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Neutral-point Potential Balance Unweighted Factor Model Predictive
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Abstract: A three-phase Vienna rectifier is taken as the research object in this paper. In view of the difficulty in
selecting the weight factor when the finite control set model predictive control realizes the neutral-point potential balance
control, as well as the problem of large current ripple on grid-side caused by the action of one single vector during the
sampling period, an unweighted factor model predictive control strategy based on double vectors is proposed. First, a
single-objective cost function based on power prediction is constructed, and the efficiency of single optimization is im-
proved by sector division and unweighted factor. According to the fluctuation of neutral-point potential on DC side, the
redundant small vector is selected to realize the unweighted factor neutral-point potential balance control. Then, based

on the obtained optimal vector, the double-vector fixed switching frequency control is realized by combining with the ze-

ro vector. Finally, the proposed control strategy is verified on a
Y7 B 89 :2022-07-26; 12 B H # :2022-09-26,2022-10-14; hardware-in-the-loop platform based on RT-LAB from the as-
® FH#:2022-10-20; P14 H % H#3:2023-01-12 pects of steady state, transient state and neutral-point potential
EL£W B b A H T RHEE (QN2021408) 5 B VE 4 BE 4
T H 4RI H (2022]Q-512)

This work is supported by Science and Technology Project of

fluctuation, and results effectively prove its correctness and ef-
fectiveness.

Education Department of Hebei Province under the grant QN Keywords: Vienna rectifier; model predictive control;

2021408; Youth Project of Shaanxi Science and Technology unweighted factor; neutral-point potential; fixed switching fre-
Plan Project under the grant 2022JQ-512 quency



42 25 b

27 Eire 5502 %

BEE HL BV GEAT bR R R T X L B IR
A 30 L E ) RSP RT P B BT R AR T B R R
R PR O AR AR A R B VR S R R Y A O
LR o3, HE RE e A 100 H B J5 o A & L B Y
i #5 4. = AH Vienna 5 i " H A A | 59 )
HLBE BT A AL R, ) 2 B TR FE i S
T 2 RS T 47 1 334 FCS-MPC (finite con-
trol set model predictive control ) i F T 28 Jiif #% (19 45
il SR b AR FER 22 bR B | Sl 25 1 PR Y
DA, RIS R P SOR

FURT, &k 07 FH AR = F 22 45 45 B A6 2 300 47
il B HUAS 7 — S S X T = AR A B
P8 P R AL AN P A [ A R T SR — AT 2 MO
55 1 FhOy ik 2R FCS-MPC %) F 5030 2 H b SR
AP, 18 3 R (E BR B0 5 LA SR 29 ST J7 5
RSB R R P Sl TR AR
Vi) 50 2 AR DA 5 4 i) 2 e = [ A A Y
KA MU 7 2R 52 8 Rl e o 3 s ke il
REYAAE 55 2 FhI7 ke A TCA /IR B ok Fa il B
AN v L Y B B SCHR[7-8 38 i R R T A/
%AW B AR I (8] A A5 e 7 # T A 5 SCHR[9]
Pt T ol T T AR R i U 10 A A T o
PEM Ik, RIS T v AL A A Ak
B ALEE PR 7w A B JBCTm) R R A o 0K Tl 52
ARG, E R 7k AR E A,
FCS-MPC 5 W 38 it 4 {8 o6 EIOR 37 Al 1 e fle <
T8 RAE A 31 AR FH T I Ok 2 R A0 R O S0
BRI )R 3K 7 h T4 B — Ok B (A5 A 2 i )
SO 45 SR S50 R 2 7 (L W) A 7 1R 22 R FIT B, 3
BR[10-11 14 H == 5 3 B 75 i, M) P 25 1] Ok fik
FE T SVPWM (space vector pulse width modulation)
SEVORE 3 A HL T % k21 5 O 8 T 47 1 S 2 45 R i)
A2 (E, LIS B AR O M R R seie i H Y, [ i
S B [ R T A AR A 5 SCHR12]38 5 51 A R 8L %
o R I SN 47 o v A A Ok A RE AT AU D 2
2 R FBUIN T 22 ) 358 2, AT J8C8 1 1 0 e,
UL Jo i 5 SCHR[13AR 4k 1 s 18] 5 A R B8 52 S
ORI, T8 e OB XN H B R Kl /Y 3 Ak

B LR A R O i SR B M L3 THD

BEXF LA LR R, A SCH Y — T 56 T 00 4 Y
JC A EE AYAS AU FUI 45 ]l UF-MPC (unweighted factor
model predictive control), #F5Y¥ T 3F Vienna £ i
i B JC A PR3 T 47 o) R e S 3B U N v
S R [ IR 45 5 2 AR e S BOUR [ E T Ok
AR B, e ) H A M AT X A
(7] s 00 B B2k BT HL 2R I HL R R/ A Y R
AN 3 MR EE A5G IR R WS R A )
FTC L Dy A0 BN, IF Bt 28 B Ar i (o8 Kok
LR MR, KRG TR IR M F R
25 Lo, R SRR o 1 5 T OCHI AR, e, #5
BT RT-LAB £ 52W)F- &, 56 50E I 5 5w 1) nl 4778
AR

1 =# Vienna BiREZ 2SS e E

1 7R o = A = HL°F Vienna % Ui i 1Y HL #%
WiAhR B 2P, (v=a,b,c)h = HHZE J 0 HL 19 H
JE sip B AR B L B HR ;D ~D, S R
BRI 5 S FN S, 72 H P S 1) HR IR T G A8 4 i
BRI TF 5 Co o 2 A5 B4 AT sug. H EL i
L su, B w, 3R ERE R A o 1 T HLA
MR

AR A R R R L S A B =M Vienna 8%t
ar B BCARBIRL IR FEAT Clark 2240 A0

di .
L—% = —Ri, U, tu
di g ot
. (1)
dlgg _ .
L = —Rng—u&&ugﬁ
de

T sy A wyg il Clark 28429 o Bl A B Bl R

VR R 51 A1 i A3 33 Clark 2R (Y o Bl A1 B %l )

A FEL I 5 100 AT g, oA 38 2 Clark A8 o 1 5 8 A X L

T A o B o Bl AN B il AL T o AR B I 2y R B

&, HRSERGERMAEPH of # 1L R T

AR I A7 D) D)5 p BRI JE L 3 ¢, B
{p = Uy Lol Lo

(2)

q = Uply— Ul



5513 e A R T RUR B Y L PRC AR i A7 - 45 I A A AR A S0 45 1) 43

P L
i,
Wl Dy D, 2N
Y Sa_ Sal Cj:R, u,
- L
B Sk S i
N S & N
L Lc Sa  Ser io
— C=R,llu
D, D, 8D,

B 1 =#B=HF Vienna BiRsEHIEEH P
Fig. 1 Circuit topology of three-phase three-level

Vienna rectifier
X2 (2) PSR S, 45 21 9 (4 A 2 D 2 F
DTy 20 22 Ak 2855 51y

d Upe diy, iy dutg, g dig +iop duyg
de d de d d

(3)
di_ dige . dugg_ dig . dug,
@ a e T
7EHL R HL  BRAR B 5 Vienna $8 3 #5% 9 ]
B G R ERh

{ugﬂz U,sin(wt)

(4)

ug=U,cos(wt)
K U, g AH R o0 A FEL IO FE A 0023 X6 =
(4) PIINEAT B 3150 TRl 45 5 5K (4) iT 45 31 Vi
enna 2 i as WO F R AE ¢ B 200 9 AR Ak 2R R

dutg — —wuy

dt 5)
du#; —wu

de .

e (DA GH AR B) il A A,
AT ¢ 2 R p MICTI IR g iR AL

% = % (Uga U=l U gllp, ) —G o
dg_ =L (Ullgi—U gl ) +OP
dt L °

RIBLFE I R G RAE R Ry TLOBUE g 2x107s),
Lz I7E /N L I EL R 4 L R R A T Bl 32 A T
Ty oy 1 T v 388 3k — B 1) BR B ke AR B, B
dp _ p"(k+1)—p (k)

dt T,

(7)
dg _ q"(k+1)—q (k)
di T.

A B gr o kB ZIM A DD SRR R Th o R
pr(k+1) 1 P (k+1) 53 5 R A Sy Ty 238 50 T Uy B 2R 1Y
TR . T A H B R AR /N, B R =8 (1) P iy
PR, L 3T 220 Wt st () B 45 5 2 (6) R (7)), AT A
1 IR0 i A ARG T 3 0 S A 43 ) R

p')<k+1>=p<k>—wnq<k>+%<u§m+uéﬂ—

Ugelbor— Uil )

¢"(k+1) =g (k) +oT.p <k>+%(ugauﬁﬂ—ugeum>

(8)
MR TR AR A e MR HE R BT H AR REL (i),
LKomH
g(i) =[p"p"(k+1)F+lg —¢" (k+1) T 9)
K, p” g 43 AR A Y M T U R 5%
B, R L TAELE A FBCRET ¢ BUE R 0,
X5 3 Ok f AR I B R BRI B bR oR B BE AT
VAL, LhARAS e/ IMEDO W R L R Ok i, BV el o< i
48 FCS-MPC 52 30 v o5 H A - A o) 75 2276 H
T RS I B B B
g(i) =[p —p*(k+1)P+g —¢"(k+1) T+
Mu, (k+1)=u, (k+1) (10)
A, B+ 1) A w, (k+1) 23500 0 B i b R A2
Y HL S P
&4t FCS-MPC H A [R) A 2 PR -3 BORT Do) Al El
it THD fysZ i an il 2 s, sl ol & 2 v RVE R, &
4t e A AR T ACE IR A /G BRI, 1 A
B4 AN [ AL X r s, FE A7 AT D R 3 THD 72 AR 38 K

20

= L (V) == R FL 3 THD (%)

[ L 33 THD,

B2 {4 FCS-MPC H ARG E B FiE Bt M) B iR
THD B30
Fig. 2 Influence of different weight factors on

grid-side current THD in traditional FCS-MPC



44 LIRS

27 Eire 5502 %

M, T A SRR A B B R R
T A R E BN RE | AR SCHR T oA AR T
M7 i A S5 BB M e R A P A

2 FIWNEBEBWHNESGTTIE

& 45 FCS-MPC. 5 fift P = o1 H Ui 4 11 T At
PN AN Y Al () SR 388 SR IBCZE L A e 5 b B
FCE P F A BRI S8, BT RGBT EAR
T A PR e SR Ol TR E PR, R AR /DS
R T v A HL AN 1) A T) 70 A L AR R S B T A
PRI = 75 93 00 42 51
2.1 UF-MPC LB b F 6l &%

LU A5 H A Bl R s 3 K T R
R 25 1) BRIV g, DA R 9 T 4
b, e H S R GEMERE o PR, A 6 X B Y v
SIS KN BEAT I L AR SCR I TITAR /MR
A A O B I Ml WU N A LR
(R /IN  T) e 285 45 L I /L TR AR | 6 326 1 P9 T A% /N
K] LA 3P b s iz ng B Y

R Fi % A MR (B R /N R[], = AH Vienna
BT 25 PSR T LAY A KK & PR D
REMERE, B TATH BRI, 5
Ah 2 A~ HLJE 2% i ([PPP]L[NNN]) R 777, LR 2 it
g 3 iR . ISR R SE 7R X 1(-30°~30°)
PR 8], 43 BT % 0 X PR L 2 o ket 9 0 o kL o7
1 ROR

E 3 =48 Vienna EiRFWZHBEXE
Fig. 3 Space voltage vector of three-phase

Vienna rectifier

B4 S X T N HL R 2 I AR Tk A 6 = A1
Vienna &3 4 0 A H TAE B O] 0, KK #[PNN]
1% % T [OOO)AN X v o5 F o7 7 A A 4%, o % 4
([PON].[PNO]) F1/N & £ ([POO],[ONN]) 2= % E i
(I RN E SN i R RN T RPN @ 0 = L R RV
Y52 RN AT AR Y I, R OT AR /oS £ ([POO]
[ONN])XF LA b R F 25 70 A 9 AN ) 5 1, R
IR B REAR A B B Y H 19, A [POO]FI[ONN]
O TUAR /NG AT b s i A A B A AR T, /N R
H[POOPEXT FHLZS €, For (45 C, Wi 1Y B L
FEE, /MK E[ONNPEXT TR C, 7, i C,
VR 0 FEL 2 T 7, T 8 336 T A /N R X P

i

(d) K%K 4 [PNN]



o

5513 e A R T RUR B Y L PRC AR i A7 - 45 I A A AR A S0 45 1) 45

d

n

553
BamE

|

(e) 1% H#[PON]

I e

1T ¢

() & #[PNO]
B4 BX 1 AREXENERLRE
Fig. 4 Action process of voltage vector in Sector I
(VAR AVCERY VR NN SN 23 1T N ER VAL S I
72 Ve B ST B T AR /N O 4 1 A T B0 ml 552 B e R A7
P, B X T A BRI AR A B ORI % 1
718, oA B DX R A 0 U U AL
&1 KEEHERED

Tab. 1 Selection principle for vector set

i IX. JERTREEA

) KR e
G WIES

o > u, [ONN],[OON], [PON] N
u, <, [POO],[PON], [PNN] P

0 > 1, [ONN],[PON],[PNN] N 7
<, [POO],[PON],[PNN] p 7

A > u, [ONN],[ONO], [PNO] N %
u,<u, [POO],[PNO],[PNN] P

= > 1, [ONN],[PNN],[PNO] N 7
<, [POO],[PNN, [PNO] P

2.2 UF-MPC [ 7E FF 5% 571 % 5% B

%45 FCS-MPC. 5 W 7 — A4 il J5 401 v LA
B P R B, TR R P LR SO R TR
PR BEPLYE , 2R B T OGN [ 1Y
e D AR SO AR B 25 R SRR SE BT 56
WRE E W H bR, EARBUR L R B 1 el R4S A%
SRAE ST UK s R ] L 5 H R DR
A FeiR 2 /N AR AR T o i, SRIEHE—A>

R R E R R E A E R, Hrh ik &
B4 FH B TR 91 2y 158 2 d /N D B A 38

AR SCRERS T P PR 256 B 4% 2 R
(B R EOR 3 F LR R R =I5, 7 2 i
RN O AR FH I T {38 ) 238 R 2R AE A /N Y
SRS T, AR AN S D42 i ) 300 45 o i i A
I3 ptt TP H ¢ FTR IR N

P =ptfid f(Tt,)

{q“l =q"+ bt f(T—t,)
Ao ph F gt 43 R A kOB 20 A Dy B 3R T )
Ty i B 5, F f,, 53 50 A S5 P O PN % 2K o
VRIS A S D 3 R o, F S, 0 501 O dwe G O
N AR T o 2l 2y 30 1 R e, A e, 230 A o
MoK A O B B/ T E]

50 kA RAE SR BB I ) R A A AR AT UG
FREZR £ S o B, W TR0 HD

(11)

dp 1
pv = ? Vopt :ﬁ)z+fum
dg 1
f(‘]\' = dT Vopl :ﬁz+fun
1 (12)
p R 1
I’ZZK VU:_wq_fp+fle|2
dg |y _ R
o= | Vo= erT

AR 2 (11) T 205 22 B ME A2, D 23 %) 1o P L
FZZAH p™ ¢ Z BT IRZE Do sGenmor 7578 A

Pern=p =[P+ it fi(Ti=,)]

{qm =q"~g" +fat 4 [ (T=1,)]

Phdie/NDly 2345 22 - 0 I X S H b pR %K
G, JFf H A% pR B/ ME B

G =pvat Qe
9 0 (14)

ar,
O (13) A= (14) , v RISR e R %
gt B AVE R IR] ¢, 1 e, 43500 R
(p"'=p") (fi=1,)+(q""=q") (fs~1,) .
It )+ (f=f1)*

T oS st ontin) (15)
o)+ (fo )’

tz = Ts_lv

(13)

t,=




46 25 b

27 Eire 5502 %

FT I AT DAAS B 7E — A4 R ) T, 9 R Ok
I O A A FAE I 8] 200 BZ b B8 UK B 7 81 ot 9K
2y L R U 2 Xk IO 1) ok b P S04 T 0 S48, A
171338 3 [ 72 TP SR H A B AR o TR AR A A —
AR, AR SO R A TR R A M
DR 3 SO AR B T R AR

3 ZRWWIESDH

R B8 AE T UF-MPC $ il 5 W& 1) 1F 8 1 A1 A
Bk AR SCHE T T RT-LAB B SLW &, L5
RGBT 2 R .
R2 REMBERSY

Tab. 2 Circuit parameters of system

2 BiH e A
HL I HL TR, /V 380 | HUEIR PKW 8
W g PR L/mH 3 RFEWE] To/s - 0.000 02
FLA A ZE CF1 Cy/wF 1080 ELWLAN ALK u,/V 800

AR SCEFFF =AH Vienna B i 7 , % FH 3 T XK
T 1) JC A EE AR PN A o R m R R HE [ an [’ 5
FrRs o

——r— LY
|-grldn & R L A o Jﬁ‘ I:IRI E
|nE§”"‘| o = b yo u

9 N Lac

| u”l!;- e I A u Jf l;le i

L= — W v |
. L z - ____ _ __ % ______,
I [ aboap MREEF - (10)] | 4545 :
= Ve 4 V)]
I H%;Eﬁ—@;%ﬂ I\). L |
1S P R | LN I
il l Il 3 A | I + :

i~ =

P fr.1 =
N AN L g3t g s Y (L - q'=0 |
He T 4 B b bR we |
: VY [ F et K (5) > J'

B 5 EFWEESHITTERFNEH R BEIER
Fig. 5 Block diagram of UF-MPC strategy based on

double vectors
R MR IR, SRR LR PTAL R
P, N IR g 4545 A D R R R S s ol G4
A BRUNE B ST, MR L R R AR T LAY 6 K
Fi3 DX (23 30 0 1~ V) A KB DX L3 4 4>/ B
DX [ B a8 e P A L O P T e, D e, ORISR

b R A TP R UR /AN . R e A
I PLEERIFF BN INA DD R 45 E {5 p*, #TCh
NHRSFHAH ¢ R 0, T AE H 24 A7 204> £k
3 HMEE R A . B TR R AR s F bR e
Bt/ MERBUR AR B, IFE855 TR BRI B A E
TR AR, A SO SR S A FAR N 6 Frs

TFiR

R kAR PR I 0 R
(g, 1, ,w,) FIHLI (i)

v

B BRI (1 3) |

|
|
v
|
|

JEAL T PR 5 B v v T 4
(F1)

v
AR % R (1 3) |

1=0,m=in{

Y
‘ g()=lp"—p"(h+1)THq ~¢" (k+D)T ‘

-
[ ik B R Vo |

TR R v, IR R 0, 1
PEH ] (X (10))

KB I

E6 EFWEKEHTILEERTIEERE

Fig. 6 Flow chart of UF-MPC based on double vectors

P 7 Sk 22 6 Fh il 48 1) ke 300 2 48 ik A [ 4 o] SR
W BT AR MR 25 R, AR U0 R S s
LS FCS-MPC AT $& UF-MPC 5 B T B4 0 ] i
HHLYE THD 43904 3.39% 81 2.28% , 1] & Hi 4% 3C
F242 1) SR W A ALK T L O L U 0, PR Ry UK
{14 1 ol 45 45 i ) 300 45 oot 0000 4 R 2 2% (4 1%
ZEHE— 2L AR, IR BLIE TN

P8 4y M T 3k TS 2 4 i SR s AE TR
M b R R R (g o) R A TR H AL 3 B,
(u=uy,—w,) FUETE . B 8 (a) AT UL, SR F A% B FCS-
MPC $5 il iF, 300 T 2 8 i w, Ry 15.4 VT T
& UF-MPC $ il % mg 19 th s B sh 8 ALK 3.6 V, i




5513 e A R T RUR B Y L PRC AR i A7 - 45 I A A AR A S0 45 1) 47

{ithith it
i i 5 B 10x A =259 ms
v

%-‘E— \u‘lr §
== s 2
28 M\/,\(/\ A 2
ISE A [\ ‘ / :
;:: \gl »‘\I (/ .‘\‘ ’l \ / ‘l L\\ /\\/\v \/ﬁ - _j—i
\V‘ \’:‘ Y \
t(20 ms/*ﬁ)
(a)FCS-MPC
i M W Wr i
S 10 (=116 ms
£ N &
== e , %
gs ”\/\//,\\/\/\/\/\/\/\/\, 9
Ex A r\//\/-\/\/\/ 3
5% \ - S
S \ J Vi \v/ \/

t(20 ms/H%)
(b)UF-MPC
B 7 AREEHREEE RN BRESEE

Fig. 7 Transient waveforms of grid-side current under

different control strategies

VANIYANYANVA
VAVAV AV AN

\

L1,(100 V/H#)
(500 V/4%)
i(10 A/KS)

Uy

u,

AN WA A
VAVAVAVAM

u,(10 V/k%)
1,(500 V/£&)
i (10 A/K)

(20 ms/H%)
(a)FCS-MPC

(100 V/A&) ,u,(200 V/H& )
1,,(500 V/H4)
i (10 A/F%)

u,

AN AN ANVAN

u,(5 VIH%)
1, (500 V/i%)
D
D>
=
D>

i, (10 A/F%)

£(20 ms/f% )
(b)UF-MPC
El 8 AEE=FIREIERN P < BAK3NEE
Fig. 8 Waveforms of DC-side neutral-point potential

fluctuation under different control strategies

AH SR FH DG ASC L DR 8 4 1) 54 s~ 1 v o v o2 B
R0 ) P R G 1 ASCER DA A 32 BB DR X PR R, —
FEJE T 1 4 1l SR s 1) S 2% ¥

4 4iE

AR SO AL TR TN 4 ) 1 FH AE =P AR e g T
RO R Z A 778t , UL Vienna 2K 2% 0 I 58 %)
G, B — L TR i Y T AN i A T 4 o
W, 3k G AT AT X A 3 B R P T 4% /N
R ek 2k S B TC AN EE PR 14 o s e 7 S A A
RT-LAB 2 524 MK 7 & % i 46 5 58 #6417 80O 5
UE, S 45 R W, it UF-MPC #5 il filf% 48 FCS-
MPC SRS AH LG, HA B o s A0 38 3 B /N i
DR 3A T) 3 2o 5 | LR e AR 4% 1 A A0 T
DLV TR I o A SCHRE S A 42 1) SR AS {XGE 1V T Vienna
LIRS , X A~ P PR e L R

SE

(1] A B, i, P9 9 45 F 14 Hl 3 V4 DI S H A A
BE[J/OL]. H 8 % 4. (2022-06-01) [2022-09-15]. http://
kns.cnki.net/kems/detail/12.1420.TM.20220531.1532.002.
html
Yang Chuanchang, Yu Bo. Modeling of DC charging piles
for electric vehicles based on two-level structure [J/OLJ].
Journal of Power Supply. (2022-06-01) [2022-09-15]. http:/
kns.enki.net/kems/detail/12.1420.TM.20220531.1532.002.
html (in Chinese).

[2] 5, $8um, 24210, LCL i s B it #3452 70 50300 A1 Ak 42 il
[J]. FE =4z, 2023, 21(4): 38-46.

Ma Wen, Guo Qiang, Li Shan. Model predictive optimization
control of LCL voltage-type rectifier [J]. Journal of Power
Supply, 2023, 21(4): 38-46 (in Chinese).

[3] Dang Chaoliang, Wang Fei, Liu Ding, et al. Model predic-
tive direct power control scheme for Vienna rectifier with
constant switching frequency [J] IET Power Electronics, 2021,
15(3):216225.

[4] 4H6, 150, Wk, 2. NPC = - i 00 [ 25 HLWR R ik fo
B AR TN 42 1R [J/OL]. Hy 9544k, (2022-02-23)[2022-
09-10]. http://kns.cnkinetkems/detail/12.1420.tm.20220222.



48 25 b

27 Eire 5502 %

[5]

(6]

(7]

8]

1811.017.html

Jin Nan, Xiao Han, Xie Huan, et al. Fault tolerant model
predictive control for bridge arm of NPC three-level virtual
synchronous generator [JJOL]. Journal of Power Supply. (2022-
02-23) [2022-09-10]. http://kns.cnki.net/kems/detail/12.14
20.tm.20220222.1811.017.html (in Chinese).

R, RICHE, AR MR, 45, 520 M ML BRI T500 = v, - 1
FeL R[] i TR 24, 2017, 32(18): 113-123.

Wu Xiaoxin, Song Wenxiang, Le Shengkang, et al. Model
predictive direct current control of induction machines fed
by a three level inverter [J]. Transactions of China Elec-
trotechnical Society, 2017, 32(18): 113-123.

R, BE A, e, L DR AR = R
ARSI B A 3k, 2019, 41(6): 70-73.

Li Hui, Huang Yanquan, Wei Ting, et al. Finite set control
with power feed-forward for single-phase three-level model
prediction [J]. Electrical Automation, 2019, 41(6): 70-73.
Yang Yong, Wen Huiqging, Fan Mingdi, et al. Multiple-
voltage-vector model predictive control with reduced com-
plexity for multilevel inverters [J]. IEEE Transactions on
Transportation Electrification, 2020, 6(1): 105-117.
Bekhoucha N, Kermadi M, Mesbahi N, et al. Performance
investigation of deadbeat predictive controllers for three-
level neutral point clamped inverter [J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics, 2022,
10(1): 1165-1177.

Zhang Hongliang, Zhang Chenghui, Xing Xiangyang, et al.
Three-layer double-vector model predictive control strategy
for current harmonic reduction and neutral-point voltage
balance in vienna rectifier [J]. IEEE Transactions on Trans-

portation Electrification, 2022, 8(1): 251-262.

[10] #2245k, B0, £, 55 BT I B H bx ek BOE ST

AP 5 ) 1 = AR R &R [T]. B R, 2021, 45(3):
1125-1131.
Yang Xingwu, Yang Shuai, Wang Tao, et al. Three phase

PWM rectifier under constant-frequency model predictive

control based on power tracking objective function [J]. Power
System Technology, 2021, 45(3): 1125-1131 (in Chinese).

(1] 3K F B, BRBSHE, THOAH 5 3 1) I 160 3 2 g A5 250 T 00

EEHI ] IR AE R, 2018, 16(2): 137-143.
Zhang Zicheng, Chen Alian, Xing Xiangyang. Improved
model predictive control method based on grid-connected
inverter [J]. Journal of Power Supply, 2018, 16(2): 137-
143 (in Chinese).

[12] SR3OS, BRE RS, BB, —Fh 2L T8 il 18] O & o o]

B Vienna ¢ I a4 455 0 5000 45 ) 77 95 (). h R AL AR
=4, 2019, 39(20): 6008-6016.
Zhu Wenjie, Chen Changsong, Duan Shanxu. A model
predictive control method with discrete space vector mod-
ulation of vienna rectifier [J]. Proceedings of the CSEE,
2019, 39(20): 6008-6016.

[13] 388, £, XT, 8. B0k Kk 4 A Vienna
i i VRS TN 2 (J]. o LML TR SRR, 2022, 42(23):
8699-8707.

Dang Chaoliang, Wang Fei, Liu Ding, et al. Sliding mode
predictive control of Vienna rectifier based on optimal vec-

tor synthesis [J]. 2022, 42(23): 8699-8707 (in Chinese).

EZEE T :

R (1986-), %, E B IR 2L
B PRI, BT I U B S A Sl
ft.. E-mail:554806320@qq.com.,

Je I (1983-) , % @ fE AR &, Wit
YR, — gt 3 0l (WLE ) o RS 1) AL B,
— AR . E-mail : 83412371@qq.com,

F(1998-), 55 f LA 5 A WESE T
16] + L RE ST A 0 4 5 0 R s e g A A e i
E-mail : wangf897@163.com,

SEE S (1988-), 5, PR LR = 2 &
SO WR A TR PR, BFS0T . 2
LI AR e e AR AL BT, R LR 48
Re e, v e ST 5 5 08T RE IR BRI &
W45 . E-mail : dangclkk@163.com,

==}
SNy
F) 52 5=



