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Fig.3 Given current amplitudes and their average
R T UL BTk AR B WG S Y0 R IR AR B
B MPPT 42 il s an el 4 Biros

2.0

0 40

I_|
Un | [PWM
i

DC-DC

B 4 Bt fE el 5k mg
Fig.4 Improved control strategy

TE 2R GE T AZ ] rh , MPPT B fili 1 5 9 2l 5
S L AR S LR U 5 A (S B9
i OEAR P B 23 %€ HLTR Uy, Upy 5 06K B 31 1 R
FERLIE Upy #E07 LUEC, IF 4 2EH IR 45 PL Y 8898 1
—ANEE XSGR W ) A P 0 PR R A AR 9T
BERZAE RN PWM 55 383 DC-DC AL P&
I,



@ 2 0 8 & iR B

F34%

TER G G Al b R AR EAE Uy 5
HAF M Uy ST HUE R 26 B R PLIE T 2% B R
PI T 25 00 i 1 WIVE N LR N R 5 R, i T
SEEFYL AR A ER O DA SR D SR LB ) AR IR
I 19 LI -5 FE X L 1 S T 5 7 A% — B, BEAH
R (PLL) W] S 80 fEL 0 B A 52 Bsf BR B A, O 7= A=
— A5 R R R E S S 5, EZESS
FEL I P A ) 45 S AR 6, B2 fEL O P 3R ) 4
00 AR PR G 5 9 E 3 SR A S5 H I N A 45 (E
FOH I 16 4 FLIR PT R T 28
2.3 MPPT #BFi&it

A SCAR I T 4 A O AR O I 3 AR 2% ol i R
MPPT 42 il 5 W | SR FH 2 o R R B vk RN AL 31 W8 3 4
gE 451 Kk T MPPT R P it

F G000 8 H R BR R DL 80 % 1 G AR BE B T
% HLH R Bl DUORAIE R G0 e 213k ' AR 14 91 Je K
RSB T  HeE Fe S PR AR T TR UE AT O PR

B 5 MPPT #2F1EE
Fig.5 Flowchart of MPPT program

PP IR B SE A Uy M T, B i IR 1, S5
I F R B AT B AR 3 | 53 3AE S MPPT B2 )7 th AR Ik
LR AEL AN DR R AT . MPPT F2 57 2 e B AR R A5
DRSS BRDIRME R AR IR KT LRIIR
Ui B Bl 1) IE A 07 4k 2 0 R 5K — ) B AR Sl fR
Mgl e, FRF T — AR R B ES LR E
KN B AU R, WG AR B B 1) 2 28 45 58 WL R
Up GKE2IN LK AU, L 2Z W5 — A K 5 AR IR
Dy H RN 6 BA 4 3l 1) 455152 | 2 e 0 i HE AR
277 T 98 4T AR B 5 R

T2 7 o Je B AR YRR AR G o R A8 S L R A AR AT,
FAERR T T — W B VB E— IR DR (E
FEAE 5 iR i DR AR E AT LR T,

3 EWHER
iy S8 b A 4 ) W A R ST IR A R

AR L P A IRMCF143 15 R i 28 %0 7 %
SETIR A 800 W IS IR Hofiy AR FRVE N 240~
350 V, BEELHL R R 400 V, T OCH % 20 kHz, 4% I8
AH O FRUE i H R A 220%(1£5 %)V, Hi Y HL A
N 50x(1£2% )Hz, fir LRI I & /N F 5%, T
REBKT 0.99, BHILKCE KT 92%,

B 6 A AR I I 30 AR 8 451 32 47 IR B 5 I 3
B e S A HLUE 280 V, FTRLE T ML 4y,
(1 TE 5% B A | B 1 B2 PR D0 P T O 5 L AR
FHASE R 3 — B30, AT A IE 2 45 LA B ) 3R IR 0O
W % H IR R AR E AR EE L 400 VAL
s 0l e R4

Uit s Uges: 100 V / div
im:d A/ div

A L;AIO ms/(iiv -
6 FF WK
Fig.6 Waveforms of grid connection
Bl 7 o Z G005 s O OR B 5 g i vl T | L IAL 0
B, T LA 3 2 G2 AR P I T 6 AR [ 91 1 R T
IRIE R G 7GR M8 0 e KT AR G AL

U

Upc: 100V / div
Ic:5 A/ div

t:500 r‘ns/div
7 MPPT B3k
Fig.7 Waveforms of MPPT startup
P8 g AR ¥ 4 i 1 By 30 ke A 728 A ) 5 i
AR TE O, FTRVE L, &ak 4 MR EE &5
PRER BT OGAR BRS04 e K 2y 48 g i iy 3 B e

1:100 ms/div
8 MAETEHMWIKE

Fig.8 Waveforms of grid connection for
maximum power variation

fifi I Chorma 62150H Yt £k B4 51 455 481 28 XF R 4t
() MPPT #4713 | 388 3o BT A9 B 57 LR T DA ik
b5 NI - B e e e G DS i e B YN T}
M MPPT A9 BREESCR | il ik | 24 R Gy i o R
KT 300 W B, MPPT BREZZLCE KT 99.2%, TEL
FEA AV A% a0 A K I 3 A R SRR M R R 2 B
() e R T

Ugia: 125V /div
i :2.5 A/ div




% 10 H

EWE % R R G HL IR (AR MPPT 45 1 56 i @

Kl 9 S MPPT MR 45 2R S8R 45 SRAUE T A3
T HRE Y R T PR, R AR S ) MIPPT 428 ) 5% I g 7 5o i
PR B AR SEBR I A AT

1.6 F 300
200
Tost E
100
0
100 200 300 100 200 300
Uus/v Uusv
(a) I-U Mk (b) P-U M
9 MPPT Wi 45 &%
Fig.9 Results of MPPT test
4 LEiE

AT T G O AR I W 3 A8 258 19 MPPT %
il SR W )P EC A R 4 TR ) B T T S e T
JRBE BT — b BN T H A R AR Y B R AR
i MPPT ¥ il 0, 1 FH 2R G0 5 90 AR 3 il 2175 v
B B AL 4 5 R (ELVE A MPPT 48 il #% 1) D) R 2 % (H |
FEXF HHEAT T A4k A BE DA IE R RS B R T
PP R BT T MPPT P i 5 T — 4
SEESFEHL AR IE M BE MPPT K 5 0 7 ok i
RAF Bk 1z 45 6 SR s i A R A A R B
& JEES 0 s /0 7 T Ak 2R G T G TR skt 42 3 Tk
I 38 AR B8 I 28 TR R AR

SE .

[1] KJAER S B,PEDERSEN J K,BLAABJERG F. A review of sin-
gle-phase grid-connected inverters for photovoltaic modules [J].
IEEE Transactions on Industry Applications,2005,41(5):1292-1306.

[2] CARLOS M,JUAN J N,FRANCESC G,et al. Inverter configura-

tions comparative for residential PV-grid connected system[CJ//

IEEE Industrial Electronics,IECON. Paris,France:IEEE,2006:

4361-4366.

EORR VAT AR AE A ROIF M AS SR R EOR [,

J A Sk # ,2012,32(5) : 133-136.

CAO Taigiang, XU Jianping, QI Qiang,et al. Control of grid-con-

[3

[

nected single-phase photovoltaic inverter[J]. Electric Power Au-
tomation Equipment,2012,32(5):133-136.

JUE AT FET R PIIFTY Boost HL I 1 YGIR R G i K%
SHERERIL) ], M1 A SE B, 2012,32(6) :94-98.

YOU Jun,ZHENG Jianyong. MPPT of photovoltaic system with
Boost circuit based on fuzzy PI control[]J]. Electric Power Auto-
mation Equipment,2012,32(6) :94-98.

SO VT R SF. BT I S RO R LR R
4t MPPT 5934 [J]. W01 A ki % ,2013,33(6) :124-127.
PENG Huifeng,SUN Jianping, CAO Xiangchun,et al. MPPT

algorithm based on power duty cycle differential characteristic

—
~
s

—
wn
[}

curve for photovoltaic system[]J]. Electric Power Automation
Equipment,2013,33(6) :124-127.

[6] BRA, KA S 55, TR S A i 1Y £ 06 (6 MPPT
T )], B H B ,2013,33(10) :16-21.

GE Junjie ,ZHAO Zhengming, YUAN Liqiang,et al. Multi-peak
MPPT based on analog locating circuit[J]. Electric Power Auto-
mation Equipment,2013,33(10):16-21.

[7] AHMED E M,SHOYAMA M. Modified adaptive variable step-size
MPPT based on single current sensor[C]//IEEE Region 10 Annual
International Conference. Fukuoka,Japan:IEEE,2010:1235-1240.

[8] JIANG Y,ABU Q J A,HASKEW T A. Adaptive step size with
adaptive-perturbation-frequency digital MPPT controller for a
single-sensor photovoltaic solar system[J]. IEEE Transactions on
Power Electronics,2013,28(7):3195-3205.

[9] dos SANTOS W M,MARTINS D C. Digital MPPT technique for
PV panels with a single voltage sensor [C]//International Tele-
communications Energy Conference. Scottsdale,United = States:
1IEEE,2012:1-8.

[10] FHEF, B4 08 Shmes, SR iy v B0 i1 2 K0 5L BUBE 43 Hr A S 8

PRI (T]. W A B4 ,2013,33(5): 119-124.

TIAN Qi,ZHAO Zhengming, HAN Xiaoyan. Sensitivity analysis
and parameter extraction of photovoltaic cell model[J]. Electric
Power Automation Equipment,2013,33(5):119-124.

(1] B ST B FEELL. SEAR B 31 22 W i K 248 s 00 A e T 9
[J1. 1Ak s ,2014,34(3):132-137.

QI Jun,WENG Guoqing,ZHANG Jinghong. Multi-peak MPP
distribution of photovoltaic array[]]. Electric Power Automation
Equipment,2014,34(3) :132-137.

[12] #oktE A s ss. Je R i g e S MPPT I SEms [J]. W T 4%
ARZEH,2011,26 (3T 1):229-234.

YANG Yongheng,ZHOU Keliang. Photovoltaic cell modeling
and MPPT control strategies[J]. Transactions of China Elec-
trotechnical Society,2011,26(Supplement 1) :229-234.

[13] FE&: W R il 5. — RO st n etk B b A8 B K i K3
R[], B A ki 4 ,2013,33(11):128-133.
TANG Lei,ZENG Chengbi,XU Wei,et al. Variable-step adap-
tive MPPT algorithm for photovoltaic system[]J]. Electric Power
Automation Equipment,2013,33(11):128-133.

[14] KOLLIMALLA S K,MISHRA M K. Adaptive perturb & observe
MPPT algorithm for photovoltaic system[C]//2013 IEEE Power
and Energy Conference at Illinois. Champaign,United States:
IEEE,2013.:42-47.

[15] SILVA S M,LOPES B M,FILHO B J,et al. Performance eva-
luation of PLL algorithms for single-phase grid-connected sys-
tems[C]//39th TAS Annual Meeting. Seattle,United States:IEEE,
2004 :2259-2263.

EBE .

ImE(1984—),F Tk F AN HE
R EER T @ AR AEBHEAR A
W /W 45 4 5 4 9 H K (E-mail ; wangpanbao@
hit.edu.cn) ;

I E(1963—), %, LA A
+ TR T EAFERLCEHK R
# A% (E-mail ; wangwei602@hit.edu.cn) ;

X K(1990—), %, ZRILERMA,
MEMRTAE FRZMAFTMALRL BHAR AR E W
B IA

x

ImE



(68} R R 345

Strategy of MPPT control without current sensors for photovoltaic system

WANG Panbao, WANG Wei,WU Yan
(School of Electrical Engineering and Automation, Harbin Institute of Technology,Harbin 150001, China)

Abstract: As the control of two-stage photovoltaic grid-connected inverter is decoupled between two stages,
a strategy of MPPT(Maximum Power Point Tracking) control without current sensors is proposed. According
to the power balance principle,the grid-connecting current acquired in the second stage can be used as the
MPPT criterion of the first stage(DC-DC section). The perturbation and observation method is then applied
to realize the MPPT. The proposed MPPT control strategy is analyzed in principle. An 800 W prototype of
two-stage photovoltaic grid-connected inverter is designed,and the experimental waveforms and MPPT data
are recorded,which show that,when the operating power of system is bigger than 300 W,the MPPT efficiency
is higher than 99.2% and the tracking response is perfect,verifying the feasibility and effectiveness of the
proposed control strategy.

Key words: MPPT; current sensor; grid-connection; electric inverters; photovoltaic; electric power

generation; control
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Multi-objective fuzzy optimal dispatch based on source-load interaction
for power system with wind farm

LIU Wenying',WEN Jing',XIE Chang?, WANG Weizhou’,LIU Fuchao®
(1. State Key Laboratory of Alternate Electrical Power System With Renewable Energy Sources,North China Electric
Power University, Beijing 102206, China;2. China Electric Power Research Institute, Beijing 100192, China;
3. State Grid Gansu Provincial Electric Power Research Institute,Lanzhou 730050, China)

Abstract: The characteristics of interactive load are studied and the interactive load is introduced as a
dispatchable resource into traditional day-ahead dispatch model to mitigate the influence of wind power
fluctuation. A multi-objective optimal dispatch model with the minimum operating cost and power loss as its
objectives is built for the power system with wind farm,which considers the influence of interactive load on
the cost of system operation and the distribution of power flow. The fuzzy theory is applied to convert
multi-objective optimization problem into single-objective optimization problem,which allows the generation
side and demand side both to participate in the optimal resource allocation of power grid operation. The
simulative results of IEEE 30-bus system verify that,the proposed method can effectively reduce the
operating cost and grid loss of system and enhance the consumption of wind power.

Key words: wind power; electric power systems; interactive load; optimization; dispatch; multi-objective;

models; fuzzy theory





