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DISTANCE RELAY WITH LOAD ENCROACHMENT PROTECTION,
FOR USE WITH POWER TRANSMISSION LINES

Abstract

Voltage and current on a power transmission
line are first obtained, filtered and converted to
digital representations. The positive sequence
components of the voltage and current are determined and

the impedance at the relay is then calculated from those

positive sequence voltages and currents. The positive

Sequence impedance is converted into a magnitude and
phase angle representation and then compared against a
load pattern which is also represented by magnitude and
phase angle represéntations. If the calculated
impedance at the relay is within the load impedance
pattern, the distance relay is prevented, i.e. blocked,

from sending an output signal to trip a circuit breaker
protecting the transmission line.
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Dascripntion

Distance Relay with Load Encroachment Protection,

for Use with Power Transmission Lines

Technical Field

This invention relates generally to distance
relays designed for protection of power transmisszion
lines, and more particularly, concerns such reiays which

are designed to avoid the load impedance in fault
determinations.

Background of the Invention

Distance relays are typically used to protect
power transmission lines by detecting short circuit

faults on the line and thereafter initiating the
tripping of circuit breakers associated with the
particular portion of the line covered by the relay,

A transmission line has a known impedance,
which increases with the length of the line. A distance

relay has a pre-established impedance setting, which

determines the size of the relay's impedance

characteristic, which is typically in the form of a
¢ircle in the impedance plane, and which is mateched to
the length of that portion of the line covered by the
relay. The relay is capable of rapidly detecting faults
on the transmission line, indicated by a drop in
impedance of the line, by detecting when the impedance
of the line 1s inside the impedance characteristic of
the relay, 1.e. inside the impedance plane circle.

The load which 1s serviced by the transmission

line also appears to the distance relay as an impedance.
The load impedance decreases as the load increases in

normal operation of the power system. Typically, the
load impedance remains large enough that it does not
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inpinge on, i.e. ‘"encroach" upon, the

impedance
characteristic (the circle) of the relay.

In certain
situations, however, the load is large enough (and hence

the load impedance small enough) that it does overlap

the relay characteristic. This is referred to generally

as load encroachment. If it occurs, the distance relay

will detect the reduced load impedance as being within

the characteristic circle, and, not knowing that the

reduced impedance determination ig actually load, will
identifyl it as indicating a fault condition on the line,
and will trip the circuit breaker associated with that
portion of the line, disrupting service unnecessarily to
the heavily loaded 1line. This of c¢ourse is highly
undesirable, since no fault condition is in fact present
on the line, 1i.e. it is a false trip, which is
undesirable at any time, and since the false trip occurs
at a very inconvenient time in the operation of the
power system, when the demand for power is very high.
The conventional, universal solution to 1dad
encroachment is to modify the relay characteristic in
some manner to exclude the load from the coverage of the
characteristic. One approach is to use a mho relay
element, which has a somewhat different reach than a
conventional impedance circle. This sometimes will be
sufficient to avoid the load. In those situations where

the load still encroaches upon the mho characteristic,

however, other more specialized techniques are
necessary. In one technigque, a portion of the mho
circle is cut off by a blinder element. In anotherx

technigue, the mho circle ig specially configured to
avoid the encroaching load pattern by using multiple

circles. In still another technique, fancy patterns are
used to avoid the load.

All of the conventional technigues attempt to
shape the impedance characteristic to avoid the load.

There are disadvantages to this approach, primarily in
the resulting desensitization of the relay to faults
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which appear outside of the modified characteristic circle but which would have
otherwise been inside the circle. It is difficult to match the characteristic to the loaa
with any precision. Also, the more complex impedance characteristic shapes are
relatively hard to generate by an operator through the relay settings. There is a
relatively complex relationship between the relay settings and the transmission line

loading conditions, which contributes to this problem.

Summary of the Invention

In an embodiment of the invention, there is provided a system and a
method for preventing a protective relay useful in protecting power transmission lines
from indicating a fault on the transmission line in response to load, comprising:
measuring voltage and current on the transmission line; calculating impedance at the
relay location on the transmission line from the measured voltage and current;
determining a pattern of load impedance on the transmission line relative to the relay;
comparing the calculated impedance at the relay location against a test pattern at
least substantially similar to the load impedance pattern; and means for blocking the
output of the relay which is otherwise indicative of a fault on the transmission line and

which is used to trip a circuit breaker if the calculated impedance is within the test

pattern.

In an embodiment of the invention there is provided a system for

preventing a protective relay useful in protecting power transmission lines from
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indicating a fault on the transmission line in response to load. The system comprises:
means for measuring voltage and current on the transmission line, means for
calculating positive sequence impedance values at the relay location on the
transmission line from positive sequence components of the measured voltage and
current, means for determining a pattern of load impedance on the transmission line
relative to the relay wherein the pattern load impedance defines a selected area in the
impedance plane, means for comparing the calculated impedance atthe relay location
against a test impedance pattern which is at least substantially similar to the load
impedance pattern, and means for blocking an output indication from the relay
indicative of the presence of a fault on the transmission line if the calculated
impedance is within the test impedance pattern. A further embodiment may
additionally include means for determining the positive sequence components of the

voltages and currents, and wherein the calculated impedance is determined from the

positive sequence components.

In an embodiment of the invention there is provided a method for
preventing a protective relay useful in protecting power transmission lines from
indicating a fault on the transmission line in response to load. The method comprises
the steps of: measuring the voltage and current on the transmission line, calculating
the positive sequence impedance at the relay location on the transmission line from
positive sequence components of the measured voltage and current, determining a
pattern of load impedance on the transmission line relative to the relay such that the

pattern of load impedance defines a selected area in the impedance plane,' comparing
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the calculated impedance at the relay location against a test impedance pattern which
is at least substantially similar to the load impedance pattern, and blocking an output
indication from the relay indicative of the presence of a fault on the transmission line
if the calculated impedance is within the test impedance pattern. A further
embodiment may additionally include the step of determining the positive sequence
components of the voltage and current, wherein the calculated impedance is

determined from the positive sequence components.

Brief Description of the Drawings

Figure 1 shows a conventional mho circle characteristic with the load
pattern of the transmission line encroaching on the reach of that characteristic.

Figure 2 shows a conventional fancy characteristic which avoids the load

pattern of Figure 1.

Figure 3 shows a four-zone characteristic used in the present invention.
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Figure 4 shows a basic computational block

diagram for implementing the technigue ©of the present
invention.

.

Best Mode For Carrying Out the Invention

As Dbriefly discussed above, conventional
approaches for preventing load encroachment in distance
relays are directed toward changing the shape of the
relay characteristic itself. Figure 1 shows a mho
characterigtic circle 10 in the impedance plane and a
load pattern at 12, Shaded area 15 is the area of
encroachment. A blinder element shown at 14 may be
added to the relay element which in effect cuts off a
substantial portion of the reach of the relay
characteristic 10. The cut-off portion 13 encompasses
thé encroached area 15.

The relay characteristic may be formed in
another, particular way, such as shown in Figure 2, to

avoid the load pattern, without losing all the area cut
of f by a blinder embodiment. These are often raeferred

to as "fancy" characteristics. In Figure 2, the relay
characteristic is shown at 16 while the load patterm is
shown at 18. Other variations are, of course, possible,
including a series of smaller circles or ellipses

configured somewhat like an extended figure eight.

In all of these approaches, however, a
substantial amount of the coverage of the original mho

circle characteristic ig lost, which means that a
substantial area of potential fault coverage is also
lost, so +that there will in fact be sone fault
sonditions which are not recognized by the relay, but
should be, due to the altered (specially configured) mho
characteristic. One such area of missing coverage is
shown at 20 in Figure 2, for illustration.

The technigue of the present invention is

$1lustrated in Figure 3. Figure 3 shows a four-zone
coverage characteristic involving mho circles 22-25. In
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this case, the extreme load pattern 28 (forward), shown

by dotted lines, encroaches upon two zones. Load

pattern 30 (reverse) does not encroach, Figure 3 shows

four-zone coverage because this 1is a typical relay

element coverage used in actual protection schemes. It
should be understood that the present technigque 1is

useful with a different number of zones and with
different load patterns.

In the present invention, the relay calculates
the apparent complex impedance of the line, i.e. %,
comprising R+JX, by dividing the complex voltage on the

line by the complex current and then compares that value
of Z against the load pattern, both forward anda reverse.

If the complex impedance Z is within the area defined by
either load pattern, then the relay is desjigned to
conclude that particular impedance condition on the line
is due to load, and the operation of the mho elements
which would otherwise indicate that a trip should occur
are blocked, preventing tripping of the circuit breaker

for the portion of the transmission line covered by the
relay.

If the complex impedance is outside both of
the load patterns, then the mho elements are permitted
to operate normally, producing a trip signal to the
aircuit breaker if the impedance is within the circle.
dince the mho elements are blocked for the load pattern
area, it is conceivable that an actual fault condition
could ke shielded; however, such an occurrence is very
unlikely. In any event, the area of lost coverage oi
the present invention is significantly smaller than the
lost area of previous techniques. This is because the
technigue of the present invention produces a
characteristic which is very closely wmatched to the load
pattern, instead of modifying an operating
characteristic to avoid the load pattern.

The load encroachment technigque of the present
invention is normally implemented with conventional
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distance relay elements in a digital distance relay.

Referring to Figure 4, the voltage and current for each

of the three phases (A, B & €} in a three-phase
transmission line signal are cbtained.

6

These
voltages/currents are shown as VA and IA, VB and IB, VC

and IC in Figure 4. Phasor representations of these
voltages and currents are first obtained and the
positive sequence components thereof are then obtained,
shown as Val, TIAl1 (for A phase) in Figure 4.

Conventional processing alements shown
representationally at 36 produce these pozitive sequence
phasor components, The positive segquence conplex

impedances are then calculated at the relay location.
This calculation is represented by block 38. The result

of this is ZAl. 2Al1 is then tested against the load
pattern.

Referring to Figure 3, the load pattern 28
(dotted lines) is defined in one way by a magnitude lipe
40 (magnitude of ZLF) and two radiating lines (angle
lines) 42 and 44, above and below the R axis in the
impedance plane dlagram of Figure 3 at an angle * ©
(PLAF and NLAF) which are calculated from the Known
power factor of the power signal on the transmission
line. The power factor (PF) is the cosine of the angle
petween the voltage and the current of the signal. The
complex power ig equal to P + JQ, where P equals the
real power and @ eguals the complex power. The
magnitude of the complex power (8) may be calculated

from the line~to-line voltage and the lline current as

follows: s/3:V,,»I .  The impedance may then be
calculated from the line - neutral voltage and the line
current as follows: 2 = V¥, . The angle between

I

the voltage and the current may then be calculated using
the known power factor: © = €08 '(PF).

Assuming that the wvoltage V., is at zero
degrees, the ahgle of the current may be calculated fxrom
the power factor. A "leading" power factor results in
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a positive current angle, while a lagging power factor
results in a negative current angle. Forxr V,, of 230KV,
an S of 500 MVA, and a PF of 0.8 (lagging):

o= c0s''(0.8) = 36.87°

I, = _8 = 500 MVA = 1255 anp
L A
V3eV,, V3-230KV

V,y = ¥V = 23052 = 132.8KV
I.-N —P
‘Jg V3

Since T = -36.87° because of a lagging PF,

Z = ¥,,£0° = 132,.8KvZ0° = 105.80/36.87°
I Z36.87° 1265 L-36.87°
Hence, the magnitude (2LF) of line 40 is
105.8Q, while the power factor lines 42,44 are at +
36.87° (angles PLAF and NLAF), respectively.

The complex impedance of 21 is processed to a
nagnitude and angle form, i.e. %248, and then compared
with 276 limits of the load, in block 46. ITn the

embodiment shown, Z2Z6 is compared with a boundaried load
pattern (solid line 47 in Figure 3), i.e., there is a

boundary or margin between the actual load pattern and
the load encroachment characteristic, This 1is to
provide a safety margin relative to the load region. If
the magnitude and angle of 2ZAl is within the boundaried
load pattern, then a signal is applied on output 50 tTo
block the distance relay elements associated with that
current phase, so that an otherwise resulting trip
signal will not be applied to the circuit breaker.

T+ should be understood that while the
distance relay embodiment described above uses relay
elements having wmho characteristics to determine
transmission 1line faults, the load encroachment
technique described herein can apply to other relay
element characteristics, Further, while the invention
has been described as being used with distance relays,
it is also useful with overcurrent relays. In addition,
while the embodiment shown describes the load pattern as
wedge shaped, it should be understood that the load
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pattern could be defined in rectangular coordinates, and
need not necessarily be wedge shaped, although the wedge
shape 1s appropriate in defining a minimum load

magnitude and power factor angles associated with the
load.

A preferred embodiment of the above-identified
invention has thus been disclosed. It should be
understood, however, that various changes, substitutions
and modifications may be made in such embodiment without

departing from the spirit of the invention which is
defined by the claims which follow.
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CLAIMS

1. A system for preventing a protective relay useful in protecting power

transmission lines from indicating a fault on the transmission line in response to load, comprising:

means for measuring voltage and current on the transmission line;

means for calculating positive sequence impedance values at the relay location on the
transmission line from positive sequence components of said measured voltage and current;

means for determining a pattern of load impedance on the transmission line relative
to the relay, the pattern of load impedance defining a selected area in the impedance plane;

means for comparing the calculated impedance at the relay location against a test
impedance pattern which is at least substantially similar to the load impedance pattern; and

means for blocking an output indication from the relay indicative of the presence of
a fault on the transmission line if the calculated impedance is within the test impedance pattern.

2. A system of claim 1, including means for determining the positive sequence
components of the voltages and currents, and wherein the calculated impedance is determined from
said positive sequence components.

3. A system of claim 1, wherein the means for measuring the voltage and current
includes means for low pass filtering analog voltage and current obtained from the power

transmission line, means for periodically sampling the filtered analog voltage and current, and
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means for converting the sampled analog signals to digital signals.
4. A system of claim 1, wherein the power transmission line has a three-phase
power signal thereon and wherein the measured voltage and current include all three phases of the

power signal on the transmission line.

S. A system of claim 1, wherein the system is an integral part of a protective
relay.

6. A system of claim 5, wherein the protective relay is a distance relay.

7. A system of claim 5, wherein the protective relay is an overcurrent relay.

8. A system of claim 1, wherein the system is useful with a pre-existing protective
relay.

9. A system of claim 8, wherein the protective relay is a distance relay.

10. A system of claim 8, wherein the protective relay i1s an overcurrent relay.

11. A system of claim 1, wherein the means for comparing the calculated
impedance includes means for converting the calculated impedance into a magnitude and phase
representation, and wherein the test pattern 1s in a magnitude and phase representation.

12. A system of claim 1, wherein the load pattern extends above and below the R
axis in the impedance plane and has a form of a wedge.

13. A system of claim 1, wherein the load pattern includes forward and rear

portions and wherein the forward portion is different in configuration than the rear portion.
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14. A method for preventing a protective relay useful in protecting power
transmission lines from indicating a fault on the transmission line in response to load, comprising
the steps of:

measuring the voltage and current on the transmission line;

calculating the positive sequence impedance at the relay location on the transmission
line from positive sequence components of said measured voltage and current;

determining a pattern of load impedance on the transmission line relative to the relay,
the pattern of load impedance defining a selected area in the impedance plane;

comparing the calculated impedance at the relay location against a test impedance
pattern which is at least substantially similar to the load impedance pattern; and

blocking an output indication from the relay indicative of the presence of a fault on
the transmission line if the calculated impedance is within the test impedance pattern.

15. A method of claim 14, including the step of determining the positive
sequence components of the voltage and current, wherein the calculated impedance 1s determined
from said positive sequence components.

16. A method of claim 14, including the step of converting the calculated
impedance into a magnitude and phase angle representation and wherein the load pattern is also In
the form of a magnitude and phase angle representation.

17. A method of claim 14, wherein the voltage and current on the
transmission line are in analog form, and wherein the step of measuring includes the step of filtering

and sampling the analog voltage and current and converting the analog voltage and current to a
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