|2 MEel Hash 53

o

fjo

M X
51A-4-3

MA ditH
=

1l O

o

%

2

An Analytic Method for Measuring Accurate Fundamental Frequency Components
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Abstract - This paper proposes an analytic method for measuring the accurate fundamental frequency component of a
fault current signal distorted with a DC-offset, a characteristic frequency component, and harmonics. The proposed
algorithm is composed of four stages: sine filer, linear filter, Prony’s method, and measurement. The sine filter and the
linear filter climinate harmonics and the fundamental frequency component, respectively. Then Prony’s method is used to
estimate the parameters of the DC-offset and the characteristic frequency component. Finally, the fundamental frequency
component is measured by compensating the sinefiltered signal with the estimated parameters. The performance
evaluation of the proposed method is presented for a—phase to ground faults on a 345 kV 200 km overhead transmission
line. The EMTP is used to generate fault cutrent signals under different fault locations and fault inception angles. Tt is

shown that the analytic method accurately measures the fundamental
characteristic frequency component as well as the DC-offset.

frequency component regardless of the

Key Words: Analytic method, characteristic frequency component, DC~offset, fundamental frequency component, linear

filter, Prony’s method, sine filter.
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Fig. 1 Schematic procedure of the analytic method.
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Table 1 Overhead transmission line parameters
0 42 v} 2} B 41 T
R, R, 0.0345 2/ km
24,
ol A} Ly, L, 0.9742 wmH/km
C, G 0.0117 uF|km
Ry 0.2511 Q/km
|4 Ly . 2.7058 mH]/ bm
Cy 0.004b uF/ bm
3 2 2 MEgioict 2T E = siAMA Higio] ATk

Table 2 Computational burden of the analytic method for
each sampling period !

Function Numbel" of | CPU cy(':les CPU cycles
Execution | /Execution

Addition 171 4 684
Subtraction 39 4 156
Multiplication 307 4 1228
Division 16 32 512
Square root 2 36 72
Cube root 1 36 36

Total 2683
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Table 3 Actual and estimated amplitudes of fault current

Alq PR =X

A I e
0.1 km 26.256 kA | 262052 KA 0.017 %
15 km 14416 kA | 14413 kA 0.024 %
30 km 99335 kKA | 9.9311 kA 0.025 %
60 km 6.1569 kA | 6.1553 kA 0.026 %
120 km 35431 kKA | 35421 kA 0.028 %
150 km 29437 kA | 29428 kKA 0.029 %
180 km 25401 kKA | 25395 kKA 0.026 %
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Table 4 Convergence times of the analyfic method

Abi 8 AT (ms)

A€ 0° 30° 60° 90 °

0.1 km 176577 17.751 17.143 17707

15 km 19.075 17.816 17.208 18.163

30 km 19.010 17.881 17.273 19.139

60 km 19.140 17.881 17.404 16.790

120 km 19.075 17.816 17.469 19.465

150 km 18.944 17.816 17.729 18.8569

180 km 18.875 17.881 17.534 19.009
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