APPLICATION DATA

WESTINGHOUSE CANADA INC. AD H41-1803
Electronics Control and
Distribution Products Division March 7, 1984

DISTANCE RELAYS AND LOSS OF POTENTIAL

INTRODUCTION

There is frequently a concern that a fault or failure in VT
secondary circuits may result in undesirable operation of distance
relays. Where overcurrent supervision set above load current is
applicable the problem of potential circuit monitoring and alarm
is straightforward., This discussion covers situations where the
maximum load current may exceed minimum fault current and
overcurrent supervision cannot ensure the desired security for
phase distance relays during loss of potential.

VT SECONDARY FAULTS

2.1 Secondary Short Circuits

Assuming VT's with wye grounded primary and secondary
and that the power system impedance is negligible, Figure 1
illustrates the secondary voltage triangle resulting from a
phase A to ground fault. Figure 2 illustrates the collapse
of the secondary voltage triangle to a straight line when a
secondary phase B to C fault occurs.

Figure 3 indicates that, depending on the actual VT
equivalent circuit impedances, a fault on one secondary of
a dual secondary VT may depress the voltage on the other
secondary.

2.2 Secondary open circuits

Secondary open circuits may result from accidents or
from fuses blowing to clear a secondary fault. Some
utilities use molded case breakers to clear all secondary
phases when secondary faults occur, and a four pole breaker
with the trip circuit wired through the fourth pole has
been used. This discussion is restricted to open circuits
in one or two secondary phases.

2.2.1 One secondary phase open

Based on the reasonable assumption that source
impedance can be considered negligible in comparison with
secondary circuit burden impedance, Figure 4 illustrates
the sequence network connections for one phase open and the
possible range of resulting secondary voltage triangles.

It is to be noted that the ratio of burden positive
sequence impedance to burden zero sequence impedance
controls the shape of the resultant triangle. Figure 4(b)
is based on the assumption that burden positive and
negative sequence Iimpedances are equal and that all network

impedances have the same angle.
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2.2.2 Two secondary phases open

Based on the same assumptions used to present Figure 4,
Figure 5 illustrates the variations in secondary voltage
as the positive sequence to zero sequence impedance ratio
varies.

3. RESPONSE OF DISTANCE RELAYS TO LOSS OF POTENTIAL

3.1

3.2

3.3
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Preview

The following paragraphs illustrate means of evaluating
distance relay response to some situations. If it is
decided that Zone 1 may undesirably respond to the combined
effects of maximum load and loss of potential; some prompt
preventive measure is required unless a trip and successful
reclose would be considered an acceptable outcome. If
analysis indicates that only Zone 2 operation is to be
expected then a second zone time delay may be involved
which can allow potential failure detection by slower
monitoring schemes. On the other hand, response of
overreaching pilot relays may result in tripping with very
little time delay if repeat or echo circuits are used.

Single Phase Self Polarized Mho Relays

Potential circuit faults or open circuit conditions
result in phase shift and/or reductions of some or all of
the normal interphase voltages. These voltage changes have
an inverse effect on the distance relay reach settings and
the maximum sensitivity angle is shifted an amount equal
and opposite to the voltage shift from normal.

Figure 6 illustrates the revised R-X diagram
characteristics to be expected for the various V.T.
secondary circuit abnormalities considered. When the load
impedance plotted to the proper scale on these R-X diagrams
falls within the modified characteristic of the distance
relay under consideration, that relay can be expected to
operate, When a voltage is reduced to zero by a short
circuit, the corresponding distance unit reverts to a
directional element and can operate transiently due to
memory action,

Cross Polarized or Polyphase Relays

The Westinghouse KD relay is taken as an example of
relays in this class and the three phase and phase to phase
units must be separately considered,
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Figure 7 provides a graphic technique for predicting
KD response to various situations. As with the single
phase mho relay, operation depends on the load ohms and the

relay setting.
Relays With Mutual Reactors or Replica Impedance

Figure 8 is presented as a reminder that the
illustrated single phase self polarized mho relay will be
expected not to operate steady state in the current only
situation of Figure 8(a) wherein the polarizing voltage
circuit is shorted. However, when the voltage circuit is
open as in Figure 8(b) input current applied to a mutual
reactor can create operating and polarizing quantities to
cause relay operation. The effect of other burden as in
Figure 8(c) creates an intermediate situation.

General

The voltage triangle resulting from a V.T. secondary
circuit abnormality is seen to depend upon several factors
among which are the type of abnormality and VT burden. The
effect on distance relays is seen to further depend on load
current, relay settings, relay design, and other burden.
Prediction, by analytical methods, of distance relay
response to secondary short circuits is more
straightforward than prediction of response to secondary
open circuits. Observations of relay response to actual
open circuit test situations may be more productive than
analytical efforts.

Even should analysis or test indicate the possibility
of a problem, the experience of the individual utility will
most likely be the deciding factor in the application of
potential circuit monitoring. If a positive decision is
made, monitoring of trip circuit supply should include the
blocking contact of any potential monitoring relay.

The following discussion is intended to outline
application considerations relevant to four available
relays should a decision be made to provide potential
circuit monitoring.

4, THE RELAY TYPES

4.1
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LP-1 Relay

The standard LP-1 is used to compare two normally
IDENTICAL potential sources and to operate to alarm and
block control or trip circuits whenever this identity is
lost regardless of which source is high or low. An LP-1
version can be provided which operates only when the
designated source goes low and this version would be used
in an application as illustrated by Figure 9.

Wye-wye or open delta VT's can be used.

The LP-1 can operate in 8 msec or less,
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LP~-2 Relay

The LP-~2 is also used to compare two normally
IDENTICAL potential sources and operates to alarm and block
control or trip circuits whenever this identity is lost.
The LP-2 can identify the lower of the two potential
sources and blocks sensitive devices associated only with
the lower of the two sources.

Wye-wye or open delta VT's can be used.

Operate time of the LP-2 1s 15 milliseconds.
SLP-1H Relay

The SLP-1H is also used to compare two normally
IDENTICAL potential sources and can identify which of the
two sources has become lower whenever this identity is
lost. The SLP-1H will momentarily operate to block
protections associated with both potential sources and
permanently block, until manually reset, the protection
associated with the lower of the two potential sources.

Wye-wye connnected VT's are required.

The SLP~1H operate time is 7.5 msec or less.
LPO Relay

The LPO relay operates to block associated protection
when secondary 3Vo exceeds 20 volts unless 3To
simultaneously exceeds 1 amp secondary.

Wye-wye connected VT's are required.

Operate time is 10 milliseconds.

The LPO will not respond to three phase open circuits.

5. POTENTIAL COMPARISON SCHEMES

Potential monitoring schemes based on comparison of

normally identical potential sources and utilizing relay type
LP-1, LP-2 or SLP-1H are illustrated in Figure 9. The purpose of
this review is to discuss situations where failure to block or
improper blocking might occur.

D0221P



5.1 Dual Secondary VT's

With reference to Figure 9(a), the equivalent circuit
of a three winding transformer should be considered to see
if a close in fault on one VT secondary may depress the
other secondary voltage enough to cause distance relays on
both secondaries to operate. If so, the SLP-1H momentary
cross blocking feature may be useful.

Furthermore, if the voltage on both secondaries is
sufficiently depressed, there may not be enough voltage
difference to cause immediate operation of the comparator
relay. 1In such a case, secondary impedance can be
increased by a resistor equal to required difference
voltage divided by VT short circuit current. This added
resistor should not be high enough to cause unacceptable VT
errors with normal burden.

The added resistor plus normal lead resistance and VT short
circuit impedance must also not permit loss of
directionality of a compensator type distance relay on a
close in reverse fault with maximum protected line infeed.
Figure 10 illustrates an example of this concern.

If at all possible, addition of VT secondary circuit
resistance should be avoided.

5.2 Burden Considerations. Duplicate VT's or Dual Secondary VT's

In Figure 9(b) duplicate VT's are illustrated but this
can be considered equivalent to dual secndary VT's 1if the
ratio Z;/Zy in Figure 3 is high and we have no concern
that a fault on one secondary can depress the voltage on
both secondaries. '

Figure 4(a) illustrates that, in the case of a single
secondary phase open, the resulting open phase voltage is
dependent on burden impedance Zj/Z, ratio. It would be
possible to have a close in primary SLG fault on the same -
phase as is open on one VT secondary. Unless the burden
Z1/Z4 ratio is controlled we could have a comparator
type relay decide, on the basis of voltage magnitudes
during a primary system fault, that the sound secondary is
defective,

To avoid problems of this sort, we can consider the
following:

(i) Use a 3 pole breaker in place of fuses so that a

single fuse cannot open. This does not take care
of accidental open circuits.

D0221P
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(11) Adjust burden impedance so that Z;=Z,
approximately, and thus the open phase voltage
will go to zero as shown in Figure 4(b).

(i11) Utilize the SLP-1H which will latch up at the
first indication of a VT secondary problem. Note
that without this latch up feature, the SLP-1H
cross block feature could cause both primary and
standby protections to be blocked at the time of
the primary system SLG fault.

Another burden consideration involves the use of
auxiliary VT's on only one of the two secondaries being
compared. In this case the concern is that with main VT's
on the line side of the breaker, line energization can
cause magnetizing inrush into auxiliary VT's. Signifigant
inrush currents could cause enough secondary voltage
difference(5 volts in the case of the SLP-1H) to cause
protection blocking at the instant of an unsuccessful
reclose.

Peak auxiliary VT magnetizing inrush times the total
secondary circuit source impedance should be below the
detection level of the comparator being used. The
deliberate addition of secondary series resistance would
exacerbate inrush problems.

Trip and Reclose

When a line fault is cleared, line side VT secondary
voltages go to zero and balance is restored. Thus any
indication of VT secondary problem could be reset to be
re~established at the time of reclose. Again, the cross
block feature of the SLP-1H which momentarily blocks both
primary and standby protection would be highly undesirable
since the reclose might be unsuccessful., Thus the SLP-1H
must also include the latch up and manual reset feature.

Voltage Across Fuses

Figure 11 illustrates the normal application of the
LP-1 and is a special case of comparing two normally
identical potential sources.

With this arrangement, some of the foregoing
considerations cease to be relevant. Burden is of mno
concern nor is performance during power system primary
faults. Prompt acknowledgement of LP-1 alarms and prompt
trouble correction eliminate realistic concern about LP-1
reset when the line is tripped.



From figure 11 it is obvious that a VT secondary fault
will not result in comparator action until after a fuse has
opened to create an unbalance. Thus, the 8 msec operate
time of the LP-1 is measured from when the VT secondary
fuse opens.

6. ZERO SEQUENCE Voltage and NOT Zero Sequence Current

This type of scheme has been widely used with a time

delay in the order of one half second. The LPO is intended to
reach a block decision in the order of 10 milliseconds and not
block for a close in fault involving ground.

6.1

6.2

6.3
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VT Secondary Short Circuits

The LPO can be expected to detect VT secondary short
circuits involving ground. Faults not involving ground
will not be detected until after a secondary fuse has
opened. There will be no response to three phase shorts or
opens.

Burden Considerations

Figure 12 illustrates a significant difference between
a VT secondary SLG fault 'as in Figure 12(b) and an open
phase as in Figure 12(c).

In the case~of the SLG fault, the positive and
negative sequence magnetizing impedance of the wye-broken
corner delta aux VT's is shunted by the system and main VT
source impedances. In the case of the open phase, any aux
VT secondary zero sequence current is limited by aux VT pos
sequence magnetizing impedance. The LPO includes fixed
resistive loads shown dotted in Figure 12(c) to ensure that
an adequate shunt will be available to ensure operation
even if no other main VT secondary burden is present,

However, since the burden of the 3Vo detector in the
LPO is not zero, this detector will be more sensitive to
3Vo resulting from main VT secondary ground faults than to
3Vo resulting from main VT secondary open circuits. The
reverse would be a more desirable state of affairs.

Zero Sequence Source Impedance

The stated LPO response to 3Vo of 20 secondary volts
or more and 3To less than 1 secondary amp implies an
equivalent zero sequence source impedance of 20 secondary
ohms or less. Because of sensitivity variation as
described in 6.2 above, a zero sequence source impedance 15
secondary ohms or less 1s to be preferred.
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6.4 LPO Logic Breakdown - Line Side VT's

There are situations where 3Vo can be detected on
sound VT secondaries and no 3Io will be detected
simultaneously, These situations involve line side VT's
and open line breakers. Reliability of protected line
relaying is NOT involved but nuisance local or remote
alarms may be a concern.

6.4.1 Sequential Ground Fault Clearing
As shown in Figure 13, one line end clears and the
zero sequence voltage at the fault is applied to the LPO at
the open end.

6.4.2 Post Fault Transients

Figure 14 shows a higher frequency decaying transient
after a ground fault was cleared on a 500 kV system.,

COST CONSIDERATIONS

The LP-2 and SLP-1H relays can monitor potentials for both
primary and standby voltage sensitive devices. The LP-1 and LPO
are used with a single set of voltage sensitive devices and are
therefore somewhat more expensive monitoring approaches.

SUMMARY AND CONCLUSIONS

~.
This review has discussed various considerations involved
in the application of loss of potential relays. These
considerations are summarized in Table I,

As a general conclusion, the LP-1 used in a fuse failure
detection mode as illustrated by Figure 11 is the most
straightforward approach and should be given first consideration.

REFERENCES

I.L. H41-1803,1A Loss of Potential Relay - Type LP-1
I.L. B41-1803.3A Loss of Potential Relay - Type LP-2
I.L. H41-1803.2 Loss of Potential Relay - Type SLP-1H
I.L. H41-1803.4 Loss of Potential Relay - Type LPO
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