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Hybrid model predictive control based on a five-leg MMC-UPQC

LI Jinhong', ZHOU Jianping?, XIA Wenhao®, GONG Yilin*
(School of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: A five-leg topology is proposed for a single-phase fault in the six-leg structure of a modular multilevel unified
power quality conditioner (MMC-UPQC). This new topology enables power quality compensation in fault conditions.
First, after an analysis of the mathematical model of MMC-UPQC in the series and parallel sides, a hybrid model
predictive control (H-MPC) is proposed for those sides of the MMC-UPQC. The proposed control method combines finite
control set model predictive control (FCS-MPC) and fast model predictive control (Fast-MPC). Then, the computational
burden of the control method is reduced by constructing independent cost functions on both sides and the decoupled
control of the five-leg topology is also achieved. Finally, compared to traditional linear (for example PI) and nonlinear
control strategies (for example passivity-based control, PBC), the proposed hybrid model predictive control has certain
advantages in voltage compensation, negative sequence voltage suppression, and harmonic current compensation. It can
also avoid complex parameter tuning and coordinate transformation to some extent. Simulation results demonstrate the
feasibility and superiority of the proposed control method.
This work is supported by the National Natural Science Foundation of China (No. 61905139).
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Fig. 2 Control structure diagram of five-leg MMC-UPQC
based hybrid MPC

TEAMERANT, ATEFTA MMC %t i R
BAEENSAKE, WE 3 PR, AN EHRSG S
BRI S HEREV (k+1) UL A MBS H BT
i (k+ D) TR HRIFMABIN ARG, HEHF~E
WEH, RO BB [E b RSk A e A B
Kt 3 R DA SAME AR B s ], RO (R ok 2
TS 4% R AH FL AR AT 28

0

Vik+1)

1 o B

| ishby dshe
FRMATE i 7 = Yol itk +D)
= L X 9
o A
L:::::::::::::::I,-:hh(kﬂ) ;‘
i (k+1)| V)

{ |
2 ) 2. |Valk+1)
‘ waﬁVgcosHJrJ(waﬁVgsmB) |

r ;’—»D—; I oGl | I

Y e 2

|
' |
' |
| 7 : i
:, RNy T |
s B[ ik % s |
| i 2 is(k) >_, wmEm |
3
= |

3 H& MPC HOFURIRA
Fig. 3 Prediction model of hybrid MPC

FEARSCHRLL 6 (N = 6) TR B MMC
il RIS 7 AT, 03 | R, Hrh v, =
Vi 2N o IR AL G0 TR AR T G — 116 i 2
3775, AE—AN N R B ) 7 = 16807 X
ARSCHR A R R f 0 R e T+
7+7 =357 Kk PIEITT, MR RE B4 T TR

x1 HBREXRER
Table 1 Bridge leg voltage vector table

TR it L

0 Ve

1 2V

2 Ve

3 0

4 Ve

5 w,,

6 3V

A SCARYE S SCHR[28]1H9 MMC-UPQC & 5
BRFCA AR O] DUHE S AR B A, k(1) —

KGR,
disek — & _ & _ Rlisek (1)
dr Lse Lse Lse
dek isek _ Ly (2)
d C C
dishk — & _ @ _ Rl ishk (3)
dt Lsh Lsh 'sh

b Lo=L 422 Ly =L+ 20 . SABHAI
1 s
2.1 BB MMC RET

BT o A HORSIUIR R, XER(1).
RQ)HET A A s R 7 B A SR AR

9=Ax+BV+bis (4)
dt
i
J—:QEP: x:|:;j|’ ise:isea+jiseﬂ’ I/f":Vfoz—+_-jI/fﬂ;
f
_EL L _L 0
A= fse Lse . B= Lse : b= _L ; ng
_— 0 0 Cf

WEHERE; i =i, +igg o
R HTHI ) R () BEAT B UL T 15
x(k+1)=A4,x(k)+ BV (k)+b,i (k) %)

AT
A,,=[a“ alz}=eAT*zI+ATs+ :
Q) Qp 2

B = [gﬂ = Te“de ~ T(I + AA)BdA

n
0 0

T T
b {7“}: [e*bdx ~ (I + 42)bd2
0

n
21 0




-182- B R GARY 524

X T ARG 28 x WE .
ARG TR TR BEREV, (k) (3437

FL S T 7 #2 an sX(6) T

Volk +1)=ayi (k) +a,V (k) + BV, (k) + y,i (k) (6)
[ 2R, FR4E )R B A AHBEAT 7T 7] BRB

AT 15 0(7).

iy (k+1)=aV, (k) + bV, (k) + g, (k) (7)
1 1 R

X q-= ;s b=——3; ¢=—""%; n=
L L

'sh 'sh 'sh

1@3,3M3;n_mw["j
49

Wi 3 N5 B, B MMC LA ) 77
AT TAE, fEEEAN R G vl LSO — N LU,
AN R G RME U SR IIH S, H AR SCR A
SOGI B AHFA 88 1k of I () Fi, s 18] AW AR AR 46 56 1 B ]
IS EISH B LM 0 . $HISNA S B A
(AL BRAR 0 TT 75 H T MBI R V) DAL 1,
I EAE RN I Z] (k+1) KBRS H%1E.
AR, F A FELAE TIOR3 FE X (6) - (7 R4l MMC
S H R S BT RS (K + 1) B ZI Y L T
T V2 (k +1) VLB Ag AR FLIRE TN 47, (k + 1), B
J& LR BTN K 2 5 2 2 (i — i 3 N\ 21 R B
W fHL oR H o AT B IMA I 12
2.2 FELM MMC = E 500

RYEE) AT AF IR B, C, AH IR HLI FIT0
B 73530
igy (K +1) = a,V (k) + szn1 (k) + ¢l (K) )]
i (k+)=aV, (k)+ b,V, (k) + ¢yl (k) )
XH: aq = ! ; b2=—1 ; czz—RZ; n,n, =
Lsh Lsh Lsh
,2,3,--,7

TN MMC AT 2RO HRIE, T A EATE
LN SRR 7 A R B PR AT AN, RIS B
A FE ) — M MEE M, W& 3 B
Sy RSN AT R, SO 1) = AR B R A A bR AR
WIEBEIE R, » i, &3k — MK IE JE 8
(low-pass filter, LPF)/5 5 R AEAHL, 45 375 2 HMs
FA DR, XA DS BRI EE A IS
RS ML, » BG5S i, Rl A AR AT 2
RS HE i, (k+1), T EERES . R, #%
X(®) (NHEAT B, C, #H (k +1) I 2 B T,
B e+ ink+1), EHEB,. CHMHE
TS 25 (G AT AR A PN R R0 15 e B

2.3 MERHBSHNIHEE
ghE BRI MMC BT R e, 4y A
T E A, A R R ME R S S T R

AT, R 32 24 T s ] . o E
EERAM) F) A A1 B
ghk+ )= A4 o+ D)=V k+ D[ +
(10)

mw+uzmw+w

X, A A BRI E pR B

T IAUE /N T FE B L FRLE ) 2 TR ok
PO L DASEIUAS A Az B AR, 25T n] 4%
M MMC-UPQC L I FL H FEL U R A [R) A M2
[ mfaimid s FIEE, K343 M R B
DT AV, , Sk E/ME RSB B TR
)\ﬁ( NSBI,SCI,SAZ ’ ﬁnﬁ(ll)ﬁﬁ%°

NSBl,SCl,SAZ =argmin g/ (k +1) (11)
IO (9 0 B 6 gy (e +1)

, 2
gy (k1) = Jigy, (k +1) = iff, (k + 1)| +

(12)

Bk + D) =iz (k+Df

BN =1,2,3,---,14 FE4T 05 %k 0 B Ak A
ﬁ%&)\ﬁ NSB2,SC2 °

NSBz,scz = argmin ggh (k+1) (13)

15 5 TN BT 75 (10 B A0 TR B N B0 N FL 2
YRR H] 152 MMC G, &SI A R
gl

AW T —FhER X A MMC-UPQC IR
AR TN ], D TR R R gk TR
VAT SRR S S . — AN AT N TR BT
Wk 4 Fros FIARAR AR e, I E B SR /N TR S0 IR,
YRRk g e, 5 TR H et

itk AR R ﬂ itk B R
] U FE LA [

e R el
AR L2 4 VR
i 7 3
SBI. SCI. SA2 AR A SB2. SC2#%
&A%mﬁ g N
R S
R TR 5 P FRIE {1 56 2
B3 BN
12 — e

n=3437 <— HRIEMUTM FRROUTE —>  n" =147

LM I A

n"=n+1
4 BERIZE
Fig. 4 Algorithm flow chart



HIE

t/s

Zedeit, 2% BT AMPVE MMC-UPQC [ G A5 B T 328 a F 9T - 183 -
3 (HELEBRRSW HAE R 2 23 =AAATAPIRES .

T 5. TUGEREN _
ASCHE Matlab/Simulink P& FAE T MMC- o REHR | —SEER >
UPQC E‘]ﬂﬁ%ﬁ%“ﬁﬂ, ﬁﬂlgl 5 Fﬁ/j—‘—\‘y ﬁ%ﬂ%t{j . ‘\ u M H‘ “"“" | }H : ‘ﬂ" | \ ‘ﬂ“;:““‘\“ \H z::: LIL
E@E%’J%%ﬁﬁf?ﬁiﬁo ]i "““;‘!\l“;‘v“u‘\[ “‘H“‘\‘\H “}(““‘\““(“‘“““l“‘
i 2 w“mmm
Oy BN ‘fl\m‘;\s,w‘m..s‘\,“\..“

] Tm A o B 0.1 ‘ 0.2 ‘ ().’3‘ 3 0.4

o MMC
R AT SAl ,~, SA2
P3RS
|\
HUR L L;Q(Isl)y
BI(6)« i L 20)
R(7) PO [ 2 p—
A TR (le)
ko) | e i | el D)
(10 i (k+1) A(12)
=
G FISIE

5 E£T 84 MPC B MMC-UPQC M B15HI4ERE
Fig. 5 Block diagram of MMC-UPQC five-leg control
based on hybrid MPC

SEISEEXT 3 P E A TOLHAT 7 W miIRIE
FENHH R B PR T AR B R T
B B DA S AR 2R T+ = OB BEN . AR Zk
P PI #2Hil, JoiiE i (passivity-based control, PBC)
5 AR S 5 A LR TR il (H-MPC) 47 X b
DT RIREISHUER 2 i, BIERFETH
JE 376 T R L RE o B A ) (R AR A

=2 HESHE

Table 2 Simulation parameter table

iHSH Bt
FL PR 2% FL /K V 2
FHL I A% /Hz 50
MR- R 6

FREHL L2/ 1200
BB H s /mH 4
FLURN 25 R /kV 6
£/ FiL % /mH 5
ER /IR HL PE/Q 10
ELR H 2 /mF 12
ER RN AR R 2528 HL 1

— P TN e VI N+ HEL Y R
%h%ﬂ,m%Eﬁ%ﬁ%ﬁﬁﬁﬁES%MSam
P LA SRR N AH HRLE 2% 7 IR IS AE 0.05 s BRFEAN
M, 7E0.1~0.2 s B P 2= T F% 20%, 0.3~0.4's
B B R EE TR 2 BT 20%, W1 6 FTas .

Bl 7 NP EATOUT 3 sl 7m0
B, S AT AT, SR P42 )00t B
TEIEH THL(0~0.05 s) PRI A& AP iRk

B 6 ERIEBENREE LR

Fig. 6 High-order harmonic injection + voltage sag/swell

>

]

=]

guy

®

=

> ARE
< BHIILIE
=S| ——CHILE
putl [ I
®

=

[ NN A—ARBE
= BHIILE
H CHitE
= AN
ﬁ ‘\ “ :“ 1 \

& VUV

7 IEBCENBREE A E FREAMEAR L E

Fig. 7 Comparison of harmonic injection + voltage

sag/swell compensation effect

7 HL R B PR AN T T AT DU HS G 5 4% )
(passivity-based control, PBC)® ' 2y grie s ks Al
TELE 8 B s s LL AT, AR EG PT RN TE PR %
Hl(PBC), Fre & 158 24 Fl il 42 il %F 45 ¥ 1 g4
HlRE I 5. I 9 BUXFEL AT A, TR
BRI LR, AT P il v AR RS B o
MG B AR AR T AR e e AR 2R ME 7 VT /N

WE 10 s, EEMEESTHT, REEAN
AR B H I B R AE 0.1~0.2 s N F% 20%, 7E
0.3~0.4 s ] b Tt 20%, AEZe 1 Bk 2 fdr 9 ) e g =
AEGEN, M ASIERIE{T, MMC-UPQC i@
I N FEAN MMC K% H %M H I LA o ) H 37
ANZZVEE RO . ARRELIS R B AE 0.05 s B 2N FEER
] MMC AZ3ies, DA SE4 AT fa B I f i A2 4k,
() B 0T F, e AR b R 33 T M A 26 T, ) B 3R AT il 53 A
ST AR T EAEIX R E A TS



W) &Gk B

- 184 -
1 P
3 i
H 0'\-:-‘-‘ | O LR
B 0 . " L
x|
&
= ! ‘ |
0.1 0.2 0.3 0.4
tls
1 PBC
z ‘ ‘ @R
= —— B AE
ﬁ 0 o PP | O BT
Y ¥ A }
|
;:E{
-1 I I L 1 | | |
0.1 02 0.3 04
t/s
1 H-MPC
Z ‘ S HGFRIE
3 —— BRI
O ST R
I M L
A } ' 1
i
d:."
-1 . ] ! | | |
0.1 0.2 0.3 0.4
t/s

& 8 faFEEaf) IFNE

Fig. 8 Load voltage o0 negative sequence

B e WS FE 0 L

/— 2.64
3.3

42

31

3.7
.

0.3

g

t/s

3
4.76
0 2 4 6

Tup/%

H-MPC ®PBC ®PI

9 1R+ E S T B R X b

Fig. 9 Comparison of harmonic + voltage sag/swell distortion rates

LU R T

AR
BALE
CHHLT |

o4 1] HL AL /KA

10 Rt R EE A E R

Fig. 10 Nonlinear load + voltage sag/swell

K11 OB AR A TR 3 FhiE sl R
EC, WSEHTAIED, £E PUSEHIR, WM H e R IR
Il MMC $ N J5 B A (M RCRH BT RE K H A
i, RIS RS AR 2 BOR, B Te D e
FEFEA R . FELIEZERI(PBC) R, HIR AR A fy

B3, TR IS T R AME B IESZ i, (|
ARV IRATAE HLf R AR 200K fER AR
TR 4% ) R E AN S A F IE a2k B
W, R AR AT S R AR, B R
R, TIAMERCREAR T PL. IR, MK 12
(1) By AR R X B 43 AT T 3 — 5 e AR SRR KT
MMC-UPQC Fir# H 15 A A5 7L T 042 i AR 45 4%
25/ PBC #8HF1 PT #5315 B R 34

FATFEMIMMC

2
> YN
VAUA A ') “') H. 3 02/
2 HNWNWW\E»
= ! VUV S 2 SARIN
E NSRS LA AV VAT
=2 g Ar LU
0.1 0.2 0.3 0.4 0.10 0.1
tls
. f\Fi PBC
= [S 0zl A
- ESG
E.J E 02
= E J L\
E 0.0 0.11
2
= | T = Ll
2 S\ ‘ VAVAYAYAS ‘ )‘»‘\M‘M“(”ﬁ E—} 02 I~
= \ AU Y = Y
= SRV & -
0.1 0.2 0.3 0.4 010 0.11
tls

1 e BB EE A E FEAMEXT L E
Fig. 11 Comparison of nonlinear load + voltage sag/swell

compensation effect

PO ) 3 W 2 3 6 L

0 10 20 30
Tup/%

H-MPC mPBC ®PI

12 et Srdy+ B E B A E PR R X b
Fig. 12 Comparison of nonlinear load + voltage

sag/swell distortion rates

TESE =M TH T, RGIEHENIELNE M TIF
RN 5. 7 W, B 13 AARFME P R E i,
A DLAE BN G I AR K. 1 14 SR
B I EEL IR B P, TN PT 2 1 R 6 BRI AR AN
£, SR AR ZE B AR K, TR



Fhik, %

FT FAAE MMC-UPQC 15 445 28 T 25 S AJF 5 - 185 -

il (PBC) I IR RASAMEROR B, EARAMEJE
RRIE A —E . 2T, AFiRE
AR TN 3% G ANUTS R, TETh A R R AR SR 4
() AR B 15 PR Xof BT 2R, B B4 o] (R M 2
R, KRR .

5. 74AL£/&/T)\ =
Y ‘J\ o m‘ u‘ 7315.‘&-?,’12
\ it
: f \ l l f f
b= W
£ il C \ ‘L‘J
= H H} } I\
‘ I
“““ “
02 i ‘\ :/, ‘ Il ‘m w ol Vﬂ nJ ‘ \\‘ W ﬂ \ WL
o 04
t/s
13 JELME A BHERIEN
Fig. 13 Nonlinear load + harmonic injection
BIIFRMMMC .
z 2 1l é
= i}?‘» 02| [/} ‘w); ‘C
= VAR VAR
2 010 011
; 2 g PBC
=4 ?—’»70.2“‘ “ J ‘\j“
= -2 = - U‘Au')‘ (;.11
; é H-MPC
H g O[T 1]
E Es 1\
= = 02 M N
B E 1] 1]
-2 0.0 011

& 14 FELMEATHERCENIMERTLLE
Fig. 14 Comparison of nonlinear load + harmonic injection

compensation effect

o8 {0 FEL E A 0 L

4.03
0.1 5.02
14.43
0 10 20 30
Tup/%

H-MPC W PBC WPl

15 IRt AR+ R E BT ZE ST LL
Fig. 15 Comparison of nonlinear load + harmonic

injection distortion rates

B SERR LU T uas P BUE FTREAFAE M A 22 K
WATFEE R, X MMC-UPQC & #5143
WEL, AR SCHT AR AT B R IR U AN R I S £
ARACL, e IR PR Hit s 2 1) 14 7 22 LTI 2 1 — 2
RS, T BAAR SO e BRI F) 45 1 RE EAT DI K LB
UEFTSEAE H AR T e 280> A ZZ A1 DL R AT
REHEAT A RCAME . i 16 Fras, DLROON g s 87
30% I} (S E A LI 7 AR AME R S 4] ; &
BRI 25 C BB/, ELRNYIAGIERT 10%, Y
HURK L, B Hs/ N BRI TE IR 30%. 7T LA LA
SEBME A A 30%, HLIESERRME N E AR {E 50%0
Top FRE 1% LAY, A2 LA W Bl B 42 Ml SR o as
SHMBIEBAR, FA BRI EHEE.

Tup/%

1.0 1.0

16 SBEMUEHEMENIAE

Fig. 16 Series side robustness test

4  LEip

AL UL = A0 = 2R i T MMC-UPQC 4k
TR G, FEH T — P 5 A A R Tl 42 i) SRS
PEFR PN G 3 N R 1) TR O A 4 o) v
2) W LSS P s ) i SR (0 47 L s 4 B 3) 4%
SRR TR 4% ) MMC-UPQC i &t k. Ki@
VLT BN () O R SR SRR 1, RIS
SR PSR TR 42 | AT 47 fEUE 20 i, SRRt
Rl 7 DR AR T 0 ) SEL AR e T A i K £ 1
s BeJa, A ESIIERT T TR i SRR M
MMC-UPQC HE #t. 15t L R4S iR

1) B A AT 4% 6 v] U$E MMC-UPQC £ H
FEC A PELFH AT A S F T kM HL B Rt
B, W Ttas S HUR AU

2) Bbx e R R AN, iR SR AR R T A%
GRS, KT o B RS P

3) NPT HAME BT R i SRS I AME R T
Uf, TIAMEREEETE &



- 186 - W) &Gk B

&k ;R(/)g}(l)an: Huazhong University of Science & Technology,

(11 5kp, B, REHE, S5 S5H0F P IRPOLAR 5425 T [9] ZHOU D, ZHAO J, LI Y. Model-predictive control scheme
KA RER BRG] I TR, 2022, 4103): of five-leg AC-DC-AC converter-fed induction motor
224-230. drive[J]. IEEE Transactions on Industrial Electronics,
ZHANG Cheng, ZHAO Tao, ZHU Aihua, et al. Stability 2016, 63(7): 4517-4526.
and power quality control of parallel inverters in weak [10] WANG W, CHENG M, ZHANG B, et al. A fault-tolerant
current network[J]. Electric Power Engineering Technology, permanent-magnet  traction module for  subway
2022, 41(3): 224-230. applications[J]. IEEE Transactions on Power Electronics,

[2] HAE, XIVE, A, 2. JRIX L B I R GRS 2014, 29(4): 1646-1658.

RLEEJE LR R AL A SRR (I GEFIIE, 2023, 400100 1y1) pcas, o, K3, 0o LMY 390 5 28 M T
55-62. FEP R HTIERAR, 2017, 40(10): 61-65.

WU Shuangxi, LIU Yang, ZHU Yu, et al. Power quality TANG Yongcong, LIU Tao, GENG Qiang. Model predictive
optimization strategy after AC short circuit in DC synchronous control for dual PMSM motors and five-leg
interconnection  system  of urban power  grid[J]. inverter[J]. Electronic Measurement Technique, 2017,
Distribution & Utilization, 2023, 40(10): 55-62. 40(10): 61-65.

(3] W, PR, i, S5 BT ERERIEN [19) LU B, SHARMA S K. A literature review of IGBT fault
MMC PRIEA BRAAAL T S (J]. F0 ) RGE R diagnostic and protection methods for power inverters[J].
15421, 2023, 51(23): 26-36. IEEE Transactions on Industry Applications, 2009, 45(5):
FENG Haibo, YANG Xingwu, LIU Haibo, et al. Finite 1770-1777.
control set model predictive control strategy for an MMC [13] CHEN T, PAN Y. A novel diagnostic method for multiple
based on multi-variable fast adjusting[J]. Power System open-circuit faults of voltage-source inverters based on
Protection and Control, 2023, 51(23): 26-36. output line voltage residuals analysis[J]. IEEE Transactions

(4] Tlgss, TN, i, S T Sod SR R L on Circuits and Systems II: Express Briefs, 2021, 68(4):
MMC-MG REHE#EE2HII]. B ARG R S5 1343-1347.
fil, 2023, 51(7): 1-13. [14] FERE. U5 HLIR R G b0 W7 2 A2 AT 15
WANG Hailiang, WANG Xinggui, LI Jinjian, et al. Bridge [D]. dbxt: db77 Tk k2, 2019.
arm fault diagnosis of the MMC-MG system based on an YUAN Hui. Fault diagnosis and fault-tolerant operation
improved support vector machine[J]. Power System control of double asynchronous motor speed regulation
Protection and Control, 2023, 51(7): 1-13. system[D]. Beijing: North China University of Technology,

(5] E, R, FRY, 4 JEE 4T MMC-DVR 5019,
it Lyapunov #=HISEHEF[T). WARGMRY SEH,  [15] x%, fEk, H9E, % KT FCS-MPC HIT b
2023, 51(2): 23-33. UPQC FELREFTEAMESEIEHT FT[T]. M RGRY 5%
WANG Hanyun, ZHOU Yating, CHENG Qiming, et al. ], 2022, 50(8): 65-75.

Research on Lyapunov control strategy of an MMC-DVR LIU Tao, HE Qifa, XIAO Zhaoxia, et al. A power quality
under non-ideal conditions[J]. Power System Protection compensation strategy of five-leg UPQC based on
and Control, 2023, 51(2): 23-33. FCS-MPC[J]. Power System Protection and Control,

[6] LIANG Yingyu, REN Yi, YU Jinhua, et al. Current 2022, 50(8): 65-75.
trajectory image-based protection algorithm for transmission [16] MOHD Y N, IBRAHIM Z, SULAIMAN M, et al. Speed
lines connected to MMC-HVDC stations using CA-CNN[J]. performance of SVPWM direct torque control for five leg
Protection and Control of Modern Power Systems, 2023, inverter served dual three-phase induction motor[C] //
8(1): 97-111. IEEE International Power Engineering and Optimization

(7] IM W, KIM J, LEE D, et al. Diagnosis and fault-tolerant Conference, June 6-7, 2012, Melaka, Malaysia: 323-328.
control of three-phase AC-DC PWM converter systems[J]. [17] LAZI J M, IBRAHIM Z, SULAIMAN M, et al
IEEE Transactions on Industry Applications, 2013, 49(4): Independent control for dual-PMSM drives using five-leg
1539-1547. inverter[C] // IEEE Conference on Energy Conversion

[8] &L FFEFIETHRIMAT MMC-UPQC HFIE7Hr I (CENCON), October 19-20, 2015, Johor Bahru, Malaysia:
PR RS HETT[D]. BDL R, 2020. 143-148.

FAN Zhihua. Characteristics analysis and control strategy (18] FE/EHH, #HmEE, U, 25 S HAE ST 2sriE

of MMC-UPQC under abnormal operation conditions[D].

o 5 A ME SRS 7T 0], H 543K, 2012, 49(3): 19-23.



BT I MMC-UPQC H & A 15 7 F0 42 i BF 72

- 187 -

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

CHENG Qiming, HU Xiaoqing, WU Kai, et al. The research
of harmonic detection and control strategy for unified
power quality conditioner[J]. Electrical Measurement &
Instrumentation, 2012, 49(3): 19-23.

CHENG Q, ZHOU Y, JIANG C, et al. Finite state based
model predictive control method for MMC-UPQC[C] //
Proceedings of the 6th International Conference on Power
and Renewable Energy, September 17-20, 2021, Shanghai,
China.

SR, FERE, BRA, A ASFETRI RSN MMC-
UPQC 1 Lyapunov BREIESI %] & HERA,
2023, 49(3): 1284-1293.

MO Dongcheng, CHENG Qiming, CHEN Ying, et al.
Research on Lyapunov function control method of
MMC- UPQC under unbalanced grid voltage[J]. High
Voltage Engineering, 2023, 49(3): 1284-1293.

W%, FEm, FRY, 5 ATFHEBEMEET
MMC-UPQC  FAI YR 5 e — 1 ¥4 4542 fl) SO [J/OLL ).
P 5 Y3k 1-10[2023-08-07]. DOI: 10.13195/j.kzyjc.
2022.0964.

HUANG Zufan, ZHOU lJianping, MAO Dajun, et al.
Passive super-twisting second-order sliding mode control
strategy for MMC-UPQC under unbalanced grid
voltage[J/OL]. Control and Decision: 1-10[2023-08-07].
DOI: 10.13195/j.kzyjc.2022.0964.

GONG Z, DAI P, YUAN X, et al. Design and
experimental evaluation of fast model predictive control
for modular multilevel converters[J]. IEEE Transactions
on Industrial Electronics, 2016, 63(6): 3845-3856.

X, EEE, B&EK, & BT FCS-MPC HJHfE
it LR A AN SRR AT T )], FREOR, 2019,
43(9): 3377-3384.

LIU Tao, WANG Huihui, GE Leijiao, et al. Power quality
integrated regulator compensation strategy based on
FCS-MPC[J]. Power System Technology, 2019, 43(9):
3377-3384.

PEREZ-GUZMAN R E, HERRERA F, RIVERA M, et al.
Implementation of predictive control in a three-phase
neutral point clamped inverter[C]//IEEE CHILEAN
Conference on Electrical,

Electronics Engineering,

Information  and  Communication  Technologies

(CHILECON), November 13-27, 2019, Valparaiso, Chile:

1-6.

LUO Yanhong, WANG Songsheng, YANG Dongsheng, et al.
Direct prediction compensation strategy of unified power
quality conditioner based on FCS-MPC[J]. IET Generation,
Transmission & Distribution, 2020, 14(22): 5020-5028.
Eotig, sAS, PLEEE, 4 T A BRI T
i) UPQC TN B4R BT L[], MR, 2023,
47(12): 5206-5215.

[27]

(28]

[29]

[30]

[31]

[32]

WANG Guifeng, WU Zewen, ZHU Xinxin, et al. Predictive
direct control strategy of UPQC based on FCS-MPCI[J].
Power System Technology, 2023, 47(12): 5206-5215.
R MR 22 T 11 Dl 2 2 )T
FUD]. At b ke, 2023.

XIA Changjiang. Research on modular multilevel converter
sub-modules fault tolerant control[D]. Beijing: North
China Electric Power University, 2023.

KOTTURU J, KOTHURU S, AGARWAL P. Simplified
predictive control of unified power quality conditioner[C] //
2018 9th IEEE International Symposium on Power
Electronics for Distributed Generation Systems (PEDG),
June 25-28, 2018, Charlotte, NC, USA: 1-6.

WAL, BEfE, B9, & FEAXITREIE T MMC IR
Pk PLEZEHITIIED]. HEH7, 2023, 56(7): 107-116, 124
CHEN Cheng, XUE Hua, HU Zenghui, et al. Passivity-
based PI control method of MMC with asymmetric bridge
arms[J]. Electric Power, 2023, 56(7): 107-116, 124.
FOTUR, XUREDR, EREE R TR TT PL ML
L R AT R [ 3 AR HI[T]. B DRERR, 2022, 41(5):
131-139.

LU Kaicheng, LIU Kaicheng, DONG Shufeng. A microgrid
frequency control method based on fuzzy single neuron
adaptive PI control[J]. Electric Power Engineering
Technology, 2022, 41(5): 131-139.

B L, SR, i, & AFHERMT MMC #)
PCHD 5% 7 TG Y5 58 2 ) S (). P L L 7, 2023,
56(8): 109-116.

LIU Daobing, BAO Miaosheng, LI Shichun, et al.
Passive sliding mode control strategy for PCHD model of
MMC in unbalanced power grid[J]. Electric Power, 2023,
56(8): 109-116.

XS, D fh, B, . JET HIBONIFEJE 4 F IR ER Y
I Al P Dl e Pl e T R 42U [0, FEL R S50t e,
2022, 38(4): 45-53.

LIU Hao, MA Jianwei, ZHAO Jian, et al. Nonlinear
voltage and power control of isolated island microgrids
based on interconnection and damping distribution
tracking[J]. Power System and Clean Energy, 2022, 38(4):
45-53.

Igts HER: 2023-11-17;

&EIHHER: 2024-03-22

EEEN:

A (000—), B, MEHIRA, BIRFWARS A

oW f8 BAME; E-mail: 2473731001 @qq.com

Ao A KA a5 #d B3R,

AR 1978—), %o, al#dk, MELFT, Hie
E-mail: zhoujianping@

shiep.edu.cn

(%m# K )



