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Fig.1 Equivalent circuit of zero-sequence network
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Fig.2 Schematic diagram of sine wave trajectory
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Fig.3 Flowchart of faulty line detection
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Fig.5 Fault zero-sequence transient current waveforms
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Tab.1 Results of faulty line detection
LR 0/(°)  X¢/km R/Q SEEHE U ek 45 2R
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L 4 1 1 - L i
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0 1 100 0.0111 0.0270 1 0.0012 0.0018 0.0023 L, b
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Tab.2 Results of faulty line detection for arc fault of L

0/(°) SR U 2k 4 IR
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Tab.3 Results of faulty line detection with different
time window sizes for L,

iR

K SR B U P45 R
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Tab.4 Results of faulty line detection with noises for Lg

6/(°)  X:/km R/ Q IRERM U B2k 45
% . 2000 0.0442 0.0124 0.0145 0.0216 0.0691 1 L

0.9558 0.9876 0.9855 0.9784 0.9309 0 R

0 5 100 0.0100 0.0090 0.0203 0.0037 0.0043 1 _

0.9900 0.9910 0.9797 0.9963 0.9957 0 o IR

0.0036 0.0015 0.0116 0.0027 0.0020 1 s

90 2 2 09964 09985 0.9884 0.9973 09980 0 Lo it

44 EHEARRT
FEHb K R K A R R A e O A R R T LY
RFETREAEAEANTR A . H IR Ly L, W R 40 L.
L, 8 I RAE A 2RI Ls Lo Tir S5 4% Ly L, 14 1K A
R AR Ly AR & AR T M B R 3 kO Y R 4 b
iR, HEPEER 25 L L3R 5,
x5 REFAESBERTHLEER

Tab.5 Results of faulty line detection with
asynchronous sampling
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Faulty line detection based on transient waveform stretching transformation

for resonance-grounding system
GUO Moufa,ZHENG Xintao, YANG Gengjie, GAO Wei,MIAO Xiren
(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract: When single-phase grounding fault occurs in resonance-grounding system,the similarity of zero-
sequence transient current waveform between two healthy feeders is higher than that between fault and
healthy feeders. The former is related mainly to the line-earth capacitance. The ratio between two equivalent
line-earth capacitances is adopted in the stretching transformation of zero-sequence transient current
waveform to improve the similarity between waveforms and the margin of faulty line detection. The
Euclidean distance between the phase-plane trajectory of the zero-sequence transient current waveform after
stretching transformation and a definite point is calculated based on the sectional phase-plane analysis. The
FEuclidean distances of sectional phase-planes are applied to form a characteristic matrix to represent the
amplitude and polarity information of the zero-sequence transient current waveform,to which the fuzzy K-
means clustering is then applied for detecting the faulty feeder. The proposed method is verified by
simulations in different conditions,such as noise interference,arc-grounding fault,asynchronous sampling,
varied time window size,etc. The simulative results demonstrate its higher adaptability,reliability and
accuracy.

Key words: resonance-grounding system; resonance; electric grounding; faulty line detection; zero-sequence

transient current; stretching transformation; phase-plane analysis; fuzzy K-means clustering
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Empirical Gramian balanced reduction of nonlinear power system model
ZHAO Hongshan,XUE Ning,SHI Ning
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University ,Baoding 071003, China)

Abstract: The empirical Gramian balanced reduction method is proposed to reduce the dimensionality and
complexity of nonlinear multi-machine power system model,which projects the high-dimensional nonlinear
dynamic model to a low-dimensional subspace to obtain a reduced model while retains the original dynamic
behaviors of its inputs and outputs. Its implementation is as followings:build the nonlinear dynamic model
of power system;obtain the empirical controllable and observable Gramian matrices based on the simulative
samples and experiential samples;calculate the transformation matrix T based on the obtained Gramian
matrices to get the balanced model of original system and its empirical controllable and observable Gramian
matrices ; decomposite the singular values of obtained Gramian matrices of the balanced model to get the
Hankel singular values;determine the subspace dimension according to the obtained Hankel singular values
to get the reduced model. Simulation is carried out for an actual 20-generator nonlinear power system as an
example and the simulative results show its dimension is reduced from 120 to 50 while its stability and the
dynamic behaviors of its inputs and outputs are kept,verifying the effectiveness of the empirical Gramian
balanced reduction method applied in the reduction of nonlinear power system model.

Key words: electric power systems; nonlinear systems; models; empirical Gramian balanced reduction;

model reduction; singular value decomposition; computer simulation



