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Overview of Control Strategies for Single-phase Grid-connected/Off-grid
Dual-mode Inverters
CHEN Yaai,ZHAO Junwei,ZHOU Jinghua, SHI Yongshuai, WANG Sai
(Inverter Technology Engineering Research Center of Beijing , North China University of
Technology s Beijing 100144, China)

Abstract: The single-phase grid-connected/off-grid dual-mode inverter is an important part of the distributed
generation system. It can work in the grid-connected mode to send the power generated by the distributed power
generation unit to the large power grid. Mode that provides distributed power to the local load when the mains supply
is interrupted. Based on the research results of single-phase grid-connected/off-grid dual-mode inverters, its control

strategies was classified and generalized, its control characteristics and applicable occasions was summarized. It

providesd a reference for further studies of single-phase grid-connected/off-grid dual mode inverters.
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Fig.1  Diagram of control strategy classification for single-phase

grid-connected/off-grid double-mode inverter
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Fig.2  Diagram of voltage and current vector

relation of grid connected inverter
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Fig3 Simplified block diagram of direct current control
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Fig.4  Simplified block diagram of direct power control
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Fig.5 Simplified block diagram of double

closed-loop control strategy
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Fig.6  Diagram of a single-phase converter connected to the grid
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Fig.7  Diagram of Inverter equivalent circuit and indirect

current control voltage vector
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Fig.8 Block diagram of indirect current control strategy
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control strategy based on droop control

BT T AR H R AE I BT, ] K
P 1 48 S AT D)5 5 TEI TR, 240 L IR
I 5 P 25 AR, B ST IR 6 S TS,
T UE 336 25 7 5 A R I G 3 422, DI040 A k) U/ 17
FEANAS | 30 AR 28 0% TR R ke AR R
SRR A DI p TeH A g KT i
2, %ot HH F P ) R (RO R AT IR0 T S
FEAS b o I B4 HL R R R, B i R G 1E LA 3
i BB NG < = B N 2% o o 5 2N ]
O | W A S5 £ | M P 585 A N Fa
TR R ], (R T4 i —Fh A 2545 1, 6
e G SO NAR /S [ o

2) KAL) ML o SR T T4 SR
(18 AR AR g FR AR ELA B R sl A i 3, {H A
R Z 0NN . FET Fak ), i
I P A ol 3 AR e BR [R) 2 & HR LIS A T
A X P P P L R AR 0 At A R R TR
(AT SEE AT o SCHk[44 1R FH2E T 5A VSG 4 il
TR | ZR G IR T B 390 7 R ) I D i) 5 ) ) 4
Pt sem , oA A& 10 B, REERA T
e 58 YR, TG h Dy 2R e s i Y R R

43



wAAES 20205 %505 %S5

VR %, 4 AR P B R RBE R iE T B A ) ekt

P, Dy M T o () 25 e LRSS 2R A i il
W, TEAAL G BRI

o i) 25 2 HLATL
iR

% (e

10 FROARSE A 5 1 P e B A
Fig.10  Diagram of a single-phase converter connected to the grid

1 T2 VSG £ il S s oA 5 [R]85 & ra AL
FRUE G AT e RS R PG IR 25 R Gt ARy
P, B 1 TR0 R LT B IS T DI RE , SO
P SR BE 1 3l 5 RO PR 2 0] 2 A A -
HERZIE
3.2 ERE I W) R R
3.2.1 R A i A o) 2R o SR

P, 4 o) P P, 42 o) 2R 42 o) SR ) BRI
(S RS UIR R S = iy il NG N L A R A )
HEAT T 2D o], BV aRe) 2 67 230 F e LA DR E R L Y]
HL A IR AELARR (37, — B A48 e 58 55 [A) TR
HL L T, #5238 STS TG, I v TR 2 il A X e
Sy FRL DA AR, PR R AL ) B B (LA ] T £ 280
LU, R 28 FEL RS 25 O MR R AR o 3] 3 22
{EL, S8R 9 1) - I A D048k

A PR oA ) 2 P A 4 ) PR SR v, - 90 R 3
Aol 5 R 1 P A2 ) A AT RE S AH L UG, A
s R v, 2 Al o (0 1 2 AN S5 ) 1, PRt
A T REFEC R R R . A, B TREE
| SR M4 il AT A, B s AT Y BEARAR A
FPERIRCR , BN

P 4 o P F DR o T SR — RS S R T
A 2 RGN 25 1% R 1] 2 R L7450 SR ] s T
TR AR ) J7 A b AR T 2Ry
S SR 46 JHR T B TR R A A
e IO ASEA 4% R 285 G 18 U et 8 42 T SR
RIS A GE AT T BB B R BOR
DIz il I U] b5 bR i SR 20 SCRk [ 36 ]
R T DR A a e v i et PR A A A SR e
BERl B LT RN w0 e g )
oo, LE U R UG T B R RIOR s 3C
KL 47 ] e 7 T S s 2 il A I 90/ 5 I e 8 )
Vel R ARG T AR LR R ], X R GRS
SEPEEERER 5 SCHR[ 48 14t T JE T MPC 1 XU

44

I AR A T A, 0 D)4 ik A v ao e AR A
ZBCAN AT S B S 2 (] S o D4, DAL o o
W& 272 Gk [ 35 ] ket At Ak, H A 2645
TSR MG IS T )z IR
3.2.2  [HJEEHL A R

F & 8 ATt 5 T[] 422 H Y 4 o 1) B AH XL
S e AT PR ERIE N VA E B 2l PN
P DO T, SRR Ao 5 ) e B ¢ F 5 v oA
HL R [E) 25, B 1k WD s R v i ot 5 P 5 9/
B IC, [RIEFT I 5 X R IR WA S P R 0+ 52
i R R Sy b AR 2 IR

SCHER L5042 Hy 7 2R I I v A 80 (H e 15
(1) )2 L 4 ) SR s, T S AL ] B ] S 119 T D)/ 5
PR T A D4 a4 F A I 45 A T 2R, &)
TR, AERR A B AT 45 BA By my 5 i
SR AER FH T B RSUASE 38 8 i 1 [ 45 F, 42
BT VA R R H 0L S 5, sl 2 1 A1,
DR FEL I T A 22 , LA A5 R A ) 5 PR e, 3 0 1
A MEE N E
323 HL AU g

H, R AR T SR ] 2 R 28

D MGl BT ERMET , 028 2
H Y R R 48 F A i 67 ey R T T R R,
SR ICHL ) L e IR A E AR 25 5% . O T kA
2R NN A SN TR s vl 10 1 B3 20 A N P
FERD RS, —eid o 2 8 F T e 2, 1
P—fih4k . Q-U &k , S B W 4 H R R A9 4503
TR 5 R H W R m RS . T iR
A —3, Tl L JE T AR AR 22 B T o,
Y T4 A3 3 A i, SIS R R 37 58 4
[F261 FE Uit , 7R TARIRS AR E , BLh
WR SR DR A P B, T A B SR R AR
SEHIRE RGBT R E A A YIRS
TAH, W AR RO R A R S R
ARG ) RH R AR E AT T 5 TR RS
HEAHRRAS, 50 G I ] I R R D)4

T g ] SRR T R AR RS TR
At F R O RSE , [FIREEE SR T T S B i 1T
A4 ) SR W A U048, W5 2 1 I /B IS A T Y SR
ATERE, SEEE T B [ I I e -
Yt .

2) EPLFL B ALEE ] . T VSG il 5w
(1) 396 A5 25 AE B9 32 A7 B, 20 R O W 3s 4T 4R
B, 390 A8 g i ) F R A AR 7 5 K rL I 22 [ ]



W&, 4 AT P B R SOBE X 1 R 5 e Rk ik

W A4S 2020F H 5045 S5

RN 2E S o AR AR g HEOF M AT g2
A L R B H 3 it at K, B 2 B0 I ) I )
R W PRIt Ry T RS A D)4 R T At
H P LI, 2T VSG Rl SR W R 7 220 I il
(] 20 P4, 38 ek S e IR B2 O i T R R S L AH
A7, DA G AR 2% 2 Fiaa 1 p i i) - Ul

WA T =0 R G VSG #5 1Hil SR I A 5
AR N TR RS VSG i SR g7 E AT
IRELA PRI . 5 =M RS VSGIETITRISAH L,
FEREPE ARG T B YR 2 2 55k 3
ToEEAd F =1 2258 F 3T Clark A5 48 Fl Park 2% 5
BT R B L, BRI T VSG HARTEHLAH
R ke, R TG ERE RAF, F O
RE 130 , O S SR AT 2 W 0T

PARH I/ RS i AR SR AE VAT
H T 0k R R I AR A T I [ 2 R ) 46 SR 2
F, s 42 o1 e P, 4 ) 28 ) 5 ) 1) o ) 46 4 o)
w7 e, mT e B ) B TS U e
PR8N T Z 98 . BT ()4 L A o R R e Y
325 1 SR W 34 AT AR A O VD8R R g G
AR 8 —E B A

4 i

BAKH T PO/ P XU 0 AR A5 A g A
TR R F IR B 1) S e 8 o, PSR i 1 25
B2 o3 A Uk B R GER TSR PEAIALR . HAT,
PR AR BRI 00/ o OURR 2t A 45 B T 5
i Ab Tl AP B B, 2 RG] AR AR IR R
REFE T S50 A Fr it — P IE5T , 2R B -

1) XoF B I 19 /85 o BR324
P E R AR A B DI RESCBL L, Jak i 2
PR A o0 0 28 AR it F A BRAG TSR, TR SR 4%
] A ) T L ) g A ) B A B, T SR R
RIZ AT Y R 25 Ak R REAL IS AT 2R, PRI XS
WE AR B RGP WA THE— P IT , (A e R
B EIN R

2)BEE AR IR R AR, h T2 A
ARSI T A S TN o ) R R A ] S
2 ARSI E O R (A T2
£ AR AR IR 1 B A 42 ) 2 2 T AR L A
NRYER AT A RC L, d T AR T
T L RO S 2% R T RGP A5 Tl
U5 FEL AL ) BRI, P B AT A4 il SR 5L
HE LA AR LM R B R IR A 2

B, X AR T 2R N AR R S A TR — 20
5% -

3) W AE 2R A BE VR L I A g, 7R RE
Y5 & HE EE R A VE FH Bt oAk B4 48 o v ek
LR (SIC.GaN &) 1 & e 8 B ARk
I S = 2 S R (AR b S W
HTY & R fadi,

TR 42 Tl 14 B A0 AR 4 ) SR, 24 TR )
RETHAN T AR BRI BE I ANZE A alas R R
U8 R GELi A BRI R AR 15 7K - 9 T B4 ) 5
SR AT AL 2 | SEBLRE TR AT R 4 R Y
Do Z B o R TR T AR A m A g
JEAR R S RE R R A & e HLA E B B SK
T SIS 1) s 75 S

SE

[1] ErenS,Pahlevani M, Bakhshai A et al. A Digital Current Con-
trol Technique for Grid-connected AC/DC Converters Used for
Energy Storage Systems[]]. IEEE Transactions on Power Elec-
tronics,2017,32(5) :3970-3988.

(2] MR BEhefl o TR0 g C R RBIESE (D). db st
FrEAO R, 2016.

(3] Wang C, Liang B, He J. An Enhanced Power Regulation and
Seamless Operation Mode Transfer Control through Coopera-
tive Dual- interfacing Converters [J]. IEEE Transactions on
Smart Grid,2017,PP(99):1.

(4] TRIET RSHS . SO BL TS A TR T Ut i e
[J]. FoFLRHA 2018 ,44(8) ,2754-2760.

(5] W9IE. Z2I0REI W0 K s WO HI LD 1. BT« v
K#,2014.

(6] WGIE, ZWE 4507 . SCH W o 302 sl Semg i [ ).
h &5 A $16,2016,40(9) : 142-151.

[7] Brenna M, Foiadelli F, Zaninelli D. New Stability Analysis for
Tuning PI Controller of Power Converters in Railway Applica-
tion[ J]. TEEE Transactions on Industrial Electronics,2011,58
(2):533-543.

(8] Song H S, Keil R, Mutschler P, et al. Advanced Control
Scheme for a Single-phase PWM Rectifier in Traction Appli-
cations [ CJ// Industry Applications Conference, 2003. Ilas
Meeting. Conference Record of the IEEE,2003:1558-1565.

[9] Dahono P A. New Hysteresis Current Controller for Single-
phase Full-bridge Inverters [J]. Tet Power Electronics,2001,2

(5):585-594.

[10] ZRIT, 9hF54, NIy, 45 . SRR i H s ] SR e e 25 445 Z
WO e i R GELT ] Hh AL T AR 2240, 2010, 30(31) :
22-27.

(1] A%, ARG, SkAT 57, 45 . U PWM R i 1o A L Ui
FRE R AR ) . i TR SR, 2010,25(2) : 73-79.

[12] #araik Ak, ik 17, 45 . 5t PWM B AR s e 240 10

45



wAAES 20205 %505 %S5

VR %, 4 AR P B R RBE R iE T B A ) ekt

TR AR Ok (0] o E AL TR 4R, 2015,35(22)
5842-5850.

[13] Kwon J, Yoon S, Choi S. Indirect Current Control for Seamless
Transfer of Three-phase Utility Interactive Inverters [J]. IEEE
Transactions on Power Electronics,2012,27(2):773-781.

[14] Dong L, Tian H, Xiao F. A Universal Droop-based Control
Strategy for Single-phase Two-stage PV Inverters[ C [/IECON
2017-, Conference of the IEEE Industrial Electronics Soci-
ety. IEEE,2017:6369-6374.

[15] Zeng 7., Zhao R, Yang H, et al. Single-phase Virtual Synchro-
nous Generator for Distributed Energy Sources [ C ]/ Interna-
tional Conference on Electrical Machines and Systems. IEEE,
2014:190-195.

[16] Akagi H, Kanazawa Y, Nabae A. Instantaneous Reactive Power
Compensators Comprising Switching Devices without Energy
Storage Components[J]. IEEE Transactions on Industry Appli-
cations, 2008, IA—20(3) :625-630.

(17] E AN, ZEAETE . —FiOBT I v TR PWM RS O LD 54
ilsems [y ]. EPHEEHLT%”"" #2,2005,25(16) : 47-52.

[18] Liu B, Song W, Feng X. Constant-frequency-hysteresis Direct
Power Control Strategy for Single Phase PWM Rectifiers [ C 1/
Future Energy Electronics Conference. IEEE,2015: 1-6.

(19] LhpPs  AERpe, BROCHR , 2 . ST B R DA i () 5 AC—

DC A8 Jii de e i 45 Bt [0 . i T AR A4, 2012(7) < 251-
256.

(20 CHERMG , RSO TR 2 . SR = P Jok i it s JC AR 2
FLHET AR ()], b LT, 2015,35(7) 1 1723-
1731.

[21] Karshenas H R, Niroomand M. Design and Implementation of a
Single Phase Inverter with Sine Wave Tracking Method for
Emergency Power Supply with High Performance Reference
[C/Eighth International Conference on Electrical Machines
& Systems. [EEE, 2006.

[22] Aamir M, Kalwar K A, Mekhilef S, et al. Review: Uninterrupt-

ible Power Supply (UPS) System [J]. Renewable&Sustainable

Energy Reviews,2016,58:1395-1410.

LI A T LA AR VAT 4 1) 10 I SO 5

WEATSEL) ] T HOR I, 2014,27(2) . 77-81.

(24] TR, B2z, 4 M . G000 28 g 0 IR 6 1 T8 22 B4
LT ] T H A4, 2015,30(22) : 116-123.

[25] Zhao Y, Chai J, Wang S, et al. Instantaneous Power Calculation

[23

[

Based on Intrinsic Frequency of Single-phase Virtual Synchro-
nous Generator [J]. Journal of Modern Power Systems and
Clean Energy,2017,5(6):970-978.

[26] Buso S, Caldognetto T, Brandao D. Dead-beat Current Control-
ler for Voltage Source Converters with Improved Large Signal
Response [J]. IEEE Transactions on Industry Applications,
2016,52(2) : 1588-1596.

[27] Cortes P, Ortiz G, Yuz J 1, et al. Model Predictive Control of an
Inverter with Output Filter for UPS Applications [J]. IEEE
Transactions on Industrial Electronics, 2009, 56 (6) : 1875—
1883.

46

(28] #arsK , Bk, sk D, 25 . BOR PWMUBE IR e i i G 2540 e
TR ik ). B LT R 2R, 2015, 35(22)
5842-5850.

[29] Lidozzi A, Ji C, Solero L, et al. Resonant-repetitive Combined
Control for Stand-alone Power Supply Units[J]. IEEE Transac-
tions on Industry Applications,2015,51(6):1.

[30] Deng H, Oruganti R, Srinivasan D. Modeling and Control of
Single-Phase UPS Inverters: A Survey[ C ]/ International Con-
ference on Power Electronics & Drives Systems. IEEE ,2006.

[31] Abrishamifar A, Ahmad A A, Mohamadian M. Fixed Switching
Frequency Sliding Mode Control for Single-phase Unipolar In-
verters[ ] ]. IEEE Transactions on Power Electronics, 2012, 27
(5):2507-2514.

[32] Fadil H E, Giri F. Reducing Chattering Phenomenon in Sliding
mode Control of Buck-Boost Power Converters [ C]//Industrial
Electronics, 2008. ISIE 2008. IEEE International Symposium
on. IEEE, 2008.

[33] Xavier L S, Cupertino A F, José T Resende, et al. Adaptive
Current Control Strategy for Harmonic Compensation in Single-
phase Solar Inverters [J]. Electric Power Systems Research,
2017,142:84-95.

[34] Deng H, Oruganti R, Srinivasan D. A Multi-layer Neural Net-
work Controller for Single-phase Inverters [ C | /International
Conference on Power Electronics & Drive Systems. IEEE,
2003.

[35] Tirumala R, Mohan N, Henze C. Seamless Transfer of Grid-con-
nected PWM Inverters Between Utility-interactive and Stand—
alone Modes [ C]//Applied Power Electronics Conference and
Exposition, 2002. Apec 2002. Seventeenth IEEE. IEEE, 2002 :
1081-1086.

[36] Yao Z,Xiao L, Yan Y. Seamless Transfer of Single-phase Grid-
interactive Inverters Between Grid-connected and Stand-alone
Modes [ J]. TEEE Transactions on Power Electronics, 2010, 25
(6):1597-1603.

[37] Dong D, Thacker T, Cvetkovic 1, et al. Modes of Operation and
System-level Control of Single-phase Bidirectional PWM Con-
verter for Microgrid Systems [J]. IEEE Transactions on Smart
Grid,2012,3(1):93-104.

(381 S %, i, A5 He S5 T ) SAR P IO g U X R
WA R UM R T L) ). I RS A Bk, 2017(16) 136~
142.

[39] Kwon, Junbum, Sunjae Yoon, Sewan Choi. Indirect Current
Control for Seamless Transfer of Three-phase Utility Interac-
tive Inverters [J]. IEEE Transactions on Power Electronics,
2012,27(2),773-781.

[40] Yu T, Choi S, Kim H. Indirect Current Control Algorithm for
Utility Interactive Inverters for Seamless Transfer [ C J//IEEE
Power Electronics Specialists Conference. 2006.

[41] Kim H, Yu T, Choi S . Indirect Current Control Algorithm for
Utility Interactive Inverters in Distributed Generation Systems
[J]. IEEE Transactions on Power Electronics, 2008, 23 (3) :
1342-1347.



W&, 4 AT P B R SOBE X 1 R 5 e Rk ik

W A4S 2020F H 5045 S5

[42] Guerrero J] M, Vasquez J C, Matas J, et al. Control Strategy for
Flexible Microgrid Based on Parallel Line-interactive UPS Sys-
tems [J]. TEEE Transactions on Industrial Electronics, 2009,
56(3):726-736.

[43] 8, Pt XIS, 4 LRk i RGBT JC4E D)6
FEHIRmE ()] LR, 2014, 38(10) :2794-2801.

[44] Zhang S, Zhao J, Chen Y, et al. Grid-friendly Characteristics
Analysis and Implementation of a Single- phase Voltage- con-
trolled Inverter| J ]. Journal of Power Electronics,2017,17(5):
1278-1287.

[45] Ao . TLAMR R by s8R 26 e L (VSG) 4= I WF Y
(D] AR AT K, 2017.

[46] Gu H, Yang Z, Wang D, et al. Research on Control Method of
Double-mode Inverter with Grid-connection and Stand-alone
[C]//Conference CES/IEEE International Power Electronics &
Motion Control Conference. 2006.

[47] Wai R J,Lin CY,Wu W C,et al. Design of Backstepping Con-
trol for High-performance Inverter with Stand-alone and Grid—
connected Power-supply Modes[]]. Iet Power Electronics,2013,
6(4):752-762.

[48] Li X, Zhang H, Balog R S. Control Strategy for Seamless Trans-

fer Between Island and Grid-connected Operation for a Dual-
Mode Photovoltaic Inverter [C]// 2015 IEEE Energy Conver-
sion Congress & Exposition(ECCE). IEEE,2015.

[49] Arafat M N, Palle S, Sozer Y, et al. Transition Control Strategy
Between Standalone and Grid- Connected Operations of Volt-
age-source Inverters[J ]. IEEE Transactions on Industry Appli-
cations,2012,48(5):1516-1525.

(501 58, VP, 2 [ a4 il g 3 /5 P R i
#TIE L) ] IR, 2008, 42(4) :36-38.

[51] Liu Z, Liu J. Indirect Current Control Based Seamless Transfer
of Three-phase Inverter in Distributed Generation [ J ]. IEEE
Transactions on Power Electronics,2014,29(7) :3368-3383.

[52] F iy, mAE, 2508, 45 . AR R EEd SR o oe [ ).
BLT AR, 2012,32(25) :2-8.

(53] fRIH, 225 G0 — Rl AR AR 8RO F 2 I D)4 (¥ g — F )
SmE[T]. L TR ,2017,51(5) : 78-80.

[54] f1oR52, K%, IRIBES 55 LT H G A DI 1 R 400 ) 20
KL AR A ). T HOR 24, 2017, 32(12)
127-137.

WekE H 91:2019-02-11
&SR H 3#1:2019-07-10

47





