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POLARIZATION OF
GROUND DISTANCE RELAYS

INTRODUCTION

Ground distance relays, which measure an apparent impedance based on the ratio of relay voltage
to relay current, were first implemented using electromechanical measurement units. Generally, an
induction cup is utilized as shown in Figure 1. The quantity that energizes poles 2 and 4 is termed the
polarizing quantity. This terminology has been maintained as design technology progressed from
electromechanical cup units to static comparators.

To simplify the analysis and generalize the results, only static comparators will be investigated.
Figure 2 shows a 90° phase angle comparator with the inputs to produce the familiar mho
characteristic on an R-X diagram. To prove that the comparator of Figure 2 produces the
characteristic of Figure 2 it is possible to analyze the circuitry of a particular relay from the input
magnetics to the comparator output. However, a number of papers have been written that outline a
mathematical approach to define the R-X diagram characteristic knowing only the type of com-
parator and the two input quantities 123, The results presented in this paper are based on the ap-
proach detailed in reference 1.

In investigating the significance of different polarizing quantities on ground distance relay perfor-
mance, the relay’s characteristic will be used to visualize relay response. In 1949 A.R. vanC. Warr-
ington published the classic paper entitled “Graphical Method for Estimating the Performance of
Distance Relays During Faults and Power Swings.”* This paper carefully selected relay types that
produced a characteristic which remained invariant under varying system and fault conditions.
However, Warrington’s paper contained the following sentence:

It must be remembered, however, that distance relays polarized by potential other than the

one used for the restraint windings have a family of circles for different fault conditions and

hence their characteristics are more difficult to show on an impedance diagram.
Difficult, perhaps, but not impossible.

MHO UNIT ANALYSIS

As indicated in Figure 2, a phase angle comparator set at 90° with the inputs as shown produces a
circular characteristic with diameter Zg. This is the familiar mho characteristic, and is the type of
ground distance relay assumed in Warrington’s 1949 paper because its characteristic remains in-
variant on the R-X diagram for different fault and system conditions. However, it is not a very
satisfactory ground distance relay; a zero voltage phase-A-ground fault would not be detected. A
straightforward solution to this problem is to utilize a memory circuit just after the polarizing quanti-
ty (Vo) input as shown in Figure 3.

Now, provided voltage was present prior to the application of a zero voltage phase-A-ground fault,
the relay will operate. In addition, the memory circuit produces a dynamic or transient characteristic
at the instant of fault application which decays back to the nominal or steady state characteristic
within the time it takes the tuned filter comprising the memory circuit to make the transition from
pre-fault to fault voltage. This time period is a function of the filter’s Q value and is typically 2-4
cycles. Static ground distance relays can operate on this dynamic characteristic because of their
relatively fast — typically 2 to 1 cycle — operating time.

It appears from Figure 3 that the dynamic characteristic is non-directional, but this is not the case.
The dynamic characteristic was derived for a fault in the forward (trip) direction with reference to the
relay. For a reverse fault, the dynamic characteristic would be offset from the R-X diagram origin.
Consequently, for this dynamic characteristic, assuming a forward direction fault, only the Ist quan-
drant on the R-X diagram is significant. Note that the dynamic characteristic provides greater



ground fault resistance accommodation; its 1st quadrant coverage on the R-X diagram is a function of
the equivalent source impedance in back of the relay location. As the equivalent source impedance
approaches zero the dynamic characteristic approaches the steady-state characteristic. As the
equivalent source impedance approaches infinity the dynamic characteristic approaches a straight
line at the head of and perpendicular to the phasor Zg (i.e. — a circle of infinite radius).

The addition of a memory circuit to the Vg polarizing quantity has produced the first practical
ground distance relay to be discussed. Another approach to selecting a polarizing quantity is to
utilize a healthy-phase voltage. The term healthy-phase is used to emphasize that the voltage
selected must be derived from the phases not involving the faulted phase. Certain types of healthy-
phase polarization are relatively easy to implement, and these commonly encountered healthy-
phase polarizing quantities are listed in Table I and illustrated in Frgure 4 for a phase-A ground
distance relay. Note that the healthy-phase polarizing quantity must be in phase with the Vg
restraint voltage on a steady state basis. The MEDIAN, QUADRATURE, and LEADING
PHASE polarizing quantities all result in a steady state characteristic with a size that is dependent
upon the value of the equivalent source impedance in back of the relay location. To distinguish it
from the time dependent dynamic characteristic the term variable mho characteristic or variable
mho relay is used. The different healthy-phase polarizing quantities result in variable mho
characteristics that terminate at different values of equivalent source impedance. For a simple
radial system, Table II lists the value of source impedance used to construct the R-X diagram
characteristic. Figure 5 illustrates the R-X diagram characteristics for the assumed system. All ex-
amples to this point have assumed a radial system and a phase-A-ground fault in front of the relay.
More complicated systems and different fault types can be analyzed, but this is not necessary to
gain an insight into the relative merits of the different polarizing quantities.

For the source impedance values indicated in Figure 5, the MEDIAN, QUADRATURE, and
LEADING PHASE polarizing quantities each produce a different characteristic. If instead Z g =
Zss = Zgs, then the QUADRATURE and LEADING PHASE characteristics would be identical.
As was the case with the dynamic characteristic, the variable mho characteristics of Figure 5 are
directional. Only the Ist quadrant of the R-X diagram is significant. If the line is series compen-
sated, then the 4th quadrant is applicable for net capacitive reactance faults in the forward direc-
tion. Figure 6 illustrates that a reverse fault produces a variable mho characteristic that preserves
directional integrity.

Positive sequence voltage is also considered a type of healthy-phase polarization. A positive se-
quence network is required, but a sequence network used in a static relay is relatively easy to incor-
porate as compared to a sequence network required in an electromechanical relay. A positive se-
quence network output is required for each phase since the phase A relay requires V5, the phase B
relay requires Vpg;, and the phase C relay requires V. Figure 7 shows the variable mho
characteristic of a positive sequence voltage polarized mho ground distance relay for the same
system of Figure 5. In some cases a memory circuit is incorporated into the positive sequence
voltage polarizing path giving the relay a dynamic characteristic as well as a variable characteristic.
Both characteristics are shown on Figure 7.

The analysis can be extended to more practical double-ended systems. At the top of Figure 8,
transmission line A-B is shown with equivalent sources at each end. Pre-fault load flow is zero, and
the relay at A is the positive sequence voltage polarized type of Figure 7. The R-X diagram of Figure
8 compares the dynamic characteristic with breaker B open versus the dynamic characteristic with
breaker B closed. The current distribution constants, C, are dependent upon system impedence
values and fault location. C; = Cy = Y2 was assumed for Figure 8. It is clear that the radial system
(breaker B open) produces the largest dynamic or variable characteristic since Cy = Cp = 1.



APPLICATION CONSIDERATIONS

Having analyzed a number of different polarizing quantities for mho ground distance relays, an
obvious question arises. Which is the best? Before attempting an answer, performance criteria for
comparison must be selected. Depending upon the relays intended application, the following
points may be of importance:

a. Operation for zero voltage ground faults

b. Fault resistance/impedance accommodation

@]

. Correct phase selection
d. Proper operation with one pole open
e. Directional integrity

Of all the polarizing types mentioned, only the use of phase to neutral voltage, without memory,
fails criteria a.

Perhaps the most important misconception that the foregoing analysis has dispelled is that mho
ground distance relays always have relatively poor fault resistance/impedance accommodation com-
pared to reactance or quadrilateral characteristics. This misconception is partly due to an automatic
visualization of a mho characteristic passing through the R-X diagram origin — as in Figure 2 — for
all types of polarization. This is not the case as evidenced by Figures 3, 5, 7, and 8. The quadrature
and positive sequence voltage polarizing quantities offer the optimum performance for criteria b.

Certain design mho ground distance relays can misoperate for a close-in reverse phase to ground
or double phase to ground fault. Mho ground relays utilizing two-input comparators - as assumed
in this paper — and any type of polarization can theoretically misoperate for a close-in reverse
ground fault. One example is where an unfaulted phase relay may misoperate if: 1) the reach setting
is sufficiently large and 2) the zero sequence current contribution over the protected line to the
reverse ground fault exceeds the positive sequence current contribution. Another example is a
close-in reverse double phase to ground fault coupled with heavy load flow in the same direction as
the relay reach which causes an excessive phase shift of the polarizing voltage. Directional integrity
can be greatly enhanced by properly selecting quantities to utilize as additional inputs to the com-
parator. Three and four input comparators have been designed that virtually eliminate the problem
of directional integrity.> For a two-input comparator, the type of polarization does affect direc-
tional integrity, but the proper design of a 3 or 4/input comparator is a more important considera-
tion.

Correct phase selection is of paramount importance in relays that use a common measuring unit
for all fault types. The type of phase selector utilized in General Electric’s SL.S-1000 series of swit-
ched phase/switched distance relays is a modified mho unit that uses positive sequence voltage
polarization. 6

In a single pole trip scheme where only the breaker pole associated with the faulted phase is trip-
ped, the ability of the mho ground relays to detect faults on the intact phases during the open pole
period is critical to assure an immediate three pole trip and cancellation of the single pole reclose at-
tempt. With one pole open the “dead” phase voltage does not go to zero; its magnitude depends
upon whether or not the line is transposed, whether or not shunt reactors are present, and the
magnitude of load flow in the intact phases. If bus-side potential is used the three phase voltages
tend to stay relatively well balanced. However, it is more common to use line-side potential where
the three voltages will be distorted. Therefore polarizing quantities using some combination of
intact-phase voltages are generally unsuitable for single pole trip schemes. Phase to neutral voltage
(with memory) or positive sequence voltage polarizing quantities (or some combination) have suc-
cessfully been used for single pole trip schemes. In so-called “integrated” single pole trip schemes
the mho ground relays serve a dual purpose as fault detectors and phase selectors. For such schemes



it is equally important that the mho ground relay select the correct phase upon fault initiation.

To put in perspective what has been mentioned in general terms, Table IIT is a partial list of
General Electric relays — past and present — and the type of polarizing quantity employed. The
TLS-1000 series of relays are a new product described in another paper.” Recent mho ground
distance relays have standardized on positive sequence voltage with memory as the polarizing quan-
tity to permit their use in three pole or single pole trip applications.

OTHER GROUND DISTANCE RELAY TYPES

The mho ground distance relay is not the only type of ground distance relay. The reactance relay is
another familiar type. Figure 94 depicts the comparator inputs used for a conventional reactance
ground relay, and Figure 9B depicts the comparator inputs used in an improved reactance ground
relay. The change to negative sequence current, 1,X, for the polarizing quantity negates the
over/underreach problems caused by low flow. This phenomena and its correction by use of 1,X is
explained in reference 6.

There is another group of ground distance relays that generically are know by their characteristic
shape — a quadrilateral. Since a quadrilateral is a four sided polygon, a quadrilateral relay can be
thought of as being comprised of a different relay unit per side or segment. These relay units may be:
reactance units, blinder units (reactance units tilted at an angle), or mho units. A typical quadrilateral
unit is shown in Figure 10. Using the analysis technique of reference 1, as was done for the mho relay,
it would be possible to analyze each segment of this characteristic separately provided an equivalent
two-input comparator could be defined for each segment. Often a multi-input comparator is utilized
for quadrilateral relays making the above approach difficult if not impossible. In the next section, the
quadrilateral characteristic of Figure 10 will be assumed to be invariant for changing fault and system
conditions; in the terminology developed here, there is no dynamic or variable characteristic.

COMPARISON OF VARIABLE MHO
AND QUADRILATERAL CHARACTERISTICS

It is sometimes assumed that the quadrilateral characteristics is superior to the mho characteristic
because of its supposedly greater fault resistance capability, especially for single phase to ground
faults. In general, this claim is based on the assumption that fault impedance is purely resistive and
therefore, a large reach along the R axis of the R-X diagram is desirable. Generally, the effects of load
flow on the apparent impedance seen by the relay are not considered, and the expanded capability of
the variable mho characteristic is disregarded.

Short circuit studies indicate that the combined effects of fault resistance and load flow can have an
appreciable effect on the apparent impedance of ground faults. The apparent impedance can vary in
magnitude and phase angle from the impedance obtained by simply adding a fault resistance to a line
impedance. As a consequence, it is possible for the quadrilateral characteristic to have a reduced fault
resistance capability on internal single phase to ground faults and to overreach and cause unnecessary
tripping on external single phase to ground faults.

Apparent Impedances During Single Phase to Ground Faults

In studying the effects of fault resistance and load flow on the apparent impedance seen during
single phase to ground faults, two types of systems were considered, as shown in Figure 11. In both of
these systems, the line impedance are the same but the source impedances behind the relay differ. In
Figure 11A4, the source impedance is small as compared to the line impedance, while in Figure 11B the
source impedance is very large. Figure 114 represents a typical high voltage system while Figure 11B



might represent the case where a small generating plant or long transmission line is connected to the
protected line. While the latter is not a typical system, it is used to illustrate the appreciable effect
load flow can have on the apparent impedance and the relay characteristics.

In both systems, the source voltages are designated as Ey and Eg, where (L) indicates left and (R)
indicates right. This left/right designation is used to indicate load flow. For example, five load flow
conditions are considered; no load, 30° and 60° left-to-right load flow (30° L-R, 60° L-R), and 30°
and 60° right-to-left load flow (30° R-L, 60° R-L), where 30° and 60° are the angles between the
source voltages. Only two fault locations are considered as shown in Figure 11; a single phase to
ground fault in front of of the relay (F1) and at the remote end of the line (F2).

Since most ground distance relays use some form of compensation to eliminate the zero sequence
impedance component in the fault impedance, the apparent impedance calculated at the relay loca-
tion in this section is a compensated impedance. This impedance is:

\Y
Zg = JAG
where; Ig
IR =11 + I + Kyl
Ko =Zo/ Zy1

Zgr, = zero sequence impedance of the line
Z,1. = positive sequence impedance of the line
If K, exactly equals the Zyp / Zy, ratio (in magnitude and phase angle) and the fault resistance is
zero, the relay will only see positive sequence impedance to the fault and thereby permit a reduced
relay setting.

Figure 12 shows the apparent impedance loci for a phase A to ground (AG) fault with fault

resistance at various points on the line under no-load conditions. Where the source and line im-
pedances have the same angles, the impedance loci are straight lines that are parallel to the R axis. If
the line impedance angle differs from the source impedance angle, the impedance loci will be straight
lines that slope upwards or downwards with respect to the R axis.
Figure 13 through 15 show the apparent impedance with load flow for the system with a small source
impedance (Figure 11A4). For an AG fault at F1 and F2, Figure 13 shows the impedance loci as a func-
tion of fault resistance (RF) for a 30°L-R load flow. As the fault resistance increases and approaches
infinity ( no fault), the impedance loci will terminate on the load impedance point as indicated in
Figure 13. The load impedance point in this case is 3.5 —5° per unit ohms.

When the load angle is increased to 60°, the impedance loci are as shown in Figure 14. As before,
the impedance loci terminate on the load impedance point which is 1.7 /16° per unit chms. It should
be noted that Figure 14 shows only one possible load impedance angle. Depending on the system
voltages, the load impedance angle could be zero (unity power factor) or negative and thereby cause
the impedance loci to curve downward to a greater extent. In Figure 14, the angle « between the line
impedance and the dotted line representing the initial slope of the impedance locus can be shown to
be equal to the phase angle difference between the voltage behind the source impedance and the
voltage at the fault location prior to the fault.

In both Figures 13 and 14 the impedance loci plotted are actually arcs of a circle. When the load is
reversed, the apparent impedance loci curve upward and are circles that terminate on the load im-
pedance point that is now in the 2nd quadrant. Figure 15 shows this for a fault at F1 for 30°R-L and
60°R-L load flows. The same type of circular impedance loci would occur for a fault at F2.



Effect of Load Flow on Mho Relay Characteristic

A quadrature polarized mho ground distance relay is compared against the quadrilateral
characteristic. The variable mho characteristic will expand and shift with load flow. The direction
and amount of shift is a function of the angular difference between the polarizing voltage at the relay
and the source voltage behind the relay and whether the polarizing voltage leads or lags the source
voltage. For example, with load flow toward the relay (R-L), the polarizing voltage leads the source
voltage and the relay characteristic will shift to the right. For a load flow away from the relay (L-R),
the polarizing voltage lags the source voltage and the relay characteristic will shift to the left. This
shift is shown in Figure 16 for the system with a small source impedance. In this case, the angular dif-
ference between the polarizing voltage and source voltage for 60° load flow is only 9°. For a 30° load
flow, the angular difference between polarizing and source voltages is only 5° and the relay
characteristic is essentially the same as the no-load characteristic.

The effect of the large source impedance and load flow on the mho characteristic is shown in
Figures 17 and 18. For the no-load condition, the characteristic expands to accommodate more fault
resistance as compared to the small source case. Because of the large source impedance, the angular
difference between the polarizing voltage and the source voltage is large under load flow conditions.
The angular difference is 25° for a 30° L.-R or 30°R-L load flow and 51° for a 60°L-R or 60°R-L
load flow. As a consequence, there is a substantial shift in the relay characteristic. For a L.-R load
flow (Figure 17), the characteristic expands and shifts to the left away from the load impedance point.
While it would appear that this shift limits the fault resistance capability of the relay, the angular
shift in apparent fault impedance tends to compensate. This will be illustrated and discussed later.
For a R-L load flow, the relay characteristic expands and shifts to the right, again away from the load
impedance point, as shown in Figure 18. It will be shown later that this is in the direction to provide
improved fault resistance coverage.

Quadrilateral Characteristic

The typical quadrilateral characteristic of Figure 10 is assumed not to shift or change form with
load flow. In some quadrilateral relays, it is possible to slope the upper part of the characteristic
downward as indicated by the dashed line in Figure 10. This adjustment is usually between 5 and 10
degrees and is intended to prevent operation on external faults. It is generally not sufficient to set this
slope adjustment to the pre-fault angle across the protected line to prevent misoperation. This
becomes apparent by reflecting on the fact that the angle o of Figure 14 is equal to the pre-fault angle
between the source and fault point voltages. For purposes of this study, the resistive reach of this relay
was set so that the relay would not pickup for the minimum load impedance (maximum load flow). If
encroachment on load impedance was not a problem, the resistive reach was set for 2.5 times the reac-
tance reach.

Performance Comparison

In evaluating relay performance, two faults were considered: a single phase to ground fault in front
of the relay (F1) and at the remote end of the line (F2). The first fault checks the ability of the relay to
detect nearby faults with resistance under load flow conditions. The line-end fault is intended to
check whether or not the relay will overreach and misoperate on external faults.

Only first zone relays were considered in the evaluation, and the MHO relay was set for 85 percent
of the line impedance while the QUAD relay was set for 80 percent of the line impedance. The
QUAD relay was considered with a horizontal reactance segment and with a segment that is tilted
downward 6°. The performance of these two relays was evaluated with L-R and R-L load flows on
both systems shown in Figure 11.



Figures 19 and 20 show the application of the MHO and QUAD relays on the system with low
source impedance and with an assumed maximum load flow of 30°L-R. Figure 19 shows that the
MHO relay will operate for faults in front of the relay with 0.75 per unit fault resistance and for
slightly smaller values of resistance for faults elsewhere on the line. The MHO relay does not operate
for line-end faults. Figure 20 shows that while the QUAD relay will detect internal faults with higher
values of fault resistance, it will overreach and misoperate on external faults even with a 6° tilt. This
is one of the major short-comings of the quadrilateral characteristic. It should be noted that the
QUAD relay settings of Figure 20 are specifically for a 30°L-R load flow. If the load flow can be
greater, the resistive reach will have to be reduced, thereby reducing the fault resistance accommoda-
tion.

Figure 21 shows both characteristics with the load flow increased to 60°L-R. The MHO
characteristic shifts to the left and thereby avoids overreaching on the external faults. The QUAD
relay can operate for a wide range of internal faults, but it will also operate for a wider range of line-
end faults even with a 6°tilt.

Figure 22 shows the relay performance for an AG fault at F1 with 30°R-L and 60° R-L load flows.
In this case, the MHO characteristic shifts to the right. The QUAD relay will provide better fault
resistance coverage because of the larger resistive reach setting (2.5 x reactance) but then it will over-
reach and misoperate when the load flow reverses and is L-R. Note that in this case the 6° tilt tends
to reduce the fault resistance capability on internal faults for the QUAD relay. The line-end fault is
not a problem in this case since the impedance locus swings up and away from all the relay
characteristics.

As noted previously, for the system with a large source impedance, the load impedances are quite
large: 22 per unit ohms for 30° angular difference between source voltages and 11 per unit chms for
60°. Also the MHO relay shifts and expands dramatically. As a consequence, it is not possible to
draw complete relay characteristics to the same scale used to plot the apparent impedance loci.
Therefore, in the following discussion, the diagrams show only a portion of the MHO characteristic.

Figure 23 shows the performance of the MHO and the QUAD relays for AG faults in front of the
relay and at line-end with a 30° L-R load flow. Since the apparent impedance loci slope downward,
the MHO relay can still provide reasonable fault resistance coverage for internal faults while not
operating for external faults. The Quad relay will only detect a zero resistance fault in front of the
relay and some faults with limited resistance elsewhere on the line. The QUAD relay also over-
reaches and misoperates for line-end faults.

Figure 24 shows relay performance with a 60°L-R load flow. The apparent impedance loci slope
downward at a greater angle, and the MHO relay still has some fault resistance capability. Once again
the shift in the MHO characteristic prevents operation on external faults. As before, the QUAD relay
will only detect a zero resistance fault in front of the relay and some faults with limited resistance
elsewhere on the line. It also has a serious overreaching problem for line-end faults.

Figure 25 shows the case of a 30°R-L load flow. The apparent impedance loci swing upward. In
this case, the MHO characteristic i1s above the reactance setting of the QUAD relay, and the MHO
relay has a better fault resistance capability for internal faults than the QUAD relay. Neither relay
overreaches for the line-end fault.

When the load flow is increased to 60°R-L, the MHO characteristic moves upward with the ap-
parent impedance loci as shown in Figure 26. Again, the MHO relay has better fault resistance
capability on internal faults than does the QUAD relay.



CONCLUSIONS

Mho ground distance relays have dynamic and/or variable characteristics that are dependenent

upon the polarizing quantity, fault type, and system parameters. Load flow will shift and expand this
variable characteristic. These combined effects are such that the mho ground relay offers a desirable
balance between fault resistance accommodation on internal faults and security against misoperation
on external faults. By comparison, the quadrilateral relay provides good fault resistance coverage
under no-load conditions, but experiences reduced security on remote faults and reduced depen-
dability on near-end faults with adverse load flow conditions.
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TABLE I
HEALTHY-PHASE POLARIZING QUANTITIES FOR PHASE A RELAY

VAG - %(Vgg+ Veg) MEDIAN
iVae QUADRATURE
— V¢ f60° LEADING PHASE
TABLE II
TYPE OF CHARACTERISTIC
POLARIZATION SOURCE IMPEDANCE
MEDIAN (1/3)Zgs
QUADRATURE (213)Z1s + (1/3)Zog
LEADING PHASE 1—a a+2
< 3 )le+( 3>Zos
TABLE IiI

POLARIZING QUANTITIES USED IN GENERAL ELECTRIC RELAYS

PHASE A
POLARIZING QUANTITY RELAY
Vag + MEMORY CEYG524, *GCYG51A
Vag — % (Vg + Veg) CEYG53A. GCXG53A, *SLCG11E
iVee CEYG51A, GCXG51A

SLYG61A, SLYG62A

SLYGS8I
Va; + MEMORY SLS-1000 PHASE SELECTOR

SLYG61B, SLYG62B
TLS-1000 MHO GROUND UNITS

* THESE RELAYS ARE OBSOLETE
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Figure 13. Apparent Impedance for AG Faults at F1 and F2 — Small Source
Impedance — Load Flow 30° L-R
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Figure 14.  Apparent Impedance for AG Faults at FI and F2 -
Small Source Impedance — Load Flow 60° L-R

Figure 15. Apparent Impedance for AG Fault at F1 Small Source Impedance ~—
Load Flow 30° R-L, 60° R-L.
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MHO CHARACTERISTIC — SMALL SCURCE
IMPEDANCE — NO LOAD, 60° L-R AND
60° R-L LOAD FLOWS

Figure 16. Variable MHO Ground Distance Relay
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Figure 17. MHO Relay Characteristic — Large Source Impedance — Load Flow —
No Load, 30° L-R, 60° L-R
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Figure 18. MHO Relay Characteristic — Large Source Impedance — Load Flow —
No Load, 30° R-L, 60° R-L.

Figure 19. Performance of MHO Relay — AG Fanlts at Fl and F2 —
Small Source Impedance Load Flow 30° L-R
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30° L-R

QUAD
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Figure 20. Performance of QUAD Relay — AG Faults at F1 and F2 —
Small Source Impedance — Load Flow 30° L-R

[« 60° L-R

MHO

Figure 21.  Performance of MHO and QUAD Relays — AG Faults at F1 and F2 —
Small Source Impedance — Load Flow 60° 1.-R
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Figure 22. Performance of MHO and Quad Relays for AG Fault at F1 —
Small Source Impedance — Load Flow 30° R-L, 60° R-L
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Figure 23. Performance of MHO and QUAD Relays for AG Faults at F1 and F2 —
Large Source Impedance — Load Flow 30° L-R
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60° L-R

Figure 24. Performance of MHO and QUAD Relays for AG Faults at F1 and F2 —
Large Source Impedance — Load Flow 60° L-R
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Figure 25. Performance of MHO and QUAD Relays for AG Faults at Fl and F2 -
Large Source Impedance — Load Flow 30° R-L
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Figure 26. Performance of MHO and QUAD Relays — AG Faults at F1 and F2 -
Large Source Impedance — Load Flow 60° R-L
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