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Fig.1 Standard P-U curves of photovoltaic cell
(for different solar radiation intensities)
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Fig.2 Standard I-U curves of photovoltaic cell
(for different solar radiation intensities)
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Fig.4 Equivalent circuit of photovoltaic modules
with compensation capacitor
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Tab.1 Results(shadow light intensity is 0.5 kW/m?,
capacitor’s capacity is 10 F)

t/s U,/V 1I,/A P/W
0 23.800 3.6799 357.34
0.625 23.555 3.7336 355.50
1.25 23.314 3.7795 353.68
1.875 23.076 3.8189 351.90
2.5 22.842 3.8528 350.14
3.125 22.610 3.8820 348.40
3.75 22.380 3.9072 346.67
4.375 22.153 3.9290 344.97
5 21.927 3.9478 343.27
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Fig.5 Operating point curve within 5 s(shadow light
intensity is 0.5 kW/m?,capacitor’s capacity is 10 F)
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Fig.6 Characteristic curves of super capacitor
compensation and diode compensation
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compensation and diode compensation
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Fig.8 Shadow light intensity,compensation capacity
and maintenance time SCT surface

HRAJ & 8 AT LA J7 {5 i AR 45 iy 3L 2 A ) B9 2%
2 KT IRLE a, S AE B 5EO MR R - 4ERR I R] S
AR BN (Gt MEEE B T2 L 5 A 8
(T AR 22 T8 M, M TER AR A R B
B A B B AME AR i €, 5 [FIEEXT T ) 8 b, B Se 4R 3]
H(C,,G,) WML S AE 8 N, IZ S EI G +F
0] 0 4% 52 050 R0 R RE A5 4 RRE S fE TAE X RN Y
1] ¢,



%2 8 IR, A5 I BB 0 B0 T GAR AT 2% TiC B ) 1Y 78 2 s 2 R 2 SR @
6 g:n!: i/l’.\. Transactions on Energy Conversion,2008,23(1):302-310.

RSO JRy R R 25 A T DG AR H b 1 4 v 2 b
07 b AT T HOAR B A AR BARBESE T8
G R A A 5 AR G TR A T S B R
A R PR A A B0 I AR S A Y 5 A TR R A
DA H A A 2 4 5 BT R 1 A2 fiE 7 22 TA] B DT i 5%
I ANTE S598 . Y B R R WA 2 I [A)BE I
G F A B T AT A R Ml B DI R AR 8 1
R B e R T RRE R DR S AR SO
T XS — 28 1 B3 A5 1 M2 2 B0 A7 45 1 DL IS 19 7
& X — AR R T T o

SE WK

[1] BRHEEZERR, SR A5, SOOI b 28 G0 i 4 1) 582 1) 6F 72 £ ik
[J]. M1 A kBE%,2013,33(2) :26-32.

CHEN Wei,Al Xin,WU Tao,et al. Influence of grid-connected
photovoltaic system on power network[J]. Electric Power Auto-
mation Equipment,2013,33(2):26-32.

TRFFU, RUELL il A5, T R 5 B TR IO 1 K P R A 2
REVEAN (], E AL TR % ,2009,29(8) : 103-108.

XU Qingshan,BIAN Haihong,GAO Shan,et al.
evaluation of photovoltaic module with bypass diode effect [J].
Proceedings of the CSEE,2009,29(8):103-108.

SHARMA A K,DWIVEDI R,SRIVASTAVA S K. Performance
analysis of a solar array under shadow condition[]]. Circuits,
Devices and Systems,IEE Proceedings G,1991,138(3):301-306.
[4] SILVESTRE S,CHOUDER A. Effects of shadowing on photovoltaic
module performance[]]. Progress in Photovoltaics : Research and
Applications,2008,16(2) : 141-149.

AR S Y T, AL AR OK  AEL BT SRR AL R AT
JeREEFIARBL[T]. A THAR R 2011,26(3) :140-146.

CHEN Alian,FENG Lina,DU Chunshui,et al. Modeling of

photovoltaic array based on support vector machines under

—
[\
[}

Performance

[3

[

—
W
[}

partial shaded conditions[]J]. Transactions of China Electrotechni-
cal Society,2011,26(3):140-146.
[6] AR# IR L, AR A LR b itis 17 4 BB =X e 4 1 43 A
[(J]. B R 8 H A g4 ,2010,22(6) : 119-123.
SONG Jing,XU Qingshan,QI Jianhua,et al. Analysis on ope-
ration mismatch mode and characteristics of photovoltaic cell[]J].
Proceedings of the CSU-EPSA,2010,22(6):119-123.
(7] FHGRLL AT, il 45 25 AL R 52 i 56 AR B ) 2K i i2
ATHRFIEL)]. B CH AR ,2010,25(6) :104-109.
BIAN  Haihong,XU Qingshan,GAO Shan,et al.
mismatches of photovoltaic array considering random shadows[] ].
Transactions of China Electrotechnical ~Society,2010,25(6):
104-109.
T S BB SE AR K AL AR M ) 2 2 0 A 4 o SR 43 BT
(1. ARG SR 2012,40(22) :101-107.
FENG Lina,CHEN Alian,DU Chunshui,et al. Analysis of

control strategy for optimizing the configuration of photovoltaic

Operation

—
oo
—

array[J ]. Power System Protection and Control,2012,40(22):
101-107.

PATEL H,AGARWAL V. MATLAB-based modeling to study the
effects of partial shading on PV array characteristics[J]. IEEE

[9

[}

[10] sREF B H T, 2 WG 0GR A il o 50 B4 85 1 8 5 1%
01 I A BB 2012,32(2) :109-113.

ZHANG Housheng,ZHAO Yanlei. Research and design of
photovoltaic cells simulator by polynomial fitting[J]. Electric
Power Automation Equipment,2012,32(2):109-113.

[11] & 8RR WA, 5. — RO sl ik B b A8 2P K i K3
GRS )], By B ki, 2013,33(11) :132-137.
TANG Lei,ZENG Chengbi,XU Wei,et al. Variable-step adaptive
MPPT algorithm for photovoltaic system [J]. Electric Power
Auto-mation Equipment,2013,33(11):132-137.

[12] VEREME. JRy AR 152 2 01 R S TAS0M] 42 1l 1 0 AR P 21 T4 2R e 10
WRFEID]. K KHKR 2010,

PANG Zhichao. Research on reconfiguration system of photo-
voltaic arrays based on fuzzy control under partial shading[D ].
Tianjin: Tianjin University ,2010.

[13] SR, A NG S Sr i 55, B TAREDUE O L B% 1) 2 1 (. MPPT
JrE[)]. I A& 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.

[14] M50 R IRE MR 5 R BB 8 25 A T OLAR 9 9 19 1 Ak 153t
[J]. PEBHL TR ,2009,29(11):119-124.

XIAO Jingliang,XU Zheng,LIN Chong,et al. Optimal design of
photovoltaic arrays under partial shading[J]. Proceedings of the
CSEE,2009,29(11):119-124.

[15] TW, Brrb. EFT52m T 0GR 90 S5k oE (], B A stk
B ,2011,31(10): 1-5.

DING Ming,CHEN Zhong. Reconfiguration of partially shaded
photovoltaic array [J]. Electric Power Automation Equipment,
2011,31(10):1-5.

[16] THOUNTHONG P,RAEL S,DAVAT B. Control strategy of fuel
cell and supercapacitors association for a distributed generation
system[J ]. IEEE Transactions on Industrial Electronics,2007,
54(6):3225-3233.

[17] XVGEH A4S H M 877 #7558, JR BB A5 11 1 BRI 51 i L
5547 (]]. HIMEA 2010,34(11):192-197.

LIU Xiaoyan,QI Xinmei,ZHENG Shousen,et al. Model and
analysis of photovoltaic array under partial shading[J]. Power
System Technology,2010,34(11):192-197.

[18] XU Q,CAI H,TANG G,et al. Charge evaluation of EDLC for
autonomous microgrid energy storage[J]. Electrical Engineering,
2010,93(1):1-8.

[19] ISHAQUE K,SALAM Z,TAHERI H,et al. Modeling and
simulation of photovoltaic (PV) system during partial shading
based on a two-diode model[]J]. Simulation Modelling Practice
and Theory,2011,19(7):1613-1626.

[20] Higar, X4 ng i A5, Su R f it e 20 i 2 B R SO 3 A7 F
SHARWOTIEL)]. By Ak # 2013,33(5):119-124.
TIAN Qi,ZHAO Zhengming, HAN Xiaoyan,et al. Sensitivity
analysis and parameter extraction of photovoltaic cell model[]].
Electric Power Automation Equipment,2013,33(5):119-124.

[21] FLIESS M,LEVINE J,MARTIN P,et al. A lie-backlund approach
to equivalence and flatness of nonlinear systems[J]. IEEE Tran-
sactions on Automatic Control,1999,44(5).922-937.

[22] WA BRS FREsAR, A5, DGR il R 7E 15 S T R
[J]. M THARSHR,2011,26(1):123-128.

(T4 % 60 R continued on page 60)



(60} R R 4%

[16] #EE M. B ARG E S RE VN - SR M Irik (D] EEE N,

HARDE IR IR T ALK 1999, i A (1983-), %, AL F ok R
CAI 'Guowei.' .Branch l.ran'siem potential energy m.elhod f(.)r ALEBRIT HERRAE FETOAE DA
transient stability analysis in power system[D]. Harbin:Harbin 4 b
- Lk 35 = _ ;. ) o
Institute of Technology,1999. n_:‘ ! RAGE M B 424 (B mail : eedyyang@hotmail.
(17 XUHRE. 5 e b I HE AR (M), b 50 ol g Ak, 2010:53-68. = com);

(18] TR WY RV 5 T %5 2T CBR Al OAPID Y TLIK AL 1) X
R IR s B (1], W)y A Sh ki ,2013,33(8) :88-93.
XU Xialing,LIN Tao,GAO Yuxi,et al. Warning of inter-area

mode oscillation based on CBR and OAPID for interconnected

REAMS(1968-), 53, FHF A HIK,
WL R A S ARFTAAEHREBRE
Wi R 5zl
power grids[J]. Electric Power Automation Equipment,2013,33 BRER(1965-), F , b A, Bl 3 LA £ 597 #F
(8):88-93. RFTGAC N RGHFHAELE KA,

Characteristics extraction and controllability evaluation based on
dynamic response of electro-mechanical oscillation
YANG Deyou',CAI Guowei',CHAN K W?
(1. School of Electrical Engineering, Northeast Dianli University, Jilin 132012, China;

2. Department of Electrical Engineering,The Hong Kong Polytechnic University,Hong Kong 999077, China)
Abstract: The system identification theory based on SSI (Stochastic Subspace Identification) algorithm
is researched,a method of electro-mechanical oscillation characteristics identification based on SSI is
designed for power system and a method of participation factor calculation based on response is proposed,
by which the quantitative evaluation of system controllability is realized. The proposed method is applied to
calculate the dynamic angular frequency response of each generator in a system and the system electro-
mechanical oscillation characteristics can be globally analyzed to effectively avoid the defect of traditional
low-frequency oscillation analysis with insufficient information based on single signal. Simulative results of
IEEE 39-bus system show its high identification accuracy and calculation efficiency.

Key words: electric power systems; electro-mechanical oscillation; controllability; stochastic subspace;
participation factor; dynamic response; stability
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Super capacitor compensation strategy for PV anti-mismatch
under short-time partial shadows
XU Qingshan',QIAN Haiya',CHEN Kai?
(1. Engineering Research Centre of Motion Control,Ministry of Education,Southeast University , Nanjing 210096, China;
2. Nanjing Power Supply Corporation, Jiangsu Power Company,Nanjing 210008, China)
Abstract. Photovoltaic modules may operate in mismatch mode because of partial shadow. Because the
duration of partial shadow is normally short,it is proposed to apply the parallel super capacitor to power
compensation. The differential equation model of photovoltaic module with parallel super capacitor is
established ,based on which,its operational features and voltage/power variation characteristics are analyzed.
The contrast results between the proposed super capacitor compensation method and traditional diode
compensation method in compensation mode and operational features show that,the super capacitor
compensation method can improve the characteristics of the photovoltaic system,increase the output voltage
and stable the output power more effectively under short-time partial shadows. Its key issues in practical
application are discussed. The concept of optimal working range and maintenance time is defined and the
way to obtain the matching relationship between super capacitor and maintenance time is proposed.
Key words: photovoltaic modules; photovoltaic cells; mismatch mode; compensation; light intensity;
maintenance time
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