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DIRECTIONAL COMPARISON
CARRIER-CURRENT PILOT RELAYING
WITH MHO-TYPE DISTANCE RELAYS

INTRODUCTION

The load carrying ability of a transmission line depends on the stability limit of the Tine, beyond
which limit power cannot be transmitted and still have the generation behind the two terminals of the line
in synchronism. There are two types of stability limits; the steady-state Timit, and the transient limit.
In reaching the steady-state limit the power transmitted over the line is increased gradually so that the
generation is able to take up the increases in load with no tendency to overshoot due to mechanical inertia
of moving parts in generator or governing equipment. The transient stability 1imit can be reached by a
disturbance to the system which brings inertia reactions into play.

Continuity of service depends on keeping all parts of a transmission system in operation or at least
in an operable condition for a maximum percentage of the time. Conversely, the amount of time a trans-
mission line is out of service for maintenance or due to a short circuit must be held to a minimum,

The longer the transmission system is subjected to the disturbance of a fault, the greater is the
possibility of transient instability, and the greater is the damage to the electrical equipment. Thus,
it is important from both the standpoints of stability and continuity of service that faults be ¢leared
as quickly as possible. It is equally important that the fault be cleared by taking a minimum of the
system out of service, or in other terms, that the protective relay be selective to the highest possible

degree.

For non-persistent faults, high-speed reclosing in an invaluable aid to both system stability and
continuity of service, but this subject deserves more emphasis than can be given here and consequently
will only be mentioned briefly.

CARRIER-CURRENT RELAYING

Pilot relaying is characterized by an intercommunication system between two or more terminals of a
transmission line, over which information is transferred from terminal to terminal. The information
obtained from any one terminal is in itself inadequate for high-speed selectivity, but the total informa-
tion received from all terminals is sufficient to produce a relaying system of maximum selectivity and

speed.

By using a channel of high-frequency current (30 to 250 Kilohertz) the power conductors themselves
can be used to carry efficiently the required relaying information. Coupling capacitors with safe in-
sulation to high voltage can be used to lead to and draw from the power conductors the high-frequency
current with low impedance to this current and high impedance to the power frequency current. Parallel
‘resonant circuits called traps tuned to the carrier frequency confine this high-frequency current to the
section of the power line between the relaying terminals without introducing any appreciable impedance
to the power line current. These traps prevent the carrier signal from being drained off by an external
fault, which would render the carrier current relaying ineffective at the time when it is most needed.

Thus, the use of high-frequency carrier current to convey the necessary relaying information allows
the power conducturs themselves to be used to effectively transmit this information.

These instructions do not purport to cover all details or variations in equipment nor to provide for
every possible contingency to be met in connection with installation, operation or maintenance. Should
further information be desired or should particular problems arise which are not covered sufficiently for
the purchaser's purposes, the matter should be referred to the General Electric Company.

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards:
but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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FAULT LOCATION

hs described in the subsection “"Carrier-Current Relaying" it is necessary for the relays at the ter-
minals of a protected line to compare via the carrier-current channel what each terminal of relays "sees"
under fault conditions. It is obviously necessary that any relay which is used to determine in what
direction a fault occurs must have a sense of direction, that is, it must be a directional relay. There-
fore, directional relays are used at each terminal to determine whether the fault is internal (in the
protected section) of external (outside the protected section). When an internal fault occurs, the line
should be de-energized completely and quickly by tripping the line circuit breakers at each terminal.
When the fault is external the circuit breakers should not be tripped immediately but should allow time
for the breakers on the faulted external line section to trip.

Considering the directional relays at each end of the protected section, let us examine their basic
operation in a directional comparison carrier-current relaying scheme. Please refer to Fig. 1.

Fig. 1 represents three adjacent transmission line sections, with circuit breakers A, B, C, D, E,
and F, and faults shown in locations X, Y, and Z. Let us consider the section between the breakers C and
D as the section to be protected by carrier-current relays. The directional relays at breaker C operate
only for faults to the right of breaker C, and directional relays at breaker D operate only for faults to
the left of breaker D. This means that the only faults that can operate both the directional relays at
€ and D are those faults that occur between C and D (internal faults). Faults such as Y and Z will operate
only one of the directional relays, e.g., fault Y onerates only the directional rebys at D; fault Z
operates only the directional relays at C.

Thus, we have a distinguishing characteristic between internal and external faults. Internal faults
cause the directional relays at both terminal C and D to operate, external faults operate the directional
relays at only one terminal. It is the function of the carrier channel to indicate instantaneously to
both terminals whether or not the directional relays at both terminals C and D have operated.

METHQD OF COMMUNICATION

Briefly, if the fault is external, carrier-current is transmitted for the duration of the fault
from ane terminal to block tripping at the other terminal. If the fault is internal, carrier-current
transmission is stopped instantaneously at both terminals, and both breakers are tripped. Also, if there
is no fault carrier-current is not transmitted from either terminal. Speaking in terms of the directional
units, the directional tripping unit causes carrier-current transmission from the local transmitter to
stop whenever the directional tripping unit operates.

If carrier-current transmission is off under normal unfaulted conditions, and the directional tripping
units operate to stop carrier-current transmission, it is obvious that something is needed to start
transmission. This function is performed by additional elements which must be sensitive to faults and
very fast, but need not be directional. It is vital to start carrier and block tripping for every external
fault, Therefore the carrier-starting fault detectors must operate faster and be more sensitive than the
directional units. More will be said about this co-ordination later.

This type of scheme is termed "Directional Comparison” since each terminal determines the direction
of the fault and then compares its information with the other terminals via the carrier equipment before
attempting to trip. Summarized below are the basic characteristics of a directional comparison scheme
and its associated carrier equipment.

1. The transmission of carrier-current from any terminal prevents tripping of the opposite. terminal

of the protected section.

2. Carrier-current is transmitted for external faults by the operation of fault detectors.

3. Carrier-current trarismission is stopped at each terminal for internal faults by the operation

of the directional relays at each terminal, thereby allowing tripping at each terminal.

4. The carrier-current transmission is off under normal, unfaulted conditions.

Referring back to Fig. 1 let us examine the relay operations for an internal and an external fault
noting the approximate accumulative times in the sequence in cycles on a 60 cycle per second basis.

For an internal fault:
1. (0 cycles) Fault occurs at X.
2. (1/2 cycle) Fault detectors at C and D operate, starting carrier current at C and D.

3. (1 cycle) Directional relays at C and D operate, stopping carrier current at C and D.
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4. (2 cycles) Trip coils of breakers at C and D are energized.

5. (5 to 10 cycles) Breakers at C and D open, de-energizing faulted line section.

For an external fault:

1.' (0 cycles) Fault occurs at Y.

2. (1/2 cycle) Fault detectors at C and D operate, starting carrier current at C and D.

3. (1 cycle) Directional Relay at D operates, stopping carrier current at D. Carrier current
at C is not stopped, it is received at D and blocks tripping.

4. (Some time after 5 cycles) Breakers A and B open,due to the operation of the relays at A
and B, de-energizing faulted line section.

EQUIPMENT
PHASE RELAYS

The phase relays used here to start and stop carrier are electromechanical, induction cup distance
relays. These relays have current and voltage inputs and measure the impedance of a fault to determine
whether to trip. The major advantage of using this type of relay is that it can be set to trip only when
a fault is within a certain distance from the relay terminal. How this is accomplished is explained in the
individual relay instruction books and will not be discussed here.

Separate sets of phase relays, one set to start carrier and a second to stop carrier and attempt
tripping are necessary at each terminal. As an example, the characteristics of two types of carrier start
relays are plotted on an R-X diagram in Figure 2. Here CD is the protected section of the line and the
characteristics are for relays located at C.

The circular characteristic with its center at the-origin is that of. the impedance unit in the CFZ
relay. This relay is used as a carrier starting unit and out-of-step blocking unit with a two-terminal
GCX scheme. The other characteristic shown is often called a reverse offset-mho characteristic, and per-
forms the same carrier start function. It is important to note that both characteristics include the ori-
gin which insures that for a zero voltage fault near the relay terminals carrier will be started and
maintained to block tripping.

Although not shown, the carrier stop and tripping relays have characteristics which can also be
plotted on an R-X diagram. These relays must detect faults anywhere in the protected section of the line,
and are normally set to overlap the end of the line to insure detection of faults at the remote terminal.

GROUND RELAYS

Under normal conditions little ground, or zero-sequence, current flows in a line. Thus, the pre-
sence of such current is a good-indication a fault has occurred, and the main relaying problem is
determining whether the fault is internal. For this reason ground relays can normally be much simpler
than the phase relays they complement.

The ground relays used here are of induction-cup construction for high-speed operation. However,
they are not distance-type relays, although such relays are used occasionally for ground fault detection.
Instead, carrier starting is performed by a low-set zero-sequence over-current unit, while tripping and
carrier stop are done by a higher-set zero sequence overcurrent fault detection unit with directional
supervision. This scheme provides high speed carrier starting and also high speed tripping for phase to
ground faults.

CARRIER SET CS-278B

The CS27B is a high speed, solid state transmitter-receiver unit used for electromechanical relay
directional comparison schemes. A block diagram of the CS27B is given in Fig. 3. This diagram shows
thatthe unit consists of a transmitter, a receiver, and a hybrid coupling section. The transmitter is
composed of four stages. First is the crystal oscillator and keying module where the carrier frequency
is generated by a dual-crystal oscillator circuit. Depending on the status of the carrier stop circuit
discussed subsequently, the gutput of this stage feeds the driver module. There the signal is preampli-
fied and voice modulation, if present, added. Also included is the carrier start circuitry used to start
carrier for blocking purposes, for voice communication, or for transmitting a reduced power signal for
testing. The output of this stage goes to the power amplifier. This circuit uses a design that features
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very little power drain when no carrier input is present. The amplifier output is passed through a
band-pass filter to eliminate harmonics and then is fed to the hybrid module. The purpose of the RF hybrid
is to isolate the local transmitter output from the receiver. This avoids saturating the receiver circuits
and reduces the channel release time. However, unlike previous carrier sets, the CS27B receiver may not
receive its own carrier signal and the associated relsy logic scheme must include this possibility.

The function of the receiver circuit is to energize the receiver relays when a carrier signal is
received. The input to the receiver section coming from the hybrid unit is first filtered to remove any
stray signals. The filter output drives the carrier receiver module which detects the presence of carrier,
This stage feeds the receiver output module where the signal is amplified. One output of this module is
fed to the signal level output meter, while second feeds the D-C amplifier stage. The amplifier here
provides current for the external carrier relays used to block tripping and energize the alarm bus.

OPERATION OF THE SCHEME

CARRIER STARTING AND BLOCKING

Carrier starting in the CS27B is controlled in the driver module of the transmitter section. Figure
4 shows the part of the circuit involved, and also above the dashed line shows the carrier start contacts
located in the relays. Under unfaulted conditions the nature of the scheme requires that no carrier be
transmitted. In the circuit shown, transistor Q153 acts effectively as a switch, which when of f feeds
nothing to the amplifier, but when switched on passes the carrier signal to the amplifier to start carrier.

The switching of Q153 is controlled by Q152 and the carrier start contacts. For help in coordinating
carrier stop and carrier start, the start contacts in the relay are made to be normally closed, while the
carrier stop contacts are normally open. Since the carrier start contacts open before the stop contacts
close, this helps ensure blocking of tripping for external faults. Normally, the starting contacts will be
closed, allowing current to flow through resistors R154 and R153. This biases Q152 on, drawing current
through R155. This current flows through R167 and R168, and the resulting voltage drop across these two
resistors keeps Q153 cut off.

To start carrier, a carrier start contact opens, interrupting the flow of current through R154 and
R153. Q152 will then be cut off, so that the current through R155 goes to zero. This will allow 0153 to
turn on and feed the carrier signal to the amplifier stage, thus starting carrier.

At the remote terminals, the received carrier signal will operate two relays. One, the R relay, when
energized opens a contact in the trip circuit and blocks tripping. A second unit, relay RA, is a teleohone-
type receiver alarm relay with its coil connected in series with the R relay coil. It picks up to operate
a bell and a lamp for test or signalling purposes. Its pickup is higher than that of the R relay so that
if a regular carrier signal or a test signal picks up RA the carrier receiver output will be great enough

to reliably operate the R relay.
CARRIER STOPPING AND TRIPPING

Carrier stopping in the CS27B is accomplished in the oscillator and keying module of the transmitter.
When the directional tripping relays operate, carrier is stopped by blocking transmission of the oscillator
circuit output. Since this prevents the carrier signal from passing to the amplifier sections, the status
of the carrier start circuit has no affect on carrier transmission once carrier has been stopped. This
gives the preference of carrier stop over carrier start or any carrier test signal which is necessary for
a directional comparison carrier-current scheme.

Figure 5 shows the carrier stop circuit in the crystal oscillator and keying module, and above the
dashed line are shown the associated carrier stop contacts located in the relays. The operation of the
circuit is as follows. Under normal conditions transistor Q104 is biased into its operating range by re-
sistors R116 and R117. Thus, Q104 passes the carrier signal to the driver module. When one of the carrier
stop contacts close, however, the following will occur. Current will flow through resistors R120 and R119,
and the resulting voltage drop across R119 will raise the emitter voltage level above that of the base and

cut off Q104, thus stopping carrier.

The relay coils (MX, GD2X, RI) that close the carrier stop contacts are shown in Figure 6, which shows
the tripping circuit. 52/TC is the trip coil, and in series with it is a 52/a contact from the breaker
auxiliary switch which is inserted to interrupt the trip coil current. This is connected to the trip bus.
The normally closed R contact connected in series with the target is opened by the R coil and is used to
block tripping when carrier is received. This contact is discussed in the section on contact coordination.

Either the MX or GD2X contacts when closed can energize the trip bus as long as the R contact is closed
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MX will be energized by any of the mho units operating, and contacts of this relay will also stop carrier
as shown in Figure 5. GD2X will be energized when both the ground current directional unit and the ground
overcurrent unit close their contacts. GD2X will also stop carrier as long as GD1X, a transient blocking
relay, has not been picked up.

The RI unit shown connected to the trip bus has two functions. First, there is an RI contact in
the carrier stop circuit, so that when an instantaneous trip occurs carrier will be stopped for the duration
of the drop out time delay of RI after the phase or ground relays drop out. This prevents carrier from
being restarted to block tripping at a remote terminal that is slow to trip.

A second function of the RI relay is to initiate instantaneous reclosing after a high speed trip
operation. In such an application an RI contact would energize a reclosing relay such as the NSR. In
a scheme combining high speed and time delayed tripping, however, a blocking rectifier is necessary to
prevent the RI relay from being energized after a time-delay trip and thereby initiating an undesirable
reclosure.

QUT-OF-STEP BLOCKING

These carrier-current relaying schemes recognize out-of-step and power swing conditions by using
more sensitive relays which will operate earlier on these conditions, but which will be by-passed under
fault conditions. The MB unit in Fig. 7 is an offset mho unit in a Type CEB relay and is connected to
operate in the direction of the protected section. This unit is placed in only one phase of the line since
it is probable that a power swing or out-of-step condition will appear the same in all phases. The Z units
in Fig. 7 used in the GCX scheme are impedance units in a Type CFZ relay and they perform the function of
fault detection in addition to out-of-step blocking; consequently, they are present in all three phases.

The 0B element shown in Fig. 7 is a time-delay telephone-type auxiliary relay. It is adjusted for a
4-cycle delay on pickup. This auxiliary is usually used either to prevent a breaker from tripping on an
out-of-step or power swing condition or to prevent a breaker reclosing after it has tripped on an out-of-
step condition. With relays other than the GCX51 it is more commonly used to prevent the breaker reclosing
operation because the mho characteristics are the smallest characteristics available for enclosing the fault
area and are thus unlikely to cause tripping on any system disturbance from which the system will normally
recover. Even for a complete loss of synchronism, tripping will not occur.unless the impedance locus
happens to fall within the relay characteristic i.e., in the immediate neighborhood of the protected section.

When an out-of-step condition begins, the apparent system impedance moves along a locus passing
through the electrical center of the system at a speed dependent upon the rate of progress of the swing.
Fig. 8 shows such a locus on a typcial R and X diagram. As the system impedance moves to a point C just
inside the MB (or Z) unit characteristic, this more sensitive unit will close its contacts energizing the
0B relay. If, within the next four cycles, the system impedance moves to a point D on the locus, just
inside the M2 (or M) unit characteristic, this unit will close its contacts shorting out the OB relay coil
through the OB "b" contact and tripping the breaker either instantaneously as a carrier trip, or as a time
delay trip if a carrier signal is being received from the remote terminal. If on the other hand the system
impedance only moves from point C to point E in four cycle time, the OB relay will pick up and block trip-
ping in zone 1 and zone 2, and the carrier trip circuits, or prevent reclosing under these conditions.
These conditions are, therefore, recognized as an out-of-step or power swing condition by the speed with
which the system impedance moves along its locus.

When a fault occurs the MB (or Z) and M2 (or M, etc.) units operate simultaneously, so that the OB

relay coil is by-passed through its own "b" contact by the M2 (or M) contacts before 0B can pick up to
prevent such shorting. Thus, out-of-step blocking quite correctly does not occur.

CARRIER TRIP TARGETS

The carrier trip circuits are those which energize the trip coil of the circuit breaker if carrier-
current is off during the fault, and do not trip the breaker if carrier current is received for the dura-
tion of a fault. Other protective relays may trip the same breaker, but tripping by these relays is not
primarily dependent on the reception or absence of carrier current.

In these carrier-current relay schemes, targets are provided to indicate all possibilities of fault
tripping. These target locations and functions are as below:

1. A target in the receiver relay indicates when a carrier trip occurs.
2. A target in the ground relay indicates when ground is involved.

3. A target in the phase relay(s) indicate(s) the operation of a phase relay.
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4, 1In the case of distance relays used also for backup, targets in the RPM timer indicate the time
zone involved.

5. Targets in the ground backup relay indicate a ground backup trip.
CONTACT COORDINATION

Several relays have been added to the basic scheme to increase overall security. The time that
these relays add to tripping for an internal fault is normally negligible, while for certain types of ex-
ternal faults they help prevent false trips.

RH Coil

One requirement of a directional comparison scheme is to block tripping for an external fault. At
a remote terminal a race may develop between the relays attempting to trip and the carrier signal opening
the receiver relay R contact to block tripping. To avoid this, relay R has two windings. One, the R
winding, is energized by a received carrier signal and so under normal conditions, is de-energized.
However, there is a second winding, termed the receiver holding coil RH, which is connected as shown in
Figure 9. Since under normal conditions both MX and ‘GD2X are not picked up, the RH winding will be ener-
gized and will hold the R contact in the trip circuit open.

For an external fault, either MX or GD2X may be picked up and so de-energize coil RH. However,
there will be sufficient time delay so that the received carrier signal will energize the R winding soon
enough to keep the R contact open and block tripping. For an internal fault, however, RH will drop out
after MX or GD2X is energized, and the R contact will close to allow tripping since no carrier signal
will be received to hold R open.

GD1X Relay

Shown in Figure 9 is the GD1X coil. The purpose of this unit is to prevent false tripping under
transient conditions following the clearing of an external fault. Before such a fault is cleared, Gl may
very well pick up and this will pick up GD1X after a two cycle delay. When external breakers open to clear
the fault, a transient power reversal may occur, picking up GD and G2 and attempting a trip.

However, the GD1X contacts will keep the RH coil energized; holding open the R contact and, thus,
blocking tripping. In addition, GD1X will have started carrier and the GD1X contact in the carrier stop
circuit will prevent the ground relays from stopping carrier. This condition will persist for five cycles
after GD1X is de-energized by either GD picking up or Gl dropping out. :

MANUAL FEATURES

CARRIER TEST SWITCH

The carrier test switch, CTS, performs the following functions:

(a) It shunts the reserve signal microammeter except when it is in the REC position to receive a test
signal.

(b) It starts the transmitter for testing, SEND.

(c) It inserts the microammeter for measuring a signal from the remote transmitter, REC.

(d) It introduces an attenuating resistor into the transmitter supply so that the receiver output current
at the other terminal(s) is made to vary with the received signal voltage. Since the received signal

voltage depends on the attenuation over the power conductors, this is often used to detect and roughly
measure the amount of sleet on the power conductors.

CARRIER CUTOFF SWITCH

This switch, designated as CCS, is used to open the carrier trip circuits in case an essential part
of the carrier-current relaying equipment is out of service for maintenance or other reasons. Under such
conditions protection is provided by the distance relays with their zones of protection, and by the time
delay ground backup relays. '

This switch should be turned to the "OFF" position whenever the carrier-starting relays at another
station are out of service for any reason, as otherwise a fault external to the other terminal may cause
false tripping of this terminal.
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TABLE A
TABLES
SCHEME ELEM. DIAG. | TERMINALS |—FNcTIONS TN
CEY-CEB 11689493 2 I, 11 VIIT, IX
3 VT, X
2 1, 111 VIII, XI
CEY-CEY-CEB 11689498 5 FTIT—FTT
2 I, IV VIII, XI
GCY 11689496 3 VITE—¥TT
11689497 2 I, v VIII, XIII
GCX 16469129 3 T, VI VITT, X1V
2 1, VII VIII, XV
| GCXY 11689495 . T

FUNCTIONS AND SETTINGS

Table A 1ists the tables showing the functions and settings of devices used in the several schemes.
Tables I and VII cover the devices common to all the schemes.

It is improtant to note that protective relay settings depend on system conditions and the circuit to
be protected. For this reason, the information supplied in the attached tables can only be qualitative and
not quantitive. The user must calculate his own relay settings and these must be applied to the relays by
the user before the relays are put into service.

BASIC RULES FOR SETTINGS

In order to insure proper operation of the protective schemes covered by these instructions the
following general rules must be followed with regard to relay settings. They are stated here for better
understanding.

A. GENERAL

1. Under no conditions should the settings of any of the phase relays, including the out-of-step
blocking relay, be such that load can cause them to operate.

2. A1l phase relays employed in these schemes are supplied with phase-to-phase potentials and the
currents of the same 2 phases. Thus, they reach the same distance for all types of multi-phase
faults.

3. In no case should any relay be set outside of the rated ranges as given in the instruction book.

4. A1l values of ohms, amperes and volts used in these tables are in terms of secondary quantities;
ohms are phase-to-neutral vyalues.

B. CARRIER PHASE RELAYS

1. In most of the schemes under consideration, the same phase relays that provide carrier protection
also provide back-up protection. Thus, these relays must be set to provide for both functions. In
general, the requirements do not conflict. However, it is well to remember that the carrier portions
of this scheme provide the best part of the overall line protection and this should greatly influ-
ence the relay settings.

2. Since high-speed carrier stopping and tripping depend on the operation of the carrier-stopping and
tripping units, these units at all terminals must be set to pick up for all multi-phase faults in
the protected line section for all practical system conditions. It should be noted that on three-
terminal lines, an internal fault near one terminal will appear to be farther away, impedance-wise
from the relay terminal than it actually is because of the current infeed from the second remote
terminal. This must be considered when setting the reach of the carrier stop and trip units.

For example, the apparent impedance to the relays at A for the fault at C is:
9
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where A, B, C are the three terminals, and J is the junction of the three branches as shown in
Fig. 10. )

Because successful carrier blocking for external phase faults is essential to prevent false trip-
ping, the carrier starting units for external faults must reach farther than the reach of the
carrier-stopping and tripping units at the remote terminals. An offset setting is required on all
mho-type carrier-starting units to insure that these units will pick up and stay picked up to main-
tain carrier transmission on nearby, zero-voltage external faults.

Qut-of-step blocking is obtained by virtue of the sequence of operation between the measuring unit
of the out-of-step blocking relay and the carrier tripping unit.. This sequence of operation is
measured by the time-delay auxiliary OB unit in the out-of-step blocking relay. The OB unit has

a four-cycle time delay on pickup. The measuring unit of the out-of-step blocking relay must be
set so that its characteristic is larger than, and encircles, that of the carrier tripping unit at
the same terminal. Its characteristic must be sufficiently large so that the apparent impedance
resulting from a system swing or out-of-step condition will require more than four cycles (on a
60-cycle base) to traverse the distance from the periphery of the blocking relay characteristic to
that of the tripping unit characteristic. This will permit out-of-step blocking to get set up. It
is important to note that the proper setting for the measuring unit of the out-of-step blocking
relay will depend on the rate of the fastest swing and the setting of the corresponding tripping
unit.

The PJC overcurrent fault detectors that are recommended when line-side potentials are employed,
are not mechanically capable of being operated in the picked-up position continuously. For this
reason they should be set above maximum full Toad current. However, the setting should be as

lTow as possible to insure fast operation during fault conditions. Note, CHC fault detector relays
?redavai1able that are suitable for operation continuously picked up. These may be set below full
oad current.

BACK-UP PHASE RELAYS

1.

The high-speed,first-zone units must be set short enough so that they do not reach beyond any of
the remote terminals, even under conditions of minimum infeed.

The second-zone, time-delay units should be set with a reach that is long enough to insure that they
will operate for phase faults anywhere in the protected 1ine section. On three-terminal lines the
effects of infeed must be considered. See section B-2 above. The second-zone time setting of the
RPM relay should be as short as possible but long enough to insure time coordination for faults

in adjacent line sections as far away as the reach of their second-zone units.

The third-zone time-delay units of the GCX51A and B relays control the RPM timer. For this reason,
the reach should be at least somewhat longer than the associated second-zone units. In GCXY and
GCY51A and CEB52 relay applications, the third-zone units "look" in the reverse direction; and while
they control the associated RPM timing relay, so do the second-zone units. For this reason, the
reach setting is based on the requirements to start carrier. See section B-3 above. The third-zone
time setting of the RPM relay should be set to insure time coordination with relays on the adjacent
line sections, with due regard to the reach settings of those relays.

CARRIER GROUND RELAYS

1.

Since high-speed carrier stopping and tripping depends on the operation of the directional units

of the carrier ground relays, these directional units (GD) at all terminals must pick up for all
single-phase-to-ground faults in the protected 1ine section for all practical system operating
conditions. Dual polarization provides for maximum sensitivity and should be used where facilities
are available.

Since high-speed carrier tripping also depends on the operation of the overcurrent units (62), these
units at all terminals must pick up for all single-phase-to-ground faults in the protected line
section for all practical system operating conditions.

Since proper carrier blocking for external ground faults is necessary for blocking false tripping,
the overcurrent units (Gl), which start carrier, must be set more sensitive than the overcurrent
units (G2) at the remote terminals of the protected line section. In general, the magnitudes of
zero-sequence currents flowing in all three terminals of a three-terminal line for an external
ground fault are different. Because of this, the ratio of Gl setting to G2 setting will depend
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on the number of terminals that the protected 1ine has. This has been reflected in the suggested
settings for Gl and G2 in the Table VII. :

E. BACK-UP GROUND RELAYS

1. The pickup setting of the high speed units must be high enough to insure that these units do not
pick up for any ground fault external to the protected 1ine section.

2. The pickup setting of the time delay units must be low enough to insure positive operation for all
single-phase-to-ground faults on the protected line for all practical system operating conditions.
Unless local backup is provided at the terminal(s) leading out of theopposite station s) the setting
should be low enough to provide backup for all adjacent line sections in the forward direction, at
least sequentially. The time-dial setting must provide for time coordination with similar relays
on all adjacent lines in the forward direction.

F. CARRIER GROUND RELAYS ON 3-TERMINAL LINES WITH EXTERNAL TIES

With an external tie between two terminals of a 3-terminal line as shown in Fig.11, it is possible to
have a considerable magnitude of ground current flowing out of terminal B for an internal fault near
terminal C. Depending on the system configuration and the fault location, the current magnitudes and
direction may vary from this situation, all the way to the normal situation of current flowing into the
faulted line at all terminals, in four stages as outlined below. The same type of situation can exist
on phase faults, but it is a lTittle easier to deal with because the voltage restraint in the distance relays
used as phase fault detectors compensates them for changes in source impedance, and therefore, their reach

changes less than that of the ground relays, with system conditions.

1. Qut-flowing Current Above Gl-Pickup

For this case (as mentioned above) G1 will start carrier at B, thus blocking A and C. The primary
relaying cannot operate, so the clearing depends intially on the back-up relaying at C. Since the
minimum clearing time at C is about four cycles, and the pickup time of GDIX at B is the pickup
time of Gl plus two cycles, GDIX will probably be set up, and therefore, the carrier relaying at

A and B still cannot respond until the five cycle dropout time of GD1X at B has expired.

This is delayed sequential tripping, and as far as a blocking system of relaying is concerned, there
is no remedy for this situation if the setting of Gl is already the highest that can be used with
sufficient margin for blocking A in case of an external fault beyond C. (For the margin necessary
for this latter situation, see Case 4, below.)

2. Qut-flowing or In-flowing Current Below Gl Pickup

Note that for any system configuration where Case 1 can arise, Case 2 will arise instead, if the
fault location is further away from C.

For this case, Gl does not operate, so carrier is not started at B, GD1X does not pick up, and
tripping at A and C is normal. B will trip as soon as C has cleared.

This is instantaneous seqyentja1 tripping, and as far as a blocking system of relaying is concerned,
:hgred1s no remedy for this situation if the setting of GD is already the lowest that can be ob-
ained.

3. In-flowing Current Above Gl Pickup But Below G2 Pickup

Note that for any system configuration where Case 1 and 2 can arise, Case 3 can arise instead,
if the fault location isstill further away from C.

For this case, Gl starts carrier at B, thus blocking A and C. As in Case 1, the primary relaying
cannot operate, so the clearing depends initially on the back-up relaying at C. However, uniike
Case 1, GD picks up, so GD1X does not pick up, and therefore, the primary relaying will trip A and
B as soon as C trips by back-up relaying.

This is instantaneous sequential tripping of terminals A and B. For the narrow range of ground
fau]t_currents, or of ground fault locations, represented in Case 3, it is possible to have an
aux1!1ary re]gy at.B which will respond to the operation of GD and will bypass Gl contact in the
carrier starting circuit, thus making the primary relaying again effective at A and C. and elimin-
ating the instantaneous sequential tripping of A. However, terminal B will still have only instan-
taneous sequential tripping, and this must be taken into account in choosing the dead . me of the

11
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breakers at A and C in case of instantaneous reclosing. Therefore the only practical advantage ob-
tained by the added auxiliary relay at B is that in the current range between Gl and G2 it keeps the
primary protection at A and C effective rather than having to depend on the back-up relaying to trip
C. It does not improve the performance for Case 1 or 2, if either of these cases can exist for any
fault location on the protected line.

In-flowing Current Above G2 Pickup

For this case, operation is normal at all terminals if the proper margin has been taken in choosing
the settings. An internal fault will be cleared correctly, and the only concern necessary is the
result of an external fault. Considering Fig. 1], an external fault at the right may draw equal
currents out of terminals B and C, but the sum of these currents will flow in through A if there is
no ground current supplied from any other line or grounded bank at B. In order ‘to insure blocking
at A for a fault which would draw currents just below Gl pickup at B and C, it is necessary to set
the pickup of G2 at A for at least 2.5 times the pickup of Gl at B or C, rather than only 1.25 times.
Unless fault data are available to prove it unnecessary, the usual meshed system (with external
interconnections possible among each pair of terminals requires a similar 2.5:1 ratio of G2 pickup
at any terminal to the Gl pickup at each of the other two terminals.

12
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TABLE 1
FUNCTIONS THAT ARE COMMON TO ALL SCHEMES

DEVICE

DEV.
NO

UNIT

FUNCTION

CA11AY

85

GD2X

Controlled by 67GC/GD. In turn it de-energizes 85/RH coils and stops local carrier.
It is picked up only for ground faults in the tripping direction. Has 6-9 ms
pickup and fast dropout.

MX

Controlled by 21/MZ2or 21/M depending on scheme used. In turn it provides
the same functions as GD2X except for multi-phase faults.

Picks up on receipt of a carrier signal to block Tocal tripping. Has fast pickup
and dropout times.

Drops out for faults in tripping direction. RH & R are wound on same core. The
normally closed contacts labelled R are closed when both R & RH are de-energized,
and they are open when either R or RH or both are energized.

Provides target indication for carrier trip.

["NGA158

85Y

GDY

Purchased only for a terminal, on a 3-terminal line, where current flowing in to-
ward an internal fault is above Gl pickup but below G2 pickup. Controlled by 67GD.
In turn it by-passes Gl contact to remove carrier started by Gl, thus permitting
tripping of other terminals if current.is flowing in at both of them.

AA22L

85X

Picks up on receipt of a carrier to give an alarm.

e F

Tnitiates Automatic Reclosing. Holds off carrier for approximately 8 cycles after
a trip. Has fast pickup and 7-9 cycle dropout times.

[ 165B1CBABZ1

CTS

Switch for testing the carrier channel.

Microammeter

Reads strength of received signal in REC position of switch, during RS test.

hite Lamp

Tdentifies source of carrier signal if more than 1 carrier terminal 1s connected
to same alarm bell.

Tel Jack

For voice communication.

1658108211

CCsS

Thannel cutout switch for removing directional comparison and instantaneous re-
closing from service. Backup relaying remains in_service.

JBCGS1K or
JBCG53K or
JBCG77K

67GB

D
10C

Directional unit, Provides directional control for 10C & TOC Tisted directly below.]
Directional Instantaneous Overcurrent Unit. Provides high-speed back-up protection

on ground faults.

T0C

Directional Time Overcurrent Unit. Provides time delay back-up protection on
round faults.

CLPG12C

6/6C

GD

round Directional Unit in Carrier Scheme. With G2 1t operates on ground faults
in the tripping direction to control GD2X and initiate carrier tripping. Also
operates in conjunction with 67GC/G1 for ground faults in the non-tripping
direction to_control 67GC/GD1X.

Non-directional overcurrent unit that starts carrier on ground faults. It also
operates in conjunction with 67GC/GD1X.

G2

Non-directional overcurrent unit. It operates in conjunction with 67GC/GD to
provide carrier stopping and tripping for ground faults in the tripping direction.

aD1X

RuxiTiary relay with 1-2 cycle pickup and 5 cycle dropout time. Controlled by
67GC/GD and 67GC/G1 to prolong carrier transmission and hold the carrier trip
circuit open on single-phase-to-ground faults in the non-tripping direction.

Target to indicate ground fault carrier t

CHCI2A

50

rip.
Non-directional Instantaneous Overcurrent §£1ay. Fault detector to supervise all
tripping by 21. May safely be set below load current and picked up continuously.
With line-side potential, use this or PJC. '

PJC31C

50

“Non-directional Instantaneous Overcurrent Relay. fault detector to supervise all

tripping by 21. Should not be set below maximum load current. With line-side
potential, use this or CHC. Not needed when GCX51B used.

APPLIES TO CEY52A CEB52A,2-OR 3-TERMINAL LINE APPLICATIONS DRAWING 11689493

TABLE I1

CEY52A

21

M

s ~snreremnel

CEB52A

68

RM

0ffset Mho Distance Relay. Operates to start carrier transmission.

Directional Mho Distance Relay. Operates'in conjunction with 85/MX to stop carrier
transmission and provide for carrier tripping.

CEB51A

68

MB

0B

Operates in conjunction with 68/0B to provide out-of-step blocking of tripping. ‘
Auxiliary Unit for out-of-step blocking. Has 4 cycle time delay pchup. Operates

in conjunction with 68/MB to block zone 1, zone 2, and carrier tripping by phase
relays on system swings and out-of-step conditions. This blocking is prevented
in the event that 21/M contacts close and short down 68/0B before 68/0B gets
picked up, as in case of an internal fault. ’

13
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APPLIES TO CEY-CEY-CEB PHASE RELAYS IN 2- OR 3-TERMINAL LINE APPLICATIONS DRAWING 11689498

TABLE 111

DEVICE

DEV.

NO. UNIT

FUNCTION

CeY51A

21-M1

Divectional Mho Distance Relay - Operates to provide first zone back-up protection|

CEY52A

21-M2

for multi-phase faults.

Directional Mho Distance Relay - Operates in conjunction with 85/MX to stop carrier
transmission and provide for carrier tripping. Controls 21X/TU-2 to provide second
zone back-up protection of multi-phase faults.

CEB52A

21-M3

OFfset Mho Distance Relay - Operates to start carrier transmission. Controis
21X/TX to initiate operation of RPM Timing Relay. Operates in conjunction with
21X/TU-3 to provide reversed third zone back-up protection for multi-phase faults.

RPMZ1D

21X X
TU

RuxiTiary Unit with energizes the timing unit 21X/TU. Operated from phase-distance
relays 21-M2 or 21-M3. Timing unit operated from 21X/TX. Has contacts TU-2 and TU-3
for second and third zone time delay tripping in conjunction with phase-distance
relays.

CEB51A

68 MB

Operates_in conjunction with 68/0B to provide out-of-step blocking of tripping.

0B

Auxiliary Unit for out-of-step blocking. Has 4 cycle time delay pickup. Operates
in conjunction with 68/MB to block zome 1, zone 2, and carrier tripping by phase
relays on system swings and out-of-step conditions. This blocking is prevented in
the event that 21/M2 contacts close and short down 68/0B before 68/0B gets picked
up, as in case of an internal fault.

APPLIES TO GCY51A 2- OR 3-TERMINAL LINE APPLICATIONS DRAWING 11689496

TABLE IV

GLYS1A

41 M1
—

—OM3 |

Divectional Who Distance Unit - Operates to provide first zone back-up protec-

tion for multi-phase faults.
Directional Mho Distance Unit - Operates Tn conjunction with 85/MX to stop carrier

transmission and provide for carrier tripping. Controls 21X/TX to initiate opera-
tion of RPM timing relay. Operates in conjunction with 21X/TU-2 to provide second

zone backup protection for multi-phase faults.

Offset Mho Uistance Unit - Operates to start carrier Transmission. controls 21X/1X
to initiate operation of RPM timing relay. Operates in conjunction with 21X/TU-3
to provide reversed third zone back-up protection for multi-phase faults.

RPMI1D

21X TX

Ruxiliary Unit which energized the timing unit 21X/TU. Operated from phase-distance
relays.

T

Solenoid Timing Unit operated from 21X/TX. Has contﬁcts TU-2 and TU-3 for second
and third zone time delay tripping in conjunction with phase-distance relays.

11, T2
T3

Targets used in conjunction with zones 1, 2 and 3 of the phase-distance relays.

CEBS1A

68 |_MB

Dperates in conjunction with 68/0B to provide out-of-step blocking of tripping.

0B

Ruxiliary Unit for out-of-step blocking. Has & cycle time delay pickup. Operates
in conjunction with 68/MB to block zone 1, zone 2, and carrier -tripping by phase
relays on system swings and out-of-step conditions. This blocking is prevented in

] up, as in case of an internal fault.

the event that 21/M2 contacts close and short down 68/08 before 68/0B gets picked

14
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APPLIES TO GCX51A OR -B 2-TERMINAL LINE APPLICATIONS - DRAWING 11689497

TABLE V

DEVICE

DEV.
NO.

UNIT

FUNCTION

GCX51A

21

M

Directional Mho Distance Unit. Operates in conjunction with 85/MX to stop
carrier transmission and provide for carrier tripping. Controls 21X/TX to ini-
tiate operation of RPM timing relay. Operates in conjunction with 21X/TU-3 to
provide third zone back-up protection for multi-phase faults. Operates in
conjunction with 21/0 to provide first zone back-up protection for multi-phase
faults. Operates in conjunction with 21X/TU-2 to energize 21/0X which in turn
switches the reach of 21/0 from zone 1 to zone 2.

Non-directional Reactance Distance Unit. Operates in conjunction with 21/M to
provide first-zone back-up protection for multi-phase faults. Also operates
in conjunction with 21/M, 21/0X and 21X/TU-2 to provide second zone back-up
protection for multi-phase faults.

0X

Auxiliary Transfer Unit. Operates in conjunction with 21M and 2iX7TU-2 to switch
the reach of 21/0 from first to second zone.

oc

Non-directional Overcurrent Unit. Present only in GCX5IB. Performs same functio
as PJC31C. Acts as a fault detector to supervise operation of all multi-phase
fault tripping. Should not be set below maximum load current.

RPMI1D

21X

X

Auxiliary Unit which energizes the timing unit 21X/TU. Operated from Phase-
distance relays.

TU

Timing Unit operate from 21X/TX. Has contacts TU-2 and TU-3 from second and
third zone time delay tripping in conjunction with phase-distance relays.

[T1,72,13

Targets used in conjunction with zones 1, 2 and 3 of the phase-distance relays.

CFZ17A

68

731 123
212

Non-directional Impedance Distance Units. Start carrier on multi-phase faults.
Also operate in conjunction with 68/08 to provide out-of-step blocking of trip~

ping.

0B

1 in conjunction with 68/Z31, 68/Z12 to block zone 1, zone 2 and carrier tripping

Auxiliary Unit for out-of-step blocking. Has'4 cycle time delay pickup. Operates

by phase relays on system swings and out-of-step. This blocking is prevented
in the event that 21/M contacts close and short down 68/0B before 68/0B gets
picked up, as in case of an internal fault.

TABLE VI

APPLIES TO GCX51A OR -B 3-TERMINAL LINE APPLICATIONS - DRAWING 164B9179

GCX51A

21

Directional Mho Distance Unit. Operates in conjunction with 85/MX to stop car-
rier transmission and provide for carrier tripping. Controls 21X/TX to initiate
operation of RPM timing relay. Operates in conjunction with 21X/TU-3 to provide
third zone back-up protection for multi-phase faults. Operates in conjunction

“with 21/0 to provide first zone back-up protection for multi-phase faults.

Operates in conjunction with 21X/TU-2 to energize 21/0X which in turn switches
the reach of 21/0 from zone 1 to zone 2.

Non-directional Reactance Distance Unit. Operates in conjunction with 21/M to
provide first-zone back-up protection for multi-phase faults. Also operates in
conjunction with 21/M, 21/0X and 21X/TU-2 to provide second zone back-up pro-
tection for multi-phase faults.

0X

Ruxiliary Iransfer Unit. Operates in conjunction with 2IM and 21X/TU-2 to
switch the reach of 21/0 from first to second zone.

oc

Non-directional Overcurrent Unit. Present only in GCX51B. Performs same function
as PJC31C. Acts as a fault detector to supervise operation of all multi-phase
fault tripping. Should not be set below maximum load current.

CEB52A

68CB

RM

Offset Mho Distance Relay - Operates to start carrier transmission. Controis
21X/TX to initiate operation of RPM Timing Relay. Operates in conjunction with
$1X{TU-3 to provide reversed third zone back-up protection for multi-phase
aults. ‘

21X

TX

Auxiliary Unit which energizes the timing unit 21X/TU. Operated from Phase-
distance relays.

TU

Timing Unit operated from 21X/TX. Has contacts TU-2 and TU-3 for second and
third zone time delay tripping in conjunction with phase-distance relays.

T1,12,T3

Targets used in conjunction with zones 1, 2 and 3 of the phase-distance relays.

CEBS1A

68

MB

Operates in conjunction with 685B/0B to provide out-of-step blocking of tripping.

0B

Auxiliary Unit for out-of-step blocking. Has 4 cycle time delay pickup. Operates
in conjunction with 68SB/MB to block zone 1, zone 2 and carrier tripping by phase|
relays on system swings and out-of-step conditions. This blocking is prevented
in the event that 21/M contacts close and short down 68SB/0B before 685B/0B gets
picked up, as in case of internal fault.
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APPLIES TO GCXY ON 2- OR 3-TERMINAL LINE APPLICATIONS - DRAWING 116B9495

TABLE VII

DEVICE

BCXYBIA | 21

DEV.
NO.

UNIT

FUNCTION

OM3

faults.

Offset Mho Distance Unit - Operates to start carrier transmission.
21X/TX to initiate operation of RPM timing relay.
21X/Tu-3 to provide reversed third zone back-up protection for multi-phase fault

Controls
Operates in conjunction with

3

Directional Mho Distance Unit.

provide third zone back-up

Operates in conjunction with 85/MX to stop
carrier transmission and provide for carrier tripping. Controls 21X/TX to ini-
tiate operation of RPM timing relay. Operates in conjunction with 21X/TU-3 to
protection for multi-phase faults.
junction with 21/0 to provide first zone back-up protection for multi-phase
faults. Operates in conjunction with 21X/TU-2 to energize 21/0X which in turn
switches the reach of 21/0 from zone 1 to zone 2.

Operates in con-

protection for multi-phase faults.

Non-directional Reactance Distance Unit. Operates in conjunction with 21/M
to provide first zone back-up protection for multi-phase faults.
in conjunction with 21/M, 21/0X and 21X/TU-2 to provide second zone back-up

Also operates

Kuxiliary Transfer Unit. Operates in conjunction with 21/M3 and 21X/TU-2 to
switch the reach of 21/0 from first to second zone.

RPMI1D

21X

™

distance relays.

Ruxiliary Unit which energizes the timing unit 21X/TU. Operated from phase-

TU

Solenoid Timing Unit operated from 21X/TX. Has contacts 1U-2 and 1U-3 for second

and third zone time delay tripping in conjunction with phase-distance relays.

1,12,T3

Targets used in conjunction with zones 1, 2 and 3 of the phase-distance relays. |

CEB5IA

68

perates in conjunction with 68/0B to provide out-of-step bYTocking of tripping.

luxiTiary Unit

for out-of-step blocking. Has 4 cycle time delay pickup. Operates
in conjunction with 68/MB to block zone 1,
relays on system swings and out-of-step conditions. This blocking is prevented
14n the event that 21/M contacts close and short down 68/08B before 68/08 gets
picked up, as in case of an internal fault.

zone 2 and carrier tripping by phase

TABLE VIII

 GROUND RELAY SETTINGS - ALL SCHEMES

DEVICE

DEV.
NO.

UNIT

TWO TERMINAL LINES

THREE TERMINAL LINES

JBLGS 1K
or
JBCG53K
or
JBCG77K

6/GB

o adjustment available

No adjustment available.

10C

Set pickup no lower than 125% of the maxi-
mum current in the relay for a ground
fault at the remote terminal with the re-
mote breaker closed.

Assume one of the remote terminal break-
ers open and determine the maximum cur-
rent in the reiay for a ground fault

at the second remote terminal.

assume only the seond remote terminal
breaker to be open and determine the
maximum current in the relay for a

ground fault at the first remote terminal.
Set the pickup no lower than 125% of the
greater of the two values obtained.

TOC

Set pickup no higher than 677 of the minimum single phase-to-ground-fault current

in the relay with the remote breaker closed.
{ leading out of the opposite station (s),

for all adjacent 1ine sections in

Set time dial to coordinate with other ground relays on the

terminal (s
enough to provide backup
at least sequentially.
system.

Unless local backup is provided at the
the settings should be low
the forward direction,

|
I cLPG12C

67GC

GD

Set for minimum pickup (maximum sensi-
tivity). Check to insure pickup for all
single-phase-to-ground faults on_ the pro-
tected line with line breakers closed on
both terminals. Use dual polarization.

Set for minimum pickup (maximum sensi-
tivity). Check to insure pickup for all
single-phase-to-ground faults on the
protected line with the line breakers
closed at all three terminals. Use
dual polarization.

G2

Set pickup no higher than 6/% of the mini-
mum single-phase-to-ground fault current
in the relay with the remote breaker clo-
sed. Lower pickup settings are permissible
and in most cases desirable for increased
speed of operation. However, do not set
pickup lower than 125% of the Gl pickup
setting at the remote end of the line.

Set pickup no higher than 67% of the mini4
mum single=phase-to-ground fault current
in the relay with both remote 1ine brea-
kers closed. Lower pickup settings are
permissible and in most cases desirable
for increased speed of operation. However,
do not set pickup lower than 250% of the
G1 pickup settings at the two remote
terminals.




TABLE VIII (continued)
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G1 jSet pickup no higher than 80% of the pickup|Set pickup no_higher than 40% of the
of the opposite terminal's 62 unit. lower of settings of the two opposite

terminal's G2 units.

PHASE RELAY SETTINGS -- CEY52A - CEB52A RELAYS -- 2-TERMINAL LINES -- DRAWING 11689493

TABLE IX

DEVICE

DEV.
NO.

UNIT

SETTINGS

CEY52A

21

M

Set to reach 125-150% of the ohms to the opposite terminal, taking ghe Tine
impedance angle into consideration. 125% tends to give slow operation for end-
zone faults, so it would be used only to avoid false operation on swings, or
operation of 68SB on maximum load with the setting which results from the
setting chosen for 21-M.

CEB52A

68CB

Set for 0.5 ohm offset. set the reach for not less than 1.25 x [(Setting of
M at opposite end) + 0.5- (ohms of protected line sectionﬂ .

CEB51A

68SB

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as_the faste i

each systempgondition progresses, The reach of 68SB shoulg exgeeg %ﬁes¥32€h(f°*
of 21 by an amount sufficient to allow at least 4 cycles (.067 sec:) alopg the
swing line intersecting the 2 characteristics. If no swing study is available
as a basis for these settings, the setting should be at least 150% of the
setting of M, subject to the limitation due to load; mentioned below. .The
offset tap of 68SB should be the available value nearest to half the difference
between the ohmic settings of 68SB and 21. The reach of 68SB must not be great
enough to cause operation by maximum load current.

HC12A

50

The setting with a phase-to-phase test connection should be not more than 582
of the minimum 3-phase fault current. This insures at least 150% of pickup
for phase-to-phase faults, or more for 3-phase faults.

PJC31C

50

The setting should not be more than 69%, or preferably 58%, of the minimum
3-phase fault current; but not less than 110% of the maximum load current. The

69% value insures at least 125% of pickup for phase-to-phase faults.

PHASE RELAY SETTINGS -- CEY52A - CEBS2A RELAYS -- 3-TERMINAL LINES -- DRAWING 116B9493

TABLE X

DEVICE

DEV.
NO.

UNIT

SETTINGS

CEY52A

21

M

Set to reach 125-150% of the maximum apparent impedance to either of the other
terminals, including the effect of infeed and line-impedance angle. 125% tends
to give slow operation for end-zone faults, so it would be used only to avoid
false operation on swings. 150% is the preferred settings. However, the setting
should not be long enocugh to require a setting on 685B so high that it will be
picked up by maximum load.

CEB52A

68CB

For each terminal, make the following calculation of desired reach for each of
the other terminals with.the opposite one of the other terminals open, and use
the greater of the 2 values of desired reach. Minimum reach = 1.25 (Setting
of M at]o posite end) + 0.5-(ohms of 1ine section between the 2 closed
terminals

CEB51A

68SB

MB

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as the fastest swing
(for each system condition) progresses. The reach of 68SB should exceed the
reach of 21 by an amount sufficient to allow at least 4 cycles (.067 sec.)
along the swing line intersecting the 2 characteristics. If no swing study is
available as a basis for these settings, the setting should be at least 150%
of the setting of M, subject to the Timitation due .to load current, mentioned
below. The offset tap of 68SB should be the available value nearest to half
the difference between the ohmic settings of 68SB and 21. The reach of 68SB
must not be great enough to cause operation by maximum load current. If this
requirement cannot be met, the setting of 21 must be reduced (which will re-
sult in sequential tripping), and the CEB14 should be substituted to prevent
68SB/0B getting set up for a particular range of fault locations.

1 CHC12A

50

The setting with a phase-to-phase test connection should be not more than 58%
of the minimum 3-phase fault current. This insures at least 150% of pickup
for phase-to-phase faults, or more for 3-phase faults.

PJCc31C

50

| The 69% value insures at least 125% of pickup for phase-to-phase faults.

The setting should be not more than 69%, or preferably 58%, of the minimum
3-phase fault current; but not less than 110% of the maximum load current.
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PHASE RELAY SETTINGS -- CEY51A-CEYS2A-CEB52A RELAYS -- 2-TERMINAL LINES -- DWG. 116B9498

TABLE XI
OR GCY51 RELAYS -- 2-TERMINAL LINES -- DWG. . 116B9496

CEY51A
OR GCYS51

21-M1
21

M1

Set for 80-90% of the %mpedance To the remote end of the line, taking account
of the impedance angle of the line.

CEY52A
OR GCY51

21-M2
21

M2

The minimum setting 1s 125% of the impedance of the protected line section,
taking account of the line impedance angle. The maximum setting is the least of
3 maximums, determined as follows:
The first maximum is 80% of the total impedance (not reactance) ohms to the
end of the shortest zone-1 reach on any other line out of the opposite sta-
tion, taking account of the line-impedance angle. ,
The second maximum is a setting such that the unit will not trip on the
maximum swing from which the system might recover (usually considered 120°).
The third maximum is a setting which will permit choosing a setting of MB
such that MB will not operate due to maximum load.
The best setting is (approximately) the square root of the product of the

CEB52A
OR &CY51

21RM3
21

OM3

(greater) minimum and the least maximum.

The setting of this unit depends on the setting of the M2 unit at the other
terminal. Set for 0.5 ohm offset. Set the reach for not less than 1.25
[(setting of M2 at opposite end) + (offset ohms) - {ohms of protected line
secti on)% '

RPM21D
OR
RPM11D

21X

TU2

Set for a iong-enough delay to premit clearing of any fault on any other line out
of the opposite station, within reach of this 21-M2, plus the desired margin.

U3

Set for a long enough delay to permit clearing of any fault on any other Tine out
of the station where relays are, within reach of 21/RM3 or 21/0M3, plus the
desired margin_(margin usually 10 cycles).

CEB51A

68

50

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as the fastest swing(for
each system condition) progresses. The reach of 68 should exceed the reach of
21-M2 or 21/M2 by an amount sufficient to allow at least 4 cycles (.067 sec. )
along the swing line intersecting the 2 characteristics. If no swing study is
available as a basis for these settings, the setting should be at least 150% of
the setting of M subject to the limitation due to load current, mentioned below.
The offset tap of 68 should be the available value nearest to half the differenc
ibﬂtween the ohmic settings of 68 and 21. The reach of 68 must not be great

‘ =.sough to cause 0 eration by maximum load current.

Tne setting with a phase-to-phase test connection should be not more than 58% of
the minimum 3-phase fault current. This insures at least 150% of pickup for
phase-to-phase faults, or more for 3-phase faults.

JC31C

50

The setting should be not more than 9%, or preferably 584 of the minimum 3-phas
fault current; but not less than 110% of the maximum load current. The 69% valu
insures at least 125% of pickup for phase-to-phase faults.

18
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PHASE RELAY SETTINGS -- CEY51A-CEV52A-CEBS52A RELAYS -- 3-TERMINAL L1NES -- DWG. 116B9498

TABLE XII

OR GCY51A RELAYS -- 3-TERMINAL ! TNES -- DWG. 116B9496

DEVICE

DEV.
NO.

UNIT

SETTINGS

CEY51A
OR GCY51

21-M1
21

M1

Set for 80-90% of the impedance to the nearer remote terminal, taking the line
impedance angle into consideration. Do not include the effects of infeed.

CEY52A
OR GCYS51

21-M2
21

M2

Set to reach 110-150% of the maximum apparent impedance to either of the other
terminals including the effects of. the infeed and line-impedance angle. 110%
gives slow operation for end-zone faults, so it would be used only to prevent
false operation on swings or to avoid. excessive reach from the standpoint of
coordination with relays on other lines out of the other stations. 150% is the
preferred setting. However, the setting should not be long enough to require

a setting on 68 so high that it will be picked up by maximum 1oad.

CEB52A
OR GCY51

21RM3

For each terminal, make the following calculation of desired reach for each of
the other terminals with the opposite one of the other terminals open, and use
the greater of the two values of desired reach. Minimum reach = 1.25 ﬂSettings
of M at opposite end) + 0.5 - (ohms of line section between the two closed
terminalsga .

[ RPMZID
OR
RPM11D

2N

TUZ

Set for a long enough delay to permit clearing of any fault on any other
line out of either of the other two stations, within reach of M2 (omitting
the effect of infeed), plus the desired margin_ (margin usually 10 cycles).

TU3

Set for a long enough delay to permit clearing of any fault on any other Tine
out of this station, within reach of OM3 (omitting the effect of infeed), plus
the desired margin (margin usually 10 cycles).

CEB51A

68

MB

{ 1502 of the setting of M, subject to the limitation due to load, mentioned below.

This setting should be chosen by means of a graphic solutior on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as the fastest swing
(for each system condition) progresses. The reach of 68 should exceed the

reach of 21-M2 or 21/M2 by an amount sufficient to allow at least 4 cycle (.067
sec.) along the swing 1ine intersecting the two characteristics. If no swing
study is available as a basis for these settings, the setting should be at least

The offset tap of 68 should be the available value nearest to half the difference]
between the ohmic settings of 68 and 21. The reach of 68 must not be great
enough to cause operation by maximum load. If this requirement cannot be met,
the setting of 21 must be reduced (which will result in sequential tripping),
and the CEB14 should be substituted to prevent 68/0B getting set up for a
particular range of fault locations.

CHC12

50

i

The setting with a phase-to-phase test connection should be not more than 58% of
the minimum 3-phase fault current. This insures at least 150% of pickup for
phase-to-phase faults, or more for 3-phase faults.

PJC31C

50

i

The setting should be not more than 69%, or preferable 58% of the minimum
3-phase fault current but not less than 110% of the maximum load current. The
69% value insures at least 125% of pickup for phase-to-phase faults.
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TABLE XIII

PHASE RELAY SETTINGS -- GCX51-CFZ17 RELAYS -- 2-TERMINAL LINES -- DWG. 11689497

CX51

M

Set for at least 1252 of the impedance to the opposite terminal, taking account
of the line impedance angle. However, 125% tends to give slow operation for
end-zone faults, so at least 150% is preferred. The setting must not be large
enough to permit operation by maximum load, or to permit response to a severe
fault on an adjacent phase. The setting is also influenced by the fact that if
there is no local back-up relaying on other lines out of the opposite terminal,
it is desirable to have M provide zone-3 protection out to 80% of the shortest
zone-2 reach on any of those lines, taking account of only the minimum reliable
infeed at the opposite station.

Set for 80-90% of the reactance to the opposite terminal, for zone-1 protection.

Set for 807 of the total reactance to the end of the shortest zone-1 reach on
any other line out of the opposite station, taking account of only the minimum
reliable infeed at the opposite station.

0c

The setting should be not more than 69%, or preferably 58%, of the minimum 3-
phase fault current; but not less than 110% of the maximum load current. The
69% value insures at least 125% of pickup for phase-to-phase faults.

CF217

RPMIID

68

1-2

2-3

3-1

The maximum setting is one which will permit the relay to reset at maximum load,
following a swing therefore the maximum suggested setting is 80% of the impedance
corresponding to maximum load. If out-of-step blocking is not used, the minimum
setting = 1.25 [(Setting of M at opposite endg - {ohms of protection section) ] .
If out-of-step blocking is used, the minimum setting for that purpose should be
determined by means of a graphic solution on an R-X diagram, including swing
lines for different system conditions, showing the successive values of apparent
impedance at known intervals of time as the fastest swing (for each system
conditions) progresses. The reach of 68 should exceed the reach of 21/M by an
amount sufficient to allow at least 4 cycles (.067 sec.) along the swing line
intersecting the 2 characteristics. If no swing study is available as a basis
for these settings, the setting should be at least 150% of the setting of 21/M
Then use the higher of the minimums found for the carrier starting function

and for the out-of-step blocking function, subject to the maximum determined by
the load, mentioned above.

)
Pt
><|

TU2

Set for a long enough delay to permit clearing of any fault on any other Tine
out of the opposite station, within reach of this 21/02, plus the desired
margin, ,

TU3

Set for a long enough delay to permit clearing of any fault on any other line
out of the opposite station, within reach of this 21/M, plus the desired margin
(margin usually 10 cycles).

PHASE

TABLE XIV

RELAY SETTINGS -- GCX51A-CEB52A -- 3-TERMINAL LINES -- DWG. 0116B9495

GCX 51A

21

01

Set for 80-90% of the reactance to the nearest other terminal. Do not include
the effects of infeed. :

02

Set to reach 110%Z of the maximum apparent impedance to either of the other two
terminals including the effects of infeed and line-impedance angle.

M

Set to reach 125-150% of the maximum apparent impedance to either of the other
two terminals including the effects of infeed and line-impedance angle. 150%
is the preferred setting. However, the setting should not be long enough to
require a setting on 68SB so high that it will be picked up by maximum load.

0c

The setting should be not more than 69%, or preferably 587, of the minimum 3-
phase fault current; but not less than 110% of the maximum load current. The
69% value insures at least 126% of pickup for phase-to-phase faults.

CEB52A

68CB

For each terminal, make the following calculation of desired reach for each of
the other terminals with the opposite one of the other terminals open, and use
the greater of the 2 values of desired reach. Minimum reach = 1.25 [(Setting ?E]
M at opposite end) + 0.5 - {ohms of line section between the 2 closed terminals

RPM11D

21X

TU2

Set for a long enough delay to permit clearing of any fault on any other line
out of either of the other 2 stations, within reach of 02 (omitting the effect off
infeed), plus the desired margin, (margin usually 10 cycles).

TU3

Set for a long enough delay to permit clearing of any fault on any other line
out of this station, within reach of M or RM %omitting the effect of infeed),
plus the desired margin (margin usually 10 cycles).

CEB51A

68SB

MB

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing Tines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as the fastest swing(for
each system conditiong progresses. The reach of 68SB should exceed the reach of
21 by an amount sufficient to allow at least 4 cycles (.067 sec.) along the

20




TABLE XIV

(continued)

GEK-7384

swing 1ine intersecting the 2 characteristics. If no swing study is available
as a basis for these settings, the setting should be at least 150% of the
setting of M, subject to the limitation due to load, mentioned below. The
offset tap of 68SB should be the available value nearest to half the difference
between the ohmic settings of 68SB and 21. The reach of 68SB must not be great
enough to cause operation by maximum load.

TABLE XV

PHASE RELAY SETTINGS -- GCXY -- 2-TERMINAL LINES -- DWG. 116B9495

DEVICE

DEV.
NO.

UNIT

SETTINGS

GCXY51A

21

M3

Set for at least 125% of the impedance to the opposite terminal, taking account
of the line impedance angle. However, 125% tends to give slow operation for
end-zone faults, so at least 150% is preferred. The setting must not be large
enough to permit operation by maximum load, or to permit response to a severe
fault on an adjacent phase. The setting is also influenced by the fact that if
there is no local back-up relaying on other lines out of the opposite terminal,
it is desirable to have M provide zone-3 protection out to 80% of the shortest
zone-2 reach on any of those lines, taking account of only the minimum reliable
infeed at the opposite station.

Set for 80-90% of the reactance to the opposite terminal, for zone-1 protection.

Set for 80% of the total reactance to the end of the shortest zone-1 reach on any,
other line out of the opposite station, taking account of only the minimum re-
1iable infeed at the opposite station.

OM3

The setting of these units depends on the l1ine impedance and the M2 setting at
the opposite terminal. Set for not less than 1.25 [}Settin of M2 at opposite
end) + (OM3 offset ohms) - (ohms of protected line section)%

RPM11D

21X

T2

Set for a long enough delay to permit clearing of any fault on any other 1ine out]
of the opposite station, within reach of 21/M2; plus the desired margin(margin
usually 10 eycles).

T3

Set for a long enough delay to permit clear%ng of .any fault on any other Tine out

of the station where these relays are, with reach of this 21/0M3, plus the
desired margin (margin usually 10 cycles). -

CEBS1A

68

MB

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent .impedance at known intervals of time as the fastest swing
(for each system condition) progresses. The reach of 68 should exceed the reach
of 21 by an amount sufficient to allow at least 4 cycles (.067 sec.) along the
swing 1ine intersecting the 2 characteristics. If no swing study is available
as a basis for these settings, the setting should be at least 150% of the setting
of M, subject to the limitation due to load, mentioned below. The offset tap

of 68 should be the available value nearest to half the difference between the
ohmic settings of 68 and 21. The reach of 68 must not be great enough to cause
operation by maximum load.

CHC12A

50

The setting with a phase-to-phase test connection should be not more than 58%
of the minimum 3-phase fault current. This insures at least 150% of pickup for
phase-to-phase faults, or more for 3-phase faults. '

PJC31C

50

The setting should be not more than 69%, or preferably 58%, of the minimum 3-
phase fault current; but not less than 110% of the maximum load current. The
69% value insures at least 125% of pickup for phase-to-phase faults.
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TABLE XVI

PHASE RELAY SETTINGS -- GCXY -- 3-TERMINAL LINES -- DWG. 011689495

GCXY

01

Set for B0-90% of the reactance to the nearest other terminal. Do not include
the effects of infeed. ‘

02

Set to reach 110% of the maximum apparent impedance to either of the other two

. terminals_including the effects of infeed and line-impedance angle.

M3

Set to reach 125-150% of the maximum apparent impedance to either of the other
two terminals including the effects of infeed and line-impedance angle. 150%
is the preferred setting. However, the setting should not be long enough to
require a setting on 68 so high that it will be picked up by maximum load.

OM3

For each terminal, make the following calculation of desired reach for each of
the other terminals with the opposite one of the other terminals open, and use
the greater of the 2 values of desired reach. Minimum reach = 1.25 [(Setting
of M at opposite end) + 0.5 - (ohms of line section between the 2 closed
termina]sg:L.

RPMI1D

21X

Tu2

Set for a long enough delay to permit clearing of any fault on any other Tine
out of either of the other 2 stations, within reach of M2 (omitting the effect
of infeed), plus the desired margin (margin usually 10 cycles).

TU3

Set for a long enough delay to permit clearing of any fault on any other Tine
out of this station, within reach of OM3 (omitting the effect of infeed), plus
the desired margin (margin usually 10 cycles).

CEB51A

68

MB

This setting should be chosen by means of a graphic solution on an R-X diagram,
including swing lines for different system conditions, showing the successive
values of apparent impedance at known intervals of time as the fastest swing
(for each system condition) progresses. The reach of 68 should exceed the
reach of 21 by an amount sufficient to allow at least 4 cycles (.067 sec.)along
the swing line intersecting the 2 characteristics. If no swing study is availr
able as a basis for these settings, the setting should be at least 150% of the
setting of M, subject to the limitiation due to load, mentioned below. The
offset tap of 68 should be the available value nearest to half the difference
between the ohmic settings of 68 and 21, The reach of 68 must not be great
enough to cause operation by maximum load.

“CHCIZA
i

a0

The setting with a phase-to-phase test connections should be not more than 58%
of the minimum 3-phase fault current. This insures at least 150%.of pickup for
phase-to-phase faults, or more for 3-phase faults.

PJC31C

50

“The setting should be not more than 69%, or preferably 58%, of the minimum 3-

phase fault current; but not less than 110% of the maximum Toad current. The
69% value insures at least 125% of pickup for phase-to-phase faults.
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PHASE SEQUENCE
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GEK-7384

2

3
[CONRECT PT*S
FOR 115 vOLTS

PHASE T0 PHASE J_ l I
~ry
l hl 9 I } l } o1 17‘l\ R 1
42
B 17l 16
U
= e
4 g 2-3 JWL
760
IF POTENTIAL ¢ Sl esT
POLARI ZATION 15 S .ﬁIﬁCE G I ST F}l
[REQUIRED CONMECT
ATDC 48 T00, 8
IF POTENTIAL
POLARIZATION 1S %OT oL 19
USED, CONNECT
C 10 D ONLY
R N —
{558 a

1ourT 15 CURRENT POLARIZATION 1

NOT USED. DO NOT SHORT THIS 4C0
D
D
§Vs

!

i

|

]

| = <
-

s 1

n

FIG. 12A (0116B9493-1) Sh. 1 Elementary Diagram, Table II, IX and X
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RELAY CHARACTERISTICS
LEGEND TABULAT{ON OF DEVICES
D'%'CE DEVICE LheL . TYPE OR DESCRIPTION INT. CONNS. | OUTLINE
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PHASE SEQUENCE
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TABULATION OF DEVICES t EGEND
TYPE OR INTERNAL IDEVICE | INCL.
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[BCATTAV CI4BM0E; K6209272____ ZINT [CEVSIX 3 FRASE — IST ZORE RO RECAY ]
CEBS1A 017849134 ¥-6209274 81-2 PHASE 3-2 UNIT, ETC.
[CERG28 Ji3a__ | 017847336 | T45] | TARGET & SEAL-IN
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| CEY524 0178A7133 0178A7336 8i-2 PHASE 1~-2 UN|T, ETC.
| CHC124 | 56200272 | |1 T&S| JTARGFT & SFAL.IN ____
| CLPGI2C ¥-6209276 21~ ICEB52A 3 PHASE-3RD ZONE & CARR. START MHO RELAY
| IRCGS1X( INVERSE) 010428978 K-6209276 | @12 | PHASE 1-2 UNIT, ETC.
JBCG53K[VERY INVERSE) (10448978 K-6200276 TR-1 PHASE 1 TRANSACTOR ETC.
[ Naaz2l 0208A2307 | k-6209272 T&S1__| TARGEL & SEAL-IN
| REM21D) 4, K-£§209270 21% PNZ1D TIMING RELAY
i) TIMING UNIT
CARR{ER SET 4CS2IB X AUXTLIARY FOR TIMING UNIT
S8) | 165B30R211 | 116A130 50 |PJC3IC INSTANTANEQUS_PHASE FAULT DETECTOR
SB1 | 16SBICR4621 | 116A130 T&SI | TARGET & SEAL-IN
LMICEQMM D0-91 [ SURFACF) - 50 jcicle | INSTANTANEOUS PHASE FAULT DETECTOR
MICROM D0-91{FLUSH A-5481699 Sl SEAL-IN
T TARGET
| TELEPHONE JACK Y. 676C _ICLPG CARRIER GROUND DiRECTIONAL_RELAY
WITE LAP ¥-6151144 Gl
HGAL4AL [FRONT CONN} 377A129 377A139 G2 ARR D TRIPP
£-6400523 | IC6400533
GOIX 1 AUXILIARY TO CONTINUE BLOCKING
PIC3IC K6375726 k6209272 St | SEAL-IN
_ T TA
BECTIFIER 6768 JBCG GROUND DIRECTIONAL OVERCURRENT RELAY
1021218 GRQ (48, 125V) 10448523 D TIONAL UNT
1 1021.218 Gi1 (250v] 10448523 10C | INSTAHTANEOUS UNIT i
T0C__. ] TIME %LAY UNIT
. Ta&S) | TARGET & SEAL-IN
4 IGAL4AMI OR AL | AUXILIARY TRIPPING RELAY
|68 B5S1A OFFSET MHO OUT OF STEP BLOCKING RELAY
MB M 1 NIT
TR TRANSACTOR
08 AUXTLIARY TO OCK|NG UNIT
a5 [BCA CARRIER CURRENT AUXILIARY RELAY
] VER RELAY PILOT COIL
™
AUXILIARY TO GD & G2
B5X __INAAZ2L CARRIER AUXILIARY RELAY |
| BECEIVER ALARMUNIT
ﬁ 81 [1 RE_(N|TIATING UNIT
L.cc: CHANNE FF_SW] Tt

FIG. 13A (0116B9498-1) Sh. 1 Elementary Diagram, Tables III, XI and XII
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FIG. 138 (0116B9498-2) Sh. 2 Elementary Diagram, Tables III, XI and XII



CARRIER SET £S278

GROUND

BATTERY NEGATIVE
BATTERY POSITIVE
RECEIVER RELAY

CARRIER STOP
CARRIER START
SWiTCHED NEG.
SWITCHED POS.
ALAR

ALARM
MICROPHONE
RECEIVER
AUXIL1ARY RELAY

f]

CTS REDUCED POWER

(O

CARRIER ON IND{CATOR

GEK-7384

+) DC_SUPPLY
kS 8 16
a 676¢
X
RA i
:l_.ELGQ
- Pr. S
Ra_ s ] 1R
1 “§-21RM3 =7
Yyl P L |
5] ﬁ'_ B - 1RO
q %
14 .&C‘i 1w arg
5
3 i 19 ? S b ggc
1 1 vy T 6T
11 ] il
18
19]
1 NOTE; CONNEET THIS JUNPER
T]’ hd {F Aux RELAY NOT vSED
3+
14
(13
| 16;
[ 17]
18]

2
SIGNAL LEVEL QUTAUT | 24]
SIGNAL LEVEL NEGATIVE [ 2]
4
s
12
Vv ,—o
A 2

TELEPHONE JACK

) DC SUPPLY

CCS 165B1DB211 OR SBM EQUIVALENT

CHANNEL CUTOFF "SWITCH
CONTACTS ' BACK VIEW
HANDLE END OFF ON
1,,1C 2C,,2 [T X
1 HE 5 ;
3,,3C 4C 4 X
1 Y 2 5
5,5 6C,,6 |5 X
1 4P B
7,,C 8C,,8
%9 T s
THE TERMINALS LABELED C IN THE SWITCH
DEVELOPMENT ARE AT THE TOP OF THE SB1, OR
THE BOTTOM OF THE SBM.
CTS 16SB1CB4B21 OR SBM EQUIVALENT
CHANNEL TEST SWITCH
CONTACTS BACK V{EW
HANDLE END SEND | NOR | REC, [ R, S
101 2¢; 12 (1 X
3113C 4,4 Lo X X X
HEC Gp |2 .
5119C 6C;6 5] X X [ X
1 4t
SPRING RETURN TO_NORMAL

B gex
T RA
Wi

=) AL BUS

FIG. 122 (0116B9498-3) Sh. 3 Elementary Diagram, Tables III, XI and XII
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TRIPPING DIRECTION M1, M2, GD, GA

GEK-7384

PHASE EUOKE

123 OR3-a1 u-a-2
E

|

=

TABULATION OF DEVICES LEGEND

TYPE OR BEVICEDEV I CE] INCL

£ INT. COMNS. | OUTLINE o LveE | ELEM DESCRIPTION
BCALLAV OTABAACE; 6209272 T2l oY W0 TVeE STEP TSTRRGE WY |
TARIER SET ACS278 TST ZORE N0 TR
THWREL CITOTT .| S116seioRail 16A10 [} OO |

WEL TEST oW F N3 | oRD JOWE O OATT |
WLE"—_c D178A9124 6200274 'm'l"'—'————A & SEAL-IN
[T GLAEAR] CE209276 W | TR
[GOVEIR _ F] 6209216 | -
JTRORSIK U1 —6%8276 | | ZiX [ReW TIMING RELAY
JBCGSN_(VERY |NVERSE) 620276 T Z0NE_#1 TARGET
[ RIC3IC (IF USED) |k-8209272 ] i7] T
[eBLD. [-a09212 | 13

Til TIMING ELEMENT

MICROAN 00-91 A 14842672 [ X
| TELEPHONE JACK 6400078 | |60 [ PRJC [ |NSTANTANEQUS OVERCURRENT RELAY
| WHITE LR __ PRSI 53 T T - =
| HGAL4AM BACK CONN,yIF — M [S2/a | 1TCH ON GIRCUIT BREAKER
LA FRONT CoMMusED il 7A133 BB GROUND (1) RECT IONAL OVERCURRENY RELAY
WARZZL, 7 |k6x9212 | 10C__ | INSTANTANEOUS UNTT
|BECT. 1021248010 ] [10asssos TOC _gu_zﬂm_____mmumr_________'
{pecr. 02121860 oasps2y | &

CLPG

E

T =
T.@i_rm_ﬂk_l.._ - L]

wnil

[ CARRIER GROUMD DIRECTIONAL FELAY |
R I

T
CARRIER GROUND TRIPPING UNIT

CARRIER GROUND OIRECTIONAL UNIT

SEALZIN LNIT [(GROUND.
_JARGEY :

i
F

&l
i

QUT-O0F-STEP BLOCKING UNIT

. FOR QUT-OF=STEP BLOCK!
CARRIER NT_AUXILIARY RELA!

RECEIVER RELAY PILOT COIL |
A, TOGD MDGZ
AUX._TO M2

~JARGET, .

CARRIER AUX|LIARY RELAY

_RECEIVER ALAREINIL e
. FOR TRIFFING YW CIRCAIT GRENGRS

TQFF_SWL T

CHARNEL TEST SWITCH

e A e

idanlla

NAA
| HGA
Qe

il

s

31

FIG. 14A (0116B9496-2) Sh. 1 Elementary Diagram, Tables 1v, XI and XII
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FIG. 14B (0116B9496-2) Sh. 2 Elementary Diagram, Tables IV, X:
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[camerer ser cs-z;8

{ crdumo

| BATTERY NEGATIVE
BATTERY POSITIVE

| RECEIVER RELAY

| CARRIER STOF

' CARRIER START
SWi TCHED NEGATIVE

| SWITCHED POSITIVE
ALARM

| ALARM
NI CROPHONE
RECEIVER

b axiciser meLay g
|

LTS REDUCED POWER

CARRI ER ON

INDICATOR E
SIGNAL LEVEL QuTRUT

I
|
|
l

GEK-7384

(4 D C SuPPLY
a
1 5 T
X
I T a70¢ :
ol i
A 6 Y
{1 1
> 5 -BE -a% A sl ﬁi o %i _-I
12 5 78 ik T e
2| 9
4 13 %F
1 s
L WL ;T%Bﬁ 1
i T 1l -
H— 3] d
i wl, 2
L
|8 o 13’tm3
O TN
|11 | 3 “—gazé
12
E '1%5: JUNPER 12
B 9415 IF
- 14
AUX. RELAY 1S =
Ha | NOT USED &
|43, |
|16 |
147 |
18 |
1o |
| 20 §
121 | Yy l
22 ] Lo
RS

SIGNAL LEVEL NEGATIVE

4

B

3o

TELEPHONE JACK

(=} ALARM BUS

TCS 1658108211 OR SBM EQUIVALENT
CHANNEL CUTOFF SWITCH
TONTACTS BACK VIEW
HANDLE END ~BeF- 5
20,12 X
YHC Ly = X
C 4C, 4 b3 X
HEC YR X
B X
Sy pc ooy
1 X
2{pc ey 1 :

THE TERMINALS LABELED C IN

THE

SWITCH DEVELOPMENT ARE AT THE
TOP OF THE SB1 OR THE BOTTOM

OF THE SEM.

CHANNEL TEST SWITCH

CTS 165B1CB4B21 OR SBM_EQt|VALENT

ﬁ%gfgno B’E%CKNX;I?EW REC. | R.S.
HH MR X
244 e e
2 oy 8 BET T

SPRING RETURN TO NORMAL

FIG. 14C (011689496-1) Sh. 3 Elementary Diagram, Tables IV, XI and XII
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TRIPPING DIRECTION-M;01,02,58,G0

GEK-7384

PHASE SEQUENCE i
1-23 0R 321
5
19 g
oONMECT PT*S 1o
FOR 116 VOLTS 2112 &
PHASE TO _]_
PHASE 20
Ll
18 A
17919 18 J_ 70
IF POTENT 1AL o O° SAE_AS 01-2 SAME_85 @1-2
POLARI ZATION 15 T J
3 REQUIRED, CONECT ¢ SIGL  gIGC ) 8920 17 919
IS AT0C4BTO
& IF POTENTIAL s 7 8
o POLARIZATION | f7ic:8
o NOT USED, CONNECT 8748 [
2| C 1o D, o
5
&
& 2a-1-2 231 e
g [ ™ 0 ) 1] 0 "~ 7-2
pund ——A A A A o e ey
g H ey VYT 8 3'7) fuiT 1F cumment roLami ZaTION
3 : 2112 115 KOT USE | :
I t
U 0 ™® fﬂ'; 1 6760 $758 i
7T 10 9 5 5% 2 I
2-23 [ 65 87 l
-~ —— - =
u 0 ™ L_______________j
E..! E § 7 10 Ty 8 s
ipapal 6768
aqd =5 T b
1.1 1T A A A
I €5 [AF) 2¥3
= TROUT
BREAKER
VERCURRENT
it GCX518
ONLY
LEGEND
TCE[ INCL.
TYPE DR DESCRIPTION INT. CONNS. | OUTLINE 0. ] TYPE|ELei | DESCRIPTION
BCAILAV 0148A4083 6209272 X[ TIMING RELAY
CHANNEL CUTOFF SWITCH 58-1] 1658108211 | 116A1%0 T. ZONE_#1 TARGET _
CHANKEL TEST SWITCH Se-1| 165BiCBAB21 [ 116A130 T ZONE #2 TARGET
CFIL7A 4184767 (5209275 T ZONE_#3 TARGET
CLPGIZC 14823075 TIMING ONIT
GCXAS1A OR GOXS1 0203858 k-6208276 T AUX. FOR TINING LNIT,
JBOGEIX_{TNVERSE Ti04A8976 6209276 | [z 'Eg;x ANCE TYPE STEP DISTANCE RELAY
JBOGSPK (VERY INVERSE] 010448978 6209276 M
M} CROAM. SBMI-FLUSH ___[*-8946606 0 REACTANCE-TYPE OHM UNIT 1
11] O178A7082 6 OX | JONE~TRANSFER AUXILIARY FOR O
TEL_JACK K-6400578 | T331__| _TARGET & SEAL-IN ]
WHITE_LAMP k6151144 | [Saia | X, SHITCH ON CIRCUIT BREAKER
CARRIER SET 4C3278 6768_|Jece GROUND DIRECTIONAL QVERCURRENT RELA
FACE [odganmrz ] [ D DIRECTIONAL UNIT
HGA)42M BACK CONN. k-6400533 | k-6400533 % |uswmncggs OVERCURRENT UNIT
HGAL4AL FRONT CONN.\USED 3B 1ITTAIB TIME_OVERCURRENT UNIT
NAAZ2 ¥-6209272 TasSi | TARGEY & SEAL_IN
76C_|CIPG CARRT TR GROUND DIRECTIONAL RELAY
GL CARRY ER_GROUND _BLOCKING UNTT
| -CARRJ R GROUND TRIPPING UNIT
| CARRIER GROUND DIRECTIONAL UN{Y
| ALK, TO CONTINUE GROUND RIGCKING
LMM‘—
OR_SBM_EOUIVALENY T TARGETY
TOFF_ W1 TCH (68 | cFz FALT DETECTOR & OUT OF_ STEF STEP RELPY
B e i
- (g5 | BCA
L I X 7 ‘%ﬁﬁ&%&%?ﬁé%ﬁL
Y - [ RECE] VER RELAY HOLDING COIL
HE Gy 2 £ GDZX_| AUX. T GO AND
M
e G e
X [N ARRIER AUX, RELAY
[ATTE AT n ;( RA__ | R[cnvm Aum uun
CTS 165B1CB4B21 OR SBM EQUIVALENT | a4 | AU’( FOR YRIPP T“D CIHCU T BREARERS |
CHANNEL TEST SWiTCH TOFF_SWITCH.
CONTACTS KV CHANNEL, TEST SWITCH
HANOLE END . D .3, ——
LI 132 iy X X
4 X | x |«
4 G X
X X X
4 &S L A

FIG. 15A (0116B9497-0) Sh.
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1 Elementary Diagram, Tables V and XIII
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1%
[1-2 e P
S5m0

T“PFWPFW

TO INITIATE

INSTANTANEOUS RECLOSLIRE

12
13

> 85K
AR o
79 3
12}

4

B T0 D. D B
108 AT E,

AW C
oPEIG

81:BY COMNECT ING

2 BRXRS: ,USE ALTERRATE

RELAY {34 YO TRIP

MOTE 2: IF USING MiX. TRIP

IF TRIPRING ONLY 1 BRKR,
WAKE CONN. SHOWN &
JUMPER 4 TO B.

SEE NOTES

rg W
R

j

Fo———m———

| ;d.a|

=iti‘lmj[ el
gl Al 5
g i

L O |

(¢)_TRIP BUS

FIG. 158 (0116B9497-1) Sh. 2 Elementary Diagram, Tables V and XIII
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) ALARM BUS

8: =
33

3

ql

&%
RA

as
N

(=) aLaRM BUS

{4} OC SUPPLY
iR
(oarmier ser is-zi8 o =
| ] X Nl 67
A 676C
| o Bk
| arouno s | . B
| sarTeRY NEGATIVE N ° & i tg o o S::' o
BATTERY POSITIVE [3 ] 6 . 1s (
REC 5 I
EIVER RELAY _;__ C_(%s !
| canmier srop s | rihr ’ 14, 67
CARRIER START 7] £
SHITCHED NEGATIVE [e_] B
SWITCHED POSITIVE ] R 4l 65
J acaru 0] 3l as 1 51
L =N, R, RS
I ALARM 11 | x 4 68
M} CROPHONE. |12 ] — 22-3
| recever RN FEY 2 e Temo o 15 1F
:AUXILIAIN RELAY E;%—J oy, RELAY woT uifﬁ%‘,
| m
CTS REDUCED POWER 17 |
' 16 |
| 19 |
CARRIER ON INDICATOR Ez_o_
| SIGNAL LeveL outhuT 21 | + _I_
S o e i ,:]— Sim
I - ()
A 240
e
{=)
CCS 163B10B211 OR SBM EQUIVALENT
CHANNEL CUTOFF ‘SWITCH _
CONTACTS BACK VIEW
HANDLE END 3 =
1 1C 20 211 X
—AF HFp X
C 4C; , 4 X
HE Y X
X
sipe e i
: Ic C X
L SR ;
THE TERMINALS LABELED C IN THE
SWITCH DEVELOPMENT ARE AT THE
TOP OF THE SB1 OR THE BOTTOM
OF THE SBM.
CTS 16SB1CB4B21 OR SBM EQUIVALENT
CHANNEL TEST SWITCH
CONTACTS BACK VIEW
HANDLE END SEND | NOR [ REC [R.S.
1,1 ¢ ,201 x|
HbE AT X
3,,3C 4C, , 4|3 X X X
HF HArFR X
5,,5 6C ,6R1X X X
-~ = FETX X 1 X
SPRING RETURN TO NOBRMAL

FIG. 15C (0116B9497-0) Sh. 3 Elementary Diagram, Tables V and XIII
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PHASE S{NENCE
I-Z-} b2}

GEK-7384

»

CONNECT PT'S

FOR 135 VOLTS
PHASE TO PHASE l

IF FDYENTIAL

POLARI ZAT(ON

REOJIRED mnnzcv
ATC i B 00 IF
ITENT .

FULARIZAYION s
Not USED CONMECT

1

ag g

cT w
2 6c A;% o
5 VT —~-5v-‘4? - "m*
wow s
5 ]
D—Ng 5N ¢ NV
w w L} um X
N—N—%A1 I;M_]-—'?r'—-'\?f-————’! -4

CIRCUIT
BREAKER

&

A
(3]

QVERCURRENT
UNIT IN GCXS18
Ny

TABULATION OF DEVICES

TYPE OR DESCRIPTION

"INT. CONNS, |OUTLENE

CARR|

BcALAY

CARRIER CUTOFF “SWITOH

CARRVER TEST SWITCH
CEBSIA

TERSZA

N i e———
Boiocom

0148M083 _ [K-6200272

ER SET 4C5278 .

SE1_hewioezy 116
CEAf

178051 46209274

178471, 178A7

7 K-

K-6209276

K-6209276

K~BS46606
4842872

10448976

[178AT092 K-6209272

K-~-84005;

—

FOR Tllll T,

AL INIT

if

T0C

G2

TIME_OVERCURRENT UNIT.
Al -AND i

I TH
ID_BLOCKING UNIT
CARRIER GROUND TRIPPING I.MIT

114

—

[

NOTE 1:

HOTE 2:

NOTE 3;

If TIIIPFIIK; ONE BREAKER, MAKE COMNELT!

JUNPER A TO B. (F USING_ AUXILIARY REIAV lil) I’D TRIP
™ BH[IK[RS USE ALl A"E CONNECTIONS BY CONNECTING
ATO C MD B 10N A
CIRCUNT SWI)V!KS 1H|HD 20NE PROTECTION 1
FORMARD

L D ‘STUC
T NOT USED,

¢ STUD 12 OF
WEHQJWT UNIT 1N GCX518 ONLY.  USE GVERCURRENT UNIT

Iéﬂ' LINE SIDE POTENTIAL WHEN HIGH SPEED RECLOSING

B

il

s

fcrs fsan

FIG. 16A (0164B9179-2) Sh. 1 Elementary Diagram, Table VI
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3 .
B &
1= H- b
%
* " 3
- i & %

w2

TO INITIATE .
INSTANTANEQS RECLOSURE

X

13

i
M
‘Izz[%F
L
IQJ&

X !u ¥
®
15
<5
7-919.0.
m

A% |
& 22 3
8 %L
5]
N
g5

SEE NOTE 3

8-

92

{4 TRIP BUS

FIG. 168 (0164B9179-3) Sh; 2 Elementary Diagram, Table VI
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THE TERMINALS LABELED C {N THE SWITCH DEVELOP-
MENT ARE AT THE TOP OF THE SB1 OR THE BOTTOM

OF THE 'SBM.

CTS 16981CB4821 OR SBM EQUIVALENT

CHANNEL TEST SWITCH
CONTACTS BACK VIEW
HANDLE END SEND [NOR | REC_R.S.
1,0 2¢,,21% X
HFE HAFEFIxIx X

c 4C ,,4]3 X X X
2'112' ~ = X

51 X X X

5448 ey e T T
SPRING RETURN TO NORMAL

() ALARM BUS
[camier sev ez g % g I
I ] SI6C i #
[ ECRET ; 11 s
| crouno w l sl d o 1] &
| BATTERY WEGATIVE —t 5% 5:‘.:‘8?9 = &
BATTERY POSITIVE 1 ; ‘
| RECE(VER RELAY s . u g
ol b
| carrir stop ]
CARRIER START l}‘# ﬁ“
| SWITCHED NEGATIVE i
SWITCHED FOSI TIVE Rl” wiL
aLsr s i
i ALARM Es L
MICROPHONE o 02-3
RECEIVER
AUXILIARY RELAY #34
| 13
: CTS REDUCED POWER s
| career on 1801 caton {E
2 L2 ¥
L o ne L > Lo
7 = Zj" BEL
=
| I l
A~ iz (-] ALamv 8BS
ki
TELEPHONE JACK [m
) "‘
CCS 16S810B211 OR SBM EQUIVALENT
CHANNEL CUTOFF SWITCH
CONTACTS BACK VIEW
HANDLE END OFE QN
1 : X
DTS :
3 X
L G :
5, 5 6C 615 X
Tl -
74 .2C C 7 X
_| "_' 8_{ “—8 ] X

FIG. 16C (0164B9179-0) Sh. 3 Elementary Diagram, Table VI
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TRIPPING DIRECTION M1, M2, SO, GB

25

GEK-7384

. 2102
gl
4.
i) ’
st T msz_L I s ! l JI am
= Lol oasns Lo 3d
20
544
‘TTJ
. <, Fol
7 lg | T ‘
) IF POTENTIAL coler] — I
2| POLARI ZATION 1S i IESI "
£ :E%I':wzr.sc%nm -— | ' zgi [ g*-l
K 1F POTENTIAL ¥ [t 18 =
S| PR G B
= CTD,
E i
wir oo II-:‘-I llii_-ﬂ I;,i'l -2 !% M_;IL-I u.il i
] T A—A V*V"_ _I\/'Tl v |
e 0 s ol iy g o |
i A '\,__’\I__TYYL._I\,__,N__'\(_ e — v___rrr* J'
o 12e) W=2- i
A f BT R e e
3] v ] 's 1
Fd E ue _"g :‘:n e ou o i
P-hp R T L -
= {cmanr
| SREAXKER

FIG.

e T —
OESCRIPTION . COMS., whie | W5 oescmiemion
| Aty 1 72209212 GEXY REACTANCE TYPE STEP DASTANCE RELAY |
| CARRIER SET 4CS27R = 30 | REACTANCE TYPE OHM UNIT — ]
|- QUAMNEL CUTOFF 5w, S8 L1eSR10821) 1600 | . | 3R0 2oME. who T T T
CHANNEL TFST Sa. So) [16SRICRAR21 [126a(s: GEVERSED 380 ZONF WD (NIT N
ICERsaa 17889134 K-52097} OX 1 20HE_TRANSFER_ AUX, FOR 0
LIPL12C A5 200231 11451 Ti =
GOXYS1A. QIZAAAIR2 017842336 Si_} SPMCIN ]
[acsslinresy KB2Th 1% 1 sou TAMING RELAY
BCCSIKIVERY INVERSE) 11 ZONE 87 TARGFT
HAAZ2L 5209272 12 | 70F e yagary
PICIIL (IF MSED) Kub32572E Ka200277 T3 ] ZONE #3 TARGET
01764709 2 ¥ T ] TINNG ELEMENT
[ M1 CROAY._DC-B1 [ SEM|-F LirSH) I PAXFOR LIMING ELEMANY T
MICROM, DO-91(SURFACE] Q1484972 L ANSTANTANEONS OVERCUPRENY REISY
| TELEPHONE ALK K SAETE 1431 =TT
WHITE (AP fET-2) K-6151344 F-% 52/a X, ]
[T LAMP{}Y-Fi) AG2 Pod . g G7GR | IB(G GROUND DIEFLT LONAL RELAY
HOAL4M BACK CONN ] IF |x-6400673 _  Tik-6400537 0 QIRFCTIGNAL [INJT
| WGAIAAL FRONT COWN { USED S77AUS EVZ7YET] 1oc UNIT —
CHCIZA " 209; i IO LT
JIARGET A SEAl-tY
Tseai-1s
[6200 CARRIFR GROUND DIRECTIONA| BEIRY. |
. G ] Caw
Q2084371 £z L CARRIFR GROUND TRIPPIMG LNIT
| CARRIER GROUKD DIRECTIONAL LNIT —— |
i 01X | A, YO CONTINUE GROY ND_BLGCK
£) Al = T.
I JARGET
QFESET O BIOCKING QLAY
T = -]
08 T AX. FOR QUY-GF-STEP Big ]
BCA CARRIER CURRENT AUY:LIARY RELAY
R RECEIVER RELAY PILOT COIL
R T RECEIVER RELAY HOLDING COTL___ ]
X TAX. YO GD & G2
NX AUK, YO M3,
X 1apcer
ASX_uaa LARRIER AUXLIARY QELAY
RA__| RECEIVFR ALARS INIT
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17A (0116B9435-4) Sh. 1 Elementary Diagram, Tables VII, XIV, XV and XVI
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FIG. 17B (0116B9495-3) Sh. 2 Elementary Diagram, Tables VII, XIV, XV and XVI
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FIG. 17C (0116B9495-3) Sh. 3 Elementary Diagram, Tables VII, XIV, XV and XVI
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