$£39% F108
2019 ££ 10 A

Vol.39 No.10
Oct. 2019

® 2 & #H wE &

Electric Power Automation Equipment

BCRERARADTRE T I 33 A48 2R WO B 2R P v i s i) g 7

HEE,FRHELF M
(1. HFMEBLEKRSF BELEIELKE, T M 450002;
2. BM A dh b nEFGabnE i Td F8 461000;
3. PEEAMFHRIEARAG FHLR54EETHEMNERELEERE, T 100192)

E AT AL L SRR H AR ERAERSERF S X TEA AN HFLXRE S HEHRFERG
)RR, fE 4 b AR G K B A W i T B TR AR ke deh b R B BG RIRAEF M R B R KL T
AR TR BRI R, A EEA R EMERNEET LA EL L ELRE, ALELX T A B ARSI, A
HHALE ERFRF, RV THEALETE S, BIKT ARCABELSE BT EFLMEFfodh) ZRAL, AR
RETHMELTRBWETHE, A3 GARTRNARTHERELRTE FERE T ERITR T E0E

BAR FFIRIE T PRI ik 40 A RO

KA - HF P38 T 2 B T R 5 AR B KR A AR TT R AR

HE 5SS TM 464

0 5§

LA, FE AL G RE IR Y H 25 Bk 2 PREE Y H
gt A, IR X A T A BE IR L AR B BOR B 2
BN o Her TP O 0 AR 88 A S i BE A 45
M FE RS —, WEA B 777 R0 g 07 1
B G TS D AR RS AR 2 Iz

TEIF WAL g s AT i B b, DA TF G e
WOT KA i) TAERE T, 2 R BOF M3 A2 8% 2
B B D AR ARG , (I 30 5 A R A R B 2 iR
MR o AHORHEFE RN, 78 83 0T 60 % B B 2
WS DR o 32 A% R B B T 10 °C, Hlk B A 3y
T URESY o 33 A8 A 1R 11 8 TR A 2 I R T R T
PERY AR, AR AL 45 Y AT SR 5 300728 2R g 1Y
DAAAE L 22 AR TARRCR . R, WF 5T 878 2%
RIS T T O A2 B R H I e

N T R ARG AR R ) DR AE , H ATAH OGS
ARRARFE 1Y 05 125 53 S BB A vk AR o SOk 4-5 ]38
A 7 AR g B 0 R S AR O, R ARG T3
ARSI AAGAE (BN R GE A , i H SO T
KA Ty A o DR, 38 e ok 42 o) 3R e ) A
Yrm B :2018-11-06; fEE H#3:2019-08-25
BESWH: B R A RAFELT A A (51707176) ; # 48 R
LSk AR ELRRECP RS ANAFALRA
PR~ 8] ) FF A% 354 5 8 B (1810-00888, 1810-00889) 5 77
#H & F FRE LA A (18A470020)
Project supported by the National Natural Science Foundation

of China(51707176),the Open Fund of State Key Laborato-
ry of Operation and Control of Renewable Energy & Storage

Systems (China Electric Power Research Institute Co., Ltd.)
(1810-00888, 1810-00889) and the High School Key Re-
search Program of Henan Province(18A470020)

XERFRERD: A

DOI:10.16081/j.epae.201910012

TEBORBAZ B )2 e o BRAFIE ST LAy D 5T ik
i VA ] (PW MO A 77 vk RS TR B T 42 4 69 7570
SCHR[ 6-7 138 T2 [ I H2 o) 572 BB 82 ] o, (i 05 %
TFRAFAEAE R AL AL FAL , /D T R AL DR IF
KAFERIIT R, AR T AR AR TSGR FE , (Hi% 7
TESLIR R TR, B HAL DT AR AT HAT 4
i I TFSCHI AR, SCHR [8-9 J3d o 75 2k i 8 =5 ) O
Pl B4 o J 300, S BT AR A AR T SR AR 1 H
1, AELUR HRL P RS 2 22, IR IR BRI A 285K

A TR PN 4% o) DR R A AR AT B | 8 2 e 7 3
PRCEBRER 5 T 2 AR R 6] S5O0 B e AR
e T BT B T N R T A T S ] Y
T AT LA g 3 T F AR s AL B 77 1 I TR
SR VERR T o SCHR[11-17 J5E TR 80 100 42 o
T T RS R A T i 7 ik . SCRR(11-13 2%
TR 22 H s B R 4 ] 00 R A8 H A s b
VPRSP S AL SIS IEI 3V 4y | e g
BRI SRR MR A% ) 04 H A, (5 s B A AL
AT R A 22 FAR ] 210, 0T kg H AT B0 58
HE BT RS o SCHR [ 14-15 138 13 O fk v R 2K 5 vk
LU0 T A TR AL AT A B KR, AR T
WA BT SRR ML R P FE . SCRR[16-17 |1 i
0 R b — P A T 0 e B L TR Ok e, B
TF RS fie /D 9 L e S AP DN —F il R DT 1Y
P A AR T AR SR, (ESCHR14-17]
TIEAEAEA R RN A LA R R AR AT T
Ag , BT R RIS R 22 ORI R

N T AR R I S AR R R I R, 2
IR A AR T 7 1 5 ) T MOk T E
JE , 20 SRR AR TN 4% 1) SR 1y, S O AR AR
AR R o XFIE, AR SCHE ) T — b et i) AR A5 AR O
PO 390728 e WU e AR R M v Y4 ) 50 o TR A



% 10 H5

AR A I A (R ASURE T 190 32022 s RO e S A N e g b O 12 ®

SEA JC2E P A RELAE E A 0 A R s 2R R
ER 1 U5 R R I 47 ) B R R T LR
g AR TR TIN5 5 A TR Dk T = AR
T R PR A AL P R, WA 17 307 B T SR
ARG, NP 1 308 g A TARRCR . T E
FISERAE R UE T $2 759 1A 2tk

1 F M 25 15 Gr A BY Tl B i 4 )

AR SCEL X T H S 5 0 AR B A T AT, L R
WA 1R . B w o B s L oM BE D
TG E R 50, 0,0 8 = AHIE R HL I S, (Gi= 1,
2,0, 6) HIHARERI 6 D UIRIF LA .

o skESKESKE L E
a

LT
/27 of—s—
Tdpepsis
E1 Z=tAFMEsR
Fig.1 Three-phase grid-connected inverter
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Fig.2 Two-vector of voltage vector combinations
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Fig.3 Relationship diagram of three-phase reference

voltage in static abc coordinate system
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Fig.4 Relationship diagram of three-phase

reference voltage in voltage vector plane
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Fig.5 Steady-state experimental results of
three methods(5 A)
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Fig.6 Dynamic experimental results of three methods
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N Y BB BAIEAR SO 07 0 BT AR
AR FE A D BE S H i h 2 A 224k
F 10 A, [E1 8 FEN 9 43 HIIXT LE TARGERUR i vk 5 A S
PI 4R 05 5 B 25 BT RABUR Y R e . SLse T, i
TR AR T AR TR R I i I o 305 4% g A S i



%10 8 SRET AR, 5« VIR A PR ABAE I X 398 8 28 XK e A A5 TN e, s o) 141
£ 104 5 #ig
@ 99 . U, , e
g o4 Sy TR O R AR 28 G PR B s AT AR
;‘é 8’9 AR SR T — o SO A ARG 45 A I IR0 306 20 8 XA e A
$ 8'4 RO e 4 O s . % B R R R A 24

2 3 4 5 6 7 8 9 10
R/ A
= RSCHTR T, m AR GERUR A 1
B8 HMIFRMEILER
Fig.8 Comparison result of equivalent

switching frequencies

70
e
5'35
®
0
2 3 4 5 6 7 8 9 10
BT /A

w ASCFRITIE, » G EE
9 MFENLLER

Fig.9 Comparison result of loss
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Improved two-vector-based model predictive current control method for
grid-connected inverter with low loss

GUO Leilei',JIN Yuxiang’,LUO Kui’
(1. School of Electric and Information Engineering,Zhengzhou University of Light Industry,Zhengzhou 450002, China;
2. State Grid Henan Electric Power Company Xuchang Power Supply Company,Xuchang 461000, China;
3. State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems,
China Electric Power Research Institute Co.,Ltd.,Beijing 100192, China)

Abstract: In order to solve the problem of the large harmonic content of the load current for traditional
single-vector-based model predictive control and the high switching frequency and power loss for multi-vec-
tor-based model predictive control,an improved two-vector-based model predictive current control method for
grid-connected inverter with low loss is proposed on the basis of the conventional two-vector-based model
predictive current control method for grid-connected inverter. In this method, the reference voltage vector is
calculated based on dead-beat-solution, based on which a voltage-vector-based cost function is designed.
Through the optimization of voltage vector selection,the proposed method reduces the calculation amount of
control algorithm, the harmonics of the load current,the switching frequency and power loss, and improves
the operating efficiency of grid-connected inverter. The control performances of the conventional single-
vector-based model predictive control method, the conventional two-vector-based model predictive control
method and the proposed method are compared by simulation and experiment, which verifies the effective-
ness of the proposed method.

Key words: grid-connected inverter; model predictive control; two-vector; low harmonic content; low switching

frequency ;low loss
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Table A2 Voltage values of voltage vectors

(NS Ua Up Uc
V,(000) 0 0 0
V4(100) 2ugd/3 ~Ugel3 ~Ugel3
V(110) Ugo/3 Ugo/3 ~2ugd3
V3(010) ~Ugel3 2Ud/3 ~Ugel3
V,4(011) ~2U4/3 Ugol3 Ugo/3
V5(001) ~Ugo/3 ~Ugo/3 2Uge/3
Ve(101) Ugol3 ~2U4/3 Ugo/3
V7(111) 0 0 0

R A3 TEEEMSH

Table A3 Parameters of simulation model

Y Bt SH Bt
RO uge/V 600 AR EIV 110
JEDE HUK LImH 20 LRI folHz 60
AL RIQ 0.05 KEESA flkHz 10
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Fig.A2 Steady-state simulative results of three methods
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