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Fig.1 Structure of photovoltaic system model
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Table 1 Time-domain simulative results
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Islanding detection of grid-connected PV system based on
bi-direction voltage harmonic variation
LU Ganyun', WU Qiyu', WU Chenyuan' , CHENG Haozhong” , SHI Xiang®
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Abstract ; Aiming at the non-detection zone problem of traditional passive islanding detection for grid-connected PV
(PhotoVoltaic) system,a detection method based on bi-direction voltage harmonic variation is proposed. With the
analysis of voltage harmonic variation before and after islanding and failure mechanism of traditional voltage
harmonic detection method , an islanding detection strategy based on bi-direction voltage harmonic is proposed. The
windowed Fourier transform is used to calculate the harmonics of outgoing line current and bus voltage in centralized
grid-connected PV system,and thus the harmonic power is obtained. The direction of each harmonic source is deter-
mined by the positive or negative polarity of harmonic power in grid-connected operation, and the characteristic
orders of harmonic at system side and PV side are selected according to the maximum positive and negative harmonic
power values. The sliding windowed Fourier transform is adopted to analyze bus voltage harmonic variation of the two
orders ,and the islanding detection criteria is established. If the reduction of voltage harmonic at system side and the
increment at PV side both meet the criteria,there is an island. Simulative results verify the effectiveness of the pro-
posed method. The method does not affect the output power quality of grid-connected inverters, and can effectively
detect islands under serious background harmonics with a small non-detection zone.
Key words : grid-connected PV system;islanding detection ; bi-direction harmonic ; voltage harmonic variation
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Dynamic security region with large-scale photovoltaic plant

FANG Wei',LIU Huaidong”,QIN Ting' , WANG Jinqiao® , FENG Zhiqiang*

(1. Department of Electrical Engineering, Tianjin University , Tianjin 300072, China;
2. Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China;
3. State Grid Suzhou Power Supply Company,Suzhou 215004, China;
4. State Grid Qinhuangdao Power Supply Company , Qinhuangdao 066000, China)

Abstract ; The influence of large-scale photovoltaic plant on transient stability of power system is researched from the
perspective of domain,and the conventional generator is replaced by the photovoltaic plant with equal capacity to
calculate the LPV-DSR ( Dynamic Security Region with Large-scale PhotoVoltaic plant). Extensive simulations of
typical power system show that the boundary of LPV-DSR can still be fitted by hyperplane. Three conclusions are ob-
tained by the comparison with DSR of the system before the connection of photovoltaic plant:the boundary of LPV-
DSR is approximately parallel to the DSR boundary of the system before the photovoltaic plant connected ; from the
perspective of system transient stability ,the optimal control strategy of photovoltaic converter is constant active power
control and constant AC voltage control ;the DSR range changes monotonously with the increase of grid-connected
photovoltaic capacity under the same control strategy.
Key words: large-scale photovoltaic plant; transients ; stability ; dynamic security region; fitting method ; time-domain
simulation ; converter control strategy
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Table DSR coefficients of power system with PV in n-dimension space

% DSR Z %
2Rk 15-16  #R K 21-16 2R 8 26-27
G30 0.039 9 0.0715 0.070 4
G32 0.0327 0.030 3 0.037 3
G33 0.047 8 0.058 8 0.044 5
G34 0.050 5 0.044 9 0.040 0
G35 0.0328 0.070 7 0.055 1
G36 0.0312 0.047 5 0.044 0
G37 0.0389 0.042 5 0.053 6
G38 0.038 7 0.028 7 0.044 3
G39 0.051 7 0.025 2 0.017 8
L39 -0.0243 -0.017 2 -0.017 3
L3 -0.0205 -0.024 7 -0.0230
L4 -0.014 6 -0.0222 -0.0155
L7 -0.0275 -0.0202 -0.0232
L8 -0.0217 -0.0180 -0.009 2
L12 -0.008 4 0.243 3 -0.037 7
L15 -0.0159 -0.0190 -0.016 5
L16 -0.0240 -0.0225 -0.0228
L18 -0.0200 -0.0380 -0.059 1
L20 -0.0219 -0.0207 -0.016 7
121 -0.0117 -0.0386 -0.034 4
L23 -0.0354 -0.018 4 -0.036 9
L24 -0.0352 -0.0399 -0.0237
L25 -0.026 0 -0.003 7 -0.034 2
L26 -0.0283 -0.054 0 -0.028 3
L27 -0.0210 -0.019 5 -0.024 2
L28 -0.0159 -0.0103 0.018 6
L29 -0.0211 -0.0356 -0.039 8
L31 0.088 6 0.142 0 0.346 0

R /% 2.47 2.16 2.33
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Fig.A2 Time-domain simulation results
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