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Control strategy of virtual harmonic resistance-type energy storage

inverter with harmonic governance function
ZENG Jiang, FENG Jianlei, CHEN Shuliang, XIONG Taojun,CHEN Weiguo, LIU Qiwei
(School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: The traditional energy storage inverter can only compensate the harmonic current generated by
the specified nonlinear load,but cannot reduce the original harmonic content of the power grid. Therefore,
the suppression effect of parallel resistance on harmonic voltage at the PCC (Point of Common Coupling)
and system resonance is analyzed,and the control strategy of virtual harmonic resistance-type energy storage
inverter is proposed. For fundamental wave, the energy storage inverter can still achieve normal charging
and discharging function. For harmonics,the energy storage inverter is controlled to output harmonic current,
whose magnitude is proportional to the magnitude of harmonic voltage and whose phase is opposite to that of
harmonic voltage. In this case,the inverter is equivalent to a virtual harmonic resistance,which can absorb
harmonic power and suppress harmonic voltage at the PCC. Considering the resonance,the perturbation and
observation method is used to adjust the virtual harmonic conductance automatically so that the energy storage
inverter can absorb the maximum harmonic power. The simulative and experimental results show that the
virtual harmonic resistance-type energy storage inverter can realize good harmonic governance function
while charging and discharging normally.

Key words: energy storage inverter;virtual harmonic resistance; harmonic governance; harmonic suppression;

control strategy
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Probabilistic power flow calculation of distribution network with multiple wind farms

based on Gaussian mixture random model
WANG Shixing', CHEN Shuheng', LIU Qunying’, HAN Yang',CHEN Zhe’,HU Weihao'

(1. School of Mechanical and Electrical Engineering, University of Electronic Science and Technology of China,
Chengdu 611731, China;2. School of Automation Engineering,
University of Electronic Science and Technology of China,Chengdu 611731, China;
3. Department of Energy Technology,Aalborg University,Aalborg 9220, Danmark )

Abstract: The power flow analysis of power system is significantly affected by the randomness of wind
speed and the correlation between wind farms. An improved probabilistic power flow calculation method is
proposed considering the randomness of wind speed and the correlation between multiple wind farms.
Based on the actual output sample data of multiple wind farms, k-means algorithm is used to determine
the number of parameters of Gaussian mixture model, and the data selection process is used to improve
Gaussian mixture model for improving the accuracy of joint distribution model. A three-point estimation
method based on Nataf evaluation transformation is introduced for sampling of the built probabilistic dis-
tribution model, and the sampling data and power flow balance equations of power system are combined to
realize probabilistic power flow calculation. The case results of IEEE 18-bus system show that the proposed
method has high calculation precision and efficiency.

Key words: Gaussian mixture model; k-means algorithm; Nataf transformation; three-point estimation method;

probabilistic power flow
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%% C1 Gauss-Hermite R4 = SHHNE

Table C1 Gauss-Hermite sampling points and corresponding weights

A v, PJ_

3 +1.224 744 871 0.166 666 667

0 0.666 666 667

+2.020 182 871 0.011 257 411

5 +0.958 314 808 0.222 075 922

0 0.533 333 333

+2.651 961 356 0.000 548 269

7 +1.673 551 628 0.030 757 124
+0.816 287 882 0.240 123 179

0 0.457 142 857

Ve V) RIEABENLAS R AORAE A Py SR AU LR .

#*® C2 K GMM 2%
Table C2 Parameters of improved GMM

TR w u 6
1 0.405 1 [0.567 9,0.543 4] [0.044 5, 0.006 8; 0.006 8, 0.047 9]
2 0.066 9 [0.974 0, 0.954 1] [0.000 4, -0.000 2; -0.0002, 0.001 3]
3 0.168 7 [0.079 7, 0.072 1] [0.001 7, -0.000 8; 0.000 8, 0.001 4]
4 0.038 5 [0.995 1, 0.990 9] [1.599X 107, -1.50X107; -1.50X 1072, 7.698 X107
5 0.2856 [0.2299, 0.220 7] [0.010 8, 0.0035; 0.003 5, 0.0479]
6 0.107 1 [0.889 9, 0.872 0] [0.005 0, -0.001 8; -0.0018, 0.008 1]

® O ZRMATERMER R RE

Table C3 Sampling points and corresponding weights of three-point estimation method

HEL A RFE R

1 1/6 [0.962, 0.870, 0.791]
2 0 [0.290, 0.363, 0.341]
3 1/6 [0.016, 0.084, 0.093]
4 1/6 [0.290, 0.896, 0.625]
5 1/6 [0.290, 0.074, 0.154]
6 1/6 [0.290, 0.363, 0.860]
7 1/6 [0.290, 0.363, 0.070]

R CA2 MAEATRHBEEREREBIENEMREE

Table C4 Mean value and standard deviation of node voltage and total line power loss for two methods

fehn PRk 2z Bl
=itk SR 2 A 5 i MR 2 /% = bk S RP MR TE O HRE%

V; 0.060 0.062 3.22 10.602 10.603 0.01
4

v 0.118 0.123 4.06 10.591 10.592 0.02
7

v 0.133 0.138 3.62 10.582 10.584 0.03
8

vV 0.156 0.164 487 10.585 10.591 0.05
11

vV 0.161 0.166 2.86 10.590 10.592 0.02
15

P 6 005.65 5588.18 6.95 21 471 20 847 2.90

loss
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