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Fig.1 Topology structure of MMC circuit
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Fig.2 Equivalent circuit of single-phase MMC
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Improved two-stage model predictive control for modular multilevel converters
LI Tianhao',YAO Lei',ZHANG Shuailong’
(1. School of Mechanical Engineering, University of Shanghai for Science and Technology,Shanghai 200093, China;

2. Xiping Power Supply Company of State Grid Henan Electric Power Company,Zhumadian 463900, China)
Abstract: The application of model predictive control (MPC) based on finite control set (FCS) to modular
multilevel converter (MMC) usually exposes problems such as complex calculation and serious distortion of
output current at AC side. A dual-vector optimization harmonic current model predictive control strategy is
proposed, which is an improved two-stage model predictive control, and can reduce the calculation amount
of switch state combination and further optimize the output current at AC side. The MMC discrete mathe-
matical model is derived, and a cost function without weight factors is constructed, and the duty cycle of
the two-stage switching signal in the same period is redefined by calculating the minimum area surrounded
by the actual current and the reference current,and an additional redundant sub-module method is intro-
duced to eliminate the bridge arm circulating current,and then a loser tree multi-way merge sort algorithm
to balance the capacitor voltage is proposed. A three-phase 23-level MMC simulation model is built on the
MATLAB / Simulink platform to verify the effectiveness of the strategy. Compared with the two-stage model
predictive control, the proposed control strategy is more accurate in tracking the output current of AC side
and less in harmonic distortion rate.

Key words: modular multilevel converters;improved two-stage model predictive control; additional redundant

submodules ; capacitor voltage equalization;total harmonic distortion rate



Mk A

™ AL FFRAREXT R B E

TableAl Output voltage corresponding to switch status

R Np;j Ny Upj Unj uj
1 0 N 0 Ude Ude
2 1 N-1 Uee/N (N-1)Ug/N  (N-2)Ug/2N

N N1 1  (N-1UgN Ug/N (2-N)Ugo/2N
N+L N 0 Uge 0 ~Ugel2

e T T T $iI(E+T
A: iref(t) i ( S)
| Switch i
----- R
t T

Al BEER MPC JRIE

Fig.Al Single-stage MPC principle
i A
i1(t+Ts)

i(t+T)

I(t+Ts)

—v

t+dy T t+T;

v 0() me AB Jriaste, 4t +d T, sk 8, R BD
Bk, E KRR 45O 205035 45 D, AR,
A2 TSMPC [RIE
Fig.A2 TSMPC principle
i A
L Cet
H s V(2T

< ]

a4

t t+dg T t+T,
A3 i TSMPC [R32
Fig.A3 Improved TSMPC principle



Fis% B

SES 2 ON0)

Nagg=0
Nagp+Nagn=N

p=p+1 n=n+1l
I i en(t+T5)<ijp If ij_er(t+T5)|<ijn
Nag_p=Nagp Nag p=N-Nagp
Nag n=N-Nagp Nag n=Nasp
Tjp=ij_en(t+Ts) Tjn= i err(t+Ts)|

|

Nagp=Nagpt+1
Nagn=Nagn-1

|
|| np.1=Nag_pandNrj 1=Nag n
: Npi 2=Nag pand Nnj 2=Nag n

Npj_1=NAB nand Mnj 1=Nas p
Npj_2=NAg nand Nnj 2=Nag p

e e ===

Npi 1=NAag n and Nnj 1=Nag p Npj 1=NAB p and Mnj 1=NaB n
Npj_2=Nag p and Nnj 2=Nag n Npj 2=NaB 1 and Nnj 2=Nag p

4R

Npj_1 and Nnj_1

Npj_2 and Mnj_2

H: Nagp 55 Npg, 2800 By FHEBAIFHSEH, 84 Nagy + Nagy =N N Oy Mg 7
#3580 H (N agps Nagy €[0,1,2,---,n]).
Bl £. THERESERMERAFAXKERIZE
Fig.B1 Flowchart of upper and lower axle arms selecting their respective dual vector switch states

FIWrIT IR EZ 7 NLLT 3B BR:

(1) fan 53t 73 B 1) Noagp (RS 1) e C+T) A/NTF 0, WP — R E RN 1o (0 T0) B, ¥ 5%
AMEFTRS R TE LA Nag_p FIRFIR 25 Ny o ANy 5 B Nag o {5 N T AEHEH B R — A2 4
2 — B

(2) 0 52388 3 AT 19 N BRI 1 e (4 T ANT O, WU — UL i o (£ )| LLAR, SN
{E BTN R AIE 5 SCH Nag o FIBSIRZE Ny o RN o, B Nag o (B HE NI FBEEEL 5 R T~ — 4% & 3
2 B

(3) AN 53 Nagp 1, A8 1 e (t+T) AS/NTF- 0, FEIX AN RRAE T e (t+T)=0 H RIS T o (E+T)
BMUI Npg 1B, FEREHE U Npg s MRBAG S AFAE S — 98 Nag 1, 573 160 (1+T) <0, 55 |25
fu FEIR I P T (€4 TL) <O FLIRIRMAE i, o (€ 4+ T)| MU Nog 18, 4535 R Nog s




e ij_err(t)ZO , Npj 1= NAB_n s Noj o= NAB_p °
% ij_err(t) <O ’ JI_\I” r.lpj_l = NABJJ ’ npj_Z = NAB_n o

Mik C

Wt Wk

A3 HER

~
BN TR 51

s
- J

~N
J

DIER T BB 51

Vs
.

E C1 &TFWER % BT EAHEFREE
Fig.C1 Schematic diagram of multiple balanced merge and sort based on loser tree

% Cl BiuftEAEEBORE

TableC1 Number of comparisons per unit time

LIS [a] A BB FORE I ()

HVE TR A H
JAIEHET AP W R
200 1548/297 1231/135 785/97
400 3107/552 2380/266 1482/198
600 4762/823 3691/431 2190/306
800 6358/1b021 4765/561 2896/423
1000 7841/1b267 5576/620 3319/501
o — ST

S HER (L1041 1)
— T WCE R )2 7 iR IR
6000 - (LL10#% 3 1)

Eld 8
S
8
o

0 200 400 600 800 1000
THHH

& C2 HiFF A AL BOR BxT L
Fig.C2 Comparison of calculation amount of sorting methods



Bifs% D
& DIMMC REHESH
TableD1 Simulation parameters of MMC system

SH Hfl ZH Hfl

MMC #ilE 3/ kW 100 RGN /Hz 50
THEHE E 22 AR 2 /mF 7
L L/ KV 55 AZ AN EL S / KV 2.75
W g/ mH 13.5 AL E & /mH 1
R FPH /@ 0.8 AZPAN LB/ Q 0.01

B SNl E IEAT SR
VA HEP L

A

Nj-upper Nj-dumm

MUK AL W
TR S ] SR

D1 MMC ZR%: Fir 42 5B sl
Fig.D1 Strategy control block diagram of MMC system



