Back to Table of Contents

and Phase Comparison RHelaying

Compared with Pilot Distance Schemes

Presented by

Walter A. Elmore (Retired)
ABB Power T&D Company Inc.
Power Automation and Protection Division
Blue Ridge, VA

Presented to

25th Annual Western Protective Relay Conference
October 13-15, 1998
Spokane, Washington



Current Differential and Phase Comparison

Relayving Compared with Pilot Distance Schemes

by W.A. Eimore

INTRODUCTION
Current comparison and distance pilot schemes are, in most cases equally applicable to transmission line
& H ) i
protection, but each type has its distinctive nuances that make it more suitable for particular applications.

It is expected that the reader will be familiar with the basic protective relaying schemes referred to here,
but it is felt that some brief description is in order.

This paper attempts to describe the qualities of each of these systems and to point out where they excel.

DESCRIPTION OF RELAYING SYSTEMS

Current Differential

Current differential relaying began as a set of relays at each terminal of a transmission line that were
interconnected by pilot wires. By approximately 1938, a practical and economical version of this con-
cept had evoived. The modem version of this concept closely approximates a pure differential scheme,
obtaining its “operating” quantity from the phasor sum of weighted local and remote currents at the two
ends of the trapsmission line and its “restraint” quantity from the sum of the absolute values of these
weighted currents.

To allow 2 single pair of pilot wires or a duo-directional tone or fiber optic channel to be used for the
interchange of information from one transmission time terminal to the other, the “local” and “remote”
guantities are single phase voltages that are generated by using the “A” phase weighted positive se-
quence plus weighted negative sequence plus weighted zerc sequence current at each terminal.

Equation 1 describes this voltage.

Vi = Cilar + Gl + Gl (1
For external fanlts, these Vi values generated at each end of the transmission line are sssentially equal
in magnitude, but are opposite in sign. This produces a near zerc (phasor sum) operaling quantity and,

for the modern versions {(LCB-IT or REL336), a substantial (sum of the absolute values) restraint guan-
tity providing the desired security.

For internal faults, the Vi values may have any rmagnitade, depending on the nature of the contribuiions
of fault currents from the two terminals, but the phasor sum will be proportional to the magnitude of the

fault current, providing an operating voltage. The restraint again is the sum of the absclute values of the
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local and remote Vi quantities. Identical operating and restraining voltages are produced at both termi-

nals at all times. For faults having current magnitudes in excess of the relaying sensitivity, the relays at
both ends of the line will trip simultaneously. A simple representation of this type system is shown in
Figure 1.

Phase Comparison

The early versions of this scheme
used a filter output voltage that
was identical to that described in
Equation 1. True “phase compari-
son” involves the appraisal of the
interval of coincidence of the pos-

Iy —d — Ia | itive half cycles of these local and
Ip ——o T e , -
B Filter Vg —— o —— - Ve | Filter B rerr.aote quantities agd, i some re
I I S —— I~ | laying systems, the interval of co-
Iy — ——— 1y | incidence of the negative half cy-

cles also. Originally “on-off”
power line carrier was used, al-
lowing tripping for only the “off”

Figure 1. Basic Current Differential Scheme

half cycle (because the fault itself, for an internal fault, could cause the power-line-carrier signal to be
severely attenuated).

Frequency shift power-line carrier and the “Unblock™ concept allowed tripping on both half cycles of
the filter output voltage. Frequency shift tones (on microwave or pilot wires) also allowed this without
the need for “Unblock” control. The obvious benefit, of course, of being able to trip on each half cycle
is that the range of trip times is narrowed by cutting 8 ms off of the maximum trip time while leaving
the minimum trip time unaltered. This relaying system is, then, less affected by fault-incident angle.

With the advent of more efficient communications concepts, it has become possible with modern relay-
ing to depart from the concept of symmetrical component composite filters and to accommodate phase
comparison on the basis of individual phase current relationships at the two ends of the transmission line
(Figure 2). Thus “phase A” current into the line at one end is compared to “phase A” current out of the
line at the other end. Any difference which exists is fault current (excluding the minor effect of distrib-
uted capacitance). Similar comparisons are made for the other two phase currents and for zero sequence
current. Modern phase comparison systems also contain stepped distance backup relaying which be-
comes operative if the channel should experience trouble.

Distance Pilot

Figure 3 shows the fundamental distance pilot scheme.

All of the “directional comparison” schemes (blocking, unblocking, overreaching transfer trip) utilize
distance relays for the phase directional function. The ground directional function may be accomplished
with a ground distance relay or a directional overcurrent relay (polarized in one of several different
ways).
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Figure 2. Example of Basic Fhase Comparison Scheme

Directional comparison blocking schemes necessarily require a “carrier-start” function to operate for all
external faults that the overreaching tripping relays reach. This may be a “reverse-set” phase or ground
distance relay but rmust be an overcurrent (or rarely a directional overcurrent) relay when a directional
ground overcurrent tripping relay is used. The need for coordinated sensitivity dictates this. Micropro-
cessor relays have given us a powerful tool for carrier-start in the form of a AV/AI function. It compares
a sample of voltage (or current) with that taken & samples earlier (for an 8 sample per cycle device) iden-
tifying the occurrence of a “change” very gquickly and sensitively, providing, where used, a very fast
“carrier-start.”

Directional comparison unblocking and POTT (permussive overreaching transfer-trip) relaying systems
utilize continuous blocking in the form of a guard signal on the channel. This is shifted to the trip fre-
gquency by the operation of the phase and/or ground trip relay. Tripping of the circuit breakers at each
terminal is accomplished by the operation of the trip relay simultaneocus with receipt of the channel trip
frequency. Where power-line-carrier is used, its dependability is augmented by providing a short trip
window (150 ms) following loss of channel during which the trip relay may produce tripping.

i i
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Pilot Trip ™7 Bquip Equip — Pilot Trip
Logic | L7/ I Logic
t Logic ¢l

Figure 3. Basic Distance Pilor Scheme
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Underreaching transfer trip schemes are also “pilot distance” schemes but not “directional comparison”
schemes. They, necessarily use only ground distance relays (and, of course, phase distance) to key the
channel trip because of the need for a distinct cutoff in their reach.

PROBLEM AREAS

Many power system phenomenon produce detrimental effects on some relaying systems, but not on oth-
ers. This section describes some of these, and points out how they may influence the choice of one pilot
relaying system over another.

A. Zero Sequence Mutual

Induced zero sequence voltage in one transmission line, resulting from zero sequence current in another
(and the mutual impedance between the two) seldom has any beneficial effects. Figure 4 shows that the
induced voltage may be in either direction, depending on the relative directions of current in the protect-
ed line and in the adjacent line.

Effect on Current Differential Relaving

Current magnitude is influenced by mutual, but internal faults appear to be internal and external faults
appear to be external, irrespective of the extent of a mutually induced voltage. A ground fault on an ad-
jacent circuit will canse zero sequence current to flow. All of the attributes of external faults are present
and proper restraining takes place.

Effect on Phase Comparison Relaving

Phase comparison relaying is not affected by zero sequence mutual for the same reasons as for current
differential. With zero sequence mutual, internal faults appear to be internal and external faults appear
to be external — always.

g
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Figure 4. Pilor Distance Reach Variation caused by Zero-Sequence Mutual
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Figure 5. Direciional Comparison Ground False Trip Caused by Zero Sequence Mutual

Effect on Pilot Distance Relaving

As Figure 4 portrays, zero sequence mutual can cause ground distance relays to underreach or overreach
depending on the direction of the zero sequence current in the adjacent circuit.

Figure 5 shows a much more devastating phenomenon that results from a ground fanlt on an adjacent
transmission line. The zero sequence voltage induced in the protected line A-B by zere sequence current
in the adjacent line causes zero sequence current to flow through the line. This causes zero sequence cur-
rent {or voltage) polarized directional relays protecting line A-B to operate. Unfortunately they operate
at both transmission line terminals and for as long as the fault persists. False tripping results. Negative
sequence directional units are immune from this.

B. Current Transformer Saturation

Adequate current transformers are vital in all pilot applications because of the need for security for all
external faults. To design a relaying system to trip at high speed for all internal faults is a comparatively
simple task. To equip it with the ability to refrain from tripping for all circumstances other than an in-
ternal fault poses a real challenge.

Current transformers experience errors in magnitude and phase angle. The most serious errors are those
attributable to severe saturation of the core of the ct. It is felt that a review of this phenomenon as it re-
lates to the behavior of modern sclid state and microprocessor relays would be useful.

The simplest means by which the effects of sataration can be demonstrated is through the use of Figure
6. This represents the waveform of current that would be delivered to a relay while experiencing satura-
tion at time T on each subsequent half cycle. No effect of de offset in the prumary current is considercd
in this Figure. After T and unti! the next zero crossing, zero current 1s assumed to be delivered by the
current transformer to the relay. This 1s referred to as “symmetrical saturation”. The process repeats eact
half cycle.

It 18 pertinent to examine the fundamental (60 hertz) content of this distorted waveform. Using Fourier
analysis, the curve of Figure 7 was developed. It shows tha! symmetrical satoration occurring substan-
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Figure 6. Ct Quiput During Symmetrical Saturation

tially after the peak does not produce extreme
reduction of the fundamental (60 hertz) com-
ponent.

Another extremely important influence in
protective relaying is the current transformer
asymmetrical saturation that may occur as a
result of the dc component in the fault cur-
rent. For internal faults the system should be
designed in such a way that tripping is sealed
before ct saturation occurs. This is related to
Vy/IRT with Vi being the ct knee voltage, 1

the maximum symmetrical secondary current
in amperes RMS, R the total secondary loop
resistance in ohms and T the dc time constant
of the primary in cycles (60 L/R). Protective
Relaying, Theory and Applications Volume I
(ABB/Marcel Dekker) chapter 5, Figure 5-11
describes this in detail.

For external faults, assurance must be obtained that similar behavior will occur by the ct’s at the two line
terminals (good or bad) or that the nature of the relaying system will accommodate the maximum dif-
ferences that can oceur. For an external fault the ct’s encounter essentially the same current, the same dc
time constant and, having the same ratio, will behave similarly if their burdens and remanent flux are

similar.

The waveform of Figure 8¢ was examined to determine the influence that a Fourier filter would have on
sensing by a protective relay. No saturation is present and the waveform is considered to be delivered to
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Figure 7. Fundamental Qutput of Ct During Symmetrical Saturation
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Figure 8 Fully Offset Current with Decaying dc

the measuring device in its entirety. Using 8
samples per cycle, there will be calculated a fun-
damental value of current. The decaying expo-
nential will contain sine and cosine slements
which will cause the measurement of the funda-
mental (60 hertz) component to have error in
magnitude as well as angle. The extent of these
errors is dependent upon T, the de time constant
and are shown in Figure 9. To minimize these er-
rors, the first two samples are discarded before
the Fourier products are produced.
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Effect on Current Differential Scheme

This scheme 1s capable of misoperation upon the
oceurrence of ct saturation, but it 18 not very
likely to do so. For external faults, with restraint
being related (in the LCB-II and REL356) to the
sum of the magnitudes of the local and remote
filter output voltages, this restraint will be sub-
stantial. The operating quantity is the magnitude

of the phasor sum. If now we ignore all but ct errors, and consider that one set transform without error
and the ct’s at the other end of the transmission line deliver a deficient current magnitade to the relays
at that point, the behavior of the system may be examined by investigating the operating and restraint

Vop = Vi + Vi) (2)

H
t

Vi = 070 Vg + V| 1T (3)

If the deficient current for this external
fault 1s 180° out of phase with the per-
fectly transformed current, I, at the oth-
er terminal and has a magnitude K1,

quantities:
16 =
First Twe
14 - Sampiss Discarded
12— /
I%rmr . 10 / Magnitade
(% or Degrees) / Frror (%)
g ¢
¢
ny —
1S B { NM\
/ .. Angle Error
4. / L ~. (Degrees)
2] e
it ! i i | i i !
0 K 2 3 4

IC Tume Constant of Primary Cirenit {eyeles)

6 Vop = !Vm ~KVp ! = ]‘vﬂgﬁgﬂ

Figure 8. Influence on Fundamental of Max
dg Offset Using Fourier Filter

Vi = 0.7[ Vg, (1+K)]
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With some margin, the relay will reliably restrain under this consideration if:

0.7(1+K)>(1-K)

or K>0.176

If the deficient current is now assumed to be at 90 degrees with respect to the perfectly transformed cur-
rent, restraint is assured if K>0.246.

Thus it can be seen that current at the location where the deficient ct’s exist may be as low as 25% of the
current at the other terminal and still not misoperate for an external fault. The current differential relay
is very secure in the presence of inequitable saturation,

Effect on Phase Comparison Relaying

Phase comparison relaying is influenced by ct saturation in many ways, depending on the nature of the
scheme. One scheme (MSPC or REL350) will trip reliably at high speed for an internal fault if gither
terminal is able to trip before saturation occurs due to the dc component in the fault current. It then
clamps to trip positive key, allowing the other terminal to trip for any positive (or zero) value current.

An internal fault with severe saturation of the
ct’s at one terminal is shown in Figure 10. For
the case shown, tripping occurs with consider-
able margin.

Local
Current

Even though saturation might occur, in a
Remote worse case, very early in the cycle, tripping of
all terminals would still occur at high speed

: 4 KeyTp provided the ct’s at one location deliver cur-
\ / : rent to the relay with reasonable fidelity long

enough to satisfy a 3 ms timer (4 ms for
} ground).

\ Figure 11 shows a case in which an external
s / fault exists, offset keying is used and satura-
LN tion of the ct occurs at one terminal only, be-
Deficient —— cause of the dc component of the fault current.
Tp Key Even with this severe difference in behavior of
the ct’s at the two terminals, the system is se-

cure, though “holes” in the current permit un-
desired timing to take place.

Figure 10. Effect of Different Ct Saturation on Offset Note that symmetrical saturation, Figure 6,
Keying Phase Comparison - (Internal Fault) may produce little effect on relays (such as the
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REL350) which use a 240 hertz cutoff anu-

aliasing filter because the fundamental only
1s presented to the sensing elements. Figure 7

r Top Timmng — descripes the influence on this fundamental.

i '

‘T o B B Dffect on Distance Pilot Schemes

—

Cuarrent transformer deficiencies, in general,
cause distance relays to see a lower effective
f’ ‘ current than they would otherwise see. This
/ " f o, A Key Tp causes them to reach a shorter distance than
7 T they would if there were no ct saturation. Re-
/ L ;/ L . lays set to reach all faults on a protected
ﬂi Yo i transmission line will, in response to this ef-

. / ; \ J/’“Q\LP e fect, not fail to operate but rather will sense
that the fault is farther away than it actually

is. This will cause an electromechanical pilot

A VLN distance scheme with minor cf saturation to

: trip perhaps as much as 10 to 20 milliseconds

o ?J:S: " Mesa slower because of its dependency on energy

level at the relay. A numerical relay encoun-

tering the same conditions will experience

the same “reach-shortening” effect, but will

not be subject to the operating time varia-
tions.

Figure 11. Effect of Different Ct Saturation on Offset
Keying Phase Comparison - (External Faull)

In a directional comparison blocking scheme, it 1s imperative that a “channel start” function take place
at the terminal nearest the fault for all external faults for which the overreaching tripping relays at the
terminal farthest from the fault are able to respond. Differences in ct performance at the two terminais
can prevent the near “channel start” relay from operating for a fault for which the remote pilot trip relay
operates. If this should happen a false trip will occur. This is attributable to the two different RMS cur-
rent magnitudes delivered to the relays at the two locations. Directional overcurrent relays (tripping and
carrier start) are more susceptible to this problem than are distance relays though both are vulnerable.

Microprocessor distance relays generally use a Fourier filter in isolating the fundamental component of
current for distance measurement. Figure 9 depicts the influence of this treatment on the apparent fun-
damental (60 hertz) component of a current waveform such as that of Figure 8c. Precantions must be
taken with Zone 1 relays to assure that the influence on the fundamental by the dc component is taken
into account. The possible effect of a de component on the fundamental is ot nearly so extreme as 1t
effect on the RMS value, to which other types of devices respond.

The appendix contains further thoughts on the chotee of current transformers.

&
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C. Coupling Capacitor Voltage Transformer Transients

CCVT’s are excellent, economical substitutes for iron core voltage transformers. They do, however, in-
troduce transients of their own, causing relays to receive voltage that is not truly indicative of that which
is on the power system. In general, the higher the capacitance of the device, the better the fidelity of the
transformation.

Effect on Current Differential Scheme

Current differential schemes use no voltage supply, and they are therefore not influenced by this phe-
nomenon.

Effect on Phase Comparison

Basic phase comparison relaying uses no voltage input though some variations of this scheme have in
the past required its availability, “Distance” phase comparison and “combined” phase comparison used
distance relays, but they are not considered here. Modern phase comparison relays (such as REL350)
contain a backup stepped distance system that is activated by the loss of channel. For time delayed trips
the CCV'T transient is not significant.

Effect on Distance Pilot

Blocking, unblocking and overreaching transfer trip schemes use, for their basic sensing function, over-
reaching, distance relays. The extent of the overreach is not critical, with the overreach set to assure that
the worst CCVT transient still allows complete line coverage, there is no detrimental effect on this type
of system. This may require a much longer reach setting on the overreaching relays than would otherwise
be necessary. Since the zone 2 time trip function has a limited reach possibility, zone 2 and pilot trip
distance functions should be independently settable.

Underreaching transfer trip relaying systems must have their zone 1 distance settings chosen in such a
way as to avoid overreaching the next bus during the worst case CCVT transient. If this effect is too
extreme, the zone | relays at the two terminals will fail to overlap, causing a hole to exist in the coverage
by the pilot scheme.

D. Channel Problems

Relaying channels are quite diverse and experience noise, deterioration and failure. Any pilot system
must be able to circumvent these problems by trip-blocking, error correction, or reverting to backup that
1s not channel dependent. Power line carrier uses the protected transmission line as part of its commu-
nications path. Fanits on the line may not, but must be expected to, cause loss of channel. On-off carrier
relaying systems use the off state as a trip condition (of course, accompanied by other logic). There is
no normal transmission of carrier and no means of continuous channel monitoring.

Frequency-shift carrier continually transmits a “Guard” signal which can be supervised. Distance relays
shift to a *“Trip” state. Any inadequacy of the “Trip” state may not be detected during “Guard” transmis-

sion. Phase comparison relays continually shift from “Mark” to “Space”. Faults may cause loss of chan-
nel.
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wire channels do not use the protected line as part of the communica-

Microwave, fiber-optic and pilo
to ib(,n’ own variety of reasons for failure.

tions path, but are Quoy ct

Fifect on Current Differential Relavine

Several options may be exercised when channel trouble 1s detected. The system may be allowed to revert
to a simple overcurrent system with full advantage still taken of the symmetrical component {ilier, pro-
viding sensitive ground detection and suitably desensitized positive sequence detection.

If this is not desized, the system can reliably, automatically be removed from service until the channel
is restored. This places total dependency during the channel cutage on backup devices.

Effect on Phase Comparison Kejaving

The basic phase comparison function is incapacitated when the channel is lost. Modern microprocessor
phase comparison relays revert to 2 zone step distance backup when channel trouble is detected.

Power line carrier (on-off) phase comparison trips if a fault is detected and carrier becomes lost. Fre-
quency-shift phase comparison operates with proper phase coincidence or for 150 ms following loss of
channel (unblock logic), then followed by ockout of the relaying system. These systems are vulnerable
to false trip when external fault detection and loss of channel occur simultaneously. Adequate line traps
and adequately spaced drain coil and tuner gaps prevent this.

Effect on Distance Pilot Relavinge

Blocking schemes must receive a carrier {or other) signal for external faults. POTT (Permissive Over-
reaching Transfer Trip) schemes must receive a signal from the other terminal for internal and external
faults. Unblocking schemes must receive a signal from the other terminal for external faults.

Underreaching transfer trip schemes do not require the channel for any external fault security, nor for
faults oceurring in the usually substantial zone of overlap of the zone 1 relays. The channel is required
only for end-zone faults to assure high speed tripping of both terminals.

Loss of channel is not detected immediately in a carrier blocking scheme. It is therefore more susceptible
to false trip. POTT carrier schemes are susceptible to failure to operate in the event of channel problems.

E. Power System Swings

Swings cccur following fanlts and switching, changing voltage and current are applied to the relays. Sta-
ble swings are self-correcting and must be ignored. Unstable swings require action at some locations
and prevention of acuon at others. To do this on a discriminating basis is the goal.

Effect of Current Differential Belaving

Swings appear a8 “through” phenomenon and are ignored by these relays.

—
—
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Effect of Phase Comparison Relaying

These relays also acknowledge swings to be an “external” phenomenon and restrain properly.

Effect on Distance Pilot Relaying

Distance relays may respond to the reduced voltage and increase current that they encounter during a
swing. The ohmic trajectory that is manifested during a swing may be similar to Sy or §; in Figure 12.

Zone 1 is obviously less susceptible to operation on swings than the pilot distance relay 21P,, simply

because of its smaller characteristic circle. Thus, the PUTT (Permissive Underreaching Transfer Trip)
system is more secure than the POTT scheme against swing trips.

Swing S, enters 21P4 circle before it enters 215p.
21Sp For the blocking scheme, a false trip results. In the
unblocking or POTT scheme, continuous transmis-
s, sion of a blocking signal from station B to station A
is uninterrupted by this. These two schemes are,
B then, more secure than the blocking scheme and in-
cidentally do it with less equipment (or fewer algo-
2P, l'itth).

F. Three Terminal Lines

Three terminal lines inject the problems of possible
outfeed for internal faults, infeed effects, possible
weakfeed conditions, and channel complications.

Effect on Current Differential Relaving

Figure 12. Influence of Swings on Distance Pilot Relaying ‘
The principal problem relates to the channel. Mini-

mal contribution from one terminal to an internal
fault or even small outfeed causes no problem with this system. The Vy voltage (equation 1) from each

terminal must be transmitted to all terminals.

One terminal capable of delivering a large contribution to an internal fault is able to produce high speed
simultaneous tripping at all terminals.

Effect on Phase Comparison Relaying

Because of the difficulty of comparing current phase relationship at one location with the phase angle of
the phasor sum of the currents at the other two locations, this scheme is limited in its application.

With no outfeed possibilities, the on-off carrier scheme is usable, with all terminals tripping for internal
faults during the off period. With frequency-shift systems, each transmitter must communicate continu-
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ously with both remote receivers, somewhat complicating the channel requiremments. With cutfeed at one
terminal for an internal fanlt, this syvstem 18 unsuitable.

Effect on Distance Piict Relaving

The communications requirements are simplest in the carrier blocking schemes. The nature of the system
is that the absence of carrier allows distance relays fo trip. All of the carrier systems, then, operate at the
same freguency. Only one receiver is required at each terminal. Any terminal requesting block gets it at
all terminals. Any terminal baving no current cannot block tripping at the other terminals. IF the maxi-
mum outfeed for an internal fault 1s smaller than the “starting” current level, the blocking scheme will
irip correctly.

nd unbiocking schemes use frequency shift channeis. Since the trip frequency must pe received
(or the channel lost in the case of the unblocking system) when an internal fault occurs, all terminals
must independently recognize the fault and send a trip request {shift to the trip frequency) to all termi-
nals. Separate receivers for cach remote terminal are required. Thus these systems have more cormplicat-
ed communications channels for three terminal applications and are denendcm on all terminals being

able to recognize internal faults.

‘;1.4.

POTT

AN

s

PUTT systems bow to DUTT (direct underreaching transfer trip) systems where there is a weak source
terminal. Any zone 1 relay operation keys to the trip frequency and without any distance relay operation
at the two remote stations, immediate high speed tripping takes place 2t all locations.

This system is sensitive to the location of the tap for the third terminai, No zone 1 relay can be allowed
to overreach any bus. A transformer at the tap often eases this problem

G. Evolving Faults

Faults having one character initially and changing to a different state subsequently are difficult or im-
possible for relaying systems to handle. These faults may, after a short time, involve other phases or even
other transmission lines. They initially may be external and become nternal,

Effect on Current Differential Relaving

Current differential systems derive their operating quantity from the phasor sum of the symmetrical com-
ponent filter outputs at the two terminals. Any combination of fault types involving a net internal fault
contribution will produce tripping. However the use of the composite fiiter may produce difficulties with
some combination of faults. Ap external ground fault stmultaneous with an internal phase fault may pro-
duce undesired strong restraint to accompany the operating quantity. Zero sequence 1s usually heavily
weighted compared to the positive and negative sequence welighting and may block tripping for the mn-
ternal faglt.

Effect on Phase Comparison Relaving

The segregated phase comparison system 15 without equal in this calegory. In an untapped transmission
line, any current that 1s present in one phase al one terminal that 1s not present in the same phase at the
other terminal is internal fault current or changing current, and there is no difficulty in distinguishing

hetween the two. Any combination of internal faulted phases will be recognized as an internal fault ir-
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Figure 13. Pilot Relaying with 89 Open

respective of the involvement of the same or other phases in an external fault and irrespective of the pres-
ence of an internal or external series capacitor with or without flashed gaps.

Effect on Distance Pilot Relaving

Faults, evolving external to internal can be troublesome, possibly causing delayed recognition or even
failure to trip. POTT schemes use a transient blocking scheme to make certain equitable resetting takes
place during the current reversal that may occur due to sequential clearing of external faults, This re-
quires the introduction of a trip time delay for internal faults following the establishment of transient
blocking.

Simultaneous internal and external faults on different phases may produce inappropriate voltages for
proper impedance measurement, and the distance relays may fail to trip.

H. Stub Bus Faults

With a line disconnect open in a two breaker scheme (ring or breaker and a half), such as shown in Figure
13, faults on the bus section between the breakers may be difficult to detect with a pilot relaying system.
The line disconnect separates the two system segments, but the channel may still be intact. Faults oc-
curring on one side of the disconnect will not be recognized by the relays on the other side. The neces-
sary cooperation between terminals is lost. The qualification that an 89b auxiliary switch be available
(on the line disconnect) makes several relaying systems suitable, whereas, otherwise their performance
would be deficient.

Effect on Current Differential Relaving

With all breakers closed and 89 open, a fault at F1 will be recognized because of the generation of equal
operating quantities at each relay. Breakers A and B are tripped to clear the fault. However, breakers C
and D are also tripped even though no fault current is contributed through them. This undesirably splits
the system. Options are available in this system (LCB-II or REL356) to prevent this and yet allow de-
tection and clearing of faults F1 and F2 without overtripping. It requires an input to the relaying system
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of a “b” switch on ¢ e 89 to identify its opening. This’
terminal to revert to gvercurrent-only.

fails” the changpel, to allow the relay at the far

13 a1

Effect on Phase Companson Relaving

Microprocessor phase comparison relaying accepts the 890 input and generates and transrmoits to the re-
mote staticn, a code to identify the open condition. With 89 closed, normal relaving takes place and
faults F1 and P2 cause all four breakers to trip. With 89 open, F1 produces Tripping of A and B only,
while F2 produces tripping of C and D only.

Effect on Distance Pilot Relaving

For a blocking scheme, discriminating tripping takes place even though 89 is open. Il is cieared by
opening A and B. FZ is cieared by opening C and D. Carrier transmission may take piace for eﬁher {auit
due to the sensing of AV, but it will last only a short time (32 ms in one relaying system). For POTT and
unblocking protective schemes, no tripping takes place with 89 open because, for example, Fl does not
operate the overreaching distance relay at CD, and therefore transmission of the blocking (guard or
space) signal from CD continues. This problem can be overcome by using the 89b contact. Received trip
can be simulated locally when the 89b contact is closed to take care of fault F1. Keying to trip frequency
by the 89b contact can arm the remote pilot system to be able to trip by distance relay operation for fault
F2.

PUTT systems perform satisfactorily for all cases except a fault near 89 and outside of the zone 1 reach
from CD. Fault F1 is cleared by zone 1 and the channel is keved to trip. The permissive system requires
that zone 2 at CD permit tripping. Since it does not detect fauit F1, C and D properly remain closed. A
direct nnderreaching protective system would overtrip for this same case.

I. Large Load and Limited Fault Current

In order for load to flow, there must be an angle between the positive sequence “sources” at the two ends
of a transmission line. When an internal fault occurs, the contributions from the two ends of the line are
out of phase. The extent of the influence is dependent upon the magnitude of the load flow and the length
of the line. ’

Effect op Current Differential Relaving

Norroally load is a “through” pesitive sequence phenomenon. Sensitive detection of a high impedance
ground fault by weighting of the zero current effect may be masked by very large load flow, which con-
tinues during the internal fanlt. Positive sequence can be removed from the filter cutput by making C, =
0, but this then places dependence for 3 phase fault recognition on other devices. In general, the level of
fault resistance that must be accommodated compared to the maximum value of load current is such that
this need not be done.

Effect on Phase Comparison Relaving

A similar problem to that which exists for current differenual is also present in phase comparison relay-
ing. “Through” load current appears as outfeed. Essentially, for an internal fault, one end sees its fault
contribution plus lead current flowing into the line and the other sees, for an mnternal fault, its fault con-
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tribution minus load current flowing into the line. One form of segregated phase comparison relaying
will respond correctly with § a of “through” load current and la of internal fault current. It also has a
31y subsystem that is not masked by load.

Effect on Pilot Distance Relaying

Load does not influence the reach of a distance relay at its maximum sensitivity angle. However, it will
influence the polarizing voltage and with fault resistance, a substantial change in reach may occur. Over-
reaching occurs, in general, with load flow in the trip direction and underreaching occurs with load flow
in the non-trip direction.

Very large load flow can get into the trip characteristic of distance relays that are responsive to positive
sequence quantities and that are applied in long line applications. This is screened out as a standard
course in microprocessor relays (such as REL302 and REL512) by utilizing a blinder element to block
tripping for very large high power factor loads.

Overreaching applications (POTT, Unblock, Blocking) are not reach-sensitive and the load effect is gen-
erally not detrimental, PUTT systems are highly susceptible to misoperation or excessive shortening of
coverage due to this effect.

In the presence of large load current, high resistance ground faults are best detected by sensitive zero or
negative sequence overcurrent relays. Underreaching pilot systems require the use of a distance relay (or
element, or algorithm) for the ground function. Sensitive ground detection is not compatible with zone
1 distance ground relaying.

J.  Summary

Table 1 summarizes the influence of certain power system phenomenon on the most prominent pilot re-
laying systems. Some of the classifications are arguable, but those which are described as superior in the
presence of certain transient conditions truly do have distinct advantages over other relaying systems,
and those which are described as unsatisfactory do have serious shortcomings in the area described.

Among these systems that are described, none leaps out as being the overwhelming choice for all power
system configurations, but the table should be of some help where certain difficulties are foreseen and
relative behavior is being examined. The list of trouble sources is certainly not exhaustive, but the prev-
alent influences are covered.
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Table I: Pilot Systemn Comparisen

[ Pilot System Type
: S
\ | POTT

Performance in | Current Phase | or

the Presence of: infferential Comparison t Usblock | Blocking  PUTT § DUTT
Mutual - sup suP | RSS RSS | RSS | RSS
Ct Saturation ‘ SAT SAT(G) ; SAT SAT(D) SAT SAT
CCVT Transients SuUr sUp I SAT SAT RSS RSS

SAT (Q) | POTT-T | |

. - | v [with Inherent backug) | - - .

Channel Problems SAT Q) U r UR - SAT SAT(Q) U U
(Composite Filter) | (Q)
Swings sUP sUP RSS RSS RSS RSS
Three Terminal S wr .
20 outfeed SUF SAT () SAT (D) SUP RSS RSS
Three Terminal RSS U U RSS U | RSS
with outfeed
RSS

velving T {Composite Filter) - e
Evolving Faults RSS SUP (SEG %) RSS RSS RSS RSS
Stab Bus SAT(Q) SAT (Q) SAT (Q) SAT U U
Load & High RG RSS RES SAT SAT U U
SUP - SUperior
SAT - satisfactory
SAT (Q) - satisfactory but qualified
RSS - requires special study
9§ - pnsatisfactory

CONCLUSION

Table ! sumimarizes this paper. Bach comment in the table is qualified and some power system configu-
rations nullify the need for special study. The intent of the paper was to emphasize the strength and short-
comings of these limited number of pilot schemes in light of teday’s technology. Many variations of pro-
tective schemes exist and only a few have been comparsd. Among these few, none leaps out as being the
overwhelming choice for all power system configurations, but the table should be of some help where
certain difficulties are foressen and relative behavior is being examined. The list in the table is certainly
not exhaustive, buf the prevalent influences are covered.



APPENDIX
The following observations may be made about current transformer choices.

[1] The ct ratio, where possible, should be chosen to deliver to the relays no more than 100A, RMS
symmetrical secondary for an external fault.

[2] The ct’s should be chosen so saturation will not occur for the highest internal fault current foreseen
for a period of time long enough for the protective relays to trip and seal.

[3] The burdens on the ct’s at the two terminals should be approximately the same, so saturation will
occur at essentially the same time for external faults.

{41 The burden on each ¢t should be no more than the ANSI (or IEC) standard burdens for the ct chosen.
(C800, 8 ohms; C400, 4 ohms etc.)
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