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ignores dc-offset and harmonic-frequency current, and
responds only to the fundamental-frequency component
of current.  The filtering characteristic must be fast to
allow a short earth-fault trip time.

Digital filtering of the zero-sequence-current waveform
provides a fast and accurate solution to many low-level
earth-fault detection problems.  Digital sampling and
digital signal processing techniques can be used to
construct a band-pass filter that responds to only
the fundamental-frequency component—dc-offset and
harmonic components are ignored.  The discrete Fourier
transform (DFT) algorithm is a mathematical tool that can
quickly extract a specific-frequency signal from a
multiple-frequency signal.  The example shown in Fig. 6
is a 50-Hz signal with a 150-Hz third-harmonic
component.  The simplified DFT algorithm is:
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Where: Ip = peak current
m = number of samples per cycle
n = sample number
I(n) = measured sample

The sampler is set to take a known number of samples
per cycle of the desired frequency.  In the example the
filter is tuned to 50-Hz by selecting a sample frequency of
1 kHz (20 samples per cycle).  The example summation
is:
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FIGURE 6.  Earth-Fault Current with Fundamental and Harmonic Components.
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Table 1 shows the values, from the example in Fig. 6,
of the 50 Hz component, the 150 Hz component, and the
earth-fault current that is the sum of the two, at each of
the sample times, n.  It also shows the sample-time DFT-
component value of both the 50 Hz component and of the
sample, and the sum of each over the sample period of
n=0 to n=19.  Note that the sum for the fundamental
component is the same as the sum for the sampled
waveform, showing that this sampling technique has
provided an accurate measurement of the fundamental
component in spite of the presence of the 150 Hz third
harmonic.

Note that only a single cycle of the fundamental
component is required for the calculation, here 1/50th

second, or 20 ms.  Thereafter, the value is updated every

millisecond and the value is accurate, based on the
previous 20 samples.

Earth-fault protection relays that use digital filtering-
techniques can reduce nuisance tripping associated with
low-level protection.  Such devices ignore the dc
component when a motor starts, and allow lower trip
current and trip time set points.  Protection that uses DFT
filtering ignores harmonic components of zero-sequence
current that results from capacitive unbalance, again
allowing a lower trip set point.  Triplen harmonic
components, whose phase values are additive, are filtered
by the DFT algorithm both in terms of capacitance-
unbalance current and earth-fault current, again
permitting the selection of a lower current trip level, and
the one-cycle DFT calculation time allows a rapid trip
time.

TABLE 1.  COMPONENT AND DFT VALUES.

SAMPLE
NUMBER

(n)

50 Hz
COMP.

If(n)

150 Hz
COMP.

SAMPLED
VALUE

I(n)

If(n)sin(2*pi*n/20) I(n)sin(2*pi*n/20)

0 0.000 0.000 0.000 0.000 0.000
1 0.437 0.381 0.818 0.135 0.253
2 0.831 0.448 1.280 0.489 0.752
3 1.144 0.146 1.290 0.926 1.043
4 1.345 -0.277 1.068 1.279 1.016
5 1.414 -0.471 0.943 1.414 0.943
6 1.345 -0.277 1.068 1.279 1.016
7 1.144 0.146 1.290 0.926 1.043
8 0.831 0.448 1.280 0.489 0.752
9 0.437 0.381 0.818 0.135 0.253

10 0.000 0.000 0.000 0.000 0.000
11 -0.437 -0.381 -0.818 0.135 0.253
12 -0.831 -0.448 -1.280 0.489 0.752
13 -1.144 -0.146 -1.290 0.926 1.043
14 -1.345 0.277 -1.068 1.279 1.016
15 -1.414 0.471 -0.943 1.414 0.943
16 -1.345 0.277 -1.068 1.279 1.016
17 -1.144 -0.146 -1.290 0.926 1.043
18 -0.831 -0.448 -1.280 0.489 0.752
19 -0.437 -0.381 -0.818 0.135 0.253

14.142 14.142


