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Fig.1 TCT structure under nonuniform illumination
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Table 1 Parameters of photovoltaic array before and

after reconstruction
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Fig.2 Reconfigurable photovoltaic array structure
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Fig.3 Structure of switch matrix
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Fig.6 Output characteristics of photovoltaic array
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Fig.7 Structure of photovoltaic array after reconstruction
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array before and after reconstruction under

six work situations

UKL

TAE P/ % PR A5 Iy, ERPURES|PS
51 — — — FE SR VAL
EHHT TG AT EAE EAET RS
1 291 165 4 1 071  0.15 6
2 282 175 2 1 0.76  0.19 4
3379 272 2 2 1.60  0.46 8
4 165 107 2 1 0.61  0.15 4
5 184 184 1 1 0 0 0
6 369 29.1 2 2 047 043 4
5 Z5ig

R T T PSC R OGRS B i 1 DR A SR
T — B /N 22 A AR B A A T N
FeAR R G430 i 450 0 [ 5 25 4 R 4y, 1 i
FFRAEREAE R . R FES AL F PSC R B, 3 4
e/ NSl 2 IR A I A P M T R . (T B IR
7N, FEPSC N AT ARG , YR ARBES R 52 SR 5 i
B TR S IFRAR T 8 %, P-U 5 28 A M (1
B 1 2.2 N FEAR A 1.2 5 76 A ) (1 B AR =X
T, R 7 Z A T O M A sh VR R BB AL Xt fiff
5 F G 7 S0 St S A

P & L AR B 25 & (http: / www.epae.cn)

Sk

[ 1] skMIBE, B, FFT . Rt SRR LIRS I TR
FURER AR ). AT HOR %4, 2020,35(7) : 1553-1562.
ZHANG Mingrui, CHEN Zheyang, WEI Li. Application of im-
mune firefly algorithms in photovoltaic array maximum power
point tracking [J]. Transactions of China Electrotechnical So-
ciety,2020,35(7) : 1553-1562.

2R XA AT, A OB R A A DGR A R AR AR A
B B MPPT 2SR [1]. L) A gh ik e, 2017,37(4) «
73-81.

PENG Fei,LIU Zhixiang, REN Jingguo,et al. PV / Li-ion ener-

gy-storage power module based on non-balancing cell manage-

[2

[—

ment and its MPPT control[J]. Electric Power Automation
Equipment,2017,37(4):73-81.

WO, EER AR S AR SR R T 3 U I R X
PRAPTRISENASEAT L) ). W) A Bl ke s, 2020,40(5) :99-108.
HUANG Tao, WANG Shengli, XIE Hua,et al. Analysis of third

harmonic current of photovoltaic inverter and its influence on

—
w
[—

protection[J]. Electric Power Automation Equipment, 2020, 40
(5):99-108.

L e 1 = S 7 = R o i € D L A 2 AR
OGRS LVRT RAPEBHR LT ], iy A1 8l kB4, 2020, 40
(2):49-54.

HAN Pingping, FAN Guijun, SUN Weizhen, et al. ldentifica-

tion of LVRT characteristics of photovoltaic inverters based

[4

[a—

on data testing and PSO algorithm [J]. Electric Power Auto-
mation Equipmenl,2020,40(2) :49-54.
DIAZ-DORADO E,SUAREZ-GARCIA A, CARRILLO C,et al.

Influence of the shadows in photovoltaic systems with diffe-

—
W
[i—

rent configurations of bypass diodes[C]//International Sympo-

sium on Power Electronics, Electrical Drives, Automation and

Motion. Pisa,ltaly:IEEE,2010:134-139.

SILVESTRE S, BORONAT A,CHOUDER A. Study of bypass

diodes configuration on PV modules[J]. Applied Energy,2009,

86(9) :1632-1640.

BRI DT , EWIA, 45 . T FPA IR A& 42 ) MPPT

BILAESELT ], AR, 2017(5) 1 1-5, 11,

XUE Pengfei,ZHOU Haifang, WANG Mingjun, et al. Research

of global MPPT algorithm of photovoltaic generation system

based on FPA[J]. Electrical Engineering,2017(5):1—5,11.

[ 8 ] JIA Shuran, SHI Daoshen, PENG Junran,et al. Application of
back-propagation neural network in multiple peak photovol-
taic MPPT [C] /2015 International Conference on Industrial
Informatics-Computing Technology, Intelligent Technology, Indus-
trial Information Integration. Wuhan,China:1IEEE,2015:231-234.

[ 9] Bk, A48 BE AL . HE T 2 20 RE42 Ml 4% A ROR} B T e K
iR (1], H T HR 4, 2018,33(14) :3362-3370.
YANG Deyou, CUI Dongxiao, CAI Guowei. A maximum power

—
=)}
[a—

[—

[7

point tracking technology for fuel cells using cloud model
based intelligent controller[J]. Transactions of China Electro-
technical Society,2018,33(14):3362-3370.

[10] BEVUWE , BRE R, okimdh . 5T 2800 A N TS R DG AR
TRV [T]. B Ry 545, 2018, 46
(11):23-29.

SHENG Siqing, CHEN Yuliang, ZHANG Jingjing. Research on
maximum power point tracking strategy based on differential
evolution artificial bee colony algorithm of photovoltaic system
[J]. Power System Protection and Control,2018,46(11):23-29.

[11] CHENG Ze, PANG Zhichao, LIU Yanli, et al. An adaptive

solar photovoltaic array reconfiguration method based on

fuzzy control[ C] //Proceedings of the 8th World Congress on



@ ® 0 & % L B ®41 %

Intelligent Control and Automation. Jinan, China: [EEE, 2010: (ICPEICES). New Delhi,India:IEEE,2016:1-6.
176-181. [18] WANG Yunping, JI Xiaoming, RUAN Xinbo. The output pro-

[ 12 JVELASCO-QUESADA G,GUINJOAN-GISPERT F,PIQUELOPEZ perty of photovoltaic MS and TCT configurations under partia-
R,et al. Electrical PV array reconfiguration strategy for energy llyshaded conditions[C]//2017 TEEE 26th International Sym-
extraction improvement in grid-connected PV systems[J]. IEEE posium on Industrial Electronics(ISIE). Edinburgh, UK:IEEE,
Transactions on Industrial Electronics,2009,56(11):4319-4331. 2017:1041-1045.

[13] SHAMS EL-DEIN M Z,KAZERANI M,SALAMA M M A. [19] PAREEK S, DAHIYA R. Power optimization of TCT confi-
Optimal photovoltaic array reconfiguration to reduce partial gured PS-PV fields by forecasting the connection of modules
shading losses[J]. TEEE Transactions on Sustainable Energy, [C]//2015 Annual IEEE India Conference (INDICON). New
2013,4(1):145-153. Delhi, India:IEEE,2015:1-6.

[14] FF,FLME2%4  Fred C. Lee, %5 . JETo0A0 20 RIS ERE 6O [20] NAYAK B, MOHAPATRA A, DAS P. Optimal hybrid array
TR 2 G AT T, TR, 2015,30(24) : 127-134. configuration scheme to reduce mismatch losses of photovol-
WANG Feng, KONG Pengju, LEE F C,et al. Output charac- taic system[C]//2017 Second International Conference on Elec-
teristic analysis of distributed maximum power point tracking trical, Computer and Communication Technologies (ICECCT).
PV system[]J]. Transactions of China Electrotechnical Society, Coimbatore, India: TEEE,2017:1-7.

2015,30(24) :127-134.
[15] RANI B I,ILANGO G S,NAGAMANI C. Enhanced power EE BT

generation from PV array under partial shading conditions by HBAEL(1971—), B, HT R HA, #

shade dispersion using Su Do Ku configuration[J]. IEEE BB LR A S0, BAEEE R G

Transactions on Sustainable Energy,2013,4(3):594-601. B XA B HmE AR B A GAE

16/ NGUYEN D,LEHMAN B. An adaptive solar photovoltaic arr 9 s e e s .

[16] : : n -d ap 1ve'so ar photovoltaic array BT 5 AR ALIE AT Bhik B A A Y AL
using model-based reconfiguration algorithm[J]. IEEE Transac- (E i @toneiied )
-mail: zmr@tongji.edu.cn) ;

tions on Industrial Electronics,2008,55(7):2644-2654. W 1 1 T B A
[17] KUMAR A,PACHAURI R K,CHAUHAN Y K. Experimental R (1995—), 5 LB A, AR

e N R S SN P
analysis of SP/TCT PV array configurations under partial = ’J'-‘Effb £ BRI 6 A AR A R o Sk
shadingconditions[C] /2016 IEEE 1st International Conference 7K BF 45t ¥7 (E-mail : 1343683 145@qq'com) °

on Power Electronics, Intelligent Control and Energy Systems (éﬁiﬁ &)

Reconfiguration scheme of photovoltaic array based on minimum equalization difference
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Abstract: For photovoltaic arrays, partial shadow is the most common cause of output power loss. The power
loss caused by partial shadow is not only related to shadow area,but also depends more on the distribution
of shadow and the connection mode among photovoltaic panels in photovoltaic array. In order to improve
the output power of photovoltaic arrays under shading condition,a reconfiguration method of photovoltaic arrays
based on TCT(Total Cross Tied) structure is proposed,which focuses on how to reasonably reconstruct the
connection relationship among photovoltaic panels according to different shading conditions. The proposed
method divides photovoltaic arrays into fixed structure and free structure. According to the equalization
difference principle under partial shading condition, the connection mode of partial photovoltaic panel in
free structure is adjusted according to different shading modes, and the optimal connection mode is deter-
mined. Simulative results show that, under various shading conditions, the output power of the photovoltaic
array after reconstruction is significantly improved compared with that before reconstruction, and the P-U
characteristic curve tends to show a single peak value characteristic,which is more conducive to the reali-
zation of maximum power point tracking control.

Key words:photovoltaic arrays;partial shading;array reconstruction; TCT structure ; equalization difference
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Fig.A1 Common topological structures of photovoltaic array
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Fig.A2 Output characteristic under work situation 2
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Fig.A3 Output characteristic under work situation 3
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Fig.A4 Output characteristic under work situation 4
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Fig.AS Output characteristic under work situation 5
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Fig.A6 Output characteristic under work situation 6
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