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INTRODUCTION

The SLS1000 is a comprehensive relaying system for transmission line protection.
Basically, the system consists of a distance relay and a recloser which are
interconnected and functionally integrated.

The system is packaged in a modular design consisting of pluggable printed circuit
board modules which are housed in two separate cases. The principal magnetic elements
(transformers, telephone relays, etc.) are also contained in pluggable modules,
there being one magnetics module in each case. A multi-conductor cable (or cables)
provides the interconnection between the two cases.

Standard Features

The SLS1000 includes the following standard features:
o Choice of five protective schemes

Stepped Distance - up to four zones
Zone One Extension

Zone Two Acceleration

Permissive Underreaching Transfer Trip
Permissive Overreaching Transfer Trip

Gl w2
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Voltage Transformer Fuse Failure Detection
Power Swing Detection and Blocking
Reclosing - one or two attempts

DC to DC Converter Power Supply

Optional Features

The following features are available on an optional basis:
o Additional protective scheme

6) Directional Comparison Blocking
- includes reverse zone five with timer (for backup protection)

e Ground Time Overcurrent Unit

Type A Curve, IEC255-4 (inverse characteristic)
Dual Polarized Directional Supervision (available separately)

o Synchronism Check Circuit to Supervise Reclosing
Monitoring of bus and line voltage magnitudes (live or dead)

Angle Measurement
High and Low STip Measurement Circuits

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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Protective schemes 3, 4, 5 and 6 above are pilot schemes which require a
communication channel.

When a scheme other than stepped distance is used, the SLS will concurrently
function in the stepped distance mode as back-up.

Tripping and reclosing may be done on an individual phase basis for faults in
the first zone. If this is not desired, three pole only operation may be selected,
in which case the individual breaker pole tripping and reclosing relays operate in
unison,

For faults in the second, third and fourth zones, the distance relay trips the
breaker only on a three pole basis. This is also the case for backup tripping in
the reverse fifth zone and for tripping via the ground time overcurrent unit.

Reclosing is inhibited when the zone timer advances beyond its first interval (zone
two time setting).

Note Regarding Model Numbers

The various available models of the SLS1000 system are listed in Fig. 77A. As
indicated therein, the SLS1100B series is the same as the SLS1000B series, except
that it contains the directional comparison blocking (and reverse zone five with
timer) option.

OPERATING PRINCIPLES

DISTANCE RELAY

Basic Stepped Distance Protection

Fig. 1 is a simplified block diagram of the SLS stepped distance scheme. The
inputs from the voltage transformers (PTs or CVTs) are sent into networks which
produce a group of voltage signals. Similarly, the dinputs from the current
transformers (CTs) are sent into networks which produce a group of current signals
(actually current x impedance or IZ). These signals are present at all times, on
standby for switching into the main measuring unit.

The phase selectors (or starting units) utilize certain voltage and current
signals to continuously monitor conditions on the protected T1ine section. The
specific signals used will be discussed later. The phase selectors consist of
distance measuring units each having a variable mho-type characteristic which should
be set to reach beyond the third zone of protection. There are three phase
selectors, one for each phase. The reach setting is common to all three. Their
function is to determine which phase or phases are faulted.

When a single phase fault occurs within the phase selector reach, the phase
selector associated with the faulted phase operates. For a double phase fault, the
two phase selectors associated with the faulted phases both operate. For a three
phase fault, all three phase selectors operate. The operation of one or more of the
phase selectors initiates the zone timer through OR3.
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The fault type logic determines the type of fault based on which phase selector
or combination of phase selectors has (have) operated. For example, if only the A
phase selector has operated, the fault is an A to ground fault and the fault type
logic produces an AG signal (refer to Fig. 1). If both the A and B phase selectors
have operated, the fault is either an A to B or an A to B to ground fault and the
fault type logic produces an AB signal. In the SLS distance scheme, the same
quantities are used for the measurement of phase-to-phase and phase-to-phase-to-
ground faults. The quantities used for B to C faults are provided with memory
action and are also used for measuring three phase faults.

The output of the fault type logic controls the fault type switching network
which switches the appropriate voltage and current signals into the main measuring
unit. A different set of signals is used for each type of fault. The switching
network has three outputs; 1) the preliminary operating quantity, 2) the preliminary
restraining quantity, and 3) the polarizing quantity.

The preliminary operating quantity is adjusted for the desired zone one reach
and becomes simply the operating quantity, as shown in Fig. 1. The preliminary
restraining quantity is simultaneously sent through three paths into the zone
switching network; 1) unadjusted, 2) adjusted for zone two reach, and 3) adjusted
for zone three reach. The network selects one of these and switches it through as
the restraining quantity, basing its selection on the output of the zone timer. The
timer operates as long as one or more of the phase selectors continue to give an
output (fault still present). Starting in zone one (standby condition), it advances
to each successive zone as time elapses, according to the zone timer settings. Note
that the phase selectors constitute the fourth zone. Therefore the Z4 signal is not
used to control the zone switching network.

The operating and restraining quantities are summed to produce the net
operating quantity. This is fed into the main measuring unit where it is compared
against the polarizing quantity to determine whether or not the fault is within the
prevailing zone. The method of distance measurement used is described in the next
subsection.

An output from the main measuring unit initiates a trip signal directly through
the tripping logic. The tripping mode, single pole or three pole, is determined
from the fault type and zone. Single pole tripping is permitted only in zone one
and will occur only for single phase faults. The Togic selects the correct pole to
be tripped. Double phase and three phase faults always result in three pole
tripping, as do single phase faults in zones two, three or four.

The logic diagram (Fig. 5) and its associated written description (section
entitled Distance Relay Logic) provide a detailed explanation of the operation of
the distance relay, including the fuse failure and power swing detection features,
as well as the four alternate schemes of protection.

Principles of Distance Measurement

There are five distance measuring units in the SLS; three phase selectors, the
main measuring unit, and a permissive zone measuring unit used in the pilot schemes
and in the detection of power swings. When a single line to ground fault is
detected, a negative sequence directional unit is used to supervise enabling of the
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main measuring unit's characteristic timers and consequently provides the required
directional supervision when the reactance characteristic is selected for single
Tine to ground fault protection. A1l of these units employ the same principle of
measurement. That is, they compare the phase angle between their polarizing and net
operating quantities against a reference angle to determine if the fault is within
their characteristic. In the directional comparison blocking scheme, three
additional measuring units, similar in design to the phase selectors, are included
for the blocking function.

The phase angle comparison is accomplished by 1) generating rectangular pulses
of voltage for those periods when the polarizing and net operating sine waves are
coincidentally positive and coincidentally negative and, 2) using the pulses to
activate a characteristic timer which produces an output when the pulse width
exceeds the timer setting. This is known as the "block-block" principle of
measurement.

Fig. 2A gives a logical representation of the measurement circuitry, Fig. 2B
shows typical waveforms for a fault external to the characteristic, and Fig. 2C
shows typical waveforms for a fault internal to the characteristic. Note that the
width of the coincidence pulses equals 180 degrees minus the phase angle between the
polarizing and net operating quantities. Note also that the relative magnitudes of
the two quantities are unimportant. The phase angle alone establishes the width of
the pulses.

The pickup time of the characteristic timer is converted to electrical degrees
as follows:

o= A x —— x 360
1000
where: o< = pickup pulse width (in degrees)
A = pickup time of timer (in milliseconds)
f = system frequency (in hertz)

The angle &< (timer setting) establishes the shape of the characteristc for the
mho-type measuring units. ©<= 90 degrees forms a circular characteristic, o< >90
degrees forms a lens-shaped characteristic, and o< <90 degrees forms a tomato-
shaped characteristic.

To illustrate how the phase angle comparison is converted to an impedance
measurement, consider the case of the basic (non-variable, non-offset) mho
characteristic shown in Fig. 3 . The principal quantities are as follows:

Operating Quantity: IZg
Restraining Quantity: )
Net Operating Quantity: IZp-V
Polarizing Quantity: )
where: I = fault current (in amperes)
ZR = relay reach (in ohms)
V. = voltage at relay (in volts)
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Fig. 3 is drawn as a voltage diagram because the measuring units employ voltage
signals to make the phase angle comparison. The voltage diagram w111.contrqct or
expand for different fault currents. The voltage phasors, however, will maintain

the same relative magnitudes and phase angle as the impedance vectors on an R-X
diagram.

As mentioned earlier, a characteristic timer setting of o< = 90 degrees forms a
circular characteristic. This is so because the apexes of all the right triangles
constructed with a common hypotenuse constitute a circle with the hypotenuse as its
diameter, as shown in Fig. 4 . In this case, the operating gquantity phasor (IZg) is
the hypotenuse and the polarizing quantity (V) and net operating quantity (IZg-V)
phasors are the remaining two legs of the right triangle.

Fig. 3A depicts a fault external to the characteristic, in which case the
phase angle & between the polarizing and net operating quantity, exceeds 90
degrees. The coincidence blocks are therefore less than 90 degrees wide (180 - 8 )
and the characteristic timer will not pick up. Fig. 3B depicts a fault internal
to the characteristic and Fig. 3C depicts a fault on the edge of the characteristic
both of which result in an output from the characteristic timer. In this manner,
the unit effectively translates the phase angle between its polarizng and net
operating quantities into a measurement of impedance to the fault.

Measuring Quantities for SLS Distance Units

The SLS distance units employ modified characteristics which offer improved
performance over the basic mho-type characteristic described in the previous
subsection. These are dicussed in detail in publication GET-6749.

The measuring quantities for the SLS distance units are given in Table I (phase
selectors) and Table II (main measuring unit). The permissive zone measuring unit
has the same polarizing and net operating quantities as the main measuring unit,
except that its reach is fixed at the third zone setting.

TABLE I - Phase Selector Measuring Quantities

Phase Net Operating Quantity Polarizing Quantity
A (IAZp=VaN) + KVl VALM
B (IgZp-VgN) + KVp1M Vg1m
C (IcZp-Ven) + KVem Veim
where: IgZp = (Ig-Ig) Zp /81 + KoloZp /6o
and Zp phase selector reach (in ohms)

Von phase to neutral voltage (in volts)

Vgim = positive sequence voltage with memory referenced to phase
@(in volts).

Ig = phase @ current (in amperes)

Ip = zero sequence current (in amperes)
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01 = positive sequence characteristic angle of relay (in degrees)
Op = zero sequence characteristic angle of relay (in degrees)

@ = phase A, Bor C

K = design constant equal to 0.25

Ko = zero sequence current compensation factor (Zp/Z1)

TABLE IT - Main Measuring Unit Measuring Quantities

Reactance Characteristic Variable Mho Characteristic
Fault Net Operating Polarizing Net Operating Polarizing
Type Quantity Quantity Quantity Quantity
A-G IAZR-VAN TA2XR IAZR-VAN ValM
B-G IRZR-VpN Ig2XR IRZR-VgN Vg1M
C-G I¢ZR-VeN Ic2XR I¢Zr-VeN VoM
A-B & -- -- (Ia-Ig)ZR-Vag VABIM
A-B-G
B-C & -- -- (Ig-Ic)Zr-Vee VBCIM
B-C-G
C-A & -- -- (Ic-Ip)ZR-Vea VCAIM
C-A-G
30 -- -- (Ig-Ig)Zr-VBe VBCIM

where: IbZR = (Ig-Ig)Zr /01 + KoIoZr /90

2R = relay (main measuring unit) reach (in ohms)

XR = reactive relay impedance (in ohms)

Igo = negative sequence current referenced to phase @ (in
amperes)

Vog = phase to phase voltage (in volts)

Vg1 = positive sequence voltage referenced to the given phase

pair (in volts)
M denotes memory action
Other terms as defined under Table I.
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TABLE ITI- BLOCKING UNIT MEASURING QUANTITIES

PHASE NET OPERATING QUANTITY POLARIZING QUANTITY
A (-IAZp-VaN) + KValm Va1m
B (-IgZp-VgN) + KVg1m V1M
c (-IcZp-Ven) + Kvgim Veim

TABLE IV - DIRECTIONAL UNIT MEASURING QUANTITIES

OPERATING QUANTITY POLARIZING QUANTITY

Va2 - Ip2XR Ip2XR

where:  Xg = 2.4 ohms
A1l other terms are as defined following tables I and II.

RECLOSER

Basic Automatic Reclosing

Automatic reclosing is initiated when the distance relay issues a trip output.
The recloser employs the breaker "b" switches to monitor the status of the breaker
poles. A trip signal and a closed "b" switch or switches (open pole or poles) must
be present simultaneously (actually within 20 milliseconds of each other) in order
for the reclosing cycle to begin.

Consider the case of a single phase to ground fault. The distance relay issues
an output to trip one breaker pole. At the moment that the pole opens, the recloser
receives both a trip signal (from the distance relay) and a closed "b" switch signal
(from the breaker). This initiates the one pole, first reclose timer. When this

timer expires, the recloser produces a reclosing output (contact closure) for the
open pole.

If the fault persists, the distance relay will again trip the breaker but this
time the trip will be three pole because the recloser automatically sets up three
pole tripping after the first reclosing attempt. The trip signal and closed "b"
switch signals initiate the three pole, second reclose timer (delayed reclose

timer). When this timer expires, the recloser produces a three pole reclosing
output.

If the fault is still present, the distance relay trips the breaker a third

time (three pole). The recloser goes into lockout, inhibiting any further reclosing
attempts.
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The distance relay and recloser will initially operate in the three po1e moqe
for multi-phase faults. A separately adjustable three pole, first reclose timer is
provided for this purpose. The second attempt, however, is always made on a three

pole basis. Therefore, there is only one setting to be made for the second
(delayed) reclose timer.

The recloser logic diagram (Fig. 9) and its associated written description
(section entitled Recloser Logic) provide a detailed explanation of the operation of

the recloser. An optional synchronism check module may also be included in the
recloser package.

Manual Closing

The SLS recloser offers the capability of manually closing the breaker through
the recloser circuitry. When using this feature, a manual close signal need only be
input to the recloser. The output contacts of the recloser are used to activate the
individual pole breaker closing circuits.

Regardless of whether manual closing is accomplished using the recloser or by

means of external circuitry, automatic operation of the recloser is inhibited for
the duration of the reset timer setting following the manual closure.

10
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DISTANCE RELAY LOGIC

Fig. 5 1is a logic/block diagram which describes the operation of the SLS
distance relay. It should be emphasized that this is a functional representation.
The Tlogic function designations have been assigned to facilitate this description
and are not always directly related to the actual module circuitry.

The complete scheme shown on Fig. 5 includes the following functions:

Phase selectors (PA, 9B and 9C)

Current supervision (CS - @A, §B, @C)

Main measuring unit (switched phase and zone)
Permissive zone-3 measuring unit (switched phase)
Measuring unit input quantity selection
Measuring unit reach selection

Negative sequence directional unit (DU)

Zone timer logic

Fuse failure protection

Out-of-step blocking function

Trip output units (@A, 98, 9C)

Breaker failure output units (@A, @8, @C and 39)
Target lamps

Carrier start functions (MB-PA, MB-@B, MB-@C) - blocking scheme only

QUTPUT CIRCUITS

Trip Outputs

The distance relay includes three separate trip output circuits, identified as
PA, @8 and @C trip, each with three electrically separate contacts.

Breaker Failure Backup Initiation (BFI)

There are four BFI units included, each with a normally open contact. One unit
labelled BFI is energized via OR20 whenever any trip output unit is energized. The
other three are separately controlled by the @A, @B or @C trip outputs. Links are
provided in the DOM201 module to allow the units to function individually (IND
positions) or in unison (COM position).

Reclose Initiation (RI)

Outputs from each of the three trip buses, designated as RI-@A, RI-@PB and RI-
@C, provide the inputs to the recloser through interconnection cable PL-1.

Transmitter Keying - Permissive Trip Schemes

An output relay with one normally open contact is provided to key the
frequency-shift channel to its trip frequency. The scheme selection Tlogic
determines which functions operate the keying unit. For example if the scheme
selection logic is set for permissive overreach (POTT), the keying unit will be
energized by an output from the permissive zone-3 measuring unit via AND33 and OR11.

11
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Or if the scheme selection logic is set for permissive underreach (PUTT), the keying
unit will be energized by an output from the main measuring unit, supervised at
AND34 by the output of NOT2 which will be present until TL5b operates.

Transmitter Keying - Directional Comparison Blocking Schemes

Two output relays, each with one normally open contact, are provided for
carrier control. The key transmitter, or carrier start contact, is energized by an
output from one or more of the MB functions via TL17, AND67, TL16, AND70 and OR11.
The stop transmitter contact is energized by an output from the permissive zone
three measuring unit via AND69.

Targets and Indication

Target lamps are provided for the following:

~——

Channel Trip

PA Trip

PB Trip

gC Trip

Zone-1 Trip

Zone-2 Trip

Zone-3 Trip

Zone-4 Trip

Fuse Failure Indication

Ground Time Overcurrent Trip (optional)

—

— T == )T D> O
St s ] N

PN P P S T P
=2 T = s T

—r

An option is available on the DLM1Ol module to 1light the red A, B and C trip
target lamps for either of the following conditions:

a) Trip type targeting - In this mode, the target Tamp will Tlight if its
associated trip bus is energized, whether or not that phase is faulted.
For example, on a @AB fault, the relay will trip three pole and the C
target Tamp will 1ight in addition to the A and B lamps.

b) Fault type targeting - In this mode, only the target lamps associated with
the faulted phases will operate. Thus, on a @AB fault, the relay will
trip three pole, but only the A and B targets will Tight.

The target lamps listed above, except fuse failure, seal-in and must be reset
by means of a push button., A1l the lamps light for a short period of time when the
button is depressed, thereby providing a means of testing the lamps. In addition to
operating a target Tlamp, the zone 1, 2, 3, 4 trip outputs and the fuse failure
function each operate a separate alarm unit with one normally open output contact.
The optional ground time overcurrent function operates an alarm output with a type
"c" output contact.

The target lamps listed below do not seal-in:
Phase-A selector
Phase-B selector

)
)
) Phase-C selector
B) Out-of-step blocK

12
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SCHEME OPERATION

The scheme covered in Fig. 5 can be applied in a number of operating modes, as
determined by the scheme selection Tlogic. Pilot related schemes are permissive
overreaching transfer trip, permissive underreaching transfer trip, zone-2 acceler-
ation, and directional comparison blocking. The zone-1 extension feature, included
on the scheme selection logic, does not involve the pilot channel. In addition step
distance backup, which is also independent of the pilot channel, is included.

Phase Selector Performance

The three phase selectors (@A, @B and @C) are directional mho functions super-
vised at AND1, AND2 or AND3 respectively by the current supervising functions CS-@A,
CS-@B, or CS-@C. These phase selectors inform the input selection function whether
a fault is single-phase-to-ground or multi-phase so that this function in turn can
apply the proper quantities to the main measuring unit and the permissive measuring
unit.

For example, during an AG fault the AND4 output indicates that the @A selector
has operated but not B or C. This applies the AG input, via AND1l, to the input
selection function, which in turn provides the proper input to the measuring units.
Similarly for BG and CG faults, AND5 or AND6 respectively provide the BG or CG
inputs via AND12 or AND13. Note that AND11, 12 and 13 are supervised by the TL4
timer which 1is started, via OR3, by the operation of any one or more phase
selectors. The slight delay introduced by this timer prevents an incorrect output
from the input selection function during a multi-phase fault if one phase selector
operates ahead of the other (or others).

During an AB or ABG fault the output from AND7 indicates that the @A and @B
selectors have operated, but not @C. This applies the AB/ABG input, via AND15, to
the input selection function, which in turn provides the proper inputs to the meas-
uring units for that multi-phase fault. Similarly for a CA or CAG fault, the CA/CAG
input is applied via AND8 and AND16. The input to the selection function via AND9
and AND17 indicates a BC/BCG or a three-phase fault, since the output from AND9 will
be present for either a BC or three-phase (ABC) fault.

The AND functions associated with multi-phase faults (AND15, 16, 17 and 18) are
also supervised by timer TL4 for the reason previously described. An output from
AND18 indicates that a multi-phase fault is involved and applies an input to OR21 so
that tripping will be three-pole.

Performance of Measuring Units

The main measuring unit performance is determined by its input quantity selec-
tion logic and its reach selection logic. The input selection logic responds to
operations of various combinations of phase selectors, as described in the preceding
section. The reach selection logic responds to outputs from the zone timers and
their associated logic.

The main measuring unit (MU) has a directional mho characteristic for multi-

phase faults, and either a mho characteristic or a reactance characteristic for
single-phase-to-ground faults. The choice between the mho or reactance character-

13
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istic for ground faults 1is made by means of a link setting in the DVYM10l module.
The MU characteristics are determined by the characteristic timers and associated
logic in the MU output. The performance of the timers in the overall scheme oper-
ation is described in a later subsection.

The permissive zone-3 measuring unit performance is determined by the same
input quantity selection logic that controls the main measuring unit. However, its
reach is fixed at the zone-3 reach setting of the main measuring unit.

| Stepped Distance Performance |

Performance of the scheme in the stepped distance mode is dependent upon the
settings of the zone timers TL5a-TL5d, and of course the reach settings of the main
MU. Operation of these timers is initiated via OR3 by the operation of any one or
more of the phase selectors. In the standby condition (i.e., normal load flow over
the protected 1line) no phase selector will be operated, and since no timer will be
energized, there will be outputs from both NOT1 and NOT2. The function of TL5a and
NOT1 will be discussed in detail later, but suffice it to say that this timer must
always be set for a shorter time than the zone-2 timer TL5b. Assume for the time
being that the zone 1imit link (L2) is in position 4. AND21, AND75 and AND24 are
therefore enabled at their NOT inputs by "pull-down" resistors R1, R2 and R3,
respectively. The output of NOT2 is applied via AND32 to the zone-1 (Z1) input of
the reach selection logic in the main measuring unit. Thus in standby the reach of
the main measuring unit will be at its zone-l setting and will remain at this
setting until the zone-2 timer TL5b operates. The output of NOT2 also provides a
supervisory signal to the SLS recloser through interconnection cable PL-1, and ener-
gizes an auxiliary relay for supervision of an external recloser. The intent is to
permit reclosing only for trips in the initial zone timer inteval. When timer TL5b
operates, the output of NOT2 is cut off by AND21 (de-energizing Z1) and the zone-2
(z22) input of the MU reach selection is energized via AND21, AND22 and OR8. This
condition will then persist until the zone-3 timer, TL5c, operates cutting off AND22
through AND75 and energizing the zone-3 (Z3) input of the MU reach selection via
ANDZ23.

The zone-4 reach of the scheme is determined by the reach setting of the phase
selectors and occurs when TL5d times out and applies an input directly to the three-
pole trip bus via AND24 and OR16. It is important to note that the time delay
pickup of timers TL5a, TL5b, TL5c and TL5d must be set progressively longer than the
preceding value where TL5a has the shortest delay pickup and TL5d has the longest
delay pickup. If the pickup times are not set progressively longer, then the actual
delay time of a particular timer may exceed the set value.

Assume that a phase-A to ground fault has occurred within the zone-1 reach
setting of the main MU. This will cause operation of the phase-A selector and the
negative sequence directional unit (DU). Operation of the PA selector initiates
operation of the zone timers via OR3, applies the lower input to AND20 via OR1 and
AND14, supplies the AG signal to the input quantity selection logic via AND1l, and
applies the top input to AND51 in the pole-A selection logic. Since the directional
unit has also operated there will be an output from AND20 which in turn will cut off
the output of NOT3, thus removing the "Reset" input to the MU characteristic timers
TL9a, TL9b and TL9c, thereby releasing these timers for operation. Also the output
of AND14, indicating that only one phase selector has operated, energizes the NOT

14



GEK-86044

input of AND42 which feeds TL9a, cutting off this timer which establishes the phase
mho characteristic. AND14 also supplies the middle inputs of AND43 and AND44 that
feed timers TL9b and TL9c respectively and establish the ground distance character-
istic, eitner reactance or mho as selected.

The function of timer TL5a is to allow time for an "adjustment" to the reac-
tance characteristic to provide additional security against a misoperation during an
external ground fault at the remote bus. The pickup setting of timer TL5a is
selected to allow time for the external fault to be cleared by the zone-1 protection
on the line out of the remote bus. Prior to the fault occurring, there will be no
timer output, resulting in an output from NOT1l, which blocks AND43 and supplies the
lower input of AND44. Thus when the phase to ground fault occurs, it will be timer
TL9c 'that will determine the MU characteristic for the duration of the TLb5a pickup
setting. Assuming the ground reactance characteristic has bee selected and the A
coincidence angle has been set for 1200, the ground distance characteristic will be
as depicted in Fig. 6A. Until timer TL5a times out, the R-X diagram characteristic
will be between the dotted line labelled "1350" and the solid line labelled "1200."
If the initial coincidence block from AND44 is greater than or equal to 1359, then a
TL9c output will result for this first block. If the initial coincidence block is
greater than or equal to 1200 but less than 1350, then TL9c starts to integrate and
a TL9c output results if the suceeding coincidence blocks are of sufficient width.
If the initial coincidence block is less than 1200, then TL9c will not start the
integration process until a succeeding block becomes greater than or equal to 120C.
After TL5a operates, TL9c is cut off and the ground distance characteristic will
then be determined by timer TL9b. The R-X diagram characteristic will now integrate
(i.e., evolve) from the "tent" shaped characteristic labelled "1200" in Fig. 6A to
the conventional reactance characteristic labelled "90°" in Fig. 6A.

If the ground mho function is selected, its operation is similar except that
the characteristic is initially a 135/120° lens for the duration of the TL5a operate
time, and then integrates to the mho circle as shown in Fig. 6B.

If the sequence time feature provided by TL5a is not desired, it can be effec-
tively eliminated by setting the TL5a operate time for ten milliseconds. Timer TL5a
will then have timed out before the phase selector supervising timer TL4 releases
AND11. Then characteristic timer TL9b will be determining the MU characteristic by
the time AND11 energizes the input quantity selection logic.

Operation in zone-1 time on the AG fault will result in a trip output via OR12,
AND47 and OR14. The OR14 output is applied to AND51, AND52 and AND53 in the indi-
vidual pole trip circuits. Since only the phase-A selector has operated, and the
trip mode selection link L3 is in the one-pole position, only the phase-A trip unit
will be energized.

If the AG fault is beyond the zone-1 reach setting of the MU but on the pro-
tected line (i.e., an "end-zone" fault), when the zone-2 timer TL5b operates, it
will supply the Z2 input to the main MU via AND21, AND22 and OR8. The TL5b timer
also cuts off the Z1 input by energizing NOT2. This zone-2 delayed trip will be via
the TL9b characteristic timer of the MU. The Z2 timer output from AND22 also ener-
gizes OR21 and the upper input of AND50 so that the delayed zone-2 trip output from
OR14 will trip all three poles via AND50 and OR16. A trip in zone-3 time, initiated
by timer TL5c, will also be three-pole. If a fourth zone is used, it will be deter-
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mined by timer TL5d and the reach setting of the phase selectors. This will be a
three-pole trip via AND24 and OR16.

Now assume that a multi-phase fault (say AB or ABG) has occurred within the
zone-1 reach of the main measuring unit. This will cause operation of the phase-A
and -B phase selectors, which initiates operation of the zone timers via OR3 and
supplies the AB input to the MU input quantity selection logic, via AND7 and AND15.
The AND7 output also energizes AND18 via OR2, indicating a phase-to-phase or three-
phase fault. The AND18 output energizes NOT3 thus releasing the characteristic
timers TL9a, b, and ¢, and also providing the top input to AND50 via OR21l so that
any trip will now be three-pole. Since there will be no output from OR1 and AND14,
the MU mho characteristic will be determined by integrating timer TL9a. Timers TL9b
and TL9c, and the sequence timer TL5a, will not be involved with multi-phase faults.
The trip output from OR14 will initiate a three-pole trip via AND50 and OR16 for the
high-speed zone-1 trip and for any subsequent delayed trips.

The zone 1limit link (L2) may be used to limit the sequential switching of the
stepped distance scheme to a given zone. In the TEST position, the 1link disables
AND21 at its NOT input, thereby invalidating the TL5b output. This in turn disables
AND22, AND23 and AND24. NOT2 continues to produce an output so that the reach is
locked in zone 1 (or zone 1X).

In the 2 position, L2 disables AND75 so as to invalidate the TL5c output. This
in turn disables AND23 and AND24 so that the zone switching is limited to zone 2.
Similarly, in the 3 position, L2 disables AND24 which Timits the switching to zone
3. In the 4 position, no gates are disabled, and the zone switching goes through
its full sequence.

[ Zone-1 Extension (ZIX) ]

The zone-1 extension feature is activated by a signal from the Z1 extension
output of the scheme selection logic to the top input of AND29 and the absence of an
input to the NOT of AND29 from OR29. The OR29 signal is produced by the SLS
recloser or by an external recloser through CC5. The output from AND29 feeds the
Z1X input of the reach selection function, which causes the reach of the main
measuring unit to cover the entire length of the protected line plus margin. The
output of AND29 also feeds the NOT of AND32 via OR7, thus cutting off the Z1 input
during the period that Z1X is activated. Thus a fault anywhere on the line will be
cleared in zone-1 time. Tripping will be single-pole for single-phase-to-ground
faults and three-pole for multi-phase faults, provided 1ink L3 is in the 1P
position.

Prior to the completion of the intial high-speed reclosure, an input to the NOT
of AND29 from the recloser will appear, thus cutting off the zone-1 extension
feature and re-establishing the first zone (Z1) dinput of the reach selection
function. If the fault is still present and is within the zone-1 reach setting
(typically 90 percent of the protected line), the breaker will again be tripped in
zone-1 time, but tripping will now be three-pole for all fault types. This results
from the input to OR21 from the recloser, designated as "three-pole trip enable,”
which will appear prior to the initial reclosure. If the fault is in the end-zone
of the protected line, tripping will be in zone-2 time.
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[ PiTot Schemes |

The scheme selection logic can be set for one of three schemes involving the
frequency-shift pilot channel. These are:

1. Permissive overreach transfer trip (POTT)
2. Permissive underreach transfer trip (PUTT)
3. Zone-2 acceleration (Z2ACC)

4. Directional Comparison Blocking (DCB)

1. Permissive Qverreaching (POTT)

The performance of the permissive overreaching transfer trip scheme can be
described with the aid of Fig. 7.

For this mode of operation the scheme selection logic will be set in the POTT
position, which applies a signal to the bottom input of AND28 and the top input
of AND33.

Consider first an external fault at X in Fig. 7. The overreaching permissive
zone-3 MU at terminal C will operate and its output from AND48 will key the
transmitter, via AND33, OR1l1 and L-12 (NORM position if transmitter is to be
keyed by a contact closure), thereby sending a trip signal to terminal D. The
receiver at D will apply a signal to the top input of AND28 via CCl, L-10 (NORM
position if a contact closure indicates receipt of channel signal), and AND25,
but there will be no trip output from AND28 since the permissive MU at D will
not have operated as the fault is behind that terminal.

During an internal fault, as at Y, the overreaching permissive MU at both C and
D will operate, keying the transmitter and sending a trip signal from each end,
and also applying the middle input to AND28 via timer TL6, the purpose of which
is described below. Since the top and bottom inputs of AND28 will also be
present, the transfer trip scheme has now established that the fault s
internal to the protected line and a channel trip will be initiated, at both
ends via OR5, timer TL7b and OR14. Whether this channel trip is one-pole or
three-pole will depend on the setting of the tripping mode 1link L3, and on the
type of fault as described below. It will be assumed in the following
discussions that link L3 is in the one-pole position.

Assume first that the internal fault is phase-A to ground. As noted in the
earlier section on step-distance, this will cause operation of the phase-A
selector and an output from AND1l, which in turn applies the top input to AND51
in the pole-A selection logic. Although the channel trip output from OR14 is
applied to AND51, AND52 and AND53, only the pole-A trip unit will be energized
via AND51 since only the phase-A selector has operated.

If the internal fault involves more than one phase, an output from AND18 via

OR2 will apply the top input to AND50 via OR21 so that an output from OR14 as a
result of the channel trip will trip all three poles.
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The purpose of the coordination timer TL6 can be explained as follows.
Referring to Fig. 7 assume an external fault on a parallel line is seen by the
overreaching permissive MU at C. The resulting output from AND48 will key the
transmitter via AND33, OR11l and L-12, sending a trip signal to the equipment at
D. The receiver at D applies a signal to the upper input of AND28 via CCl,
L-10, and AND25, but there will be no output from AND28 since the permissive MU
will not have operated. Now assume that sequential clearing of the fault on
the parallel Tline causes a momentary reversal of fault current in line CD.
This will cause operation of the permissive MU at D and the reset of the
permissive MU at C. The purpose of the coordination timer TL6 is to delay the
application of the permissive signal to the middle input of AND28 until the
received signal is removed from the upper input at D. That is, the operating
time of TL6 must be slightly longer than the reset time of the channel to
prevent an incorrect trip during the power reversal.

Permissive Underreaching (PUTT)

For the permissive underreaching mode of operation, the scheme selection logic
will be set in its PUTT position, which applies a signal to the bottom input of
AND27 and to the top input of AND35 via OR10. In this scheme the transmitter
is keyed via AND34, AND35, OR1l and L-12 (NORM position if transmitter is to be
keyed by a contact closure), by operation of the measuring unit in zone-1
reach. Consequently for the external fault at X in Fig. 7, the transmitter
will not be keyed at either end of the protected line C-D since zone-1 output
will not occur at either end. Since the transmitter is not keyed at either end
of the line during the external fault, a coordination timer 1is not necessary in
the underreaching scheme.

Now consider an internal phase-AG fault at Y, which is close to breaker D but
beyond the zone-1 reach of the relays at C. The phase-A selector at D will
operate, applying a signal to AG of the input quantity selection function.
Since the Z1 input is already present from NOT2 and AND32, there will be a
zone~1 measuring output from AND47 which will initiate a single-pole phase-A
trip at D via OR14 and AND51, and which will also apply the Tower input to
AND34 via OR17, AND57 and OR20. Since the upper input of AND34 is already
present from the output of NOT2, the transmitter at D will be keyed and will
send a trip signal to C. At end C the receiver output will be applied to the
upper input of AND27, the middie input will be supplied by the permissive
zone-3 MU, and the lower input is already present from the PUTT output of the
scheme selection function. Consequently there will be a single-pole channel
trip at C, via OR5, TL7b and OR14.

For a mid-line fault, for example at Z in Fig. 7, there will be a zone-1
measuring unit output at both C and D, a transfer trip signal will be sent in
both directions and a channel trip output will be initiated at both ends. In
practice the trip bus will usually be energized first by the zone-1 trip output
of the measuring unit.

In the case of the external fault at X in Fig. 7, if the zone-2 timer times out
and switches the measuring unit to its zone-2 reach, the MU output from AND47
will be applied to the lower input of AND34. However, the channel will not be
keyed via AND34 since the operation of the zone-2 timer will remove the output
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of NOT2 and disable AND34 at its upper input. If the relay trips in the time-
delayed mode, the channel will be keyed by the trip bus via TL15 and AND3b, but
this does not affect the PUTT mode of operation for the assumed external fault.
The purpose of TL15 is to provide an extended trip signal to assure tripping of
the remote terminal where the remote end may be slower to operate for an
internal fault.

Zone-2 Acceleration (Z2ACC)

For this mode of operation the scheme selection logic will be set in its Zone-2
Acceleration position, which applies a signal to the Tower input of AND26 and
to the upper input of AND35 via ORIO.

Referring again to Fig. 7, an end-zone fault at Y will be seen by the zone-1 MU
function at D, but not by the zone-1 function at C. The zone-1 trip output
from AND47 at D will key the transmitter via AND34, AND35, OR11l and L-12 (NORM
position if transmitter is to be keyed by a contact closure). At C the
received signal is applied to the upper input of AND26. Since the permissive
zone-3 MU will have operated at C and the 72 acceleration output is provided by
the scheme selection logic, the middle and Tower inputs of AND26 will be
present. The resulting output of AND26 will be applied to the Z2 input of the
measuring unit reach selection function via TL7a and OR8, bypassing the zone-2
timer input. Thus the MU at C will operate immediately for the end-zone fault
near D and will initiate a single-pole trip if the scheme is set for the one-
pole mode.

Directional Comparison Blocking (DCB)

For this mode of operation, the scheme selection logic will be set in its
directional comparison blocking position, which applies a signal to the second
input of AND68 and the lower input of AND70. In this scheme, the transmitter
js keyed by operation of one or more of the carrier start functions (MB-pA, -PB
or -@C) via OR24, TL17, AND67, TL16, AND70, OR11l and L-12 (NORM position if
transmitter is to be keyed by a contact closure).

Referring to Fig. 7, consider an external fault at X. One or more of the
carrier start functions will operate at D, initiating carrier transmission from
D. Operation of the overreaching permissive zone measurement unit at C will
apply a signal to the lower input of the comparer AND68, via coordination timer
TL6, at that end of the line. The directional carrier start functions at C
will not have operated so there will be an input to AND68 from its NOT.
However, receipt of blocking carrier from D will cause the removal of the upper
input to AND68 (RCVR 1link L-10 must be in INV position if a contact closure
indicates receipt of channel signal. This applies to DCB scheme only). Hence,
tripping via the comparer will be blocked for the external fault at X. Note
that following clearing of the external fault at X and reset of the M8
functions at D, transmission of the blocking carrier signal from AND70 will be
continued for a period equal to the combined reset times of TL17 and TLI16.

For an internal fault, at Z in Fig. 7 for example, the permissive MU functions

at both ends will operate and apply the Tlower input to the comparer AND68 at
both ends of the line. The directional carrier start functions will not have
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operated at either end and the permissive measuring unit will apply the lower
input to AND69 at both ends, thereby stopping any auxiliary carrier
transmission (L-11 1in NORM position if contact closure required to stop
transmitter). A1l inputs will hence be present at the comparer AND68 at both
ends of the line, which will initiate a channel trip via OR5, TL7b, OR14, and
AND51, -52, -53, depending on whether a single-pole or three pole trip is
involved. The CH target lamp will be operated via OR9.

The purpose of the two timers, TL17 and TL16, in the carrier-start path between
the MB functions and transmitter keying, via AND70, can be explained as
follows: Assume first that an external zero-voltage, three phase fault occurs
on the line just beyond breaker E in Fig. 7. The MB functions will operate on
memory action to start carrier, but will reset when the memory action delay
expires. The reset time of TL17 would be set long enough so that the combined
reset times of TL17 and TL16 would sustain blocking carrier from D to C longer
than the breaker failure backup time setting at E. On the other hand, if an
external phase-to-ground fault beyond D evolved to an internal fault at Y in
Fig. 7 , the permissive MU function at D would cut off the output of AND67, via
OR26 and the NOT of AND67, and blocking carrier would now be prolonged only for
the 50 millisecond reset time of TL16.

The reverse looking MB functions can also be used to initiate time delay backup
tripping for faults in the reverse direction. The operation of one or more of
the MB functions, and the associated current supervision function, results in
an output from OR24, which initiates operation of TL18 (zone-5 timer). An
output from TL18 results in a three pole trip via OR16.

If total channel time plus propagation time is less than eight milliseconds,
the coordination timer TL6 should be set for zero. Total channel time is
defined as the time from operation of the keying contact at the sending end to
the instant of receiver output of the receiving end, with the equipments
connected back-to-back. If the eight millisecond figure is exceeded, refer to
the CALCULATION OF SETTINGS section for further recommendations.

[ Power Swing BTocking |

The power swing blocking (i.e., out-of-step blocking, OSB) scheme that is
included with this equipment can be activated by setting the selection link L4 in

its IN position. The diagram in Fig. 8 represents the characteristics involved in
this scheme.

The scheme operates as follows: The power swing, represented by the swing
locus A-B, exhibits the characteristics of a three-phase fault. Thus when the swing
impedance enters the phase selector characteristic, all three selectors will
operate. This will result in an output from AND1O which initiates operation of the
0SB timer TL1l via OR22, and also switches the permissive zone-3 measuring unit to
the lens characteristic as shown in Fig. 8. This is accomplished by blocking the
900 characteristic timer at the NOT of AND45 and activating the 1200 characteristic
timer at the lower input of AND46.

If the 0SB timer TLI1 times out before the swing impedance enters the
permissive zone-3 MU lens characteristic, the outputs of both measuring units will
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be blocked, the main MU at the NOT of AND47 and the permissive MU at the NOT of
AND48. But if the impedance enters the lens characteristic before the 0SB operates,
as would be the case during an actual three-phase fault, the output of the
permissive zone-3 MU at AND48 resets the 0SB timer TL11.

Provision is made to detect a swing that may develop during the interval when
one pole is open. This is provided by the AND19 function that receives one input
from OR27 when one pole is open and the other from AND18 which indicates that two or
more phase selectors have operated. The OR27 signal is provided either from the SLS
recloser or from an external recloser via CC6. The output from AND19 initiates
operation of the 0SB timer TL1l1 via OR22 and switches the permissive MU
characteristic timer to a 1200 lens.

| Fuse Failure Protection |

The fuse failure detector 1is designed to operate upon the loss of one or two
phases of the a-c voltage. Its output operates an indicating lamp and an alarm unit
with one normally open contact, and by means of the OFF-BLOCK 1ink, L9, can also be
connected to block tripping at the NOT inputs of AND57, AND58 and AND59 via OR30.

| Close Onto a Fault ]

A feature is included to provide a direct trip when the relay potential source
is on the line side of the circuit breaker, in the event that the associated breaker
is reclosed onto a close-in zero-voltage fault. The upper input to AND49 is
supplied from the SLS recloser or from an external contact (CC3) via OR15 and will
persist for 220 milliseconds following a reclosure attempt, either automatic or
manual. The lower input is supplied from AND63 if the overcurrent detector and the
undervoltage function have operated. The overcurrent detector operates at about 2.5
times normal current, and the undervoltage detector operates if the voltage is less
than about 1.5 percent of normal voltage.

The output of AND63 initiates a three-pole trip via OR16.
GENERAL COMMENTS

1. Breaker Failure Functions

There are four BFI output units. Three of these, BFI-PA, -PB and -fC, are
associated with the individual trip buses while the fourth one, identified only
as BFI, is operated by OR20 when any trip bus is energized. When the scheme is
operating in the single-pole mode the BFI links, L6, L7 and L8, would be in the
individual pole (IND) position. If the scheme is operating in the three-pole
trip mode, these Tlinks would be in the common (COM) position so that any trip
output operates all BFI units via OR20.

2. Current Seal-in

The current seal-in feature operates on a per-pole basis by means of AND54,
AND55 and AND56. For example for an AG fault and the scheme in the single-pole
trip mode, the phase-A trip unit is energized via AND51, OR17 and AND57. The
output of AND57 feeds the upper input of AND54 and the lower input is fed by
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the phase-A current supervision unit. Thus as long as the current in phase-A
is above the sensitive phase-A current supervision unit, there will be an
output from AND57 even though the distance measuring units should reset, and
the BFI unit for phase-A will remain energized. If the scheme is operating in
the three-pole mode, the BFI 1links will be in the COM position so that the
seal-in for any one phase will continue to energize all BFI units via OR20 as
long as the sensitive current supervision unit is operated.

Target Lamp Operation

The nine target lamps discussed below seal-in, that is latch in, (except fuse
failure) when operated and may be reset by means of the push button on the
front of the target unit or by an external contact (CC8). This is indicated on
the Togic diagram by "L" in the target Tamp symbol.

Step distance trip operations for zone-1 through zone-4 are indicated by the
target lamps labelled I, II, III and IV, while any channel trip is indicated by
the Tamp labelled CH. These lamps are operated via AND functions 37 through 41
respectively. The lower input of each AND function, 37 through 41, is from the
trip bus via OR20.

The zone-1 Tamp (I) will light on inputs from the main measuring unit output
(AND47) and trip bus (OR20) in the absence of a zone-2 timer operation, which
blocks at the NOT of AND37 and removes the 71 input.

A zone-2 trip, initiated by the zone-2 timer TL5b, will operate lamp II via
AND38 and will block AND37.

Zone-3 or zone-4 trips, initiated by timers TL5c or TL5d respectively, will
cause operation of lamps III or IV via AND39 or AND40 respectively.

A channel trip, either in the permissive overreach or permissive underreach
mode, will operate the channel lamp (CH) via OR9 and AND4l. Note that the
zone-1 lamp I may also Tlight as well as the CH lamp because there may also be
zone-1 output from the local measuring unit.

With the scheme selection function set for zone-2 acceleration, a trip will be
indicated by both the channel lamp CH via OR9 and the zone-2 lamp II via ORS.
The zone-1 Tamp I will be blocked.

A trip by the zone-1 extension feature (Z1X) will operate lamp I.

The operation of the three target lamps A, B, and C in the trip output is
determined by the settings of target links L5a, L5b and L5c.

For example with the scheme in the one-pole mode and the L5 links in the TRIP
position, detection of a single-phase-to-ground fault will result in tripping
only the faulted phase and operating the target lamp for that phase. Any
multi-phase fault or any delayed trip will trip all poles and operate all three
lamps A, B and C.
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Connecting the L5 1links in the FAULT position provides indication of which
phases are faulted even though all three poles are tripped. For example assume
a phase-AG fault with the scheme set for the three-pole mode. All three poles
will be tripped, but only the "A"™ lamp will 1light, as determined by the @A
selector input to AN 60. Similarly, for a phase-AB fault, all poles will be
tripped but only the A and B Tamps will light.

A1l the target lamps described above, except the fuse-failure lamp, are of the
seal-in type. There are four additional target lamps identified by yellow caps
which are self-resetting. Three of these indicate operation of the phase
selectors and are identified as PA, @B and PC. These are supervised by the OR4
output through AND71, AND72 and AND73, respectively. This means that the
directional unit must operate during phase-to-ground faults (AND20 output) in
order for a phase selector Tamp to light. The remaining lamp is operated by an
output from the out-of-step blocking timer TL11 and is identified as 0SB.
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RECLOSER LOGIC

The SLS recloser operates according to the logic diagram shown in Fig. 9. It
should be emphasized that this is a functional representation. The logic function
designations have been assigned to facilitate the following written explanation of
the operation of the recloser. They may not be directly related to the actual
circuitry.

The recloser may be set for any one of the following modes (refer to SETTINGS
PROCEDURES section):

One reclosing attempt, single-pole or three-pole, depending on trip
One reclosing attempt, single-pole only

One reclosing attempt, three-pole only

Two reclosing attempts, single-pole or three-pole on first,
three-pole on second

5. Two reclosing attempts, three pole only.

W

This discussion will begin by describing mode 4 because it encompasses the full
capability of the recloser circuitry. The remaining modes will be described subse-
quently.

The reclosing cycle begins automatically when the SLS distance relay produces a
trip output. A reclose initiate (RI) signal is produced simultaneously and input to
the recloser through interconnection cable PL-1. Reclosing following single-pole
trips is made possible by having a separate signal for each phase, designated RI-PA,
RI-@PB, and RI-@C.

First Reclosing Attempt after Single Phase Faults

Consider the case of a phase-A to ground fault resulting in a single-pole trip.
The recloser receives an RI-PA signal which provides, through OR1, the lower input
to ANDI. The upper input to AND1 is a supervisory signal from the distance relay
called High Speed Trip Time. This signal is produced by the zone timer and is
present for the duration of the zone-two time setting. Beyond that point, the
signal is absent and reclosing is prevented.

The output of AND1 is then applied to ANDI3 through timer TL1. This timer
assures that the signal will persist for 20 milliseconds after the removal of the RI
input which will disappear almost immediately when the breaker pole is opened to
clear the fault. The lower input of AND13 is provided by the breaker "b" switch on
pole A (52A/b). When pole A is opened as a result of the distance relay trip
signal, the "b" switch closes and its associated contact converter (CC9) sends a
signal to AND13 via OR3. Consequently, the "b" switch input to ANDI3 may occur at
any point within 20 milliseconds following the reset of the RI-@ input(s) and ANDI3
will still transmit the reclose initiate signal.

The tripping of the breaker indicated by RI-PA and the actual opening of the
pole indicated by 52A/b initiates the reclosing cycle. The output from AND13 will
be brief, disappearing when TL1 times out. The RI latch is therefore provided to
sustain the signal. It operates as follows. Referring to the latch equivalent in
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Fig. 9, the momentary signal is applied to the SET input thereby providing, through
the OR gate, the upper input to the AND gate. The NOT input to the AND gate will be
absent as long as there is no resetting signal to the latch. The AND gate therefore
gives an output which is fed back to its input via the OR gate. Through the feed-
back Toop, the OR gate sustains the input to the AND gate even after the momentary
SET input disappears. The AND gate therefore continues to produce an output until
reset by a signal at its NOT input. In this manner, the momentary SET signal fis
latched in. Al1 of the latches depicted in Fig. 9 operate in this manner.

The output from the RI latch causes the OPN (operation) LED (1light emitting
diode) indicator to Tlight and the RECLOSE IN PROGRESS contacts to close via OR23,
indicating that the reclosing cycle is under way. In addition, the latch output is
simultaneously applied to AND15, AND16, AND17 and AND1S8.

Initially, the sequencer is in standby, providing an output at port 1 and no
output at ports 2 and 3. AND15 and AND16 are therefore in a position to pass on the
RI signal whereas AND17 and AND18 are disabled. The third input to AND15 and AND16
is the three-pole reclose initiate signal. This signal will be absent for the case
under consideration (first reclosing attempt after a single-pole trip; recloser set
for mode 4). The absence of this signal disables AND16 and enables AND15 through
its NOT input. Of the four gates, AND15 is the only one to transmit the RI signal.

The output from AND15 initiates reclosing timer TL3a which is set for the
single-pole reclosing time (refer to SETTINGS PROCEDURES section). When TL3a times
out, its output is fed back through OR11 to reset the RI latch (through OR10) and
advance the sequencer to port 2 following the three millisecond delay of TL2. In
addition, it initiates the reset timer (TL4) through OR12, sets the zone-1 extension
latch (to be discussed subsequently) and sets the delayed synchronism check Tlatch
following the TL2 delay (also to be discussed subsequently).

The output from OR11 constitutes the automatic reclosing signal. This is sent
through OR13 to the first hold Tink L3. Assume for the time being that this Tink is
set in the OUT position such that the hold latch is bypassed. The reclosing signal
is then applied directly to AND20. It may be blocked at this point by an input to
the NOT of AND20, which will be present during an out-of-synchronism condition
(AND19 output through OR16) or in the event of an external block reclose signal
(CC15 through OR16). These points will be discussed in further detail subsequently.

An output from AND20 indicates that the reclosing signal has been validated.
This validated signal is simultaneously applied to AND21, AND22, AND23 and AND24.
It also initiates timer TL5 which sends a signal to the distance relay. This will
be discussed subsequently.

The lower dinputs to AND21, AND22 and AND23 are connected to the pole A, pole B
and pole C "b" switches through CC9, CC10 and CCll, respectively. For the case of a
single-pole trip clearing an A-G fault, only the pole A "b" switch will be closed.
The lower input to AND24 is the three-pole reclosing signal from OR9. This will be
absent during the first reclosing attempt for the conditions noted. Therefore, for
the case under consideration, of the four gates receiving the validated reclosing
signal, only AND21 will transmit the signal to its dwell timer, TL6a.
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The TL6a dwell timer is initiated by AND21 through OR17. The timer immediately
energizes its associated output relay, operating the CLOSE POLE A contacts which are
connected to the breaker closing circuit. The contacts will remain closed for the
duration of the dwell timer setting. This completes the first reclosing attempt.

The output of TL6a is sent to the OPN LED indicator and the RECLOSE IN PROGRESS
relay through OR21 and OR23 so that they remain energized until the dwell timer
times out. In addition, it is applied to the fail to close latch (a) through OR21
where it affects the lockout circuit and direct trip circuit which will be discussed
subsequently.

Second Reclosing Attempt After Single Phase Fault

If the fault is still present after the breaker has been reclosed or if it
reappears before the reset time elapses, the distance relay will again produce a
trip output. This time, however, it will be a three-pole trip as a result of the 3-
POLE TRIP ENABLE signal sent from the recloser to the distance relay through inter-
connection cable PL-1. This signal may be produced by any of the four inputs to

OR27. For this case, only the third input will be present. It comes from AND14 and
was produced as follows.

The first reclose initiate signal from TL1 set the three-pole trip latch but
the latch did not get reset upon reclosing and, would normally not be reset until
the reset timer gives an output (through OR28, OR7 and OR8). A continuous input was
therefore applied to AND14, but the initial TL1 output blocked AND14 through its NOT
input. The clearing of the fault (tripping pole A) removed the RI-PA signal thereby
stopping the TL1 output (20 milliseconds thereafter) and enabling AND14. Thus the
3-POLE TRIP ENABLE signal was produced upon the tripping of breaker pole A and is
still present after the pole has been reclosed. Therefore, the continued presence
or reappearance of the A-G fault will now result in the distance relay tripping all
three poles of the breaker.

In conjunction with its three pole trip output, the distance relay simultan-
eously sends RI-PA, RI-@B, and RI-PC signals to the recloser. As before, the
reclose initiation signal is sent through OR1, AND1, TL1l, AND13 and the RI Tatch
from which it is applied to AND15, AND16, AND17 and AND18. This time, however, only
AND17 is enabled by the sequencer which has been advanced to port 2. Note that the
delayed reclose link, L1, must be in the DLY position for AND17 to be enabled. This
is a requirement to obtain reclosing mode 4 (refer to SETTINGS PROCEDURES section).
Also note that the output from AND13 resets the timing cycle of the reset timer
(TL4) and the output from the RI Tatch once again lights the OPN indicator.

The output from AND17 initiates reclosing timer TL3c which is set for the
delayed reclosing time (refer to SETTINGS PROCEDURES section). When TL3c times out,
its output is fed back through OR11 to reset the RI latch (through OR10) and advance
the sequencer to port 3 (after the TL2 delay). It also re-initiates the reset timer
(TL4) through OR12.

As before the automatic reclosing signal from OR11l is sent through OR13, L3 and
AND20, from which it is applied to AND21, AND22, AND23 and AND24. The Tlower inputs
to AND21, AND22 and AND23 will all be present because the "b" switches will all be
closed following the three-pole trip. Furthermore, the lower input to AND24 will be
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present from the 2 or 3 RI latch through OR9, indicating a three-pole reclose initi-
ation. Consequently, all four gates produce an output, hitting OR17, OR18, and OR19
with double inputs. Dwell timers TL6a, TL6b and TL6c are initiated simultaneously.
They immediately energize their respective output relays, resulting in a three-pole
closing of the breaker. This completes the second reclosing attempt.

If the fault persists beyond the second reclosing attempt, the distance relay
will again trip the breaker three-pole and send three RI-@ signals to the recloser.
The reclose initiate signal will again make its way to AND15, AND16, AND17 and
AND18, but only AND18 will be enabled because the sequencer has been advanced to
port 3. The output from AND18 will directly send the recloser into lockout, as will
be discussed subseqeuntly.

First Reclosing Attempt after Phase-to-Phase or Three-Phase Fault

Consider the case of a phase-to-phase or three-phase fault. The distance relay
will trip the breaker three-pole and simultaneously send RI-@PA, RI-@PB, and RI-@C
signals to the recloser. As in the case of a single-pole trip, the reclose initi-
ation signal is sent through OR1, AND1, TL1l, AND13 and the RI latch from which it is
applied to AND15, AND16, AND17 and AND18. The sequencer 1is in standby (port 1)
thereby enabling only AND15 and AND16. Unlike the case of a single-pole trip, the
three-pole reclose initiation signal is present in this situation, enabling AND16
and disabling AND15 at its NOT input.

The three-pole reclose initiation signal is produced simultaneously by ANDZ,
AND3 and AND4, each of which require a pair of RI-p signals to give an output. It
is sent through OR2 into the 2 or 3 RI latch which operates the same as the other RI
latch except that it is reset via OR8 rather than OR10. From this latch, the three
pole reclose initiation signal is sent through OR9 from which it is applied to AND15
and AND16.

The resulting output from AND16 initiates reclosing timer TL3b which is set for
the three-pole reclosing time (refer to SETTINGS PROCEDURES section). When TL3b
times out, it produces the automatic reclosing signal. The remaining steps in the
reclosing sequence have already been described.

Second Reclosing Attempt After Phase-to-Phase or Three-Phase Fault

The second reclosing attempt after a phase-to-phase or three-phase fault will
be identical to the second reclosing attempt after a single-phase fault since the
second trip will be three-pole in both cases. Again, the recloser will go into
lockout following the third trip.

One Reclose Attempt Only

The second automatic reclosing attempt may be bypassed by placing the delayed
reclose link (L1) 1in the NO DLY position. In this case, after the first reclosing
attempt, only AND18 will be enabled by the sequencer and the reclose initiate signal
associated with the second trip will send the recloser into Tockout.
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Single Pole Reclosing Only

If it is desired to attempt automatic reclosing only after single-pole trips,
the 1§ single-pole only switch (SW1) should be closed. This provides the Tower
input to AND10 such that, in the event of two or three simultaneous RI-@ signals
from the distance relay, the upper input from OR2 will cause AND1O to produce an
output which, through OR8 and OR10, will block the reclose initiation signal by
disabling the RI 1latch.

Note that in this mode there can be only one automatic reclosing attempt since
the second trip will always be three-pole and the recloser has been set to block
three-pole reclose initiations (SW1 closed).

Three Pole Reclosing Only

If it is desired to attempt automatic reclosing only after three-pole trips,
the 3@ three-pole only switch (SW2) should be closed. This provides, through OR9, a
continuous three-pole reclose initiation signal, enabling AND16 and disabling ANDIS5.
Furthermore, SW2 provides a direct input to OR27 such that the recloser sends a
continuous 3-POLE TRIP ENABLE signal to the distance relay. Consequently, the dis-
tance relay will trip all three breaker poles for any type of fault and three-pole
reclosing will follow automatically.

Note that, unlike single-pole only reclosing, the recloser will make a second
reclosing attempt following a second trip when SW2 is closed, provided L1 is in the
DLY position.

Manual Closing

Manual closings of the breaker may be made directly using external contacts or,
if desired, through the recloser circuitry using the output contacts of the
recloser. For direct manual closings, the manual close link (L4) should be placed
in the NORM position; to use the recloser circuitry, it should be placed in the AUTO
position. 1In either case, automatic reclosing attempts will be blocked in the event
of a manual breaker closing.

The MANUAL CLOSE signal from CCl7 is sent through AND9. It may be blocked at
this point if the gate is disabled at its NOT input. This will occur when SW3 is 1in
the OFF position (open) in which case NOT1 produces an output.

An output from AND9 sets the manual close latch and initiates the reset timer
through OR12. Actually, the reset timer is initiated upon the opening of the manual
close switch (falling edge of pulse through OR12). The manual close latch blocks
automatic reclosing by disabling the RI Tatch through OR8 and OR10 and thereby stops
the reclose initiate signal. The blocking is sustained until the manual close latch
is reset via OR28 when the reset timer (TL4) gives an output.

With L4 in the AUTO position, the manual close signal is routed into the main
reclosing circuit (OR13) through a pulse circuit. The pulse circuit is included so
that the manual close signal resembles the automatic reclosing pulse from OR1l.
Once the manual close pulse has been transmitted through OR13, the sequence of
events is the same as that described for automatic reclosing attempts.

28



GEK-86044

Note that when L4 is in the AUTO position, the manual close signal 1is also
routed into the synchronism check circuit (OR15). This provides synchronism check
supervision of manual close attempts, as will be discussed subsequently.

Synchronism Check Supervision

Synchronism check is available as an option with the SLS recloser. When the
voltages on either side of the open breaker are out of synchronism by more than the
set limit, the synchronism check circuit (indicated by a box in Fig. 9) gives an
output which is applied to AND19. This circuit also performs a voltage magnitude
difference check and slip rate checks, if desired.

The other input to AND19 represents those reclosing attempts which are to be
supervised by the synchronism check circuit. These include 1) manual close attempts
made through the recloser; 2) first and second automatic three-pole reclosing
attempts; and 3) second automatic reclosing attempts only. Note that these are all
three-pole reclosing conditions. It 1is not meaningful to make synchronism checks
with only one pole tripped.

The manual close signal comes into AND19 through CC17, AND9, L4 (AUTO position)
and OR15. When it is desired to conduct a synchronism check on the first and second
automatic three pole reclosing attempts, the synchronism check 1link (L2) should be
placed in the ALL3P position (refer to SETTING PROCEDURES section) in which case the
automatic three pole reclosing signal is sent into AND19 from the 2 or 3 RI Tlatch
through OR9, L2 and OR15. When it is desired to conduct a synchronism check on the
second automatic reclosing attempt only, L2 should be placed in the DLY position.
In this case, the port 2 sequencer output is applied (indirectly) to AND19. Because
the sequencer is advanced to port 3 by TL3c and OR11 at the end of the delayed
reclosing time, the port 2 output is not a suitable signal on which to conduct a
sustained synchronism check. The delayed sync check latch is included for this pur-
pose. It provides a continuous signal to AND19 through L2 (DLY position) and OR15.
TL2 prevents the delayed sync check latch from being set prematurely. This Tlatch
will not be reset until the reset timer gives an output (via OR28, OR7 and ORS8).

An output from AND19 indicates that the synchronism check circuit is giving a
blocking output at the moment of the initiation of a three-pole reclosing attempt.
This output invalidates the reclosing signal by disabling AND20 through its NOT
input (via OR16).

In addition, the AND19 output 1is applied simultaneously to AND27 and AND28.
The second hold 1ink (L5) determined which of these two gates is to be used to set
the synchronism check indicator latch. Assume, for the time being, that L5, like
L3, is in the OUT position and thereby utilizes AND27. The other input to AND27 is
the reclosing signal from OR13. Thus, when the sync. check circuit is giving a
blocking output, AND27 produces an output at the time when a reclosing attempt would
normally have taken place. This sets the synchronism check indicator latch which
immediately lights the N/S LED indicator. It will remain 1it until reset via OR6.
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External Blocking of Reclosing

Reclosing attempts may be blocked by the closure of an external contact con-
nected to CC15. A signal from CCl5 invalidates the reclosing signal by disabling
AND20 at its NOT input (via OR16).

Permit Blocking of Reclosing to Clear (Hold)

In the event that a reclosing signal is initially invalidated by synchronism
check supervision or by an external BLOCK RECLOSE contact, the signal may be
sustained (put on hold) for the duration of the reset timer setting (TL4) with the
hope that the blocking signal will disappear within that time. This is accomplished
by placing the first hold Tink (L3) in the IN position. The second hold link (L5)
should also be placed in the IN position to insure that the sync check indicator
latch is not set erroneously.

The hold latch is set by the reclosing signal from OR13 and will not be reset
(via OR14) until a validated reclosing signal is issued by AND20 or, if that doesn't
occur, when the reset timer times out (via OR28, OR7 and OR14). This provides a
sustained reclosing signal which is applied to AND20 via L3 (IN position). The
Signa] also energizes the RECLOSE IN PROGRESS relay and OPN LED indicator through
R23.

The presence of a blocking signal inhibits reclosing by disabling AND20 through
its NOT input. Should the blocking signal disappear before the reset timer times
out, AND20 will be enabled and will transmit the reclosing signal which has been
sustained by the hold Tlatch. In this manner, the initially invalid reclosing
attempt is validated upon the clearing of the blocking condition. If the blocking
does not clear, the recloser will go into lockout when the reset timer times out.

The second hold 1ink (L5), when placed in the IN position, utilizes AND28 to
set the synchronism check indicator latch. The upper input to AND28 is provided by
AND19 and is present whenever a three-pole reclosing attempt is blocked by the syn-
chronism check circuit. The other input to AND28 is provided by AND25 which gives
an output when the reset timer times out, provided that the sustained reclosing
signal has not been cleared from the hold latch. Thus, with the hold links (L3 and
L5) in the IN position, if a three pole reclosing attempt is blocked by synchronism
check and if the out-of-synchronism condition persists for the duration of the reset
time, the N/S LED indicator will light at the end of the reset time and will remain
1it until reset via OR6.

If the holding feature is not desired, L3 and L5 should be placed in the OUT
position. In this case, reclosing signals which are initially inhibited at AND20
expire immediately and reclosing will not take place. When inhibited by synchronism
check, the N/S LED will 1light immediately at the time of the would-be reclosing
attempt.

Lockout

The recloser will go into lockout under each of the following three sets of
conditions:
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Lockout Following the Third Trip

If a fault persists or reappears following the second reclosure, the
distance relay will trip a third time and the corresponding reclose
initiate signal will be transmitted through AND18 (sequencer advanced to
port 3) into OR25, from which it sets the lockout latch. Note that if the
delayed reclosing Tink (L1) is in the NO DLY position, the second shot
reclosing attempt is bypassed and the recloser will go into lockout fol-
lowing the second trip.

Lockout Resulting from a Failed Reclosing Attempt

If an open breaker pole(s) remains open throughout the duration of the
dwell time, the reclosing attempt has failed and the recloser should be
locked out. This is accomplished by the fail-to-close circuitry shown in
Fig. 9. The circuitry consists of the following elements:

OR 20
Fail-to-Close Latch a (FTCa)
Fail-to-Close Latch b (FTCb)

NOT2

TL-7

AND26

The logic functions as follows: The tripping of the breaker and resulting
closing of one or more "b" switches sets FTCa through OR3 while at the
same time removing the continuous reset which was previously present at
FTCb. A validated reclosing signal from one or more poles then sets FTCb
via OR20 and the output of this latch is applied to the lower input of
AND26 through TL7. At the same time, however, one or more of the dwell
timers issues an output which, through OR21, resets FTCa. This signal is
present for the duration of the dwell time. Due to the nature of the
latch (refer to latch equivalent), the reset input overrides the set input
so that the dwell timer signal causes the FTCa output to be cut off,
thereby disabling AND26. Since the OR20 and OR21 outputs occur simultan-
eously, TL7 is included so that FTCa disables AND26 before the FTCb output
is applied.

At the end of the dwell time, the resetting signal is removed from FTCa.
If at that time, all the "b" switches are open (breaker closed), FTCa
receives no set input. Therefore it produces no output and continues to
disable AND26. If, on the other hand, the breaker has failed to close,
one or more of the "b" switches will remain closed so that, as soon as the
dwell timer signal ceases, FTCa issues an output which is applied to the
upper input of AND26. The lower input to AND26 is still present due to
the fact that FTCb was not reset by NOT2 because the "b" switch(es) did
not open. The resulting output from AND26 constitutes the fail-to-close
signal.

The fail-to-close signal sets the lockout latch via OR24 and OR25.
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3) Lockout Resulting from a Blocked Reclosing Attempt

If the sustained reclosing signal from the hold latch is still present
when the reset timer times out, it indicates that the reclosing attempt
was not validated and the recloser should be Tlocked out. AND25 s
provided for this purpose. Its lower input is connected to the first hold
latch output and its upper input is connected to the reset timer output
through OR28. An output from AND25 sets the lockout Tlatch via OR24 and
OR25.

When the Tockout latch is set, its output lights the L/0 LED indicator and
produces a 3-POLE TRIP ENABLE signal through OR27. It also produces a PULL BACK
EXTENDED ZONE-1 signal through OR22 thereby allowing the distance relay to return tc
its normal zone-1 reach setting (zone-1 extension scheme only).

In the Tlockout state, all further reclosing is prevented by disabling the RI
latch through OR28, OR7, OR8 and OR10.

The recloser may be taken out of the lockout state by an intentional reset
signal from OR6 through OR26 which resets the lockout Tatch. This will be discussed
subsequently. In addition, a manual close attempt will take the recloser out of
Tockout by resetting the latch via AND9 and OR26.

Signals Sent to Distance Relay

Six signals produced within the recloser circuitry are sent to the distance
relay through interconnection cable PL-1. The significance of each is explained in
the following subsections:

PULL BACK EXTENDED ZONE-1

With this signal absent, the distance relay will be monitoring the Tline
according to its extended zone-1 reach setting when using the zone-1 extension
scheme. The signal is absent in standby because OR22 receives no inputs (the zone-1
extension latch is clear).

The first automatic reclosing signal from OR11 sets the zone-1 extension Tatch
and the signal to the distance relay appears immediately (via OR22) and does not
disappear until the latch is reset by an output from the reset timer via OR28. The
distance relay is therefore switched from its extended zone-1 reach to its normal
zone-1 reach upon the first reclosing attempt.

The PULL BACK EXTENDED ZONE-1 signal will be produced in the event of a lockout
(middle input to OR22) or if the recloser is taken out of service by opening the
ON/OFF switch, SW3 (lower input to OR22). This is done because it is not desirable
to have the distance relay using an extended zone-1 reach when the recloser is not

operating and therefore unable to return the distance relay to its normal zone-1
reach.
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CLOSE ONTO A FAULT

This signal 1is sent to the distance relay when AND20 transmits a validated
reclosing signal. It is sustained for 128 milliseconds by timer TL5, the first 128
milliseconds for which the output closing contacts (CLOSE POLE A, etc.) are closed.

The CLOSE ONTO A FAULT signal is used in the distance relay in conjunction with
an overcurrent detector and an undervoltage detector. If these detectors both issue
outputs in the presence of the CLOSE ONTO A FAULT signal, the fault is regarded as a
severe close-in fault. The normal measuring unit fault detection is bypassed and
the distance relay immediately issues a trip output, as was explained in the
previous section.

MANUAL CLOSE

Whenever a manual closing attempt is made, either through the recloser (L4 in
AUTO position), or independent of the recloser (L4 in NORM position), a MANUAL CLOSE
signal is sent to the distance relay for the same purpose as the CLOSE ONTO A FAULT
signal; namely, to cause the distance relay to issue an immediate trip output upon
the closing attempt in the event of a severe close-in fault.

ONE POLE OPEN

This signal 1is produced by a circuit which continuously monitors the breaker
"b" switches through CC9, CC10 and CCll. 1In order to have a ONE POLE OPEN output
from AND1l, the following three conditions must be met:

1) OR3 must be producing‘an output which indicates that one or more of the
"b" switches is (are) closed (pole or poles open).

2) OR4 must not be producing an output. The absence of an output from OR4
indicates that there are not two poles open because, if there were, two
"b" switches would be closed and either AND5, AND6 or AND7 would provide a
signal to OR4.

3) AND8 must not be producing an output. The absence of an output from AND8
indicates that not all three poles are open. Note that this is redundant,
because the same condition will cause an OR4 output which alone disables
AND11.

In summary, with (1) one or more poles open, but (2) not two poles open and (3)
not three poles open, we are left with one pole open.

The ONE POLE OPEN signal is used in conjunction with the phase selector outputs
in the distance relay such that, in the event that the two phase selectors are
picked up and the pole is open on the remaining phase, the power swing detection
circuitry will be activated as it is when all three phase selectors are picked up
simultaneously. This entails switching the permissive zone measuring unit charac-
teristic from a circle to a lens and initiating the 0SB timer. In other words, when
two phase selectors are picked up in the presence of a ONE POLE OPEN signal from the
recloser, the distance relay acknowledges the possibility of a three phase swing
condition and makes measurements accordingly.
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TRIP DIRECTLY

The presence of this signal causes the distance relay to issue a three-pole
trip output directly. This will occur under either of the following two sets of
conditions:

1)

Trip in the Event of a Fail-to-Close Condition

If the breaker fails to close during a reclosing attempt and there are one
or two (not three) poles open, the TRIP DIRECTLY signal will be produced.
If all three poles are open, it is not meaningful to issue a trip signal
since the breaker is already open. The fail-to-close signal is provided
by AND26 as described in paragraph 2 of the Lockout subsection. It is
applied to the upper input of AND29 through OR24. The one or two poles
open signal 1is provided by AND12 and is applied to the lower input of
AND29. In order for AND12 to produce an output, it must receive a signal
at its upper input from OR3 which indicates that one, two or three "b"
switches are closed. In addition, it must not receive a signal at its
Tower (NOT) input from AND8 which indicates that all three "b" switches
are closed. Therefore, AND12 will produce an output only for the cases of
one or two closed "b" switches (open poles).

Trip Following a Blocked Reclosing Attempt

If the sustained reclosing signal from the hold Tlatch is still present
when the reset timer times out and one or two poles remain open, the re-
closing attempt was not validated. The remaining pole(s) should be trip-
ped and the recloser should be Tocked out. This is accomplished by AND25
as described in paragraph 3 of the Lockout subsection. AND25 provides the
upper input to AND29 through OR24. As before, the lower input to AND29 is
provided by AND12.

TL8 causes the TRIP DIRECTLY signal to have a duration of 100
milliseconds.

3-POLE TRIP ENABLE

This signal switches the distance relay into the three-pole mode such that, in
its presence, the detection of any type of fault will result in a three-pole trip

output.

It is produced under the following four sets of conditions, each of which

provide an input to OR27.

When the recloser is in lockout.

When the recloser is set for three-pole only operation (SW2 closed).
Following the first reclosing attempt. In this case, the OR27 input is
provided by AND14 as described in the subsection entitled Second Reclosing
Attempt After Single-Phase Fault. ‘

When the ON/OFF switch (SW3) is in the OFF position (open). In this case,

there is no means of reclosing so it is imperative that all three poles of
the breaker be tripped.
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Resetting

The recloser circuitry will be automatically reset by an output from OR2S8.
This signal will be present when the reset timer gives an output or in the event
that the recloser 1is locked out. The reset timer (TL4) operates as follows. A
pulse input from OR12 initiates the timing cycle which is adjustable from one second
to 99 seconds (refer to SETTINGS PROCEDURES section). At the end of the timing
cycle, the timer produces a single pulse output. TL4 may be reset at any point
during the timing cycle by a signal at its reset input.

The OR28 output accomplishes the following:

¢ Resets the zone-1 extension latch directly. This removes the PULL BACK
EXTENDED ZONE-1 signal which should be absent in standby.

e Resets the manual close latch directly, thereby terminating the blocking of
automatic reclosing by removing the reset on the RI latch (via OR8 and
OR10).

e Resets the hold latch through OR7 and OR14. This terminates the sustained
reclosing signal which would still be present if the reclosing attempt was
never validated at AND20.

® Resets the three-pole trip latch through OR7 and OR8. This removes the 3-
POLE TRIP ENABLE signal thereby permitting the distance relay to trip
single-pole once again.

® Resets the 2 or 3 RI latch through OR7 and ORS8.

Returns the sequencer to port 1 (standby position) through OR7 and ORS.

o Resets the delayed synchronism check Tatch through OR7 and ORS8.

The recloser may also be reset manually by depressing the RESET push button
(PB1) or it may be remotely reset by closing an external contact connected to CCl6.
In either case, OR5 produces an output which is sent to OR6, from which it accom-
plishes the following:

¢ Removes the recloser from Tlockout by resetting the Tlockout latch through
OR26.

o Extinguishes the N/S LED indicator by resetting the synchronism check

indicator Tatch.

Resets the hold latch through OR7 and OR14.

Resets the three-pole trip latch through OR7 and ORS8.

Resets the 2 or 3 RI latch through OR7 and ORS8.

Returns the sequencer to port 1 through OR7 and ORS8.

Resets the delayed synchronism check latch through OR7 and ORS8.

Resets all timers.

ON/OFF Switch

The recloser may be taken out of service by opening the ON/OFF switch (SW3).
When the switch is open, NOT1 produces an output which accomplishes the following:
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Sends a 3-POLE TRIP ENABLE signal to the distance relay through 0R27,
Lights the OFF LED indicator.

Energizes the RECLOSER IN SERVICE relay which operates its associated "C"
contacts.

Blocks manual close signals through the NOT input of AND9.

Blocks automatic reclosing by disabling the RI Tatch through OR6, OR7,
OR8 and OR10.

Produces the PULL BACK EXTENDED ZONE-1 signal through OR22 thereby
allowing the distance relay to return to its normal zone-1 reach setting
(zone-1 extension scheme only).

Serves all the resetting functions of the RESET push button described
above (via OR6).

It should be noted that, when it is desired to take the recloser out of
service, it must be done using the ON/OFF switch (SW3) and not by removing the
interconnection cable(s). Even when the recloser is out of service, it sends the 3-
POLE TRIP ENABLE signal and, when required, the ONE-POLE OPEN signal through a
cable, both of which are necessary for the proper operation of the distance relay.
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GROUND TIME OVERCURRENT FUNCTION
(Optional)

An optional ground time overcurrent function may be included to provide the
distance relay scheme with backup protection for high resistance and remote ground
faults. The function may be non-directional (CTM module) or supervised by a dual-
polarized zero sequence directional unit (CDM module).

The time overcurrent unit pickup current tap setting is adjustable from 0.1 to
0.8 per unit of rated current in 0.02 per unit steps. The inverse time-current
characteristic is shown in Fig. 83. This characteristic is an IEC255-4 Type A
(BS142 normal inverse) which is similar to the GE type IAC inverse characteristic.
The "time dial" is adjustable from 0.05 to 1.0 in 0.025 steps.

A block diagram of the ground time overcurrent relay along with typical wave-
forms at various points in the circuit are shown in Fig. 11. Referring to the block
diagram, the protected 1ine residual current flows through the relay input current
transformer, CTl, and develops a voltage proportional to the applied current across
resistor Rl. This voltage is rectified and then attenuated according to the current
pickup tap setting. The "Pickup Level Detector" is used to prevent operation of the
timing circuit unless the applied current is greater than the pickup tap setting.
If the optional directional supervision is included, AND1 prevents an input signal
from being applied to the "Pickup Level Detector" unless the directional unit is
producing an output. Thus, AND1l is not a true logic gate, but rather a control gate
that transmits the rectified signal only when the directional unit output is
present. For the non-directional time overcurrent units, this control input is per-
manently high. When the "Pickup Level Detector" produces an output, a non-sealed in
target LED (>Ig) will 1ight, indicating that the applied current is greater than the
tap setting (>Ig).

The "Function Generator" is a wave shaping circuit which is used to develop the
desired time-current characteristic. The "Time Dial," the "Linear Ramp Generator,"
and the "Trip Level Detector," constitute the timing circuitry. AND2, like AND1, is
a control gate which blocks or transmits the signal from the "Function Generator"
circuit depending upon outputs of the "Pickup Level Detector." The "Linear Ramp
Generator" is a simple integrator that integrates the output from the function gen-
erator. The "Time Dial" circuit adjusts the time constant of the integrator. The
output of the "Linear Ramp Generator" is applied to the "Trip Level Detector." The
"Trip Level Detector" produces an output when the ramp output reaches a pre-
determined level, indicating that the current has been greater than the pickup level
for the required time. An output from the "Trip Level Detector" produces a three
pole trip signal in the associated distance scheme via OR16 (refer to Fig. 5). A
latching red LED target lamp (IN>) is included on the time overcurrent module, along
with an auxiliary relay with a form "c" output contact, to indicate that the unit
operated.

If the ground current drops below the pickup tap setting before a trip signal
is issued, the "Pickup Level Detector" resets and blocks the input to the "Linear
Ramp Generator" via AND2. The "Linear Ramp Generator" has a fast reset time which
prevents the relay from "notching up" during multi-shot reclosings.
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The optional zero sequence directional unit is included only in the CDM module.
The directional unit is a 90 degree phase angle comparator which measures the phase
angle between the residual operating current and a) the polarizing current, b) the
polarizing voltage, or c) a combination of the polarizing voltage and polarizing
current. Refer to the APPLICATION AND CALCULATION OF SETTINGS section of the book
for a discussion of the polarizing quantities.

Referring to Fig. 11, AND3 produces an output when both the operating and
polarizing signals are positive; AND4, when both are negative. The coincidence
blocks produced by AND3 and AND4 are supplied to the characteristic timer which
produces an output if the width of the blocks is 90 degrees or larger. The blocks
into the characteristic timer will be greater than 90 degrees if the phase angle
between the operating and polarizing signals is less than 90 degrees.

The characteristic angle of the directional unit is adjustable from 15 to 60
degrees in 15-degree steps.
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SYNCHRONISM CHECK FUNCTION
(Optional)
Overall

Figure 12 is a combination block/logic diagram of the overall sync check
circuit. The bus and Tine voltages are stepped down by external PTs and again by
PTs within the relay, this time to a level compatible with the internal electronics.
The relay PTs are located in the magnetics module of case B. The remainder of the
circuitry depicted in Figure 12 is located in the SVM module.

The Tine voltage is supplied to both a live and a dead detector, each of which
compare the magnitude of the voltage to a preset (adjustable) threshold. The live
detector produces an output when the voltage exceeds the live threshold and the dead
detector produces an output when the voltage is less than the dead threshold. In
other words, outputs are produced when conditions are as desired for reclosing. The
bus voltage is similarly sent into separate live and dead detectors.

In addition to the magnitude detectors, the bus and line voltages are together
sent into: 1) a combined angle detector and high set slip detector and 2) a low set
slip detector. Unlike the magnitude detectors, these circuits produce outputs when
conditions are undesirable for reclosing, i.e., 1) the angle is out of limits or the
slip exceeds the high set cut-off, or 2) the slip exceeds the low set cut-off.

The mode of supervision is selected by closing the appropriate switch. More
than one switch may be closed at a time to obtain a combination of functions.

Consider the case of reclosing under dead line, dead bus conditions. Closing
the DLDB switch enables ANDl while AND2, 3 and 4 remain disabled. For AND1l to
produce an output, both the dead 1line and dead bus detectors must be issuing
outputs, indicating that the line and bus voltages both register as being dead. In
the dead 1line, dead bus mode, an output from AND1 constitutes the "Permit Reclosing"
signal through OR2. Its absence results in reclosing being blocked. The dead line,
1ive bus and 1ive line, dead bus modes operate in similar fashion through AND2 and
AND3, respectively.

In the sync check mode (SYNC CK switch closed), an output is required from AND4
to permit reclosing. This will occur only when: 1) the line and bus are both live,
and 2) there is no output from either the angle and high set slip detector or the
Tow set slip detector. An output from either of these detectors blocks reclosing by
disabling AND4 at its NOT input (via OR1).

Angle and High Set Slip Detectors

The angle and high set slip detectors are depicted in Figure 13. The bus and
line voltages are brought into an anti-coincidence circuit which produces a positive
output only when the instantaneous voltages are of opposite polarity, either the bus
positive and line negative or vice versa. When the instantaneous voltages are both
positive or both negative, there is no output from the anti-coincidence circuit.
Thus, the output of the anti-coincidence circuit (waveform A) can be considered as a
pulse train in which the width of the positive pulses (or blocks) is equal to the
angular separation @ (phase shift) between the bus and Tine voltages.
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The output of the anti-coincidence circuit is fed into the angle timer. This
timer produces an output only when the width of an input block exceeds the angle
setting © (adjustable). The timer output consists of a narrow pulse (waveform B)
which is issued at the instant that the angle setting delay elapses.

. 9 1
Angle Setting Delay = X seconds
J J Y 3600 f
where: f is the nominal system frequency (50 or 60 hertz)

A pulse from the angle timer sets the output flip flop (FF1), resulting in a
continuous "Block Reclosing" signal (waveform D). The pulse also initiates the high
set slip timer. This timer will produce an output only if the time delay Tysg
elapses before the next pulse comes along because each successive pulse resets and
re-initiates the timer.

1 20
THS = X
FHs 3600

where: Fys is the high set slip cut-off (in hertz)

By coupling the angle setting into the high set slip timer, the angle setting may be
changed without having to readjust the slip timer setting, Fys.

An output from the high speed slip timer (waveform C) resets FF1 and thereby
permits reclosing.

Consider the example of the bus and Tine voltages being at exactly the same
frequency (no slip) and having an angular separation of @ between them which exceeds
the setting 8. The waveforms will be as illustrated in Figure 13, item 1. The dots
at the left of each waveform indicate the reference point.

The output from the high set slip timer (waveform C) is continuously low
because the steady stream of pulses from the angle timer (waveform B) continually
reset and re-initiate the slip timer, preventing it from timing out. Therefore, FF1
gets set and never gets reset, resulting in the "Block Reclosing" output shown in
waveform D.

If @ is less than 8, waveforms B, C and D will all be continuously Tow.

Now consider the example of a frequency difference between the voltages which
is less than the high set slip cut-off, Fys. The waveforms will be as illustrated
in Fig. 13, item 2. Eleven cycles of Vi are shown in the same interval as 12 cycles
of Vg (90° to 90°). This is one complete slip cycle and the angular labels above
the Vp wave and around the circle are slip degrees. If the Vg sine wave is taken to
represent 60 hertz, the V| sine wave has a frequency of 11/12 x 60 = 55 hertz and
the sTip rate is 60 - 55 = 5 hertz. Although this exceeds the maximum acceptable
setting of the circuit (2.5 hertz), it is shown for the sake of discussion to be
less than the high set slip setting. A slip of 5 hertz was used only so that the
diagram might be clear and not be unreasonably long.
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The voltages are shown to be 90 degrees out of phase initially (VL lagging VB).
This is an arbitrary starting point as far as the high set slip detector is
concerned. The anti-coincidence circuit output blocks vary in width as the angular
separation between the two voltages changes throughout the slip cycle (waveform A).

The angle timer measures the varying anti-coincidence blocks and responds
accordingly. When the block width exceeds the angle setting, a pulse is produced.
As the angular separation increases, the block width may be two or more mutliples of
the angle setting, in which case the angle timer will output two or more pulses.
For example if the angle is set to 359, the maximum anti-coincidence block in the
slip cycle (at 1800) has a width of 180/35 = 5.14 multiples of the angle setting and
the angle timer will output 5 consecutive pulses (integer part only).

The angle timer produces no output during the portion of the slip cycle in
which the angular separation between the voltages is less than the angle setting ©.
This dead band is 1labelled the slip measurement interval on waveform B. It
represents a reclosing "window" so to speak, having a dimension of 28 slip degrees.
The sTip measurement interval will always have a dimension of 20 slip degrees, but
its duration (tgMy) will decrease as the slip rate increases and vice versa. It
therefore provides a convenient means of measuring the slip.

1 20
tsmr = X
fs 3600
where: fg is the actual slip frequency.

The absence of pulses from the angle timer during the slip measurement interval
gives the slip timer an opportunity to time out because it is not being reset and
re-initiated. After a delay of Tyg following the Tlast pulse before the slip
measurement interval, the high set slip timer produces an output (waveform C) which
resets FF1 and thereby removes the "Block Reclosing" signal. This signal reappears
on the first pulse from the angle timer. Its momentary absence, however, provides
an opportunity to reclose (waveform D).

If the slip is greater than the high set cut-off (fg > Fys), tgmy will be less
than Tyg, the slip timer will not time out, and reclosing will be continuously
blocked.

Low Set Slip Detector

This detector determines the rate of slip by measuring the time it takes for
the line voitage to traverse 90 degrees in the slip cycle (one quadrant). This
time, Tggo, is then compared against the time Timit established by the low set sTip
cut-off, T|s.

T 1 1
LS = 7 X ——
4 FLS

where: FLs is the Tow set slip cut-off (in hertz) and the factor
of 1/4 pertains to one quadrant.

If Tggo is less than T g, the rate of slip exceeds the cut-off (F g) and

reclosing is blocked. If Tgqgo is greater than T 5, the rate of slip is less than
the cut-off, and reclosing is permitted.
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DESCRIPTION OF HARDWARE

The SLS systems consist of plug-in modules housed within two aluminum cases.
One case (Case A) contains the distance relay and associated functions, the other
(Case B) contains the recloser and options. An interconnection cable is provided
for the exchange of information between the cases. For the directional comparison
blocking (and reverse zone 5 with timer) option, three interconnection cables are
required.

ALUMINUM CASE ASSEMBLY*

Construction

* The cases are fabricated from sheet aluminum. Overall case dimensions are
given in the SPECIFICATIONS section.

* The front cover consists of plate glass with an aluminum frame. It is hinged
on the top and opened from the bottom by way of two spring-loaded plastic latches.
The cover may be removed by unlatching and sliding it up and out.

* The cases are painted with a textured-finish baked enamel.

The modules are mounted vertically. The sockets within the case (towards the
rear) serve as mechanical supports as well as the means of electrical connection.
They hold the modules firmly 1in position. In addition, the front cover, when
closed, provides further restraint on the modules. Proper alignment is maintained
by slotted plastic guides, one above and one beneath each module (with the exception
of the MGM modules, which require two guides above and two beneath).

Electrical Connections and Internal Wiring

External connections are made to each case through eight terminal blocks
mounted on the rear cover plates. Each block contains 14 terminal points, which
consist of a Number 6 screw threaded into a flat contact plate.

* Revised since last issue
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As mentioned earlier, in SLS systems made up of more than one case, the cases
are electrically tied together with interconnection cables. Depending on the com-
plexity of the system, one or three cables may be required. Sockets for three
cables are always provided at the left-hand edge of the rear cover plate (rear
view), even when only one cable is needed. Connection is made by means of a 15-pin
Type D miniature connector. The plug and socket are keyed to insure proper
polarity. The cables are reversible because the connectors at both ends are
identical. When three cables are required, the cables are identical and therefore
interchangeable.

Connection to the printed circuit board modules is made by means of 60-pin edge
connectors. Connection to the MGM modules (one in each case) is made by means of
two connector sockets; an eight contact current block and a 104-pin signal block.
The current block contacts are rated to handle current transformer (CT) secondary
currents,

The printed circuit board edge connectors and the MGM module connector sockets
are mounted on the same backplane assembly approximately 23 centimeters (nine
inches) from the front of the case. The receptacle for the connection plugs and
test device (test receptacle) on the other hand, is mounted only four centimeters
(1.6 inches) from the front of the cases. This receptacle will be discussed in
detail in a subsequent section.

With the exception of the leads which carry the CT secondary currents, internal
wiring between module connectors, to the test receptacle, and to the rear cover ter-
minal blocks utilizes the wire wrap method. For wiring between the module connec-
tors, the pattern is random except for signal paths sensitive to coupling. The
sensitive wires are arranged in harnesses and the harnesses are routed such that
they cross at right angles in order to minimize the electrostatic and electro-
magnetic coupling effects. A1l wires connecting to the test receptacle and to the
rear terminal blocks are arranged in harnesses. The internal wires leading to the
interconnection cable sockets are also arranged in harnesses.

A1l the current inputs are brought in on the same rear cover terminal block
(Tower right-hand block, rear view). This block is rated to handle the CT secondary
currents. The internal current leads are made from substantially heavier gage wire
than the remainder of the .internal wiring. They are held to the shortest length
practical to minimize the resistive burden on the CT's. Connection is made via
crimped-on terminals. These leads are arranged in their own harnesses and are seg-
regated as much as possible from the other wiring. Again this is done to minimize
the coupling of the fields associated with the current-carrying conductors onto the
low Tevel signal conductors.

It should be noted that certain standard internal wiring arrangements are used
in the construction of SLS systems. This of course means that in some instances
internal wiring is not used because a particular functional module is not included.
The use of standard wiring permits simple additions of features in the field.
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Identification

The SLS system model number is indicated on a label located on the inside of
the front cover.

A marking strip which indicates the name and position of every module in a
given case is included on the lower inside edge of the front cover. It is placed to
be read when the front cover is fully opened.

The interconnection cable sockets on the rear cover plate are designated as PL-
1, PL-2 and PL-3, as indicated by the labels located directly above each socket.

The terminal blocks are identified by two letter codes which are given on
labels directly beneath the left-hand edge (rear view) of each block. There are
eight terminal blocks on each case, each of which have a unique code (AA through DD)
in order to avoid confusion when making external connections.

On each terminal block, the screw terminals (1 through 14) are labelled top and

bottom by stamped numbers. The numbers are visible even when the protective covers
are in place.

PRINTED CIRCUIT BOARD MODULES

Basic Construction

Each module consists of a printed circuit board and attached front panel
mounted perpendicular to the board. (The DOM201 wmodule is an exception. It
contains two printed circuit boards.) Two knobs are provided on the front panel for
removing and inserting the module. Electrical connection is made by contact pads at
the back edge of the board.

In those cases where the circuit modules do not fill the available space, dummy
modules are inserted. These consist simply of a blank board and a blank front
panel.

Identification

Each module has its own model number consisting of a three letter code followed
by a three digit number. These are given at the bottom of each front panel and may
be read only when the case cover is opened.

RLM1Q1 - Recloser Logic Module

This module contains the reclosing logic circuitry. The decision whether a
reclose attempt should be made single pole or three pole is made in this module. If
single pole, the proper phase is selected based on the status of the breaker "b"
switches. The three command signals which initiate reclosure (phase A, B, C) are
produced in this module.
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In addition, the module contains

1) fail-to-close (breaker failure) logic which sends a trip command to the

distance relay

2)  lock-out circuitry which blocks further reclose attempts

3) supervision of manually initiated breaker closures (if desired)

4) a dwell timer which establishes the length of time for which the reclose
output contacts, once closed, remain in the closed position.

5) circuitry which permits an

initially

invalidated (blocked) reclosing

attempt to be sustained for the duration of the reset time (if desired).

Front Panel Light Emitting Diodes (LED's)

Identity Color Indication Given Description
OPN Yellow Reclose in Progress Lights while the reclosing cycle is
(Operation) in progress. It remains 1it for
the duration of the reclose time plus
the dwell time.
OFF Red Recloser Qut-of- Lights when the recloser is taken out
Service of service by switching the ON/OFF
switch on this module to the OFF
position.
L/0 Red Lockout Lights when the recloser goes into
lockout.
N/S Red No Reclose Due to Lights whenever a reclose attempt is

Synchronism Check

blocked because of an output from the

Module Output sync check module (SVM101). This is

so whether the output is due to an angle
check, slip check, or voltage magnitude
check (dead or Tive Tline or bus). Thus,
an N/S indication may be given when the

voltages are actually in synchronism.

Front Panel Switches

Identity Type Function Description
ON/OFF Toggle Recloser in Service When in the OFF position, the recloser

is taken out of service and a signal
is sent to the distance relay which
causes all trips to be three pole.
Single pole trips are undesirable when
there is no means of reclosing.
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Front Panel Switches (continued)

Identity Type
10 Toggle
30 Toggle
X1/X10, Toggle

19
X1/X10, Toggle
39
RESET Push
Button

Internal Links

Identity
0.25/0.5/1.0/2.0

1/2

MAN CLOSE

ALL3P/DLY

Function

Single Pole
Reclosing Only

Three Pole
Reclosing Only

Single Pole Reclose
Time Multiplier

Three Pole Reclose
Time Multiplier

Reset

Function

Dwell Timer
Setting

One or Two
Breaker Reclosing

Supervised
Manual Close

Synchronism
Check Supervision

46

Description

When set to the right, reclosing is
attempted only after single pole trips.

When set to the right, a signal is sent
to the distance relay which causes all
trips to be three pole. Consequently,
subsequent reclose attempts will be
three pole.

Allows the single pole reclosing time to
be one or ten times the setting of the
19 switch on the RTM101 module.

Allows the three pole reclosing time to
be one or ten times the setting of the
3@ switch on the RTM101 module.

Momentarily depressing this push button
resets all timers and flip-fiops within
the recloser to their initial states.

Description

Establishes the dwell time (contact
closure time) of the reclose output
contacts. The settings are given in
seconds.

This link should always be set in the
1 position for use in SLS systems.

When placed in the AUTO position, manu-
ally initiated reclose attempts may be
made through the recloser. When in the
NORM position, the recloser is
essentially by-passed.

The position of this link determines
whether all three-pole reclose attempts
are to be supervised by synchronism
check (ALL3P position) or only delayed
(second shot) attempts (DLY position).
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Internal Links (continued)

Identity Function Description

HOLD (#1) Permit Blocking When placed in the IN position, re-
of Reclosing to close attempts which have been in-
Clear validated by a blocking signal (syn-

chronism check or inhibit) will be sus-
tained for the duration of the reset
time. Therefore if the blocking sig-
nal disappears before the reset time
expires, the reclose attempt will be
validated. When placed in the OUT
position, if an attempt is blocked
initially, there will be no reclosure.

HOLD (#2) Synchronism Check In the IN position, when a reclosing
attempt is blocked by an out-of-syn-
chronism condition which persists for
the duration of the reset time, the N/S
LED indicator will Tight at the end of
the reset time. In the OUT position,
the N/S LED indicator will light
immediately when a reclosing attempt
is blocked by synchronism check. This
second hold Tink must be set the same
as the first hold link.

ROM101 - Interface Module for Recloser

This module contains the interface circuitry for translating external contact
operation (48, 110-125, or 220-250 volts DC) to signals compatible with the internal
electronic circuitry. Isolation is provided between the external and internal
circuits. Eleven contact converters are included for the following external
contacts:

Breaker 1 "b" switches (3)
Breaker 2 "b" switches (3)
Inhibit Reclose, Breaker 1
Inhibit Reclose, Breaker 2
Manual Close, Breaker 1
Manual Close, Breaker 2
Remote Reset

In addition, this module contains two board mounted auxiliary relays with
output contacts to indicate the following:

Reclose Operation in Progress ("a" contact)
Recloser in Service ("c" contact)
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Internal Links

Identity Quantity Function Description
48V/110-125V/220-250V 11 DC Control These links set the interface
Voltage circuitry for the proper DC

control voltage. There is a
separate 1ink for each contact
converter.,

RTM101 - Recloser Timer Module

This module contains timing circuits for the recloser, specifically the main
reclosing timer and the reset timer. The main reclosing timer requires three
separate settings:

1) single pole reclosing time

2) three pole reclosing time

3) delayed reclosing time.

Each of these settings is individually adjustable.

The timers are of the digital type, that is, the time ranges are established by
counting a prescribed number of reference pulses (clock pulses). These reference
pulses are produced by a fixed frequency oscillator included in this module.

In addition, this module receives the reclose initiate signals and it contains
logic to determine whether the initiation is single pole or three pole.

Front Panel Switches

Identity Type Function Description

19 Double Single Pole Determines the time delay in seconds
Digit Reclosing Time before the first reclosing attempt
Thumbwheel following a single pole trip.

30 Double Three Pole Determines the time delay in seconds
Digit Reclosing Time before the first reclosing attempt
Thumbwheel following an initial three pole trip.

30-D Double Delayed Determines the time delay in seconds
Digit Reclosing Time before the second reclosing attempt.
Thumbwheel The second trip, if it occurs, will

always be three pole and this switch
is therefore designated as 3p-D.
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Front Panel Switches (continued)

Identity Type Function Description

RESET Double Reset Time Determines the time delay in seconds
Digit before the recloser is reset to its
Thumbwheel initial state following the final

reclose attempt.

Internal Link

Identity Function Description
DLY/NO DLY One or Two In the NO DLY position there will be
Reclose Attempts no second reclose attempt (delayed

reclosure). The recloser will go to
lTockout following a second trip.

DVM101 - AC Voltage Processing Module for Distance Relay

This module contains the voltage interfaces between the internal voltage
transformer secondaries and the remainder of the electronic circuitry. It provides
analog switching to direct the desired polarizing signal and restraint voltage into

the main measuring unit and permissive zone measuring unit, based on inputs received
from the DLM10l logic module.

The restraint voltage quantity is operated upon to determine the extended Zone
One, Zone Two and Zone Three reaches as multiples of the Zone One reach.

In addition, this module contains circuitry to detect a failed fuse in the

potential transformer and a positive sequence undervoltage detector wused to
supervise line pickup.

Front Panel Switches

Identity Type Function Description
Ix 5 Stage Extended Zone One These switches determine the reach for
Toggle Reach Setting the extended first zone when using the

Zone One extension scheme. The reach

is given as a multiple of the Zone One
reach (set on DIM1OI module). The pro-
cedure for positioning these switches

to obtain the desired reach is described
in the SETTINGS PROCEDURES section

of this book.
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Front Panel Switches (continued)

Identity Type Function Description
II 7 Stage Zone Two These switches determine the Zone Two
Toggle Reach Setting reach as a multiple of the Zone One
reach. Refer to the SETTINGS PROCEDURES
section,
ITI 8 Stage Zone Three These switches determine the Zone Three
Toggle Reach Setting reach as a multiple of the Zone One

reach. Recall that the permissive zone
reach equals the Zone Three reach, Again,
refer to the SETTINGS PROCEDURES section.

Internal Links

Identity

X/Y

Function ’ Description

Characteristic Selection Determines whether single phase-to-ground

for Single Phase Faults faults are measured with a reactance char-
acteristic (X position) or a mho-type
characteristic (Y position).

DIMIOl - AC Current Processing Module for Distance Relay

This module provides analog switching to direct the desired operating signal
("IZ-V") into the main measuring unit and permissive zone measuring unit, based on
inputs received from the DLM101 Togic module.

The Zone One reach is established in this module by operating on the selected
"IZ" quantity. The magnitude of the zero sequence current compensation factor, "Kg"
is also adjusted in this module.

Compensated "IZ" signals (zero sequence current compensation) to be used by the
phase selectors (DSM101 module) are developed in this module. Circuitry is provided
to switch off the compensation when the fault current exceeds 2.5 per unit. This
same overcurrent signal is used to supervise line pickup.

In addition, this module contains an undercurrent detector for each phase.
These are used to

1)
2)

supervise pickup of the phase selectors

seal in the trip signal (DLM101 module) such that it be sustained until
the current disappears.
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Front Panel Switches

Identity Type Function Description
I 11 Stage Zone One These switches establish the first zone
Toggle Reach Setting reach in ohms. The procedure for posi-

tioning these switches to obtain the
desired reach is described in the
SETTINGS PROCEDURES section of this book.

Ko 7 Stage Zero Sequence These switches establish the magnitude
Toggle Current Comp- of the zero sequence current compensa-
sation Factor tion factor. Refer to the SETTINGS

PROCEDURES section.

DSM101 - Phase Selector Modules for Distance Relay

The circuitry in this module comprises the phase selectors for each of the
three phases, plus a directional unit based on negative sequence quantities. The
restraint quantities for each of the three phase selectors are operated upon in
order to determine the phase selector reach.

The phase selectors, in addition to serving as starting units, constitute the
fourth zone of protection.

Front Panel Switches

Identity Type Function Description
Zp 8 Stage Phase Selector These switches establish the phase
Toggle Reach Setting selector reaches (Zone Four reach) in

ohms. A1l the phase selectors will
have the same reach. The procedure
for positioning these switches to ob-
tain the desired reach is described
in the SETTINGS PROCEDURES section

of this book.

Internal Link

Identity | Function Description

LENS/CIRCLE Shape of Phase This Tink provides a choice for the
Selector Mho phase selector mho characteristic.
Characteristic The circle requires 90 degrees of

coincidence between the operating and
polarizing quantities; the lens, 105
degrees. The three phase selectors
will have the same characteristic.
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DFM101, 102 - Filter Modules for Distance Relay

These two modules differ only in their frequency ratings. The 101 model is
used in 60 hertz systems, the 102 model in 50 hertz systems.

The circuitry contains interfaces between the transactor secondaries and the
remainder of the electronic circuitry. Sequence networks are used to produce the
various polarizing signals. There are four sets of networks included in this
module:

1) Positive sequence voltage networks - one corresponding to each phase

2) Negative sequence current networks - one corresponding to each phase

3) Combined sequence voltage networks - one corresponding to each pair of
phases

4) A negative sequence voltage network corresponding to phase A.

Filter circuits are included at the outputs of certain sequence networks in order to
provide memory action.

This module also includes variable angle phase shifting circuits. These
operate on the current signals for the purpose of establishing the positive (and
negative) sequence impedance characteristic angle and, separately, the zero sequence
impedance characteristic angle.

Front Panel Switches

Identity Type Function Description
P71 9 Position Positive (and Determines the relay's positive (and
Rotary Negative) Sequence negative) sequence impedance charac-
Impedance Angle teristic angle. This angle will be

the same for the phase selectors,

main measuring unit, and permissive
zone measuring unit. The settings are
given in degrees.

PZo 12 Position Zero Sequence Determines the relay's zero sequence
Rotary Impedance Angle impedance characteristic angle. Again,
this angle is the same for the phase
selectors, main measuring unit, and
permissive zone measuring unit. The
settings are given in degrees.
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DMM101 - Measuring Unit Module for Distance Relay

This module contains the main measuring unit and permissive zone measuring
unit. Separate circuitry is included to detect power system swings (out-of-step
condition). A switch is included which allows tripping to be blocked during system
swings.

A fixed frequency oscillator is included in the module to furnish reference
pulses (clock pulses) for all the digital-type timers in the distance relay.

In addition, this module contains driver circuits for the phase selector
indicators.

Front Panel Light Emitting Diodes (LED's)

Identity Color Indication Given Description
@A Yellow A-Phase Selector Lights when a fault (or other abnormal
Picked up condition) is within the A-phase
characteristic.
@B Yellow B-Phase Selector Lights when a fault (or other abnormal
Picked up condition) is within the B-phase
characteristic.
@C Yellow C-Phase Selector Lights when a fault (or other abnormal
Picked up condition) is within the C-phase
characteristic.
0S8 Yellow OQut-of-Step Lights when a power swing occurs,
Blocking provided the detector is enabled

(0SB switch IN).

Internal Switches

Identity Function Description
0SB : Out-of-Step When placed in the IN position, the
Blocking power swing detection circuitry is

operable. Tripping will be blocked
for swings. In the OUT position, the
circuitry is disabled.

50/60 HZ System Frequency This switch adjusts the characteristic
Setting timers for the proper system frequency.
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Internal Switches

Identity Type Function Description
GND CHAR 4 Stage Initial Angle for Determines the initial coincidence
ANGLE Miniature Single Phase to angle between the net operating and
Toggle Ground Fault polarizing quantities required for
Characteristic a fault to plot within the single

phase-to-ground fault characteristic
(reactance or mho-type). In other
words, these switches establish the
steepness of the reactance tent or
the narrowness of the mho lens. The
settings are given in degrees.

0SB TIME 6 Stage Power Swing Limit These switches establish the minimum
Miniature time permitted for the apparent system
Toggle impedance to swing from the phase

selector (outer) characteristic to the
permissive zone (inner) characteristic.
This criterion discriminates between
swings and three phase faults.

SEQ TRIP 6 Stage Sequential These switches establish the length
TIME Miniature Trip Time of time for which, following the onset
Toggle of a fault, the main unit characteris-

tic (tent or lens) is held at its in-

itial angle before integration begins.
Note that this applies only for single
phase-to-ground faults. The settings

are given in milliseconds.

DTM101 - Timer Module for Distance Relay

This module contains the zone timer. It includes individually adjustable set
points for the Zone Two, Zone Three and Zone Four times.

In addition, this module contains the logic circuitry for the six different
schemes of protection (scheme logic):

1) Stepped Distance

2)  Zone One Extension

3) Zone Two Acceleration

4)  Permissive Underreaching Transfer Trip

5) Permissive Overreaching Transfer Trip

6) Directional Comparison Blocking (optional)

The desired scheme is selected by positioning a series of miniature toggle switches
in this module, as described in the SETTINGS PROCEDURES section of this book.
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Schemes 3 through 6 (above) are pilot schemes which require the use of a
communication channel, Logic for sending a signal over the channel and for
acknowledging the receipt of a channel signal is included in this module. A
coordination timer is included for use in the permissive overreaching transfer

tripping and the directional comparison blocking schemes.

Front Panel Switches

Identity Type Function Description
IT Double Zone Two Determines the time in seconds before
Digit Time Setting the relay switches into Zone Two
Thumbwhee reach following the pickup of a phase
selector (or selectors).
II1I Double Zone Three Determines the time in seconds before
Digit Time Setting the relay switches into Zone Three
Thumbwheel reach following the pickup of a phase
selector (or selectors).
Iv Double Zone Four Determines the time in seconds when
Digit Time Setting the relay trips in Zone Four reach
Thumbwheel (phase selector reach) following the
initial pickup of a phase selector(s).
X1/X10, Toggle Zone Two and Multiplies Zone Two and Zone Three
II/111 Three Time time settings (switches II and III) by
Multiplier one or ten.
X1/X10, Toggtle Zone Three Multiplies Zone Three time setting
111 Time Multiplier only (switch III) by one or ten.
NO CH Toggle Block Channel Prohibits pilot tripping of the
TRIP Tripping local breaker by invalidating the
receipt of a channel signal.
TO SEND  Push Send Channel Manually initiates transmitter
Button Signal keying to send a signal over the
channel.
Internal Switches
Identity Type Function Description
LOGIC 6 Stage Scheme Logic Establishes the scheme of protection
Miniature Selection to be employed. Refer to the SETTINGS
Toggle PROCEDURES section for the required
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Internal Switches (continued)

Identity Type Function

CORD 6 Stage Coordination Time

TIME Miniature for Permissive
Toggle Overreaching

Transfer Tripping
and Directional

Comparison Blocking

Internal Links

Identity Function

2/3/4/TEST Zone Limit

SEND State of Keying
Contact

RCVR State of Receijver
Contact Monitor

CHSP State of Channel

Stop Contact
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Description

Determines the time delay in milli-
seconds before the local breaker is
permitted to be tripped following the
pickup of the permissive unit in the
local relay. This applies only for
the permissive overreaching transfer
tripping and the directional comparison
blocking schemes.

Description

Determines the outermost zone in which
direct tripping is permitted. The TEST
position is equivalent to a Zone One
Timit.

Determines whether the KEY TRANSMITTER
contact ("send" contact) is open or
closed under normal conditions. In the
non-invert position, the contact will
be open under normal conditions, and
will close when it is desired to key
the transmitter. In the INV position,
the contact will be closed under normal
conditions, and will open to key the
transmitter.

In the non-invert position, the monitor
interprets an open receiver contact to
indicate normal channel conditions and
a closed receiver contact to indicate
the presence of a channel signal. In
the INV position, the monitor functions
in the opposite manner.

Determines whether the STOP TRANSMITTER
contact is open or closed under normal
conditions. In the non-invert position,
the contact will be open under normal
conditions, and will close when it is
desired to stop the transmitter. In the
INV position, the contact will be closed
under normal conditions, and will open to
stop the transmitter.
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OLM101 - Logic Module for Distance Relay

This module contains the logic circuitry pertaining to

1) fault type
2)  trip outputs
3) targets.

The type of fault (A-Ground, A-B, etc.) is determined by monitoring the phase
selectors (DSM101 module). This information is used to switch the proper operating
and polarizing quantities into the measuring units.

A switch is included to coordinate the relay with the type of voltage
transformer being used. Compensation 1is provided for the transient response of
capacitor coupled voltage transformers in order to prevent transient overreach.

Single pole or three pole tripping is determined in this module based on the
fault type and/or recloser inputs. A switch is included that provides the option
of all trips to be three pole.

The front panel light emitting diodes (LED's) described below serve as target
indicators following a trip output. Latching circuits are included (except for FF)
so that once Tit, the LED's will remain 1it until manually reset via the button at
the bottom of the front panel or electrically reset by the closure of an external
contact (remote target reset).

Front Panel Light Emitting Diodes (LED's)

Identity Color Indication Given Description
A Red Phase A Trip Output With the TRIP/FAULT switch in the TRIP

position, the target will light for any
pole A trip output whether it be single
pole or part of a three pole trip. With
the 1link in the FAULT position, it will
light only when the trip output results
from a fault involving phase A. Refer to
the Internal switch subsection.

B Red Phase B Trip Output Similar to A above, except lights for
phase B trip outputs.

C Red Phase C Trip Output Similar to A above, except lights for
phase C trip outputs.
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Front Panel Light Emitting Diodes (LED's) (continued)

Identity Color Indication Given Description
I Red Trip in Zone I Lights following a trip output re-

sulting from the detection of a fault
within Zone One reach (phase selector
reach).

Il Red Trip in Zone II Lights following a trip output re-
sulting from the detection of a fault
within Zone Two reach (phase selector
reach).

I11 Red Trip in Zone III Lights following a trip output re-
sulting from the detection of a fault
within Zone Three reach (phase selector
reach).

Iv Red Trip in Zone 1V Lights following a trip output re-
sulting from the detection of a fault
within Zone Four reach (phase selector

reach).
CH Red Trip Due to a Lights whenever a trip results from
Channel Signal the receipt of a channel signal when

using one of the pilot schemes (or when

a trip ocurs in the absence of a chan-
nel signal in the directional comparison
blocking scheme). In the transfer
tripping schemes, one or both relays may
issue trip outputs due to fault detection
in Zone One before the channel signal is
received. In such cases, the CH LED will
1ight neverthe-less (in addition to the

I LED).
FF Amber Fuse Failure in Lights when a failed fuse is detected
Potential in the potential transformer. This is
Transformer the only LED on this module that is

not a trip target indicator. It

serves as an alarm and operates
directly with the fuse failure output
contact (DOM201 module). This LED does
not have a latching circuit,
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Front Panel Switch

Identity Type Function Description
RESET Push Resets LED Depressing this button electrically
Button Target Indicators unlatches all the LED's (except for FF)

so they will go out provided the condi-
tion which caused them to light ini-
tially no longer exists. It should be
noted that when the button is depressed,
all the LED's (except FF) will light
temporarily.

Internal Switches

Identity Function Description
CVT/PT Voltage Trans- The positioning of this switch coordi-
former Type ates the relay with the type of

voltage transformer being used. CVT
corresponds to capacitor coupled
voltage transformer. PT corresponds
to potential transformer.

FF/BLOCK Fuse Failure In the BLOCK position, tripping will be
Supervision blocked when a failed fuse is detected in
the potential transformer. In the OFF
position, the fuse failure detector does
not supervise tripping, but will still
give a target indication (and alarm contact
closure).

3P/1P ~ Tripping Mode Determines whether single pole tripping
will be employed for single phase faults.
The 3P position causes all tripping to be
three pole.

TRIP/FAULT Targeting Mode For two phase faults, three pole tripping
will result, If this SWITCH is in the TRIP
position, all three target LEDs will light.
If the switch is in the FAULT position, only
those two LEDs associated with the faulted
phases will light. For single pole trip-
ping, only the faulted phase LED will
light, regardless of the switch position.

.5 Target trip time Prevents additional setting of targets
1 cycle after the initial trip signal. This should
2 cycles be set for less than breaker operating

time. A1l three switches closed is three
and one half cycles.
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DOM201 - Interface Module for Distance Relay (Two Layer Module)

This module is made up of two printed circuit boards which are attached to one
another with hinged hardware. The component sides of the two boards face each other
so that when the top retaining screws are removed, the module may be unfolded in
order to access the Tinks on both boards.

The left hand board (to which the front panel is attached) contains eleven
board mounted auxiliary relays with type "a" output contacts for the following
functions:

Oscillograph Start (any phase selector picked up)
Alarms: Zone 1 Trip
Zone 2 Trip
Zone 3 Trip
Zone 4 Trip
Power Swing - Block Tripping
Fuse Failure in Potential Transformer
Breaker Failure Initiation, Phase A
Phase B
Phase C
Breaker Failure Initiation, Any Phase
(Togical OR of above three)

This board also contains two fast operating reed relays which provide output
contacts for the following channel control functions:

Key Transmitter
Stop Transmitter

In addition, the T1left hand board contains the interface circuitry for
translating external contact operation (48, 110-125, or 220-250 volts DC) to signals
compatible with the internal electronic circuitry. 1Isolation is provided between
the external and internal circuits. Two contact converters are included, one for a
channel receiver contact (channel signal received) and the other for an external
contact used to block transfer tripping through the channel (block channel trip).

The right hand board contains six contact converters (rated 48, 110-125, or
220-250 volts DC) and five board mounted auxiliary relays with type "a" output
contacts. The following functions are served:

Contact Converters: Line Pickup
3 Pole Trip Enable
Pull Back Extended Zone One
One Pole Open
Block Tripping
Remote Target Reset
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Auxiliary Relays: Enable Reclosing
Channel Trip (Alarm)
A Phase Selector (Alarm)
B Phase Selector (Alarm)
C Phase Selector (Alarm)

Internal Links

Identity

Quantity Function Description

48V/110-125V/220-250V 6 (right DC Control These 1inks set the interface

IND/COM

hand Voltage circuitry for the proper DC
board) control voltage. There is a

2 (eft separate 1ink for each contact
hand converter.
board)

3 (left Individual These 1inks determine whether
hand or Common breaker failure initiation (BFI)
board) Breaker will be done on a per pole basis.

Failure For single pole tripping, the

Initiation IND position will result in the
operation of the BFI relay for
the tripped pole plus the super-
visory BFI relay (any pole). The
COM position causes all four BFI
relays to operate simultaneously.

PSM - Power Supply Module for Entire SLS System

* This module contains the power supply used by all of the functions in the SLS
system (both cases). It consists of a DC-to-DC flyback type converter with a
single-rated input (Available at 48v, 110/125V, or 220-250V) and three regulated

outputs:

1)

2)

3)

Plus and minus 12 volts DC around a center reference; 1 amp capacity. This
is used to power the electronics.

25 volts DC above the same reference as in (1); 1 amp capacity. This is
used to energize the board mounted relays and light emitting diodes. In
addition, it provides all of the voltage for operating the telephone type
reclosing relays in the case B magnetics module and one half of the

voltage for operating the telephone type tripping relays in the case A
magnetics module.

A second independent 25 volt DC output; 0.2 amp capacity. This provides
the other half of the voltage for operating the tripping relays.

BATTERY VOLTAGE IS PRESENT ON THIS MODULE AT ALL TIMES. BATTERY VOLTAGE
SHOULD BE REMOVED WHEN INSERTING OR REMOVING THIS MODULE.

*WARNING

*Revised since last issue
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In addition, this module contains a board mounted relay which provides an
externally accessible form c¢ contact. The relay 1is energized under normal
conditions and drops out, operating the contact, when the power supply output goes

out of regulation for any reason, including the loss of DC control voltage from the
station battery.

Front Panel Light Emitting Diodes (LED)

Identity Color Indication Given Description

Regulated Green Power Supply This LED is 1it continuously so Tlong as
Output Functioning regulation is maintained in the output
Voltage voltages. It provides a visual check-

point to verify proper operation of
the power supply.

Front Panel Switch

Identity Type Function Description
ON/OFF Toggle Shuts off This switch disconnects both the posi-
Power Supply tive and negative station battery leads

from the primary circuit of the power
supply. It provides a convenient means
of removing DC power from the relay, as
opposed to disconnecting the wires on
the rear terminal.

Internal Link

Identity Function Description

48V/125V/250V DC Control This link sets the primary circuit of the
Voltage power supply to correspond to the DC
Setting control voltage being used. The 125V

position also pertains to a nominal input
of 110V and the 250V position also per-
tains to a nominal input of 220V.

CTM - Ground Time Overcurrent Module (Optional)

This module contains a ground fault detector with an inverse time overcurrent
characteristic. It directly activates the trip relays in the distance relay through
interconnection cable PL-1 (always a three pole trip).

The circuitry is broken down into a current detector with adjustable pickup
(top setting) and an inverse time delay circuit with an adjustable time dial.

This module contains a board mounted relay which provides an externally
accessible contact.
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Front Panel Light Emitting Diodes (LEDs)

Identity Color Indication Given Description
>Ig Yellow Current Exceeding This LED Lights whenever the ground
Tap Setting current exceeds the tap setting. It

remains 1it only so long as the
current is above that Tevel.

IN> Red Three Pole Trip This LED Tights to indicate a trip
Due to CTM via the ground time overcurrent
Output circuit. It is a latching target

which remains 1it until reset by the

pushbutton on the front panel.
Front Panel Switches

Identity Type Function Description
Ig 6-Stage Pickup Tap Setting These switches establish the ground
Toggle current threshold for the CTM detector.

The procedure for positioning these
switches to obtain the desired tap
setting is described in the SETTINGS
PROCEDURE section of this book.

™ Rotary Time Dial This switch selects one of the charac-
teristic time current curves (see Fig. 76)
to be used in determining the delay
before tripping.

+.25, +.05 2 Toggles Supplementary Time These two switches add directly to the
Dial Switches time dial setting so as to provide
finer resolution than allowed by the
position of the TM dial.

RESET Pushbutton Target Reset Momentarily depressing this push button
resets the red IN LED target, provided
that fault current is no longer present.

COM - Directional Ground Time Overcurrent Module (Optional)

This module is similar to the CTM module except, in addition to the CTM
circuitry, it contains a directional unit which supervises operation of the ground
fault detector. The directional unit may be dual polarized with zero sequence
voltage and zero sequence current.

Front Panel Light Emitting Diodes (LEDs)

Same as for CTM module

63



GEK-86044

Front Panel Switches

Same as for CTM module

Internal Links (not included in CTM)

Identity Function Description
50/60 HZ System Frequency This Tink adjusts the characteristic
Setting timer on the directional unit for the
proper system frequency.
60/45/30/15 Characteristic This link establishes the characteristic
50 and 60 HZ Angle for Voltage angle for voltage polarization of the
Polarization directional unit. The directional unit

most strongly tends to operate when the
ground current lags the polarizing
voltage by this angle.

DBM101 - Directional Comparison Blocking Module (Optional)

The circuitry in the module comprises the blocking units (MB) used 1in the
directional comparison blocking scheme. These units are similar to the phase
selectors except the current is connected such that they reach in the reverse
direction. There is one unit for each phase and the outputs of the three units are
ORed together to produce a single blocking signal.

The blocking units may also be used for backup protection in the form of a
fifth zone (reverse zone). A timer is included for this purpose to provide delayed
tripping (always three pole tripping) in the reverse direction.

Front Panel Switches

Identity Type Function Description
Zg 8-stage Blocking (MB) These switches establish the blocking
Toggle Unit Reverse unit reaches (zone 5 reach) in ohms.

Reach Setting A1l the units will have the same reach.
The procedure for positioning these
switches to obtain the desired reach
is described in the SETTINGS PROCEDURES

section of this book.
Internal Link

Identity Function Description

LENS/CIRCLE Shape of Blocking This link provides a choice for the
Unit Mho blocking unit mho characteristic.
Characteristic The circles requires 90 degrees of

coincidence between the operating and
polarizing quantities; the lens, 105
degrees. The three blocking units
will have the same characteristic.
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Internal Switches

Identity Type Function Description

CYCLES 4-Stage Dropout Time These switches establish the time

DROPOUT Miniature for Blocking for which the blocking signal is
Toggle Signal sustained after the MB unit(s)

cease to produce an output. The
settings are given in cycles.

ZONE 5 8-Stage Delay Time for These switches determine the time in
Miniature Reverse Zone 5 seconds when the relay trips three
Toggle Tripping pole on a backup basis for a fault

in the reverse fifth zone following
the initial pickup of an MB unit(s).
When the infinity position is open,
fifth zone tripping is disabled.

SVM - Synchronism Check Module (Optional)

This module contains the synchronism check circuitry used to supervise
reclosing. It includes the following:

(1) Voltage detectors to determine if the line and bus are dead or Tlive.
Reclosing may be permitted or blocked for any combination of dead and
live 1ine and bus.

(2) An angle measurement circuit to determine if the phase angle between
the two voltages is within the selected limit. Reclosing is blocked
when the angle is outside the Timit.

(3) A Tow set slip measurement circuit to determine if the frequency
difference between the two voltages is within the selected T1imit (low
set slip cut-off). Reclosing is blocked when the slip exceeds the
setting.

(4) A special high set slip measurement circuit which permits a fast
synchronism check in the interval before the low set slip circuit has
enough time to make its measurement, provided the angle between the
bus and line voltages does not at any point exceed the angle setting
(VL phasor never leaves reclosing window).

(5) A "dead time" timer set to coordinate with the reclosing time of the
remote breaker. If the remote breaker does not close in the allotted
time, the high set slip detector may issue an erroneous output. The
"dead time" timer prevents this by disabling the high set slip
detector after the allotted time has elapsed. Stip measurement is
then made by the low set slip detector only.
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Front Panel Switches

Identity
ANGLE

SYNC CK

LLDB

DLLB

DLDB

Type

Double Digit
Thumbwheel

Toggle

Toggle

Toggle

Toggle

Internal Switches

Identity
PT VOLTAGE

BUS LIVE

BUS DEAD

Type

4 stage Mini-
ature Toggle
(1 stage
not used)

4 stage Mini-
ature Toggle

4 stage Mini-
ature Toggle

GEK-86044

Function

Angle Setting

Synchronism
Check Mode

Live Line,
Dead Bus Mode

Dead Line,
Live Bus Mode

Dead Line,
Dead Bus Mode

Function

Nominal PT
Secondary
Voltage

Threshold for
Live Bus
Detector

Threshold for
Dead Bus
Detector
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Description

Determines the phase angle Timit (in
degrees) between the bus and line
voltages for which reclosing is
permitted.

Places the SVM module in the syn-
chronism check mode so that reclosing
is supervised by the angle and slip
detectors. In addition, both voltages
must be above their respective Tive
thresholds to permit reclosing.

Permits reclosing only when the line
voltage is above its live threshold
(adjustable) and the bus voltage is
below its dead threshold (also
adjustable).

Permits reclosing only when the line
voltage is below its dead threshold
and the bus voltage is above its
live threshold.

Permits reclosing only when the line
and bus voltages are below their
respective dead thresholds.

Description

The setting of these switches deter-
mines the nominal phase-to-neutral
AC voltage from which the live and
dead thresholds are established.

The setting of these switches deter-
mines the percentage of the nominal
voltage above which the bus is con-
sidered live.

The setting of these switches deter-
mines the percentage of the nominal
voltage below which the bus is con-
sidered dead.



Internal Switches (continued)

GEK-86044

Identity Type Function
LINE LIVE
LINE DEAD
LOW SET 4 stage Mini- Low Slip
SLIP ature Toggle Detector
Setting
(Cut-off)
HIGH SET 4 stage Mini- High Slip
SLIP ature Toggle Detector
Setting
(Cut-off)
DEAD TIME 6 stage Mini- "Dead Time"
ature Toggle Timer Setting
50 Hz/60 Hz First Quarter System Fre-
of 4 stage quency Setting
Miniature
Toggle
(Double Stages)
1 Second Quarter Low Set Slip
of 4 stage Cut-off
Miniature Multiplier
Toggle
2 Third Quarter Low Set Slip
of 4 stage Control for
Minjature second breaker
Toggle
LOW SET ONLY Fourth Quarter Cancels High
of 4 stage Set Slip
Miniature
Toggle
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Description

Same as for Bus Live (adjusted separately)

Same as for Bus Dead (adjusted separately)

The setting of these switches estab-
lishes the slip rate (F_g) beyond which
reclosing will be blocked (except
instantaneous reclosing).

The setting of these switches estab-
lishes the cut-off (Fyg) for the special
high speed slip detector used to
supervise instantaneous reclosing.

The setting of these switches estab-
lishes the time (following the trip)
after which the high set slip
detector is disabled.

This switch adjusts the synchronism
check circuitry for the proper system
frequency

When set to the right (positioned
towards bottom edge of the board)
this switch multiplies the slip
frequency setting on the LOW SET
SLIP switches by ten

This switch is not used in the SLS.
It should be set to the left (posi-
tioned towards top edge of board).

This switch effectively cancels syn-
chronism check via the high set slip
detector by requiring a low set slip
measurement to be made before per-
mitting reclosing.
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Internal Light Emitting Diodes (LEDs)

Identity Color Indication Given Description
TL1 Red Angle Qut-of-Limits This LED 1ights whenever the phase

angle between the line and bus
voltages exceeds the angle setting on
the front panel of the module.

TL2 Red STip Exceeding This LED lights if the frequency dif-
Low Set Cut-off ference between the 1line and bus
voltages exceeds the Tow set cut-off,
but it Tights only after the slip
measurement has been made.

TL3 Red OK to Reclose This lights whenever the SVM module
is outputting a signal which is per-
mitting reclosing. It works in con-
junction with the voltage check modes
(DLDB, etc.) as well as with the sync
check mode.

MAGNETICS MODULES

Basic Construction

The magnetics modules, designated MGM, consist of a steel framework which
houses the magnetic circuit components. These include current transformers,
potential transformers, transactors and telephone-type output relays with tripping
duty contacts. In addition, one printed circuit board is included for each set of
three telephone relays. It contains interface circuitry such that these relays are
driven directly by the DC control voltage (48 or 110-125 volts DC).

Electrical connection is made by means of two connector blocks; a 104-pin
signal block and a eight-pin current block having substantially heavier contact

fingers. On those modules which do not receive current inputs, the current block is
not included.

Handles are provided top and bottom for removing and inserting the module.

Identification

The MGM model number is given at the bottom of the front panel. Rating

information for the module is given in the center of the front panel as indicated
below:

Iy - AC current rating (Amperes)

Vy - AC voltage rating (AC volts)

FREQ - Frequency rating (Hertz)

VNA - DC control voltage rating (DC volts)
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The front panel identification includes only those ratings which apply to that
particular MGM module. For example, MGM201 has no AC inputs. Therefore, Vya is the
only rating given on its front panel.

Internal Links

DC Control Voltage Setting:

There is one link on the printed circuit board within the module for the DC
control voltage setting (48 volts or 110-125 volts). For those modules

containing six telephone-type relays, there are two printed circuit boards,
each including a DC voltage link.

AC Current Setting:

For those modules which have a dual AC current rating (one amp/five amps) each
magnetic element associated with the current circuit(s) has a tapped winding.

A link(s) is provided to connect the proper number of turns for the desired
rating.
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NOTES
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SETTINGS PROCEDURES

Unless otherwise noted, the switches referred to in this section are located on
the front panels of the modules. Internal switches and links, where indicated, may

be accessed by removing the module (or modules) in which they are contained.
Figs. 28 through 40 are included expressly for the purpose of locating and setting
the internal switches and links.

DC_CONTROL VOLTAGE SETTINGS

Internal links must be set in each of the modules indicated in Table V below to
correspond to the DC control voltage being used. In the power supply, the range
Tabelled 125V is designed for use with 110V supplies as well, and the range labelled
250V is designed for use with 220V supplies.

TABLE V - DC CONTROL VOLTAGE LINKS

NUMBER OF DC
MODULE LOCATION CONTROL VOLTAGE LINKS FUNCTION

DOM201 Case A 2 - Left Hand Board** | Contact Converters
6 - Right Hand Board**
PSM201 Case A 1 Power Supply

ROM101 Case B 11 Contact Converters

** These links may be accessed by pulling out the DOM201 module, removing
the two retaining screws on the upper stand-offs which hold the boards
together, and unfolding the boards about the Tower hinged stand-offs.

AC CURRENT SETTING

For those MGM modules which have a dual AC current rating (one ampere/five
amperes) the desired rating is obtained by positioning a tap or taps in the rear of
the module (see Fig. 41). There will be one tap for each current transformer in the
module. Access is gained from the back of the module. A screwdriver is required to
reposition the current tap (or taps).

RECLOSER SETTINGS

[ Mode of Operation |

There are five modes of operation for the recloser:

1) One reclosing attempt, single pole or three pole, depending on type of
trip

2) One reclosing attempt, single pole only

3) One reclosing attempt, three pole only

4) Two reclosing attempts, single pole or three pole on first, three pole on

second,
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5) Two reclosing attempts, three pole only.

The desired mode 1is selected by positioning the switches and links indicated in
Table VI below:

TABLE VI - RECLOSER MODE OF OPERATION

SWITCHES ON RLM10l1 FRONT PANEL

MODE 19 30 RTM101 INTERNAL LINK
1 LEFT LEFT NO DLY
2 RIGHT LEFT DOES NOT MATTER
3 LEFT RIGHT NO DLY
4 LEFT LEFT DLY
5 LEFT RIGHT DLY

The recloser is taken out of service by simply moving the ON/OFF switch on the
front panel of the RLM101 module to the OFF position.

[ Time Settings |

First Reclosing Attempt - Single Pole

The time between a reclose initiation (trip) and the first reclosing attempt is
set by the top double-digit thumbwheel switch on the RTM101 module, designated 1.
The digits are advanced by the Tower push buttons labelled (+) and reduced by the
upper push buttons Tlabelled (-). The left digit indicates tenths of seconds, the
right digit indicates hundredths of seconds.

The time setting may be made to equal ten times the reading on the 1@thumbwheel
switch by moving the X1/X10, 19 toggle switch on the RLM101 module to the X10
(right) position,

First Reclosing Attempt - Three Pole

If the first reclosing attempt is three pole, the reclosing time will be
according to the setting on the second double-digit thumbwheel switch on the RTM101
module, designated 3@. Again, the 1left and right digits indicate tenths and
hundreths of seconds, respectively.

This time setting may also be made to equal ten times the reading on the

3@thumbwheel switch by moving the X1/X10, 3@ toggle switch on the RLM101 module to
the X10 (right) position.
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Second Reclosing Attempt (Always Three Pole)

The time between the second reclose initiation (first attempt failed) and
corresponding reclosing attempt (delayed reclosure) is according to the setting on
the third double-digit thumbwheel switch on the RTM10l module, designated 3@¢-D. In
this case, the left digit indicates tens (not tenths) of seconds and the right digit
indicates seconds. This time must always be set longer than the dwell time.

Reset Time

The reset time 1is according to the setting on the bottom double-digit
thumbwheel switch on the RTM101 module, designated RESET. The left and right digits
indicate tens of seconds, and seconds, respectively. The reset time must always be
set Tonger than the dwell time.

Dwell Time

The dwell time is set by positioning a link within the RLM10l1 module. There
are four possible settings; 0.25 second, 0.5 second, 1.0 second and 2.0 second.

{ Auxiliary Functions ]

Manual Close Through Recloser

In order for manual closing to be accomplished using the recloser circuitry,
the MAN CLOSE Tink within the RLM101 module must be placed in the AUTO position.
Otherwise it should be placed in the NORM position.

Number of Breakers

For SLS systems, the 1/2 T1ink in the RLM101 module must be placed in the 1
position.

Supervision of Reclosing by Synchronism Check

If the recloser purchased includes the synchronism check option, it will
contain an SVM module., Three pole reclosing attempts may then be supervised by the
synchronism check signal. If it is desired to have this supervision on both first
and second reclosing attempts, the ALL3P/DLY Tink in the RLM10l1 module should be
placed in the ALL3P position. If it is desired to supervise only the second
(delayed) reclosing attempt, place the link in the DLY position.

Permit Blocking of Reclosing to Clear

By placing the HOLD Tlinks in the RLM10l module in the IN position, reclosing
attempts which have been initially invalidated by a blocking signal (be it from the
synchronism check module or from an external contact) will be sustained for the
duration of the reset time with the hope that the blocking signal will disappear.
This feature may be disabled by placing the link in the OUT position. Both links
must be set the same. The first controls the reclosing signal, the second controls
the N/S LED indicator.
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GROUND TIME OVERCURRENT MODULES (CTM or CDM - Optional)

Pickup Current Settings

The pickup current for the SLS ground time overcurrent unit is set by
positioning the six toggle switches on the CTM or CDM module. The setting, in
amperes, is given by the following expression which appears on the module front
panel:

Ig = [.1+ ()] Iy

INy represents the current rating which is set by the tap in the rear of the case B
MGM module.

The value in parentheses represents the composite setting of the six toggle
switches. This number is arrived at by summing the values corresponding to all the
switches in the closed (right) position.

Time Dial Setting

The time delay between the pickup of the overcurrent unit and its output trip
command is adjusted using the rotary TM time dial on the CTM or CDM module. The
dial settings are given in .1 increments. For finer resolution, two supplementary
toggle switches are provided which add .025 or .05 to the TM setting when either is
closed (right), or .075 when both are closed.

It is necessary to refer to the time curves (Fig. 83) to translate the time
dial setting into actual operating times.

Frequency Setting - CDM Only

The directional unit used to supervise the ground time overcurrent function
must be set for the nominal system frequency by positioning the 50 Hz/60 Hz link
within the CDM module.

Characteristic Angle for Directional Unit with Voltage Polarization - CDM Only

When current polarization is in effect, the directional unit will permit the
ground time overcurrent unit to issue a trip output as long as the phase angle
between the operating and polarizing currents is within 90 degrees (plus or minus).

For voltage polarization, it is necessary to establish a characteristic angle.
This is accomplished by positioning a Tink within the CDM module. Four settings are
provided: 15, 30, 45 and 60 degrees. Note that the setting is dependent on the
system frequency. Fig. 46 shows the resulting directional unit characteristic on an
R-X diagram. Tripping is permitted only in the operating area, which spans 90
degrees either side of the characteristic angle.
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SYNCHRONISM CHECK MODULE (SVM - Optional)

Mode of Operation

There are four modes by which to supervise reclosing:

1. SYNC CK - Synchronism check using angle and slip detectors. This requires
live Tine, live bus conditions.

2. LLDB - Live Line, Dead Bus
3. DLLB - Dead Line, Live Bus
4. DLDB - Dead Line, Dead Bus

The desired mode is selected by closing (moving to the right) the appropriate
switch on the SVM module. The functions may be combined by closing more than one
switch at a time. If none of the switches are closed, reclosing will always be
blocked.

Synchronism Check Settings

Angle

The maximum phase angle between the bus and Tine voltage for which reclosing is
to be permitted is set by the double digit thumbwheel switch on the SVM module. The
digits are advanced by the lower pushbuttons labelled (+) and reduced by the upper
pushbuttons labelled (-). The value displayed is in degrees.

Low Set Slip Cut-off

The low set slip cut-off value is set by positioning four miniature toggle
switches within the SVM module. The setting is equal to the sum of the values
corresponding to those switches which are closed. The switch values (in hertz) are
given on the printed circuit board. The setting may be multiplied by ten by moving
the miniature switch (below the 50 Hz/60 Hz switch) to the right.

High Set Slip Cut-off

The high set slip cut-off value is also set by positioning four miniature
toggle switches within the SVM module. The setting is equal to the sum of the
values corresponding to those switches which are closed. The switch values (in
hertz) are given on the printed circuit board.

Low Set Slip Only

The capability of the sync check circuit to permit a high speed reclosure based
on an output from the high set slip detector may be defeated by positioning the
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miniature switch labelled LOW SET ONLY in the SVM module to the right (towards
bottom of board). This requires that a Tow slip measurement be made before
reclosing is permitted.

"Dead Time" Timer Setting

This time (Tp) is set by positioning six miniature toggle switches within the
SVM module. The setting is equal to the sum of the values corresponding to those

switches which are closed. The switch values (in seconds) are given on the printed
circuit board.

Voltage Threshold Settings

Potential Transformer Voltage

The synchronism check circuit must be set according to the nominal secondary
voltage of the potential transformers connected to the SLS. This setting is made
using four miniature toggle switches within the SVM module, designated PT VOLTAGE.

One of these should be closed, according to the value given on the printed circuit
board (phase-to-neutral voltage).

Live Bus

The voltage threshold which determines whether or not the bus is to be
considered live is set using four miniature toggle switches within the SVM module
designated BUS LIVE. The setting is made in terms of a percentage of the nominal
voltage and is equal to 65 percent plus the sum of the values corresponding to the
switches that are closed. The values are given on the printed circuit board.

Live Line
Similar to Live Bus.

Dead Bus

The voltage threshold which determines whether or not the bus is to be
considered dead is set in similar fashion to the live thresholds. The setting is
equal to ten percent plus the sum of the values corresponding to the switches in the
BUS DEAD group that are closed.

Dead Line

Similar to Dead Bus.

Frequency Setting

The synchronism check circuit is set for the nominal system frequency by
positioning the 50 HZ/60 HZ miniature switch within the SVM module.

76



GEK-86044

DISTANCE RELAY SETTINGS

[ Selection of Protective Scheme |

The distance relay includes five standard schemes of protection and one
optional scheme:

Stepped Distance

Zone One Extension

Zone Two Acceleration

Permissive Underreaching Transfer Trip
Permissive Overreaching Transfer Trip
Directional Comparison Blocking (optional)

YO WMN =
e e N e S s

The desired scheme is selected by positioning four miniature toggle switches within
the DTM101 module, as indicated in Table VII below. These switches are identified
as LOGIC A, B, C, D.

TABLE VII - SELECTION OF PROTECTIVE SCHEME

POSITION OF SWITCHES

DESIRED
SCHEME A B C D

1 Open Open Open Open

2 X X X Closed

3 X X Closed | Open

4 Closed | Open Open Open

5 Open Closed | Open Open

6 Closed | Closed | Open Open

X = Don't care condition; has no effect.

| Reach Settings |

Phase Selector Reach

The phase selector reach is set by positioning the eight toggle switches on the
DSM101 module. The reach, in ohms, is given by the following expression which
appears on the module front panel:

Zp = [4 + ( )1 x 5/Iy
IN represents the current rating which is given on the distance relay MGM model.

The value in parentheses represents the composite setting of the eight toggle
switches. This number is arrived at by summing the values corresponding to all the
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switches in the closed (right) position. For example, suppose the first, fifth, and
seventh switches are positioned to the right (closed) and the remaining switches are
positioned to the left (open). The values corresponding to the closed switches are
1, 10 and 20 respectively. The composite setting is 1 + 10 + 20 = 31. If Iy =5
amperes, the phase selection reach is then

Zp = [4 + (31)] x 5/5 = 35 ohms

It should be kept in mind that the reach is the same for all three phase
selectors and that this reach also constitutes the Zone Four reach.

MB Blocking Unit Reach (Optional)

The MB blocking unit reach is set in similar fashion to the phase selector
reach by positioning switches on the DBM10l module. The reach, in ohms, is given by
the following expression which appears on the module front panel:

Zg = [4 + ()] x 5/Iy
Again, the value in parentheses represents the composite setting of the toggle
switches. Keep in mind that the reach is the same for all three blocking uits
(phase A, B, C) and that the reach also constitutes the reach for the reverse zone
five.

Zone One Reach

The procedure for setting the Zone One reach is similar to that for setting the
phase selector reach. It entails positioning the upper eleven toggle switches on
the DIM101 module. The reach, in ohms, is given by the following expression which
appears on the module front panel:

I =1[0.1+( )1x5/Iy

Again, the value in parentheses represents the composite setting of the toggle
switches.

Extended Zone One Reach

This reach, which is to be used in the Zone One extension scheme, is set by
positioning the upper five toggle switches on the DVM10l module, designated Iy. The
reach, in ohms, is given by the following expression which appears on the module

front panel:
r=[1+{( )]Z

Z1 represents the Zone One reach as set on DIMIOl. The value in parentheses
represents the composite setting of the five Iy switches.

Zone Two Reach

The procedure for setting the Zone Two reach is similar to that for setting the
extended Zone One reach except that it involves the middle seven toggle switches on
the DVM1O1 module, designated II.
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Zone Three Reach

The procedure for setting the Zone Three reach is also similar to that for
setting the extended Zone One reach except that it involves the lower eight toggle
switches on the DVM10l1 module, designated III. Note that this establishes the reach
for the permissive unit in addition to determining the third zone reach for the main
measuring unit.

| Zero Sequence Compensation Factor ]

This factor, designated Kg, is adjusted by positioning the Tower seven toggle
switches on the DIM101 module. Its value is given by the following expression which
appears on the module front panel:

Kp = 2.0+ ( )

The value in parentheses represents the composite setting of the toggle switches.

| Characteristic Impedance Angles |

The relay's positive (and negative) sequence impedance angle is set by rotating
the upper switch on the DFM module (designated §Z7) to the desired position. The
values are given in degrees.

The relay's zero sequence impedance angle is set by rotating the lower switch
(designated §Zg) on the same module. Again, the values are given in degrees.

Note that the angles established by these switches are the same for the phase
selectors, the main measuring unit, and the permissive zone measuring unit.

| Zone Time Settings |

Zone Two, Three and Four Times

The time delays between the pickup of a phase selector and the switching of the
main measuring unit into the succeeding zones are set by the three double-digit
thumbwheel switches on the DTM101 module, designated II, III and IV. The digits are
advanced by the Tlower push buttons 1labelled (+) and reduced by the upper push
buttons labelled (-). For switches II and III, the left digit indicates tenths of
seconds and the right digit indicates hundredths of seconds, provided the X1/X10
multiplier switches are in the X1 position. For switch IV, the first digit
indicates seconds and the second digit indicates tenths of seconds.

It should be noted that the II, III and IV switch settings indicate time delays
from the same initial starting point as opposed to intervening delays between zone
switching points. Therefore, IV must be set longer than III and III must be set
longer than II. If they are not, the relay will still switch zones in the proper
sequence, but additional time delays will be incurred.
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Zone Five Time (Optional)

The time delay between the pickup of one or more of the reverse looking MB
units and a backup three pole trip is set by positioning eight miniature toggle
switches within the DBM10l module, designated SEC ZONE 5. The delay is equal to the
composite switch setting, determined by summing the values corresponding to all the
switches in the closed position, with the exception of the infinity switch. When
this switch is open, the zone five timer is disabled. It must be closed to permit
reverse backup tripping. The values for the other switches are given in seconds on
the printed circuit board.

Time Setting Multipliers

The Zone Two and Zone Three time settings may both (together) be multiplied by
ten by moving the X1/X10, II/III toggle switch on the DTM1Ol module to the X10
(right) position. The Zone Three time setting alone may be multiplied by ten by
moving the X1/X10 III toggle switch on the DTM1Ol module to the X10 (right)
position, If both multiplier switches are moved to the X10 position, the Zone Three
time setting will still be multiplied only by ten, not by one hundred.

| Zone Limit for Tripping |

The sequential stepping of the relay reach (main measuring unit reach) into
successive zones (one-two-three-four) as time elapses, may be restricted to a given
zone by placing the 2/3/4/TEST link within the DTM10l module 1in the desired zone
limit position. In the 2 position, for example, the reach will not advance beyond
zone 2. The TEST position locks the relay reach in zone one.

[ Selection of Phase Selector Mho Characteristic |

The phase selector mho characteristic may be set to be circular (90 degrees
coincidence between polarizing and operating quantities) or lenticular (105 degrees
coincidence). The selection is made by means of a 1ink within the DSM101 module.
The one link controls the characteristics of all three phase selectors. Note that
this is also the zone four characteristic.

| Selection of MB Blocking Unit Characteristic - (Optional) |

The mho characteristic for the blocking units may also be set to be either
circular or Tlenticular by positioning the Tink in the DBM10l module. As for the
phase selectors, this one 1link controls all three MB units (phase A, B, C) which
also constitutue the reverse zone five.

| Dropout Time of MB Blocking Units - (Optional) ]

The dropout time of the MB blocking units may be adjusted by positioning four
miniature toggle switches within the DBM10l module, designated CYCLES DROPOUT. The
time is equal to the composite switch setting, determined by summing the values
corresponding to all the switches in the closed position. The values are given in
cycles on the printed circuit board.
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[ Single Phase Fault Detection]

Selection of Measuring Unit Characteristic

The main measuring unit and permissive zone measuring unit may use either a
reactance or a mho-type characteristic for single phase-to-ground faults. The
desired characteristic is selected by positioning the X/Y 1link within the DVM101
module. X corresponds to reactance, Y corresponds to mho. Whichever is selected,
both measuring units will have the same type of characteristic.

Characteristic Timer Angle Setting

The initial angle (prior to integration) of the main measuring unit
characteristic for single phase-to-ground faults (reactance or mho-type) is set by
positioning four miniature toggle switches within the DMM101 module, designated GND
CHAR ANGLE. The angle is equal to 80 degrees plus the composite switch setting.
The composite switch setting is determined by summing the values corresponding to
all the switches in the closed position. The switch values (in degrees) are given

in garentheses on the printed circuit board. The useable range of settings is 90°-
1350,

This setting determines the initial steepness of the reactance tent
characteristic or the initial narrowness of the mho lens characteristic. Subsequent
integration expands the characteristic to a straight line or a circle, respectively.

Sequential Trip Time

The sequential trip time is set by positioning six miniature toggle switches
within the DMM10l module, designated SEQ TRIP TIME. The time is equal to the
composite switch setting, determined by summing the values corresponding to all the
switches in the closed position. The switch values (in milliseconds) are given on
the printed circuit board. The minimum time is ten milliseconds. The switches
should not be set to zero. The maximum obtainable value is 390 milliseconds.

[ Frequency Setting ]

The relay is set for the nominal system frequency by positioning the 50
hertz/60 hertz switch within the DMM101 module. If the SLS purchased includes the
directional ground overcurrent option, a 50 HZ/60 HZ Tink must also be set within
the CDM module. If it includes the synchronism check option, a 50 Hz/60 Hz
miniature switch must be set within the SVM module

[ Tripping Mode |

The 1P/3P switch within the DLM10l module establishes the tripping mode. The
1P position results in a single pole trip output for single phase faults (faulted
phase tripped) and a three pole trip output for two phase and three phase faults.
The 3P position results in three pole trip outputs for all types of faults.
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[ Trip Targeting |

The choice of 1lighting targets (LEDs) to indicated faulted phases or poles
tripped is made by positioning the TRIP/FAULT switch in the DLM10l module. With the
switch in the TRIP position, the A, B and C targets on DLM101 will Tight when a trip
output 1is issued for the respective pole. For two phase faults, three pole tripping
will result and all three targets will Tight.

With the switch in the FAULT position, only those targets associated with the
faulted phases will light. Thus, for an A-B fault there will be a three pole trip
output but only targets A and B will Tlight.

Note that for single pole tripping, only the faulted phase target will light
regardless of the switch position.

| Voltage Transformer Type |

The relay is set to coordinate with the type of voltage transformer being used
by changing the CVT/PT switch in the DLM10l module. CVT corresponds to capacitive
coupled voltage transformer. PT corresponds to potential transformer.

[ Block Tripping Due to Fuse Failure |

The potential transformer fuse monitor may be used to block tripping in the
event of a fuse failure., This supervision is obtained by placing the FF/BLK switch
within the DLM10l module in the BLOCK position. With the switch in the OFF
position, detection of a failed fuse is ignored by the tripping logic circuitry, but
a non-latching FF target indication (and non-latching alarm contact closure) will
still be given.

| Breaker Failure Initiation Outputs |

There are four breaker failure initiation (BFI) output contacts in the distance
relay. To operate these contacts on a per pole (individual) basis, the three
IND/COM 1inks in the DOM1Ol module should be placed in the IND position. In this
mode, single pole tripping will result 1in the closure of the BFI contact

corresponding to the tripped pole plus the closure of the supervisory BFI contact
(any pole tripped).

If the links are placed in the COM position, all four BFI contacts will close
simultaneously (common) for any single pole or three pole trip.

| Power Swing Detector |}

The power swing detector may be used to block undesired tripping and give an
alarm indication in the event of an out-of-step condition. This supervision is
obtained by placing the 0SB switch in the DMM10l module in the IN position. With
the switch in the OUT position, the power swing detector is disabled.
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Qut-of-Step Timer Setting

This timer is set according to the time required for the apparent system
impedance to swing from the phase selector (outer) characteristic to the permissive
zone (inner) characteristic during an out-of-step condition. The time setting is
made by positioning four miniature toggle switches within the DMM101 module,
designated 0SB TIME. The value is equal to 16 milliseconds plus the composite
switch setting which is determined by summing the values corresponding to all the
switches in the closed position. The switch values (in milliseconds) are given on
the printed circuit board. For 50 hertz systems, the timer should not be set Tless
than 20 milliseconds (one cycle).

| Pilot (Channel) Scheme Settings |

Block Channel Tripping

Tripping resulting from the receipt of a channel signal in the pilot schemes
(Zone Two acceleration, permissive underreaching transfer tripping, and permissive
overreaching transfer tripping) may be blocked by moving the NO CH TRIP toggle
switch on the DTM1Ol module to the right. This switch may also be used to block
tripping in the optional directional comparison blocking scheme. It will not,
however, block tripping via the basic stepped distance mode which operates
concurrently with any scheme selected.

Coordination Time for Permissive Overreaching Transfer
Tripping and Directional Comparison Blocking

This time is set by positioning six miniature toggle switches within the DTM101
module, designated CORD TIME. The value equals the composite switch setting,
determined by summing the values corresponding to all the switches in the closed
position. The switch values (in milliseconds) are given on the printed circuit
board. The coordination time may be set to zero by opening all six switches.

Receiver Contact Monitor

This monitor may be set to interpret either an open or a closed receiver output
contact to indicate the receipt of a channel signal. The setting is made by
positioning the RCVR 1ink in the DTM10l module. This permits the SLS to be used
with different types of channel equipment.

For the zone two acceleration, permissive underreaching transfer tripping, and
permissive overreaching transfer tripping schemes, the RCVR Link positions have the
following significance:

Normal Position: An open receiver contact is taken to indicate normal
conditions on the channel. Channel tripping is
inhibited while the contact is open. A closed

receiver contact is taken to indicate that the remote
relay is sending a signal over the channel, be it a
trip signal (tripping scheme) or zone 2 reach signal
(zone 2 acceleration scheme).
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Inverted Position: Just the opposite of the above
(INV)

For the optional directional comparison scheme, the RCVR link positions have a
different significance.

Normal Position: Referring to the distance relay logic diagram (Fig.
5), an open receiver contact into CCl will block
channel tripping by disabling AND25 which in turn
disables the comparer (AND68). Thus, an open contact
indicates that the remote relay is sending a blocking
signal over the channel. A closed contact permits
channel tripping.

Inverted Position: 1In this case, a closed receiver contact indicates that

(INV) the remote relay is sending a blocking signal over the
channel. The CCl output then disables AND25 (through
NOT4), which in turn disables AND68 and blocks channel
tripping. An open contact permits channel tripping.

State of Transmitter Keying Contact

Depending on the channel equipment used, a contact closure or a contact opening
may be required to key the transmitter. Provision is made for either case. By
placing the SEND 1link in the DTM10l module in the normal position, the transmitter
keying contact is open for normal conditions and closes when it is desired to send a
channel signal. With the Tink in the INV (inverted) position, the contact operation
is reversed. ‘

State of Stop Transmitter Contact

Again depending on the channel equipment used, a contact closure or a contact
opening may be required to stop the transmitter 1in the optional directional
comparison blocking mode. Provision is made for either case. By placing the CHSP
link in the DTM101 module in the normal position, the STOP TRANSMITTER contact is
open for normal conditions and closes when it is desired to stop the channel signal.
With the Tink in the INV (inverted) position, the contact operation is reversed.
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APPLICATION AND CALCULATION OF SETTINGS

The SETTINGS PROCEDURES section 1lists the required settings and the location of
the 1inks or switches used to affect these settings. This section will discuss the
application requirements and restrictions of the various settings as influenced by
Tine and system conditions. Quantitative examples will be given for many of the
settings discussed, and exact link or switch positions will be stated.

[ Characteristic Impedance Angles |

The positive and zero sequence characteristic angles should be set by means of
the §Z1 and @Zg switches. They should be set at the next Tower switch setting that
is closest to the actual line positive and zero sequence impedance angles. For the
sample system of Fig. 43, set @77 at 709 and §Zp at 659. The angle settings thus
determined apply to the main measuring unit, the permissive zone measuring unit, the
phase selectors and to the MB carrier start functions, if present.

| Zero Sequence Compensation |

The zero sequence compensation setting, Kg, is determined by the ratio of the
line zero sequence impedance to the 1line positive sequence impedance, i.e., Zg/Z1.
In the example of Fig. 43:

4.92

20/21 = 7y,

= 3.42

Therefore, the Kg setting on the DIMIOL module should be at
2+ (.75 + .4 + .2 + .05) = 3.4, where the numbers in ( - ) indicate the Kg switches
which should be closed (right-hand position).

[ Phase Selector Settings |

Characteristic Timer Setting

The characteristic timer can be set for either a 900 coincidence angle, which
results in a circular mho characteristic, or a 1050 coincidence angle which results
in a lens shaped characteristic.

The circular characteristic would normally be used unless one of the following
conditions exists.

1. The expected Tload impedance is so low that a circular mho characteristic
cannot be set with sufficient margin beyond the zone-3 reach without
reducing the margin against operation on load.

2. The ratio of total impedances, Zg/Z1, for a fault at the remote end of the

line is less than 0.75, and the ratio of the positive sequence source
impedance (Zg) to the zone-3 reach is unity or less.
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In the example of Fig. 43, the ratio of Zg/Zy is less than 0.75, but the ratio
of the positive sequence source impedance to the zone-3 reach is greater than unity.
Thus a 900 timer setting will be used (circular characteristic).

Reach Setting

The reach setting of the phase selectors must be considered from two
viewpoints,

1. The maximum allowable setting based on maximum Tload flow.

2. The desired setting to insure that the phase selectors will outreach the
zone-3 measuring unit by a practical margin.

In determining the phase selector reach setting, it must be noted that, due to
the KVim term in the operate circuit, the steady state reach for three phase faults
is 1.33 times the ohmic reach as set on the front plate of the DSM module, and may
be greater than 1.33 times the set reach for phase-to-ground faults. This accounts

for the 0.75 multiplier in the following section on maximum allowable reach to
prevent operation on load.

The maximum allowable reach setting of the phase selectors is based on the

minimum load impedance (i.e., maximum Tload flow) that the relays will see during
their normal service for a particular application.

The maximum allowable phase selector reach setting is determined from:

PSR = L sin @
sin (1800 + 9| - 977 - 9)

where: PSR = maximum allowable reach
8. = angle of minimum load impedance
@1 = positive sequence impedance angle (characteristic

impedance angle as set on relay)
@ = 600 for the 900 mho characteristic;
750 for the 1059 lens characteristic
Z|. = magnitude of minimum load impedance

Fig. 46 is an R-X diagram plot showing the above quantities for the example of
Fig. 45 . In the example:

PSR = (20) sin 600
(sin 1800 + 159 + -700 - 600)

19.11 ohms

PSR

The actual reach setting' is 75 percent of this value (0.75)(19.11) or 14.3
ohms. The required setting to obtain this is 4 + 10 = 14, where the number in ()
indicates the switch which should be closed (right-hand position).
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For the minimum or "desired" setting, the phase selectors should outreach the
zone-3 setting of the measuring unit by a reasonable margin. Conversely, the zone-3
functions can be set only so large, relative to the phase selector setting. The
following 1imits apply.

1. 900 phase selector characteristic timer:

Z111 < (0.7) (phase selector reach setting on DSM module)

2. 1059 phase selector characteristic timer:

Z111 < (0.65) (phase selector reach setting on DSM module)

| Zone-1 Reach Setting |

The zone-1 reach setting determines the reach of both the phase and ground
first zone functions. It is suggested that this reach be set for no greater than 85
percent of the positive sequence line impedance.

In the example of Fig. 43, the zone-1 reach is:
Zr = (0.85)(1.44) = 1.22 ohms
The required setting to obtain this is 0.1 + (0.6 + 0.3 + 0.15 + 0.04 + 0.02 + 0.01)

where the numbers 1in (-) indicate the switches that should be closed (right-hand
position).

[ Zone-1 Extension Reach |

It is necessary to set the zone-1 extension reach only if the Zone One
Extension Protective Scheme has been selected via the toggle switches on the DTM
module. When the Zone One Extension Scheme is utilized, the zone-1 extension reach
(Z1x) provides high-speed distance relay coverage for the entire line on the initial
occurrence of a fault, and then reverts back to the zone-1 reach following the
initial high-speed reclosure initiated by the associated reclosing package.

It is essential that Zjy be set to assure operation during a remote fault on
the line. However, Z1x should be limited to prevent nuisance tripping for remote
external faults. For a simple system without infeed, a setting of 110 percent of
the line positive sequence impedance is suggested.

In the example of Fig. 43, this reach is:

Z1x = 1.1 (1.44) = 1.58 ohms
Since the zone-1 reach is 1.22 ohms, the required multiple for Iy is:

1.58

T - 1.3
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The required setting to obtain this is 1 + (0.25 + 0.05) = 1.3, where the
numbers in (-) indicate the switches which should be closed (right-hand position).

[ Zone-2 Reach Settfing |

The main purpose of zone-2 1in a stepped distance scheme is to provide
protection against end-zone faults; that is faults that are internal to the
protected line, but beyond the reach of zone-1. Taking arcing faults and any
underreaching tendency due to intermediate current sources into account results in a
setting that must reach beyond the end of the protected line. Under conditions of
maximum overreach, the zone-2 setting should be short enough to be selective with
zone-2 units of distance relays on the shortest adjoining line sections. A typical
setting would be 125 percent of the positive sequence line impedance.

In the example of Fig. 43, this reach is:
Z11 = (1.25)(1.44) = 1.8 ohms

. Since zone-2 reach is set as a multiple of the zone-1 reach, the II multiple
is:
_ 1.8 _
II - 1-22 - 1-4’8
The required setting to obtain this is 1 + (0.25 + 0.1 + 0.1) or 1 + (0.5),
where thf numbers in (-) indicate the switches which should be closed (right-hand
position).

[ Zone-3 Reach Setting |

Ideally, the zone-3 reach should be set to meet the following requirements.

1. It should reach to the end of all lines out of the remote station, even
with high infeed at the remote bus.

2. It should not out-reach the zone-2 on any line out of the remote station
when there is lower infeed at the remote bus.

3. It should coordinate with the phase selector reach as previously
discussed.

It 1is important to remember that the zone-3 reach setting determines the
reaches of both the main measuring unit, which is used in the step distance scheme,
and the independent permissive zone-3 unit, which is used in the pilot and out-of-
step detection schemes.

In the example of Fig. 43, the maximum =zone-3 reach that will allow
coordination with the phase selectors is:

Z111 = (0.7)(14) = 9.8 ohms
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The above calculation is based on the recommendations in the section, "Phase
Selector Setting," assuming a 900 phase selector characteristic timer. Since the
zone-3 rach is set as a multiple of zone-1 reach, the maximum III multiple is:

111 = —2:8 - 3,03
1.22

The required setting to obtain this is 1.0+ (5.0 + 1.5 + 0.4 + 0.1), where the
numbers in (-) indicate the switches that should be closed (right-hand position).

| Measuring Unit Characteristics - Ground Faults |

The characteristic of the measuring units, both the main unit and the
permissive unit, for single-phase-to-ground faults, 1is selectable as eijther a
reactance characteristic or a variable mho characteristic. The following discussion
applies to the zone-1 function of the main measuring unit as used in a stepped
distance scheme.

Reactance Characteristic

The reactance characteristic, which is shown as the dotted line parallel to the
R axis in Fig. 6A, finds wide application on shorter lines where fault resistance
can be a significant portion of the impedance seen by the relay during a single-
phase-to-ground fault. A relay employing the reactance characteristic provides
excellent Tline protection on a homogenous system, where the fault current at the
relay location is essentially in phase with the total fault current in a phase-to-
ground fault at the remote end of the 1ine; or if the fault current at the relay
location is more Tlagging than the total fault current in the remote end single-
phase-to-ground fault.

On a non-homogenous system where the fault current at the relay location is
more leading than the total fault current in the remote end single-phase-to-ground
fault, the conventional reactance characteristic may tend to overreach, especially
when fault resistance 1is present. In this situation, the so-called "tent"
characteristic, shown as the solid 1ine plot in Fig. 6A, should be used. This
characteristic is obtained by setting the GND CHAR ANGLE (A setting of timers TLOb
and TL9c in Fig. 5) in the DMM module. The objective here is to discuss the
determination of the "tilt" angle in Fig. 6A, and the setting of the SEQ TRIP TIME
in the DMM module (timer TL5a in Fig. 5) which keeps the characteristic from
immediately reverting to a conventional reactance characteristic.

In Fig. 43, the impedance angle of (Zjp + Z7.) s 79%. (Z1a + Z7.) is the
impedance which determines the angle of the current at the relay location A for a
fault at B. Zjg in parallel with (Z1p + Z7.) is used in the calculation of the
total fault current for a single-phase-to-ground fault at B. The angle of this net
impedance is 830, The difference of 40 between these two impedance angles defines
the "tilt" angle in Fig. 6A. For this example, the GND CHAR ANGLE is set for 950 to
yield a 50 tilt.
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The SEQ TRIP TIME setting determines how long the "tent" characteristic will
persist after the occurrence of a fault. The setting should be long enough to allow
the fault just beyond the remote bus to be cleared by the primary relaying on the
faulted Tine off of the remote bus, including relay time and breaker time. If
system conditions are such that the "tent" characteristic is not needed, it can be
effectively eliminated by setting the SEQ TRIP TIME to its minimum value of ten
milliseconds. With this setting the timer will have timed-out and shifted the
ground function to the integrating reactance characteristic before the phase
selectors have switched the main measuring unit to the faulted phase. In this
situation, it is recommended that the GND CHAR ANGLE in the DMM10l module be set for
125 degrees.

Variable Mho Characteristic

For 1longer 1lines, the variable mho characteristic may be preferred by some
users to provide protection for single-phase-to-ground faults. As with the
reactance characteristic, timers TL9b and TL9c in Fig. 5 determine the mho
characteristic.

As in the previous section, the SEQ TRIP TIME setting determines if timer TL9c
determines an 1initial characteristic, and 1if so, for how long. More secure
performance during faults just beyond the remote bus can be realized by setting the
SEQ TRIP TIME to coordinate with the primary or first zone relaying on lines out of
the remote station, and with the GND CHAR ANGLE set to produce a lens
characteristic. With this arrangement, the characteristic will persist as a
directjonal lens determined by the GND CHAR ANGLE until the SEQ TRIP TIME elapses,
at which point the characteristic will integrate to a mho circle. It is recommended
that the GND CHAR ANGLE be set for 125 degrees.

If the possible increase in trip time for high resistance faults near the
balance point resulting from the above settings is objectionable, despite the
increased security, the initial lens characteristic can be effectively eliminated by
setting the SEQ TRIP TIME to its minimum setting of ten milliseconds. Again it is
recommended that the GND CHAR ANGLE be set for 125 degrees.

| Zone Timer Settings |

Settings of the zone timers will vary with operating practices of jndividual
users., However, some general observations can be made. A1l forward zone timers are
initiated by operation of one or more of the phase selectors. The sequential
stepping of the zone timers may be restricted to the zone-one, two or three timers
by the zone Timit 1ink in the DTM module. The full sequence includes the zone-four
timer. The zone-5 timer is present only when the optional MB blocking units are

supplied. The zone-5 timer 1is effective only when the phase switch in the DBM101
module is closed.

Typical zone-2 timer settings are in the range of 0.2 to 0.5 second. If
selectivity with zone-2 units on adjoining line sections can be realized on the
basis of reach setting, then the zone-2 time on the line in question need only be
Tong enough to provide selectivity with the slowest of (a) zone-1 line relays of
adjoining line sections; (b) bus differential relays on the remote bus; or (c)
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transformer differential relays on transformers on the remote bus. If it is not
possible to obtain selectivity on the basis of the zone-2 reach setting, then the
time delay must be Tlong enough to be selective with the zone-2 times of the
adjoining lines out of the remote bus. This may occur when one or more of the lines
out of the remote bus are short with respect to the protected line.

Third zone timer settings are typically in the range of 0.4 to 1.0 second. If
selectivity with zone-3 units on adjoining line sections has been obtained by reach
setting, then the zone-3 time on the line in question need only be set long enough
to be selective with the slowest zone-2 time settings on these adjoining lines. If
it was not possible to obtain selectivity on the basis of the zone-3 reach setting,
then the zone-3 time setting must be long enough to be selective with the zone-3
times on the adjoining lines.

The zone-4 timer setting, when used, must be long enough to be selective with
all zone timers on lines out of the remote bus.

The zone-5 timer can be thought of as providing third zone protection for the
relaying at the remote bus. This is often referred to as "reversed third zone"
protection, and is beneficial where infeed at the local bus, combined with a prac-
tical zone-3 reach setting at the remote bus, results in a remote bus zone-3 unit
that underreaches for a fault at the end of the longest Tine out of the local bus.
Setting considerations are the same as for the third zone timer.

MB Function Settings

The optional MB functions, one per phase, are included when the equipment is to
be operated in the directional comparison blocking mode. These carrier start func-
tions are similar in design to the phase selectors, but are connected to look away
from the protected line. The MB positive and zero sequence characteristic angles
will be the same as set by the §Z; and @Zg switches. The MB characteristic timer
(coincidence angle) setting should be 90 degrees (circular mho characteristic).

Since the MB functions initiate the transmission of blocking carrier from the
line terminal closest to the external fault, a basic requirement in the selection of
a reach setting is that they outreach the carrier stop function (permissive zone
measuring unit) at the other end of the line - with margin. Referring to Fig. 7, if
the permissive measuring unit at C is set for a reach of twice the impedance of line
CD, then a reasonable setting for MB at D would be 1.5 times the impedance of line
CD.

In the example of Fig. 43, a reasonable MB reach setting is:

(1.5)(9.8) = 14.7 ohms

[ Coordination Timer (TL6) Settings |

Permissive Overreachina Scheme

The operating time of TL6 must be set slightly longer than the reset time of
the channel to prevent an incorrect trip during the power reversal that may occur
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when clearing an external fault on a parallel line. If a power reversal is not
possible, then TL6 may be set to zero.

Blocking Scheme

If the total channel time plus propagation time 1is Tless than eight
milliseconds, TL6 should be set for zero operate time. Total channel time is
defined as the time from operation of the keying contact at the sending end, to the
instant of receive output at the receiving end - with equipment connected back-to-
back.

If the eight millisecond channel time is exceeded, set the operate time (t) of
TL6 as follows:

t=C+P-38
where: C = total channel time (milliseconds)
P = propagation time (milliseconds)
t = operate time of TL6 (milliseconds)

These suggested settings will provide a minimum margin of two milliseconds in
coordination time between the local trip and receipt of the remote end block
signals.

[ Out-of-Step BTocking Timer (TL11) Setting ]

As previously discussed, the 0SB timer, TL1l, is used to detect a power swing
condition by measuring the time from when the swing impedance enters the phase
selector characteristic until it enters the permissive zone-3 lens characteristic.

Referring to Fig. 47, let:

0C = the protected line impedance

CA = The equivalent positive sequence system impedance from the remote line
terminal C, to the infinite bus -

0B = the equivalent positive sequence system impedance from the relay location
at zero to the infinite bus

7@ = the reach of the phase selectors units (1.33 times the nameplate setting)

Z3 = the reach of the permissive zone-3

The out-of-step blocking unit is not a completely separate function. The 0SB
function is dependent upon the reach of the permissive zone-3, the reach of the
phase selectors, and the phase selector characteristic timer setting (900 or 1059).
To establish the proper 0SB timer (TL11l) setting, one must know the rate of the
swing between point E where the apparent impedance intersects the phase selector
charactrefistic, and point F where it intersects the permissive zone-3
characteristic; that is, (82 - 87)/t. The pickup setting of TL11 should be adjusted
such that the fastest swing moving from point E to point F will permit the timer to
produce an output before point F is reached. A method for determining the proper
setting for the 0SB is indicated below.
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First, plot the permissive zone-3 and the phase selector characteristics on the
R-X diagram. Note that the reach of the phase selector is 1.33 times the nameplate
reach for the power swing condition, and that the permissive zone-3 assumes a
lenticular characteristic for three phase disturbances (see Fig. 45). Next, add the
time-impedance plot of the swing to the diagram using the fastest swing rate that
may exist on the system. The pickup delay of the 0SB timer, TL11, should be equal
to the time required for the swing impedance to move between the two
characteristics, plus one half cycle.

In many applications, it will be difficult, if not impossible, to establish the
equivalent system impedances represented in Fig. 45 by AC and OB. In these cases,
the swing time-impedance data should be developed from a system stability study. If
no data is available, and it is still desired to use the out-of-step blocking
feature, the 0SB timer pickup should be set for one cycle.

[ Ground Overcurrent Function |

The optional ground overcurrent function is intended to provide the distance
relay scheme with back-up protection for high resistance and remote ground faults.
The function may be non-directional or supervised by a dual-polarized zero-sequence
directional unit. The inverse time-current characteristic is shown in Fig. 81.

If the directional unit is present, the potential polarizing circuit may be
energized from the broken delta secondary connection of three potential transformers
whose primary windings are connected in wye. The current polarizing circuit may be
energized from a current transformer in the neutral of a grounded neutral power
transformer. Alternative current polarizing sources may be available or required,
depending upon the power transformer connections and characteristics, as well as
system characteristics. GE publication GER-3182 entitled, "Polarizing Sources for
Directional Ground Relays," may be consulted for the basic considerations involved
in selecting a reliable polarizing source.

It is desirable to use both voltage and current polarization simultaneously
where system facilities are available. The advantage of doing so 1is that some
system conditions result in appreciable zero sequence voltage, but Tlittle zero
sequence current being available to polarize the relay during ground faults while
other system conditions result in appreciable zero sequence current, but little zero
sequence voltage. In general, high polarizing currents and Tow polarizing voltages
are available in stations where strong ground sources are present and in service.
Little or no polarizing current and relatively high polarizing voltages are
available in stations where there are weak or no ground sources available.

The only required setting for the directional unit is selection of the
characteristic angle. The significance of the characteristic angle is shown on the
R-X diagram of Fig. 46. The characteristic angle 1link should be set on the
available tap value that is closest to the actual angle of the protected 1line's zero
sequence impedance. In the example of Fig. 43, the zero sequence impedance angle of

the protected line is 670, and the characteristic angle tap should be set at 600,

The pickup current setting of the overcurrent function must be above the
residual (i.e., 3Ig) current that can exist during maximum Tload conditions. Any
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current pickup setting above this value will be dependent upon the minimum ground
fault for which protection is desired and coordination with similar downstream
functions. The time overcurrent unit pickup tap setting should be low enough to
ensure that the minimum current for which operation is desired is at least 1.5 times
the tap setting. The time dial setting is selected based on time coordination with
the local tripping units and other downstream overcurrent units.

Synchronism Check Function

An optional synchronism check function may be included to supervise the closing
of the breaker. Typically, a synchronism check function checks the angle between
the voltages on the bus and line sides of the breaker and will produce an output if
the angle is within set limits for a set period of time. The combination of angle
and time settings establishes the slip cut-off frequency; that is, the slip
frequency above which the synchronism check function will not permit reclosing. For
any given closing angle, a Tower slip cut-off will result in a longer time delay.
Because this time delay is introduced for all measurements, a requirement for high
speed reclosing and low slip cut-off settings may result in conflict.

The synchronism check function used in the SLS system (SVM module) has been
designed to permit fast reclosing while setting a reasonably low slip cut-off
frequency. To accomplish this, the relay is provided with both a high set and a low
set slip cut-off circuit. The low slip cutoff setting is based on the maximum slip
that can be tolerated and still allow reclosing. The high slip cut-off setting is a
function of the set closing angle, and the time that the line is de-energized.

To explain the operation of this sync check function, assume the following:

1. The 1ine shown in Fig. 47 has a fault cleared by opening breakers 1 and 2.
Breaker 2 is then allowed to close without synchronism check, thereby re-
establishing the line voltage, V|, at breaker 1.

2. The bus voltage, Vg, is assumed to be fixed in phase and is the reference
voltage.

3. The Tline voltage, V_, can appear anywhere relative to Vg and may be

rotating in either direction, relative to Vg, if the systems on each side
of the breaker are out of synchronism.

CASE 1:
The systems are in synchronism, but separated by an angle 9.

A. If the angle between V| and Vg is greater than the set closing angle 0,
then the synchronism check function will not operate and reclosing will
not be permitted.

B. If the angle between V| and Vg is less than the set closing angle 9, then
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the synchronism check function will operate and permit reclosing, but only
after a time delay that is related to the high slip cut-off setting, FHS»
and the set closing angle 8. This time delay is expressed as follows:

x 1000
FHs 360

where: Tyg is the time delay in milliseconds
Fys is the high slip cut-off setting in hertz
8 is the set closing angle in degrees

Typically, the high set slip cut-off frequency would be set equal to the
slip frequency required to traverse (270 - 6)0 during the time that the
line is dead; that is:

(270 - 9)
(360) (TLp)

Fus =

where: T p is the time that the 1line is dead in seconds. This is
equal to the time setting on the recloser at Breaker 2.

The high slip cut-off frequency setting, Fys, is based on (270 - 8) to
insure that, if the slip rate is less than %HSs V. will have traversed
less than three quadrants during the interval when both breakers are open
(dead time). If the slip rate is just slightly less than Fyg, V| will
return in quadrant III for clockwise rotation, or quadrant II for
counterclockwise rotation (Fig. 47). If Vi does return in quadrant II or
III, the Tow slip cut-off frequency measurement will be set up and the
actual slip will have to be less than the low slip cut-off setting to
permit reclosing.

There are three possible conditions that might cause V| to appear in
quadrants I or IV when the line is re-energized. One condition is a slip
frequency that is higher than Fys. In this case the high slip cut-off
circuit will prevent reclosing. A second condition is an extremely low
slip frequency. For this condition, reclosing will be permitted provided
that Vi remains within the closing angle for the time associated with the
high set slip measurement (Tyg). If V| has not moved outside the closing
angle during the time that the Tine was de-energized, there is little risk
in permitting reclosing without making a low slip cut-off measurement.

The third condition that might cause V| to appear in quadrant I or IV is a
reclosing attempt at the remote end (breaker 2) that has been delayed
longer than the normal reclosing time. An example of a delayed reclosure
would be a manual closing of the breaker. The SVM module includes a timer
whose output enables the Tow slip cut-off circuit, thus preventing the
high slip cut-off and angle check circuits from permitting a reclose
attempt until the Tow set slip cut-off circuit has produced a permissive
output. The input to this timer is energized when the line voltage, V| is
less than the "dead line" voltage setting. The pickup delay of the timer
is set for the time that the line is de-energized, plus a suitable margin,
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The setting is:

Tp = [(time that the line is de-energized) +
(channel time) x 1.1]

The channel time 1is included to account for possible differences in
clearing time of the two line terminals due to a channel trip at one
terminal and a direct trip at the other

The systems are out of synchronism, and V| is rotating relative to Vg

A.

If the voltage Vi plots in quadrants I or IV when the voltage is re-
established, and if it enters the set closing angle without entering
either quadrant II or III, and if it remains within the closing angle
longer than the time associated with the high set slip measurement, then a
sync check output will be provided after a time delay established by the
high s1ip cut-off setting (Ths).

If the line voltage V| returns in quadrants II or III, or rotates into
quadrants II or III from I or IV, the low slip cut-off circuit is enabled
and used to supervise the closing angle and high slip cut-off circuits.
Thus, a sync check output cannot be produced unless the slip is less than
the low slip cut-off setting and the voltage V| remains within the closing
angle for the time established by the high slip cut-off setting (Tys).

The low set slip frequency cut-off circuit establishes the sTip rate by
comparing the time that V| remains in any quadrant against a reference
time established by the low set slip cut-off setting. This reference time
is the time it takes the voltage phasor, V|, to traverse 90° (one
quadrant) at a frequency equal to the low slip cut-off setting. This is
expressed by:
x -+

FLS

|

TS =

where: Fig is the Tow slip cut-off setting
TLs is the time required to traverse 900

If Vi remains in a quadrant longer than the reference time, then the slip
rate is less than the Tow slip cut-off setting and the circuit will
produce a permissive output signal to enable the angle and high slip cut-
off circuits. The Tlow slip cut-off measurement is started whenever V|
enters a new quadrant; however, if a permissive signal was generated in
the previous quadrant, it will remain unless the slip is determined to be
greater than the Tlow slip cut-off, at which time the permissive signal
will be removed.

If V. returns in quadrant II (Fig. 47) and 1is rotating in a

counterclockwise direction, the low set slip cut-off circuit will produce
a permissive output to the angle and high set slip cut-off circuits only
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if V. remains in quadrant II longer than the time established by the low
slip cut-off setting (T g). After V| enters quadrant I, reclosing will be
permitted after V| has entered the set closing angle and remained there
for a time established by the high set slip cut-off frequency (Tys). If
on the other hand, V| returns in quadrant II, but does not remain in that
quadrant for the time established by the low slip cut-off setting, then
the low set slip cut-off circuit will block reclosing. However, after Vi
enters quandrant I, a new measurement will be started and if V| remains in
quadrant I longer than the time established by the Tlow slip cut-off
setting, (T g), the low slip cut-off circuit will produce a permissive
output which will enable the high set slip cut-off and angle check
circuits. Reclosing will then be permitted if the voltage Vi is within
the closing angle (or enters the closing angle) and remains there for a
time established by the high set slip cut-off setting (Tys).

Similar operation will occur if V| returns in quadrant III and is rotating
in a clockwise direction.

Note that if V| returns in quadrant III and is rotating counterclockwise,
the low set slip cut-off measurement made in that quadrant is
inconsequential because reclosing cannot occur until Vi enters the closing
angle in quadrant I. Therefore, the evaluation of the slip rate made in
quadrant II will determine the operation.

An option exists in the SVM module to prevent a sync check output unless a low
slip cut-off measurement is made and satisfied. 1In this mode of operation, after
the frequency is determined to be 1less than the low slip cut-off setting, the
voltage V| must still remain within the closing angle for a time established by the
high set slip cut-off circuit (Tys). This is so even though the high set slip cut-
off feature is not in service. A minimum delay will be obtained by setting the high
slip cut-off frequency to its maximum setting.

Voltage Supervision

Because the synchronism check function requires that a voltage be present
(1ive) on both the bus and line sides of an open breaker, this function alone will
not allow a dead Tine to be energized. For those applications that require dead
line and/or dead bus operation, the undervoltage detecting functions can be used.
Selection switches are provided on the front panel of the SVM module to permit
reclosing for one or more of the following conditions:

1. Live 1ine and dead bus
2. Dead line and live bus
3. Dead Tine and dead bus

The "Tive" and "dead" voltage levels are adjustable, and may be set with
switches located within the SVM module.
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TESTING
NOTE:

When hipot testing, it 1is necessary to remove the jumpers between
terminals BD13 and BD14. This removes the grounding connection between
the surge capacitors and case ground. Failure to do so could result in
damage to the filter capacitors on the PSM module when the DC supply
terminals are tested.

DIELECTRIC TESTS

Dielectric testing may be performed 1) between all terminals (tied together)
and the case, and ?2) between independent circuit groups (refer to elementary
diagram, Fig. 82). The recommended voltage is 2200 volts rms for initial testing
and 1600 volts rms for subsequent periodic testing. The test voltage should be
applied for one second.

ACCEPTANCE TESTS

It is recommended that the operational tests described in this section be con-

ducted prior to the installation of the SLS system. These may be done on a "bench-
top" basis.

Initial Test Settings

To begin the acceptance tests, the module settings should be as indicated in
Tables IX and X. Note that it is necessary to remove the modules in order to gain
access to the links and switches referred to in Table IX.

Test Equipment

The acceptance tests may be conducted in a conventional manner using the
following test equipment:

Three phase power source of rated frequency
DC control voltage source (48, 110-125 or 220-250 volts DC)
One phase shifter
One phase angle meter
Two variable auto-transformers:
One rated 1 ampere (or greater)
One rated 2 x rated currrent (or greater)*
Three test reactors:
Tapped for 6/12/24 ohms for 5 amp relays
(use GE #6054975G1 reactor)
Tapped for 30/60/120 ohms for 1 amp relays
Two AC voltmeters
One AC ammeter
One Timer
Eight contact monitors

*Two of these are required for testing the directional ground time overcurrent
function (optional)
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Switches: Five single pole single throw (one capable of
interrupting 4 x rated current)
One double pole single throw
One three pole single throw
Three normally open, momentarily closed pushbuttons
(one capable of interrupting 2 x rated current)

One card extender (GE #0138B7406G1)

The specific requirements for this equipment are given in the text of this TESTING
section, and in the associated test circuit diagrams.

It is essential that the applied three phase voltage consists of balanced and
undistorted sine waves.

As an alternative, a three phase electronic test source may be used. These
sources have the advantages of accuracy, wave form purity, and ease of adjustment.
In many cases, their versatility allows the test circuits given herein to be
simplified considerably.

Test Connections

The test circuit diagrams indicate SLS terminal numbers (rear cover terminals)
and the corresponding XTM test plug terminal numbers. For the acceptance tests, it
is recommended that test connections be made to the rear cover terminals. The test
plug is intended for post-installation testing and is described in a separate
subsection under PERIODIC TESTING.
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TABLE VIII - Internal Link and Switch Settings For Acceptance Tests

Module Link or Switch Identity Initial Position
DVM101 X/Y LINK Y
DMM101 OUT-OF-STEP BLK SWITCH ouT
" 50/60 HZ SWITCH ACCORDING TO SYSTEM FREQUENCY
" GND CHAR ANGLE SWITCHES 90 DEGREES
" 0SB TIME SWITCHES 31 MILLISECONDS
" SEQ TRIP TIME SWITCHES 10 MILLISECONDS
DSM101 LENS/CIRCLE LINK CIRCLE
DTM101 2/3/4/TEST LINK TEST
" CHSP Normal/INV LINK Normal
" RCYR Normal/INV LINK Normal
" SEND Normal/INV LINK Normal
" LOGIC SWITCHES ALL OPEN (STEPPED DISTANCE)
" CORD TIME SWITCHES 3 MILLISECONDS
DLM101 1P/3P SWITCH 1P
" FF/BLK SWITCH OFF
" PT/CVT SWITCH PT
" TRIP/FAULT SWITCH FAULT
" TARGET SET TIME SWITCH 3.0 CYCLES
DOM201 IND/COM LINKS (3) IND
" 48/110-125/220-250V LINKS (8) | ACCORDING TO AVAILABLE DC SUPPLY
PSM201 48/110-125/200-250V LINK " " " " g
ROM101 48/110-125/220-250V LINKS (11) " " " " &
RTM101 DLY/NO DLY LINK DLY
RLM101 .25/.5/1.0/2.0 LINK 2.0 SECONDS
" 1/2 LINK 1
" MANUAL CLOSE AUTO/NORM LINK AUTO
" SYNC CHECK ALL3P/DLY LINK ALL3P
" HOLD IN/OUT LINKS (2) out
MGM311, 312 1/5A CURRENT TAP(S) ACCORDING TO CURRENT RATING
DBM101 (optional)| LENS/CIRCLE LINK CIRCLE
" CYCLES DROPOUT SWITCHES 0 (ALL OPEN)
" SEC. ZONE-5 SWITCHES ALL OPEN
COM (optional) 50 HZ/60 HZ LINK ACCORDING TO SYSTEM FREQUENCY
" 60/45/30/15 LINK 15

SVM (optional)
1

(50 HZ/60 HZ)

50 HZ/60 HZ SWITCH

LOW SLIP CUT-OFF MULTIPLIER SW
LOW SLIP ONLY SWITCH

LOW SLIP SECOND BREAKER SWITCH
LOW SET SLIP CUT-OFF

HIGH SET SLIP CUT-OFF

PT VOLTAGE SWITCHES

BUS LIVE SWITCHES

LINE LIVE SWITCHES

BUS DEAD SWITCHES

DEAD LINE SWITCHES

DEAD TIME SWITCHES

ACCORDING TO SYSTEM FREQUENCY
ACCORDING TO SYSTEM FREQUENCY
ON
ON
OFF
0.2 HZ
1HZ
69V
80%

80%

20%

20%

3.0 SEC
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TABLE IX - Front Panel Switch Settings for Acceptance Tests

ModuTle Switch Tdentity Initial Setting or Position
DVM101 Iy 1.5
" II 2.0
" ITI 4,
DFM101,102 P71 75 DEGREES
! P70 75 DEGREES
DIM101 I 2 OHMS (5 AMP RELAY)
10 OHMS (1 AMP RELAY)
" Ko 4.0
DSM101 Zp 4 OHMS (5 AMP RELAY)
20 OHMS (1 AMP RELAY)
DTM101 IT .10 SECONDS
" IIT .30 SECONDS
" Iv 6.0 SECONDS
" X1/X10, 1I/1I11 X10
" X1/X10, III X1
" NO CH TRIP LEFT
RTM101 19 .50 SECONDS
" 39 .90 SECONDS
" 30-D 15 SECONDS
" RESET 60 SECONDS
RLM101 ON/OFF OFF
] ]_Q LEFT
" 30 LEFT
" X1/X10, 19 X10
" X1/X10, 39 X10
DBM101 VA 4 OHMS (5 AMP RELAY)
(optional) 20 OHMS (1 AMP RELAY
COM, CTM Isg .1 x Iy (ALL LEFT)
(optional)
" ™ 1.0
" +.025, +.05 LEFT
SVM ANGLE 30
(optional)
" SYNC CK LEFT
" LLDB LEFT
" DLLB LEFT
" DLDB RIGHT
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Distance Relay Tests

Fuse Fajlure Indicators

The voltage transformer fuse failure detector operates whenever there is
negative sequence voltage in the absence of negative sequence current. This
condition occurs periodically in the forthcoming tests under a variety of
circumstances, particularly during the adjustment and/or switching of the input
currents and voltages. Operation of the detector is therefore virtually unavoidable
during testing and the lighting of the amber FF LED indicator on the DLM10l module
should not be cause for concern. The proper operation of the fuse failure detector
will be checked in a separate subsection of these tests.

A. Single Phase to Ground Reach Tests

Connect the distance relay according to the test circuit shown in Fig. 48. The
interconnection cable(s) should be removed for these tests.

Al. Phase Selector Tests

Apply a voltage of Vy = 60 volts to the phase under test and apply normal Tline-
to-neutral voltage (69 volts) to the other two phases. Apply a single phase current
of It = 7 (five amp relay) or 1.4 amperes (one amp relay) to the phase under test.

Vary the phase angle between Iy and Vj (IT lagging) until the phase selector
picks up, indicated by the steady lighting of the yellow LED on the DMM101 module
corresponding to the phase under test (PA, @B or @C). This should occur at an angle
between 28 and 44 degrees. The OSCILLOGRAPH START contact between terminals AC1 and
AC2 should close at the pickup point, along with one of the three phase selector
contacts (terminals AB9 and AB1O for @A, AB1l and ABl2 for @B, AB13 and ABl4 for
@C). Record the angle at which pickup just occurs as Ar.

Continue to increase the phase angle until the phase selector drops out (LED
indicator goes out) and then back up slightly to the point where the light just
comes on. This should occur at an angle between 106 and 122 degrees. Record this
angle as Ao.

Calculate the characteristic angle of the phase selector as follows:
Al + A2
2

This angle should fall bewtween 72 and 78 degrees. This verifies that the
relay angle is within three degrees of its setting.

@-Sel Characteristic Angle

Now adjust the phase angle between I7 and Vg to 75 degrees (I lagging) and
Tower the current to the point where the phase selector just picks up. This should
occur between 5.2 and 5.8 amperes (five amp relay) or between 1.05 and 1.16 amperes
(one amp relay). This checks the reach at the replica impedance angle, including
the pull back at this current level (approximately two percent).

Conduct the above tests for all three phases.
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If it is desired to check the phase selector characteristic under conditions
other than those specified above, the following equation should be used:

2.75 (VT - 12.55)

Ig- = .
@-SEL Zp (2 /81 + Kg /Bg) cos (=<- or) (Eq. 1)
where: Ip_sg| = pickup current for phase selector (in amperes)
Zp = phase selector reach as set on DSM101 module (in ohms)
VT = phase-to-neutral voltage applied to phase under test
(in rms volts)
G = positive sequence impedance characteristic angle of relay as
set on DFM101, 102 module (@Z1: in degrees)
80 = zero sequence impedance characteristic angle of relay as
set on DFM101, 102 module (@Zp: in degrees)
Ko = %ero seguence compensation factor as set on DIMIOl module
=19/11
o< = ang?e between IT and V1 (in degrees lagging)
OR = resultant relay characteristic angle (in degrees)

BR is determined as follows:

Let KR /Br = 2 /81 + Ko /80
where: KR = resultant mangitude factor (for calculation purposes only)

Or and Ky are calculated by breaking down 2 /87 and Ky /8g into real and
imaginary components (polar to rectangular conversion), summing the respective
terms, and reconverting into polar form.

When using equation 1 to calculate current values for reach measurement, the
test voltage V1 should never exceed 69 volts. Also, the calculated pickup currents
must be above 0.15 per unit because, below this level the undercurrent detectors
(CS-PA, @B, @C) inhibit the operation of the relay.

Equation 1 yields the nominal theoretical pickup current. The measured value
will exhibit a percentage error and this error will probably increase as the test
angle is shifted farther from the relay angle due to the compounding of the angle
and the reach errors.

As an example of the use of equation 1, consider the following condition:

ZP = 20 ohms

01 = 65 degrees
8g = 40 degrees
Ko = 7

Vr = 60 volts
o< = 20 degrees

Begin by determining Kg and 6R:

KR /8r =2 /81 + Kg /8
= 2‘_§§O + 7 7409
= (0.85 + j1.81) + (5.36 + j4.50)
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i

6.21 + j6.
8.85 /45.50

". Kp = 8.85 and 6g = 45.50
Now substitute the conditions stated into equation 1:
2.75 x (60 - 12.55)

20 x 8.85 x cos (200 - 45.50)

Ig-SEL = = 0.82 amp

A2. Phase to Ground Measuring Unit Tests - Mho Type Characteristic

Increase the phase selector reach to its maximum value of Zp = 103 ohms (five
amp relay) or 515 ohms (one amp relay) by positioning all of the switches to the
right on the DSM101 module. This is done to make the phase selectors pick up at Tow
levels so that attention may then be focused on the measuring unit output.

Again using the test circuit of Fig. 48, apply Vr =20 volts and Iy = 6.7
amperes (5 amp relay) or 1.34 amperes (1 amp relay) to the phase under test. Vary
the phase angle between IT and Vi (IT Tagging) until the measuring unit produces a
trip output, indicated by the Tighting of two red target LEDs on DLM10l; one
corresponding to the phase under test (A, B or C) and the other corresponding to a
zone one trip (I). This should occur between 26 and 41 degrees. Record the angle
as A3. The phase tripping contacts wired in series should close at the tripping
point (terminals BBl to AC14 for A, BB5 to AD12 for B, BB9 to AD14 for C), along
with the zone one trip contact between terminals AD1 and AD2.

Continue to increase the phase angle until the tripping unit drops out. This
will be indicated by the opening of the zone one trip contact between terminals AD1
and AD2. Back up slightly on the angle adjustment to the point where the trip
output just occurs and record this angle as Ag. It should be between 109 and 123
degrees. The red LEDs are latching targets. They may be reset by depressing the
RESET pushbutton at the bottom of the DLM101 module. The red A, B and C LEDs are
sealed-in on fault current and may not be reset until the test current is lowered
below 0.10 per unit.

Calculate the characteristic angle of the phase to ground measuring unit using
the following formula:
L. A3 + Aq
-G MU Characteristic Angle = —
This angle must be between 72 and 78 degrees.

Now adjust the phase angle between IT and Vy to 75 degrees (I lagging), and
lower the current to the point where the measuring unit just produces a trip output.
Again, the zone one trip contact between terminals AD1 and AD2 is the most useful
point to monitor because it doesn't seal-in. The current at the pickup point should
fall between 4.7 and 5.3 amperes (five amp relay) or between 0.94 and 1.06 amperes
(one amp relay).

Conduct the above tests for all three phases.

If it is desired to check the measuring unit mho type characteristic under
conditions other than those specified above, the following equation should be used:
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3VT
Zr (2 /81 + Ko /8g) cos (- &R)

Imy, v = (Eq.s 2)

where: Imy, y = pickup current for measuring unit: mho type
characteristic (in amperes)

ZR zone one reach as set on DIM10l1 module (I: in ohms)

and all other terms as previously described

Again, V1 should never exceed 69 volts and Iny, y must be calculated to be
above 0.15 per unit. The percentage error will 1ikely increase as the test angle is
shifted farther from the relay angle.

A3. Phase to Ground Measuring Unit Tests - Reactance Characteristic

De-energize the test circuit, remove the DVM10l1 module, and place the X/Y link
in the X position. Reinsert the module and reapply power. With Vr = 20 volts and
the phase angle between I7 and V1 set to 90 degrees (It lagging), increase IT until
a trip output is produced. This should occur at between 4.9 and 5.5 amperes (five
amp relay) or at between 0.98 and 1.10 amperes (one amp relay).

Lower the phase angle to 30 degrees. The pickup point should now be between
2.5 iﬁd 3.3 amperes (five amp relay) or between 0.50 and 0.66 amperes (one amp
relay).

If it is desired to check the reactance characteristic at other points, the
following equation should be used:

VT o _sin o<
Zp (2 /01 + Ko /80) sin Og

Imu, x = (Eq. 3)

where: Imy, x = pickup current for measuring unit:
reactance characteristic (in amperes)
and all other terms as previously defined

As for the phase selector and mho type measuring unit tests, Vg should not
exceed 69 volts. Iyy, y must exceed 0.15 per unit, and the error will Tlikely
increase as the test angle is shifted farther from the re]ay angle.

Return the X/Y link in the DVM10l1 module to the Y position for the remainder of
these tests.

B. Fuse Failure Detector Test

Leave the relay connected in the test circuit of Fig. 48. The "phase under
test" selection for this test is arbitrary. Set the relay as follows:
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Switch Location Setting
Zp (1 amp relay) DSM101 60 ohms

(5 amp relay) " 12 ohms
I (1 amp re]ay; DIM101 40 ohms

5 amp relay " 8 ohms
24 DFM101, 102 75 degrees
PZ¢ " 75 degrees
Ko DIM101 4

Adjust V1 to 69 volts so that the relay receives balanced three phase voltage.
Apply a singie phase test current (I7) of five amperes (five amp relay) or one
ampere (one amp relay) at ©C= 75 degrees lagging. Verify a single pole zone one
trip, indicated by the lighting of the phase LED (red; A, B, or C, depending on the
input terminals used) and the I LED (red). The yellow phase selector LED (PA, @B or
§C) should also light.

With the current adjustment still set for five amperes (or one ampere),
completely remove the current by opening SW2 in the test circuit. Reset the
latching LED targets by depressing the RESET push button on the DLM101 module.

Switch off one phase of the voltage by opening SW3 in the test circuit. The
amber FF LED on the DLM101 module should not light.

Adjust the current (IT) to 0.6 amps (5 amp relay) or 0.12 amps (1 amp relay).
At 75 degrees lagging, and with one phase of the voltage still off, suddenly reapply
the current by closing SW2. Verify that the amber FF Tight on the DLM10l module
does light, and the contact between terminals AC7 and AC8 does close.

Remove the current by opening SW2. Adjust the current (I7) to five amperes (5
amp relay) or one ampere (1 amp relay). Close SW3, open SW1 and reapply the current
by closing SW2. Verify a single pole zone one trip. Remove the current by opening
SW2.

De-energize the test circuit, remove the DLM10l module and set the FUSE FAILURE
BLOCK switch to the BLOCK position. Reinsert the module and suddenly reapply the
current by closing SW2. Verify that the relay does not trip.

De-energize the test circuit, and return the FUSE FAILURE BLOCK switch in the
DLM101 module to the OFF position.

C. Phase to Phase Reach Tests

Connect the relay according to the test circuit shown in Fig. 50. Again, the
interconnection cable(s) should be removed.

Set Zp on DSM1Ol to the maximum setting of 515 ohms (1 amp relay) or 103 ohms
(5 amp relay): all switches to the right. Table X indicates the pickup currents
for the main measuring unit (trip output) based on the relay settings and the
magnitude of the test voltage. Apply the voltage VT specified in Table X and
increase the current until the relay gives a trip output, indicated by the lighting
of three red LEDs on the DLM101 module; two corresponding to the phase pair under
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test (A and B, B and C, or C and A) and the other indicating a zone one trip (I).
verify that the trip current is within ten percent of the value given in Table X.
As mentioned earlier, these are latching targets which must be reset. The two
yellow phase selector LEDs corresponding to the phase pair under test will light

prior to the trip output as the current is increased. The current level at which
the phase selectors operate is unimportant in this test.

Table X - Phase-to-Phase Reach Tests

ZR Iy

1 Amp |5 Amp 1 Amp |5 Amp

Relay |Relay |61l VT o< Relay [Relay
20 4 75 40 75 1.00 ]5.00
" " " " 45 1.15 |5.77
" " . " 105 1.15 }5.77

Note that the pickup level for phase-to-phase faults is independent of the 9
and Kg setting.

If it is desired to check the phase-to-phase reach for conditions other than
those given in Table X, the following equation should be used:

)
Im = I (Eq. 4)
2 Zp cos ( e<- 91)

When using equation 4, the test voltage, V1, should be kept below 120 volts.
The calculated pickup current must be above 0.15 per unit, as discussed earlier.

Also, the angle eCshould be kept between 30 and 120 degrees, since both phase

selectors will not operate properly outside these Tlimits in the test circuit used
(does not replicate real system conditions).

D. Zone Switching Time Tests

Connect the distance relay according to the test circuit shown in Fig. 51.
Note that the set-up is the same as for the previous test (Fig. 50) except that a
timer and switch are added. The terminals shown correspond to the C-A phase pair.
Set the relay as follows:
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Switch Location Setting
Zp (1 Amp Relay) DSM101 150 ohms
(5 Amp Relay " 30 ohms
I (1 Amp Relay DIM1O1 15 ohms
(5 Amp Relay " 3 ohms
IT DYM101 2 x I3
111 " 4 x 71
971, Bl DFM101, 102 75 degrees

Remove the DTM101l module and set the 2/3/4/TEST link in the 4 position. Also
remove the DLM10l module and set the FAULT/TRIP switches in the TRIP position in
order to check the three pole trip targeting. Reinsert both modules.

Apply a test voltage (Vy) of 40 volts. Suddenly apply a test current (Iy) of 8
amperes (five amp relay) or 1.6 amperes (one amp relay) at 75 degrees Tlagging by
closing SW1 in the test circuit. Verify a three pole zone one trip, indicated by
the lighting of the A, B, C and I red LEDs on the DLM10l module. The zone one trip
contact between terminals AD1 and AD2 should close. The yellow PA and @C phase
selector LEDs on the DMM10l module should also light. The timer should register 24
to 32 millisecnds for 60 hertz relays or 28 to 38 milliseconds for 50 hertz relays.
This is not an accurate measurement of the zone one operating time because the test
circuit does not exactly simulate system conditions during a phase-to-phase fault.

Remove the test current and reset the latching targets by depressing the RESET
push button on the DLM1Ol module. Suddenly reapply a test current of five amperes
(five amp relay) or one ampere (one amp relay) and verify a three pole zone two
trip, indicated by the Tighting of the A, B, C and II red LEDs on the DLM101 module.
The zone two trip contact between terminals AD3 and AD4 should close and the enable
reclosing contact between terminals AB7 and AB8 should open. Again, the yellow PA
and @C phase selector LEDs on the DMM10l module should 1ight. The timer should
register one second (ten times the reading of the II thumbwheel switch on the DTM10l
module with II/III toggle switch in X10 position).

Remove the test current, reset the targets, and repeat with a test current of
three amperes (five ampere relay) or 0.6 ampere (one ampere relay). Verify a zone
three trip (A, B, C and III LEDs) with a measured trip time of three seconds (ten
times the reading on the III thumbwheel switch). The enable reclosing contact
between terminals AB7 and AB8 should open one second after the current is applied
when the relay switches into zone two. The zone three trip contact between
terminals AD5 and AD6 should close at the time of the trip.

Repeat the test one final time with a test current of one ampere (five amp
relay) or 0.2 amperes (one amp relay) and verify a zone four trip (A, B, C, and IV
LEDs) with a trip time of six seconds (the reading on the IV thumbwheel switch) The
zone four trip contact between terminals AD7 and AD8 should close at this time.

De-energize the test circuit, remove the DTM10l module, and return the

2/3/4/TEST 1link to the TEST position. Leave the FAULT/TRIP switch in the DLM101
module in the TRIP position.
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E. Out-of-Step Blocking Test (Three Phase Condition)

Connect the distance relay according to the test circuit shown in Fig. 53. Set
the relay as follows:

Switch Location Setting
Zp (1 Amp Relay) DSM101 75 ohms

(5 Amp Relay) " 15 ohms
I (1 Amp Relay) DIM101 20 ohms

(5 Amp Relay " 4 ohms
III ) DVM101 2.5 x 71
071, P DFM101, 102 75 degrees

Remove the DMM10l module and set the OUT OF STEP BLOCK switch in the BLOCK position.
Reinsert the module and apply a balanced test voltage of Vy = 115 volts. Adjust
both variable auto-transformers as necessary so that the two voltmeter readings are
as close as possible.

Apply a balanced three phase test current of I = approximately 2.9 amperes
(five amp relay) or I = approximately 0.6 amperes (one amp relay) by closing the

three pole switch (SW1). Verify that the phase selectors do not pick up (no yellow
LED indication).

Remove the current by opening SW1, and decrease Vi to 75 volts. Reapply the
current and verify that the out-of-step blocking unit picks up in addition to all
three phase selectors, as indicated by the lighting of the PA, @B, #C and 0SB LEDs
on the DMM101 module. The out-of-step block contact between terminals AC5 and AC6
should close.

Again remove the current. Decrease V7 to 30 volts. Reapply the current and
verify that all three phase selectors pick up, but the out-of-step blocking unit
does not pick up. -With the voltage, current and reach setting specified, the
closing of SW1 simulates a sudden transition from outside the phase selector
characteristic to inside the permissive zone characteristic.

Remove the current one final time and decrease V1 to 15 volts. Reapply the
current and verify a three pole zone one trip, indicated by the lighting of the A,
B, C and I red LEDs on the DLM10l module. A1l three yellow phase selector LEDs (@A,
@B, and @C) should also light.

F. Out-of-Step Blocking Test (Phase-to-Phase Condition with One Pole Open)

A power swing is a three phase phenomenon. If one breaker pole is open,
however, the relay will receive accurate inputs from only two phases. The SLS power
swing detector includes additional circuitry to use phase to phase quantities to
measure an out-of-step condition when one pole is open.

To test this function, connect the distance relay to the test circuit shown in
Fig. 55. This is similar to the test circuit for the phase-to-phase reach test
(Fig. 50) with DC inputs to CC6 to simulate a one pole open signal. The terminals
shown correspond the the A-B phase pair. Set the relay as follows:
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Switch Location Setting
Zp (1 amp relay) DSM101 50 ohms

(5 amp relay) E 10 ohms
I (1 amp relay) DIM101 20 ohms

(5 amp relay) " 4 ohms
I1I DVM101 1.5 x 71
P71, Pl DFM1O01, 102 75 degrees

The OUT OF STEP BLOCK switch in the DMM10l1 module should be left in the IN position.

Adjust V1 to 100 volts and, with SW1 closed, adjust IT to equal 3.5 amperes
(five amp relay) or 0.7 amperes (one amp relay) at 75 degrees lagging Vy. Verify
that the phase selectors do not pick up.

Remove the current by opening SW1 and decrease V1 to 60 volts. Reapply current
and verify that the out-of-step blocking unit picks up in addition to the PA and @B
phase selectors. Again, the contact between terminals AC5 and AC6 should close.

Again remove the current. Decrease V1 to 30 volts. Reapply current and verify
that the PA and @B phase selectors pick up, but not the out-of-step blocking unit.

Remove the current one final time and decrease Vi to 20 volts. Reapply current
and verify a three pole zone one trip with no 0SB findication.

De-energize the test current, remove the DMM101 module, and return the OUT OF
STEP BLOCK switch to the OUT position.

G. Line Pickup Tests

The SLS contains circuitry to trip the breaker immediately (three pole) if it
is closed onto a three phase zero voltage fault , as would be the case if grounding
chains where inadvertently left on the line after servicing. The detector requires
an overcurrent and undervoltage condition in the time interval immediately following
the closing attempt. The circuit is tested as follows:

Connect the distance relay according to the test circuit shown in Fig. 57. No
particular settings are necessary, since the overcurrent and undervoltage detectors
have fixed thresholds. With SW2 open, close SW1 and verify that the unit does not
trip. Quickly remove the current by opening SW1, since the input exceeds the
continuous rating of the relay.

Close SW2. This simulates the line pickup signal from the recloser. Now close
SWl a second time before the 1ine pickup timer times out (approximately 220
milliseconds), and verify a three pole trip, indicated by the lighting of the A, B

and C red LEDs on the DLM10l1 module. No zone targets should light, only the three
phase targets.
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H. Pilot Scheme Tests

Connect the distance relay according to the test circuit shown in Fig. 59.
Note that the set-up is similar to that used for the single phase to ground reach
tests (Fig. 48) except for the addition of a contact monitor and another DC input.
The contact monitor verifies that the relay under test (local relay) properly
initiates its associated transmitter while the DC input simulates the receipt of a
channel signal from the remote relay. The terminals shown correspond to an A-G
test. Set the relay as follows:

Switch Location Setting
Zp (1 amp relay) DSM101 60 ohms

(5 amp relay) " 15 ohms
I (1 amp relay) DIM101 20 ohms

(5 amp relay) " 4 ohms
II DVM101 1.5 x
ITI " 2.0 x 71
071 DFM101, 102 75 degrees
PZg " 75 degrees
Ko DIMIOL 4

NOTE: The pickup currents specified in the forthcoming Pilot Scheme Tests may

vary by +5%. These tests are not intended to check the accuracy of the
reaches, but rather the proper operation of the scheme logic.

Hl1. Zone 2 Acceleration Test

To check the zone 2 acceleration scheme, remove the DTM101 module and set the
LOGIC switches as follows:

A - don't care
B - don't care
C - closed

D - open

Reinsert the module and check that the NO CH TRIP switch is to the left. Leave SWl
open. Apply power and with V1 at 40 volts, increase the current from zero. The a
phase selector should pick up when IT reaches 0.84 amperes (five amp relay) or 0.17
amperes (one amp relay). Continue to increase the current and verify a single pole
zone two channel trip when IT reaches 3.33 amperes (five amp relay) or 0.66 amperes
(one amp relay). This is the pickup point of zone two. The trip is indicated by
the 1lighting of the A, II, and CH red LEDs on the DLM10l1 module. The KEY
TRANSMITTER contact between terminals ABl1 and AB2, and the CHANNEL TRIP contact
between terminals AB5 and AB6 should also close at this point.

Lower the current, reset the targets and move the NO CH TRIP switch on the
DTM101 module to the right. Increase the current again. The phase selector should
pick up at the same point but there should not be a channel trip when Iy reaches
3.33 amperes (five amp relay) or 0.66 amperes (one amp relay). Continue to increase
the current and verify a single pole zone one trip when IT reaches 5.00 amperes
(five amp relay) or 1.00 amperes (one amp relay). The KEY TRANSMITTER contact
should also close at this point, but the CHANNEL TRIP contact should not close.
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Repeat this test with the NO CH TRIP switch to the left, but with SW1 closed in its
place (CC2, Block Channel Trip). The results should be the same.

H2. Permissive Underreaching Transfer Tripping Tests

To check the permissive underreaching transfer tripping scheme, remove the
DTM101 module and set the logic switches as follows.

A - closed
B - open
C - open
D - open

Reinsert the module. Leave the NO CH TRIP switch to the left and open SW1. Apply
power and, with V7 at 40 volts, increase the current from zero. The A phase
selector should pick up when It reaches 0.84 amperes (five amp relay) or 0.17
amperes (one amp relay). Continue to increase the current and verify a single pole
channel trip when IT reaches 2.50 amperes (five amp relay) or 0.50 amperes (one amp
relay). This is the pickup point of the permissive zone. The trip is indicated by
the lighting of the A and CH red LEDs on the DLM10l module. The KEY TRANSMITTER and
CHANNEL TRIP contact should also close at this point. If the current is increased
further, a zone one trip indication should be given when I reaches 5.00 amperes
(five amp relay) or 1.00 amperes (one amp relay). This consists of the lighting of
the I LED on the DLM101 module.

Lower the current, reset the targets, and move the NO CH TRIP switch on the
DTM101 module to the right. Increase the current again. The phase selector should
pick up at the same point but there should not be a channel trip when It reaches
2.50 amperes (five amp relay) or 0.50 amperes (one amp relay). Continue to increase
the current and verify a single pole zone one trip when IT reaches 5.00 amperes
(five amp relay) or 1.00 amperes (one amp relay). The KEY TRANSMITTER contact
should also close at this point, but the CHANNEL TRIP contact should not close.
Repeat this test using SW1 to block channel tripping instead of the NO CH TRIP
switch on DTM101. The results should be the same.

H3. Permissive Overreaching Transfer Tripping Tests

To check the permissive overreaching transfer tripping scheme, remove the
DTM101 module and set the logic switches as follows.

A - open
B - closed
C - open
D - open

Reinsert the module. Leave the NO CH TRIP switch to the left and open SW1. Apply
power and, with Vr at 40 volts, increase the current from zero. Because of the
nature of the test circuit, the results should be identical to those specified for
the permissive underreaching test. That is, the A phase selector should pick up
when IT reaches 0.84 amperes (five amp relay) or 0.17 amperes (one amp relay); there
should be a single pole channel trip and the KEY TRANSMITTER and CHANNEL TRIP con-
tact should close when IT reaches 2.50 amperes (five amp relay) or 0.50 amperes (one
amp relay); and there should be a zone one trip indication when IT reaches 5.00
amperes (five amp relay) or 1.00 amperes (one amp relay).
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Lower the current, reset the targets, and move the NO CH TRIP switch on the
DTM101 module to the right. Increase the current again. The phase selector should
pick up at the same point but there should not be a channel trip when I reaches
2.50 amperes (five amp relay) or 0.50 amperes (one amp relay). The KEY TRANSMITTER
contacts, however, should close at this point, unlike the case for the permissive
underreaching test. In this mode the contacts are not sealed-in and will drop out
as soon as the current is decreased below 2.50 amperes (five amp relay) or 0.50
amperes (one amp relay).

If the current is increased further, a zone one trip indication should be given
when IT reaches 5.00 amperes (five amp relay) or 1.00 amperes (one amp relay). The
KEY TRANSMITTER contacts will now seal-in (they are already closed) and should not
open until the current is lowered below 0.10 per unit.

Repeat the previous test using SW1 to block channel tripping instead of the NO
CH TRIP switch on DTM10l. The results should be the same.

De-energize the test circuit, remove the DTM101 module, and open all of the
logic switches.

I. Tests for Auxiliary Functions

The SLS idncludes contact converter inputs for the following three auxiliary
functions (among others):

3 Pole Trip Enable
Block Tripping
Remote Target Reset

To test these functions, connect the distance relay according to Fig. 61. Note
that the setup is similar to that used for the single phase to ground reach tests
(Fig. 48), except for the addition of the three DC switches to simulate external
contact operations for the auxiliary functions. The terminals shown correspond to
an A-G test. Set the relay as follows:

Switch Location Setting
Zp (1 amp relay) DSM101 30 ohms

(5 amp relay) " 6 ohms
I (1 amp relay) DIM101 20 ohms

(5 amp relay) " 4 ohms
071, Pig DFM101, 102 75 degrees

With SW3, 4 and 5 open, apply V1 = 40 volts and I7 = 6 amps (five amp relay) or
1.2 amps (one amp relay). Verify a phase A single pole zone one trip. Remove
current and close SW3 to set up three pole tripping. Reapply current and verify a
three pole zone one trip (the FAULT/TRIP switch in the DLM10l module must be in the
TRIP position). Remove current.

Close SW5 momentarily and verify that it resets the latching LED trip targets
on DLMI1O1.
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Now close SW4 to block tripping. Reapply the test current and verify that the
relay does not trip. The phase selector indicators on DMMIOl should light while the
current is applied, but there should be no trip targets 1it on DLMI1O1.

J. Recloser Tests

Connect the SLS system according to the test circuit shown in Fig. 63. Note
that the set-up is similar to that used for checking the phase A to ground reach
(Fig. 48) with added DC wiring to the recloser. Interconnection cable PL-1 must be
inserted for these tests. Set the distance relay as follows:

Switch Location Setting
Zp (1 amp relay) DSM101 75 ohms

(5 amp relay) " 15 ohms
I (1 amp relay) DIM1O1 50 ohms

(5 amp relay) " 10 ohms
P71 DFM101, 102 75 degrees
Pig ! 75 degrees
Ko DIM101 4

The recloser should be set according to Tables IX and X.

Adjust V1 to 20 volts. With push button SW1 closed, adjust IT to 1.7 amperes
(five amp relay) or 0.24 amperes (one amp relay). This is sufficient to cause a
zone one trip. Release the push button and reset the targets. Also reset the
recloser by depressing the RESET push button on the RLM101 module. The time
settings recommended in the following tests have been made sufficiently long to
dispense with the need for using a special timing device. A stop watch or even an
ordinary wristwatch with a sweep second hand are adequate.

J1. Automatic Reclosing: Two Attempts

Apply a pulse of test current by momentarily depressing SWl. Simultaneously
close (and leave closed) SW2 which simulates the pole A "b" switch of a breaker.
The other switches in the test circuit should be left open. Verify that the
reclosing cycle is under way, indicated by the lighting of the yellow OPN LED on the
RLM101 module, and the closure of the contact between CC13 and CCl4. In addition,
the distance relay should immediately indicate a phase A zone one trip.

Verify that the pole A reclosing contacts close five seconds after the trip by
watching the contact monitor between terminals DAl and DA2. The five seconds
corresponds to the setting of the 1@ thumbwheel switch on the RTM10l module,
multiplied by ten due to the X10, 1§ toggle switch on the RLM1Ol module. Promptly
open SW2 within two seconds (dwell timer setting) after the pole A reclosing
contacts close to simulate that the breaker has been successsfully reclosed. Verify
that these same contacts reopen in two seconds. The yellow OPN LED should go out
when the contacts reopen. In summary:
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1) Momentari]y depress SW1 and close SW?2: Phase A zone 1 trip, OPN
indication, and contact closure between CC13 and CCl4

1 5 seconds
2) Verify contact closure between DAl and DA2 - Open SW?
l 2 seconds

3) Verify contact reopening between DAl and DA2. OPN LED should go out and
contact between CC13 and CCl4 should open.

Reset the distance relay targets (DLM101) but do not reset the recloser.
Before the reset time expires (60 seconds, as set on DTM10l), apply a second pulse
of test current by depressing SW1. Simultaneously close SW3 which simulates the
opening of all three breaker poles (three "b" switches). The yellow OPN LED should
light, the contact between CCl3 and CCl4 should close, and the distance relay
should immediately indicate a three pole zone one trip. Verify that the pole A, B,
and C reclosing contacts close 15 seconds after the trip by watching the contact
monitors between terminals DAl and DA2, DA3 and DA4, and DA5 and DA6, respectively.
The 15 seconds corresponds to the setting of the 39-D thumbwheel switch on the
RTM101 module. Promptly open SW3 within two seconds (dwell timer setting) after the
reclosing contacts close. Verify that these contacts reopen in two seconds and that
the OPN LED goes out. In summary:

1) Momentarily depress SW1 and close SW3: Three pole zone 1 trip and OPN
indication, and contact closure between CC13 and CCl4

l 15 seconds

2) Verify contact closure between DAl and DA2, DA3 and DA4, DA5 and DA6 -
Open SW3

] 2 seconds

3) Verify contact reopening between contacts noted above. OPN LED should go
out, and contacts between CC13 and CCl14 should open.

Again reset the distance relay targets but do not reset the recloser. Before
the reset time expires, apply a third pulse of test current and simultaneously close
SW3. Note that the reset timer was re-initiated on the second attempt and will not
expire until 60 seconds thereafter. Verify that the recloser immediately goes to
lockout, indicated by the Tlighting of the red L/0 LED on the RLM10l module. This
distance relay should indicate a three pole zone one trip. In summary:

1) Momentarily depress SW1 and close SW3: 3 pole zone one trip and L/0
indication.

Open SW3, reset the distance relay targets, and reset the recloser.
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J2. Automatic Reclosing: Single Pole Only

Move the 1§ toggle switch on the RLM101 module to the right. Apply a pulse of
test current and simultaneously close SW2. Verify a single pole trip and five
second single pole reclosure. Open SW2 within two seconds thereafter. Reset the
distance relay targets.

Apply a second pulse of test current before the reset time expires. Verify a
three pole trip but no recloser operation. The OPN LED should not Tight and the
reclosing contacts should not close.

Open SW3, reset the distance relay targets, and reset the recloser. Return the
1@toggle switch on RLM101 to the left.

J3. Automatic Reclosing: Three Pole Only

Move the 3P toggle switch on the RLM101 module to the right. Apply a pulse of
test current and simultaneously close SW3. Verify a three pole trip and nine second
three pole reclosure. The nine seconds corresponds to the setting of the 3@
thumbwheel switch on the RTM101 module, multiplied by ten due to the X10, 3@ toggle
switch on the RLM10l1 module. Open SW3 within two seconds thereafter. Reset the
distance relay targets.

Apply a second pulse of test current before the reset time expires and again
simultaneously close SW3. Verify a three pole trip and 15 second three pole
reclosure. This corresponds to the 3@-D switch setting. Open SW3 within two
seconds. Reset the distance relay targets.

Apply a third pulse of test current before the reset time expires and again
simultaneously close SW3. Verify that the recloser immediately goes to lockout.
The distance relay should again indicate a three pole trip.

Open SW3, reset the distance relay targets, and reset the recloser. Return the
30 toggle switch on RLM1O1l to the left.

J4. Automatic Reclosing: One Attempt

De-energize the test circuit, remove the RTM101 module, and move the delay link
to the NO DLY position. Reinsert the module and reapply power. Apply a pulse of
test current and simultaneously close SW2. Verify a single pole trip and five

second single pole reclosure. Open SW2 within two seconds. Reset the distance
relay targets.

Apply a second pulse of test current and simultaneously close SW3. Verify that
thr recloser immediately goes to lockout. The distance relay should again indicate
a three pole trip.

Open SW3 and reset the distance relay targets. De-energize the test circuit,
remove RTM101, and return the 1ink to the DLY position.
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J5. External Blocking of Reclosing

Close SW4 in the test circuit thereby simulating the operation of an external
BLOCK RECLOSE contact. Apply a pulse of test current and simultaneously close SW2.
The OPN LED should Tight and the distance relay should indicate a single pole trip.
Verify that the OPN LED remains 1it for the single pole reclosing time (set for 5
seconds). The recloser should go into lockout at the end of the reset time (set for
60 seconds). It is important to note that the reclosing contacts do not close at
any point (the RECLOSE IN PROGRESS contacts between terminals CC13 and CCl4 should
close while the OPN LED is T1it).

De-energize the test circuit, remove the RLM101 module, and move the two HOLD
1inks to the IN position. Reinsert the module and reapply power. Again close SW4,
apply a pulse of test current, and simultaneously close SW2. The distance relay
should indicate a single pole trip, and the OPN LED should 1light and remain 1lit
beyond 5 seconds. Before the reset time expires, open SW4 and verify that the pole
A reclosing contacts (DAl, DA2) close immediately. Open SW2 within two seconds.

De-energize the test circuit, remove RLM101l, and return the HOLD Links to the
OUT positions.

J6. Manual Reclosing

Close SW2 and then momentarily depress push button SW5 which simulates an
external manual close contact. Verify that the pole A reclosing contacts (DAl, DA2)
close immediately and that the OPN LED Tights. Open SW2 within two seconds.

To test the fail-to-close logic, repeat the above test but do not reopen SWZ2.
The recloser should go to lockout two seconds after the reclosing attempt, and the
distance relay should trip three pole.

Reset the recloser using SW6 1in the test circuit rather than the RESET
pushbutton on the RLMIOl module. Close SW3, and again depress SW5 momentarily.
Verify that all three reclosing contacts close immediately and that the OPN LED
lights. Open SW3 within two seconds.

De-energize the test circuit, remove the RLM101 module, and move the MANUAL
CLOSE Tink to the NORM position. Reinsert the module, apply power, and close SW2.
Momentarily depress SW5 and verify that the pole A reclosing contacts remain open
and that the OPN LED does not light. Immediately open SW2. Before the reset time
expires, attempt an automatic reclosure by applying a pulse of test current (SW1)
and simultaneously closing SW2. Verify that the reclosing contacts remain open and
that the OPN LED does not light. Recall that automatic reclosing is blocked for the
duration of the reset time following a manual close. The distance relay should
indicate a single pole trip.

J7. Zone One Extension

De-energize the test circuit and set the system for the zone one extension
scheme by removing the DTM10l1 module and closing LOGIC switch D. Reinsert the
module. In addition, change the reach of zone one from ten ohms to seven ohms (five
amp relay) or from 50 ohms to 35 ohms (one amp relay) by re-positioning the I
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switches on the DIM101 module. The Iy switches on the DVM10l module should be set
for 1.5, as specified earlier in Table IX.

Reapply power and check that the test current is still 1.2 amperes (five amp
relay) or 0.24 amperes (one amp relay). The current level is critical in this test.
Reset the distance relay targets and reset the recloser, using either the RESET
pushbutton on RLM101, or SW6 in the test circuit.

Apply a pulse of test current through SW1 and simultaneously close SW2. Verify
a single pole trip and five second single pole reclosure. Open SW2 within two
seconds Reset the distance relay targets but do not reset the recloser.

Before the reset time expires, apply a second pulse of test current and verify
that the distance relay does not trip. The yellow PA phase selector LED should
bTink as current is momentarily applied, but the relay should not trip because the
extended zone one has been "pulled back" following the first reclose attempt. Note
that the recloser does not operate because there has been no trip.

Close SW7 in the test circuit. This provides an external PULL BACK EXTENDED
ZONE 1 signal. Apply a pulse of test current through SWl and verify that the
distance relay does not trip. Again, the yellow @A phase selector LED should blink
as current is momentarily applied. Note that the recloser does not operate.

De-energize the test circuit, remove DTMI101, and return the system to the
stepped distance scheme by opening LOGIC switch D. Reinsert the module and return
the zone one reach to ten ohms (five amp relay) or 50 ohms (one amp relay) by
adjusting the I switches on DIM1O1.

J8. Recloser Out-of-Service

Reapply power and move the ON/OFF switch on the RLM10l1 module to the OFF
position. Verify that the red OFF LED on the same module 1lights. The contact
between terminals CD12 and CD13, which was open, should now close, and the contact
between terminals CD13 and CD14, which was closed, should now open. Apply a pulse
of test current through SW1 and verify that the distance relay trips three pole.
This is a result of the recloser being out-of-service. Also verify that the
reclosing contacts remain open.

K. Directional Comparison Blocking Tests (optional)

Insert all three interconnection cables. Remove the DTM10l module and set the
relay for the directional comparison blocking scheme by closing logic switches A and
B. The SEND and CHSP 1links should be left in the normal position but the RCVR link
should be placed in the INV position.

K1. Reach Tests for MB Blocking Units

Connect the distance relay according to the test circuit shown in Fig. 67.
This is similar to the test circuit for the single phase to ground reach tests,
except the current is applied in the reverse direction. It is not necessary to
connect the timer for this portion of the tests. Leave SW2 open.
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Apply a voltage of V1 = 60 volts to the phase under test and apply normal line-
to-neutral voltage (69 volts) to the other two phases. Apply a single phase current

of It = 7 amperes (five amp relay) or 1.4 amperes (one amp relay) to the phase under
test.

Vary the phase angle between I and V1 (IT lagging) until the MB unit picks up,
indicated by the closure of the KEY TRANSMITTER contact between terminals ABl and

AB2. This should occur at an angle between 28 and 44 degrees. Record this angle as
A7.

Continue to increase the phase angle until the MB unit drops out (KEY
TRANSMITTER contact opens) and then back up slightly to the point where the unit
just picks up. This should occur at an angle between 106 and 122 degrees. Record
this angle as Ag.

Calculate the characteristic angle of the MB unit as follows:
A7 + Ag

MB Unit Characteristic Angle = 5

This angle should fall between 72 and 78 degrees.

Now adjust the phase angle between IT and V1 to 75 degrees (I lagging), and
lower the current to the point where the MB unit just picks up. This should occur

between 5.2 and 5.7 amperes (five amp relay) or between 1.04 and 1.14 amperes (one
amp relay).

Conduct the above tests for all three phase pairs.

If it is desired to check the reach of the MB units for conditions other than
those specified above, use equation 1 (page 102), substituting Img for Ig.se1 and Zg
for Zp.

K2. Zone Five Timer Tests

De-energize the test circuit, remove the DBM10l module, and set the zone five
timer to 6.4 seconds. The infinity switch must now be closed. Reinsert the module
and connect the timer into the test circuit.

Adjust the variable auto-transformers so that the test current and voltage are
sufficient to pick up the MB unit when SW1 is closed. It 1is advisable to use a
current which exceeds the pickup current by a significant margin to insure
operation. Check that the ON/OFF switch on the RLM101 module is in the OFF position
to disable reclosing.

Close SW1 and measure a trip time of 6.4 seconds (within three percent).
Repeat for each of the three phases.

If it is desired to check the zone five timer at settings other than 6.4

seconds, readjust the setting switches within the DBM101 module and repeat the
timing test. Open the infinity switch in DBM10l when the tests are completed.
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K3. Scheme Tests (Tripping and Blocking Action)

To test the ability of the relay to trip and block in the directional
comparison blocking mode, it is necessary to reverse the current inputs shown in
Fig. 65 so that the fault now appears in the forward direction. Using phase A as a
reference, this is accomplished by connecting the lead Tlabelled "Z" to TP13A or BD4,
and by connecting the lead labelled I to TP7A or BDl. The voltage inputs should be
as indicated in the table for phase A. It is not necessary to connect the timer for
this portion of the tests. Set the distance relay as follows:

Switch Location Setting
Zp (1 amp relay) DSM101 60 ohms

(5 amp relay) . 15 ohms
I (1 amp relay) DIM101 20 ohms

(5 amp relay) . 4  ohms
111 DVM101 2.0 x 71
071, 97 DFM101, 102 75 degrees
Ko DIM101 4

Adjust the variable auto-transformers so that Vi = 40 volts and IT will be 3
amperes (five amp relay) or 0.6 amperes (one amp relay) when SW1 is closed.

With SW2 open, apply current by closing SW1. Verify a three pole channel trip
(with the recloser out-of-service, all trips will be three pole), indicated by the
lighting of the A, B, C and CH LEDs on DLMIO1l, and the closure of the CHANNEL TRIP
contacts between terminals AB5 and AB6. The STOP TRANSMITTER contacts between
terminals AB3 and AB4 should also close while current is applied.

Remove current and close SW2. This simulates the receipt of a blocking signal
from the remote terminal. Reset the targets and reapply current. Verify that the
relay does not trip. The STOP TRANSMITTER contact between terminals AB3 and AB4,
however, should still close while current is applied.

Remove current, open SW2, and move the NO CH TRIP switch on the DTM101 module
to the right. Reapply current and again verify no trip. As before, the STOP

TRANSMITTER contact should close. Remove current and return the NO CH TRIP switch
to the Teft.

De-energize the test circuit, remove the DTM10l module, and open logic switches
A and B in order to return the relay to the stepped distance mode. Also return the
RCVR Tink to the normal position.

L. Non-Directional Ground Time Overcurrent Tests (Optional

L1. Pickup Current Check

Insert interconnection cable PL-1. Connect the SLS according to the test
circuit given in Fig. 67. It is not necessary to connect the timer at this point.
Close SW1 and increase the current slowly from zero until the yellow I LED on the
CTM module just Tlights. The current should be within five percent of 0.5 amperes
(five amp relay) or 0.1 amperes (one amp relay) because the Ig tap setting is 0.1 X
In. The current pickup may be checked at other tap values if desired.

120



GEK-86044

L2. Time Checks

Adjust the variable auto-transformer so that Igp will be twice the pickup
current when SW1 is closed. Connect the timer and close SW1. Verify a three pole
trip after a delay of approximately ten seconds (refer to the time curves in Fig.
81). The normally open contact between terminals CAl and CA2 should close, and the
normally closed contact between terminals CA2 and CA3 should open at the time of the
trip, and remain open so long as current is still applied. The red Iy> LED on the
CTM module should 1light and Tatch in, along with the A, B and C trip targets on the
DLMI1OI module.

Remove current and reset the trip targets via the pushbuttons on the CTM and
DLM101 modules. Repeat the time tests for varying multiples of pickup current and
different TM time dial settings, as desired, to verify the time curves given in
Fig. 81.

M. Directional Ground Time Overcurrent Tests (optional)

M1. Pickup Current Check (with Current Polarization)

Insert interconnection cable PL-1. Connect the SLS according to the test
circuit given in Fig. 68. It is not necessary to connect the timer at this point.
Adjust Ipg_ to 1.0 amperes (five amp relay) or 0.2 amperes (one amp relay). Close
SW1 and adjust the phase shifter so that Ipg. and Igp are in phase. Increase Igp
slowly from zero until the yellow >Ig LED on the %DM module just 1lights. The
current (Igp) should be within five percent of 0.5 amperes (five amp relay), or 0.1
amperes (one amp relay) because the Ig tap setting is 0.1 x Iy. The current pickup
may be checked at other tap values, if desired.

M2. Time Checks (with Current Polarization)

Maintain Ipg_ as above to enable the pickup level detector. Connect the timer
and conduct the time checks, as described in the previous section (Non-Directional
Ground Time Overcurrent Tests).

M3. Current Polarization Test

Leave the SLS connected according to Fig. 68. The timer may be disconnected.
Apply Ipp = IpgL = 5 amperes (five amp relay), or 1 ampere (one amp relay), in
phase. The unit should trip (yellow >Ig and red Iy> LEDs on the CDM module both
Tight). Adjust the phase shifter and verify that the yellow >Ig LED goes out when
the angle between the two currents reaches 90 degrees (plus or minus four degrees).
The directional unit is now blocking operation of the pickup level detector in the
ground time overcurrent unit. Repeat to cover both a leading and lagging phase
shift. The red IN> LED will remin 1it, because it is latched-in.

M4. Voltage Polarization Test

Connect the SLS according to the test circuit given in Fig. 69. Apply
vpoL = 69 volts, and Ipgp = 5 amperes (five amp relay) or 1 ampere (one amp relay)

Tagging Vpgr by 15 degrees. This is the setting on the voltage polarization link
within the CDM module. Verify a trip. Increase the phase shift and verify that the
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yellow >I§ LED goes out when the angle reaches 90 + 15 = 105 degrees lagging (plus
or minus four degrees).

Repeat with Ipg 1leading Vpg_. The cut-off point should now be 90 - 15 = 75
degrees leading (plus or minus four degrees). This test may be conducted using the
other three angle settings (30, 45, 60) of the voltage polarization link in the CDM
module, if desired.

N. Synchronism Check Tests (optional)

Recloser Supervision Tests

In order to test the capability of the SVM10l module to permit and to block
reclosing, connect the SLS system according to the test circuit shown in Fig. 63.

Interconnection cable PL-1 must be inserted for this test. Set the distance relay
as follows:

Switch Location Setting
Zp (1 amp relay) DSM101 75 ohms

(5 amp relay) " 15 ohms
I (1 amp relay) DIM101 50 ohms

(5 amp relay) . 10 ohms
071, Pig DFM101, 102 75 degrees
Ko DIM101 4

Adjust V1 to 20 volts. With pushbutton SW1 closed, adjust I7 to 1.7 amperes
(five amp relay) or 0.24 amperes (one amp relay). This is sufficient to cause a
zone one trip. Release the pushbutton and reset the targets. Also reset the
recloser by depresing the RESET pushbutton on the RLM101 module.

Move the 3@ toggle switch on RLMIO1l to the right. Apply a pulse of test
current and simultaneously close SW3. Verify a three pole trip and nine second
three pole reclosure. Open SW3 within two seconds thereafter. Reset the distance
relay targets. The recloser should operate as described herein because no
connections have been made to the sync check bus and line voltage inputs. They
therefore both register as dead, and the SVM10l module is set to permit reclosing
under dead line, dead bus conditions.

Reset the recloser by depressing the RESET pushbutton onthe RLM101 module.
Move the DLDB switch to the left and the SYNC CK switch to the right on SVM101.

Again apply a pulse of test current and simultaneously close SW3. Verify
another three pole trip but this time verify that there is no reclosure (the
reclosing contacts should not close at any point). After nine seconds the red N/S
LED on the RLM10l module should Tight. This indicates that the reclosing attempt
has been blocked by the synchronism check module. In the SYNC CK mode, live line
and bus voltages are required to permit reclosing. As mentijoned above, with no
connections to their inputs, they both register dead and hence reclosing is blocked.
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TEST NOTE:

The preceding tests verify the ability of the synchronism check module to work
in conjunction with the recloser. With that established, it is recommended that the
remaining tests monitor only the output of the SVM module so as to avoid repeated
runs through the reclosing sequence. The test circuits and procedures described
subsequently follow this approach.

Voltage Level Tests

Connect the SLS according to the test circuit given in Figure 70.
Interconnection cable PL-1 must be inserted. The SVM module should be removed, a
card extender inserted, and the module reinserted into the card extender. This is
done for the purpose of viewing the three red LEDs within the SVM module. Remove
the RLMIOl module altogether in order to preclude operation of the recloser.

Apply the line and bus voltages and adjust Vpyg and Viine while watching red
LED TL3 (closest LED to bottom edge of board). When this LED is 1it, reclosing is
permitted; when it is out, reclosing is blocked. Check the thresholds for each mode
of operation. To check the thresholds at other than 20 and 80 percent (dead and
live, respectively), the setting switches within the module need to be adjusted.

TL3 should be 1it only when:

1. LLDB a) Vyjpe is above 55 volts and
b) Vpys is below 14 volts

2. DLLB a) Vyjpe is below 14 volts and
b) Vpys is above 55 volts

3. DLDB a) Vyine is below 14 volts and
b) Vpys is below 14 volts

Angle Tests

Connect the SLS according to the test circuit of Fig. 71. Interconnection
cable PL-1 should remain inserted, SVM should remain on a card extender and RLM101l
should still be out.

Place the SVM module in the SYNC CK mode. With SW1 closed, adjust Vp,s and
Viine to 69 volts each. Wait approximately 20 seconds for the circuit to stabilize,
then vary the angle between the two voltages (test angle) with the phase shifter.
When the angle is less than the setting (plus or minus 30 degrees), TL3 should be
1it and TL1 should be out. When the angle exceeds the setting, TL3 should go out
and TL1 should light. Other settings may be checked if desired. In order to avoid
activating the Tow set slip detector, the test angle should never be rotated to or
beyond 90 degrees either side of zero.

"Dead Time" Timer Tests

With the angle on the SVM module set to 30 degrees, adjust the applied test
angle to 20 degrees and then allow 20 seconds for the circuit to stabilize. Open
SW1 and close it in less than three seconds (dead time setting). Verify that TL1
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1ights and TL3 goes out when SW1 is open, and that the pattern reverses almost
immediately when SW1 is closed (actually 167 milliseconds after; the delay of the
high set slip detector). TL2 should not light during this test sequence.

Repeat the above test, but this time wait longer than three seconds before
closing SWl. When SW1 is closed, verify that TL1 goes out and TL2 Tlights
immediately, but TL3 remains out. Approximately 13 seconds Tater, TL2 should go out
and TL3 should light concurrently, corresponding to the time delay of the Tow set
slip detector. This verifies that the "dead time" timer has switched the
synchronism check circuit out of the high speed mode.

Low Set Only Operation

Move the LOW SET ONLY miniature switch in the SVM module towards the bottom of
the board. Leave the angle setting at 30 degrees and the applied test angle at 20
degrees. Again open SW1 and close it in less than three seconds. Verify that TL1
and TL2 light when SW1 is open (TL3 goes out), and that only TL1 goes out initially
when SW1 is closed (TL3 remains out). Approximately 13 seconds later, TL2 should go
out and TL3 should light concurrently. This time the circuit has been taken out of
the high speed mode by the LOW SET ONLY switch. Return this switch to its normal
position (towards top of board).

Slip Test

With the angle setting still at 30 degrees, the applied test angle still at 20
degrees, and SW1 closed, allow another 20 seconds for stabilization. TL3 should be
the only LED Tit. Now swing the test angle from 20 to 200 degrees in ten seconds or
less to simulate a slip condition. When the angle exceeds 30 degrees, TL1 should
light and TL3 should go out. When the angle reaches 180 degrees, TL2 should 1light
because the test angle has swung through one full quadrant (909 to 1800) in less
time than allotted by the low set slip detector, T g, where:

TLs = % x = =1y L <125 seconds

s 4 .02

Thus, the synchronism check circuit interprets this test as a slip condition in
which the sTip frequency is exceeding the low slip cut-off (.02 hertz) and gives an
output accordingly (TL2 lights).

If the angle is left at 200 degrees, TL2 should go out 12.5 seconds after
crossing through 180 degrees, but TL1 should remain 1it and TL3 should remain out.

Return the test angle to 20 degrees, and again allow 20 seconds for
stabilization. TL3 should be the only LED 1it. Now slowly swing the test angle
from 20 to 200 degrees so that it traverses the 90 to 180 degree span in greater
than 12.5 seconds. Again, TL1 should Tight and TL3 should go out when the angle
exceeds 30 degrees. However, since the simulated slip is slower than the cut-off,
TL2 should not 1light at any point.
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PERIODIC TESTS (Post Installation)

It is recommended that a periodic test program be developed which checks all of
the SLS functions employed in the protective scheme under consideration. It is left
to the user's discretion to choose from among the Acceptance Tests, given in the

previous section, those which are applicable as Periodic Tests for a particular
installation.

Additional Test Equipment

The post-installation tests described herein require the following test
equipment in addition to that Tisted for the acceptance tests:

Six 1.2K ohm resistors (1 watt or greater)
Six DC voltmeters (30 volts or greater)
Three card extenders (GE #0138B7406G1)

One set of XTM test plugs (XTM28L1 and XTM28R1) - described below

XTM TEST PLUGS

Description

The XTM test plugs are designed specifically for post-installation testing of
the SLS system. There are two plugs; XTM28L1 (left-hand plug) and XTM28R1 (right-
hand plug), each providing access to fourteen relay and fourteen system points. The
system points are located on the outer edge. The plugs are keyed by the contact
finger arrangement so that there may be no accidental interchange between the left-
hand and right-hand plugs.

The plugs are fitted with a sliding handle which swings out to facilitate
wiring to the terminals. The terminals consist of number 8 screws threaded into
flat contact plates. The handles each have a tab on the outside edge to guide the
wire dress of the test leads.

Not all of the external connections to the SLS are wired through the test
receptacle for accessibility via the test plugs. Only those signals which are
required for testing have been selected, as listed below:

AC Current Inputs
AC Voltage Inputs
DC Control Power

Qutput Tripping Contacts
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Terminal Designation

The test receptacle and connection plugs are located to the Teft of the
magnetics module (extreme Teft-hand position). Their terminals are labelled 1
through 28 with 1 through 14 corresponding to the left-hand side and 15 through 28
corresponding to the right-hand side. These points are designated on the elementary
diagram (Fig. 82) and test circuit diagrams (Fig. 48 through 71) as TP1A through
TP28A for the distance relay (case A) and TP1B through TP288 for the recloser and
options (case B).

The left-hand test plug (XTM28L1) terminals are labelled 1R through 14R and 1S
through 14§ for the relay side and system side, respectively, with the system side
labelled in red. Similarly, the right hand test plug (XTM28R1) terminals are
Tabelled 15R through 28R and 15S through 28S.

XTM Test Circuit Connections

Test circuit connections, designated as TP points in the diagrams, should be
made to the relay side of the test plug. Where it is desired to use available
system quantities for testing, e.g., DC control power, jumpers may be inserted
between the corresponding system side and relay side test plug terminals.
Appropriate precautions should be taken when working with station battery DC.

Connections should be made to the test plugs prior to insertion into the SLS.
As mentioned earlier, wiring is facilitated by the slide-out, swing-away handles.

Test Plug Insertion

To insert the test plugs, the two connection plugs must first be removed. In
so doing, electrical continuity is broken between the power system and the SLS for
those signals which are wired through the test receptacle (refer to TP points on
elementary diagram, Fig. 82). For the terminals connected to the current
transformer secondaries, shorting bars are included on the system side of the test
receptacle. These are clearly visible through the transparent plastic face plate on
the receptacle. The shorting bars make contact before the connection plug contacts
break during removal, so that the CT secondaries are never open-circuited.

Both test plugs may be inserted at the same time. Otherwise, if using only one
test plug, the connection plug may remain in the other half of the receptacle.

When the test plugs are inserted into the receptacle, the power system remains
isolated from the SLS insofar as the test signals are concerned.

WARNING

IT IS CRITICAL THAT JUMPERS BE INSERTED ON THE SYSTEM SIDE TEST
PLUG TERMINALS WHICH ARE CONNECTED TO THE CT SECONDARIES.

IF THESE JUMPERS ARE INADVERTENTLY LEFT OUT, THE RESULTING HIGH
VOLTAGES DEVELOPED PRESENT A SERIOUS HAZARD TO PERSONNEL AND MAY
SEVERELY DAMAGE CONNECTED EQUIPMENT.

Again refer to the elementary diagram (Fig. 82) for the proper TP points.
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DC Disconnect

The primary DC control power feeding the power supply module (PSM) may be
disconnected by removing either connection plug in the distance relay case (case A,

far left positions). It may also be disconnected by removing the distance relay
magnetics module.

Connections and Procedural Notes for Post Installation Tests

The procedures described for the acceptance tests ("bench-top") may also be
used for periodic testing (post-installation) so long as steps are taken to isolate
the pertinent inputs and outputs from the connected power system. The XTM test
plugs serve this purpose for the basic functions, but special measures must be taken
for certain auxiliary and alarm functions. These measures include the removal of
selected modules and the use of card extenders.

Subsections A through N following, together with their corresponding Acceptance
Test subsections, constitute the periodic test instructions for each of the SLS
functions. If the test circuits and notes given therein are followed, it is not
necess?r{ to disturb the external connection wiring or remove the interconnection
cables(s).

It is recommended that the RLM101 and RTM10l1 modules be removed in tests A
through I to prevent recloser operation. In addition, the DOM201 module must be
removed to isolate the breaker failure initiation circuits.

Jumpers and switches are used on the card extenders to simulate the closure of
external contacts. Resistor/voltmeter combinations are used to monitor driver
signals for board mounted auxiliary relays as follows:

"Bench-top" Test Post-Installation Test
Relay de-energized, contact open Voltage across resistor: 0 VDC
Relay energized, contact closed Voltage across resistor: 20-30 VDC

Using these methods, the contact converters (inputs) and auxiliary relays
(outputs) are by-passed.

WARNING

CAUTION MUST BE EXERCISED WHEN A CARD EXTENDER IS INSERTED IN AN
ROM101, DOM201 OR PSM MODULE POSITION SINCE STATION BATTERY
POTENTIAL WILL LIKELY BE PRESENT ON CERTAIN POINTS. FAILURE TO
OBSERVE THIS WARNING MAY RESULT IN PERSONAL INJURY OR DAMAGE TO
THE EQUIPMENT.

If the complete modular relay is to be tested without extracting any of the
individual modules (RLM, RTM, DOM), the following should be noted.
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When testing the modular relay, only the trip circuits can be isolated from the
system logic using the XTM test plugs. A1l other output contacts remain connected
to the system and may function, depending upon the test being performed. To avoid
an undesired system operation, disenable or disconnect the appropriate leads from
the modular relay terminals. After testing is complete, be sure to enable and
reconnect all leads that were removed.

A. Single Phase to Ground Reach Tests and, B. Fuse Failure Detector Test

Bench-top Test - Fig. 48
Post-Installation Test - Fig. 49

Function Contact Terminals (Fig. 48) Test Plug Terminals (Fig. 49)
Trip Pole A BB1-ACl4 TP2A-TP25A
Trip Pole B BB5-AD12 TP4A-TP27A
Trip Pole C BB9-AD14 TP6A-TP23A
Function Contact Terminals (Fig. 48) Resistor/Voltmeter (Fig. 49)
Oscillograph Start ACl -AC2 R1
Fuse Failure AC7 -AC8 R2
BFI AC13-AC14* R3
"A" Phase Selector AB9 -AB10O R4
"B" Phase Selector AB11-AB12 R5
"C" Phase Selector AB13-AB14 R6
Zone 1 Trip AD1 -AD? R7

*Included in series combination with Trip Pole A contacts

Notes:

1) Remove DOM201, RLM101 and RTM10l1 modules
2) Place DLM101 module on a card extender
3) Place DMM101 -module on a card extender

C. Phase-to~-Phase Reach Tests

Bench-top Test - Fig. 50
Post-Installation Test - Fig. 50 (same)

D. Zone Switching Time Tests

Bench-top Test - Fig. 51
Post-Installation Test - Fig. 52

Function Contact Terminals (Fig. 51) Resistor/Voltmeter (Fig. 52)
Zone 1 Trip AD1-AD?2 R1

Zone 2 Trip AD3-AD4 R2

Zone 3 Trip AD5-AD6 R3

Zone 4 Trip AD7-AD8 R4

Enable Reclosing AB7-AB8 R5
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Notes:

1) Remove DOM201, RLM101 and RTM101 modules
2) Place DLM10l1 module on a card extender
3) Place DTM101 module on a card extender

Qut-of-Step Blocking Test (Three Phase Condition)

Bench-top Test - Fig. 53
Post-Installation Test - Fig. 54

Function Contact Terminals (Fig. 53)
Qut-of-Step Block AC5-AC6
Notes:

1) Remove DOM201, RLM101 and RTM101 modules
2) Place DMM101 module on a card extender

Resistor/Voltmeter (Fig.54)

R1

Qut-of-Step Blocking Tests (Phase-to-Phase Condition with One Pole Open)

Bench-top Test - Fig. 55
Post-Installation Test - Fig. 56

Function Contact Terminals (Fig. 55)
Out-of-Step Block AC5-AC6
Notes:

1) Remove DOM201, RLM10Ol1 and RTM10l1 modules
2) Place DMM10l1 module on a card extender
3)

Resistor/Voltmeter (Fig.56)

R1

Insert blank card extender in right-hand position of DOM201

Line Pickup Tests

Bench-top Test - Fig. 57
Post-Installation Test - Fig. 58

Notes:

1) Remove DOM201, RLM101 and RTM101 modules

2) Insert blank card extender in right-hand position of DOM201

Pilot Scheme Tests

Bench-top Test - Fig. 59
Post-Installation Test - Fig. 60

Function Contact Terminals (Fig. 59)
Key Transmitter AB1-AB?2
Channel Trip AB5-AB6
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Notes:

1) Remove DOM201, RLM101 and RTM101 modules
2) Place DTM101 module on a card extender
3

) Insert blank card extender in left-hand position of DOM101

Tests for Auxiliary Functions Requiring Contact Inputs

Bench-top Test - Fig. 61
Post-Installation Test - Fig. 62

Notes:

1) Remove DOM201, RLM101 and RTM101 modules

2) Insert blank card extender in right-hand position of DOM201

Reclosing Tests

Bench-top Test - Fig. 63
Post-Installation Test - Fig. 64

Function Contact Terminals (Fig. 63)
Close Pole A DA1-DA2
Close Pole B DA3-DA4
Close Pole C _ DA5-DA6
Reclose Operation CC13-CC14

in Progress
Recloser in Service

Notes:

Remove DOM201 and ROM101 modules

QT W

CD12-CD13-CD14

Remove MGM module in case B (recloser case)

Insert blank card extender ROMIOl position

|
) Place RLM101 module on a card extender
)
) Insert blank card extender in right-hand position of DOM201

Resistor/Voltmeter (Fig. 64)

R1
R?
R3

R4
R5

Directional Comparison Blocking and Zone 5 Tests (Optional)

Bench-top Test - Fig. 65
Post-Installation Test - Fig. 66

Function Contact Terminals (Fig. 65)
Key Transmitter AB1-AB2
Stop Transmitter AB3-AB4
Channel Trip AB5-AB6
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Notes:

1) Remove DOM201 module

2) Place DTM101 module on a card extender

3) Insert blank card extender in left-hand position of DOM101
L. Non-Directional Ground Time Overcurrent Tests (Optional)

Bench-top Test - Fig. 62

Post-Installation Test - Fig. 62 (same)

Notes:

1) Remove DLM10l module. This prevents the distance relay from tripping
during these post-installation tests. Operation of the GTOC unit should
be monitored by watching the LEDs on the CTM module only

2) Output alarm contact (type "C") may be isolated during post-installation
tests only by removing connections to terminals CAl, 2, 3. This contact
will operate during these tests.

M1, 2, 3. Directional Ground Time Overcurrent Tests
Using Current Polarization (Optional)

Bench-top Test - Fig. 63

Post-Installation Test - Fig. 63 (same)

Notes:

1) Remove DLM1O1 module. This prevents the distance relay from tripping
during these post-installation tests. Operation of the GTOC unit should
be monitored by watching the LEDs on the CDM module only

2) Output alarm contact (type "C") may be isolated during post-installation
tests only by removing connections to terminals CAl, 2, 3. This contact
will operate during tests.

M4. Directional Ground Time Overcurrent Tests

Using Voltage Polarization (Optional)

Bench-top Test - Fig. 64
Post-Installation Test - Fig. 64

Notes:

1)

2)

Remove DLM101 module. This prevents the distance relay from tripping
during these post-installation tests.

Output alarm contact (type "C") may be isolated during post-installation
tests only by removing connections to terminals CAl, 2, 3. This contact
will operate during these tests.
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SPECIFICATIONS
GENERAL
Rated Frequency e 50 or 60 hertz
Rated Voltage e 110V at 50 hertz
e 120V at 60 hertz
Rated Current e Iy = 1 or 5 amperes
DC Control Voltage ® 48V range: 34 to 60 volts
e 110-125V range: 88 to 156 volts
e 220-250V range: 176 to 300 volts
Minimum Operating Current e 0.15 x Iy
Maximum Permissible Currents
Continuous o 2 x Iy
Three Seconds o 50 x Iy
One Second e 100 x Iy
Maximum Permissible AC Voltage
Continuous e 2.0 x rated
One Minute ® 3.5 x rated
Ambient Temperature Range
For Storage ® -40 to +65 degrees C
For Operation e The SLS1000 has been designed for contin-

uous operation between -20°C and +559C
per ANSI Standard C37.90. In addition,
the SLS will not malfunction nor be
damaged by operation at temperatures

up to +659C.
Insulation Test Voltage e 2 kV 50/60 hertz, one minute
Impulse Voltage Withstand ® 5 kV peak, 1.2/50 milliseconds, 0.5 joule
Interference Test Withstand e 1 MHz, 2.5 kV peak Tongitudinal mode, 1

kV peak transverse mode, decay time of 3
to 6 cycles to % value, rate of
repetition 500/second.

Burdens
Current Circuits e 0.03 ohm / 2 degrees, Iy = 5 amps
e 0.04 ohm / 8 degrees, Iy =1 amp
Voltage Circuits e 0.2 VA / 49 degrees, 60 hertz
e 0.024 VA / 48 degrees, 50 hertz
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DC Battery (for Power Supply
and Telephone Relays)*

48 VDC

110-125 vDC
220-250 vDC

*Distance relay without options
DC Battery (for Contact Converters)
48 vDC
110-125 vDC
220~250 VDC

Contact Data

Trip Outputs

Auxiliary Qutputs
(including Alarms)

Channel Control Contacts

DISTANCE RELAY

Features
Single Pole or Three Pole Operation

Number of Zones
Scheme Logic Selection

(Field Programmable)

Power Swing Blocking
Characteristic

Normal Tripped**
7.0 watts 32.0 watts
8.5 watts 32.5 watts

12.5 watts 39.0 watts

**3 Pole zone 1 channel trip w/all
targets 1it

illiamperes each
7 milliamperes each
1 milliamperes each

1.6 m
1.5-1
1.9-2

e Continuous rating = 3 amperes

e Make and carry for tripping duty (per
ANSI C37.90) 30 amps

Break 180 VA resistive at 125/250 VDC
Break 60 VA inductive at 125/250 VDC

Continuous rating = 3 amperes

Make and carry for 30 seconds 5 amperes
Break 25 watts inductive at 125/250 VDC
Make and Carry continuously 20 watts
Maximum of 250 volts or 0.5 amp

10 watts
250 VDC maximum
e 0.5 amp maximum

e Four zones are standard (includes the
phase selector)
® Reverse Zone Five (optional)

Stepped distance

Zone-1 extension

Zone-2 acceleration

Permissive Underreach Transfer Trip
Permissive Overreach Transfer Trip
Directional Comparison Blocking
(optional)

[« WS RE NNV

e Reach adjustment equal to third zone
setting (1200 lenticular characteristic)
16 to 31 millisecond swing timer
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Voltage Transformer Fuse o No setting required
Failure Detection Pickup on negative sequence voltage in
absence of negative sequence current

Line Pickup e Three pole trip with undervoltage
(less than 1.5 percent) and overcurrent
(greater than 2.5 per unit) during 128
millisecond interval after reclosing
External Blocking of Tripping

Remote Target Resetting

Operating Characteristics - Main Measuring Unit
and Permissive Zone Measuring Unit

Three-phase faults, phase-to- e Variable mho characteristic
phase and double-phase-to- Integrating action with 120 degree base
ground
Single-phase to ground ¢ Reactance or variable mho (field
selectable).

Integrating action with 90/135 degree
base (may be delayed by 10 to 390
milliseconds).

Operating Characteristics - Phase Selectors and Optional MB Units

All Types of Faults e Variable mho characteristic
(one unit per phase) Circular (90 degrees) or Lenticular

(105 degrees) characteristic, selectable
Undercurrent Supervision e 0.15 per unit (establishes sensitivity)
Directional Unit Supervision e Operates on negative sequence voltage
(single phase-to-ground and current quantities
faults only) Compensated reach of 2.4 ohms (5 amp relay)

12 ohms (1 amp relay)
Reach Setting Ranges

Mho Type Phase Selectors

For Iy = one amp ® 20 to 515 ohms in 5 ohm steps
For Iy = five amps ¢ 4 to 103 ohms in 1 ohm steps
MB Blocking Unit (optional) ® Range same as phase selector range
Zone Measuring Elements
Zone-1 e 0.5 to 50 ohms in 0.05 ohm steps for
Iy =1 amp
e 0.1 to 10 ohms in 0.01 ohm steps for
Iy = 5 amps

134



GEK-86044

Extended Zone-1 o 1 to 2 x zone-1 setting in 0.05 multiple
steps.

Zone-2 o 1 to 5 x zone-1 setting in 0.05 multiple
steps

Zone-3 (also permissive zone) o 1 to 20 x zone-1 setting in 0.1 multiple
steps

Zone-4 o Setting equal to phase selector reach
setting

Reverse Zone-5 (optional) e Setting equal to MB unit reach setting

Angle Setting Ranges

Positive Sequence Impedance ® 40 to 80 degrees in five degree steps
Characteristic Angle

Zero Sequence Impedance ¢ 10 to 40 degrees in ten degree steps
Characteristic Angle 40 to 80 degrees in five degree steps

Zero Sequence Compensation e Ko = Zg/Z1, Kgp = 2 to 7 in 0.05 steps

Operating Times

Refer to Fig. 72 through 74 (constant Zs/Z curves) or
Fig. 75 through 81 (constant time curves)

NOTE: These curves pertain to 60 hertz operation using PT inputs
For 50 hertz operation, the operating time is increased by
up to 20 percent.

For CVT inputs, add two millisconds to the 60 hertz times;
2.4 milliseconds to the 50 hertz times.

Zone Timers

Zone-2 e 0.01 to 0.99 second in 0.0l second steps
e 0.1 to 9.9 seconds in 0.1 second steps
(may be disabled)

Zone-3 e 0.01 to 0.99 second in 0.01 second steps
e 0.1 to 9.9 seconds in 0.1 second steps
(may be disabled)

Zone-4 (Phase Selector) 0.1 to 9.9 seconds in 0.1 second steps
(ma

may be disabled)

Reverse Zone-5
(MB Unit-Optional)

0.1 to 12.7 seconds in 0.1 seconds steps
(may be disabled)
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Coordination Timer
MB Unit Dropout Timer
(optional)
RECLOSER
Features

Mode Selection

Breaker "b" Switch Monitoring
External Blocking of Reclosing

Fail-to-Close Logic

Manual Closing Through Recloser

Hold Feature

Reclosing Attempts to be
Supervised by Sync Check
(optional)

Reclosing Timers

Single and Three Pole Reclose
Timers (independently
adjustable)

GEK-86044

WM

0 to 63 milliseconds in 1 millisecond
steps

2 to 30 cycles in 2 cycles steps

One reclosing attempt, single pole or
three pole, depending on type of trip
One reclosing attempt, single pole only
One reclosing attempt, three pole only
Two reclosing attempts, single pole or
three pole on first, three pole on
second.

Two reclosing attempts, three pole only.

Recloser may be taken out of service

Trips breaker 3 pole and locks out
recloser

Utilizes recloser circuitry and output
contacts. Permits sync check supervision
(optional) on manual closures.

(may be bypassed)

Allows reclosing attempts which are
initially blocked by an external signal
or by sync check (optional) to be
sustained. Reclosing will take place if
the blocking condition clears before the
reset time elapses.

(may be disabled)
Supervision on all 3 pole reclosing

attempts or only on delayed (second shot)
reclosing attempts, selectable.

0.01 to 0.99 second in 0.01 second steps
0.1 to 9.9 seconds in 0.1 second steps
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Delayed Second Reclosure

Dwell Time of Reclosing Contacts

Reset Time

SYNCHRONISM CHECK CIRCUIT (optional)

Angle Adjustment
High Set Slip Cut-off

Low Set Slip Cut-off

Voltage Check (Live)

Voltage Check (Dead)

"Dead Time" Supervision Timer

Nominal Potential Transformer
Secondary Voltage (Phase-
to-Neutral)

GEK-86044

GROUND TIME OVERCURRENT CIRCUIT (optional)

Pickup Current

Time "Dial"

1 to 99 seconds in 1.0 second steps
(may be disabled)

0.25, 0.5, 1.0, 2.0 seconds

1 to 99 seconds in one second steps

1 to 99 degrees in one degree steps
.25 to 2.5 hertz in .25 hertz steps

.01 to .1 hertz in .01 hertz steps
.1 to 1 hertz in .1 hertz steps

65 to 110 percent of nominal in
five percent steps

10 to 70 percent of nominal in
five percent steps

.05 to 3.15 seconds in .05 second steps

57.7, 63.5, 66.4, 69 volts; selectable

10 to 80 percent of nominal in 2 percent
steps

0.05 to 1.0 in 0.025 steps.

IEC 255-4 Type A Curve: See Fig. 83

(BS 142 Normal Inverse Curve)

NOTE: This curve is similar to the GE
Type IAC relay inverse curve

DIRECTIONAL UNIT FOR GROUND TIME OVERCURRENT CIRCUIT (optional)

Dual Polarization

Characteristic Angle for
Voltage Polarization

Using zero sequence voltage and zero
sequence current

15, 30, 45 or 60 degrees; selectable
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ACCURACY
Distance Measuring Units
(Phase Selectors, Main Measuring

Unit, Permissive Zone Measuring,
Optional MB Units)

Zone Timers
Reclosing Timers

DIMENSIONS

Each standard rack mounted unit:

WEIGHT

GEK-86044

Reach: plus and minus five percent of
setting at angle of maximum reach

Angle of Maximum Reach:
three degrees of setting

plus and minus

Plus and minus three percent of setting

Plus and minus three percent of setting

177 millimeters high

484 millimeters wide
(standard 19-inch rack)

359 millimeters deep
(including terminal blocks)

Each standard rack mounted unit weights approximately 15 kilograms net.

LINE OVERLOAD MONITORING RELAY

Level 1 Pickup

Time Delay

Level 2 Pickup

Time Delay

100 to 400 percent of nominal in five
percent steps

10 to 99 seconds in one second steps
100 to 990 seconds in ten second steps

200 to 800 percent of nominal in ten
percent steps

10 to 99 seconds in one second steps
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RECEIVING, HANDLING AND STORAGE
CAUTION

This relay contains electronic components which could be damaged
by electrostatic discharge currents if those currents flow
through certain terminals of the components. The main source of
electrostatic discharge currents is the human body, and the
conditions of low humidity, carpeted floors and isolating shoes
are conducive to the generation of electrostatic discharge
currents. Where these conditions exist, care should be
exercised when removing and handling the wmodules to make
settings on the internal switches. The person handling the
module should make sure that his/her body has been discharged by
touching some surface at ground potential before touching any of
the components on the modules.

The SLS systems are shipped in two separate cartons, one for case A (distance
relay) and one for case B (recloser and options). The interconnection cable(s) is
(are) included in the case B carton.

Immediately upon receipt, the equipment should be unpacked and examined for any
damage sustained in transit. If injury or damage resulting from rough handling is
evident, file a damage claim at once with the transportation company and promptly
notify the nearest General Electric Sales Office.

If the equipment is not to be installed immediately, it should be stored
indoors in a Tlocation that is free from moisture, dust, metallic chips, and severe
atmospheric contaminants.

INSTALLATION
ENVIRONMENT

The location should be clean and dry, free from dust and excessive vibration,
and well lighted to facilitate inspection and testing.

MOUNTING

The SLS cases have been designed for standard rack mounting. Each case
measures four rack units in height. The outline diagram is given in Fig. 76.

The units may also be flush mounted on a panel with an appropriate cutout.
Refer to Fig. 75 for the required dimensions.

Provision has been made for surface panel mounting as well. This is
accomplished by removing and reversing the side brackets so that the mounting wings
are in the rear. For surface mounting, cutouts must be made in the panel to allow
for the terminal blocks and interconnection cable(s).
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EXTERNAL CONNECTIONS

External connections are made according to the elementary diagram given in Fig.
75. This 1is a general diagram incorporating all of the available options.
Connection need not be made to those terminals associated with options not included
in the equipment purchased. )

The terminal block points indicated in Fig. 75 may be located without having
the equipment in hand by referring to Fig. 76.

INTERCONNECTION CABLES

For models of the SLS1000A series, one interconnection cable is required
between the two cases. It should be connected from the PL-1 socket of case A to the
PL-1 socket of case B. The connections simply snap onto the sockets. They are
keyed for proper polarity. The length of the standard cable provided is suited for
the two cases being mounted one atop the other.

For models of the SLS1100A series (includes the directional comparison blocking
option), three interconnection cables are required, to be connected between the

respective PL sockets on the two cases. The three cables are identical, and
therefore interchangeable.
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Title

Test
Test
Test
Test
Test

Phase-to-Phase Reach Tests

for Zone Timer Tests

Circuit for Post-Installation Zone Timer Tests

Circuit for Out-of-Step Blocking Test

Circuit for Post-Installation Out-of-Step Blocking Test
Test Circuit for Out-of-Step Blocking Tests with One Pole Open
Test Circuit for Post-Installation Out-of-Step Blocking

Test with One Pole Open

Test Circuit for Line Pickup Test
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Figure 4 (0285A6689-0) Formation of a Circle by
Constructing Right Triangles About a Common Hypotenuse
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Figure 14 (8043767-0) Rear View Photograph of SLS System
Showing Interconnection Cable
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Figure 15 (8043733-0) Front View Photograph of DFM101 Module

156



GEK-86044

ZONE ONE
REACH SETTING ~§\ﬁ;‘

ZERO SEQUENCE
COMPENSATION
FACTOR

SETTING \

)

Figure 16 (8043731-0) Front View Photograph of DIM101 Module
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Figure 18 (8043732-0) Front View Photograph of DMM10l1l Module
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Figure 19 (8043724-0) Front View Photograph of DSM101l Module
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Figure 20 (8043730-0) Front View Photograph of DTM101l Module

161



GEK-86044

EXTENDED ZONE ONE
REACH SETTING —_—_—

ZONE TWO
REACH SETTING ~— ———— &

ZONE THREE

REACH SETTING ——

Figure 21 (8043725-0) Front View Photograph of DVM101l Module

162



GEK-86044

had Figure 22 deleted

163



GEK-86044

RECLOSE IN PROGRESS
INDICATOR =

RECLOSER OUT OF
SERVICE INDICATOR —T7T /o

LOCKOUT INDICATOR —_—_—

SYNCHRONISM CHECK
INDICATOR e

RECLOSER IN SERVICE

SINGLE POLE RECLOSING ONLY
THREE POLE RECLOSING ONLY

SINGLE POLE RECLOSE ———>

TIME MULTIPLIER /

THREE POLE RECLOSE
TIME MULTIPLIER

Figure 23 (8043727-0) Front View Photograph of RLM101l Module
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Figure 24 (8043726-0) Front View Photograph of RTM101 Module
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Figure 25 (8043760-0) Front View Photograph of SVM Module
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Figure 26 (8043758-0) Front View Photograph of CDM Module
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Figure 27 (8043759-0) Front View Photograph of DBM101 Module
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Figure 41 (0285A7560-0) Current Taps for Optional Functions In Case B8 MGM Module
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MINIMUM LOAD IMPEDANCE (SECONDARY OHMS)
Z, = 20 £L15°

43 (0O285A7566-0) One Line System Diagram Showing

Figure
Source and LLine Impedances

*Figure 42 deleted 178
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Figure 44 (0285A7554-0)

Figure 45

=
"TIINGeo - o, — 3,,- B>
WHERE:

A - MAX. ALLOWABLE PHASE

O~ ANGLE OF ASSUMED MIN.

SELECTOR REACH
LOAD IMPEDANCE

2, "CHARACTERISTIC ANGLE OF PHASE SELECTOR
= MINIMUM LOAD IMPEDANCE
@- 60° FOR B0° MHO CHARACTERISTIC :

75° FOR 105° LENS CHARACTERISTIC.

Analytical Reach Determination for Phase Selector

a z
ikad
] PHASE SELECTOR
/ (9P CHARACTERIST 1C)
/
/.
Zs
/
PERIMISSIVE
ZONE 3
s
=) — — — =

179
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(0285A7565-0) Typical Out-of-Step Blocking Characteristics
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OPERATIING AREA (TRIP)

NON-OPERATING
aAaRE A

OPERATING AREA (TRIP)
-

NON-OPERATING
aAREA

DIRECTIONAL UNIT
CHARACTERISTIC

ZCHARACTERISTIC ANGLE SETTABLE AT 1S9 30° 455 6o,

Figure 46 (0285A7553-0) R-X Characteristic for
Directional Unit with Voltage Polarization

270

WHERE © = CHARACTE RISTIC 8o
Ansle seTTIiNG

Figure 47 (0285A8201-0) System and Phasor Diagram for Synchronism Check Discussion
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Figure 48 (0285A6609-3) Test Circuit for Single Phase-to-Ground Reach Tests
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——————oTP24a §————<7TPaa §————————=IPsa
CONTACT MONITOR 5 1E53° coNTacT montTorC =3 TEERA  conTacT monmor C—S1E284
4 CYR38a TP27A Te335a
TRIFS A TRIFP B TRIP C
Asec w
120 Za
RZ wvAC el Bsed| 13
A VARIABLE AUTO - TRANSE ORMER SEE
EPW =] L e PHASCQZc RATED | AMP. OR GREATER TaBLE
% Bea:
- BN C,iba SHIFTER Swi v
= PIN 33 ac sai ?\/7
] == b o MosOLE R —
= =¥ USE CARD X =12\ FOR SA RELAY ':ngi‘?A
= PIN L EXTENDER TO ‘=60 FOR 1A RELAY TR=IA
=3 GAIN ACCESS I
In 3
= 823 pin ao] 1O PINS. s AY—=oz:SEE TaBLE
= 3
ey
o PN 3 VARIABLE TR=A
= =a AUTO-TRANSEORMER rS
PN A e arer |5 - e TP8a
3:"‘5 Bl MoDULE 2xTn & ESET VORasee g IBiSA
PIN 20 » EXTENDER TO FPHASE ANGLE TPiaa
GAIN ACCESS ME TE R
RE TO PINS o
:g:]_o PIN 57 i TR
o TPISA
NOTE | REMOVE DOM20I, RLMIOI AND RTMIOI MODULES. ITABLE
PHASE T —= A [=3
o @L&t — esoa Dees |
" 1 P20a 0 ITPieas 0000 ITPlaa 000 |
<27 (=3 (=3 R e —
(ol G T e — e S—

Figure 49 (0285A7574-1) Test Circuit for Post-Installation
s

ingle Phase-to-Ground Reach Tests

r 3 3Aams
2o VAR AR
AUTO~
vaE | TRANSFSRMER|
A
- e Csec! 7
~ PHASE | -
sa Sy PO ER E— B v~
. SHIFTER | ﬁ—a cee TaBLE
< =3 i (== :s;:“q_ w[
S = = — ol
— 1 =
l2.n FOR Sa RELAY i Teiva OR BCS
el FOR (A RECAY —_— GG A
—— O TERtA OR B2Cs
™ — Troe
o v
. I ! i tlses vamie
VARIABLE AUTO-TRAMNSFORMER 1 L 1 -
RATED 22Xl OR GCREATER = < é s TErBA R 205
et = e ot o TRIOA ] =)
CURRKREMNT VOLTAGE o < Ecs
PHASE ANGLE TRi2A ©OR BDY
METER Loreia or ecio
TRPISA OR BCI!
TesLE
FHASE PAllY UNDER _TEST —= A-B B-C c—A
CONNECT Y IO T RM AL TRlea OR <= TEIELA OR c3 TE204s CR [
CONMNECT WTO T RAINAL TRi8 A OF c3 TEZ20A CR [a= TR 18 A OR [o=
CONNECT ‘X' TO T RMINAL TRZ0A OR [y TRI&6A OR (o= TEIB8 A (o= [=]
CONNECT "Y' TO TERMINAL TEZ7A R [=]] TPaA OR [SF= TPITA oOR [=]
CON = CT ZT TO T RMIHAL TES A TR o2 TEUIA R o3 TE 7 A SIS =D
NOTE | I REMOVE INTERCONRNETTION TABLE(S) FOR ACCERPTANCE TESTS
NOTE 2: REMOVE DOoOM20O!) MIOT AND RTHIOI MODULES FOR PERIODIC TESTS.

Figure 50 (0285A6610-2) Test Circuit for Phase-to-Phase Reach Tests
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[ 1ed
P 1N
sho

orR BC2
or BCS
or BCA

oR BD1

ar 8DS

orR BO7
T —— o B81
CONTACT, MONITOR o= BB2

CONTACT MONITOR -
Tt ————© apa START STORP
ADS NOTE : REMOVE INTERCONNECT- T1IMER
CONTACT MONITOR 10N CABLE(S)Y - -

O AD7 pDNC N TP 1a OR BC1lo
CONTACT, MONITOR . S‘_C,]F_,F'::LRY T TF15aA OR BC11

CONTACT, MONITOR

Figure 51 (0285A6611-1) Test Civrcuit for Zone Timer Tests

A seEc
Ba N Apar
VARIABLE AUTO TRANSEFORMER
PHASE RATED 1/ 5XI, OR GREATER
o6 ®pa1r B sec N
SHIFTER O TP20 A
BC C pRI @TV
€ sec —OTP16A

x -~ 12 O FOR S5A RELAY

- 60N FOR 1A RELAY

<> TP7 A

TP A
AT
2x1, OR GREATER ¥ = P = TRIzaA
o eINS CURRENT VOLTAGE
= =i i ae ey INPUT TezA
= HASE _ANGL
DLMIO Te2aa
e 258 METER
b = PN 7
= EXTENDER TO
= =3 GAIN ACCESS
— PiN 3
ES
= 29, PIN 34 PIA
= oTPISA
DTMIO!N MODULE
PIN Sa USE CARD EXTENDER NOTE : REMOVE DOMZOI, RLMIOI. AND
PIN 52 19 SAaln Access ARTMIOl MODULES
T ™

Figure 52 (0285A7567-0) Test Circuit for Post-Installation
Zone Timer Test
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A ————

— OTP16A OR BCZ

C\b‘[vr
Y = P o - ©OTP18A OR BC3
D~

— O TF20A OR BCa

2C X, = 24 NFOR SA RELAY TEi17A OR BCSE

=120 AFOR 1A RELAY TP19A OR BC7

TP21A OR BCB

I Cra b © TP7aA OrR BD!1

1
/:/ —————© TP9A OR BD2
S0o000
ST aeET TP11A OR SD3
1 =2.88A FOR SA RELAY TP8A OR BDS
=0-58A FOR 1A RELAY
ACS TP10A OR BDE
TP12A OR BD7
CONTACT MONITOR

PC‘;)I:I:ER > TP1A OR BC1O0
O ACS SUPPL Y CTFP1SA OR BC1i1

NOTE: REMOVE INTERCONNECTION CABLES)

Figure 53 (0285A6612-1) Test Circuit for Out-of-Step Blocking Test

AUTO - TRANSF ORMERS
4 [ or L

RATED 1/5x GREATE

aA
©OTP16A

Div-
2B —oOoTP18A
Dl
O TP20A
sC X, = 24NFOR SA RELAY TEI7A
=120 N FOR 1A RELAY TPi19A
— TPZz1A
—1 7OGUDUUUN © TEZA
'
/:/ _FUTUCOBOON © TPoA
OV OVOOON
SWi1z3FST OTP11A
I =2.88A FOR SA RELAY TrPaAa
=0.SBA FOR 1A RELAY
OMMIO! MODULE TFP10A
PN 3 USE_CARD EXTEMDER Tri12a
(Y] fIN 99 YO GAIN ACCESS
TO PINS

A= L2KO, W

NOTE 1:REMOVE
MNOTE 2:PLACE DMMIO!

T D
SUPPLY TE1SA

54 (0285A7582-0) Test Circuit for Post-Installation
Out-of-Step Blocking Test

DOMZ01, RLMIOL, AND ARTMIOl MODULES
MODUL.| ON A CARD EXTENDER

Figure
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-~
sec
A —————{Apay
puase | vamsasrs auto-rmamzconmen
1] Bpar Bgece ~
SHIFTER O TPIGA OR BCZ
sC C ear C\:Df‘ﬁ'
c sec O TPieA OR BC3

TPI7A OR BC&

TPISA OR BCV
- GONFOR 1A AELAY
Iy
flh SO
Swi A TP7A OR BO1
O TPSA OR BDZ2
auToYRRAAEES. TPBA OR BDS
2x SA  Fearen < h=4 b4 TPI:A oR Boe6e
= = ©
I~ OURRENT VOLTAGE
INPUT INEUT — O AAY
PHA%‘E TRANGLE AnS
AcS
CONTACT MONITOR
TPIA OR BCIO
Ace

————O TP1SA OR BCIl

NOTE : REMOVE INTERCONNECTION CABLEtS)

Figure 55 (0285A7573-0) Test Circuit for Out-of-Step Blocking Tests
with One Pole Open

AUTO TRANSEORME
SXY = OR GREATER

o Bpra B sgc ~
‘i\ SHIFTER O TPI6A
< sc PRI C‘;’)TVY

O TRPIBA

EZ TPI7A
X, = 12 N FOR SA RELAY TP19A

Ir

=w (GH)—=o0 TP7a
=
=

TPoA
VAR IABLE

AUTO TRANSFORNMER

A TPeA
RATED
2x1I,, OR GREATER - = STAGE TPtOA
INPUT INFPUT PIN AlCARD EXTENDER
PHASE ANGLE Pin 1 {BosiTioN OF C
METER DOM201
DMMIO! _MODULE
PIN 3 USE CARD EXTENDER
51] o TO GAIN ACCESS
N aS T PINS
A= L2K0, W DC = TEIA
POWER =
NOTE 1: REMOVE DOMZO1, ALMION, AND RTMIOl MODULES e
NOTE 2:PLACE DMMIOI MODULE ON A CARD EXTENDER supPPLY L sa
NOTE 3:INSERT BLANK CARD EXTENDER IN RIGHT HAND
POSITION OF DOM201

Figure 56 (0285A7570-0) Test Circuit for Post-Instalilation
Out-of-Step Blocking Tests with One Pole Open
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S FOR Sa REL AY IT=20A FOR s5Aa REL AY
IOM FOR 1A RELAY =a4A FOR tA RELAY
— T 0 00 ——— 7a . ¢
S < Te ol eo
120
VAL
O TPIZA OR BDa
—
Sw2 Al
—————————OaAaA2
DC “+) © TPIA OR acio
POWER
SUPPLY ((—) © TPISA OR 6Ch

NOTE ! REMOVE INTERCONNECTION CABLEI(S).

Figure 57 (0285A7584-0) Test Circuit for Line Pickup Test

S/ FOR SA RELAY
30/ FOR 1A RELAY

"w
RIGHT—HAND POSITION
OF

200 .

- TV T T L o
Sw Te7a
120
Ve
© TePIzA
—O
Swz PN 7 CARD EXTENDER
PN
DC +) -O TPiAa
POWER
SUPPLY (= — TPISA
NOTE | - REMOVE DOM2OI RLMIOI AND RTMIOI MODULES.

NOTE 2 I INSERT BL ANK caAaARD EXTENDER I~ RIGHT —HAND POSITION OF DOMZ2O).

Figure 58 (0285A7583-0) Test Circuit for Post-Installation Line
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@ A - AsEc —OTP18A OR BCa
RI
- T

- SBESE‘: VARIABLE AUTO- TRANSFORMER © || 20/ OR B8C<

Ha RATED 1,5X1,, DR GREATER

es Berx Csec

SHIFTER —OTP16A OR BC2

pC Cprer @TVT
~N OTFP17A OR BCSG6

12 FOR SA RELAY
60 FOR 1A RELAY

T
@——o—’ TP7A OR SDI

-OTF13A OR BD4

VAR I ABLE
AUTO-TRANSFORMER TPSA OR BDS
RATED S &S
2x1, OR GREATER = < = TPt 4A OR BDS
CURREMNT VoL TAGE
INPOT INPUT L o= s

AB1
PHASE ANGLE | SONTAST MONITOR
ME TER

o ACg
ocaAaCc10

ABS

CONTACT MONITORA
TF1A OR BC1O

OTFP1SA OR BC1l1

o ABG

NOTE : REMOVE INTERCONNECTION
CABLES) SWI

—O ACal

Figure 59 (0285A6613-1) Test Circuit for Testing Pilot Schemes

A sec —OTP18A
lz2e BA —————|Aprr: =
% PHASESC| VARLAB £ AUTO- TRANSEORMER © |7 204~
— RATED 1/5X1I,, OR GREATER
as Bem: Carc
c ecC Crr: @Tvv
=~ — O TF17A
> 12O FOR SA RELAY
~60MNFDR 1A RELATY
VAR I ABLE
AUTO-TRANSF DRIFMER
RATED &S S
2x1,, OR GREATER $ < < <
CANRREMNT VOL T AGE
IrNPUT INFPUT DC
PHASE _ANGLE POWNER
METER SUPPL Y
DT MION MODULE
oY eIN Sa USE CARD EXTEMDER
N 51 TO GAMN ACCESS
TO PINS CARD
EXTENODER
A= L2K 1L, Iw IMN
NOTE 1: REMOVE DOMZO0I1, RLMIOL, ANO RTMIOI MOOULES Ler T RNe

FOSITION
OF
DOMzZ0

20|
MOTE 2:PLACE OTMIOI MOOULE ON A CARD EXTENDER
NOTE B3IMNSERT BLAMK CARD EXTENDER IN LEFT - HANO
POSITION OF DOMM201

Figure 60 (0285A6615-1) Test Circuit for Post-Installation
Tests of Pilot Schemes
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Assc < TPRPIsAa OR BC3
Ba S — QN
P'H AS?‘C VARIABLE ATO - TRANSE OFWE X Te2 oR BCa
>t RATED KL'SxX, OR GREATER
o8 Bean: e
SHIFTER = Swi - TPIGA OR BC2
@c - = s
g SIBER S8 BeS
X, =12 FOR S0 RELAY tgrpzua oRrR BCS
=60/ FOR 1A REL AY
P ——— Ix
(A)=—"o TP7Aa OR BDI
Swa
EmiETE < TPI3A OR BOA
TPBA OR BOS
AUTO-TRANSECRMER P p.S S yeiaa Ok BOB
2xT, OR GREATER |cinacnt  vouTace Sws 9 484%
B OT v AR3
PHASE ANGLE Swd YN
METER A
anz
DC (%) TEin oRrR BCIO
POWER
NOTE: REMOVE INTERCONNECTION CABLE(S) | SUPPLY «— TPISA OR B8CIil
Figure 61 (0285A7576-0) Test Circuit for Auxiliary
Functions Requiring Contact Inputs
Aosc © TPIsA
oA e Bgec TP20a
PHASE VARIABLE AUTO - TRANSE ORME R
>k RATED L'SxI, OR GREATER
26 Beon: sSEc =3
SHIFTER = Swi = TEea
ac ea = 1A
i TEI7Za
12 FOR SA RELAY To5A
—6OM FOR 1A RELAY
—_— I~
SwS A O TP7A
VARIABLE pigiu e
T
AUTO-TRANSEORMER L L | — e,
2xT,, OR GREATER |lclnnenr wor vace Sw3s O PN 87 carp ExXTENDER
YT """-“'E Swa < PIN S [IN RIGHT-HAND
METER POSITION OF
sws_——gom ¢ | 5oRES)
DC b o TPIA
POWER
SUPPLY «— |—— o TPIsa
PMOTE 1. REMOVE DOMZO!, RELMIOI AND RTMIOI MODUL ES.

TOTE 2. INSERT BLANK CARD EXTENDER IN RIGHT-HAND POSITION

OF DOM20L.

Figure 62 (0285A7575-0) Test Circuit for Post-Installation
Tests of Auxiliary Functions Requiring Contact Inputs

188



GEK-86044

Agsec —O TP 1BA OR BC3
ize BA A
545 A St VaARTAGLE AUTO TRAnSrORmERT TP20A OR Boa
RATED 1/5%X1,, OR GREATER
B BSert Csec
| SHIFTER —— O TFP16A DR BC2
[ =3
Y= Cer: @Tvr
. ~N _— —O TP 7A OR BCS
S
o8

VAR ABLE
AUTO- TRANSFORMER
RATED
2x1,, OR GREATER

BC13
== B8C1 4
S DC13
— oC1a
DAl ——————© coiz
CONTACT | MONITOR CONTACT ! MONITOR
.~ oDA2 ——————c cous
—  OoDA3 CONTACT | MONITCR
_ o
CONTACT ( MONITOR cota
o Daa4
———————ODAS ————— cc1>
CONTACT | MONI1TOR CONTACT § MONITOR
t—————oo0oas t————— <> ccia

NOTE I INSERT INTERCONNECTION CABLE(S).

A sec TEr18a
aa A o ©TrzoA
c
VARTABUE AUTO- TRAMSEORIER
PHASE RATED 1/5%X1, GREATER

[ 1=] Bemt Coec

n>-’
[ ]
)
I
bl
+
n
b
G
<
y
S
1
]
>

sC Cmm

ilON

X, =120 FOR Sa RELAY SAND St TION
o

O PN B CARD EXTENDER
w7 }eiaRe

szaas
RpFIES ~60MFOR 1A RELAY BT T Pin CrmE0i

LEx=x —_— 1

E55 -
g==33% 8 (D) Ieo Trra
[=®,
S

EESET “OTr13A

et = VAR AR £

nﬁs = AUTO - TRAMNSF DFrE R TErSsA
=28-5 RATED E.

BEB2EE 2x1, OR GREATER < < < = T aa
T el N CURRENT VOLTAGE

=2 3= TremuT Tre=UT PC?HCER © Tri1a
SZFRET oy 1N ze PHASE ANGLE

g2-22 = im0 FETER

zreEL <

=282 = [LF3

=80 = ~1n 10

FERERE &

S35 3 LM1O01 MODWAE

isx 22 =3 e CARD,

=235 = = i 37 EXTENOER _TO

=2 GAIN ACCESS

== = TO P INS

L frey !a

o= faal Pin 17

2 Ex e

PN 35

Figure 64 (0285A6616-~1) Test Circuit for Post-Installation Reclosing Tests
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Aece > w
120 B PN o
p-4iw 3 PHASE S [VARIABLE AUTO - TRANSFORMER SEE
A >k RATEG 1/SxT,, OR GREATER TasLE
o6 Beee sec
oA SHIFTER oY
< B Lac e o

IEiga S8 BeS
2N FOR 50 RELAY l'—-gw'pv’2|n~ Sk B&a
=6OM FOR 1A RELAY

sSwi

VARIABLE
AUTO-TRANSEORMER

2xI,, OR GREATER

aABI

= § a8
CONTACT ,MONITOR CONTACT _ MONITOR
—oABZ ABS
AB3
CONTACT MONITOR
t ~  chba

'gmgﬂuﬁggn‘mggwu

CON MINAL 1
NOTE . INSERT INTERCONNECTION CAEM ES (3)

Figure 65 (0285A7569-0) Test Circuit for Directional
Comparison Blocking and Zone 5 Tests

Racc w
sa jAowas T Y
=S Bé- VARIADLE AUTO - THANGEORMER x SEE
HISC |- BATED US*T, OR GREATER TABLE

Ben,
SHIFTER

@ac - . <‘:’>th M

TEIZA
X, =12.M FOR SA RELAY pist

Te2iA
SOM FOR 1A RELAY

VAR ABLE

£ 8
ALJTO—TE‘?{_‘ESDFOQI\GR S & S GO = §

PN 5 <. + e -

AREZ) exmioGhearen|opan e | | TRIWER cz =
= DTMICI MODULE NGL | =
E PIN 23 USE CARD EXTND. ME TER oC - é B
= TO GAIN ACCESS POWE 3 = §
= 1O s SUPPLY TEISA o
= PN St 3z
= lopu E b

[PHASE UNOER TEST— A ] ‘

< (eisas 0 ]
i i e e
mm‘ 3 H d

NOTE 1! REMOVE DOMPO1, RLMIOI AND RTMIOI MODULES.
MNOTE 2. PLACE DTMIO! LE ON A CARD EXTENDER.
NOTE 3 INSERT BLANK CARD EXTENDER IN LEFT-HAND POSITION OF DOMZOHL

Figure 66 (0285A7571-0) Test Circuit for Post—-Installation
Directional Comparison Blocking and Zone 5 Tests
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X, =-120 FOR 5A RELAY
-0 M FOR 1A REL AvY
—_— SWt:DPST Ioe
- (A ————= O TPIOB OR DD2
120 L8
VAC r”’———

WARIAB L < T e '

e
2X Iy OR GREATER
< TP2A OR BBI!
T TP2aaA OR BB2

CcAl

Srany 2ros
CONTACT MONITOR
™ caz TIMER
CONTACT MOMNMITOR —]

@ DC T} TPia oA BCIO

POWER
N suPPLY - O TPISA OR BCI

NOTE | INSERT INTERCONNECTION CABLE(S
NOTE 2: QUTPUT ALARM CONTACTS MAY BE ISOLATED DURING POST INSTALLATION TESTS

ONLY BY REMOVING CONNECTIONS TO A28

Figure 67 (0285A7578-0) Test Circuit for Non-Directional
Ground Time Overcurrent Function

VARIABLE AUTO - TRANSFOMR
AseEc] RATED 2 XTIy OR GREA
SA —————Apay

PHASE X =120 FOR SA RELAY

s Bpmr . Basc SON FOR 1A, RELAY
SHIFTER A O TPIZ8 OR DOS
sc € PRI
< sec © TP1aB OR DOG

=12 N FOR SA RELAY
~6ONFOR 1A RELAY

1~ ——(A)—=0 TrioB OR DOz

e - © TPoe orR OOt
2x1,, OA CREATER < .2
~ ORACNT CURRENT
SRS TP2A OR et
pHASMEETe';GLE TP24aAa OR BB2
cat

CONTACT MONITOR
caz

A
CONTACT MOMNITOR —]
- DC r = TFPIA OR BC1O
b o cas SL?D;NDELY Tt TPisa or BCN

NGTE L INSERT INTERCONNECTION CABLES)
NOTE 2: QUTPUT ALARM CONTACTS MAY BE ISOLATED DURING POST- INSTALLATION TESTS
SRy By REMOVING CORNECTIONS 15 CALZ,

Figure 68 (0285A7568-0) Test Circuit for Directional
Ground Time Overcurrent Function Using Current Polarization
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A sec
¢§g’ "‘—____——___'APRI
S — VARIABLE AUTO — TRANSFORMER
A“ PHASE RATED 1/5 X I GREATER
L Spra ©Osec
’1\\ SHIFTER O TPIB OR DCS
< e ®sCc C pRx <\:/>th
C sgc O TPZ2B OR DC6
X, =12 NFOR SA RELAY
~SOMNFOR 1A RELAY Swi:
DPST I_g_
—r (A)—=o TrioB OR DD2
I/’ © TPOB OR DOt
VAR IABLE e
AUTO —
2x1,, OR CAREATER < b
~ DRRENT VOLTAGS
T BT — O TP2A OR BSI
PHASE ANGLE
METE R TTP24A oR BBa2
—O CcAl
L) [=3
CONTACT MONITOR STany, MESTOP
$ O Ccaz
CONTACT MONITOR BE =
e R X © TPa O/ BCIO
©O CAS SUOPwPELY = TPISA OR BCIt
NOTE 17 INSERT INTERCONNECTION CABLE(S)
NOTE 2: OUTPUT ALARM CONTACTS MAY BE ISOLATED DURING POST - INSTALLATION TESTS
OMNLY BY REMOVING CONNECTIONS TO CAL2.3

Figure 69 (0285A7572-0) Test Circuit for Directional
Ground Time Overcurrent Function Using Voltage Polarization
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VARIABLE AUTO-—TRANSFORMERS
RATED 1 AMPERE oR GREATER

O TPSBs oA Dox

TVsus
[© TPese ©r Dca

6
. L ovras omr oca

L vome

< TP32 or DC

DC ) o TPIa or BcIO
POWER
SUPPLY (—) —_ TPISA OR  BCHt
NOTE TLINSERT INTERCONNECTION CaBLE(S).
NOTE 2!-_aceE ~ DULE ON A CARD EXTENDER.

Figure 70 (0O285A7581-2) Test Circuit for Synchronism
Check Voltage Level Tests

A sec
@A —— —J Aoy
VAR ABLE AUYO - TRANSEFORMER
PHASE RATED | ArmMFERE OR GREATER
28 —— B pR1 B sec

TP3B OR DC!

SHIFTER = <
X C ere f\’UNE
O TPaB OR DcC2

€ ssc

-© TP5B OR DC3

TrPeB OR DCAa

—O TPIA OR BCIO
TPISA OR BCI

FINSER”  INTERCONNECTION CABLE(S)
MODULE ON A CARD

Figure 71 (0285A7580-2) Test Circuit for Synchronism
heck Angle and S1ip Tests
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@ MAX IMUM TIME —OUTPUT UNIT

so T=Y=72
- S0 8071
<> -«
] sO/ > T s/ E L
= a0 25/ 1
= /
2( 30 _/__/ as
[ — i E— 17t
= J
=
- 20
=
=
= 1o
Ly
(=W
<<

© 20 ao soO so yoYe)

= FAULT/ZREACH IN PERCENT
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