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PHASE COMPARISON RELAYING

INTRODUCTION

Phase comparison relaying is a kind of differential relaying that compares the phase angles of the
currents entering one terminal of a transmission line with the phase angles of the currents entering
all the remote terminals of the same line. For the conditions of a fault within the protected zone
(internal fault), the currents entering all the terminals will be in phase. For conditions of a fault
outside the zone of protection (external or through fault), or for just plain load flow, the currents
entering any one terminal will be 180 degrees out of phase with the currents entering at least one of
the remote terminals. The phase comparison relay scheme makes this phase angle comparison and
trips the associated breakers for internal faults. Since the terminals of a transmission line are
normally many miles apart, some sort of communication channel between the terminals is required

to make this comparison.

FUNDAMENTAL PRINCIPLE OF PHASE
COMPARISON

The basic operation of a phase comparison
scheme requires that the phase angle of two or
more currents be compared with each other. In
the case of transmission line protection, these
currents may originate many miles from each
other so, as noted above, some form of
communication channel is required as part of
the scheme. If a two-terminal line is considered,
the relays located at terminal A can measure the
current at that terminal directly. The phase angle
of the current at the remote terminal (B) must
somehow be communicated to terminal A.
Since the current sine wave is positive for one
half cycle and then negative for the next half
cycle etc., it may be used to key a transmitter
first to a MARK signal for a half cycle and then
to a SPACE signal for the next half cycle for as
long as the current is present. Such a signal
transmitted at B and received at A can be
compared with the current at A to determine
whether the two quantities are in phase or out
of phase with each other. Conversely, the current
at terminal B may be compared with the signals
received from terminal A.

It becomes apparent that a comparison such as
that described above must be made on a single

phase basis. That is, it would not be possible to
compare all three phase currents at terminal A
individually with all three at terminal B over one
single channel and one single comparing unit.
Thus, in the interest of economy, all three phase-
currents are mixed to produce a single phase
quantity whose magnitude and phase angle
have a definite relation to the magnitude and
phase angle of the three original currents. It is
this single phase quantity that is phase
compared with a similarly obtained quantity at
the remote end(s) of the line.

While there are many variations on the basic
scheme (and these will be discussed
subsequently), the general method employed to
compare the phase angle, or phase position of the
currents is always the same. The left side of Figure
1 illustrates the conditions for a fault internal to
the protected zone. The top sketch shows about
1 cycle of the current flowing /into terminal A. The
second sketch down indicates the current flowing
into terminal B. These are in phase since the fault
is internal. The third sketch down represents the
receiver output at terminal A as a result of the
transmitter at B being keyed from a signal
produced by the current at that terminal.

The MARK-SPACE designations given to the
received signal are for identification and have no



special significance. If the communication
equipment happened to be a simple radio
frequency transmitter-receiver, and if the
positive half cycle of current keyed the
transmitter to ON, then the MARK block would
correspond to a received remote signal while the
SPACE block would correspond to no signal.
Conversely, if the negative portion of the current
wave keyed the transmitter to ON, then the
SPACE block would represent the received

signal.

With a frequency-shift transmitter-receiver as the
communication equipment, the MARK block
would represent the receipt of the hi-shift
frequency and the SPACE block the lo-shift
frequency if the remote transmitter were keyed to
high from a positive current signal. The converse
would be true if the transmitter were keyed to high
from a negative current signal. In any case the
MARK block received at A, whatever it represents,
corresponds to positive current at B while the
SPACE block corresponds to negative current at B.

If we consider an internal fault as shown on the left
side of Figure 1, the relay at A would be comparing
quantities illustrated in the top and third-from-the-
top sketches. If these two signals at terminal A
were to be compared as shown in Figure 2A over a
frequency-shift equipment, a trip output would
occur if positive current and a receiver MARK
signal were both concurrently and continuously
present for at least 8.33 milliseconds. The trip
output would be continued for 18 milliseconds to
ride over the following half cycle during which the
current is negative, and the half cycle after that
when the pick-up timing takes place again.

Assuming that the MARK and SPACE signals
cannot both be present concurrently then it might
be argued that a comparison could be made
between the positive half cycle of current and the
absence of a receiver SPACE output, Figure 2B
illustrates this logic.

If the communication equipment happened to
be a frequency shift channel so that both the
MARK and the SPACE signals were definite
outputs, Figure 2A would represent a tripping
scheme since tripping is predicated on the
receipt of a remote MARK or tripping signal. On
the other hand, Figure 2B would represent a
blocking scheme in as much as it will block
tripping in the presence of a SPACE or blocking
signal. It will trip only in the absence of this
signal.

The right side of Figure 1 illustrates the
conditions during an external fault. Referring to
Figures 2A and 2B it will be noted that neither
approach, the blocking or the tripping, will
result in a trip output for this condition since the
AND circuits will never produce any outputs to
the 8.33/18 timers.

At this point it should be explained that the
conditions illustrated in Figure 1 are ideal. They
seldom, if ever, occur in a real power system.
Actually an internal fault would not produce a
received signal MARK-SPACE relationship that
is exactly in phase with the locally contrived
single phase current. This is true for a variety of
reasons including the following:

(a) Current transformer saturation.

(b) Adjustment differences in the current mixing
networks in the relays at both ends of the
line.

(c) Phase angle differences between the currents
entering both ends of the line as a result of
phase angle differences in the driving system
voltages.

(d) Transit time of the communication signal.

(e) Unsymmetrical build-up and tail-off times of
the receiver.
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Thus, the logic shown in Figures 2A and 2B
would rarely, if ever, produce a trip output on an
internal fault because the 8.33 milliseconds
(which is the time of a half cycle on a 60 hertz
base) requires perfect matching. In actual
practice a 3-4 millisecond setting is used rather
than the 8.33 setting illustrated. This makes it
much easier to trip on internal faults. It also
makes it much easier to trip undesirably on
external faults. However, experience has
indicated that with proper settings and
adjustments in the relay such a timer setting
offers an excellent compromise. This may be
better appreciated if it is recognized that item
(a) above is generally minimized and item (c) is
nonexistent on external faults.

In the event that an ON-OFF communication
equipment were to be employed rather than the
frequency-shift equipment, the logic would appear
as in Figures 2C and 2D. It will be noted in these
two figures that the reference to MARK and SPACE
have been conveniently omitted since the receiver
output is either present or not as against the case
of the frequency-shift equipment where it could be
there in either of two states. Figure 2C illustrates a
tripping scheme while Figure 2D a blocking
scheme. Here again, the 8.33 millisecond timer is,
in practice, actually set for 3-4 milliseconds.

Figures 3A, 3B, 3C, and 3D are for three-terminal
lines and they correspond directly to Figures 2A,
2B, 2C, and 2D. It will be noted from Figure 3 that
for a three-terminal line, the relay at A must
receive information from both the remote
terminals. The same applies to the relays at
terminals B and C. As in the case of the two-
terminal lines, the 8.33 millisecond timer
illustrated in Figure 3 will actually be set for 3-4
milliseconds.

While all the sketches in Figures 2 and 3
compare the positive half cycle of current with a
receiver output, the negative half cycle might
just as well have been selected. However, if this

were done, in Figure 2A for example, it would
have been necessary to compare the presence of
negative current with a received SPACE signal
rather than a MARK signal.

It should be recognized that the above
discussion, as well as Figures 2 and 3, are
rudimentary. The complete phase comparison
scheme is considerably more sophisticated and
will be discussed in more detail subsequently.
However, at this point it would be well to note
that phase comparison on a continuous basis is
not permitted mainly because it would tend to
reduce the security of the scheme. For this
reason fault detectors are provided. They initiate
phase comparison only when a fault occurs on,
or in the general vicinity of, the protected line. A
simplified sketch of the logic of a phase
comparison blocking scheme including fault
detectors is illustrated in Figure 4. This is a
somewhat more fully developed version of
Figure 2D, and the same logic is present at both
ends of a two-terminal line.

It will be noted from Figure 4 that AND1 (the
comparer) at each end of the line compares the
coincidence time of the positive half cycle of
current with the absence of receiver output. This
is initiated only when a fault is present as
indicated by an output from FDH. FDH is set so
that it does not pick up on load current but does
pick up for all faults on the protected line
section. Thus, when a fault occurs FDH picks up,
and if the receiver output is not present for
3 milliseconds during the positive half cycle of
current out of the mixing network, a trip output
will be obtained.

Of course, the output from the receiver will
depend on the keying of the remote transmitter.
The transmitters at all line terminals are keyed
in the same manner. They are keyed ON by an
output from FDL and keyed OFF by the squaring
amplifier via AND2 during the positive half
cycles of current. The FDL function is required at



all terminals in all phase comparison blocking
schemes to initiate a blocking signal from the
associated transmitter. This is received at the remote
receiver and blocks tripping via the comparer during
external faults. FDL has a more sensitive setting and
therefore operates faster than the remote FDH
function. It is obvious from Figure 4 that if an
external fault occurred, and FDL did not operate at
least as fast as the remote FDH, false tripping could
occur because of the lack of receiver output. In
general FDL is set so as not to pick up on load
current but still with a lower pick up than FDH so
that it will operate before FDH. For an internal fault,
the currents entering both ends of the line are in
phase with each other. Thus, during the half cycle
that the SQ AMP is providing an input to AND1, the
associated receiver is producing no output, and so
tripping will take place at both ends of the line. For
an external fault, the current entering one terminal is
180 degrees out of phase with the current entering
the other terminal. Under these conditions, during
the half cycles when the SQ AMP is producing
outputs, the associated receiver is also providing an
output thus preventing an AND1 output. No tripping
will take place.

VARIATIONS IN PHASE COMPARISON
SCHEMES

There are a number of different phase comparison
schemes in general use today and while all of these
employ the same basic means of comparison
described above, significant differences do exist.
These differences relate to the following:

(1) Phase comparison excitation (component or
current to be compared).

(2) Pure phase comparison vs. combined phase
and directional comparison.

(3) Blocking vs. tripping schemes.

(4) Single vs. dual phase comparison.

PHASE COMPARISON EXCITATION

Before discussing this subject it is well to
consider what takes place in terms of the
currents that are available for comparison when
a fault occurs on a power system. Table | below
lists the sequence components of fault current
that are present during the various different
kinds of faults while Figure 5 illustrates the
relative phase positions of the sequence
components of fault current for the different
kinds of faults and the different phases involved.

TABLE |
Sequence Components

Type of Fault Positive Negative Zero

Single-Phase-to-Ground yes yes yes
Phase-to-Phase yes yes no
Double-Phase-to-Ground yes yes yes
Three-Phase yes no no

Figure 5 shows the relative phase positions of
the outputs of a positive sequence network, a
negative sequence network, and a zero
sequence network all referenced to phase A. The
transfer functions of these three networks are
given by the following equations.

I = % (I, +1,/120° + 1,/-1209 (1)

Iy = % (I, + 1,4120° + 1./1209  (2)
1

lg = 3 (Ig+ 1+ 1) (3)

It is interesting to note that the phase positions
of the sequence network outputs differ
depending on the phase or phases that are
faulted as well as the type of fault. For example,
while the positive, negative, and zero sequence
components are all in phase for a single-phase-
A-to-ground fault, they are 120 degrees out of
phase with each other for phase-B-to-ground,
and phase-C-to-ground faults.
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It will be observed from Table | that positive
sequence currents are available for all kinds of
faults, negative sequence currents are available
for all but three-phase faults, and zero sequence
currents are available only for faults involving
ground. Thus, it appears that if one single
sequence component of current were to be
selected for use to make the phase comparison,
the positive sequence component would suffice.
Actually this is notthe case in many if not most
of the applications because of the presence of
through load current during the fault.

For a single-phase-to-ground fault on the
protected line, the positive sequence
component of fault current entering one end will
be in phase with that entering the other end.
This is a tripping situation for the phase
comparison scheme. However, any load flow
across the line during the fault will produce a
positive sequence component of /oad current
entering one end of the line that is 180 degrees
out of phase with that entering the other end.
(That is, the positive sequence component of
load current entering one end is in phase with
that /eaving the other end). This is a non-
tripping situation for the phase comparison
scheme. The phase position of the load
component relative to the fault component
depends on such factors as the direction of the
load flow, power factor of the load flow, and the
phase angles of the system impedances. The
phase position of the "net" (load plus fault)
positive sequence current entering one end of
the line relative to that entering the other end
will depend on these same factors plus the
relative magnitude of the fault and load
components of current.

In general, the heavier the fault current, and the
lighter the load current, the more suitable is the
use of pure positive sequence for phase
comparison. Heavier line loadings and lower
fault currents will tend to make the scheme less
apt to function properly for internal faults. Thus,

pure positive sequence phase comparison
appears practical only in a minority of the cases
and so is not suitable for a scheme that is to be
generally applicable.

Significant negative sequence currents are
present only during faults, they are present in all
but balanced three phase faults, and there is no
significant negative sequence component of
load current. All this combines to make pure
negative sequence ideal for phase comparison
except that it will not operate for balanced three
phase faults. Similar comments may be made
regarding pure zero sequence phase comparison
with the additional limitation that it will not
operate for phase-to-phase faults. Thus, there
does not appear to be one single sequence
component or one single phase current that
could be used in a phase comparison scheme to
protect against all types of faults.

There are a number of different approaches that
are possible to provide a complete scheme.
Probably the most obvious would be to make
the phase comparison on each phase separately.
This is undesirable principally because the cost
would be high since three separate phase
comparison relays and communication sets
would be required. Another approach would be
to use two separate phase comparison relays
and communication sets, one for pure positive
and the other for pure negative sequence
currents. The latter would serve to protect
against all unbalanced faults while the former
would take care of three phase faults and also
provide a measure of back-up protection for
heavy unbalanced faults. Here again cost is an
important factor.

As soon as consideration is given to the use of a
separate positive and a separate negative phase
sequence comparison, the idea of switching
from one to the other presents itself. Such
schemes are available. They include detectors
separate from the phase comparison function



that distinguish between three phase faults and
all other types. For three phase faults the
negative sequence network is unbalanced so
that it produces an output for positive sequence
current as well as for negative sequence current.
The scheme operates normally to provide
negative sequence phase comparison for all
unbalanced faults. When a three phase fault
occurs the three-phase detectors at both ends of
the line operate to automatically unbalance
their respective negative sequence networks
and make them sensitive to positive as well as
negative sequence currents. Since the fault is
three phase, there is no negative sequence
current produced so the phase comparison
is made on a pure positive sequence basis.
This is all accomplished with a common
communication channel for both modes.

Another similar approach would be to provide
two separate sequence networks, one pure
positive sequence and the other pure negative
sequence. Then use the three-phase detector to
switch the logic so that only for three phase
faults the outputs of the positive sequence
networks at both ends of the line are compared
but for all other faults the negative sequence
outputs are compared. Here again all this being
accomplished over a common channel. This
approach has never been used possibly because
of the idea of using "Mixed Excitation."”

Mixed Excitation is a term used to describe a
phase comparison scheme that mixes the
outputs of the different sequence networks in a
given proportion and phase angle and then
makes a phase comparison for all faults based
on this mix. Thus, all such schemes must
include positive sequence plus negative
sequence and/or zero sequence in order to
operate for all faults. The two main questions to
be resolved are:

(1) Which sequence components should be
mixed with the positive sequence.

(2) What percentages of the full magnitude of
each sequence component of current should
be used.

Figure 6 illustrates a two-terminal line with an
internal phase B-to-ground fault. The phasor
diagrams at the top of the page indicate the
phase positions of the sequence currents at
both ends-of the line assuming the positive
direction of current flow into the line, and also
assuming phase A reference as in equations (1),
(2), and (3) previously given.

At this point it should be recognized that the
positive sequence component of current is
made up of two parts, the load component (I 4)
and the fault component (lIg4). By an analysis
utilizing superposition the load component (I 4)
may be established as the current flowing just
prior to the fault. The three fault components of
current (lgq, 1, and lp) are then calculated using
the voltage that existed at the point of fault just
prior to the fault. Since the load component of
current is equal to the vector difference between
Bus X and Bus Y voltages divided by the
impedance of the line, and since the prefault
voltage (at the point of fault) has a phase
position somewhere between that of X and Y
voltages, the positive sequence component of
fault current will be displaced from the load
component by about 90 degrees plus or minus
about 30 degrees. The phasor diagrams at the
top of Figure 6 assume that load current flow is
from bus X to bus Y. The first row of the table in
Figure 6 indicates that for the conditions
assumed, the net positive sequence current
entering both ends of the line are about 120
degrees displaced from each other. Heavier fault
current and lighter load current would reduce
this angle toward zero while the converse would
increase the angle toward 180 degrees.
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The second and third rows of the table of Figure 6
indicates the relative phase positions of the
positive plus negative, and positive plus negative
plus zero sequence components respectively.
These appear to be more unsatisfactory. Rows 4
and 5 combine the components differently and
both appear to yield much better results.

It is obvious, from Figure 5 that a similar fault on
a different phase would yield different results.
This is illustrated in Figure 7 where a phase-A-
to-ground fault at the same location is analyzed.
As noted earlier, the integrator timers in phase
comparison schemes are generally set for about
3 milliseconds. This will permit tripping on
internal faults with as much as 115 degrees
between the phase angles of the currents
entering both ends of the lines. On this basis, only
excitation by |, - I1/5 would prove satisfactory for
the two cases studied in Figures 6 and 7.
Actually only two simple faults were
investigated. It is obvious that different results
would have been obtained for these same kind
of faults if the relative magnitudes of load
current, positive sequence fault current, and zero
sequence fault current had been assumed
differently. Also, for the values of currents
assumed, different results would obtain for
other types of faults. In addition, if different
combinations and weighting factors of the
sequence components had been investigated
still different answers would have resulted. In
the proper selection of sequence components
and weighting factors for Mixed Excitation
phase comparison the following points must be
considered:

(a) Whatever combination and weighting
factors are employed, the application rules
should be simple enough to make the
application practical.

(b) As a corollary to (a) above, the fewest number
of sequence components should be used.

1

(c) The effects of load current must be
minimized. Thus, negative and/or zero
sequence components should be weighted

over the positive sequence components.

(d) The limits of application should be broad
enough to render the scheme useful as a
protection tool.

In line with the considerations stipulated above,
the best overall results using mixed excitation
would be attained by using I, - 141/K, where K is a
constant that is adjustable within limits. While it
is likely that the inclusion of zero sequence
excitation would be helpful for one case or
another, it is not generally employed because
the problem of evaluating the overall
performance of the scheme would be magnified
considerably. This is true mainly because the
current distribution in the zero sequence
network is generally quite different from that in
the positive and negative sequence networks
where the current distributions are
approximately the same. For any given fault on
a transmission line, the ratio of Ig/l, at any
terminal is the same as at any other terminal of
that line. This is not true of either I4/ly or I,/lj. It
is this that makes the use of zero sequence
excitation undesirable.

Mixed Excitation Phase Comparison

If the mixing network of Figure 4 were designed
to produce an output that is proportional to
I, — 14/K, this logic would then be a simplified
representation of a mixed excitation phase
comparison scheme. In such schemes, the pick
up setting of FDH must be high enough so that
the 1;/K output from the mixing network does
not result in continuous phase comparison on
load current (I, is normally zero during normal
system conditions). Also, it may be desirable to
have FDL set to pick-up at some level above full
load so that channel is not keyed on and off
continuously during normal load conditions.



Since FDH is set higher than FDL, this
requirement results in a still higher setting for
FDH.

Because FDH controls tripping, this arrangement
limits the applicability of the basic scheme to
circuits where the minimum three phase fault
current is significantly higher than the maximum
load current.

The requirements for the satisfactory
performance of a mixed excitation scheme using
overcurrent fault detectors (FDH and FDL) are
noted below.

(a) Both the FDL and FDH fault detectors must
be set above full load current.

(b) All internal faults regardless of type or the
particular phases involved must produce
enough |, - I,/K to operate FDH at all ends of
the line.

(c) FDL must be set with a lower pick-up than
FDH at the remote end(s) of the line for
security during external faults.

(d) The phase angle difference between the
I, - 1,/K quantities obtained at all terminals of
the protected line during all types of internal
faults, and for any combination of phases,
must be less than 115 degrees.

Mho Supervised Mixed Excitation Phase
Comparison

Figure 8 is an abbreviated logic diagram
covering a modified mixed excitation blocking
scheme that provides somewhat more
sensitivity than the basic scheme. In order to
accomplish this, two single-phase directional
mho distance measuring functions are used.
These are both associated with the same pair of
phases which, in this case, are phases A and B.
The MT function at each terminal "looks" into

12

the line and is set to reach beyond the remote
terminal(s). The MB function "looks" backwards,
out of the line and is set to reach beyond the
reach of the remote MT function(s). These
functions are required to operate for three phase
faults but will incidentally also operate for some
other faults involving one or both of the
associated phases.

The basic idea is to compare the relative phase
positions of the mixed excitation (l, - 1,/K) in the
normal manner but to initiate the comparison
with more discriminatory fault detectors. To
accomplish these ends, pure negative sequence
is used to operate FDH and FDL. Since there is
no significant negative sequence current
flowing during normal system conditions, these
fault detectors may be applied with very
sensitive settings. They will initiate phase
comparison for all except three-phase faults. In
the event of three phase faults the MT and MB
units function as FDH and FDL respectively.
Since these functions can discriminate between
load currents and fault currents regardless of
magnitudes, they can detect faults that produce
currents less than full load values. Thus, the
combination of negative sequence current level
detectors and distance measuring functions
provide a means for more sensitive fault
detection.

With this arrangement, the requirements for
satisfactory performance are given below.

(a) The FDH function must be set sensitively
enough to pick up for all unbalanced faults
on the protected line section.

(b) FDL must be set with a lower pick up than
FDH at the remote end(s) of the line for
security during external faults.

(c) The MT function must be set with a long
enough reach to detect all internal three
phase faults.
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(d) The MB function must be set to outreach all
remote MT units.

(e) The phase angle difference between the
I, - 1;/K quantities obtained at all terminals of
the protected line during all types of internal
faults, and for any combination of phases
must be less than 115 degrees.

Network Unbalancing Phase Comparison

Earlier in this section reference was made to
schemes that employ pure negative sequence
phase comparison except for the case of a three
phase fault for which the sequence network is
unbalanced to produce sensitivity to positive
sequence currents. Figure 9 illustrates, in an
abbreviated manner, the logic of such a blocking
type of a scheme. It will be noted that unless all
three of the FD units pick up, the phase
comparison will be on a negative sequence
basis. When all three FD units pick up, as they
will for three phase faults, the network is
unbalanced to produce an output for balanced
positive sequence current inputs, and phase
comparison takes place on a pure positive
sequence basis. The FD units must be set to pick
up above maximum full load current in order to
insure pure negative sequence comparison on
all but three-phase faults.

Since phase comparison is initiated by the same
FDH for all kinds of faults, the ratio of positive
sequence pick up to negative sequence pick up
depends only on the amount of unbalance in the
network introduced by FD operation. This is
usually adjustable in the relay. In this kind of
scheme FDH is set so that it picks up at a value
of positive sequence current that is somewhat
higher than the three phase fault current
required to operate all three FD units. The
response of FDH to negative sequence currents
is then dependent on the network unbalance
described above. FDL is set with a pick up that
is below that of FDH.
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With this kind of scheme, the requirements for
satisfactory performance are given below:

(a) The FD function must be set with a pick up
that is above full load current.

(b) The FDH function must be set to pick up,
with the network unbalanced, at some level
of positive sequence current that is higher
than the FD pick up setting

(c) The FDL function must be set with a pick up
below that of the remote FDH unit in order to
maintain security during external faults.

(d) FD must pick up for all internal three phase
faults.

(e) FDH must pick up for a/l/ internal faults.

Separate Positive & Negative Sequence Phase
Comparison

The scheme described earlier in this section that is
compromised of two separate phase comparison
schemes may be represented in abbreviated logic
by two diagrams similar to Figure 4. In one scheme
the mixing network would be a pure negative
sequence network. In the other scheme it would
be a pure positive sequence network. In order for
this approach to perform satisfactorily, the
following requirements must be met.

(a) The negative sequence FDH must be set so
that it operates for all unbalanced faults
internal to the protected section.

(b) The negative sequence FDL must be set
somewhat more sensitively than the remote
FDH for security during external faults.

(c) The pick up of the positive sequence FDL
must be set above full load to prevent
continuous transmission under load.



(d) The pick up of the positive sequence FDH
must be set somewhat higher than that of
FDL at the remote end of the line for security
during external faults.

(e) The positive sequence FDH must pick up for
all three phase faults internal to the
protected line section.

It should be recognized that this scheme will not
detect three phase faults unless the fault current
exceeds full load currents.

Summary of Phase Comparison Excitation
Considerations

The following is a brief summation of the
foregoing discussions.

1. There are a number of different ways in which
phase comparison relaying may be arranged.
However, in every case some combination or
arrangement of positive and negative
sequence components of current offers the
best general approach.

2. Mixed excitation schemes are generally more
difficult to apply than are schemes that
compare pure sequence components.

3. Unless some sort of distance type fault
detectors are applied, none of these schemes
can detect three phase faults that produce
currents that are below full load values.

In light of the above, the question of, "Why
Phase Comparison?" might come to mind.
Some of the answers are given below.

1. Phase comparison relaying is not affected by
zero sequence mutual impedances that can
cause directional type ground relays to
misoperate.
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2. Phase comparison relays with overcurrent
fault detectors do not require a system
potential supply in order to operate.

3. Phase comparison schemes are generally
suitable for use on series compensated lines
where distance type schemes may not be
suitable.

.In their simple form, phase comparison
schemes are relatively inexpensive.

5. Except for the mho supervised schemes
phase comparison relays will not operate
during system swings and out-of-step
conditions.

COMBINING PHASE AND DIRECTIONAL
COMPARISON

Since there is no single sequence component
that could be used in phase comparison
schemes to provide protection for all types of
faults it is necessary to compensate for this
deficiency. The previous section discusses
means for mixing sequence components,
unbalancing sequence networks for certain
faults, and using two or more complete
schemes each with different excitation. Another
approach that is possible and that has gained
acceptance is called "Combined Phase And
Directional Comparison.”

As the name implies, a combined phase and
directional comparison scheme combines the
principles of both phase comparison and
directional comparison in one single scheme
utilizing a common communication channel.
The basic approach is to use pure negative or
pure zero sequence for the phase comparison
plus a set of mho functions at each end of the
line for the directional comparison portion. One
mho function (MT) operates for faults in the
tripping direction. The other (MB) operates for
faults in the blocking direction. Figure 10
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Figure 10. Combined Phase and Directional Comparison Blocking Scheme
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illustrates the rudiments of a combined phase
and directional comparison blocking scheme.
Such a scheme is in general more sensitive than
the schemes described earlier. This is so
because the phase comparison, since it does not
include positive sequence excitation, may be set
to operate for low values of fault current. On the
other hand the distance relays are basically able
to discriminate between fault currents and load
currents. Thus, the overall scheme will operate
for fault currents well below full load current.

Referring to Figure 10 and assuming that the MT
and MB functions do not exist, it will be observed
that the scheme becomes the same as the simple
phase comparison scheme of Figure 4. Thus, for
any fault internal or external to the protected
section for which no mho unit operates, the
perform as a simple phase
comparison scheme. On the other hand if it is
assumed for the moment that the fault
detectors and the squaring amplifier are
inoperative, the scheme behaves as a simple
directional comparison scheme under control of
MT and MB. For an internal fault the MT units at
both ends of the line operate to stop all
transmission via AND2. At the same time they
provide the lower input to AND1. With no
receiver outputs, AND1 provides a signal to the
associated integrator which after 3 milliseconds
produces a trip output. For an external fault, say
to the left of circuit breaker A, MB at A would
operate to key the transmitter on. This results in
continuous transmission of a blocking signal to
the receiver at B. The output of the receiver at B
blocks any MT operation at B from producing an
AND1 output at that terminal. This in turn
prevents any trip output from the integrator. At
terminal A, since the fault is in the blocking
direction, MT does not operate, the lower input
to AND1 is not present, and no tripping can take
place.

scheme will

Since in the combined scheme it is possible, and

even likely, that the mho functions, fault
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detectors, and squaring amplifier would all
operate for some faults, it is necessary to set up
an order of preference between the two modes
of operation. For reasons that will be discussed
subsequently, these combined schemes give
preference to the directional comparison (mho
functions) over the phase comparison (fault
detectors), as may be observed from Figure 10.
If an internal fault were to occur for which both
modes functioned, the MT functions at both
ends of the line would prevent any signal
transmission by blocking A