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Fig. 1 Single-stage transformerless PV inverter
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Fig.2 PV inverter with line frequency transformer
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Fig.3 Multi-stage PV inverter with
high frequency transformer
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Fig.4 Grid-connected PV inverter structure
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Fig. 5 Block diagram of hysteresis
current control strategy
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Fig. 6 Principle of triangle wave comparison manner

A S8 5 1 P 3F v S R O vk R T R
M — el 07 ge, Bl AN B2 PWM B R . ERH
HinREET-TEHARAEER, SARELH
EMR. WIFERITERBA ERIFXMEEE .3
AR AR, IE B TR MR R LY

HEMAEBEHEAR CHERTFESLERN
R AREHBL D IF L B R OBN AR
RETREHEM P, MATHLWES™ A8
RS AR S T O B T %L BN A
H G e T 3 ) R R, B TR B B 4% R
BRI PRYE. B30« A T 22 0 4% 42 1 B0 0 BE A T
BRI GHA; BB EHEREXFRNRER,
BHE% HERKGRETGRERNTERA LR
(e R 5 ASE R 45 S0 T SRR R IR I, S RIS I A
FRES.

SHIRMRET . REHRARXRAEREHR
HE AR R = A O A B B R R 5 3R i
EdqRLBHELBRRATETERHXE PWM
(SVPWMD i 4k 8 4% 1 2% °% . SVPWM 4%
FEMABE 4 WA o BE R S, RAEE N
FFRARA R A o VB, AL T O RO
EMERBEMAR, BERLOBRRE &,
FEARENENTRRRTEET.

HEJLAR, AR 3 PR 8 i 4 5 o AR O LB 5
KEMFEE. SCRI33IBIR T & TR LI EIL
B 6 B 55 9 35 v L R A L A AR I T R 4L BR
AT A (5] e P 42t A 2 o 3R, ST 52 BE e R X A
Fer PUAMEE . 00 578 A PR B oL 0 45 i S

PERURRER. PFRES T XD LR H
FENAMBEFRENREEAEREL.
3.3 HEHEMTMBHMMIBNZIER
WAREEFN, BT HREAEERNRFY
AEsh, PR B IR BN R R DA . WA R E
L5 ERR LR, IS MR A AV B K5
R B J R |V R DR O P A R8T e it
ST X I 2 AT R 4 ] B O
PSRN 4G B — o RS XS £, #
B A I 2 R P e 0 AR A o T SRR AR AL
EERAR R MNETRENKE . mRBaMH
R IE S 5 B 4%ty VS G, $ 3h Bl Rk s U Bl
PSR . F3hHE Bk TR i ol g 38 2 4% s i
FETRE S, LS PR 7 5% B 8 e £F O 4
ARHEY o fok e oL O A S0 o o R L
BECT ESEMBE AR RS,
EMNEXRFME RS FREHTNA BOFES
FHOAR. YaEBEMRERAER N TR~
18I, 30 58 00 % 2 TG ¥ A ) B0 90 5 3800, B AR 72 “ K
WE X7, o 2 b o ok BOR A7 7E i gl
B X7, R0 6AR I MR 4L 52 B o6 B 5R B % ma, 1
Dotk 5t oh B 7 B 3, MW ARSI AF o &
WaL BB EARETI NP TERENEE. AT
fRPX AR AR M H I B & E Ry
B PR RN
BEENRIFPERREE— W) LA, 4
Z A1 AR % R I P, R R 33 2R 2% i R fh R
WR R B LR T AT aER . B, BriR L
2 A% 9 3 U315 . B ) 4 o 2 R A R 5 20 A
SEHmmrRast.

4 LHiE

KL —MH LT R R, & - NIFBTH A Bk
8, R EBERWTFRYRFERALEL M
HEFROBa T ERE. FXAERERER
REMENAL st R ERERF—BEREH
ERBIREBE#HT TR, REHEM R EH TR
P TR SRR R B SR, I\ 3F P AR 88 i 30 $h
WS EHT % 2 FENEB IR R RO R
BIREHATT 8. B BARE . BERE N ERL
BEIE A P (B e A R A D B A T R
LEEGRN R R MR E S TR RB
G EZEBEMMGANGRERRBEELREBRR
G rh 3 P R AR T S BT S E A

2 % X W

] BAE BERE. AHRXRRBRAME I RENWER. B HRE
& 354k ,2001,25(12) :53-56.
LIANG Caihao, DUAN Xianzhong. Distributed generation and


http://www.cqvip.com

B2k .

£ 000 http://www.cqvip.com|

E O#.% AMOEREHAGETEL[ORITTSERN % 101

its impact on power system. Automation of Electric Power
Systems, 2001, 25(12): 53-56.

2] E8. XK BBk S AN RXEDEENR T RETRE
R, W &% B 3h4k.2005,29(24) :90-97.

WANG Jian, LI Xingyuan, QIU Xiaoyan. Power system
research on distributed generation penetration. Automation of
Electric Power Systems, 2005, 29(24): 90-97.

[3] Energy Information Administration.
Outlook. 2004.

[4] BENNER ] P, KAZMERSKI L. Photovoltaics gaining greater
visibility, IEEE Spectrum, 1999, 29(9); 34-42.

[5] MARKVART T. Solar electricity. New York, NY, USA;
Wiley, 1994,

6] LR RREABRE T THF RIS LM, KHEHE,1998,
2.17-19.

CAO Renxian. The principle and realization of inverter in
photovoltaic power system. Solar Energy, 1998, 2. 17-19.

[7] IEEE Std 929—2000 IEEE recommended practice for utility
interface of photovoltaic (PV) system. 2000,

[8] UL 1741 Static inverter and charge controllers for use in
photovoltaic systems, 1999.

[9] STEVENS J, BONN R, GANN J, et al. Development and
testing of an approach to anti-islanding in utility-interconnected
photovoltaic systems. Albuquerque, NM, USA. Photovoltaic
System Applications Department, Sandia National Laboratories,
2000. 1932-1939.

[10] BEALAE  ARKE,  Bhoeus, . W) 10 kV RUTHBRGHE

AR A, ARG B34k, 2003,27(23) . 83-85.

LIAO Chenghu, ZHOU Yuezhong, YAO Xiaofeng, et al.
Ground protection for 10 kV and below auxiliary power supply
system of power plants, Automation of Electric Power
Systems, 2003, 27(23). 83-85.

(117 BB, JetR R4 M AT S8 #4547 K BIBE, 2001¢1) :30-31.

CAO Renxian. The reliability analysis of photovoltaic system.
Solar Energy, 2001(1): 30-31.

(12] X4 I ERBGIEEER, % KRR REMA. L.
B2 ARt , 2005,

ZHAO Zhengming, LIU Jianzheng, SUN Xiaoying, et al.
Solar energy generator and its applications. Beijing: Science
Press, 2005.

[13] BLAABJERG F, CHEN Z, KJAER S B. Power electronics as
efficient interface in dispersed power generation systems. IEEE
Trans on Power Electronics, 2004, 19(5); 1184-1194.

[14] BONN R H. Developing a “next generation” PV inverter//
Record of the 29th IEEE Photovoltaic Specialists Conference,
May 19-24, 2002, New Orleans, LA, USA, Piscataway, NJ,
USA.: IEEE, 2002:1352-1355.

{151 MYRZIK ] M A, CALAIS M. String and module integrated
inverters for single-phase grid connected photovoltaic systems
—— a review// Proceedings of IEEE Power Tech Conference,
Jun 23-26, 2003, Bologna, Italy. Piscataway, NJ, USA.
IEEE. 2003. 2-8.

(16] k@ MRBT. —HATAREAVRENT RS ER. Bl
£ 4 B sh4k,2005,29(19) :51-53.

ZHANG Chao, HE Xiangning. A novel high-frequency DC
link inverter for grid-connected photovoltaic system.
Automation of Electric Power Systems, 2005, 29(19): 51-53.

[17] MEINHARDT M, CRAMER G. Past, present and future of

grid connected photovoltaic and hybrid power systems//

International Energy

Proceedings of IEEE Power Engineering Society Summer
Meeting: Vol 2, Jul 16-20, 2000, Seattle, WA, USA.
Piscataway, NJ, USA; IEEE. 2000: 1283-1288.

(18] Bl & FR. BADRBRENRRFREEBHR. L Hx
K%, 2004,28(2) . 65-68.

YANG Haizhu, JING Xinmin. Research on grid-connected
photovoltaic inverter of maximum power point tracking.
Journal of Northern Jiaotong University, 2004, 28(2) ; 65-68.

(19] DAG H, ALVARADO F L. Toward improved uses of the
conjugate gradient method for power system applications.
IEEE Trans on Power Systems, 1997, 12(3); 1306-1314,

[20] WU T F, CHANG C H, CHEN Y H. A fuzzy-logic-controlled
single-stage converter for PV-powered lighting system
applications. IEEE Trans on Industrial Electronics, 2000,
47(2) ; 287-296.

[21] SAMANGKOOL K, PREMRUDEEPREECHACHARN S.
Maximum power point tracking using neural networks for grid-
connected photovoltaic system// Proceedings of International
Conference on Future Power Systems, Nov 16-18, 2005,
Amsterdam, Netherlands. 2005: 4p.

(22] EhZ. 8 HE. ESEMHATD RN L AWML
b H B4, 2004,

WANG Zhao’ an, YANG Jun, LIU Jinjun. Harmonic and
constraint and reactive power compensation, Beijing: China
Machine Press, 2004.

[23] KYOUNGSOO R, RAHMAN S. Two-loop controller for
maximizing performance of a grid-connected photovoltaic-fuel
cell hybrid power plant. IEEE Trans on Energy Conversion,
1998, 13(3) . 276-281.

[24] TORRES A F. A three-phase grid-connected PV system//
Proceedings of 26th Annual Conference of the IEEE Industrial
Electronics Society: Vol 1, Oct 22-28, 2000, Nagoya, Japan.
Los Alamitos, CA, USA: IEEE Computer Society , 2000.
723-728.

[25] MARTINS D C, DEMONTI R. Grid connected PV system
using two energy processing stages// Record of the 29th IEEE
Photovoltaic Specialists Conference, May 19-24, 2002, New
Orleans, LA, USA. Piscataway, NJ, USA. IEEE, 2002,
1649-1652.

[26] MEZA C, BIEL D, MARTINEZ J, et al. Boost-buck inverter
variable structure control for grid-connected photovoltaic
systems// Proceedings of IEEE International Symposium on
Circuits and Systems, May 23-16, 2005, Kobe, Japan.
Piscataway, NJ, USA: IEEE, 2005: 1318-1321.

{27] PREMRUDEEPREECHACHARN S, POAPORNSAWAN T.
Fuzzy logic control of predictive current control for grid-
connected single phase inverter// Record of the 28th IEEE
Photovoltaic  Specialists Conference, Sep 15-22, 2000,
Anchorage, AK, USA . Piscataway, NJ, USA: IEEE, 2000,
1715-1718.

[28]1 DAVIS A J, SALAMEH Z M. Fuzzy logic modeling of a grid-
connected mind/photovoltaic system with battery storage//
Proceedings of Large Engineering Systems Conference on
Power Engineering, Jul 28-30, 2004 Nova Scotian, Canada.
Piscataway, NJ, USA: IEEE, 2004. 129-135.

[29] ZENG Q, CHANG L. Study of advanced current control
strategies for three-phase grid-connected PWM inverters for
distributed generation// Proceedings of 2005 IEEE Conference
on Control Applications, Aug 28-31, 2005, Toronto, Canada.


http://www.cqvip.com

102 ® o % 4 4 0 4«

£ 000 http://www.cqvip.com|

2006, 30(20)

Piscataway, NJ, USA: IEEE, 2005. 1311-1316.

[30] ZENG Q, CHANG L, SONG P. SVPWM-based current
controller with grid harmonic compensation for three-phase
grid-connected VSI// Proceedings of IEEE 35th Annual Power
Electronics Specialists Conference (PESC’04) : Vol 4, Jun 20-
25, 2004, Arohea, Germany. Piscataway, NJ, USA: IEEE,
2004 ; 2494-2500.

[31] PRODANOVICM, GREEN T C. Control and filter design of

~ three-phase inverters for high power quality grid connection.
IEEE Trans on Power Electronics, 2003, 1(18): 373-380.

[327 SVENSSON J, LINDGREN M. Vector current controlled grid
connected voltage source converter-influence of nonlinearities
on the performance// Proceedings of IEEE 29th Annual Power
Electronics Specialists Conference (PESC98): Vol 1, May 17-
22, 1998, Fuknoka, Japan. Piscataway, NJ, USA. IEEE,
1998 531-537.

[33] Eft. ZHARHMREER IR BHEERHRID]. LXK
K2 ,2004,

WANG Jian. Research on three-phase grid-connected
photovoltaic power system [D]. Beijing: Tsinghua University,
2004,

[34] TSUKAMOTO O, OKAYASU T, YAMAGISHI K. Study on
islanding of dispersed photovoltaic power systems connected to
a utility power grid. Solar Energy, 2001, 70(6): 505-511.

[35] & A, KRR LER, . RRFAME B RE RIS B S
I SEue. PR BB, 2003, 24 GB A . 94-97.

ZHAOQ Wei, YU Shijie, SHEN Yuliang, et al. Islanding of PV
Grid-connected System and Preventing Method. Acta Energise
Solaris Sinica, 2003, 24 (Supplement) ; 94-97.

[36] GHALI F M A. A combined technique for elimination of
islanding phenomenon// Proceedings of the 25th IEEE
Photovoltaic Specialists Conference, May 13-17, 1996,
Washington, DC, USA. Piscataway, NJ, USA;: IEEE, 1996.
1473-1476.

[37] KITAMURA A, DKAMOTO M, HOTTA K, et al. Islanding

prevention measures: demonstration testing at Rokko test
center for advanced energy systems// Record of the 23rd IEEE
Photovoltaic Specialists Conference, May 10-14, 1993,
Louisville, KY, USA. Piscataway, NJ, USA. IEEE, 1993,
1063-1067.

[38] SMITH G A, ONIONS P A, INFIELD D G. Predicting
islanding operation of grid connected PV inverters. IEE
Proceedings: Electric Power Applications, 2000, 147(1): 1-6.

[39] ROPP M E, BEGOVIC M, ROHATGI A. Analysis and
performance assessment of the active frequency drift method of
islanding prevention, IEEE Trans on Energy Conversion,
1999, 14(3): 810-816.

[40] WOYTE A, BELMANS R, NIJS J. Testing the islanding
protection function of photovoltaic inverters. IEEE Trans on
Energy Conversion, 2003, 18 (1) 157 -162.

[41] JUNG Y, SOL ], YU G,.et al. Modelling and analysis of
active islanding detection methods for photovoltaic power
conditioning systems// Canadian Conference on Electrical and
Computer Engineering: Vol 2, May 2-5, 2004, Ontario,
Canada. 2004 979-982.

[42] KOTSOPOULOS A, DUARTE J L, HENDRIX M A M, et
al. Islanding behaviour of grid-connected PV. inverters
operating under different control schemes// IEEE 33rd Annual
of Power Electronics Specialists Conference, Jun 23-29, 2002,
Cairns, Australia, Piscataway, NJ, USA: IEEE, 2002 1506-
1511,

% FAQIT6—) kAL AEMRAFHER
BE SHAXEREXELRAEL N RK B SHA. E-mail: dml221
@163. com

F O£A9T),F.HBE HLAEFH. ALHARAZR
HHRELEMNBER SHF XL LR A RIE KL )42
BHARALIELRA,

Design and Control Strategies of Inverters for a Grid-connected Photovoltaic Power System

DONG Mi', LUO An?®
(1. Central South University, Changsha 410083, China; 2. Hunan University, Changsha 410082, China)

Abstract: With energy, zoology and environments being paid increasing attention,a photovoltaic (PV) system supplying power

directly to a power grid becomes more popular available. This paper focuses on the structure design and control strategies of
inverters for the grid-connected PV system. It starts with an examination of the demands requested by the power grid, the PV
array and the users for the inverters. Then follows a review to see how these demands are achieved with all sorts of topologies
and control strategies of inverters and accordingly the working efficiency and control effect are compared. Also, the
background, the fundamentals, the approaches and the main results of evolutionary grid-connected PV inverters are outlined. In
the end, several open questions and the state-of-arts of the grid-connected PV inverters are discussed.
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