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Fig.1 A 2-area 4-machine system
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Tab.1 Results of modal parameter identification
and characteristic roots

s, R AR AR 2% ARSIk EE R
f=0.70 Hz,{=2.13%  f=0.69 Hz,{=2.37%

8o 0.75£.166.99° 0.72 £.166.02°

e 0.54£.176.52° 0.53£.176.59°

e 1.00£.0° 1.00 £.0°

Sou 0.8220.17° 0.8320.11°
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Tab.2 Results of mode identification
and characteristic roots

s, LEN! B2

" f/Hz BLE f/Hz WL
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8 0.539 0.288 0.922 0.138
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Wavelet analysis based modal parameter identification from multiple signals
PAN Xueping, HU Weiwei, SHANG Fei
(Research Center for Renewable Energy Generation Engineering,Ministry of Education,
Hohai University ,Nanjing 210098, China)

Abstract: An optimization method based on wavelet analysis is applied to identify the mode and modal
shape of power system oscillation from multiple signals,which judges the mode observability of each signal
according to the wavelet coefficients at wavelet ridge and adopts an optimization method to coordinate the
mode parameters of signals with higher observability while neglects those with poor observability. The modal
shape is also identified according to the wavelet coefficients at wavelet ridge. Because the energy of mode
to be identified decays to zero at different times in different signals,a unified identification interval is
proposed to identify the system modal parameters for easy modal shape analysis. Case study for a 2-area
4-machine system and the 10-machine New England system demonstrates that the identification accuracy of
oscillation frequency and damping parameters is improved and the modal shape information among multiple
signals is obtained.

Key words: electric power systems; wavelet transforms; wavelet ridge; optimization; mode; modal shape;
signal analysis
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Criterion of current differential protection based on amplitude and

phase difference of fault current
CONG Wei',ZHANG Linlin*, CHENG Xueqi*,QIU Shengxiao’, XUN Tangsheng*,SONG Zhiming*
(1. Key Laboratory of Power System Intelligent Dispatch and Control, Ministry of Education,Shandong University,
Ji’nan 250061, China;2. Shandong Taian Power Supply Company,Taian 271000, China;
3. Shandong Weifang Power Supply Company,Weifang 261021, China;
4. State Grid of China Technology College,Ji’nan 250002, China)

Abstract: A criterion of current differential protection is proposed,which is based on the amplitude and
phase difference of fault current component. The differential current is the sum of the fault current
amplitude on own side and the product of that on opposite side and the cosine of phase difference between
them,while the braking current is the difference. The influences of system impedance,transition resistance
and distributed capacitance on the performance of the proposed criterion are analyzed. It is compared in
performance with the fault current phasor differential criterion and the scalar product braking differential
criterion. Results of simulation with EMTDC show that,the proposed criterion has higher sensitivity to in-
zone faults,higher security for out-zone faults and better performance under different system impedances,
transition resistances and distributed capacitances.
Key words: electric fault currents; sensitivity analysis; relay protection; amplitude; phase difference;
computer simulation



