN AT 7T AT
O T1216-2013

7 FEEnRETERE

Fig. 7 Simulation model of unbalance compensation

*3 HESH

Table 3 Simulation parameters

ZH Hifti
HIHBE/NV 900
EIENENAY 220
KA /Hz 20 k

JEP HLE/mH 40
JEDL HLPH/Q 0.2
A FHFRHT 170
B MBS 5Q+0.15H
C HHFHHT 4Q+0.05H

4.1 FRIASFRRETERFBIRIMEFT EE

FLARMIBEZ H R 900 'V, ATERIUETE 73
DUUVE 7 p =ik o | X THE S L B N AT SRS U P S
IR L s TS 22 Py HL A2 R R

D AS 1(RFRE. ANFRPRERE, T
KA T IR L

I s H R i, e AR A, dn s
8@, (HIEH T RREMAANFH PR R HE
Fria RN, B r A H kD 7 i 2R
RAME,S Leomo TS HAMEHIR Lo WAL, W1
Kl 8(b)HT 7o

U NPCZL : Graphs =
T T e -
500 1l S

400 4 7 /'
2 300 1T | R
& el e
S 2004+ !

100 4

oL

x 140 160 180 200 220 240 2.60 280 3.00

(a) R LR P BB



U, %

A TT IR NPC — PRI U AN i PSR

- 103 -

NPCZL : Graohs

b

5 FE

25.0 1
20.0 4
15.0 1
10.0

5.0

u_n 4—Fi
-5.0 1
10,0 14—
-15.0 4
-20.0 1
-25.0 - -
i 1.800 1.820 1.840 1.860 1.880

(b) 7 HLGL Tk T
E 8 HE | KEFEFHERShSBERE

Fig. 8 State zero sequence current and midpoint voltage

A LA

waveform of the combination 1

2) PWH 2eFRE. —NEFHRTHERE. K
IR T RARESAT L

IS RS, s r R BRI,
Kl 9@fr. T KERIFIORE, ZAHEFHR
s oS RIS, BRI R R RRN — N F
T IR OOIRAS Z tn H rE R fe K ﬁ¢ﬁ%FT¥
Mgy TR, FrRURUE R a2
HEPIT %hﬁ%,EEF?%bkgﬁjﬂjﬁimhI&mwiﬁési§%bﬁé
%mim&ﬁf H, wE om)FiR.

NPCZL : Graahs -
- ]L

I

100 4

L 5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75
ts
() S B PHIRM I
NPCZL : Grachs
15.0 1
10.0 17
38T
0.0 1+
-5.0 1

F LG A

-10.0

-15.0 1

-20.0 - -

i 6.010 6.020 6.030 6.040 6050 6.060 6.070 6.080 6.090
Hs

" (b) AT
B9 HE 2 REEFRRSH S BIERF

Fig. 9 State zero sequence current and midpoint voltage

waveform of the combination 2

H AR IEFRE, WATHPFEERE. K
KA TFRIRE L

IR S S b s 2, ] 10(a)

fizs, AHZBTRRETFIORES, TPt
i o FL s BT, L A2 PR R R e PR

RGN, BT CABRAIE P s fE R S T 2 5 | 22 H i
RAME, FIFAMERT IR Lomo 525 AMEHLIR
L WETEA—38,  41F 10(b)FT 7o
i NPCIL : Graphs - |
500 :.{[”' _/l\"l : e =
400
%”“ R
i IS
= 200 4
100 4
0~ -
x 2.50 3.00 3}5:] 4.00 4.50
() A "

NPCZL : Graphs

HIFHR A

S 2.880 2.890 2.900 2910 2.920
tis

(b) Z 7 LR i TE
10 AE S RESEFBEAED SBEEFE

Fig. 10 State zero sequence current and midpoint voltage

—

waveform of the combination 3

4H UG 4 eFRE KEE, PRE)TTF RS
i ¥,

oA R RIS, I, Al 11(a)
fime HTPKREIF RS, FPBmaiymd
M, B R RFT R RN, TR
UEH S R 2 5 DR T P LR AME . BT
PEHH IR Loomo 5 BB AME IR Lep WIEA—EL,
WK 1) 7.

5)HE S(EERE, ANEHPFEERE. W
ANV R R ) T IR S .

: NPCZL : Graphs -
L T - i3
r
400 i
U i
= 3
5 3004 ¢
= Bl sl
::ﬁ sl Fsml i | $olis
100 4
T -
X 3.0 4.0 5.0 6.0 7.0 8.0 8.0
s
L}
(a) "1 U P R



® LRGP B R

NPCZL : Graohs

i, uly s

0.0 4
-5.0 7

A

-10.0 4

-15.0 1

-20.0 - -
SeC 4200 4.300 4310 4320 4.330 4340 4350 4360 4370 4.380
s

(b) TP HRICTHEIE
B 11 B 4 REFTFRRS P R ERF
Fig. 11 State zero sequence current and midpoint voltage

waveform of the combination 4

D WG AP EN e ) = e BN N A LIS R i
WK 12() 178 o 1T PN % B0 o7 i FL P 2 S
HEN, MFEFMERRE N, ok e M
K, FECCAHFMEEREEAL, TP AMEE
WK, MRS R, e R s i R ek
frdsihl, FRPAMERHER Lomo 955 % ML
Lo WTEA—20, W 12(b)FT 7R o

NPCZL : Graghs

{8 £ K
O et ] S SR v "' ........
(] T
: !
= 400 e = :
S H 3 '
2 300 4 =
£ ! P
= : 515
200 4} t
100
:

x 1.60 1.80 2.00 2.20 240 2.60 2.80 3.00 3.20 3.40

Mg
‘ )

() s PR I
NPCZL : Graﬂhs

25.0 4
20.0 4—
15.0 4—
10.0 4

5.0 4

0.0 44/
5044
-10.0 f—
-15.0 41
2004}
-25.0

SRE 1.800 1.810 1.820 1.830 1.840 1.850 1.860 1.870 1.880
s

LH A

(b) FFHRICTHEE
B 12 BE 5 RKEFTFRRS PR ERK
Fig. 12 State zero sequence current and midpoint voltage

waveform of the combination 5

6) A& 6(EFRKE, —~ANEHTHERE. T
I T RARESAT L

TN SRS, P R,
13@i7R, BT REIF GRS R MERE T
w59, (H—NEHRFIFRERIPAMERE IR,

FLPRFR T SARAS I 225 HL A0S o st L R 3 4 S e
71N, BT DA e R 22 4 e 2 R F IR AMEE T oK
FPAME4 H HLIR Leomo 5 5 FHAME AR Lo WK

, 1 13(b)FTR.

STEA A 1 BUA S, UG 6 Ll T EF
AMEERE T B — AN R PR R EITOCIRES, HAL
G ARTE] S R B e ) I TR R T OCIRES, B
T e P 244 P [ 1) % R 25 L R A MRS

*ﬁ@A¢%ﬁﬁ%o:wwﬁﬁf¥&m@
i, B R H R, H A SR M LR
52 MERE 8, A8 1 246 5 BIPAMETL
PR FIRTER,  ZAHDY I R GEA PR BEACR
L,ﬂfﬁﬁﬁmﬁ%ﬁ

NPCZL : Graohs =
=Upo ¥
! [ i J.In‘
i FebE
100
ol |
X 3.50 4.00 4.50 .00 5.50 6.00 6.50
4 b L3
(a) PR TR
NPCZL : Graphs =
=Ty =1 e
15.0 1
10.0 1
< 5.0 4
2 0.0
® 5041
-10.0 -
-15.0 -~ -

SeC 4440 4.450 4.460 4.470 4.480 4.450 4.500 4.510
s

(b) ERF AT
B 13 AE 6 REFTFRREP R BERE
Fig. 13 State zero sequence current and midpoint voltage

waveform of the combination 6

LA 6 RBEA I, AR TN bR X
Ry R I R B A N 1, WA R I R B,
ARG 6 B — Ml . B2 KA L MAHAL
W P 7 T AR ZH A 6 AP vA BRI .

4.2 RIAEFRRELTERERE

BRI G T OORSHATA TR B, 16
HET, RN =AM ER L=13.55A, [,=2.00 A,
I=585A, HRATHE 89.92%, M1k 13(a)fi7r.
HHEE, RS AWM L=5.08A, ,=5.05A,
I=5.09 A HAAIZN 120°, HRASFHTE 0.41%,
WK 13(b) .



U, %

A TT IR NPC — PRI U AN i PSR

- 105 -

LA 27 FOTIRRESHILL, A& TR
FERA ARG EERE ST, Mo HAEH T LR R
5, PR H RS, DI ISR HFE
[ I ORAE e o S S i 5 2 P A 22, ST =
DY o G s 5 P AP v B

DI EAERBAIE T ASCHE R AL & T ORAEIA B
ZRIASAT A R, A TT IRRES AR T 27 FJT
FRA AR T i L P 2y B AN PR T
FORGS, R TAMEREFER TSI R, —HT
NPC AP B E rp i W S 5 % P A 1Y
T IEo

Main : Controls - =
-LOADA 1-LOADB 1-LOADC UNB-SYS
i I 1, AT ;
P e Sy, Sy P Ih{__-'-"v.
. £ r NG
AUSUS WA A

(A) ) A a /

13.5531 2.00201 5.85245 89.9296 e m

Mai : Graphs

seC 2300 2310 2320 2330 2340 2350 2,360 2300
i's
.

(a) AT BT —AH R 5 AT 5

Main : Controls - RIS
FSYSA I1-5YSB ISYSE | CPN-SYS / >
I, I, 1 ik “\I\“/
(. ]
S VT P P 1
. \ 4 LY L W LY 1207 T« 120
I wy | {A) I N o7 | b
5.08536 5.05749 5.00167 0.407339 O i
Main ; Graphs
pg Y
! I k| |
40 /\ L /\ A M
A | \ " »‘x'-.. \

#C 2.300 2310 2320 233 2340 2350
s

(b) APiTE LS =AM RGP
14 NEERERTER
Fig. 14 Unbalanced governing current waveform

5 it

RN BT =AY i) =57 NPC #MEhe B %
J R FAME A R PR 5 O R, 0 IR AT 27

AN L s R 2y R UAAMEE FE 0 R e FRLIAD A A
s 50 LA Kz NPC it i Hs R B e, i T2 %
HLJUAME L P e P AT RO A L5, S Al A
K, —AFHRFRRE . AERE 13 FIIFOORE

HATR T AS PG 2, 7 B4 IR T A3

B AR I SE R . AR AR A

ANATAGRELAA L FETT IOIRAS,  H 2t — R

FEEANATP A L 5 A B KN T SRS IE #%

S 30k

(11 SBJER, Htik, FBIAME, 55, JL TR kY L) A H

LR B = AP T A (0] O R GRS
24, 2018, 46(21): 86-95.
GUO Zhaocheng, CHE Jiantao, GUO Qidong, et al.
Three-phase unbalanced load adjustment based on power
and power consumption information of low-voltage
distribution network[J]. Power System Protection and
Control, 2018, 46(21): 86-95.

[2] MOHD A, ORTJOHANN E, HAMSIC N, et al. Control
strategy and space vector modulation for three-leg four-wire
voltage source inverters under unbalanced load conditions[J].
IET Power Electronics, 2010, 3(3): 323-333.

[3] VECHIU L, CUREA O, CAMBLONG H. Transient
operation of a four-leg inverter for autonomous applications
with unbalanced load[J]. IEEE Transactions on Power
Electronics, 2010, 25(2): 399-407.

[4] VECHIU L, CAMBLONG H, TAPIA G, et al. Control of
four leg inverter for hybrid power system applications
with unbalanced load[J]. Energy Conversion and
Management, 2007, 48(7): 2119-2128.

[5] MISHRA M K, GHOSH A, JOSHI A, et al. A novel
method of load compensation under unbalanced and
distorted voltages[J]. IEEE Transactions on Power
Delivery, 2007, 22(1): 288-294.

[6] ZHANG Z, LIU Y, GUAN H. Unbalance loads
compensation with STATCOM based on PR controller
and notch filter[C] // 2018 10th International Conference
on Modelling, Identification and Control (ICMIC), July
2-4, 2018, Guiyang, China: 1-6.

[7] LU W, WANG R, XU W, et al. A novel three phase
unbalance detection and compensation method of active
power filter[C] / 2018 Chinese Automation Congress
(CAC), 2018, Xi'an, China: 418-422.

[8] WANG P, CAO W, LIU K, et al. An unbalanced component
detection method and compensation strategy based on
second-order generalized integrator (SOGI)[C] // 2019
IEEE Power and Energy Conference at Illinois (PECI),
February 28-March 1, 2019, Champaign, IL, USA: 1-6.

(9] B, BUNA, 550, 5. JET AR IR R — A0y 2k
il DSTATCOM AP 5EmK ). o T HLRERTHOR



- 106 -

® LRGP B R

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2019, 38(6): 8-15.

ZHAO Li, WEI Yingdong, JIANG Qirong, et al.
Unbalance compensation strategy of three-phase four-wire
DSTATCOM based on capacity limitation[J]. Advanced
Technology of Electrical Engineering and Energy, 2019,
38(6): 8-15.

TR, REIE, AR #E PR FEHI = WP AR g &
PR AT SRS D). FLI S AR, 2016, 53(5): 1-6.
ZHANG Guorong, ZHOU Tonglu, LI Xun. Quasi-PR
controlled three-level inverter and neutral-point balance
strategy[J]. Electrical Measurement & Instrumentation,
2016, 53(5): 1-6.

FKHE, FTINIR, R, AF. 5B R R =
AAPY TR e G AT T vl FR 2RI [T). ) R GEIR
i, 2019, 47(12): 31-39.

WANG Yonghui, HE Shuaibiao, FENG Jintao, et al.
Predictive voltage control of three-phase four-switch
converter model with mid-point voltage balance
considered[J]. Power System Protection and Control,
2019, 47(12): 31-39.

WX, TR, 5KER, A5 HATHRAMER DY IT R
WAR B AFRL SVPWM FEHIVE[T]. 1 RGERY %
i, 2014, 42(1): 1-8.

TAN Xingguo, WANG Hui, ZHANG Li, et al. An
SVPWM  control
compensation for four-switch inverter[J]. Power System
Protection and Control, 2014, 42(1): 1-8.

AR, iz, AR, 4&. HIBSUFAMER M AL
SVG $RA RGBS VET]. 1 E AL TR 2R, 2013,
33(27): 12-19.

XIONG Qiaopo, LUO An, MA Fujun, et al. A reference
current detection method of delta-connected cascaded

equivalent method with voltage

SVG considering unbalance compensation[J]. Proceedings
of the CSEE, 2013, 33(27): 12-19.

FEILM, ME, BRE, 2. 3T Steinmetz BLSHI =
AR A7 r R AME D). B RS AL A Bk
#k, 2016, 28(9): 20-26.

WANG Jiangbin, TIAN Mingxing, CHEN Min, et al.
Three-phase four-wire unbalanced current compensation
based on Steinmetz theory[J].
CSU-EPSA, 2016, 28(9): 20-26.
EAJAL A A. ABDELWAHED M A, EL-SAADANY EF,
et al. A unified approach to the power flow analysis of
AC/DC hybrid microgrids[J]. IEEE Transactions on
Sustainable Energy, 2016, 7(3): 1145-1158.

CHEN Xia, SHI Mengxuan, SUN Haishun, et al.
Distributed cooperative control and stability analysis of

Proceedings of the

multiple DC electric springs in a DC microgrid[J]. IEEE
Transactions on Industrial Electronics, 2018, 65(7):
5611-5622.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BOH, SEEkK, B, & BUH G X I3 =AM
AP LA AT AT [T]. RO RGP SR,
2019, 47(16): 71-79.

WEI Jianxiao, SU Zhonglai, YANG Bo, et al. Study on
reactive power and three-phase unbalanced capacitance
regulation in distribution console area[J]. Power System
Protection and Control, 2019, 47(16): 71-79.

ZHANG Z, LIU Y. A novel unbalance loads compensation
// 2018 IEEE
International Power Electronics and Application
Conference and Exposition (PEAC), November 4-7, 2018,
Shenzhen, China: 1-5.

method based on ultra-capacitor[C]

LEE J, CHOI H, JUNG J. Three level NPC dual active
bridge  capacitor  voltage balancing  switching
modulation[C] // 2017 IEEE International

Telecommunications Energy Conference (INTELEC),
October 22-26, 2017, Broadbeach, QLD, Australia: 438-443.
LI Ning, LI Wanting, ZHANG Hui, et al. A novel modulation
strategy of three level NPC converter[C] // 2018 13th
IEEE Conference on Industrial Electronics and
Applications (ICIEA), May 31-June 2, 2018, Wuhan,
China: 1347-1351.

GAO X, TIAN W, LIU X, et al. Model predictive control
of a three-level NPC rectifier with a sliding manifold
term[C] // 2018 International Power Electronics Conference
(IPEC-Niigata 2018-ECCE Asia), May 20-24, 2018,
Niigata, Japan: 1661-1665.

VAZQUEZ S, AGUILERA R P, ACUNA P, et al. Model
predictive control for single-phase NPC converters based
on optimal switching sequences[J]. IEEE Transactions on
Industrial Electronics, 2016, 63(12): 7533-7541.
SEBAALY F, VAHEDI H, KANAAN H Y, et al. Model
predictive controller with fixed switching frequency for a
3L-NPC inverter[C] // IECON 2016-42nd Annual
Conference of the IEEE Industrial Electronics Society,
October 23-26, 2016, Florence, Italy: 6536-6511.

JIN Tao, WEI Haibin, MONNZONGO D L, et al. Model
predictive control strategy for NPC grid-connected
inverters in unbalanced grids[J]. Electronics Letters, 2016,
52(14): 1248-1250.

Yris HER: 2019-08-20;
1EE &N

{&El HH3: 2019-10-08

3K (1987—), 4o, @A, WA, HHR, AF

R 6 ) F AR RN L 4k R & E-mail: 582074055@

qq.com

& R098T—), F, MEARL, HRFH QAL ET

AR TN S B4R E. E-mail: 535232906@qq.com

(R4 KREE)



	DOI: 10.19783/j.cnki.pspc.190997 
	组合开关状态的NPC三电平模型预测不平衡治理策略 
	Combined switching state of model predictive control for unbalance regulation 
	strategy for three-level NPC inverter 
	[24] JIN Tao, WEI Haibin, MONNZONGO D L, et al. Model predictive control strategy for NPC grid-connected inverters in unbalanced grids[J]. Electronics Letters, 2016, 52(14): 1248-1250. 



