bk F X % < 4 4

ISSN 2095-2805 CN 12-1420/TM

JOURNAL OF POWER SUPPLY G c: = oo

B KA ~ = FANEE~ BitahEra~ HAHhT 15

EEESEHE » 2023, vol. 21 » Issue (4) :38-46. DOl 10.13234/].is5n.2095-2805.2023.4.38

AC-DCZss

LCLER =R &SR B T (oAbl
2E 58, =1

fExES

Model Predictive Optimal Control of LCL Voltage Source Rectifier

MA Wen, GUO Qiang, LI Shan

Author information

History
EE -

FEELCL ERSERE MR FENINEIREIEEEIEMPC-AD (model predictive control-active admping) 3EEERLCLEE N
EeET ERER0E MR THAlERRERENE RS, SR EESEsEE ME. AR Fr—FETFLCLEERRIE PDH1381 KB)
ERIESTEEVSR (voltage source rectifier) SREHIEEETNRLEHIERE. AAEERTMNERRETEEEEET B
THEEs- MU BHEREHRIEREE. SEEEsEEELIRERSENRREE (MPCGhhu) TEAEEERE

HiFIERE AR ATEERI T B AR F—HEsmASAE R T R ARt A ER el TiE TR 400 0 00D

HEENDFL. BT SERBEMPC-ADESA RTINS St 1Rt RREr ni T S LSt E. Qo
Accesses Citation Detail

Abstract

The conventional model predictive control of an LCL rectifier model requires an additional active damping (MPC- . I

AD ) algorithm to eliminate the resonance problem caused by the LCL filter, which results in a poor control
performance since the grid-side current is indirectly controlled by the rectifier-side current. To this end, a finite
control set model predictive optimal control strategy for LCL-filtered voltage source rectifier (VSR) is proposed.
The multivariable control feature of MPC is exploited, and a single cost function is constructed to simultaneously
control the grid-side current vector, filter capacitor voltage vector and rectifier-side current vector (MPC-fizuc) |,
which does not need state variables to feed back the active damping. Then, the constructed cost function fis used
to select the optimal switching state that will be applied to the system at the next moment. To verify the feasibility
of the proposed method, a simulation experiment was carried out and a test prototype was built. The comparison
with the conventional MPC-AD control method verified the feasibility and superiority of the proposed optimal

control strategy.

X iEial
LCLIEIEEE / SN / SFEE / AHhER / SxSRE)

Key words

LCL filter / model predictive / active damping / costfunction / multivariable control

3IEEX

S22 958, . IO EERisER s vissl. 2R 2023, 21(4): 38-46 htrps://doi.org/10.13234/].is5n.2095-
2805.2023.4.38

MA Wen, GUO Qiang, LI Shan. Model Predictive Optimal Control of LCL Voltage Source Rectifier. fournal of Power
Supply. 2023, 21(4): 38-46 https://doi.org/10.13234/j.issn.2095-2805.2023 .4 38

R TR |

SEXER

[1] Ahmed A A, Koh B K, Lee Y |.A comparison of finite control set and continuous control set model predictive
control schemes for speed control of induction motors[]]. IEEE Transactions on Industrial Informatics, 2018, 14(4):

1334-1346.
[2] EENE, 7R, 32Tk, & FEEMHNEIFThE 2=V ThEsRE fulliEsl])]. B8 TR+, 2021, 36(17): 3721-
3729

Wei Xinchi, Xu Litong, Luo Rensong, et al. Model predictive power control of brushless doubly-fed induction
generator considering saturation effect[]]. Transactions of China Electrotechnical Society, 2021, 36(17): 3721-3729 (in
Chinese). @'
[3] Nguyen HT, Kim E K, Kim | P, et al. Model predictive control with modulared optimal vector for a three-phase
inverter with an LC filter[J]. IEEE Transactions on Power Electronics, 2018, 33(3): 2690-2703.

[4] SiE&, &, Tl £ s8Ryl SR mlEHEs FEI7EE])]. B TRAVER, 2020, 35(4): 839-849.
Guo Leilei, Jin Nan, Li Yanyan, et al Virtual vector based model predictive common-mode voltage reduction method
for voltage source inverters[]]. Transactions of China Electrotechnical Society, 2020, 35(4): 839-84% (in Chinese).

[5] BEE I T8 & ET e AEEESESEMAPWVERSSERI TmN=EI)]. e 0 ESBEE, 2020, 44(1): 200-
207.

Xia Wenjing, Liu Bi, Wang Song, et al. Model predictive control of PWM rectifiers based on dynamic component
optimization of input-port voltage[]]. Automation of Electric Power Systems, 2020, 44(1): 200-207 (in Chinese).

[&] Li Hui, Lin Mingyao, Yin Ming, et al Three-vector-based low-complexity model predictive direct power control
strategy for PWM rectifier without voltage sensors[]]. IEEE Journal of Emerging and Selected Topics in Power
Electronics, 2019, 7(1): 240-251.

[7] 8= &, &7, ft =i SlREEEMIESIEENE FEAEPeiiTsi i ZEEE{)]. B LE=+54E, 2017, 32(22):
58-69.

Liu Zhifei, Du Guiping, Du Fada Research status and development trend of finite control set model predictive control
in power electronics[]]. Transactions of China Electrotechnical Society, 2017, 32(22): 58-69 (in Chinese).

[8] Ferreira S C, Gonzatti R B, Pereira R R, et al.Finite control set model predictive contral for dynamic reactive power
compensation with hybrid active power filters[]]. IEEE Transactions on Industrial Electronics, 2018, 65(3): 2608-2617.
[9] Chen Xiaotao, Wu Weimin, Gao Ning, et al.Finite control set model predictive control for LCL-filtered grid-tied
inverter with minimum sensors[]]. IEEE Transactions on Industrial Electronics, 2020, 67(12): 9980-9990.

[10] BoffiE, T4 &= ([ CLEFMiFTmsEglEslEAIM]. I0R: #5FdhR, 2015,

Ruan Xinbo, Wang Xuehua, Pan Donghua.Control techniques for LCL-type grid-connected inverters[M]. Beijing:
Science Press, 2015 (in Chinese).

[11] Z=2E 2= ETEEIRinES =Rl SansmE8l CLE PWMEERSS=EISERE])]. B LE-FR5E, 2021, 36(6):
1290-1303.

Li Jinghao, Wu Aiguo_ A double closed-loop control method for single-phase PWM rectifiers with LCL filter based on
discrete reaching law and deadbeat algorithm[]]. Transactions of China Electrotechnical Society, 2021, 36(6): 1290-
1303 {in Chinese).

[12] 7F78%, i & 3. LCL, LLCLFILLCCLE R FIRE D] FESHL LFESFHE, 2015, 35(18): 4725-4735.

Xu Dezhi, Wang Fei, Ruan Yi.Passive damping of LCL, LLCL and LLCCL filters[]]. Proceedings of the CSEE, 2015, 35(18):
A4725-4735 (in Chinese).

[13] ENiss, ME. ETLCL LS8 teIFnasRiREsEMAMIFEsZiEFaE]]. BilF=4E, 2021, 19(3): 70-76.

Fan Ganggiang, Yang Yong.Control method for grid-connected inverter in new energy microgrid based on LCL
parameter optimization[]]. Journal of Power Supply, 2021, 19(3): 70-76 (in Chinese).

[14] Bosch 5, Staiger |, Steinhart H.Predictive current control for an active power filter with LCL-filter[]]. IEEE
Transactions on Industrial Electronics, 2018, 65(6): 4943-45952.

[15] Panten N, Hoffmann N, Fuchs F W Finite control set model predictive current control for grid-connected voltage-
source converters with LCL filters: a study based on different state feedbacks[]]. IEEE Transactions on Power
Electronics, 2016, 31(7): 5189-5200.

[16] 33, = PWMERSMEEESIIM]. A0E: ¥R 1k Hamst, 2003

[17] Serpa L A, Ponnaluri S5, Barbosa P M, et al A modified direct power control strategy allowing the connection of
three-phase inverters to the grid through LCL filters[]]. |EEE Transactions on Industry Applications, 2007, 43(5): 1388-
1400.

2F

EETHEER SRS REImE (KJZ D-K201501102) ; EEmEEEEEAESEESIHEEImE @l

L) BAMZE120104020009795  FRICPE110017565-5
WERERE © {(BEZFHE) @miESh

fight: FoErheH K ENIEAe7SI0EX[E16E  fbsm: 300110
EBiE: 022-27686327 {£H: 022-27687886 E-mail: jops@cpss.org.cn
A ItEEEEREE EESR AT




