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Introduction
e

4 Background

e High frequency noises can be included in relaying signals when a fault occurs
In a power system
= Traveling waves
= Circuit resonance
e The DFT-based phasor estimation method
= Harmonics : can be eliminated

= Non-harmonics
— Remaining to a certain extent after the DFT

— Causing an error in the power frequency phasor value

For accurate phasor values

High frequency noises should be removed
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Introduction
e

& Purpose of this paper
e The high frequency noises can be removed by using a low-pass filter

e Noise frequency band

= High frequency components caused by the travelling waves
— Expectable frequency band
— Depends on the fault distance

= High frequency components caused by the circuit resonance
— Unpredictable frequency band
— Depends on the system parameters

— Needs to analyse the frequency spectrum of a relaying signal
= The lowest frequency of the noise frequency band can be determined
To select the stop band cut-off frequency of a low-pass filter

to reject all the high frequency noises
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Gains of the cosine and sine filters

4@ The DFT consists of the cosine and sine filters

4 The gains of cosine and sine filters
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4 The low-pass filter should be used to remove the non-harmonics
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High frequency noises
I

& Travelling waves

e Noise frequency band — 4i ~ Zi[Hz]

: the travel time of the travelling wave from the fault point to the relaying point

4 Circuit resonance
e The circuit resonance frequencies cannot be formulated
= Depends on the system parameters
= Can be lower than 1/(4™Y Hz

= The frequency spectrum analysis is required to identify the circuit resonance frequencies

4 Frequency spectrum analysis (using DFT)

e The fundamental frequency of the DFT is set as 1Hz

= The frequency interval is 1Hz
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Determination of the stop-band cut-off frequency
I

4 Aliasing

e Nyquist sampling theorem — < >

e High frequency noises cannot be removed perfectly

4 High frequency noises
e Travelling waves

e Circuit resonance

& The stop-band cut-off frequency of a low-pass filter should be selected in
consideration of all the high frequency noises
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Simulation case
I

4 Performance evaluation of the proposed method
e EMTP-RV is used to simulate

4 Simulation conditions

e A single line-to-ground fault(phase A)
= Fault location : the remote end
= Fault inception angle : 90°

e 345kV underground transmission line
= Length of the transmission line : 30 km

= Type of underground cable : XLPE 2500 2 (single core cable)

e Sampling interval : 0.130 msec (128 samples per cycle in a 60 Hz)

Sourcel | Underground T/L | Source?2

Relay

Underground transmission line model
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Determination of the stop-band cut-off frequency
I

4 To prevent an aliasing error : below 3840 Hz (Sampling frequency : 7680Hz)

4 Freqguency spectrum of the voltage signal
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4 Noise frequency band
e Caused by travelling waves : 2500 ~ 5000 Hz
e Caused by circuit resonance : 1150 ~ 1317 Hz (about)

e Dominant frequencies : 1182, 1301 Hz

4 The stop-band cut-off frequency is determined as 1000 Hz
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The effect of the proposed method
I
4 To verify the proposed method, two filters are compared
e The low-pass filter for anti-aliasing only
= Stop-band cut-off frequency : 3840 Hz (with 0.01 gain)

e The proposed low-pass filter
= Stop-band cut-off frequency : 1000 Hz (with 0.01 gain)

= High frequency noise rejection as well as anti-aliasing

High frequency noises
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(high frequency noise rejection as well as anti-aliasing)
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The effect of the proposed method
I

4 Phasor estimation error
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The effect of the proposed method
I

4 Phasor estimation error
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Conclusion
I

4 To reduce the phasor estimation error caused by the high frequency components, a
method to select the stop-band cut-off frequency of a low-pass filter is proposed in
this paper

e The DFT-based phasor estimation method

= Harmonics can be eliminated, but non-harmonics can remain

= The high frequency noises can be eliminated by using a low-pass filter

e High frequency noises when a fault occurs
= High frequency noises is caused by the travelling waves and circuit resonance

= Needs to analyse the frequency spectrum of a relaying signal because of the circuit resonance

e The lowest frequency of the noise frequency band can be determined to select
the stop band cut-off frequency of a low-pass filter

& The case studies show that the proposed method is good for the accurate phasor

estimation of a power frequency component by using DFT
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