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INTRODUCTION ‘ GEK-100559

MODULAR RELAY SYSTEM
TLS1B

INTRODUCTION

The TLS1B is a comprehensive relaying system for transmission-line protection. It can be used
on series-compensated, as well as uncompensated, lines. Single-pole tripping is also included.

The system is packaged in an eight-rack-unit (8 RU) modular case containing insertable
prlinted-circuit cards, the input magnetics for potential and current, and the high-current output
relays.

A continuous monitor module is available as an option for all models. Relay or SCR tripping
outputs may also be specified.

The TLS system may be set by the user for any of the following distance relaying schemes (refer
to the SCHEME DESCRIPTION section of this manual).

Stepped distance

Permissive overreaching transfer trip
Permissive underreaching transfer trip
Directional comparison blocking
Hybrid tripping

NP BN

All of the above schemes, except for the stepped-distance scheme, require a communication
channel. When a pilot scheme is used, the stepped-distance scheme may also be used to provide
backup protection. '

The TLS systems also include other standard features that may be selected by the user, such as:

Out-of-step blocking

Fault-detector supervision of the trip bus
Line pickup (close onto fault) protection
PT fuse-failure alarm

Sequential reclosing control

Channel repeat (echo)

Weak-infeed tripping

Direct transfer trip

PNANBR W

The various relaying schemes and features are discussed in detail in the SCHEME
DESCRIPTION section of this manual. Note that all of these features are not compatible with
every scheme. For example, the channel repeat, weak-infeed trip, and direct transfer trip cannot
be used with the directional-comparison-blocking scheme.

IN-1A



INTRODUCTION GEK-100559

MODEL NUMBER BREAKDOWN

The following table shows the model number structure and can aid in determining the schemes
and options desired.

Digi
Nmr T[SIB* x ] ] * * * ®

5 8 rack unit case

6 1 ampere rated current
5 5 ampere rated current

50 hertz rated frequency
60 hertz rated frequency

O\ L

Blocking scheme with AM channel
Hybrid scheme with FSK channel
Permissive scheme with FSK channel
Stepped distance scheme

Special customer logic

48 volt DC rated
125 volt DC rated
250 volt DC rated

SELE T

=S

10,11 CC One t-rinping zone of distance protection
' with blocking units
CD Two trippiltlﬁu?ones of distance ?cr‘otection
(switched third zone) with blocking
" units
CE Three tripping zones of protection with
blocking units *

12 1 Solid state tripping output (SCR)
2 Relay tripping outputs

13 No options

Continuous monitor

Single pole breaker failure, positive
sequence over-voltage unit, and two
auxiliary timers

D Continuous monitor, single pole breaker
failure, positive sequence over-voltage
unit, and two auxiliary timers

X Special customer options

QP>

14 B Revision level

* Cannot be used with option C or D (digit 13).

IN-2A



SCHEME DESCRIPTION GEK-100559

SCHEME DESCRIPTION

FORWARD REACHING FUNCTIONS

Variable mho characteristics are used to provide the phase and ground distance protection used
in the TLS1B system. These characteristics are derived using a multi-input comparator as shown
in Figure SD-1. The phase angle measurement is made by com};l)aring the coincidence time of all
of the phasors applied to the comparator. If all of the phasors are coincident for a time
corresponding to the characteristic timer angle setting, or conversely, if all of the phasors are
separated by less than the characteristic timer angle setting, the function will provide an output.

Characteristic

Vop ——"A—vyzzre— ] . Timer
) S
—
Vpy —— = ezt
Comparator
sz _lr P77/ ] - T
C

C = Coaincidence Time
Figure SD-1 Multi-input Phase Angle Comparator

The multi-input comparator provides the basic variable mho/lens/tomato characteristics shown
in Figure SD-2. The characteristic timer can be adjusted to give the shapes shown in the Figure.

X X X
A.Circle b. Lens c. Tomate

Figure SD-2 Variable Mhe/Lens/Temato Characteristics

SD-1A



SCHEME DESCRIPTION GEK-100559

PHASE DISTANCE FUNCTIONS

The following signals are used:

Operating Signal:
 Vop = Ip¢+ZR1 - Voo
Polarizing Signals:
Vpx = (Voo 1l - Ipg 1xZR1’)y
Vpy = Ipp+ZR1
Where: ¢¢ = AB, BCor CA
1 = Eositive sequence
ZR1 = Reach of the forward reaching phase distance
functions
ZRY = forward offset = (OFFSET)*ZR1, where the factor (OFFSET) can
be sett0 0, 0.1, 0.2, 0.3 or 0.4
m = memory

Table SD-1 lists the characteristics that are formed from these signals. The phase distance
functions are always applied with all three characteristics in service.

TABLF SD-1 PHASE DISTANCE FUNCTION CHARACTERISTICS

C CTERISTIC SIGNALS USED
Variable mho : ~ Vopand xpx
Reactance Vop and Vpy
Directional Vpx and Vpy

GROUND DISTANCE FUNCTIONS
The following signals are used:
Operating Signal:
Vop = (Ip -10)ZR1 + K0«I0+ZRO - Vg

Polarizing Signals:

Vpx = (Vp1-Ip1sZR1)

Vpy = p2+ZR1
Vpz = Ip0+ZR1
Where: (8 = A,BorC

Z€ro sequence

SD-2A



SCHEME DESCRIPTION GEK-100559

2 negative sequence
ZR1 Reach of the forward reaching ground distance
functions
ZR! = forward offset = (OFFSET)*ZR1, where the factor (OFFSET) can be
setto 0, 0.1, 0.2, 0.3 or 0.4
K0 = zero sequence current compensation.
Listed in Table SD-2 are the characteristics that are formed with these signals:

TABLE SD-2 GROUND DISTANCE FUNCTION CHARACTERISTICS

CHARACTERISTIC SIGNALS USED
Variable mho Vop and pr
Negative Sequence Reactance Vop and pr
Zero Sequence Reactance Vop and Vpz
Directional xpx and Xpy
Directional x and sz
Negative/Zero Sequence Phase Selector pz and Vpy

The ground zone 1 distance functions can be operated in the reactance mode by disabling the
Vpx polarizing signal. When the ground zone 1 functions are operated in the reactance mode,
they must be supervised by the ground distance overreaching (MTG) functions.

REVERSE REACHING (BLOCKING) FUNCTIONS

The following signals are used to derive the ground distance blocking functions.

Operating Signal:
Vop = -lp*ZR1 - K0+I0+ZRO - Vgg + KV1(Vp1-Ip 1+ZR1)
Polarizing Signal:
VP = (Vo1-1p1+ZR1),
Where:
ZR1 = Reach of the reverse looking blocking functions
KV1l = 0,0.15, 0.3 or 0.45
KO0 = zerosequence current compensation
ZRY1 = reverse offset = OFFSET*ZR]1,

where the factor OFFSET = 0(OUT) or 0.1(IN)

These functions will operate for all fault types, however, they may be slow to operate for some
hase-to-phase faults. To provide for this contingency, a second blocking function is provided.
egative sequence quantities operating through an amplitude comgfgﬁator are used in this

function to produce a negative sequence directional characteristic. 'The following signals are

used in the negative sequence directional blocking functions:

SD-3A



SCHEME DESCRIPTION GEK-100559

Operating Signal:
Vop = V2 + KI2Zs]2:NB
Restraining Signal:

VR = 12«NB
Where: :
KI2Z = current compensation offset factor

NB = reach factor

FAULT DETECTOR

A fault detector function is used to provide supervision of the trip outputs, and is intended to
reduce the possibility of misoperation due to either potential or component failure. The function
is a sensitive, high speed current operated function, that uses negative sequence current or the
change of {)os1tive sequence current. It has an adaptive pickup level that is increased
automatically, after a time delay, when a continuous input is applied to it. This feature is
intended to prevent operation of the fault detector on negative sequence current caused by
unbalances in the load current. The function will perform properly on low level fault currents
because the adaptive feature is provided with a long time constant.

LINE PICKUP (CLOSE INTO FAULT)

Line pickup circuitry (close into a fault protection) is included in all TLS1B systems. Circuitry is
provided for three pole and single pole tripping schemes.

The line pickup circuitry is implemented via current and voltage functions that oll)erate through
the logic to initiate tripping when energizing a line. Basically, the current and voltage functions
are used to form open pole detectors to determine that the line is dead by sensing the lack of
voltage and current. If a dead line condition persists for nine cycles, the logic is arranged to
permit direct tripping by a positive sequence overcurrent function provided for this purpose. If
there is no fault when the breaker is closed, the positive sequence overcurrent function will not
operate, and the line pickup protection will be removed from service when all three phase
voltages return to normal.

Similar type logic is used when sinfle pole trip}l)ing is required, but in this case line Ipickup will
onlir be energized during the period that the faulted phase is open. If a breaker is reclosed intoa
fault, three pole tﬁpFinlg will be initiated through the operation of the ground distance function
associated with the faulted phase. If there is no fault, the line pickup circuitry will be removed
from service following restoration of the phase voltage.

If the line pickup protection is not desired, it can be taken out of service via an option link.

OUT-OF-STEP BLOCKING

Out-of-step blocking is provided on both the phase and ground overreaching functions. The
ground functions are provided with out-of-step blocking to prevent operation of the ground
overreaching functions in applications involving single pole trippinguind parallel lines. With one
pole open in one of the lines, it is possible for the ground distance function on the same phase in
the parallel line to operate during a swing before the phase out-of-step blocking can be set up.

SD-4A



SCHEME DESCRIPTION GEK-100559

The ground out- of-step blocking is set to prevent this. If single pole tripping is not employed, the
ground out-of-step blocking is not required and is taken out of service by setting the MOBG
characteristic the same as the MTG characteristic.

PT FUSE FAILURE

Circuitry is included in the TLS1B system to detect failure of a fuse in the potential supply of the
system. The alarm circuit operates when all three of the following conditions are met.

1. Loss of any or all phase voltages. )
2.  Any phase current above the lp TRIP level detector setting.
3. No output from the fault detector.

The fuse-failure-alarm output is sealed in once it operates, and remains sealed in until all phase
voltages return to normal. The output from the fuse failure alarm may be used to block tn%nl%
soung an alarm, etc. The alarm will not operate if the phase current is not above the kp
pickup, but the distance units cannot produce any tripping for this loss of potential because they
are supervised by Iy TRIP. If the current should then increase above the pickup level, the fuse
failure circuit will operate before the distance functions, thus preventing any trip outputs. Note
that lthe (fluse failure alarm circuit will be blocked during a single pole trip when such tripping is
employed.

APPLICATION

The TLS1B protective relaying system can be used to (;)révide fast, reliable protection on long or
short lines, compensated or uncompensated lines, double-circuit lines, etc. In all of these
applications, Single-pole tripping is also included.

Three independent forward zones of protection are provided. Each forward zone uses three
functions for phase faults (one for each phase pair) and three functions for ground faults (one for
each phase). Two types of blocking functions are used in the TLS1B system. They are required
in the hybrid and blocking type schemes and in all applications with series capacitors. A variation
of a positive sequence polarized mho ground distance function is used as the first type of blocking
function. Three such functions are used - one for each phase. The second type of blocking
function uses negative sequence quantities operating into an amplitude comparator to form a
directional function.

SCHEMES

The following pilot relaying schemes can be selected:

Permissive overreaching transferred trip/unblocking
Permissive underreaching transferred tri

Hybrid (weak infeed and channel repeat
Directional comparison blocking

PN
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The channel interface for each of the pilot relaying schemes is provided through contact inputs
and outputs.

SERIES COMPENSATED LINES

The TLS1B system can be applied on lines with series compensation or on lines adjacent to
compensated lines.

One of the basic problems that can occur on a compensated line is that the voltage at the relay
can be reversed from the normal position because of the series capacitor. Consider the situation
shown in Figure CS-5 in the C ULATION OF SETTINGS section.

For a fault at F, the voltage agplied to a relay with its potential source located on the line side of
capacitor C will reverse if the protective ga;ps do not glperate to remove the capacitors from
service. On a steady-state basis, the effect of the reversal on a distance function that uses this
voltage for polarization is to cause the fault to appear to be internal to the line rather than
external as it actually is. If the function has its potential source on the bus side of C an internal
fault just in front of C will appear as an external fault (steady-state). If the function has a
memory circuit in the voltage polarizing signal, it will perform correctly on a dynamic basis
regardless of the location of the potential source; i.e., the voltage will not reverse immediately
because of the memory action.

The distance functions in the TLS1B system use positive sequence voltaFe as the polarizing
Cglanti% and are provided with memory circuits. The positive sequence voltage will reverse for
three phase faults, but on many systems it will be less likely to reverse for unbalanced faults.
Therefore, the functions must be relied on to operate dynamically for three phase faults. For
unbalanced faults, they will respond correctly on a dynamic basis, and in many cases will also
provide a correct steady-state response. Thus, the distance functions in the TLS1B system will
respond correctly to initiate high speed tripping (direct or pilot) regardless of the fault type or
fault location relative to the series capacitor and potential source location.

Although the TLS1B distance functions with their potential source located as shown in Figure
CS-5 will provide a correct dynamic response for a fault at F, this response may not be long
enough to prevent tripping in the event of inordinately long breaker times in the adjacent line
sections. To overcome this limitation, the blocking functions must be used in all applications
involving series capacitors. The blocking functions will operate correctly dynamically, and
possibly steady-state, to establish a blocking condition; and they are provided with adjustment in
the dropout time to allow their output to last long enough to allow fault clearing by the breakers
in the adjacent line sections.

Because the capacitive reactance of the series capacitor cancels the inductive reactance of the
line, zone 1 functions cannot be set to protect 80 percent of the line when the capacitors are
located in front of the relay location - either in the line itself or in adjacent line sections. It is also
recommended that zone 1 functions not be set to reach 90 percent of the compensated line
impedance; i.e., [0.9(ZL - XC)]. This is so because of the low frequency transients that are
introduced by the séries cagacitors which can cause a zone 1 function to overreach significantly.
The zone 1 functions in the TLS1B system can be used to initiate direct tripping on series
compensated lines, but they must be operated in the combined distance/overcurrent mode, and
set accordingly. See the CALCULATION OF SETTINGS section for further details.

SD-6A



 SCHEME DESCRIPTION GEK-100559

SINGLE POLE TRIPPING

The TLS1B system can be used to initiate single pole tripping when such operation is required.
Only a few modifications are required in the settings.

One problem arises because the phase distance functions can operate for some single line to
ground faults. If this were allowed to happen, a three pole trip would be initiated when a single
pole trip is really required. To prevent this from happening the following is done:

1. The first zone phase functions have zero sequence overcurrent restraint built in.
This restraint is such that the function will be prevented from oqerating for single
line to ground faults, but the effect will be minimized on double line to ground
faults. This restraint must be switched in when single pole tripping is implemented.

2. The logic is set up so that the ground distance overreaching functions take J)riority
over the phase distance overreaching functions during single line to ground faults.
Thus, the phase distance overreaching functions will be prevented from initiating a
three pole trip. No special settings are required to implement this feature.

The first zone ground distance functions are provided with zero sequence current supervision.
On systems using three pole tripping this sulpervision is set at the minimum level to provide the
most sensitive protection. When single pole tripping is used, the setting for this supervision
should be based on the minimum zero sequence current for a fault at the end of the line remote
from the function. This setting is proposed to prevent overreaching by the first zone ground
distance functions in the unlikely event that a phase to phase fault were to occur on an adjacent
line at the same time that a pole was open (during a single pole trip) in the line being protected
by the zone 1 functions.

It was noted earlier that the ground distance functions use signals derived from the negative and
zero sequence current. These two signals form an excellent phase selector in addition to
combining with the operating signal to form the negative and zero sequence reactance
characteristics described earlier. This type of phase sglection assures that only the ground
distance function associated with the faulted phase will operate during single line to ground
faults. Provisions are included for removing these inputs, so it must be assured that these signals
are in when single pole tripping is required.

RECLOSING CONTROL
Reclose initiate outputs are provided for three pole reclosing and single pole reclosing (when
used). Option links are provided in the logic to block the reclose initiate outputs for any, or all,
of the following conditions.

1. Operation of an external contact (via a contact converter)

2. Following a zone 3, or zone 2 and 3 time delayed trip.

3. Following a zone 4 time delayed trip.

SD-7A



SCHEME DESCRIPTION . GEK-100559

4. Following an operation of any one of the MT functions, thus blockin% reclosing for
all multi-phase faults, but allowing reclosing for single line to ground faults (used in
three pole tripping schemes).

5. Following a trip initiated by an out-of-step swing.

SEQUENTIAL RECLOSING

Sequential reclosing logic is provided in the TLS1B system. It is provided to control an
independent recloser/reclosing system, and it may be used to prevent reclosing into a severe
fault. The reclosing logic is arranged to recognize the severity of the fault by operation of certain
of the tripping functions, and to provide an inhibit output to block reclosing at the terminals
where those functions have operated. The inhibit output will Yersist until the line voltage returns
to normal to indicate that the line is healthy. If a severe fault is not indicated, reclosing will be
permitted at that terminal, and if successful, the voltage on the line will return to normal to
remove any inhibit outputs that may have been produced. If none of the fault detectors indicate a
severe condition, high speed reclosing will be initiated at all terminals of the line. If a severe
condition is indicated at all line terminals, then reclosing will be inhibited at all line terminals. -

For the latter condition, reclosing will have to be performed manually, or a long time delay is
often recommended to produce an automatic reclose and so minimize the shock to the system.

An inhibit output may be initiated for the following conditions:

1. Operation of any of the first zone functions within 0.4 cycle of the time that the
fanlt detector operates.

2. Operation of any of the Ipha‘se distance functiohs, thus inhibiting reclosing for all
multi-phase faults on the Iine.

3. Operation of all three phase distance functions, thus inhibiting reclosing for all
three phase faults.
Option links are provided whereby these features can be inserted/removed from service.

WEAK INFEED CONDITIONS

A weak infeed condition exists whenever the fault current for an internal fault on the
transmission line falls below the standard settings for the overcurrent trip supervision functions, kp
TRIP and Ipg. It is possible to initiate a trip for this condition, but a logcing or hybrid type of
scheme must be used, and one end of the line must have a strong feed.

Blocking Scheme

If a blocking scheme is used, the weak infeed terminal will have to be tripped by a direct
transferred trip from the strong terminal following a trip there.
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Hybrid Scheme

If a hybrid scheme is selected, overcurrent and undervoltage functions located at the weak
terminal are used in conjunction with no output from the blocking functions to initiate tripping
on receipt of a permissive trip signal from the strong terminal.

Some thought must be given to the settings of the overcurrent tripping and blocking functions
when either scheme is employed for weak infeed conditions. With the standard settings, the
overcurrent blocking functions are set as sensitively as possible at each terminal, and the
overcurrent tripping functions are set less sensitively to assure coordination. This may not be
acceptable for a weak infeed condition. Consider the following:

1. The current at the weak terminal is either %reater than the setting of the tripping
functions or less than the setting of the blocking functions for various source
conditions; i.e., the current will never be between the setting of the tripping and
blocking functions. For this case, the standard settings may be used. Either
scheme will trip normally when the current is greater than the settin% of the
tripping functions. When the current is less than the setting of the blocking
functions, the weak terminal must be direct transferred tripped when a blocking
schc(aime is used, or weak infeed tripping will be initiated when a hybrid scheme is
used.

2. The current at the weak terminal can fall in between the settings of the trippin
and blocking functions. For this condition, the standard settings cannot be useg
because the blocking functions may operate at the weak terminal to block tripping
at the strong as well as the weak terminal. To overcome this condition, the
following settings are proposed.

STRONG TERMINAL: WEAK TERMINAL.:
Ip TRIP = 0.30«IN I» TRIP = (0.15«IN
Ipo = 0.30«IN ). %) = (0.15«IN
I» BLOCK = 0.10«IN I» BLOCK = 0.20«IN
2LD = 0.05+IN I2LD = (0.15+IN

With these settings, the tripping functions are set to coordinate with the blocking functions at the
remote terminal of the line just as in the standard settings. However, the blociin functions at
the weak terminal are set above the tripping functions at the same terminal thus eliminating the
situation where the blocking functions coulcf operate to block tripping for a weak feed condition.
It must be noted that the tripping functions at the strong terminal must of necessity be set less
sensitively (with higher settings) than those proposed in the standard settings. Consequently,
congitions at the strong terminal must be sufficient to support the settings there for all operating
conditions.

At least one terminal must be a strong terminal for these settings to work. If the situation can
reverse, so that the strong terminal becomes the weak terminal and vice versa for varying system
conditions, it is proposed that two hybrid schemes be used with one scheme at each line terminal
set up for weak conditions and one set up for strong conditions.
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OPERATING TIME

The operating time of the distance functions is proportional to the operating signal (IZ - V)
because large operating si%lnals will eithervlv)l)ﬁ)ass the normal filtering in the function, or pass
through the filtering much quicker than signals of lower levels; i.e., the filtering becomes
more effective as the signal level decreases in magnitude. Thus larger operating signals will tend
to produce faster operating times than will signals of lesser magnitude.

Since the operating signal is dependent on current, voltage and reach setting, its magnitude will
change as follows:

1. It will become larger as the fault is moved towards the relay location because the
current will increase and the voltage will decrease; i.e. as the fault becomes more
severe to the system.

2. It will become larger as the source impedance behind the relay location decreases.
Here too, the fault appears more severe to the system as the change occurs.

3. It will become larger as the reach is increased.

The fastest operating time will therefore occur for the most severe faults and it can be optimized
by using the largest possible reach setting consistent with the application requirements.

The overall average operating time for any type of fault will be dependent on the number of
functions that operate for a given fault type. For three-phase faults, all three of the phase
functions (AB, BC and CA) will operate, and the average operating time will be approximately
equal to the minimum operating time of ang/ one of the functions. This is so because the effect of
incidence angle is nearly eliminated by the fact that the fault will occur at an incidence angle that
is favorable to at least one of the thrée phase functions. For near end phase-to-phase-to-ground
faults (¢-¢-G), three functions will also operate - two ground functions and one phase function -
so here too, the average operating time will be apgroximately equal to the minimum operating
time of any one of the three functions. On the other hand, only one function will operate for
phase-to-phase (¢-¢), remote phase-to-phase-to-ground and phase-to-ground (¢-G) faults, so the
average operating time will fall somewhere between the minimum and maximum operating time
for that single function.

The time curves of Figure SD-3 show the average time for a ¢-¢ fault, therefore, the following
should observed when using these curves. For three ghase and near end ¢-¢-G faults, the
operating time will be about two milliseconds less than the time shown. For ¢-¢ and ¢-G faults,
the operating time will be equal to the time shown plus or minus about two milliseconds.

The times given are for electronic outputs. When contact outputs are used, add four milliseconds
to the given times.
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TLS1B SCHEME DESCRIPTION

The TLS1B System is a self-contained relaying system for transmission line protection that
includes logic options for the following relaying schemes.

1. Stepped distance

2.  Permissive transfer tripping
a. Overreachin
b. Underreaching

3. Hlybrid

4, Blocking

The TLS1B is available for both single pole and three pole tripping with all of the above
schemes. By making suitable settings, the 1B may be used on lines with series capacitors, or
on lines adjacent to series compensated lines.

The system contains the following functions:

First zone phase distance functions (M1)

Zone 2 Overreaching phase distance functions 11:44%)
Zone 3 Overreaching phase distance functions

First zone ground distance functions (MG1)

Zone 2 Overreaching ground distance functions MG(Z;)
Zone 3 Overreaching ground distance functions (MTG)
Phase to phase current detectors (lpg)

Phase current detectors - trip supervision (kp TRIP&
Phase current detectors - block supervision (Ilp BLOCK)
10.  Phase blocking functions (MB)

11. Negative se(tlu'ence blocking function (NB)

12.  Phase out-of-step blocking (MOB)

13.  Ground out-of-step blocking (MOBG)

14.  Phase voltage level detectors (V0)

15.  Positive sequence current detector (I1

16.  Fault detector - current operated (FD

WA NA W

DIRECTIONAL COMPARISON RELAYING

The TLS1B relay system will be described as it is used in the following types of directional
comparison schemes:

1. Permissive tripping

a. Overreachin
b. Underreaching

2. Blocking
3. Hybrid

The channel considerations for the different schemes are discussed in the section, "RELAY
CHANNEL CONFIGURATIONS."
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PERMISSIVE TRIPPING

The permissive tri 1plrﬁ scheme is the sim&lest of the three schemes in that it uses 18 tripping
elements (M1, M(? , M2, MG2, MT, MTG). The blocking elements (MB, NB) are used to
establish blocking to prevent tripping during fault clearing, during current reversals, or durin
voltage reversals that can occur on series compensated lines. The essential elements of this
scheme are shown in the simplified logic diagram of Figure SD-4.

The phase and ground directional distance overreaching functions, M2, MT, MG2 and MTG,
reach beyond the remote terminal of the protected line to insure ogleratlon for faults anywhere
on the protected line. The first zone phase and ground distance functions, M1 and MG1, are

ically set for 90 percent of the positive sequence line impedance and trip directly for faults
within their set reach. For a fault within the reach of the relay, one or more of the overreachin
functions (M2, MT, MG2, or MTG) will operate. Either the second zone functions, M2 an
MG?2 or both the second and third zone functions, M2, MT, MG2 and MTG, can be used as the
permissive elements in the scheme (via Link 141E-1). The permissive unit will apply a signal to
AND407 via OR412. ANDA407 is referred to as the "comparer” and is used to determine if the
fault is within the protected line by comparing the output of the local tripping functions with the
si%lnal received from the remote terminal. In permissive overreaching transfer trip (POTT)
schemes, an output from the overreaching functions will key the associated FSK channel to the
trip frequency via OR205. In Igermisswe underreaching transfer trip (PUTT) schemes, a
permissive signal is sent when OR403 produces an output via an input from either of the first
zone functions. Link 121A-2 is used to select either a POTT (closed), or a PUTT (opened)
scheme. The second in%ut to AND407 is the output of the local receiver. The NOT output to
ANDA407 is not used in this scheme.

For an internal fault, the overreaching functions at both terminals will operate and send a
permissive trip signal to the remote terminal. This will apply a trig permission signal to OR405
via AND407, OR402, TL1, OR403 and AND417. The pickup delay of TL1 is used to provide
security against false tripping on external faults due to spurious trip signals from the channel; the
50 millisecond reset time of TL1 prolongs the keying of the transmitter via OR403 and OR205 to
insure tgat the remote terminal will have ample time to trip before the permissive trip signal is
removed.

If an internal fault occurs within the reach of a zone 1 function (M1 or MG1), a trip permission
signal will occur immediately via OR402, OR403, AND417 and OR405. The output from OR403
will also cause a permissive trip signal to be sent via OR205. v

During an external fault, the tripping functions at the terminal nearer the fault will not operate
because the fault is "behind" them, but the blocking functions will operate, to establish transient
blocking. No tripping can occur at that terminal and the transmitter will not be keyed. The
tripping functions at the remote end may see the fault, but tripping will not be allowed because
there will be no permissive channel input at the comparer (AND407).

Blocking

The TLS1B relay system is supplied with blocking functions so that it may also be used in a
directional comparison blocking scheme with ON-OFF) power line carrier. This scheme
includes both tripping and blocking elements and is shown in simplified form in Figure SD-5.
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In this scheme, no carrier is sent in standby or when the trip elements operate. The channel
receiver input to the comparer (AND407) is therefore energized in the standby condition via
NOT101. The operation of the blocking scheme for a fault within the protected zone is similar to
that described for the permissive tripping scheme, When one of the overreaching tripping units
(M2, MT, MG2, or MTG) operate, one mput to the comparer (AND4XQ is supplied via OR412;
in addition, the output of OR201 energizes the carrier stop outﬁut via AND209 and OR213. The
will prevent any auxiliary functions (such as voice or checkback) from sending a blocking carrier
signal during an internal fault. All three m;l))uts to the comparer (AND407) will be satisfied since
the blocking units will not operate and the blocking carrier will not be received for a fault within
the protected zone. The 50 millisecond reset time of TL1 blocks carrier start and prolongs the
carrier stop output to insure that the remote terminal will have ample time to trip.

During an external fault, the blocking units at the end nearest the fault are set to operate for any
external fault for which the tripping functions at the remote terminal may operate. The tri%pindg
functions at the terminal closest to an external fault will not operate because the fault is “behind”
them; the blocking units at this terminal will operate causing blocking carrier to be sent to the
remote terminal. The tripping functions at the remote end may respond to the fault, but tripging
will not be permitted because the carrier input will block the comparer via NOT101 and OR101.

Hybrid

The hybrid directional comparison scheme operates in a manner similar to the g)ermissive
tripping scheme, except that blocking functions are also used as shown in Figure SD-6. The
blocking units allow the channel repeat and weak infeed tripping circuits to be incorporated.

When the hi'brid scheme is used on a system with strong sources at each end, it will respond to an
internal fault in the same manner as a permissive tripping scheme. On a system where one
source is or may be weak, the hybrid scheme offers advantages that cannot be obtained with the
permissive trip scheme. Assume a fault on the protected line that can be "seen” by the tripping
units (M2, MT, MG2, or MTG) of the relay at the strong terminal, but not by the tripping units at
the weak infeed end. The relays at the strong infeed end will send a permissive trip signal to the
relays at the weak infeed end.

In a permissive scheme, the relays at the strong infeed terminal will not be able to trip because
they will not receive a permissive trip signal from the relays at the weak infeed terminal. The
relays at the weak infeed end will receive a dpermissive trip signal, but will not be able to trip
because the tripping functions will not respond to the fault. In a hybrid scheme, the receipt of a
permissive signal at the weak infeed end and the lack of an output from the blocking functions
will allow the permissive signal to be repeated back to the relays at the strong infeed terminal via
TL12, AND102, AND405 and OR205. When the reﬁeated signal is received, the relays at the
strong infeed terminal will produce a trip output. At the weak infeed terminal, where neither the
tripping nor blocking functions have operated, a trip will be initiated via TL16 when the trip
signal is received from the remote terminal, provided that the current is less than the I-Block
setting and the voltage is less than 0.65 per unit.

When an external fault occurs within the reach of the overreaching tripping elements, the
blocking functions will o%erate and block the local trip units, as well as blocking the repeat circuit
at AND40S, preventing the relays at either terminal from tripping.
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SINGLE POLE TRIPPING

If the TLS1B system is applied in a three pole tripping scheme, a TRIP PERMISSION output
from OR405 will initiate three pole tripping of the associated circuit breaker(s). In a single pole
tripping scheme, however, it is necessary to trip only the faulted ;l)hase for single line to ground
faul‘t)s, and to trip all three phases for multi-phase faults. A simplified phase selection circuit is
shown in Figures SD-4, SD-5, and SD-6. 4

The ground distance functions are designed to respond only to single line to ground faults (except
for close-in phase to phase to ground faults where both ground units involved in the fault will
operat?. herefore, for an internal phase A to ground fault, one input to AND408 will be
supplie b{lthe phase MG1 or MTG, while the TRIP PERMISSION signal will supply the other.
Only the phase A pole of the circuit breaker will be tripped. Phase A may also be selected by the
signal labelled "A open." This signal occurs when the vo ta}%f on phase A is less than 0.65 per unit
and the current on phase A is less than the setting of the IA Block current detector. These open
pole detectors are used to indicate when the associated phase is de-energized, and also to provide
phase selection on weak infeed faults, as discussed subsequently.

An output from OR20 will select a three pole trip by applying an il?ut to each of the phase
selection circuits. The following conditions will apply an input to ORZ0 to select a three pole
trip:

. Operation of any first zone phase distance function (any M1).
Selection of more than one phase (two out of three logic).
Time delayed tripping - Zones 2 and 3 may be selected by the user to trip
single pole or three pole. Zone 4, if used, will always trip thre&q_ole.
Operation of any overreaching phase distance function (any MT), or the
combination of an MT function and the receiver output.

5.  Receipt of a three pole trip channel.

bl e

Option links are available in the logic modules to select the combination of items 4 and 5 which
are best suited for the application. General application rules are as follows:

1. Blocking Schemes with AM Channel:

A three pole trip should be selected whenever any of the MT units operate

Switch Position
101A-1 Closed
101A-2 Closed

101B-1 Open

2. Tripping/hybrid Schemes with a Single FSK Channel:
A three pole trip should be selected by the operation of any MT.

Switch Position
- 101A-1 Closed

101A-2 Closed

101B-1 Open
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3. Tﬁ{)ping/hybrid schemes with shared/dual FSK channels - no possibility of intercircuit
faults.

A three pole trip should be selected by the receipt of the 3 pole trip channel or the
operation of any MT. This allows a three pole trip in the case of a weak-infeed
condition where the MT units may not operate.

Switch Position
101A-1 Closed

‘101A-2 Closed
101B-1 Closed

4. Tripping/hybrid schemes with shared/dual channels where intercircuit faults are a
consideration:

A three pole trip should be selected by the operation of any MT AND an output from

the three pole receiver. See the discussion in the section, "INTERCIRCUIT FAULT
PROTECTION."

Switch Position

101A-1 Open

101A-2 Closed

101B-1 Open

RELAY-CHANNEL CONFIGURATIONS

In the earlier dail(sl of directional comparison relaying, most schemes used with power line carrier

PLC) were blocking schemes with an ON-OFF channel, and most schemes used over microwave
MW) were tripping schemes with a frequency-shift (FSK) channel. With only these two choices,
a single term (tripping or blocking) was sufficient to describe the complete protective scheme.

A tripping scheme was attractive because it did not require any blockin% relay functions, but
relays at both terminals had to see the fault before either end could trip. In a blocking scheme,
on the other hand, a relay at a high infeed terminal could trip fast without waiting for permission
from the other end. Therefore, the characteristics of a blocking scheme are desirable in some
applications and the characteristics of a tripping scheme are desirable in others.

The introduction of frequency shift channels on PLC with the unblocking mode of operation
makes it possible to provide either a tripping or a blocking scheme over PLC or MW, depending
on which frequency (trip or guard) is transmitted in standby. In addition, a third relay scheme, a
"hybrid scheme" has been developed that offers some of the advantages of a blocking scheme
(trip at one end with weak infeed at the other) but operates basically as a tripping scheme.

Because of this flexibility in channel arrangements and relay circuits, it is helpful to define a
specific relay channel arrangement by a double term, with one term for the relay mode of
operation and one term for the channel type and mode of operation. The following list of
available combinations uses this double nomenclature.
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In the tabulation of relay schemes and pilot channels given below, the following definitions of
relay schemes are used: ’

Tripping Scheme - requires operation of the local trip functions and receipt of a trip signal from
the remote terminals before tripping will be initiated. Scheme contains tripping functions only.

Blocking Scheme - requires operation of the local trip function and the absence of a blocking
signal from the remote terminals before tripping will be initiated. Scheme contains both blocking
and tripping functions.

Hybrid Scheme - requires operation of the local trip function and receipt of a tn;r signal from
remote terminals before tripping will be initiated, but trip signal may be a "repeated" signal from
remote terminal if neither trip nor block function has operated at that terminal. Scheme requires
both blocking and tripping functions.

The various combinations of relay schemes and pilot channels are described below.
1. Tripping scheme, FSK tripping channel:

Permissive overreaching transfer trip (POTT), transmits guard frequency in standby
condition, relay trip functions key channel to trip frequency. Tripping blocked on loss
of channel. Receipt of trip frequency gives trip permission to local relay.

2. Tripping schenie, FSK unblocking channel:

Permissive overreaching transfer trip (POTT), transmits guard frequency in standby
condition, relay trip functions key channel to trip frequency, permit trip for short
duration if the signal is attenuated by a fault, then block tripping. Receipt of unblock
signal gives trip permission to local relay.

3. Blocking scheme, OFF-ON power line carrier:

No signal transmitted in standby condition. Relay blocking functions start carrier
transmission and relay tripping functions stop carrier transmission. Receiver output
blocks tripping by local relay. Tripping functions initiate tripping independently at
each terminal in a%sence ofa Klocking signal. '

4. Blocking scheme, FSK tripping channel:

Transmitter keyed to trip frequency in standby, relay blocking function at one terminal
keys transmitter to guard frequency for external fault. Tripping blocked for loss of
channel. Receipt of trip frequency gives trip permission to local relay.

5.  Blocking scheme, FSK unblocking channel:

Transmitter keyed to trip fre?uency in standby, rela{ blocking function at one terminal
keys transmitter to guard frequency for external fault. Permit tripping for short
duration if the signal is attenuated by a fault. Receipt of unblock signal gives trip
permission to local relay.
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6. Hybrid scheme, FSK unblocking channel:

Transmits guard frequency in standby condition. Relay tripping functions key
transmitters to trip frequer;’ﬁ'. In addition, receipt of a trip frequency tplus no local
blocking function output, will key the transmitter for a short duration (five cycles) to
"repeat” trip signal back to transmitter location. Permits tripping for short duration if
the signal is attenuated by a fault. Tripping is blocked for the loss of channel. Receipt
of unblock signal gives trip permission to local relay. An unblock signal can be the
receipt of the trip signal from the remote terminal or the loss of signal (LOS) output
from the local receiver. :

Thle1 follolwing application guidelines should be considered when selecting a relaying scheme and
a channel.

L The blocking scheme with OFF-ON carrier will trip the local breaker for any internal
fault whether or not the remote trigfin’lghfunctlon operates and is suitable for
applications with a weak infeed terminal. The channel is not continuously monitored,
and is subject to overtri%ping if the channel fails. A failed channel can go undetected
until tested manually or by an automatic checkback scheme.

2. Frequency shift (FSK) tripping channels would normally be used with microwave, and
FSK unblocking channels with power line carrier to allow tripping on internal faults
that cause excessive attenuation in the channel.

3. Where frequency shift channels are used, tripping schemes tend to be more secure
because relay tripping functions at both ends of the line must see the fault. They are
generally used where there are good sources of fault current at both ends of the line.

4, Where the source at one end of a line is much weaker than that at the other end, a
blocking scheme will ¥ermit faster tripping of the heavy infeed end, since tripping is
not delayed because of slow operation of the tripping function at the remote end.

5. For fast tripping of a weak infeed terminal, a hybrid scheme with a weak infeed trip
circuit option is preferred.

6. If two FSK channels are used for direct transfer tripping for equipment failure, one of
the two channels can be used for the directional comparison relaying. This would be a
reason for choosing a tripping rather than a blocking scheme.

RECLOSING CONTROL
Reclose Initiation

As shown in Figure SD-7, output contacts are provided to initiate either a single pole reclosure or
a three pole reclosure. Only one of these outputs may be energized at a given time. The single
pole reclose initiation is not phase-identified; if phase-identified outputs are required for single
pole reclose initiation, a phase-identified breaker failure initiation (BFI) contact should %)e
glaced,in series with the RI-Ip contact as shown in Figure SD-8. The reclose initiation may be

locked in the relay logic by an output of OR407 depending upon the position of option link
121A-4. The inputs to OR407 that can block reclosing initiation are discussed in the next section.
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Lockout/Block Reclosing

An output from OR407 may be used to prevent reclosing in certain situations where reclosing is
not desired. The reclose initiation contacts may be blocked in the relay logic via option link
121A-4 or externally to the relay scheme via the lockout reclosing contacts (LR), depending upon
the reclosing scheme employed. Reclosing may be blocked for the following conditions:

1. An external trip signal via contact converter CCS8.
2, A time délayed trip in Zone 4 time.
3. A sustained direct transfer trip signal. If an extended transfer trip signal is

sent to differentiate between a line fault transfer trip for which reclosing is
desired, and an equipment fault transfer trip for which reclosing is not
desired, reclosing may be blocked after timer 2 has timed out, indicatinﬁ
an equipment failure transfer trip. For a line fault transfer trig, reclosing wi
be inhibited for the duration of the transfer trip signal as discussed in the
paragraph, "Sequential Reclosing."

4. An option is available in the logic to block reclosing via option link 141E-6
whenever any M2 or MT unit operates, allowing reclosing only on SLG
faults. This option is used in three pole tripping schemes where reclosing on
multi-phase faults is not desired.

5. An option is available to block reclosing for Zone 3 time delayed trli;)ging or
Zones 2 and 3 time delayed tripping via option links 141F-1 and 141F-2.
141F-1 ~ 141F-2 RI Blocking
Open Closed Zone 3 onl
Closed Closed Zone 2 or Zone 3
o/C Open Neither Zone

2 or Zone 3
6. An option is available to block reclosing for a trip that occurs during an

out-of-step condition via option link 131A-2. AND304 and AND305 prevent
this option from blocking reclosing for a SLG fault if a swing develops after
the pole is opened. In addition, AND305 prevents the lockout reclosing
relay from being energized during an out-of-step condition if no trip occurs.

If the reclose initiation is blocked by an output from OR407 for any of these conditions, an input
is provided to OR20 to insure a three pole trip, regardless of fault type.

SEQUENTIAL RECLOSING/INHIBIT RECLOSING

The TLS1B relay system also includes an inhibit reclosing output that is intended to prevent
reclosing as long as it is energized, but to allow the reclosing cycle to be started by the reclose
initiation contacts. Reclosing will be permitted after the inhibit reclose contacts reset and the
reclose time has elapsed. If the inhibit reclose contacts do not reset within the overall reclosing
time, the recloser will %roceed to lockout. This function is intended to be used with the Type
TRS modular recloser, but may be used with any reclosing scheme, as appropriate.
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The inhibit reclosing output is used to provide sequential reclosing for certain conditions.
Sequential reclosing is intended to force the terminal most remote from a severe fault to reclose
first and to prevent the terminal nearest to a severe fault from reclosing onto a permanent fault
in order to minimize the effect on the power system of reclosing onto a permanent fault. After a
sequential reclose siﬁnal is energized, it will prevent that terminal from reclosing until all three
phase voltages on the line have returned to normal, indicating a successful reclosure at the
remote terminal.

A simplified diagram of the inhibit reclosing log]i)c used for sequential reclosing control is shown
in Figure SD-9. The inhibit reclose output may be energized by a received transfer trip signal or
by the sequential reclose circuit. The transfer trip input prevents a reclose as long as a transfer
trip signal is being received. In the event of an equipment failure transfer trip from the remote
terminal, the signal will last long enough to cause TL22 to FiCk up and energize the lockout
reclosing outﬁgt via OR409. The duration of a received transfer trip signal for a line fault will
not cause TL22 to time out. In this case, reclosing will only be inhibited for the time that the
transfer trip signal is being received.

A sequential reclose may be initiated via OR408 for one of the following conditions. Note that
an output from OR408 seals itself in via AND413, AND414 and OR408, causing the inhibit
reclosing output to remain energized until all three phase voltages return to normal and break
the seal-in via AND413.

1. A nearby Zone 1 fault (any fault tﬁeé will initiate sequential reclosing via AND412 if
any first zone distance unit (M1 or 1) operates within 0.4 cycles of the time that the
fault detector operates. If TL17 times out before the first zone unit operates, reclosing
will be permitted. The time delay allows only the most severe faults from initiating a
sequential reclose. This feature is enabled by option link 141E-2.

2. Additionally, sequential reclosing may be initiated for a multi-phase fault (any MT) or
2114tfxée§ phase fault (all MTs). This feature is controlled by option links 141C-1 and
141C-1 141C-3 .
Closed Closed Any M2 or MT
Closed Open All 3 MTs
Open o/C Neither

After a sequential reclose has been initiated, the inhibit reclose output will be sealed-in via
AND413 and AND414 until all phase voltages return to normal. Note that if the relays at both
terminals are set to initiate sequential reclosing for multi-phase or three phase faults, neither end
will reclose because the line voltage will not return to normal. :

THREE POLE TRIP ENABLE

In single pole tripping and reclosing schemes, a "Three Pole Trip Enable" signal must be supplied
to the TLS1B relay by the associated reclosing scheme via contact converter CCS. This signal
will select a three pole trip via OR20 causing a three pole trip for any type of fault. This input is
typically energized for the following conditions:
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1. Following a single pole trip, the three pole trip enable is energized for the reclaim time
of the breaker in order that any subsequent tripping will be three pole regardless of
fault type. ‘ '

2. If the recloser is out of service, or if its DC supply volta%e is removed, the three pole
trip enable signal will cause the TLS1B to trip three pole for any fault because the

reclosing scheme will not reclose an open pole.

Line Pickup

Line pickup, or close onto fault protection is included in all TLS1B relay systems. A simplified
diagram of the line pickup circuit is shown in Figure SD-10. If the line pickup protection is not
desired, it may be taken out of service by link 131A-4. The line pickup circuitry includes
protection for three pole and single pole reclosing (when used).

When the protected line is de-energized, the three %pen pole detectors will (F}[f,rate, 1producing an
output from ANDA406. After a security delay of 150 milliseconds, timer TL7 will produce an
output that places the line é)ickup circuit in service. This signal will be maintained for five c¥cles
after the first open pole detector resets or until it is fast reset via NOT301 and TL26 forty
milliseconds after all three phase voltages return to normal. The second input to AND302 can be
%%pplied by a Zone 2 distance unit (M2 or MG2) or a positive sequence overcurrent unit (I1).
ith line side Fotential, the distance relays will not operate for a bolted fault at the relay
location, but will operate for a fault farther down the line. The I1 unit is intended to provide
protection for the bolted fault at the relay. The I1 function produces an output whenever the
positive sequence current is above its setting. Timer TL8 provides coordination between the
ickup of the I1 unit and the resetting of the undervoltage units in those a%plications where the
1 unit is set less than the full load current and high speed reclosing is used at both ends of the
line. If the coordinating time delay is not required, it may be bypassed by apglying a permanent
input to contact converter CC6, thereby tripping via AND303. If, however, the application does
require the coordinating time delay of , a channel failure alarm contact from the associated
ower line carrier set may be connected to CC6. This assumes that the likely cause of a channel
ailure at the time of reclosing is the attenuation of the channel signal due to an internal fault,
thus, the time delay of TL8 may be bypassed.

When the TLS1B relay system is equi;g)ed for sin%le ole tripping, three single pole line picku
circuits are included in addition to the previously described three Bole line pickup circuit.
simplified diagram of the circuit for é)hase A is shown in Figure SD-10; the operation of the
scheme for a phase A reclose will be described. One input to AND13 will be su;ili:_l ied by TL9 one
hundred and fifty milliseconds after the phase A open pole detector operates. This signal will be
maintained for five cycles after the phase A open pole detector resets. The second input to
AND13 is supplied by the phase A overreaching ground distance relay (MTG-A). The MTG-A
unit is prevented from operating on the zero sequence current during the open pole period IX
IA-Trip current detector supervision. At the time the phase A breaker pole recloses, the MTG-
unit will have the proper polarizing signal due to the use of positive sequence voltage

olarization; the MTG-A will operate for a phase A to ground fault anywhere on the protected
ine. Note that alg line pickup trip will result in a three pole trip of the associated circuit breaker
via OR304 and OR?20, regardless of fault type.
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CHANNEL REPEAT AND WEAK INFEED TRIPPING CIRCUITS

When the TLS1B relay system is applied in a hybrid tripping scheme, the channel repeat and
weak infeed tripping features may be used. In all other schemes, these circuits should be taken
out of service gy opening option link 141B-1. A simplified diagram of the channel repeat and
weak infeed tripping circuits is shown in Figure SD-11.

The repeat circuit will send a permissive signal to the remote end on the receipt of either a one
pole or three gole signal, if the local blocking units have not operated. The kely;ing of the reJ)eat
signal will be blocked at AND102 via TL12 after a permissive trip signal has been received for
five cycles. If the local blocking units operate indicating an external fault, kezing of the repeat
signal will be blocked at AND405. In germissive tripping schemes where the blocking units are
not used, the repeat function may still be used, but it must be supervised by the I -Block units as
would be the case for an open breaker. Timer TL1S is used to extend the block unit for 50
milliseconds after the Ip-Block units have reset on clearing an external fault. When blocking
units are used in the scheme, they are set to bypass TL1S by closing 141B-2 to block the repeat
keying at ANDA405 directly.

A weak infeed trip circuit can be emplolyed in conjunction with the channel repeat function. This
feature, inserted by closing 141E-3, allows high speed clearinf of the weak infeed end, even
though little or no current may be flowing into the fault. In order for the weak infeed circuit to
otperate, the relay at the remote terminal must see the fault and initiate a permissive trip sif'nal. :
If a permissive trip signal is received, and a blocking unit has not operated, an output irom
ANDAM40S in the repeat circuit will energize one of the inputs to AND406. In addition, the output
from AND405 will send a permissive trip signal to the remote terminal permitting the relays at
that end to trip. Timer 3 is intended to remove the weak infeed circuit from service by
blocking the weak infeed tripping circuit at AND406 during the open pole period following a
single pole trip for increased security because the "open pole” circuit Will be energized for the
open pole period. If a second phase becomes faulted during the open pole period, 3 will be
fast-reset, returning the weak infeed circuit to service. Depending upon the specific application,
the third input required to produce a weak infeed trip is the operation of any of the open pole
detectors or any of the undervoltage detectors, depending upon the position of option link
141B-3. Once an output is obtained from ANDA405, it must be present for the pickup delay of
timer TL16 in order to produce a weak infeed trip. The time delay of TL16 must be set greater
than the maximum incorrect trip output from the channel that might be expected due to errors in
the channel. In addition, if the weak infeed circuit is connected to the undervoltage detectors,
TIL.16 should be set long enough to provide sufficient time to clear an external fault to prevent
false tripping should an unblocking channel logic output occur, due to a flashover in the PLC
coupling equipment (tuning pack, wave trap, etc.).

PT FUSE FAILURE ALARM

A circuit is included in the TLS1B relay system to detect a failure of a fuse in the potential device
associated with the relay. A simplified diagram of this circuit is shown in Figure SD-12. The PT
fuse failure alarm circuit will produce an output when the following conditions are met:

1. Any phase undervolta%e unit has operated
2. Any phase current is above the Ip-Trip level detector setting
3. The fault detector unit has not operated, or none of the breaker poles are open
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Once the fuse failure circuit has operated, it is sealed-in via AND416 and OR411 until all phase
voltages are again healthy. A normally open contact of the fuse failure alarm relay may be
connected to contact converter CC9 to block the TLS1B relays from misoperating on loss of
gotential. If a fuse failure occurs when the current is less than the Ip-Trip level detector, the fuse

ailure alarm will not operate. However, since the distance units are also supervised by the
Ip -Trip units, they cannot misoperate and there is no danger of a false trig. If the current should
then increase above the pickup level, the fuse failure alarm will operate before the distance unit.
The fuse failure alarm circuit is blocked from operation during the time any pole is open.

FAULT DETECTOR

A fault detector function is included in the TLS1B relay system for supervision of the trip
outputs. This feature is intended to reduce the possibility of the relays misoperating due to either
potential failure or component failure. This function is a sensitive, hi%h speed, current
disturbance detector that operates from negative sequence current or a change in positive
sequence current, as shown in Figure SD-13. It will provide a steady-state output for unbalanced
faults and a transient output for three phase faults. Once the fault detector has operated, it will
remain sealed-in via OR209, AND207 and OR210 until the latter of either the distance relay
(MT or MTG) resetting, or the trip bus resetting.

The /\ 11 circuit is used to detect the change in positive sequence current, thus eliminating the
effects of load current. The adaptive level detector is designed to automatically increase its
pickup level, after a time delay, when a continuous input is applied. This feature is intended to
prevent the fault detector from picking up on negative sequence currents caused by unbalances in
the load current. A long time constant on the adapting feature allows the circuit to function
properly on low level fault currents. :

If the fault detector supervision is not desired, an option is available to remove it via closing
option links 121B-3 and 121B-4. If the fault detector supervision is used, option link 121B-1 ma
be used to allow external trips via CC7, CCS8, or a received direct transfer trip, even if the fault
detector has not operated. Similarly, option link 121B-2 may be used to allow tripping during
out-of-step conditions, if desired.

OUT-OF-STEP BLOCKING

A circuit to block the TLS1B relay from tripping during an out-of-step condition is included in
the system. A simplified diagram of the out-of-step blocking circuit is shown in Figure SD-14.
The MOB characteristic timers receive one input block per cycle from each of the three
coincidence logic circuits of the overreaching distance units (MT and MTG). Both phase and
ground MOB characteristic timers are included.

The nature of a power swing is such that the locus of the swing impedance will first enter the
MOB characteristic and at some later time will enter the MT characteristic. On the other hand,
for a fault condition the impedance will suddenly appear within the MT characteristic so the MT
and MOB will both operate at about the same time. The out-of-step blocking logic makes use of
the difference to recognize that a swing rather than a fault has occurred.
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As a swing progresses, one input will be iggged to AND201 when either MOB¢ or MOB-G
roduces an output. The second input to 201 will already be present because neither the
nor MTG will be picked ug and therefore, NOT201 will be producing an output. If MT does
not produce an output before the pickup time of TL6, this timer will produce an output indicating
that an out-of-step condition exists. The output of TL6 seals-in the second input. to AND201 via
OR203 preventing a later operation of MT or MTG from resetting the MOB output as the swing
progresses. Thus, out-of-step blocking will be set up and maintained until 50 milliseconds after
the swing exits the MOB characteristic.

The MOB-G function is used when single pole trlllg?lgf is applied on parallel lines. It is used to
block the ground function in one phase of the unfaulted line from operating if a swing should
occur when the same phase of the faulted line is open following a single pole trip. MOB-G is not
required in three pole tripping schemes; therefore, it is effectively disabled by settings its
characteristic timer to the same settings used on the ground MTG functions.

%’hle out-of-step blocking output serves a variety of functions in the TLS1B scheme logic as noted
elow:

1. The first zone direct trip units (M1 and MG1) may be blocked by the out- of-step signal
at AND402 via option link 141A-3.

Zone 2 time-delayed tripping may be blocked at AND403 via option link 141A-8.
Zone 3 time-delayed tripping may be blocked at AND404 via option link 141A-2.
Permissive tripping may be blocked at the comparer, AND407, via option link 141A-5.

n &> LN

}(e '111 1aA %emﬁssive trip signal may be blocked at AND204 and AND205 via option
i -3.

The weak infeed trip function may be blocked at AND406 via option link 141A-7.

7. If tripping when the MT unit operates during a swing is desired, the out- of-step
blocking signal may be used to su%p;y the tn{) bus supervision normally supplied by the
fault detector via option links 121B-2 and 121B-4.

8. If the relays are allowed to trip during a swing, but reclosing is not desired, reclosin
may be blocked via option link 131A-2 as discussed in the section, "RECLOSIN
CONTROL." :

9. If link 121B-5 is closed, MOBG will be blocked if either receiver input is active.

BLOCKING UNITS/ZONE 4 TRIPPING

When the TLS1B system is applied in a directional comparison blocking scheme, or a hybrid
tripping scheme, the blocking functions must be used. The blocking functions consist of three
single phase mho distance functions (MBs) and one negative sequence directional function %\JBg
A simplified diagram of the logic associated with the blocking functions is shown in Figure SD-15.

SD-23A



SCHEME DESCRIPTION | GEK-100559

For an internal fault, the tripping functions will operate faster than the blocking functions (which
may operate due to offset) and prevent operation of the NB and MBs via OR10. Note that the
trip functions will have priority over the blocking functions, even if the blockmf functions were
operated before the tripping functions. In this case, the bloci(mg output at AND302 will continue
for the dropout time o 24 and TL2S to provide transient blocking coordination for fault
current reversals, etc. Because the negative sequence blocking function (%\IB) may picl;qlﬂ) under
load with one pole open, any MT or MTG operation will take immediate priority over NB during
the open pole period via OR10, AND12, OR301 and AND301. A three phase fault or a first
zone fault also take immediate priority over NB.

An option is also provided via link 131A-3 to include a Zone 4 time-delayed tripping feature
whenever MB has been operated for an appropriate time.

DIRECT TRANSFER TRIPPING

When the TLS1B relay system is applied in a permissive or hybrid scheme with two
communications channels, either on a shared or dedicated basis, the direct transfer trip feature
included in the TLS1B logic may be used. A simplified logic diagram is shown in Figure SD-16.

In this application, a local three pole trip results in both transmitters 1 and 2 being keyed via
AND203 and TL18, provided switch 121A-7 is closed. Only transmitter 1 is keyed for permissive
tripping. The relay logic utilizes either receiver 1 or receiver 2 for its permissive trip signal to the
comparer. This allows a permissive trip to occur when a transfer trip has been sent, even if
channel 1 has failed for some reason. D101 produces an output whenever channels 1 and 2
are received simultaneously. If the system uses only a single channel that is dedicated to the pilot
relaying scheme, it is still possible to direct transfer trip through the scheme I%gzic, but switch
1111%—4 must be closed, and the direct transfer trip input must be connected to CC2. The direct
transfer trip output (AND101 or CC2) initiates a three pole trip via TL13 and inhibits reclosing
via OR409 as discussed in the section, "RECLOSING CONTROL." Timer TL13 is intended to
prevent an incorrect transfer trip signal due to an erroneous output from one channel while the
other is bein%]received. An output from TL13 also blocks, via AND203, the keying of a transfer
trip back to the originatinfg end. Timer TL22 is used to discriminate between a pilot transfer tri
and an equipment transfer trip and to block reclosing, as described in the RECLOSIN
CONTROL section.

Switch 111B-3, when closed, allows a transfer trip signal to:

a. initiate a trip via TL13 provided switch 111A-1 is open
b. block reclosing via timer TL22

Both of these features are disabled when 111B-3 is open.

INTERCIRCUIT FAULT PROTECTION

The protection of double circuit lines presents an interesting problem when single pole tripping is
required. Consider, for example, the system shown in Figure SD-17. For the fault condition
shown, the fault will appear as a BCG fault to the relays on both lines at station A. At station B,
the fault will appear as a BG fault to the relays on line 1 and as a CG fault to the relays on line 2.
Note that as the fault location moves towards the center of the line, the fault will appear as a
single line to ground fault to the relays at both stations. If suitable precautions are not taken,
single pole tripging will be initiated on both lines at station B, while three pole tripping will be
initiated on both lines at station A, -
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The distance functions in the TLS1B relay system are designed such that only the BC phase units
will operate at station A, while at station B, only the B phase ground unit will operate on line 1
andbi)nly the C phase ground unit on line 2. However, this feature by itself does not solve the
problem.

A complete solution involves the use of multiple communications channels. The first solution
requires two information channels which could, for instance, be supplied by two Type 40 tone
channels or by one Type 45, three frequency FSK channel. The two channel solution provides
correct single pole clearing, as described below, but involves sequential tripping of the breaker
remote from the fault.

This solution involves the use of two communications channels as shown in simplified form in
Figure SD-18. Briefly, the following will occur for the fault condition shown in Figure SD-17. At
station A, the phase BC MT functions will operate and send a three pole trip signal to station B
via OR8 and 205. At station B, the phase B MTG will operate in the protection associated
with line 1 and the phase C MTG will operate in line 2. They will send single pole trip signals to
the relays at station A via OR206 and 204. A permissive trip signal will be applied to the
comparer via OR101 at both stations. Single pole tnpKing of the faulted phases will be initiated
at station B. No tripg?_llg will be initiated at station A at this time, because there has been no
phase selection. The units are permitted to select a three pole trip only if a three pole trip
signal is being received from station B (AND21). As soon as the fault is cleared at station B, the
phase BC umits at station A will reset and the proper ground units will operate and initiate single
pole trigll()ing. The permissive trip signal keying from station B will be extended beyond the time
the breaker clears by TL1 (trip integrator).

A second solution which provides high speed clearing at both terminals, requires four
information channels which could, for instance, be supplied by one Type 40 tone channel and one
Type 45 three frequency FSK channel. The channel interface circuits are shown in simplified
form in Figure SD-19. For the faulf condition shown in Figure SD-17, the phase BC MT will
operate at station A and send a three pole trip signal (f4) to station B via OR8 and AND205. At
station B, the phase B MTG will operate in the protection associated with line 1, and the phase C
MTG will operate in line 2. They will each send a phase identified single pole trip siﬁnal to the
relays at station A via OR205, AND204 and the TX relay associated with the faulted phase.

The relays at station B will receive a permissive three pole trip siglnal (f4) which will energize the
comparer via CC3 and OR101. Single pole tripging of the faulted phase will be initiated at
station B, At station A, the protection associated with line 1 will receive a phase B permissive
single pole tri;ryl signal (f2). This ségnal will energize the comparer via CC1 and OR101; it will
also provide phase selection via CC12 and OR2. This will result in sirll\%le pole tripping of phase
B on line 1 and in a similar manner, phase C on line 2. Note that the MT units are only allowed
to select a three pole trip if a permissive three pole trip signal is received, indicating that the
relays at both terminals are seein%an interphase fault. As noted earlier, the use of four channels
results in high speed clearing at both terminals and does not require sequential tripping of the
terminal remote from the fault.

TIME-DELAYED TRIPPING@ENE@W@M&&

The TLS1B relay system includes timers for use in time-delayed backup or stepped distance
ﬁ:{)hcatlons. 1 of the rela{/lschemes employ three dedicated zones of distance relaying -
éMGl M2/MG?2 and MT/MTG. Single pole or three pole tripping is selected independently

for both Zone 2 and Zone 3 tripping. Reclosing may also be blocked for either or both zones.
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A Zone 4 timer is also provided for time delay t‘J]iﬁping via the blocking functions as shown in
Figure SD-15. An output from the Zone 4 timer will result in a three pole trip with no reclosing,
regardless of the fault type.

TARGET LAMPS

A single pole trié)ping scheme is eguipped with 13 LED target lamps as shown in Table SE-2. All
LED:s are sealed-in and supervised by the relay tripBbusses except for the out-of-step blocking and
three pole trip selected lamps. Note that the A, B and C lamps indicated the tr;i)l busses that
were energized, rather than the fault type. In other words, a BC fault will result in all three lamps
being lit and a BG fault will result in only the B lamlginNote that if the switched zone feature is
used, a trip in Zone 2 time will result in the I and II Iamps, while a trip in Zone 3 time will result
in the II and III lamps. In three pole tripping schemes, the 3P lamp (three pole trip selected
lamp) is omitted and all phase targets (A, B and C) are connected in parallel.

TABLE SD-3 TLS1B TARGET LAMPS

DESCRIPTION

Phase A Trip Bus

Phase B Trip Bus

Phase C Trip Bus

Zone 1 Trip

Zone 2 Trip

Zone 3 Trip

Zone 4 Trip

Pilot Trij

Line Pickup Trip

Weak Infeed Tri

Direct Transfer Trip
Out-of-step Blocking

3P Three Pole Trip Selected
IN SERV Relay in Service/Trip Bus Enabled

DATA LOGGING MONITORING

§j§g325=~ow> E

The basic single pole tripping TLS1B relay system includes 12 normally open contacts for
monitoring the logic of the relay system. An additional 12 points are available as an option for a
total of 24 outputs. The 24 points are listed in Table SD-5.
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ABL
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Fault Detector, FD

Out of Step Block, MOB (TL6)
Trip Permission (OR405

Zone 1 Trip, M1 or MG1 ( ORZM)
Local Permissive Tri EfMZ MT MG2 or MTG (OR412)
Received Permissive Trip (OR101)
Local Blocking (OR302

Three Pole Tr1 Select (OR20)
Time Delayed Trip (OR401)

DTT (TL13)

Weak Infeed Trip (TL16)

Line Pickup Trip (OR304)

M1 AB

M1BC

M1CA

MG1 A

MG1B

MG1C

MT AB

MT BC

MT CA

MTG A

MTG B

MTGC
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LOGIC SWITCHES

The TLS1B System is provided with a series of switches that must be set to establish the scheme
logic. The onlowin% pages list these switches, the modules that they are located on, and the
proposed settings for Blocking (B), Permissive Tripping (P) and Hybrid (H) type relaying
schemes. Comments are given where required to aid in making an appropriate setting. ere
no comments are provided, it is only necessary to select the setting given for the particular
scheme that is to be implemented.

A logic switch is open (O) when the switch handle is moved to the left; it is closed (C) when the
switch handle is moved to the right.

TABLE SD-5 TLS1B LOGIC LINK SELECTION

— Step distance
— Blocking
Permissive
Hybrid

ULM101 MODULE (SPT&R schemes only)

Switch S BPH Comment

L101A-1 j0(0|0|O|{ See logic description for other settings

L101Aa-2 [O|O|O|O v

L101a-3 |c|c|c|c "

Li0l1a-4 |c|c|c|c| Open only for double circuit lines and SPT

L101a-5 (c¢|c|c|c| Open only for double circuit lines and SPT

L101Aa~-6 [C|C|C|C| Open only for double circuit lines and SPT

L101A-7 |c|c|c|c| Open only if a single pole trip ie desired for Zone 3

L101a-8 (Cc|C|C|C| Open only if a single pole trip is desired for Zone 2

L101B-1 |C|C|C[C| Close to allow RCVR 2 (CC3) to select 3 pole trip

L101B-2 |0|0|(0|0| Close for 3 pole tripping for all fault types

L101B-3 |0]|0|0|0| Close when single pole & three pole channels are used
ULM112 MODULE

Switch S BPH Comment

L111A-1 |Oo|O|O|O| Close to direct transfer trip via TLS1B

L111A-2 |C|C|C|C| Must be closed to use CCll, CCl2, and CC1l3

L111A-3 |o(Cc|O[O| Close to invert RCVR 1 (CCl) output

L111A-4 jO|C|0O|0O| Close to invert RCVR 2 (CC3) output

L111B-1 [0j0|0 /O] Close if zone acceleration is desired

L111B-2 |0fO|0|0| Close to use CC4 input as permissive trip signal

L111B-3 (0o|C|C|C| Open to defeat DTT

L111B-4 |0]|0]0|0O| Close for transfer trip via TLS1B and CC2
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Switch S B

L121Aa-1
L121A-2
L121A-3
L121n-4
L121A-5
L121A-6
L121a-7
L121Aa-8

L121B-1 .

L12iB-2
L121B-3
L121B-4
L121B-5

Li21c-1

Li121c-2

Switch S B

L131A-1
L131A-2
L131A-3
L131n-4
L131A-5
L131A-6

P

0000N0O0O

Q
Q
Q
Q

Q000
(oo o o)
NNoo
NNoOo

w
i

ocooaaaaaan

0000QO0NO0

oonooan

ULM121/122 MODULE
Comment

Close if rated frequency is 50 Hz

Open for permissive underreaching scheme

Close to block XMTR keying during out of step

Close to block RI output for reclose lockout

Close to key XMTR 1 with NC contact

Close to key XMTR 2 with NC contact

Close to key both channels for transfer trip

Close: OSB blocks M1, Block MGl unless any pole open

0000Q0O00OO0
ooco00NnONOO

Allows external trip via CC7 or CC8 without fault
detector supervision. Close for FD supervision
Close to allow tripping during out of step.

Close to remove fault detector supervision.

Close to enable L121B-1, L121B-2,and L121B-3
Close to block MOBG if receiver is active (ULM122

only) (Revision B TLS1)

o}
o

Closed for blocking with AM channel
Open for permissive or hybrid schemes
0|0| Closed for blocking with AM channel
Open for permissive or hybrid schemes

ULN131 MODULE

Comment
c|{c| Open to block NB for all 3 MT's rather than any MT
c|c| open to permit RI output during out of step
0|0| Close for Zone 4 time delayed tripping
c{c| open if line pickup protection is not desired
0|0| Must be opened if line pickup is used
0|{0| NOT USED
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Switch

L141A-1
L141A-2
L141A-3
L141A-4
L141A-5
L141A-6

L141A-7
L141A-8

L141B-1
L141B-2
L141B-3

Ll41cC-1
L141c-2
L141c-3

L141D-1
L141D-2

L141E-1
L141E-2
L141E-3
L141E-4
L141E-5
L141E-6
L141F-1

L141F-2
L141F-3

Switch

T101Aa-1
T101A-2
T101A-3
T101a-4

]
=
L]
-}

QoQNQNo0o
oconaaoaaQaaQan
cnaaQaaQaqQ
coaoaaoaaQan

o0
Q0
QQ
QQ

000
onNno
onNno
ona

oaQo
*

o

Q
Q
Q
Q

0000
00O

(o]
(@]
o
O

0
-
o
-]

0000
0000
0O0Q0O
O00O0

(ol e}

o

0000

o0

oco0ono

ULM141 MODULE
Comment

Open to disable Zone 3 time delayed tripping
Open to permit Zone 3 tripping during out of step
Open to permit Zone 1 tripping during out of step
Open to disable Zone 2 time delayed tripping
Open to permit pilot tripping during out of step

Close to supervise Zone 1 with blocking units

Must be closed for series compensated systems
Open to permit weak infeed tripping during out of step
Open to permit Zone 2 tripping during out of step

Close to enable echo circuit
Open only if time delay required to block echo
Close for weak infeed tripping with any phase UV

Close to inhibit reclose for MT operation

Open for switched Zone 2 scheme

Open to inhibit reclose for 3 MT's

Close to inhibit reclose for any MT

NOTE: L141C-1 must be closed to inhibit reclose

Closed when 3 independent zones are supplied
Close to enable coordinating timer TL14

Open when 3 independent zones are supplied and the
third zone is not used for pilot tripping

Close to inhibit reclose for zone 1 operation

Close to enable weak infeed tripping

NOT USED

Close for 3 terminal lines with permissive or hybrid
trip scheme logic ‘

Close to block RI for any MT operation

Open to block reclose for zone 3 trip

Close to block reclose for a zone 2 or a zone 3 trip
Close to permit reclose for zone 2 or zone 3 trips
TL15 input select - repeat logic

UTM101 MODULE

Comment

Close if MGl is used as a reactance unit

Close for SPT on double circuit lines
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OPERATING TIME vs OPERATING SIGNAL (IZ - V)

MULT = 1.0

MULT = 0.1

OPERATING TIME {ms)

- OPERATING SIGNAL (Z - V) IN PER UNIT
Figure SD-3 (0286A1891) Distance Function Operating Time
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Figure SD-7 (0285A9259, Sh.1 [1]) Reclose Initiation Circuit
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RCVR |
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Figure SD-11 (0184B6313 [1]) Channel Repeat and Weak Infeed Circuits
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Figure SD-14A (0285A9259, Sh.7) Out of Step Blocking Circuit (Revision A TLS1)
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STATION STATION
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Figure SD-17 (0285A9259, Sh.9) Intercircuit Fault on Double Circuit Line
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CALCULATION OF SETTINGS GEK-100559

CALCULATION OF SETTINGS

This first part of this section addresses the use of the TLS1B system on a two-terminal
uncompensated transmission line, and covers all of the settings required to implement three-pole

tripping or single-pole tripping. The second part discusses the settings that must be changed
when the scheme is applied on a line with series compensation.

The designation for each setting as it appears on the respective module is indicated by
underlining and boldface &aﬁg., ﬂi). The module on which the setting is to be made is given in
boldface (e.g. AFM101). en a module reference is given with two designations separated by a
slash (e.g. AFM101/104), the first designation applies to 60 Hz systems whereas the second
designation applies to 50 Hz systems. The term "In" is used throughout this section and refers to
Ehe rated current of the system which can be 1 or 5 amperes. Check the specific model number

or rating.

The following settings must be made:

ISM101/102
IT (0.1to 1.0)*In amperes in 0.05 steps
1The IT function is used to supervise the phase and il‘Olll}d distance functions, and establishes the
D econal of the lie® Uie the followng soting: - " ener than fhe
In blocking and Hybrid schemes:
IT = 0.15 per unit
In all other schemes:
IT = 0.1 per unit
IB (0.1 to 1.0)+In amperes in 0.05 steps

The IB function is used to supervise the ground distance blocking functions, and establishes the
level for which blocking will occur.

In all schemes:

IB = 0.1 per unit
@Z1 (50° to 85°)in 5° steps
¢Z1 sets the positive sequence angle of maximum reach. Use a setting that is just larger than the
angle of the 8%ositive sequence impedance of the transmission line. Use 85° for line angles
greater than 85°.
@70 (50° to 85°)in 5° steps
#Z0 sets the zero sequence angle of maximum reach. Use a setting that is just larger than the

altllglesgf the zero sequence impedance of the transmission line. Use 85° for line angles greater
than 85°.
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AFM101/104
r 1 to 25)+5/In ohms in 0.1 steps (front panel)

MULT .1, 0.25 or 1 (front panealf
MULT  (onboard, set to same value as MULT on front panel)

The r and MULT settings located on the front panel are used to establish the reach of the zone 1
phase and ground distance functions. The zone 1 reach should be set equal to 90 percent or less
of the positive sequence impedance of the transmission line. Select an r and LT so that
[r:MUBT] is equal to the desired reach. Table CS-1 can be used to select an appropriate MULT
setting from which r can be determined. : -

The MULT “setting located.on the board of this module is used to establish a clipping level of the
I0ZR1 signal in the ground distance functions and should be set to the:same setting as the MULT
setting on the front panel. -

TABLE CS-1 REACH MULTIPLIER (MULT) SELECTION
ZONE 1 FUNCTIONS :

DESIRED REACH REACH MULTIPLIER (MULT)
(6.25 to 25)+5/In Use MULT = 1.0
(2.5 t0 6.5)+5/In IF > 9/ZR1 Use MULT = 025
| IF < 9/ZR1 Use MULT = 1.0
(1.0 to 2.5)+5/In IF > 9/ZR1 Use MULT = 0.25
IF < 9/ZR1 Use MULT = 1.0
(0.25 to 1.0)+5/In IF > 225/ZR1  Use MULT = 0.1
IF < 225/ZR1  Use MULT = 0.25

(0.1 to 0.25)s5/In Use MULT = 0.1

In = rated current, 1A or SA
IF = minimum fault current for three phase fault at the remote end of the line

ZR1 = M1/MG1 reach = r*MULT

NOTE: Maximum sensitivity will be achieved if the lowest MULT is used, but better
operating time will be obtained for heavier faults if the highest MULT is used (lsee
operating time curves in Figure SD-3 of the DESCRIPTION section of this book). Select
the highest MULT if sensitivity is not a éJroblem. Sensitivity can be calculated using the
equations given in the SPECIFICATIONS section. " '
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A FIL (IN or OUT)

The A FIL setting is used to insert or remove the A filter in the zone 1 ground distance functions.
Use the following setting:

AFIL = 1IN
B FIL (IN or OUT)

The B FIL setting is used to insert or remove the B filter in the zone 1 ground distance functions.
Use the following setting:

BFIL = IN
0 SUP (0.1 to 1.5 per unit volts) in 0.03 per unit volt steps

The 0 SUP setting is used to establish the level of operation for the operating signal of the zone 1
ground distance functions. Use the following setting:

OSUP =__01
MULT

Where: I\{I)ULT is the MULT setting made on this the AFM101/104 module as described
above,

KO (1to7)in0.1 steps

KO establishes the zero sequence current compensation for the zone 1 ground distance functions.
Use the following setting for lines without zero sequence mutual coupling:

KO0 = 0.95*Z0L
Z1

Where: ZI1L = positive sequence impedance of transmission line
ZOL = zero sequence impedance of transmission line

If zero sequence mutual coupling with other lines exists, refer to GE publication
- GET-6657, "Review of Ground Relaying Concepts for Transmission Line Protection"
which includes a discussion of mutual coupling.

/ZR0O (0°,25°,50° or 75°)

The /ZRO setting subtracts from the ¢ Z0 setting made on the ISM module and is used to set the
zero sequence angle of maximum reach for the zone 1 ground distance where the zero sequence
impedance angle 1s less than 50° (such as in cable circuits). Use the following setting:

For line angles greater than or equal to 50°,

JZRO = 0
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For line (cable) angles less than 50°,
JZR0O =¢Z0-¢Z0L
Where:¢Z0L =  angle of the zero sequence impedance of the transmission lihe
S (IN or OUT)
SetS = OUT

AFM102/105

I 2 to 50)5/In ohms in 0.2 steps (front panel)
MULT 0.1, 0.25 or 1 (front panel) :
MULT (on board)

The r and MULT settinﬁs located on the front panel are used to establish the reach of the Zone 2
overreaching phase and ground distance functions, M2 and MG2. If the Zone 2 functions are
chosen as the primary pilot relaying elements, the reach should never be set less than 125 percent
of the positive sequence impedance of the transmission line. Select an r and MULT so that
[r*MUET] is equal to the desired reach. Table CS-2 can be used to select an appropriate MULT
setting from which r can be determined. S ‘

The MULT setting located on the board of this module is used to establish a clip;;ling level of the
IOlelll Iellgxal in the ground distance overreaching functions and should be set to the same setting
as the '

AFIL (IN or OUT)

LT setting on the front panel.

The A FIL setting is used to insert or remove the A filter in the overreaching ground distance
functions. Use the following setting:

AFIL = IN

KO0 (1to7)in 0.1 steps

KO establishes the zero sequence current compensation for the overreaching ground distance
functions. Use the following setting:

K0 = ZOL
Z11

Where: ZIL = positive sequence impedance of transmission line

ZOL = zero sequence impedance of transmission line
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Table CS-2 REACH MULTIPLIER (MULT) SELECTION
Zone 2 Qverreaching Functions
DESIRED REACH REACH MULTIPLIER (MULT)
(12.5 to 50)*S/In Use MULT = 1.0
(5.0 to 12.5)+5/In IF > 9/ZRT Use MULT = 025
IF < 9/ZRT Use MULT = 1.0
(2.0 t0 5.0)+5/In IF > 9/ZRT Use MULT = 0.25
IF < 9/ZRT Use MULT = 1.0
(0.5t0 2.0)*5/In IF > 2.25/ZRT Use MULT = 0.1
IF < 2.25/ZRT Use MULT = 0.25
(0.2 to 0.5)*5/In , Use MULT = 0.1
In = rated current, 1A or SA
IF = minimum fault current for three phase fault at the remote end of the line

ZR2 = M2/MG2reach = r*MULT

NOTE: Maximum sensitivity will be achieved if the lowest MULT is used, but better
operating time will be obtained for heavier faults if the highest MULT is used (see
operating time curves in Figire SD-3 of the SCHEME DE CRIPTION section of this
book?. elect the highest MULT if sensitivity is not a 1groblem. Sensitivity can be
calculated using the equations given in the SPEC¥F ICATION section.

BFIL (IN or OUT)

The B FIL setting is used to insert or remove the B filter in the overreaching ground distance
functions. Use the following setting:

B FIL = IN
0 SUP (0.1 to 1.5 per unit volts) in 0.03 per unit volt steps

The 0 SUP setting is used to establish the level of operation for the operating signal of the
overreaching ground distance functions. Use the following setting:

0SUP =_10.1

MULT
V%here: MULT is the MULT setting made on this the AFM102/105 module as described
above.

/ZRO (0°,25°,50° or 75°)

The /ZRO setting subtracts from the ¢ Z0 setting made on the ISM module and is used to set the
zero sequence angle of maximum reach for the overreaching ground distance functions where the
zero sequence impedance angle is less than 50°. Use the following setting:
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For liné angles greater than or equal to S0°,
IZR0O =0

For line angles less than 50°,
1ZRO = ¢ Z0 -9 ZOL

Where:¢ZO0L =  angle of the zero sequence impedance of the transmission line
NOTE: If the function is being used to protect a short cable followed by longer transmission

lines wherein the cable angle and the line angles are significantly gifferent, L[ZRO
should be set equal to the line angle rather than to the cable angle.

S (IN or OUT)

Set S = OUT

AFM103/106

I 3to 7535 /In ohms in 0.3 steps (front panel)
MULT 0.1, 0.25 or 1 (front panel)
MULT (on board) .

The r and MULT settinfs located on the front panel are used to establish the reach of the Zone 3
overreaching phase and ground distance functions, MT and MTG. If the Zone 3 functions are
chosen as the primary pilot relaying elements, the reach should never be set less than 125 percent
of the fositive sequence impedance of the transmission line. Select an r and MULT so that
[rxMULT] is equal to the desired reach. Table CS-3 can be used to select an appropriate MULT
setting from which r can be determined.

The MULT setting located on the board of this module is used to establish a clipping level of the
I0ZR1 signal in the ground distance overreaching functions and should be set to the same setting
as the MULT setting on the front panel.

AFIL (IN or OUT)

The A FIL setting is used to insert or remove the A filter in the overreaching ground distance
functions. Use the following setting:

AFIL = IN
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Table CS-3 REACH MULTIPLIER (MULT) SELECTION
~ Zone 3 Overreaching Functions

DESIRED REACH REACH MULTIPLIER (MULT)
(18.7 to 75)*5/In Use MULT = 1.0
(7.5 to 18.7)s5/In IF > 9/ZRT Use MULT = 0.25
IF < 9/ZRT Use MULT = 1.0
(3.0to 7.5)s5/In IF > 9/ZRT Use MULT = 0.25
IF < 9/ZRT Use MULT = 1.0
(0.75 to 3.0)=5/In IF > 2.25/ZRT Use MULT = 0.1
' IF < 2.25/ZRT Use MULT = 0.25
(0.3 to0 0.75)*5/In Use MULT = 0.1
In = rated current, 1A or SA
IF = minimum fault current for three phase fault at the remote end of the line

ZRT = MT/MTG reach = r*MULT

NOTE: Maximum sensitivity will be achieved if the lowest MULT is used, but better
operating time will be obtained for heavier faults if the highest MULT is used (see
operating time curves in Figure SD-3 of the SCHEME DESCRIPTION section of this
book?. elect the highest MULT if sensitivity is not a ﬁroblem. Sensitivity can be
calculated using the equations given in the SPECIFICATION section.

B FIL (IN or OUT)

The B FIL setting is used to insert or remove the B filter in the overreaching ground distance
functions. Use the following setting:

BFIL = IN
0. SUP (0.1 to 1.5 per unit volts) in 0.03 per unit volt steps

The 0 SUP setting is used to establish the level of operation for the operating signal of the
overreaching ground distance functions. Use the following setting:

0SUP =_0.1
MULT

Where: I\I'I)ULT is the MULT setting made on this the AFM102/105 module as described
above.
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KO (1to 7)in 0.1 steps

KO establishes the zero sequence current compensation for the overreaching ground distance
functions. Use the following setting:

K0 = ZOL
Z11

Where: ZI1L = positive sequence impedance of transmission line
Z0L = zero sequence impedance of transmission line
JZRO (0°,25°,50° or75°)
The /ZRO setting subtracts from the ¢ Z0 setting made on the ISM module and is used to set the
zero sequence angle of maximum reach for the; overreachin%lgrqund dis_tar.lce functions where the
zero sequence impedance angle is less than 50°. Use the following setting:
For line angles greater than or equal to 50°,
L[ZR0O =0
For line angles less than 50°,
LZRO = ¢Z0 -¢pZO0L
Where: ¢Z0L =  angle of the zero sequence impedance of the transmission line
NOTE: If the function is beinf uséd to protect a short cable followed by longer transmission

lines wherein the cable angle and the line angles are significantly different, /ZR0
should be set equal to the line angle rather than to the cable angle.

S (IN or OUT)
Set S = OUT

AFM201/202
A FIL (IN or OUT)

The A FIL setting is used to insert or remove the A filter in the overreaching zone 2 phase
distance functions. Use the following setting:

AFIL = IN
B FIL (IN or OUT)

The B FIL setting is used to insert or remove the B filter in the overreaching zone 2 phase
distance functions. Use the following setting:

BFIL = IN
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0 SUP (0.1 to 1.5 per unit volts in 0.03 per unit volt steps)

The 0 SUP settin% is used to establish the level of operation for the operating signal of the
overreaching zone 2 phase distance functions. Use the following setting:

0SUP = _0.1
MULT

Where: MULT is the MULT setting made on the front of the AFM102/105 module.

S (IN or OUT)
SetS = OUT

AFM211/212
A1FIL (IN or OUT)

The A1 FIL setting is used to insert or remove the A filter in the zone 1 phase distance functions.
Use the following setting:

A1FIL = IN
B1 FIL (IN or OUT)

The B1 FIL setting is used to insert or remove the B filter in the zone 1 phase distance functions.
Use the following setting:

B1FIL = IN
0(1) SUP (0.1 to 1.5 per unit volts in 0.03 per unit volt steps)

The 0(1) SUP setting is used to establish the level of operation for the operating signal of the
zone 1 phase distance functions. Use the following setting:

0(1) SUP = _0.1
MULT

Where: MULT is the MULT setting made on the front of the AFM102/105 module.
AT FIL (IN or OUT)

The AT FIL settingUis used to insert or remove the A filter in the overreaching zone 3 phase
distance functions. Use the following setting:

ATFIL = IN
BT FIL (IN or OUT)

The BT FIL settin%is used to insert or remove the B filter in the overreaching zone 3 phase
distance functions. Use the following setting:

BTFIL = IN
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0(T) SUP (0.1 to 1.5) per unit volts in 0.03 per unit volt steps

The 0(T) SUP setting is used to establish the level of operation for the operating signal of the
overreaching zone 3 phase distance functions. Use the following setting:

0(T) SUP =__0.1
MULT

Where: MULT is the MULT setting made on the front of the AFM103/106 module.
S1 (IN or OUT)

Set S1 = OUT
ST (IN or OUT)

Set ST = OUT

M1 64° to 127° ) in 1° steps
MG1 64° to 127° ) in 1° steps
MT 64° to 127° ) in 1° steps
MTG 64° to 127° ) in 1° steps

UTM102

M2 64° to 127°)in 1° steps
MG2 64° to 127° ) in 1° steps
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The characteristic timer setting is dependent on the reach that is set on the distance functions
with both settings being dependent on the maximum load flow across the line.

R

........

)B of fset {
X

a. Without Offset b. With Offset

Z = Relay reach

A = Relay angle of maximum reach

ZL = Load impedance

B = Angle of load impedance
Offset = OFFSET*Z

Where, OFFSET = affset factor in per unit
(0, 0.1, 0.2, 0.3, 0.4)

Figure CS-1 Zone I Characteristics

Refer to Figure CS-1 which shows that the shape of the characteristic must be changed to kee

the load impedance from encroaching as the load flow or the reach of the function is increased.
At light loads and/or for short reaches, a circular characteristic may be used. As the load and/or
reach is increased, it will be necessary to use a lenticular shaped characteristic (without offset).

For extremely heavy loads and/or extremely long reaches, it will be necessary to introduce offset
into the characteristic. When offset is used, it may be possible to use a circular or tomato
characteristic as shown in Figure CS-1, provided the constraint described below is met.

The reach and characteristic timer settin% that can be used for a given amount of load flow can
be determined by calculating the width of the load block (coincidence time in degrees between
Vpol and Vop) applied to the characteristic timer. With this factor known, the timer setting must
be set 40 degrees greater than this coincidence time. The procedure outlined below is based on
maintaining this margin.
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Setting Procedure
1. Use the MT/MTG reach setting selected earlier.

2. Determine the minimum load impedance (using maximum steady-state load current)
that the function will see.

3. Make the following calculations to determine the characteristic timer setting to be used
on the function. Start with zero offset by setting OFFSET = 0.

C = (1-OFFSET)*| Z| *Sin| A-B| )

D = ARCSin(C) 2)
E =C+40 3)
Where:
Z = ZRT for MT/MTG overreaching zone 3 functions
= ZR2 for M2/MG?2 overreaching zone 2 functions
= ZR1 for M1/MG1 zone 1 functions
E = MT, M2 or M1 characteristic timer angle setting
All other terms are defined in Figure CS-1.

4. If OFFSET = 0 and E is less than 90 degrees, use a setting of 90 degrees. Never use a
setting less than 90 degrees if OFFSET = 0.

S. If E is greater than 127 deFrees, increase the OFFSET factor and repeat the
calculations under 3 above until a satisfactory setting is obtained.

6. Set the MTG, MG2 and MG1 characteristic timer angle settirllé 20 degrees less than
the re%pective MT and M1 characteristic timer angle setting. Never use a setting less
than 90 degrees if OFFSET = 0.

Consider the following examples:
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Case 1:
Z = 10 ohms at 85° ZL = 15 ohms at 10°
Z-7ZL = 087 + {9.96- 148-12.6 = 157 at 152°
|Z-ZL = 15.7
| Z| =10
A =85
B =10

From equation (1), with OFFSET = 0,

C= IO*Sin' 85 - 10| = 0.615
5.7

From equation (2)
D = ASin(C) = ASin(0.615) = 38°
From equation (3)
E =D + 40 = 78 degrees
Since E is less than 90°, use a characteristic timer setting of 90 degrees.
Case 2: '
Z = 25 ohms at 85° ZL = 11 ohms at 16°
With this reach and load impedance, the following settings can be used:
OFFSET = 0, E = 125°
OFFSET = 0.1, E = 104°
OFFSET =02, E =92°
OFFSET = 03, E =82°
OFFSET =04, E =77°
If maximum steady-state coverage is the prime consideration, use the lowest available offset and
the corresponding characteristic timer setting. Larger offset settings will reduce steady-state
coverage but could result in better operating times.
MB (64° to 127°) in 1° steps

The characteristic timer of the MB function is dependent on the characteristic timer setting used
on the MT function at the remote end of the line. Use the following setting:

MB = (MT - 10°)
NEVER SET MB GREATER THAN 105°.
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MG1 rvision (MHO or REACT)
If the zone 1 ground distance functions are operated in the variable mode,
MG1 Supervision = MHO
If the zone 1 ground distance functions are operated in the reactance mode,
MGT1 Supervision = REACT
There are three switches related to the MG1 Supervision setting. All three must be set to the left
(MHO) for variable mho operation, or all three must be set to the right (REACT) for reactance
operation.
M1 SPVN (NO or M1 by MG1)
Set M1 SPVN = NO (Three-pole tripping)

Set M1 SPVN = M1 by MG1 (Single-pole tripping)

ETM101 (Zone 1)
10 SENS (0.05 to 0.65)=In in 0.2 per unit steps
Set I0 SENS = 0.05 (Three-pole tripping)

Set I0 SENS = 2/3 of the minimum 3IO for a single-line-to-ground fault at the remote
end of the liné (Single-pole tripping

VP SENS ¢-G (0, 0.05, 0.30 or 0.35 per unit volts)
Set VP SENS¢-G = 0.05
VP SENS¢-¢ (0, 0.05, 0.30 or 0.35 per unit volts)

If the minimum voltage at the relay for three-phase fault at the remote terminal of the line is less
than ten percent,

Set VP SENS¢-¢ = 0, otherwise
Set VP SENS¢-¢ = 0.05
Ir¢ (0.1to 1.0)xInin 0.05 per unit steps
In Hybrid and Blocking type schemes,

Setlp-¢ = 0.15
In all other sqhemes,
Setlp¢ = 0.1
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VP, I2 and I0 (IN or OUT)
To use the zone 1 ground distance functions in the variable mho mode,
Set VP = IN ,
To use the zone 1 ground distance functions in the reactance mode,
Set VP = OUT
In either case,
SetI2 = IN
SetI0 = IN

ETM101 (Zone 2)
10 SENS (0.05 to 0.65)+In in 0.2 per unit steps
Set I0 SENS = 0.05 (Three-pole tripping)

Set I0 SENS = 2/3 of the minimum 3IO for a single-line-to-ground fault at the remote
end of the line (Single-pole tripping

VP SENS ¢-G (0, 0.05, 0.30 or 0.35 per unit volts)
Set VP SENS ¢-G = 0.05
VP SENS¢-¢ (0, 0.05, 0.30 or 0.35 per unit volts)

If the minimum voltage at the relay for three-phase fault at the remote terminal of the line is less
than ten percent,

Set VP SENS¢-¢ = 0, otherwise
Set VP SENS¢¢ = 0.05
Ip-¢ (0.1 to 1.0)«In in 0.05 per unit steps
In Hybrid and Blocking type schemes,

Setlp¢ = 0.15
In all other schemes,‘
Setlp¢ = 0.1
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VP, 12 and I0 (IN or OUT)

To use the zone 1 ground distance functions in the variable mho mode,
Set VP = IN
SetI2 = IN
Set 10 = IN

ETM102 (Zone 3)

VP SENS ¢-G (0, 0.05, 0.3 Or 0.35 per unit volts)
Set VP SENS ¢-G = 0.05

VP SENS¢-¢ (0, 0.05, 0.30 or 0.35 per unit volts)

If the minimum voltage at the relay for three-phase fault at the remote terminal of the line is less
than ten percent, ’

Set VP SENS¢¢ =0, otherwise
Set VP SENS¢-9 = 0.05
¢ (0.1to 1.0)sIn in 0.05 per unit steps
In Hybrid and Blocking type schemes, '

SetIp-¢ = 0.15
In all other schemes,

Setlp¢p = 0.1
ABM101/102

I 2 to 50)+5/In ohms in 0.2+5/In ohms steps
KV1 (0, 0.15,0.3 or 0.45)

The reach to be set on the MB functions is dependent on the reach of the phase distance
functions at the remote terminal of the line. Either the Zone 2, M2, or Zone 3, MT, functions
may be used in the pilot tripping scheme depending upon the setting of switch 141-E1. Use the
following procedure to determine the MB reach setting:
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1. Start with KV1 = 045
2. If the MT or M2 reach is less than twice the positive sequence line impedance, Z1L,
r = (MT or M2 reach)+(1 - KV1)

3. If the reach of the MT or M2 function is greater than twice the positive sequence line |
impedance, Z1L,

r = (2)»(MT or M2 reach - Z11)x(1 - KV1)
4. Check if the following is true:

KV1g r
ZSmax
Where: r = the reach calculated above

ZSmax = the maximum impedance of the source behind the terminal where the
MB function is located.

5. If the condition in 4 above is not satisfied, return to step 1 above and try the next lower
KV1 setting.

K  (1to7)in0.1 steps

The K factor establishes the zero sequence current compensation for the MB functions. Use the
following setting: '

K=_(Z0L-711)
Z1L

Where:  ZOL = the zero sequence impedance of the transmission line
Z1L = the positive sequence impedance of the transmission line

- OFFSET (IN or OUT)

The OFFSET setting establishes the reverse offset of the MB function. Use the following setting:
OFFSET = IN

POL (0° or20°)

The POL setting establishes a phase shift in the polarizing signal. Use the following setting:
POL = 0°
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I1 (0.2t0 3.2)*5 /Ih amperes in 0.2 steps

The I1 function establishes the pickup setting for the line pickup (close into fault) circuitry. Use
the lesser of the following:

I1 =2*11F
3

I1 = (1.25)sI1L

Where: IIF = minimum current for a three-phase fault just in front of the line
terminal where the I1 function is located, or at a point on the line
equal to the forward offset reach.

I1L = maximum load current seen at the terminal

I2 SHIFT (0°,-5°,-10° or -15°
I0 SHIFT (0°, -5°,-10° or -15°

The 12 shift and 10 SHIFT settings establish a phase shift in the Vpy and prz polarizing signals in
the ground distance functions. Appropriate settings can be determined as follows.

The term, homogeneous, is used to describe a system in which the angle of all of the system
1mf;f>edances are equal. A non-homogenous system is therefore one in which the impedances have
different angles. Non-homogeneity in a system can cause a ne%ative sequence Or Zero sequence
reactance function to overreach or underreach. The tendency for the function to overreach will
depend on whether the relay current leads or lags the total fault current (refer to Figure CS-2).

Overreaching can occur for leading currents, whereas underreaching can occur for laggin
currents. The amount of lag/lead will depend on the system impedance angles. The phase shi

circuits in the negative and zero sequence polarizing signals are provided to overcome the effects
(()IfS né)n-homogeneity. The amount of phase shift required can be determined as shown in Figure

The relay current (IR) will lead the fault current (IF) when the angle 6f is greater than the angle
et. To prevent overreaching for this condition, use the following settings:

I2 SHIFT > (ef -ot)
10 SHIFT = (ef -ot)
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VF
IR
zZsL ’ 7L | ZSR
L RELAY Flo.

ZT = (ZSL + 2ZL) = ZT /et

ZSR = ZSR/br

ZF = ZT IN PARALLEL WITH ZSR = ZF@{

VF = (ZFAF)(IF/Q)

IR = ME (ZF AL (IF/0) _ ZFXIF Jof - ot
ZT . ZTZet T

Figure CS-2 Negative or Zero Sequence Network

VMM101/102
I (1 to 10) in 0.05 steps

The TLS1B system is provided with three dedicated zones of protection (zone 1, overreachin,
and blocking ) with provisions for extending the zone 1 reach by up to a factor of 10 via the
setting. Switching of the reach will occur when timer TL2 times out provided switch 141C-2 on
the ULM141 module is in the OPEN position.

If three forward zones of protection are to be used, set the overreaching functions with the
required third zone reach and select a II setting that will give the required zone 2 reach:

Zone 2 = ZR 1«11

Set switch 141C-2 to the OPEN position to implement zone 1 switching. Set timers TL2 and TL3
to give the required zone 2 and zone 3 times respectively. Close switches 141A-4 and 141A-1 to
energize timers TL2 and TL3 respectively.

If only two forward zones of protection are required, either of the following methods can be used.
Method 1

Set switch 141C-2 to the closed position to defeat zone 1 switching. Set the overreachin,
functions to give the required zone 2 reach and set timer TL2 to give the required zone
time. Set switch 141A-4 to the CLOSED position to energize timer TL2 and OPEN switch
141A-1 to remove timer TL3 from service. With these settings, the overreaching functions
may not provide the best operating times because the reach setting may be limited to
provide the required zone 2 setting (see discussion of operating time under the
APPLICATION section).
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Method 2

Set switch 141C-2 to the OPEN position to enable zone 1 switching. Set the zone 1
extension factor II to give the re% ired zone 2 reach. Set timer TL2 with the required zone
2 time and close switch 141A-4 to energize timer TL2. OPEN switch 141A-1 to
de-energize timer TL3. Set the overreaching functions with a long enough reach to provide
ood operating times and if possible not so long as to require a lenticular characteristic
%describe earlier in determining the characteristic timer setting). With these settings, the
required zone 2 reach will be obtained via the extended zone 1 function and operating
glmeq will be optimized because of the longer reach settings made on the overreaching
nctions.

OFFSET MT/MTG (0 to 0.4)*ZR1in 0.1 steps

The OFFSET MT/MTG setting establishes the forward offset in the phase and ground distance
overreaching functions for both zone 2 and zone 3 (M2, MG2, MT, and MTG). The method for
determining the amount of offset to be used was described earlier under the section used to
calculate the characteristic angle timer settings for the distance functions. Use the offset setting
determined there. In single-pole tripping schemes, use an offset setting of 0.3.

OFFSET M1/MG]1 (0 to 0.4)+ZR1 in 0.1 steps

The OFFSET M1/MG1 setting establishes the forward offset in the zone 1 phase and ground
distance functions. Use the following settings:

1. If OFFSETMT/MTG = 0 then set
OFFSET M1/MG1 =0
2. If OFFSET MT/MTG > 0 and out-of-step blocking is not used, then set

OFFSET M1/MG1 = 0, unless determined otherwise when M1/MG1
characteristic timer angle setting is calculated.

3. If OFFSET MT/MTG > 0 and out-of-step blocking is used, or if single-pole
tripping is used, set

OFFSET M1/MG1 = (OFFSET MT/MTG + 0.1)

VP ANG (0°, 10°, 15°, 20°, 25°, 30°, 35° or 45°)

The VP ANG setting establishes a phase shift in the Vpx polarizing signal of the ground zone 1
functions. Use the following setting:

VP ANG = (°
M1 VP (IN or NOT IN)

The M1 VP setting allows the Vpx polarizing signal in the phase zone 1 functions to be shifted by
the same amount as in the ground zone 1 functions. Use the following setting:

M1 VP = NOTIN
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MULT (0.1, 0.25 or 0.1)
T L g e e e e e e M NET Buncoms. Ser i 4 the
same position as the MULT setting on the AFM101 or AFM104 module.
NB (5 to 80 ohms) in 5 ohm steps
Set NB = 20 ohms
KI2Z (0.6 to 1.0) in 0.05 steps
Set KI2Z = 1.0
10Z REST (IN or OUT)
Set I0Z REST = OUT (Three-pole tripping)
Set I0Z REST = IN (Single-pole tripping)
2LD (0.05 to 0.05)+In in 0.05 steps
Set 2LD = 0.05

ULM131
NB (64° to 90°) in 2° steps
Set NB = 90°
TLA (0.4 to 6.3) seconds in 0.1 second steps
The TL4 setting establishes the zone 4 trip time which is controlled by the MB blockin,
functions. Switch 131A-3 must be CLOS%D to energize this timer to implement zone §
time-delayed backup protection. If used,
Set TL4 = required fourth zone time
TL24 (0.5 to 7.5) cycles in 0.5 cycle steps
The TL24 setting establishes the dropout time of the NB blocking functions.
Set TL24 = 0.5 cycles
TL235 (0.5 to 7.5) cycles in 0.5 cycle steps
The TL2S5 setting establishes the dropout time of the MB blocking functions.
Set TL25 = 3.0 cycles
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ULM121/122
MOB¢ (32° to 126°)in 2° steps

The MOB ¢ setting establishes the out-of-step blocking characteristic for the phase distance
functions. Use the following setting:

MOBo¢ = (MT -20°)
Where: MT = the characteristic timer setting for the phase overreaching functions.

Smaller timer settings can be used grovided that the MOB ¢ setting (angle A in Figure CS-3) is
greater than the ang%e B by at least 20°.

MOB G (64° to 126°) in 2° steps

;Iuhe MOB G setting establishes the out-of-step blocking characteristic for the ground distance
nctions.

Set MOB G = MTG

Where: MTG is the overreaching ground distance function
characteristic timer angle %;et on the UTM101 module)

TL6 (1 cycle to 7.75 cycles) in 0.25 cycle steps (Revision A relays only)

Timer TL6 establishes the time that the swing impedance (Figure CS-3) must stay between the
MOB and MT characteristics for out-of-step blocking to be set up. The minimum time for the
swing to traverse this distance can be established from system swing studies. Timer TL6 should
be set with a pickup of 0.5 cycles less than this minimum traverse time. The pickup time should
never be set less than 2 cycles. If necessary, increase the MT characteristic timer pickup setting
to produce a more lenticular characteristic on MT to allow timer TL6 to be set to meet the two
cycle minimum.

TL6 (Adaptive) (Revision B relays only)
Timer TL6 is an adaptive pickup fixed dropout timer and is factory preset.
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Swing line

A = MOB @ characteristic timer angle setting
ZL = Minimum load impedance

Figure CS-3 Out-of-step Blocking

ULM141
TL1 (1 to 15 milliseconds) in 1 millisecond steps

In Blocking schemes: ,
Set TL1 = (2 + channel time + propagation time) milliseconds
Where: channel time = operating time of blocking channel
= time for signal to propagate from one end of the

propagation time _sign
L transmission line to the other end.

In all other schemes:

Set TL1 = 4 milliseconds
TL2 (0.2 to 3.15) seconds in 0.05 second steps

Set TL2 = required zone 2 time (if used)
TL3 (0.4 to 6.3) seconds in 0.1 second steps

Set TL3 = required zone 3 time (if used)
TLA4 (0.4 to 6.3) seconds in 0.1 second steps

Set TL4 = required zone 3 time (if used)
TL14 (2 to 15) milliseconds in 1 millisecond steps

Set TL14 = 0; Coordination thﬁer
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T1.15

(2 to 15) milliseconds in 1 millisecond steps

In hybrid scheme:

Set TL1S = 2

In all other schemes:

T1.16

This timer is not used in these schemes, so setting is irrelevant.

(0.5 to 7.5) cycles in 0.5 cycle steps

In hybrid scheme:

Set TL16 = 0.5 cycles

This timer is used to provide security during weak infeed tripping conditions. Longer times ma
p gr pping 4 y

be used if additional security is required.

ripping will be delayed by any addifional time if

additional time is used.

In all other schemes:

T1.22

This timer is not used in these schemes, so setting is irrelevant.

(0.4 to 6.3) seconds in 0.1 second steps

In blocking scheme:

This timer is not used in this sclieme, so setting is irrelevant.

In all other schemes (with direct transferred tripping implemented through relay logic):

This timer is used in the reclosing control circuitry in the TLS1B system. It is used in
conjunction with a direct transferred trip input and is used to distinguish between a line
transferred trip as o&)}l))osed to an equilpment failure transferred trip. For a line transferred
trip, reclosing would be inhibited as Iong as the signal was received but would then be
permitted after the received signal went away. Timer TL22 should be set longer than the
expected time that the line transferred trip signal would be received. On the other hand,
for an equipment transferred trip, the trip signal will be transmitted for an extremely long
time, or continuously by a lockout relay, thus timer TL22 will time out at which time
reclosing will be locked out. Timer TL2Z should be set with a long enough pickup time to
meet this criteria. "

If direct transferred tripping is not implemented through the relay logic, the timer setting is
irrelevant.
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ULM112

TL13 (2 to 30) milliseconds in 2 millisecond steps
In blocking schemes:
TL13 is not used in this scheme so the setting is irrelevant.
In all other schemes (with direct transferred tripping implemented through relay logic):

The TL13 timer is used to establish security when two channels are used and direct
transferred tripping is implemented through the TLS1B system. Use a setting that is long
enough to override any spurious channel outputs yet not so long as to cause undue delay
when a transferred trip signal is received.

If direct transferred tripping is not used, the timer setting is irrelevant.

HIGH SPEED TRIPPING

If the positive sequence source to line impedance ratio is less than 0.5 (ZS1/Z1L < 0.5), and if
high speed tripping is desired, the zone 1 distance functions can be set to the combination
overcurrent/distance mode of operation to provide this requirement. In this mode of operation,
the functions are required to o%erate dynamically and provide little steady-state coverage. To
obtain high speed tripping, use the following settings:

r AFM101/104
MULT AFM101/104 (front panel)
MULT AFM101/104 (on board)

S AFM101/104

Set MULT = 1.0 (front panel)
Set MULT = 1.0 (on board)

Setr = Z1L

>

Where: Z1L = positive sequence impedance of transmission line

Set 0 SUP = 0.39

MULT VMM101/102

Set MULT = 1.0
VP Sen¢-¢ ETM101
VP Sen¢-G ETM101

Set VP Sens¢p¢ = 0.35
Set VP Sens ¢-G = 0.35
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M1 UIMI101

MG1 UTM101
Set M1 = 64° (three-pole tripping)
Set M1 = 90° (single-pole tripping)
Set MG1 = 64° (three-pole tripping)
Set MG1 = 90° (single-pole tripping)

>

AFIL AFM101/104

Set AFIL = OUT
ALFIL AFM211/212

Set A1 FIL = OUT

BFIL AFM101/104

Set BFIL = IN
BFIL AFM211/212

Set BFIL = IN
OFFSET M1/MG1 VMM101/102
If out-of step blocking is not used,
Set OFFSET M1/MG1 =0

(==

If out-of-step blocking is used and if OFFSET MT/MTG = 0 then,
Set OFFSET M1/MG1 = 0, otherwise, |
Set OFFSET M1/MG1 = (OFFSET MT/MTG + 0.1)

THREE-POLE vs SINGLE-POLE TRIP SELECTION

Contact Converter CC3 (rear terminal blocks)

Switch 101B-2 ULM101

Two different methods are provided wherein the scheme can be switched from three-pole to

single-pole tripping and vice versa. They are:

1. Contact converter CCS, which is accessed at the rear terminals of the TLS1 system.
Three-pole tripping will be initiated for any type of fault when this contact converter is
energized. is method should be considered when it is necessary to switch from
single-pole to three-pole tripping periodically. An externally mounted switch can be

used to implement the switching.
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2. Switch 101B-2, located on the ULM101 board. Three-Bole trippingrvlvjill be initiated for
any type of fault when this switch is set to the CLOSED position. This method should
be considered when either single-pole or three-pole tripping is to be used on a
permanent basis.

Note that if method 1 described above (CCS) is used, then switch 101B-2 must be left
in the OPEN position.

SETTINGS FOR SERIES COMPENSATED LINES

When the lines to be protected have compensation, or when adjacent lines are compensated.
The following settings are affected.

MT/MTG Reach AFM102/105

The MT/MTG reach should be determined per the instructions given earlier. However, the
reach (r=x= MULT) should never be set less than 150 percent (1.5=times) the positive sequence
impedance of the protected line.

MT/MTG Characteristic Timer Setting UTM101

The MT characteristic timer settings should be determined per the instructions given earlier and
it should then be increased by 20 degrees. If this results in a timer setting greater than 127
degrees, increase the offset until a settinf of 127 degrees or slightly less can be obtained. The

G characteristic timer should be set 20 degrees less than the MT characteristic timer, but
never less than 90 degrees.

M2/MG2 Reach AFM103/106

The M2/MG?2 reach should be determined per the instructions given earlier. However, the reach
(=x=MULT) should never be set less than 150 2percent (1.5=times) the positive sequence
impedance of the protected line if the M2 and MG2 are used as the primary pilot tripping zone.

M2/MG2 Characteristic Timer Setting UTM102

The M2 characteristic timer settings should be determined per the instructions given earlier and
it should then be increased by 20 degrees. If this results in a timer setting greater than 127
deérees, increase the offset until a setting of 127 degrees or slightly less can be obtained. The
MG?2 characteristic timer should be set 20 degrees less than the M2 characteristic timer, but
never less than 90 degrees.

M1/MG1 Reach Setting AFM101/104
Set the reach, r« MULT, to 100% of the positive sequence line impedance; i.e.
r«MULT = Z1L

where,
r= front panel reach setting

MULT = front panel multiplier setting (use MULT = 1.0 if possible)
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M1/MG1 Characteristic Timer Setting UTM101
M1 = 64° (three-pole tripping)
= 90° (single-pole tripping)
MG1 = 64° (three-pole tripping)
= 90° (single-pole tripping) .
Positive Sequence Replica Impedance Angle - ISM101/102

This adjustment is normally set as close as possible to the positive sequence line impedance
angle. lillowever, if series capacitors are located between the source of potential to the relays and
the remote terminal of the transmission line, and if MOV protection is used around the
capacitors, reduce the ¢ Z1 setting by 5 degrees; i.e., 80 degrees instead of 85, for example.

MG]1 Zero Suppression AFM101/104
M1 Zero Suppression AFM211/212

The zone 1 functions are used as straight distance functions on uncompensated lines, and must
be used as a combined overcurrent({ distance function when applied on series compensated lines,
or on lines adjacent to compensated lines. .

When applied as a straight distance function, the measurement is made by comparing the phase
relationship of the operate si%nal (IZ-V) to a polarizing signal Vp; where Z is the reach of the
function, and, V and I are the voltage and current at the function. In the combined mode of
ogeration, the operate signal must also be larger than a user set magnitude (level detector) in
addition to having the correct relationship to the polarizing quantity.

For example consider the fault at F in the system shown in Figure CS-4. On the surface, it
appears feasible to set a straight distance function to reach 80-90 percent of the compensated
impedance of the line (Xl-ch to provide direct tripgin%. However, the function may overreach
on the low frequency transients that could occur for faults beyond the capacitor if the fault level
is insufficient to cause Eap flashing or siﬁnificant conduction in the MOV’s. Studies have shown
that it may not be possible to set a straight distance function with a short enough reach to prevent

F

O£

X1

x
3]

| )

: Df L.
.,

Relay

e —— . |

Figure CS-4 Series Compensated Line

overreaching. It is for this reason that the combined overcurrent/ distance function was
developed. The level detector setting is related to the amount of compensation and type of
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protection used around th€ compensation. For the fault at F, the voltage at the relay (R) is:
V = F(XI - Xt)
Where:
Xt = Xc when gaps are used
Xt = parallel combination of Xc¢ and MOV when MOV’s are used

If the zone 1 functions are set with a reach, Z, equal to Xl, then the operate signal (IZ-V) for the
fault at F is: |

1Z-V=T(X)-T (XI-Xt) =T XI-T Xl + I Xt = I Xt

If gap flashing does not occur, of if there is not significant conduction in the MOV, then the
operate signal, IZ-V, is equal to the voltage across the capacitor, or the capacitor/MOV
combination. The level detector in the zone 1 function is set larger than this value so that it will
not operate for faults external to the zone of protection, even in the presence of low frequency
transients.

*
If, for the fault at F, significant MOV conduction occurs or the gaps flash, then I Xt is equal to
the MOV protective level, or zero respectively. Because IZ-V will be less than the level detector
setting for this condition, the function will not operate and is very secure.
Now consider a fault at,F1 dirgctly in front of the function. For this fault (V = 0), and the
operate signal IZ-V =1 Z =1 Xl. If the source behind the function is very strong and the line is
very long, the operate signal will be very large and fast operation will result.

In determining the level detector settings, it is necessary to consider external faults beyond any
capacitor located at the remote bus in adjacent line sections. All of the capacitors that appear
between the source of the relay potential and those external faults must then be taken into
consideration. Consider the forward fault at location F2 in Figure CS-5:

1. Capacitors C1 and C2 need only be considered if line side potential is used.

2. If bus side potential is used then capacitor C, C1 and C2 must be taken into
consideration.
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Station A’

Xc3 = -j35
2000A

P.L. = 2.0 p.u. (GAP)

C3

Xc = -j24.6

2000A 2000A

P.L. =2.0 p.u. (MOV) P.L. = 2.0 p.u, (MOV)

ZiL = 7.1 + j&2

Station B

Xcl = -j24.6

Xc2 = -je1.3
2000A
P.L. = 2.0 p.u. (MOV)

(0]

Infeed ————————am

@‘ﬁ(gﬁ

CT ratio = 400

PT ratio = 3000

Infeed

= 82.3 Lﬁ | D

-C2
|
HZ/ \Ez

P.L. = Protective Level

Figure CS-5 Typical Compensated System

Capacitor C2 should be treated as follows when determining the level detector settings:

1. With gap‘s: g

If the minimum fault current (I) for a fault at F1 (including infeed) is above the gap

flashing level, then exclude C2 from the calculation.

2. With MOV’s:

If the MOV’s are protected with gaps, and if the minimum fault current (including
- infeed) for a fault at F1 is above the gap flashing level, then exclude C2 from the

calculation.

If the minimum fault current for a fault at F1 is below the gap flashing level, or, if
§aﬁs are not used around the MOV’s, calculate an effective protective level as
)

OWwWS:

EPL = (PL(};)( IPL)

Where,
EPL
PL
IPL
I

effective protective level

ey

actual protective level in peak volts (secondary)

rms current required to start conduction in the MOV

minimum fault current for fault at F1

Note: Use the actual protective level (PL) if Lis less than IPL
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After it has been decided which capacitors should be considered, sum the protective levels of
those capacitors as follows:

PLT == (PLn
67W2
Where:

PLn = the gap flashing level in peak volts if gaps
are used to protect the capacitors, or,

PLn = the actual protective level, or the effective
protective level described above, if MOV’s are
used to protect the capacitors.

Once PLT has been determined, the level detector setting (0 SUP) for the M1 and MG1
functions can be determined as follows:

MG1 Zero Suppression AFM101/104

0SUP = v(0.15 + PLT?) I-1)
MULT
M1 Zero Suppression AFM211/212
OSUP = +(0.15 + 1.3PLT2) (I-2)
MULT

M1/MG1 Offset VMM101/102 -

If out-of-step blocking is used,

M1/MG1 OFFSET = MT/MTG OFFSET + 0.1
M1 A Filter AFM211/212

Set A FIL switch to out.
MGI1 A Filter AFM101/104

Set A FIL switch to out.

VP Sens¢p—-¢ ETM101
VP Sens¢-G ETM101

Set VP Sens ¢p-¢ = 0.35
Set VP Sens ¢-G = 0.35

MB Blocking Functions Phase Shift ABM101/102
POL = 20°
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MB Characteristic Timer Dropout ULM131
TL25 = 7.5 cycles. |
NB Negative Sequence Current Compensation VMM101/102

If there are no capacitors at the line terminal where the relays are located, or if bus side
potential is used.

KI2Z = 1.0

%f 1lline side potential is used, and there are capacitors at the line terminal, calculate KI2Z as
ollows: :

KI2Z = 0.9*[NB - (XC-XS)]
NB

Where:
NB = offset reach for NB function.
XC = the total capacitive reactance (in secondary ohms) between
the potential source to the relays and the source (XS)
-behind the capacitors; for example, XC = the capacitive
reactance of capacitor C as shown in Figure CS-5.

XS = minimum negative sequence imdpedance (in secondary
’ ohms) of the source directly behind the capacitors.

Start with NB = 20. If KI2Z turns out to be less than 0.6, then increase NB
until KI2Z > 0.6. .

NOTE: If XS > XCthensetKI2Z =1
NB Characteristic Timer Dropout ULM131
TL24 = 7.5 cycles
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TABLE CS-4

TLS1B SETTINGS
Station; Line
ISM101/102 IT I trip On board ...... -
ISM101/102 1B Is block On board ...... -
ISM101/102 ¢Z1 Replica impedance Front panel ... -
ISM101/102 ¢Z0 Replica impedance Front panel ... —_—
AFM101/104 r M1/MG1 Reach Front panel ... —_—
AFM101/104 MULT M1/MG1 Reach mult Front panel ... -
AFM101/104 AFIL MG1 A filter On board ...... —_—
AFM101/104 BFIL MG1 B filter On board ......
AFM101/104 0SUP MG1 0 sup On board ......
AFM101/104 S MG1 S signal On board ......
AFM101/104 MULT I0ZR1 clip level On board ...... —
AFM101/104 KO MG1 10 curr. comp. On board ...... —_
AFM101/104 /ZRO MG1 /ZRO On board ......
AFM102/105 r M2/MG2 reach Front panel ... —
AFM102/105 MULT M2/MG2 reach mult Front panel ... -
AFM102/105 AFIL MG?2 A filter On board ...... -
AFM102/105 BFIL MG?2 B filter Onboard ...... —_—
AFM102/105 0SUP MG2 0 sup On board ......
AFM102/105 S MG?2 S signal On board ......
AFM102/105 MULT I0ZR1 clip level On board ......
AFM102/105 KO MG?2 10 curr. comp. On board ......
AFM102/105 /ZRO MG2 /ZRO On board ...... '
AFM103/106 r MT/MTG reach Front panel ...
AFM103/106 MULT MT/MTG reach mult Front panel ...
AFM103/106 AFIL MTG A filter On board ......
AFM103/106 BFIL MTG B filter On board ......
AFM103/106 0 SUP MTG 0 sup On board ......
AFM103/106 S MTG S signal On board ......
AFM103/106 MULT 10ZR 1 clip level Onboard ......
AFM103/106 KO MTG 10 curr. comp. On board ......
AFM103/106 [ZRO MTG /ZRO On board ......
AFM211/212 A1FIL M1 A filter Onboard ......
AFM211/212 B1FIL M1 B filter On board ......
AFM211/212 Ogl) SUP M1 0 sup On board ......
AFM211/212 S M1 S signal On board ......
AFM211/212 ATFIL MT A filter On board ......
AFM211/212 BTFIL MT B filter On board ......
AFM211/212 OgI:I‘) SUP MT 0 sup On board ......
AFM211/212 S MT S signal On board ...... ,
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Station;

Module

AFM201/202
AFM201/202
AFM201/202
AFM201/202

UTM101
UTM101
UTM101
UTM101
UTM101
UTM101
UTM101

UTM102
UTM102

ETM101
ETM101
ETM101
ETM101
ETM101
ETM101
ETM101

ETM101
ETM101
ETM101
ETM101
ETM101
ETM101
ETM101

ETM102
ETM102
ETM102

ABM101/102
ABM101/102
ABM101/102
ABM101/102
ABM101/102
ABM101/102
ABM101/102
ABM101/102

Adjustment

A2 FIL
00 SUP
>

M1
MG1
MT
MTG
MB

MG1 Superv'n

M1 Superv’n

MG2
M2

10 SENS
VP SENS
VP SENS
Is-o

VP

I2

10

10 SENS
VP SENS
VP SENS
Is-9

VP

12

10

VP SENS
VP SENS
Ip%

I

K

KV1
OFFSET
POL

I1

I2 SHIFT
10 SHIFT

Type

M2 A filter
M2 B filter
M2 0 sup

M2 S signal

M1 char. timer
MGI1 char. timer
MT char. timer
MTG char. timer
MB char. timer
MG1 supervision
M1 supervision

MG?2 char. timer
M2 char. timer

310 sens (Zone 1)
MG1 VP sens
M1 VP sens

I#¢ (M1 sup)
MG1 VP
MG112

MG11I0

310 sens(Zone 2)
MG2 sens
M2 VP sens

Iz¢ (M2 sup)
MG2 VP
MG212

MG210

MTG VP sens
MT VP sens
Is¢ (MT sup)

MB reach

MB I0 curr. comp.

MB volt. comp.
MB offset

%\iIB pol phase sh.
I2 shift

IO shift

TLS1B SETTIN nt’

Line;

On board ......

On board ......

Front panel ...

On board ......
On board ......

Front panel ...

On board ......

Front panel ...

Front panel ...

On board ......

On board ......
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TLS1B SETTINGS (cont’d)

Station: Line;
Module Adjustment Type Location Setting
VMM101/102 1I Zone 1 reach ext. Front panel ...
VMM101/102 OFFSET MT/MTG MT/MTG offset On board ......
VMM101/102 OFFSET M1/MG1 M1/MG1 offset On board ......
VMM101/102 VP ANG MG1 phase shift On board ...... -
VMM101/102 M1 VP M1 phase shift On board ......
VMM101/102 MULT 10 zero supp On board ......
VMM101/102 NB NB reach On board ......
VMM101/102 KI2Z NB curr. comp. On board ......
VMM101/102 10Z REST I0Z restraint On board ......
VMM101/102 I2LD 12 On board ......
ULM131 NB NB char. timer On board ......
ULM131 TLA Timer TLA On board ......
ULM131 TL24 NB dropout On board ......
ULM131 TL2S MB dropout On board ......
ULM121/122 MOB¢ MORB timer On board ......
ULM121/122 MOBG MOBG timer On board ......
ULM121 TL6 (Rev. ATLS1) Timer TL6 On board ......
ULM141 TL1 Timer TL1 On board ......
ULM141 TL2 . Timer TL2 On board ......
ULM141 TL3 Timer TL3 On board ......
ULM141 TL15 Timer TL1S On board ...... —_—
ULM141 TL16 Timer TL16 On board ......
ULM141 TL22 Timer TL22 On board ......
ULM112 TL13 Timer TL13 On board ......

Set by

Date
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HARDWARE DESCRIPTION

ALUMINUM CASE ASSEMBLY
Construction

The TLS1B case is constructed from sheet aluminum. The front cover consists of an aluminum
frame with a plate glass window. It is hung from the top of the case on a removable hinge. This
allows easy access to all the modules.

The case is painted with a textured-finish baked enamel.

The modules are mounted vertically in a double-shelf arrangement. The sockets within the case

towards the rear) serve as a mechanical support as well as the means of electrical connection.

ere are card guides on the top and bottom of each shelf to allow easy removal and insertion, as
well as to provide an extra support for the modules. .

Electrical Connections and Internal Wiring

External connections are made to each case through 16 terminal blocks mounted on the rear
cover plate. Each block contains 14 terminal points, which consist of a Number 6 screw threaded
into a flat contact plate.

Connection to the printed-circuit-board modules is made by means of 60-pin edge connectors.
Connection to the MGM module is made by means of two connector sockets: an 8-contact
current block and a 104-pin signal block. The current-block contacts are rated to handle
current-transformer (CT) secondary currents.

Identification
The TLS1B model number label is located on the front cover MOD 10 label.

A marking strip indicating the name and position of every module in a given case is included on
the edge of the divider between the two shelves. It is placed to be read when the front cover is
fully opened or closed.

The terminal blocks located on the rear of the modular case are uniquely identifiedAb{ a
two-letter code that is found directly beneath the outer-most edge of each terminal block. Also,
the terminal points (1 through 14) are identified by stamped numbers.

PRINTED-CIRCUIT-BOARD MODULES

Basic Construction

Each module consists of a printed-circuit board and front panel. Two knobs are provided on the
front panel for removing and inserting the module., Electrical connection is made by the contact
pads at the back edge of the board. Not all module locations within the case have a
printed-circuit board. Some locations have a blank board and front panel.

Identification

Each module has its own identification number consisting of a three-letter code followed by a

three-digit number. These are found at the bottom of each front panel and may be read when
the case cover is opened.
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XTM TEST PLUGS
Description

The XTM test Ylugs_ are designed specifically for post-installation testing of the TLS1B system.
There are two plugs; XTM28L1 (left-hand plug) and XTM28R1 (right-hand ;ilug), each providing
access to fourteen relay and fourteen system points. The system points are located on the outer
edge. The plugs are kéyed 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 that swings out to facilitate wiri_}xﬁ to the terminals. The
terminals consists 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.

CAUTION

Not all external connections to the TLS1B
are wired through the test receptacle.

Terminal Designation

The test receptacle and connection plugs are located to the left of the magnetics module
(extreme lower left-hand position). Their terminals are labeled 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 (Figure SD-20) as TP1 through TP28.

The left-hand-test-plug (XTM28L1) terminals are labeled 1R through 14R and 1S through 148
for the relay side and )?Ftem side, respectively, with the system side labeled in red. Similarly, the
right-hand-test-plug (XTM28R1) terminals are labeled 15R through 28R and 15S through 288S.

XTM Test-Circuit Connections

Test-circuit connections, designated as TP points in the elementary diagrams, should be made to
the relag side of the test plug. Where it is desired to use available system quantities for testing,
e.%., 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 TLS1B.

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 TLS1B for those signals that are wired
through the test receptacle (refer to TP points on elementary diagrams, Figure SD-20). For the
terminals connected to the current-transformer (CT) 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.
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When the test %lugls{ are inserted into the receptacle, parts of the power system become isolated
from the TLS1B. Refer to the TLS1B elementary diagrams (Figure SD-20) for the TP points
associated with each of the test plugs.

WARNING

IT IS CRITICAL THAT JUMPERS BE INSERTED ON THE
SYSTEM-SIDE TEST PLUG TERMINALS THAT ARE CONNECTED
TO THE CT SECONDARIES AS SHOWN IN FIGURE SD-20. IF
THESE JUMPERS ARE LEFT OUT, THE RESULTING HIGH
VOLTAGES DEVELOPED PRESENT A SERIOUS HAZARD TO
PERSONNEL AND MAY SEVERELY DAMAGE EQUIPMENT.

CARD EXTENDER

The card extender (GE #0138B7406G1) is used to obtain information about the operation of an
individual module. The extender may be inserted in the place of any of the printed-circuit-board
modules. The module can then be inserted into the connector on the card extender.

The extender has 60 test points, which are identified by numbers 1 through 60.

One method of removiné power for certain cases is to turn off the power switch on the PSM
power-supply module and then remove both of the connection plugs located in the TPM position
on the left side of the case.

AUTION

Remove power from the TLS1B before removing or inserting aﬁy of the
rinted-circuit board modules. Failure to observe this caution may result
in damage to the relay.

To remove the power from the relay, turn OFF the power switch on the PSM power
sup%ly module and then remove both of the TPM test plugs located to the left of the
on the lower left side of the case (see Figure MO-1).

WARNING

CAUTION MUST BE EXERCISED WHENEVER A CARD
EXTENDER IS INSERTED INTO AN "IOM" OR "PSM" POSITION,
SINCE STATION BATTERY POTENTIAL WILL BE PRESENT AT
SOME POINTS. FAILURE TO OBSERVE THIS WARNING MAY
RESULT IN PERSONAL INJURY OR DAMAGE TO THE
EQUIPMENT. TURNING OFF THE POWER ON THE PSM
MODULE AND REMOVING BOTH TEST PLUGS DOES NOT
REMOVE ALL EXTERNAL POWER TO THE RELAY.
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RECEIVING, HANDLING AND STORAGE
CAUTION

This relay contains electronic components that 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 modules. Persons handling the modules
should make sure that their body charge has been discharged by wearing a
anti-static wrist band or by touching some point at ground potential before
handling any of the modules.

Immediately upon receipt, the equipment should be unpacked and examined for any damage

sustained in transit. If damage resulting from rough handhnlgl is evident, file a damage claim at

(())r}cf:ie with the transportation company and promptly notify the nearest General Electric Sales
ce.

If the equipment is not to be installed immediately, it should be stored indoors in a location that

is free from moisture, dust, metallic chips, and severe atmospheric conditions.

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 TLS1B cases have been designed for standard rack mounting. The case measures eIi-flgt rack
(8RU) units in height. The unit may also be flush-mounted on a panel. Refer to Figure HD-1.
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MODULE DESCRIPTION

ABM101, ABM102 (See Figure MO-2)
These modules provide the following functions:

Reach adjustment for MB units

Zero-sequence current compensation adjustment for MB units
Polarizing voltage for MB units

Operating signal for MB units

Coincidence logic for MB units

Positive-sequence-current detector

Fault detector

Zero-sequence-current supervision for round-trigping units
Negative-sequence-current supervision for ground-tripping units

The ABM101 is used in systems rated for 60 hertz, while the ABM102 is used for 50 hertz
systems.

N bbb ol o o

Front Panel Switches

These switches adjust the positive-sequence reach of the MB units. The reach of S-ampere
rated relays can be adjusted from 2 to 50 ohms in 0.2 ohm steps by selecting the appropriate
switches. The reach is equal to 2 plus the sum of the numbers of the switches whose toggles
are to the right (i.e. closed). For example, if the top four switches are positioned to the
right, the reach will be 5 ohms:

2+02+04+08+16)=50

For relays rated 1 ampere, the reach will be five (5) times the value determined by the
above method.

On-Board Switches

I1 These switches adjust the pickup level of the gositive-se uence-current detector. Picku
current is in per unit of rated current (IN) and is adjustable from 0.2 to 3.2 per unit in 0.
per-unit steps. The per-unit pickup current is equal to 0.2 plus the sum of the numbers of
the switches whose toggles are to the right.

K These switches adjust the zero-sequence-current compensation factor %(ZO - Z1)/Z1] for the
MB units from 1 to 7 in 0.1 steps. K is equal to. 1 plus the sum of the numbers of the
switches whose toggles are to the right. :

KV These switches adjust the voltage compensation factor for the MB units from 0 to 0.45 per

unit in 0.15 per-unit steps. KV is equal to 0 plus the sum of the numbers of the switcﬁes
whose toggles are to the right.

On-Board Links

I0 SHIFT This link selects the phase shift in the zero—seqslence-current supervision signal for the
ground-tripping units. The phase shift can be 0°, 5, 10° or 15° lag.
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I2 SHIFT This link selects the phase shift in the negative-sequence-current supervision signal
for the ground-tripping units. The phase shift can be 0°, 5°, 10° or 15° lag.

OFFSET This link determines whether the MB unit characteristics are offset into the protected
line ("IN" position) or not offset ("OUT" position).

POL This link selects the phase shift in the polarizing voltage for the MB units. The phase
shift can be either 0° or 20° leading.

AFM101, AFM102, AFM103, AFM104, AFM105, AFM106 (See Figures MO-3, MO-4, MO-5)

These modules perform identical functions; however, they are found in different locations in the

cases, depending upon how they are to be used. There are two basic qualities that separate these

modules one from the other: :

1. The system frequency for which the AFM module has been designed.

2.  The minimum and maximum reaches, as well as the smallest increment of adjustment
(step), is different on each of the AFM modules.

Table MO-1 tabulates these differences. Use it as a reference for the "Front Panel Switches"
discussion that follows.

TABLE MO-1 MODULE BREAKDOWN

SYSTEM

FREQUENCY REACH (OHMS) WHERE USED
MODULE  (hertz) MIN. MAX. STEP 3-ZONE TLS1B
AFM101 60 1 25 0.1 M1/MG1
AFM102 60 2 50 0.2 M2/MG2
AFM103 60 3 75 03 MT/MTG
AFM104 50 1 25 0.1 M1/MG1
AFM105 50 2 50 0.2 M2/MG2
AFM106 50 3 75 0.3 /MTG

These modules provide the following functions:

Reach adjustment ‘

Zero-sequence-current compensation adjustment

Zero-sequence supplementary-angle adjustment

Operate-circuit filter and signal processing

Operate-circuit "IZ-V" summation

S_umrlnation of zero-sequence-current and negative-sequence-current supervision
signals

L=
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Front Panel Switches

These switches adjust the positive-sequence reach of the M1/MG1 units. The reach of
S-ampere rated relays can be adjusted from (MIN.) to (MAX.) ohms in (STEP) ohm steps.
The reach is equal to (MIN.) plus the sum of the numbers of the switches whose toggles are
to the right. See Table MO-1 to determine the values of MIN,, MAX,, and STEP.

For relays rated 1 ampere, the reach will be five (5) times the value determined by the
above method.

MULT  This switch multiplies the reach set on the r switch by 1, 0.25 or 0.1. For example, if
th'?l li) swzitgh lilsr;:t or "10" ohms, and the MULT switch is set for 0.25", the actual reach
will be 2.5 ohms.

On-Board Switches

KO These switches adjust the zero-sequence-current compensation (Z0/Z1) for the MG1
units from 1 to 7 in 0.1 steps. is equal to 1 plus the sum of the numbers of the
switches whose toggles are to the right.

Options - These switches provide flexibility for different applications by permitting signals to be
added, as follows:

S This switch adds the high-level bypass signal into the polarizing signals when the
toggle is to the right.

AFIL This switch adds the output of the A filter to the operate signal when the toggle is to
the right. '

0 SUpP These switches select the amount of zero sui)pression in the output of the B filter.
The zero s:lppression can be adjusted from 0.1 to 1.5 per unit in 0.03 per-unit steps,
and is equal to 0.1 plus the sum of the numbers of the switches whose toggles are to
the right.

On-Board Links

B FIL The output of the B filter is added into the operate signal when this link is in the "IN"
position.

MULT This link determines the clipping level of the I0ZR1 signals that are used in the
operate signals. THIS LINK SHOULD NORMALLY BE IN THE SAME
POSITION AS THE FRONT PANEL MULT SWITCH.

/ZRO This link provides a su&plementary phase shift for the zero-sequence-current signal so
that MG1 and MTG can be set for different zero-sequence angles. This
supplementary phase shift can be either 0°, 25°, 50° or 75° lagging.
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AFM201, AFM202 (See Figure MO-6)
This module provides the following functions:

1. I(_)Iperate-circuit filters and signal rocessing for the M2 unit.
2, igh-level bypass signal for the M2 unit.

The AFM201 module is used for 60-hertz-rated system, while the AFM202 module is used for
50-hertz-rated systems.

On-Board Switches

Options - These switches provide flexibility for different applications by permitting signals to be
added as follows:

S This switch adds the high-level bypass signal into polarizing signals when the toggle is
to the right. '

AFIL These switches add the output of the A filter to the operate signal for the M2 unit
when the toggle is to the right.

O SUP  This switch selects the amount of zero suppression in the output of the B filter for the

M2 unit. The zero sgi)pression can be adjusted from 0.1 to 1.5 per unit in 0.03 per
unit steps, and is equal to 0.1 plus the sum of the numbers of the switches whose
toggles are to the right.

On-Board Link

B FIL The output of the B filter is added into the operate signal for M2/MG?2 only when this
link is in the "IN" position.

AFM211, AFM212 (See Figure MO-7)

These modules provide the following functions:

1. gperate-cirmit filters and signal processing for M1 or MT units
2. igh-level bypass signal for M1 or MT units.

The AFM211 module is used for 60-hertz-rated systems, while the AFM212 module is used for
50-hertz-rated sKZtems. One AFM211 (or AFM212) module will cover two zones of protection
(M1/MG1 and MT/MTG units) in the 1B Modular Relay System.
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On-Board Switches

Options - These switches provide flexibility for different applications by permitting signals to be
added as follows: .

S This switch adds the high-level bypass signal into polarizing signals when the toggle is
to the right.

A1FIL  These switches add the ouaput of the A filter to the operate signal when the toggle is
ATFIL to the right. Al FIL is used in M1/MG1, and AT FIL is used in MT/MTG.

These switches select the amount of zero suppression in the output of the B filter for
the M(l(? or M(T) units. The zero suppression can be adjusted from 0.1 to 1.5 per
unit in 0.03 per unit steps, and is equal to 0.1 plus the sum of the numbers of the
switches whose toggles are to the right.

On-Board Links

B1 FIL The output of the B filter is added into the operate si%nal only when this link is in
BT FIL the "IN position. B1 FIL is used in M1/MG1 and BT FIL is used in MT/MTG.

ETM101 (See Figure MO-8)
This module provides the following functions:

1.  Coincidence-logic circuitry for the M1/MG1 and M2/MG?2 units.
2. Polarity detectors for M1 polarizing voltage

Two modules are provided, the one for the M1/MG1 units is located in the upper card row and
the other for the M2/MG?2 units is located in the lower card row.

Front Panel Switches

o These switches set the phase-to-phase current sensitivity of the coincidence-logic
circuits. Sensitivity can be set between 0.1 and 1.0 per unit of rated current (IN) in
each phase, and is equal to 0.1 plus the sum of the numbers of the switches whose
toggles are to the right.

On-Board Switches

10 SENS These switches set the ground-current sensitivity (310) of the MG1, MG2
coincidence-logic circuits. Sensitivity can be set for 0.05, 0.25, 0.45 or 0.65 per unit of
rated current (IN) and is equal to 0.05 plus the sum of the numbers of the switches
whose toggles are to the right.
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PHA, These switches determine which polarizing signals are used in the coincidence logic
PHB, & for the MG1, MG2 units. Zero-sequence-current polarizing I0 will be used for an
PHC input to the coincidence logic when the "I0" toggles are to the right. Similarly,
negative-sequence polarizing will be used when the I2 "I2" toggles are set to the
right, and voltage polarizing will be used when the Vp "Vp" toggles are set to the
right. THE TO ES FOR PHA, PHB AND PHC SHO ORMALLY BE

SET IN THE SAME PATTERN.
Vp SENS These switches set the sensitivity of the voltage-polarizin si%n3als 11(1) .ger unit. The
3 or 0.

) sensitivities for each phase can be separately set for 0, 0.05, S per unit by
¢-G placin%}the desired toggle or toggles to the right. The toglé}gs labeled "¢-G" affect
the MG1, MG2 units and the "p-¢" toggles aftect the M1, unit. Use care when

making these settings, since the toggles for "¢-G" and "¢-¢" are located on the same
switch package. '

ETM102 (See Figure MO-9)
This module provides coincidence logic for the MT/MTG units.

Front Panel Switches

Ip-¢ These switches are identical to the correspondinﬁdswitches on the ETM101 module,
except that they affect the MT unit instead of the M1 unit.

On-Board Switches

Vp SENS These switches are identical to the corresponding switches on the ETM101 ¢¢

LR module except that they affect the MT/MTG units instead of ¢-G the M1/MG1

¢-G units.

IOM101 (See Figure MO-10)

The IOM module contains the contact converters that provide an isolated input of remote signals
into the relay logic. The contact converters consist of a dropping resistor and a sensitive reed
relay. Each contact converter has a voltage-selection link, which must be set to the DC voltage
that will be energizing that contact converter.

IOM201, IOM202, IOM203

These modules provide the contacts for the auxiliary outputs, including alarms, DLA and
channel-control contacts. See the SPECIFICATIONS section of this book for the different
contact ratings. ' : ,
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ISM101, ISM102 (See Figure MO-11)
These modules provide the following functions:

1Z signal interfaces

Voltage signal interfaces )

Positive-sequence and zero-sequence-characteristic-angle selection
Blocking-unit coordinating level detectors

Tripping-unit coordinating level detectors

Undervoltage-unit coordinating level detectors (U/V)

The ISM101 is used in 60-hertz-rated systems, while the ISM102 is used in 50-hertz- rated
systems.

Front Panel Switches

oZ1 This switch selects the relay’s positive- and negative-sequence-impedance-
characteristic angle. Characteristic angles can be selected between 50° and 85° in 5°
steps. This angle will be the same for all measuring units.

ARl i

*Z0 This switch selects the relay’s zero-sequence-impedance-characteristic angle for all
measuring units; however, this angle can be shifted for the MG1, MG2, and the MTG
by means of the sup}glementary /ZRO link on the AFM10(-) modules in 25° lag
steps. The ¢ Z0 switch selects characteristic angles between 50° and 85° in 5° steps.

On-Board Switches

1B These switches adjust the pickup level of the blockin%-unit coordinating level
detectors. Pickup currentis in per unit of rated current (IN) and is adjustable from
0.1 to 1.0 per unit in 0.05 per-unit steps. The per unit pickup current is equal to 0.1
plus the sum of the numbers of the switches whose toggles are to the right.

IT These switches adjust the pickup level of the tripping-unit coordinating level
detectors. Pickup-current adjustment is identical to that for the IB above.

MGM

The magnetics module contains the current and potential transformers to couple the TLS1B
measuring elements to the system. The current circuits are rated at 1 or 5 amperes. The current
transformer (CT) inputs are shorted automatically when the module is removed. This module is
raLted1 for either 50 or 60 hertz. Current and frequency ratings are specified on the module front
panel.

The TRIP output relays are also mounted in this module, together with their drive interface. The
output relays are telephone-type relays, which pass the ANSI trip-duty-contact test.
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PSM211, PSM212, PSM213 (See Figure MO-12)

This module provides all power to operate the TLS1B system. The input voltage must match the
rating of the power supply (i.e. PSM211 = 48 VDC, PSM212 = 110-125 V, PSM213 = 220-250
V). The power supply is self-protecting and will not be damaged by a continuous short circuit.

e output voltage will recover when the fault is removed. An output alarm is provided to
indicate voltage outside the desired limits. A green light-emitting diode (LED) on the front
ganel indicates normal output voltage. A switch mounted on the front panel turns off the 12 and
b4 V(()llt supplies. A 3-amp, 250 V fuse is provided on the board to protect the printed- circuit

oard.

TAM101 - Optional (See Figure MO-13)
See the CONTINUOUS MONITOR section of this manual.

ULM101 (See Figure MO-14)

The ULM101 module provides the logic and timing for single-pole tripping. Insertion of the
ULM101 module automatically switches the scheme from three-pole tripping to single-pole
tripping; conversely, removal returns the scheme to three-pole tripping.

The only settings required are the selection of three-pole-tripping options. These are set via

switches 101A and 101B. The switches provide the following options (switch closed for condition
described, unless otherwise noted):

On-Board Switches

Position
101A-1-2
O O MT does not select 3-pole trip
O C Trip 3 pole for CC3 and MT
C O Trip 3 pole for CC1 or CC3 and MT
C C Trip 3 pole for any MT
3 Key 3-pole trip for any MT
4 A phase open selection
S - B phase open selection
6 C phase open selection
7-8
O O Single-pole trip after zone 2 or zone 3 time
C O Trip 3 pole after zone 3 time
O C Trip 3 pole after zone 2 time
C C Trip 3 pole after zone 2 or zone 3 time
101B-1  Trip 3 pole for an input on CC3
2 Trip 3 pole for all faults

3 1 pole/3 pole channel-keying logic

An amber light-emitting diode on the front panel indicates three-pole tripping has been selected.
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ULM112 (See Figure MO-15)

This module provides a target, contact converter buffers, channel-input logic and the transfer-trip
security timer. There are two logic switches: 111A and 111B, and a timer, TL13, which must be
set. ~

Switches

111A-1  Closed for direct-transfer trip
2 Of)en for bus-side potential
Closed for extern: C]ihase-selection input
Closed to invert C
Closed to invert CC3
OPen for directional-comparison block and hybrid schemes;
Closed for switch-zone schemes
en: switch zone for CC1 or CC3;
Closed: switched-zone-1 reach to zone-2 reach for CC4
Closed for transfer trip
OPen: transfer trip via CC1 and CC3;
Closed: transfer trip via CC2.

W

111B-

—

LW N

Timer

TL13 Direct-transfer-trip security timer. Set by positioning switches to the right to obtain the
desired time. The setting is additive, and has a minimum setting of 2 milliseconds.

Front Panel Target Lamps

All red targets will seal in and retain their status latch), even if DC power is lost. These
targets can only be set while the trip bus is active. The MOB target is non-latching.

RESET Resets the red sealed-in targets. Once RESET is pushed, all red iamps should blink on
for 1 to 2 seconds. The RESET button only affects the red LED targets. No other relay
functions are affected.

ULM121/122 (See Figures MO-16A and MO-16B)

The ULM121/122 module contains the system clock, clock-failure-detection logic, out-of-
step-blocking timers, and the channel-keying logic.

Logic switches select the rated system-frequency-keying logic, protection scheme and
fault-detector-override logic.
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Switches
121A-1 8f)en: 60 Hz;
osed: 50 Hz ‘
2 en: permissive underreaching transfer trip;

Closed: permissive overreaching-transfer trip
Block lltflying for out-of-step

Block RI via scheme logic

Invert Key 1

Invert Key 2

Key 1 and 2 for transfer trip

Not used (leave in OPEN position)

o~ AW

121B-

[y

Override fault detector for inputs on CC7 or CC8

Override fault detector for out-of-step

Override fault detector permanently

Closed: enable fault-detector-override logic

Closed: blocks MOBG if receiver is active (ULM122 only) (Revision B TLS1)

121C-1 &2 OFen: h{brid Both toggles are to be in the same position.
Closed: blocking position, 1.e., both open or both closed.

WNHWN

Timers (ULM121 only) (Revision A TLS1)

TL6 Out-of-step-operating-time icku'F is the sum of the closed switches. Minimum, 1 cycle;
maximum, 7.75 cycles; in 0. 5'-cyc1 e steps

MOB/MOBG  Characteristic timer setting. Minimum, 32° ; maximum, 126°; in 2° steps.
Use the following equation to determine the characteristic timer setting:
TIMER SETTING = SUM OF SWITCHES + B = 32

B = 1if SW32 and SW64 are open
B = 0if SW32 or SW64 are closed

EXAMPLE: SW4 and SW16 closed.
Therefore B = 1
Timer Setting = 4 + 16 + (1 + 32) = 52

EXAMPLE SW4, SW16 and SW64 closed.
Therefore B = 0
Timer Setting = 4 + 16 + 64 + (0« 32) = 84
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ULM131 (See Figure MO-17)

The ULM131 module provides measuring-unit-supervision signals, zone-4 time, the blocking-unit
dropout timer, and the negative-sequence blocking-unit characteristic timer.

Switches

131A-1 Open: supervise NB with the AND of the MT units;
Closed: supervise NB with any MT

2  Block reclose initiate for out-of-step
3 Closed: put zone 4 in service
4  Closed: put line-pickup tripping in service
5 OFen: line-side potential;
Closed: bus-side potential
6 Notused (Leave in OPEN position)
Timers

TL4 Zone 4 timer. Set for desired time. Minimum, 0.4 second; maximum, 6.3 seconds, in
0.1-second steps. The operating time is the sum of the closed switches.

TL24 NB drcﬁout. Set desired time. Minimum, 0.5 cycle; maximum, 7.5 cycles, in 0.5-cycle
steps. The setting is the sum of the closed switches.

TL25 MBG dropout. Set desired time. Minimum, 0.5 cycle; maximum, 7.5 cycles, in 0.5-cycle
steps. The setting is the sum of the closed switches.

NB Characteristic timer. Minimum, 64°; maximum, 96°, in 2° steps. The characteristic
~ angle is 64° plus the sum of the closed switches.

ULM141 (See Figure MO-18)

The ULM141 module provides most of the scheme logic, fuse-failure and sequential- reclosin

settings for the triq integrator; zone-2, zone-3 coordination; block repeat; weak-infeed an
transfer-trip timer. In addition, 24 logic switches for scheme selection are provided.

Switches
141A-1  Closed: TL3 in service
2 Supervise TL3 with MOB
3 Supervise zone 1 with MOB
4  Closed: TL2 in service
5  Supervise channel trip with MOB
6 Supervise zone 1 with blockiﬁg unit
7  Supervise weak infeed with MOB
8 Supervise TL2 with MOB

141B-1  Open: repeat out;
Closed: repeat in
2 Open: add time delay to repeat
3  Closed: weak-infeed tripping
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141C-1
2

141D-1

141E-1

wnhWwWN

141F-

W= O

Timers

TL1

TL14
TL1S
TL16

TL22

Sequential reclose logic
Of)en: switch zone via T1.2;
Closed: trip via TL2
Sequential-reclose input logic

Closed: M2
Open: MT
Comparer input logic

Comparer input logic
Sequential-reclose logic

Closed: TL16 in service

Not used (leave in OPEN position
Not used (leave in OPEN position
Block reclose for MT

Block-reclose logic
Block-reclose logic
(TL1S5 input select) repeat logic

Trip integrator; set as required. Minimum, 1 millisecond; maximum, 15 milliseconds, in
1-millisecond steps. The time is the sum of the closed switches.

Zone 2 timer. Minimum, 0.2 second; maximum, 3.15 seconds, in 0.1-second steps. The
time is the sum of the closed switches.

Zone 3 timer. Minimum, 0.4 second; maximum, 6.3 seconds, in 0.1-second steps. The
time is the sum of the closed switches.

Coordination timer. Minimum, 2 milliseconds; maximum 15 milliseconds, in
1-millisecond steps. The time is the sum of the closed switches.

Block repeat timer. Minimum, 2 milliseconds; maximum 15 milliseconds, in
1-millisecond steps. The time is the sum of the closed switches.

Weak-infeed timer. Minimum 0.5 cycle; maximum, 7.5 cycles in 0.5-cycle steps. The
time is the sum of the closed switches.

Transfer-trip timer. Minimum, 0.4 second; maximum, 6.3 seconds, in 0.1- second steps.
The time is the sum of the closed switches.

UTM101 (See Figure MO-19)

The UTM101 module provides the characteristic timers for the M1, MG1, MT, MTG and MB
units. Each unit can be set to pick up from 64° to 127°, in 1° steps. The setting is equal to 64
plus the sum of the closed switches.

Three switches are provided to select the MG1 Supervision for mho or reactance operation.
When making this selection, all three toggles must be in the same position, that is, all open or all

closed.

A switch is provided to supervise M1 by MG1 when it is in the closed position.
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UTM102 (See Figure MO-20)

The UTM102 module provides the characteristic timers for the M2 and MG2 units. Each unit
c?n bg set t% pick up from 64° to 127°, in 1° steps. The setting is equal to 64° plus the sum of the
closed switches.

VMM101, VMM102 (See Figure MO-21)

These modules provide the following functions:

1.
2.
3.
4.
S.

Polarizing signals for M1/MG1, M2/MG2, and MT/MTG units
NB function

Zone switching of M1/MG1 reach (not used)

10 supervision for MG1, MG2, and G units

3I0Z1 restraint signal for M1, M2, and MT units.

The VMM101 is used for 60-Hz-rated systems, and the VMM102 for 50-Hz-rated systems.

Front-Panel Switches

II

These switches select the reach of switched zone 2 in multiples of the zone 1 reach,
which is set on the AFM101 or AFM104 module. The reach multiplier is adjustable
from 1 to 10, in steps of 0.05, and is equal to 1 plus the sum of the numbers of the
switches whose toggles are to the right.

On-Board Switches

I2LD

KI2Z

These switches select the pickup current of the negative-sequence- current-level detector
of the NB function. Pickup is adjustable from 0.05 to 0.5 per unit, in 0.05-per-unit steps.
Per-unit pickup current is equal to 0.05 plus the sum of the numbers of the switches
whose toggles are to the right.

These switches select the compensation factor for negative-sequence current in the NB
function. This compensation factor can be adjusted from 0.6 to 1.0 in 0.05 steps, and is
equal to 0.6 plus the sum of the numbers of the switches whose toggles are to the right.

These switches select the reach for the NB function. The reach for 5-ampere-rated
relays is adjustable from 5 to 80 ohms in 5-ohm steps, and is equal to 5 plus the sum of
the numbers of the switches whose toggles are to the right. For relays rated 1 ampere,
the NB reach will be five (5) times the value determined by the above method.

OFFSET M1/MG1  These switches select the per-unit offset Sinto the protected line section)

of the polarizing voltages for the M1/MG1 units. The offset is
adjustable, from 0. to 0.4 per unit, in 0.1 per unit steps, and is equal to 0
p_luﬁ the sum of the numbers of the switches whose toggles are to the
right.
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OFFSET MT/MTG  These switches select the per-unit M2f/MGZ offset (into the protected

VP ANG

On-Board Lin
10Z REST

MULT

M1VP

line section) of the polarizing voltages for the MT/MTG units. Offset
adjustment 1s identical to that for OFFSET M1/MG1 above.

These switches select the Fhase shift in the polarizing voltages for the

MG1 units. The phase shift can be adjusted to 0°, 10°, 15°,20°, 25¢°,

30°, 35° or 45° leading, and is equal to 0 plus the sum of the numbers of
“the switches whose toggfes are to the right.

This link provides zero-sequence-current restraint for the M1, M2, and
MT units only when the link is in the "IN" position.

This link determines the amount of zero suppression in the zero-
sequence-current-supervision signal for the MG1, 2, and MTG units, and in
the zero-sequence-current-restraint signal for the M1 and MT units. THIS
LINK SHOULD NORMALLY BE THE SAME POSITION AS THE
II;IRO%NT PANEL MULT SWITCH ON THE AFM101 OR AFM104

This link phase shifts the polarizing voltages for the M1 units by the same angle
as that for the MG1 units if it is in the "SHIFT" position. If this link is in the
"NOT SHIFT" position, the M1 polarizing voltages will not be shifted.
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ACCEPTANCE TESTS

The operational tests described in this section should be conducted prior to the installation of the
TLS1B system. These may be done on a "bench-top" basis. One method of removin%power is to
turn off the 1power switch on the PSM power-sugplfr module and then remove both of the
connection plugs located in the TPM position on the left side of the case. Inserting an extender
into IOM or PSM positions still requires great care, as station battery potential will still be
present at some points.

Test Data Sheets

Some helpful test data sheets are included in the back of this section. They will help in keeping
track of the tests and the expected data.

Initial Test Settings

To begin the acceptance tests, the module settings should be as indicated in Tables AT-1 and

AT-2. Remove power, then remove the modules fo gain access to the links and switches referred

to in Table AT-{). When an open switch is specifiecf it will mean the switch is leysically set left,

closed is to the right. There are certain modules not listed in Tables AT-1 and AT-2. This simply

i:qeans ic\l/}%t tlhere are no settings required for these modules. Module Locations are shown in
igure -1.

Test Equipment

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

Three-phase voltage, single-phase current, active test source -
DC-control-voltage source

Three AC voltmeters

One AC ammeter

One oscilloscope

One card extender (GE #0138B7406G1)

One pair XTM test plugs (GE #XTM28R1 and XTM28L1)

The specific requirements for this equipment are given above and in the associated test-circuit
diagrams (Figures AT1 and AT-2).

The three-phase AC sinusoidal voltage must be balanced and undistorted. Similarly, the DC
power should come from a good DC source having less than 5% ripple.

Test Connections

The test-circuit diagrams indicate TLS1B terminal numbers (rear-cover terminals) and the
corresponding XTM-test-plug terminal numbers. For the acceptance tests, the test connections
should be made to the rear-cover terminals. The test plugs are intended for post-installation
testing, and are described in a separate subsection under PERIODIC TESTS.
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TABLE AT-1 INTERNAL MODULE SETTINGS

MODULE FIGURE MODULE SWITCH OR LINK
NAME NUMBER LOCATION TYPE NAME SETTING
ABM10(-)  M0-2 Y SWITCH % (1).2

" " " n KV 0.3

" " " LINK IO SHIFT 0°

n n n " 12 SHIFT : 0°

" [ " " OFFSET IN

] " " " POL 0°
AFM10(-) MO-34,5 ZE,7ZC2G SWITCH KO 4.0

] " n " S OPEN

" " " " "AFIL CLOSED

" " " " O SUP 0.1

" " " LINK BFIL IN

[} " " ”" MULT 1

" 1" " " IZRO O°
AFM20(-) MO-6 2E SWITCH 0 SUP 0.1

n " " " S OPEN

" " " " AFIL CLOSED

" " " LINK BFIL IN
AFM21(-) MO-7 ZA SWITCH S1 OPEN

] " " " ST OPEN

" " " " Al1FIL CLOSED

" " " " AT FIL CLOSED

" " " " 0 1 SUP 0.1

" " 1] " 0 SUP 0.1

! " " LINK - B1FIL IN

] [ " ] BT FIL IN
ETM101 MO-8 W,2C 3 SWITCHES 10 CLOSED

" ! " LABLED PHA 12 CLOSED

" " " PHB, PHC VP CLOSED

" " " SWITCH 10 SENS 0.05

" " " " VP SENS ¢ _¢ 0

" " " " VP SENS ¢'G 0
ETM102 MO-9 U SWITCH VP SENS ¢ ¢ 0

" " " " VP SENS ¢'G 0
IOM101 MO-10 2N LINK 48-125-250 DC BATTERY
ISM10(-)  MO-11 ZG SWITCH 1B 0.2

" ] " ] IT 0.2
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MODULE FIGURE MODULE SWITCH OR LINK
NAME NUMBER LOCATION TYPE NAME SETTING
TAM101 * MO-13 D LINK +5/+12 +12
ULM12(-) MO-16 K SWITCH 121A-1 OPEN = 60HZ
" " " " " CLOSED=50HZ
" " " " MOBg 126°
" " " " MOBG 126°
ULM131 MO-17 H SWITCH NB 90°
UTM101 MO-19 S SWITCH M1 90°
" " " " M'r 90°
" " " ”" MB 90°
" " " " MGl 90°
”" " " " MrG 90°
" " " " SPVN M1 NO SPVN
" " " " 3 SWITCHES
" " " " MHO/REACT  MHO
UTM102 MO-20 B SWITCH MT 90°
" " " " MTG 90°
VMM10(-) MO-21 VAJ SWITCH I2LD 0.05
0 c K5z 10

" " " " OFFSET M1/MG1 0.3
" " " " OFFSET MTG 0.3

" " " " VP G 0°

" " " LINK I0OZREST OUT

" " " " MULT 1

" " " " M1VP NO SHFT

* Designates optional module
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TABLE AT-2 FRONT PANEL SETTINGS

MODULE FIGURE MODULE
NAME NUMBER LOCATION NAME SETTING
ABM10(-) M0-2 Y I 6.0 OHMS
AFM10(-) MO-3, 4,5 ZE, ZC, 2G I 6.0 OHMS

L " " MULT 1.0
ETM101/102  MO-8,9 W,U e 0.1
ISM10(-) MO-11 7G oZ1 85

" " " ¢ ZO 85°
VMM10(-) MO-21 yAj I 1.0

* DESIGNATES OPTIONAL MODULES

OFFSET MHO CHARACTERISTIC TESTS

1.

Insert the card extender into the system test slot "2A" (bottom right corner). Leave the
extender in this position for all acceptance testing. All the signals connected at slot "2A" are
listed in Table SE-2 in the "SERVICING" section of this manual.

Connect the relay per Figure AT-1 for phase-to-ground (MG1, MG2, MTG, MB, NB) tests,
and Figure AT-2 for 11_:hase-to-phase (M1, M2, MT) tests. Connect the oscilloscope to the
card extender pin # shown in Table AT-3 for the phase to be tested.

NOTE: Where two values are shown: xx(yy) xx is for 5 ampere units and yy is for 1
ampere units.

Set VA, VB, and VC to 70 VRMS. Set current IOP at rated current gl ampere rms or 5
amperes rms) and the phase anfle to 85° lag. Reduce the voltage(s) of the phase(s) under
test from approximately 70 volts rms until the measuring unit under test picks up, as
indicated by the oscilloscope trace going from approximately 0 to agproximatel 10 volts.
Pickup should occur for a voltage between 55 and 61 volts rms for the MG1/MG2/MTG
units and between 31 and 35 volts rms for the M1/M2/MT units. This test checks the reach
at the replica impedance angle, including the pull-back effect at this current level
(approximately 3%%. '

Return VA, VB, and VC to 60 volts rms, and set the phase angle to 55° lag. Reduce the
voltage(s) of the phase(s) under test until the measuring unit under test picks up, which
should occur for a voltage between 43 and 54 volts rms for the MG1 /MG2}’ MTG units and
between 24 and 31 volts rms for the M1/M2/MT units. Change the phase angle to 115 lag
and vary the voltage(s) of the %hase(s) under test until the measuring unit under test again
R}cks 11&), which should also be for a voltage between 43 and 54 volts rms for the

G ﬁ G2/MTG units and between 24 and 31 volts rms for the M1/M2/MT units. This
test checks the shape of the mho circle.
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TABLE AT-3 TEST CONNECTIONS

FUNCTION UNDER TEST UNIT PHASE UNDERTEST CARD EXTENDER PIN NO.

Zone 1 Units MG1 A-G 5
" B-G 6
" CG 7
M1 A-B 2
" B-C 3
" C-A 4
Over-reaching Units MTG A-G 11
" B-G 12
" C-G 13
MT A-B 8
! B-C 9
" C-A 10
MG2 A-G 17
" B-G 18
" C-G 19
M2 A-B 31
" B-C 32
" C-A 33
Blocking Unit MB A-G 14
" B-G 15
" C-G 16

5.

NOTE: When doing these tests, the test voltage is to be measured phase-to-ground for both
phase-to-ground and phase-to-phase tests. For phase-to-phase tests the current
angles will be shifted -30°. This is because the current is referenced
phase-to-phase and the voltage is referenced phase-to-ground. This will be the case
whenever an active test source is used. The test extender reference is pin #1.

Repeat tests 3 and 4 for each phase of the M1, MG1, M2/MG2 and MT/MTG functions.

BLOCKING

1.

Set VA, VB, and VC to 60 volts rms. Set current IOP at rated current (1 ampere rms or 5
amperes rms) and the phase angle at 265° lag. Reduce the voltage of the phase under test
from approximately 70 volts rms until the M Ophase under test i)icks up, as indicated by the
oscilloscope trace going from approximately 0 to approximately 10 volts. Pickup should
occur for a voltage between 52 and 58 volts rms. This test checks reach at the replica
gnfpedance angle, including the pull-back éffect at this current level (approximately 3%).

ter the MB phase under test picks up, continue reducing the voltage of the phase under
test to 0 volts. 'The MB unit should remain picked up.

Return VA, VB and VC to 60 volts rms, and set the phase-angle to 235° lag. Reduce the
voltage of the phase under test until the MB phase under test picks up, which should occur
for a voltage between 46 and 54 volts rms. Change the phase-angle to 295° lag and vary the
voltage of the phase under test until the MB unit again picks up, which should also be for a
voltage between 46 and 54 volts rms. This test checks the shape of the mho circle.

Repeat tests 1 through 3 for each phase of the MB functions.
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NB UNIT TESTS

1. Directional Check:
a) Set VA to 30 volts rms, VB and VC to 67 volts rms, and IOP to rated current (IN).
Set tél;e phase angle to 265° lag. Check for +10 to + 12 (high) volts DC at test card
pin 29.

b) C'haélge the phase angle to 85° lag. Check for less than 1 volt DC (low) at test card
pin 29.

LEVEL-DETECTOR TESTS (Current tests only)

1.
2.

Use figure AT-1 for the remainder of the tests.

Connect the oscillosc?ge probe to the test extender pin 34. Set current IOP to 0.45 (0.09
amperes rms. Apply the current IOP; the oscilloscope trace should go to approximately 1
volts, and remain there momentarily, after which it should return to approximately 0 volts.
Remove current IOP.

Increase IOP to 2.25 (0.45) amperes rms and repeat test 2; the oscilloscope trace should
remain at approximately 10 volts when IOP is applied. Tests 2 and 3 check the adaptive
pick-up of the Fault Detector, FD.

Switch off phase A, B, and C voltage. Connect the scope to the test extender pin 30.
Increase current IOP until the oscilloscope trace goes from approximately 0 to
approximately 10 volts, at which point the current should be between 2.7 (0.54) and 3.3
(0.66) amperes rms. This test checks the I1 unit.

Change the oscilloscope connection to pin 26. Increase current IOP until the oscilloscope
trace (Foes from approximately 0 to approximately 10 volts. The current should be between
0.9 (0.18) and 1.1 (0.22) amperes rms. Repeat this test for all three phases. Use test
extender pin 27 for phase B and pin 28 for phase C. This test checks the IB unit.

Change the oscilloscope connection to pin 23. Increase current IOP until the oscilloscope
trace goes from ai>proximately 0 to approximately 10 volts. The current should be between
0.9 (0.18) and 1.1 (0.22) amperes rms. Repeat this test for all three phases. Use test
extender pin 24 for phase B and pin 25 for phase C. This test checks the IT unit.

Connect the oscilloscope probe to the test extender ﬁin 20. Current will not be needed for
this test. Set VA, and VC to 60 volts rms. Reduce the voltage of VA until the
oscilloscope trace gulses from apgroximately 0 to approximately 10 volts, at which point the
voltage should be between 41 and 45 volts rms. The trace should seal-in at no less than 30
volts rms. Repeat this test for all three phases. Lower VB and use test extender pin 21 for
phase B. Lower VC and use test extender pin 22 for phase C. These test check the
under-voltage detectors.
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T E AT- L8 8T DA

TESTER: TLS1B #

DATE: SYSTEM #

OFFSET MHO CHARACTERISTICS

CENTER - 30° + 30°
MHO |TEST $-G /85° 55-61 ¢-G /55° 43-54|¢~G f115° 43-54
UNIT |PIN# |PHASE|¢-¢ /[55° 31-35 |@¢-¢ [25° 24-31|¢-¢ /85° 24-31
MGL | 5 A-G
-G
6 B-G
7 c-G
M1 2 A-B
b—¢
3 B-C
4 c-A
MTG | 11 | a-G
¢-G
12 | B-G
13 | c-G6
MT 8 A-B
P9
9 B-C
10 | c-A
MG2 | 17 | A-G
»-G
18 | B-G
19 | c-G
M2 31 | A-B
-9
32 | B-C
33 | c-a
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MB TESTS
PHASE | TEST | CENTER /265° | 0.0 VOLTS - 30° + 30°
PIN# 52 - 58 SEAL-IN | [235° 46-54 | [295° 46-54
A-G 14
B-G 15
c-G 16
NB
I = 265° PICK UP AT TEST PIN 29 PASS
I = 85° NO PICKUP AT TEST PIN 29 PASS
FAULT DETECTOR
I = .45(0.09) AMPS. PULSE AT TEST PIN 34 PASS
I = 2.25(.45) AMPS. HIGH AT TEST PIN 34 PASS
LEVEL DETECTORS
TEST | TEST PIN# | PHASE PICKUP LIMITS DATA
11 30 A-G 2.7(0.54) - 3.3(0.66)
1B 26 A-G
27 B-G
28 c-G
0.9(0.18) - 1.1(0.22)
IT 23 A-G AMPERES
24 B-G
25 c-G
PULSE|>30V SEAL-IN
NV 20
PULSE AT 41 - 45 VOLTS
22 SEAL-IN AT >30 VOLTS
22 c
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PERIODIC TESTS

A periodic test program should be developed that checks all of the TLS1B functions employed in
the scheme that is being used. It is left to the user’s discretion to choose, from among the
Acceptance Tests given in the previous section, those tests that may be applicable as Periodic
Tests for a particular installation scheme.

EXTERNAL CONNECTIONS

External connections are made accordin% to the elementary diagram, Figure SD-20. These are
general diagrams incorporating all of the available options. Connection need not be made to
those terminals associated with options that will not be used.

WARNING

TLS1B TERMINALS BH13 AND BH14 MUST BE TIED
TOGETHER AND TO A GROUND BUS, AS SHOWN IN
THE ELEMENTARY DIAGRAM, FIGURE SD-20. THE
CONNECTION TO THE GROUND BUS MUST BE
MADE USING NO. 12 WIRE OR LARGER. THE LEADS
USED IN MAKING THESE CONNECTIONS SHOULD
BE KEPT AS SHORT AS POSSIBLE.

External Connection Test

An overall check of current-transformer polarities, potential-transformer polarities, and
connections to the TLS1B relay system can be made prior to placing the TLS1B in service, by
using the system voltages and load current while monitoring the output of the NT directional
unit. It should be noted that this test is a check of the external wiring and not a check of NT
itself. It is assumed that the NT unit has been checked for correct directional action per the test
method given in the ACCEPTANCE TESTS section. The load current should be greater than
0.5 ampere secondary for this test.

CAUTION

During this test the trip circuits of the TLS1B should be
l(3is<;3(nnected to prevent inadvertent tripping of the circuit
reaker.

If the direction of power (KW) and reactive (KVAR) flow is away from the bus and into the
protected line section, then use the XTM test-plug connections in Figure PT-1. These
connections simulate an internal phase-A-to-ground fault by applying rated voltage to phase B
and phase C and zero S())) voltage to phase A, while applying load current to phase A only. Check
for an NT operation by observing a logic one (1) output at pin 18 of the test card extender
inserted into the slot in location B at the top right of the unit. If the reactive flow is into the
station bus, the resulting phase angle between load current and system voltage may be such that
the NT unit will not operate.

If the direction of power and reactive flow is into the bus from the protected line section, then
use the XTM test-plu'% connections in Fi%ure PT-2. These connections reverse the phase A load
current so that the NT unit will operate for this condition. If the reactive flow is away from the
bus and into the protected line section, the resulting phase angle between load current and
system voltage may be such that the NT unit will not operate.

PT-1
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TESTING THE TLS1B OPERATION WITH DIFFERENT SETTINGS

Because of the level of sophistication of the TLS1B modular relay system and the large number
of selections that may be made, it is impossible to present one or two equations that will satisfy
every condition, This section makes an attempt, however, to allow for the calculation of the
pickup voltages for the MHO function when using the test circuits described in the various parts
of the ACCEPTANCE TESTS section of this instruction book, but with different settings than
those listed in Tables AT-1 and AT-2. This will permit some testing to be done using settings
other than those specified as part of the acceptance tests.

To test with different settings, refer to the approEriate section of ACCEPTANCE TESTS. For
instance, if the M1 function is being tested, use the same test setup and settings as described in
the M1 portion, but use the equations and notes given below to modify the expected test results.
Only those settings identified in the eguations are allowed to be varied; otherwise, the expected
results may be ditferent than calculated.

M1/M2/MT (Phase-to-Phase Tests)

In order to calculate the nominal pickup voltage, the effective forward reach is needed. This may
be calculated by the following equation:

ZF = 2 «x ZNP « RM

Where: ZF = effective forward reach
ZNP = set nameplate reach
RM = reach multiplier .

Example:

If the current equals 5 amperes, the reach multiplier is 1, and the set nameplate reach is 6
ohms, the nominal phase-to-phase pickup voltage at the angle of maximum reach is:

VNOM =1xZF
=5+2x6%1=060Vpo

Where: VNOM = nominal phase-to-phase pickup voltage
I = current

The offset reach in the TLS1B is based on positive-sequence voltage and current, and is not
affected by the reach multiplier. The instruction-book test setup uses a balanced three-phase
voltage and single phase-to-phase current. For this test, V1 = V¢N and I1 = Ip /v3. Note that
tl}? voltmeter is connected phase-to-phase and V1 = Vg¢-¢ /v3. Therefore, the effective forward
offset is:

ZFO = ZNP »* (per-unit offset)

Where: ZFO = effective forward offset reach or, in terms of ZF,
Example:

ZFO = ZF * (per unit offset)
2+ RM

If the current is 5 amperes, the set nameplate reach 6 ohms, and the per-unit offset is 0.3,
the nominal phase-to-phase pickup voltage at the angle of maximum reach is:

5+6x0.3 = 9volts

PT-2
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MG1/MG2/MTG (Phase-to-Ground Tests)
The test circuit uses a balanced three-phase voltage and a single phase-to-ground current. Note

that for the instruction-book tests it is assumed that ¢ Z1 = ¢ Z0. The effective forward reach is a
function of KO as well as the nameplate reach, and is equal to:

ZF=ZNP*2-3K§_):RM

Where: KO0 = zero-sequence compensation factor
Example:
If the current equals 5 amperes, RM equals 1, the set nameplate reach is 6 ohms and KO

equals 4, the nominal phase-to-ground pickup voltage at the angle of maximum reach
(VNOM = IXZF)is:

VNOM=5*6:2-|3;4=60volts

~ Because the offset reach is positive-seguence ohms, it is not affected by the KO setting. The test
circuit produces V1 = VpN and I1 = I0/v3; the effective forward offset reach is therefore:

ZFO = ZNP * iggr unit offset)

or, in terms of ZF,

ZFO = ZF * (per unit offset)
(2 +K0) « RM
Example:
If the current equals 5 amperes, RM equals 1, the set nameplate reach is 6 ohms and KO

equals 4, and the per-unit offset is 0.3, the phase-to-ground pickup voltage at the angle of
maximum reach is:

5* 6; 0.3 = 3 volts

PT-3
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The test circuit uses a balanced three-phase voltage and a single phase-to-ground current. Note
that in the instruction book tests it is assumed that¢Z1 = ¢ Z0. e effective blocking reach is a
function of the set nameplate reach, K (current compensation) and KV (voltage constant). The
reverse, or blocking-direction, reach is:

ZBIK =ZNPs*3 + K »_1
3 1-KV

Where: K = current compensation
KV = voltage constant
ZBLK = blocking-direction reach

Example:

If the test current equals 5 amperes, the nameplate reach is 6 ohms, K equals 1 and KV
equals 0.3, the phase-to-ground voltage at pickup at the angle of maximum reach will be:

S*6*3+1=+_1 =5714volts
3 1-03

The forward (tr(i)p/Jing direction) reach is not affected by K or KV. For the test circuit V1 =

V-NandIl =1

v 3, the effective offset reach will be:
ZBO = ZNP *3( per unit offset)
Where: ZBC%l = effective blocking offset reach or, in terms of the blocking-direction
reach:
ZBO = ZBIK = %; - Kl\é * (per unit offset)
+

Example:

If the current equals 5 amperes, the nameplate reach is 6 ohms and the per-unit offset is 0.1,
the nominal phase-to-ground pickup voltage will be:

S5* 6; 0.1 = 1volt

OPTIONAL POSITIVE-SEQUENCE OVERVOLTAGE UNIT

The test conditions should equal that of the test found in the ACCEPTANCE TEST section of
this manual. If the values for a particular installation are known, they can be used to test the
relay for that installation. In testing the voltage functions, only one of the three phase voltages is
varied. The positive-sequence voltage with unequal voltages can be calculated as:

V1= 1/3(VA + VBa + VCa2)
Assuming VA, VB and VC have the specified 120° phase relationship.
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(LEFT) (RIGHT)
XTM28LI XTM28RI
FrROM| TO FRoM| TO
Is | IR 165 | ISR
9s | 9R 23s | 23R
10S | 10R 245 | 24R
s | 12s 255 | 25R
135 | 145

S— SYSTEM SIDE OF XTM TEST PLUG
R~ RELAY SIDE OF XTM TEST PLUG

CAUTION:. CONNECTIONS BETWEEN POINTS
9 THROUGH 14 MUST BE MADE BEFORE
INSERTING THE XTM TEST PLUG TO

PREVENT OPEN CIRCUITING THE CT
SECONDARIES.

Figure PT-1 (0286A1886 XTM Connections for External Connection
Test for KW and KVAR Away From Bus

(LEFT) (RIGHT)

XTM2sLl XTM28RI
FROM| TO FROM| TO

IS IR i8S | ISR
9S IOR 23S | 23R
10S SR 24S | 24R
1S 125 ] 255 | 2%R
13S 148

S— SYSTEM SIDE OF XTM TEST PLUG
R~ RELAY SIDE OF XTM TEST PLUG

CAUTION. CONNECTIONS BETWEEN PQINTS
9 THROUGH 14 MUST BE MADE BEFORE
INSERTING THE XTM TEST PLUG TO
PREVENT OPEN CIRCUITING THE CT
SECONDARIES.

Figure PT-2 (0286A1885) XTM Connections for External Connection
Test for KW and KVAR Into Bus
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SERVICING

SPARES

There are two basic approaches that may be followed in servicing the TLS1B. One approach is
field service, where an attempt is made to replace defective components at the relay location.
Generally, this will take the most time and require the highest degree of skill and understanding,
It can also be expected to result in the longest system-outage time.

The preferred approach is module replacement, where a determination is made as to which
function has faileci) and that function is replaced with a spare module. The system can then be
quickly returned to service. Considerable time is saved, and there is much less pressure to make
a decision about what to do with the defective part. This approach typically yields the shortest
down time. It is recommended that a complete set of spare modules be kept at the main
maintenance center.

For those who wish to repair at the component level, drawings are available from the factory.
When requesting drawings, the following information must be supplied to the factory:

1. The model number of the module. (This is found on the lower part of the front nameplate of
each module, e.g. ISM101);

2. The assembly number of the module. (This is found on the component side of the
printed-circuit board. It is an eight-digit number with a letter inserted between the fourth
and fifth digit and suffixed with a group identification, e.g. 0138B7420 G001 or G1);

3. The revision number (this is also found on the printed-circuit board, e.g. REV.1).

WITHOUT THE CONTINUOUS MONITOR MODULE

By inserting an extender card into the test slot, location "2A" (see Figure MO-1 in the
ODULES section), one can gain access to various points throughout the 1B. This feature
is extremely useful when testing and servicing the 1B.

If the Continuous Monitor, which is an option that is also a useful device for testing and servicing
the TLS1B, is not provided, a second extender card can be inserted into the slot reserved for it,
location "D" (FTi%LAlgre MO-1 in the MODULES section). This gives access to additional points
throughout the 1B.

The pin number on the extender card versus signal for the test points (TP-) that are shown in the
Logic Diagram, Figure SD-4 (in the SCHEME DESCRIPTION section), 1s given in Table SE-1.
The pin number on the extender card versus the monitor points (CM-), also shown in the Logic
Diagram, is given in Table SE-1. ;

WITH THE CONTINUOUS MONITOR MODULE

When the TLS1B is equipped with the optional Continuous Monitor, many problems can be
quickly located. When a failure occurs that causes one or more internal logic levels to shift, this
will normally cause one of the many points monitored b%/ the Continuous Monitor to go to an
abnormal state. If the monitored point stays in this state for more than 1 minute, the Continuous
Monitor will give a Monitor Alarm contact closure. The front panel MON DATA indicator on
the TAM101 module, Figure MO-13 in the MODULES section, will also light.

SE-1A
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There are two different methods by which the ogglgator can determine which point or points
failed. He can place the front panel DATA SELECT switch in the MON DATA position and
step through the display of abnormal points, using the STEP DISPLAY switch. When this
method is used, the numbers of the abnormal points need to be recorded at this time.

The other alternative is to interrogate the Continuous Monitor through the serial data link. If
monitor data is requested, the video terminal will displaﬁ' all the abnormal point numbers. The
operator can leave these numbers on the screen to work from, or they can be copied from the
screen and entered in the log.

These abnormal point numbers are the signal input numbers to the Continuous Monitor. Refer
to Table SE-1 to find the mnemonic of the TLS1B signal connected to this input. Table SE-1
also gives the module where the signal originates. Refer to the system Logic Diagram, Figure
SD-4 in the SCHEME DESCRIPTION section, and locate the abnormal signal levels on this
diagram. Locate the earliest abnormal points, that is, the points closest to the AC inputs to the

1B. The problem is normally ahead of this point. Abnormal points that follow the first
abnormal point in a signal path probably do not indicate a failure at these points. If there is an
earlier, monitored, logic level in the same signal path that is normal, then the problem will
usually be between the normal and the abnormal points.

The techniques just described locate failures that resulted in monitor alarms from the continuous
monitor. If a failure is sufipected of causing a false trip, then the trip data in the Continuous
Monitor must be analyzed. Obtain the tré% data point numbers using the front panel controls:
DATA SELECT, TRIP DATA, STEP DISPLAY and LED display, or by using the serial data
link. See if point 48 went to its abnormal state, HIGH. If not, the trip did not originate in the trip
bus connected to the TLS1B. If point 48 went abnormal, see if goint 47 went HIGH (abnormal
state). If so, then there was a system disturbance and the trip probably was not a false trip. Check
the event recorder, if used, and see if a trip condition did exist.

If there was no fault detector signal (point 47 did not go HIGH) then there was an error in the
TLS1B. As in the case where a Momitor alarm light is lit, look for the earliest abnormal point in
the signal path. Replace the module where this abnormal point is located. If the failure can not
be localized as occurring between a normal and an abnormal monitored point, then it may be
necessary to reé)lace all modules between the abnormal point and the AC inputs that supply
signals to the abnormal point.

POWER SUPPLY MODULE

Check the following items if the LED found on the front panel of the PSM21(-) module (Figure
MO-12) fails to light when the Power Supply is turned on:

1. The correct DC supply is applied to the TLS1B.

2. The connection (flugs, located on the left side of the MGM module (see Figure MO-1), are
properly inserted into the test receptacle.

3. The condition of the fuse located on the PSM21(-) module, (Figure MO-12).
4.  Check for the correct voltages from the Power Supply Module:

SE-2A
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The voltages should be within +5% of nominal. Check each of the following voltages with
respect to pins 1, 30, 31 or 60:

Pins 4or34 +24 VDC
Pins 2o0r32 +12 VDC
Pins 29 or 59 -12 VvDC

The following voltage is checked with respect to pins 25 or 55, and it should also be within
+5% of nommal

Pins 2lorSl1 +24 VDC.

TABLE SE-1 TEST POINTS FOR "Slot 2A"

TEST POINT DESCRIPTION TEST POINT DESCRIPTION
1 Reference 31 M2AB
2 M1¢AB 32 M2BC
3 M1¢BC 33 M2CA
4 M1¢CA 34 FDP
5 MGlgA 35 Loc. Trip Alt. (OR201)
6 MG1¢B 36 Local Block (OR302
7 MG1¢C 37 Zonel TITIP OR204
8 MT¢AB 38 Channel ANDA407)
9 MT¢BC 39 Trip Perm. (O 4058
10 MT¢CA 40 3 Pole Select (OR20)
11 MTGg¢A 41 Zone II Trip Tl.g
12 MTG¢B 42 Zone III Trip 'f'I_A
13 MTG¢C 43 Zone 4 Trip
14 MBog¢A 44 Line Pickup (OR304)
15 MB¢B 45 DTT (TL13)
16 MB¢C 46 Weak Infeed (TL16)
17 MG2A 47 Key XMTR #1
18 MG2B 48 3 XM IR #2
19 MG2C 49
20 NVA 50 Fault etect (OR210)
21 NVB 51 ¢ A Sel (OR1
22 NVC 52 ¢B Sel (OR2
23 IT¢oA 53 ¢ C Sel (OR3
24 IT¢B 54 ATRIP (OR406)
25 IT¢C 55 BTRIP (ORS5
26 IBgpA 56 CTRIP (OR6
27 IB¢pB 57 PERM RC
28 IBpC 58 LTA (OR412)
29 NB 59 Local Block (OR302)
30 11 60 +12 VDC
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TABLE SE-2 CONTINUOUS MONITOR POINTS
DATA POINT DESCRIPTION DATA POINT DESCRIPTION
1 Not Trip Int. (TU) 25 ¢ B Trip (ORS
2 Not Used 26 ¢ C Trip (OR6
3 Not Used 27 Trip Perm (O 405&2
4 Not Used 28 Local Trip Att. (OR201)
5 M1¢AB 29 Zone I Trip (OR204)
6 M1¢BC 30 Zone II Trip (%
7 M1¢CA 31 Zone III Trip
8 MGlgA 32 Zone IV TI'I'J) TLA
9 MG1¢B 33 Weak Infee 8 16)
10 MG1¢C 34 Line Pickug (OR304)
11 MT¢AB 35 DTT (TL13)
12 MT¢BC 36 Ext. Trip (OR102)
13 MT¢CA 37 Ch. '1;{18 (ANDA407)
14 MTGg¢A 38 M2
15 Not Used 39 M2¢BC
16 Not Used 40 M2 CA
17 MTGg¢B 41 Clock Failure
18 MTG¢C 42 MOB g‘lﬁ)
19 Local Block (OR302) 43 MG2p
20 MBgA 44 MG2¢pC
21 MB¢B. 45 3 Pole Set (OR20)
22 - MBo¢C 46 Not Used
23 MG2p A , 47 Fault Det. (ORZIOQ
24 ¢ A Trip (OR406) 48 Any Trip Bus (OR208)
SERVICE LOGIC

The servicing logic diagram, Figure SE-2, will help in troubleshooting the TLS1B relay Si&;;lals
from module to module. Signal names and pinouts are provided to aid in this IEif:ocess. en
tracing signals from module to module use Figure MO-1, located in the MODULES section, for
module locations. Figure SE-2 is a reference diagram only. It is not necessarily representative of
the actual hardware. If more detailed schematics are required, contact your local General
Electric sales office as they are available.

Procedure

When troubleshooting the TLS1B, it is best to start directly at the trouble output or signal. Use
the following figures to aid in the troubleshooting process:

- Elementary diagram Figure SD-20 located in the SCHEME DESCRIPTION section,
- Module Line-up Figure MO-1 located in the MODULES section.

- Service Logic located in this section.

- Module schematics if desired and/or necessary.

For example if the DLA contact "M1AB" does not close use the following procedure:
1. Check to see that the relay trips for a phase A-B zone 1 fault. If yes change the IOM202

g;odule in slot 2E since this is where the actual contact is found as seen on the Elementary
iagram.
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2. If the relay does not trip try phase B-C. If this phase pair does trip than it can be assumed
y 1’{ P

3.

that the problem is in the relay logic.

Locate the M1AB signal on the Service Logic diagram, Figure SE-2 It is found on the
UTM101 module. With an oscilloscope, measure this gin at the time a trip is expected. It
ShO(lillcll go high, +12 volts dc with respect to ground. If it does not, change the UTM101
module.

From here if it is desired to troubleshoot a particular component on the UTM101 module, a
schematic diagram will be required.
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Figure SE-1 (0171C8787 Sh.3) Analog Block Diagram, continued
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SPECIFICATIONS GEK-100559
SPECIFICATIONS

RATINGS

Rated Frequency 50 or 60 hertz

Rated Voltage 100 to 120 volts AC

Rated Current IN = 1 or 5 amperes

DC Control Voltage 48 VDC - Operating Range: 34-60 VDC

Maximum Permissible Currents
Continuous
Three Seconds
One Second

Maximum Permissible AC Voltage

Continuous
One Minute (one per hour)

Ambient Temperature Range

For Storage
For Operation

Insulation-Test Voltage
Impulse-Voltage Withstand

Interference-Test Withstand

BURDENS

Current Circuits
Voltage Circuits

DC Battery (contact converters)

DC Battery (for Power Supply
and Telephone Relays
ALL VOLTAGE NGS

110/125 - Operating Range: 88-150 VDC
220/250 - Operating Range: 176-300 VDC

2xIN
S0xIN
100 x IN

2.0 x rated
3.5 xrated

-40° to +65° Celsius

The TLS1B has been designed for continuous
operation between -20°C and +55°C per ANSI
Standard C37.90. In addition, the TLS1B will not
malfunction, nor be damaged by operation, at
temperatures up to +65° C.

2 kV 50/60 hertz, one minute
5 kV peak, 1.2 to 50 milliseconds, 0.5 joule
ANSI/IEEE C37.90 and IEC 255-5

0.03 ohm /5° ,IN = 5 amps
0.14 ohm /30°,IN = 1 amp

0.2 VA /49°, 60 hertz
0.24 VA /487, 50 hertz

1.4 milliamperes each

Normal Tripped
13 watts 40 watts

SP-1A



SPECIFICATIONS GEK-100559
CONTACT DATA
Trip Outputs Continuous rating = 3 amperes
:I;'(I)ake and carry for tripping duty (per ANSI C37.90)
amps
Breakp180 VA resistive at 125/250 VDC
Break 60 VA inductive at 125/250 VDC
Auxiliary Outputs Continuous rating = 3 amperes
(including Alarms) Make and carry for 30 seconds 5 amperes
Break 25 watts inductive at 125/250 VDC
Make and carry continuously 50 watts
Maximum of 250 volts or 0.5 ampere
DILA and Channel 10 watts
Control Contacts 250 VDC maximum
0.5 amp maximum
Table SP-1 REACH SETTINGS IN OHM
FUNCTION MODULE RANGE RESOLUTION MULTIPLIERS
M1/MG1 AFM101/104 (1 to25)x 5/IN 0.1x5/IN 0.1, 0.25, 1.0
/MTG* AFM102/105 2t050)x 5/IN 02x5/IN 0.1,0.25,1.0
Switched ** VMM101/102 (1to 10)xZ1 0.05 0.1,0.25,1.0
MB ABM101/102  (2to 50)x S/IN 02x5/IN
NB VMM101/102 (5 to 80)x 5/IN 5x5/
NOTES: * AFM102/105 may be used as MT/MTG in two-zone units
**  Switched distance function based on M1/MG1
Table SP-2 REPLICA IMPEDANCE ANGLE SETTINGS
FUNCTION MODULE RANGE RESOLUTION
ZR1 *** ISM101 50° to 85°¢ 5
ZRO *** ISM101 50° to 85° 5
NOTE: *** One replica impedance angle adjustment is used for all zones of protection
Table SP-3 CHARACTERISTIC TIMER SETTINGS
FUNCTION MODULE RANGE RESOLUTION
%%/MGl UTM101 64° to 127° 1e
/MTG UTM101 64° to 127° 10
NB ULM131 64° to 96° 20
MOB/MOBG ULM121/122 32° to 126° 20

SP-2A



SPECIFICATIONS GEK-100559
Table SP-4 ADJUSTABLE LOGIC TIMERS

TIMER MODULE PU/DO RANGE RESOLUTION DESCRIPTION
TL1 ULM141 PU 1-15ms 1 ms Trip Integrator
TL2 ULM141 PU 2-3.15sec 0.0S sec Zone 2
TL3 ULM141 PU 4-6.3sec 0.1 sec Zone 3
TILA ULM131 PU 4 -6.3sec 0.1 sec Zone 4
TL6 ULM121* PU 1-7.75 cyc 0.25 cyc Out of Step
TL13 ULM111 PU 1-15ms 1 ms DTT
TL14 ULM141 PU 2-15ms 1ms Coordination
TL15 ULM141 PU 2-15ms 1ms Repeat Block
TL16 ULM141 PU S5-75cyc 0.5 cyc Weak Infeed
TL22 ULM141 PU 4 -6.3sec 0.1 sec DTT Reclose Block
TL24 ULM131 DO S-75cyc 0.5 cyc NB Dropout
TL2S ULM131 DO S-75cyc 0.5 cyc MB Dropout

* Revision A TLS1

ACCURACY

Distance Measuring Units

Characteristic Timers +1°

DIMENSIONS

Standard rack-mounted unit ?915 { 16 inches (176 millimeters) high
rack)

WEIGHT

Reach: +5% of setting at angle of maximum reach

Angle of Maximum Reach: +3° of setting

Zone Timers +3% of setting

/16 inches (484 millimeters) wide (Standard 19-inch

14 inches (356 millimeters) deep (including terminal blocks)

Standard rack-mounted unit weighs approximately 33 pounds (15 kilograms) net.

OPTIONAL STATIC BREAKER FAILURE CHARACTERISTICS

om the time

Pickup Time: From AC Input
Ten (10) milliseconds +5 milliseconds, plus the time
set on the KIM102. This is measured
the AC input crosses the threshold.

Dropout Time: 6;&2)milliseconds (2.9-3.4 milliseconds electronics
only,

Reset Time: 10 milliseconds (electronics)

Dropout Ratio: 90% or more

SP-3A



SPECIFICATIONS GEK-100559

Variation in Operate Level: With temperature - Less than _+3% typical

Variation in Operate Time: With temperature - Less than _+3% typical
Operate Time from BFI Input: 10-20 milliseconds

Dropout Time from BFI Input: 5-20 milliseconds

Pickup and Dropout Time

of Contact Converters: Auxiliary Timers

Pickup Time - setting +5% typical

Dropout Time - 8-16 milliseconds (5-10 milliseconds minimum)

Variation in operate time: With temperature - +3% typical.
Contact-Converter Operation by Capacitive Discharge:

Maximum circuit capacitance to avoid operation (BFI input)

Control Voltage Maximum Capacitance
48 VDC 3.5 microfarad

125 VDC 1.0 "

250 VDC 05 "

OPTIONAL POSITIVE SEQUENCE OVER-VOLTAGE CHARACTERISTICS
Overvoltage Time Delay: |
Pickup time - 0.22-5.1 seconds, adjustable in 0.08 second steps
Dropout time - 64 milliseconds, nominal
Output-Relay Operate Times:
Pickup time - 5 milliseconds

Dropout time - 8 milliseconds

SP-4A



CONTINUOUS MONITOR GEK-100559

CONTINUOUS MONITOR
BASIC OPERATION

The continuous monitor function works on the principle of recognizing a change in state of one
or more of up to 40 monitored points (reference Table SE-2 in the SERVICING section) as an
abnormal relay system condition if this change in state occurs when the power system is in a

uiescent state. ’ﬁ,ﬁs means that the process must know the state of the power system at all times
?i.e., quiescent or fault). A fault detector (FD) is used to determine the state of the power
system. This same faulf detector may also be used to supervise a trip output from the relay
system's scheme logic, even if the optional Continuous Monitor module is not included. The
fault detector responds to negative-sequence current as well as the change in the
positive-sequence current. :

A microprocessor, software stored in an EPROM, and other required support chips are the
hardware é software that comprise the Continuous Monitor module. The module operation can
be described functionally with the aid of Figure CM-1. If one or more of the monitored points
changes state (either logic level 0 to 1 or logic level 1 to 0), the fault detector has not operated,
and this condition persists for a minimum of 5 seconds, then the Continuous Monitor module
issues an alarm output to indicate that an abnormal condition - a relay system failure - has
occurred. Based on the actual software and hardware implementation, the "A" time delay in
Figure CM-1 is not a fixed value, but rather a statistically variable 5 seconds minimum and 10
seconds maximum. An alarm output is also produced if a fanlt detector output persists for 60
seconds. This would be an indication that the fault detector itself had failed.

No monitor data will be taken after a bad fault detector is sensed. To alert the user, the program
dis?lays "Fd" on the front panel LED numeric display after it senses a bad fault detector. It is
still possible to use the STEP DISP. pushbutton to step through the trip and monitor data alread
stored. If this is done, the "Fd" doés not reappear on the display. For this reason, the LE
labeled MON. DATA on the front panel is made to blink continuously after a fault-detector
failure. This alerts the operator to the fact the unit is not operating normally.

Once OR1 in Figure CM-1 produces an output, indicating a relay system failure, the
microprocessor program stores bit patterns in non- volatile memory that identify which
monitored point(s) changed state. These "faultY" monitored points are not stored in
chronological order, nor time-tagged, but are simp g accumulated in memory. Repeated
operation and reset of a particular monitored point does not result in this point being stored
more than once. This accumulation of "faulty” monitored ]ioints continues until the memory is
cleared. Since non-volatile memory is used, the data is not lost if the DC power supply is turned
off or the DC is removed externally. To clear the memory, a CLEAR command must be given by
either (1) the operator pushing a button on the front panel of the module or (2) a remote:
terminal communicating with the module via a serial data link. When the first relay-system
failure is detected, the Continuous Monitor module closes an alarm contact that remains closed
until the memory is cleared.

ADDITIONAL FUNCTION

The primary function of the Continuous Monitor module is to detect and to alarm for a
relay-system failure. The other function is to store in non-volatile memory those monitored
points that have changed state during a relay-system trip output. Following a trip output, the
Continuous Monitor module scans the monitored points for 10 milliseconds. Any points that
change state within this 10 millisecond interval are accumulated in memory as trip data. This can
be useful in analyzing relay-system response to particular faults. This function and its memory
are separate and distinct from the primary function of detecting relay-system failures. The
Continuous Monitor module can have both "trip data” and "monitor data” in memory at the same
time.

CM-1



CONTINUOUS MONITOR GEK-100559

Data for five (5? trip events will be stored sequentially. If a sixth trip event occurs prior to the
memory being cleared, then the data for the first trip event will be overwritten by the data for the
sixth trip event. Thus the data for the five most recent trip events will be retained.

The front panel LED numeric display shows "Fb" when the trip input to the Continuous Monitor
is HIGH. This was done to make the unit easier to test. Without this feature, it is difficult to
avoid the appearance of Continuous Monitor failure when the trip input is accidentally held
HIGH. This makes it difficult to diagnose the real condition.

ACCESS OF STORED DATA

F}gure CM-2 shows the front panel of the Continuous Monitor module with its LEDs, two-digit
LED numeric display, toggle switch and pushbuttons. The stored data, either monitor or trip,
can be accessed locally at the front 11}j?{anel of the module, or it can be accessed from a remote
terminal via an optional serial data link.

Local Access

For local access, the two LEDs on the front panel of the module indicate that monitor data
and/or trip data are stored in memory. A DATA SELECT toggle switch is used to select which
data are to be accessed. The step displzgr (STEP DISP.) pushbutton is then pushed re&eatedl to
cause the stored points to be displayed via the two- digit point number (POINT NO.) LED
numeric display.

After the DATA SELECT switch is set to the monitor data (MON DATA) position, the LED
numeric dis%lay should show 0/0 (i.e., the upper and lower di‘sjplay digits are both zero) to
indicate the beginning of the monitor data. If 0/0 is not displayed, the STEP DISP. pushbuiton
should be pushed to bring the display to 0/0. The next push of the STEP DISP. pushbutton will
cause the first stored monitor point to be displayed and this process is continued until 0/0
reappears on the LED numeric display to signal the end of the monitor data.

After the DATA SELECT switch is set to the TRIP DATA position, a 0/0 on the LED numeric
display indicates the beginning of the trip data. Once again, successive operations of the STEP
DISP. pushbutton cause all the trip data to be displayed between the initial 0/0 and the
subsequent 0/0. However, additional codes, E/1, E/2 through E/S are displayed to differentiate
between the trip events. E/1 refers to the last trip event, E/2 to the next-to-last trip event, and
E/S to the earliest stored triﬁ event, assuming five trip events are stored in memory. When
starting from 0/0, the first push of the STEP DISP. pushbutton will cause E/1 to appear on the
LED numeric display. Successive operations of the STEP DISP. pushbutton will cause all trip
data points associated with the last trip event to be displayed, followed by E/2 to indicate the
beginm'ng of the trip data points associated with the next-to-last trip event. This continues until
0/0is displayed to indicate the end of the trip data.

Remote Access

For remote access, a serial data link must be supplied. The Continuous Monitor module includes
the necessary software to operate with a serial data link and the chassis backplane wiring
connects the input/output ports to a 25-pin connector on the rear of the chassis. This connector
resembles an RS-232 connector, but it does not provide an RS-232 interface. To provide serial
data transmission, an optional, small, fiber-optic transmitter/receiver module (FOM101) can be
supﬁlied, which consists of standard Hewlett-Packard devices using SMA connectors and
packaged by GE into a connector housing. This device is simply plugged into the 25-pin
connector on the rear of the chassis. One means of completing the serial d%lta link is to connect
one end of a fiber-optic cable to the small fiber-optic transmitter/receiver module on the rear
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of the rela%'l::hassis and the other end to a commercially available fiber-%ptic-to-RS-ZBZ
converter. e RS-232 side of the converter can then be connected to a modem to provide
remote access via telephone lines, as shown in Figure CM-3. Either a "dumb" or a "smart"
terminal may be used at the remote site, since no terminal software is required.

The serial data link option provides the user with the capability of remotely interrogating the
Continuous Monitor module to read the data in memory and to clear the memory. Clearing the
memory also clears the alarm contact. In the examples below, the full-duplex system as shown in
Figure CM-3 is assumed, and the entries by the operator at the terminal are shown in
parentheses. Carriage returns are not indicated, but every entry must be followed by a carriaﬁe
return. Entries must be exactly as shown; extra spaces or added punctuation may cause the
message to be ignored.

The first step in obtaining data remotely is to address the particular Continuous Monitor module
by its identig'ing number (up to 16 unit-identification numbers can be assigned via an on-board
switch setting on the module). This module or unit-number designation allows several modules
at one substation to be addressed via one serial data link. Assume that unit 2 is to be addressed.
Enter the following at the keyboard:

(* * *2)
The Continuous Monitor module will respond with one of the following messages:
***2N No data in memory
*»*2M Monitor data only in memory
2T Trip data only in memory

***2MT  Monitor and trip data in memory
Assume that "***2 M T" is received, indicating the presence of both monitor aﬁd trip data.
To access the monitor data, enter the following at the keyboard:

(MON)
Assume the response is:

***2 MON
030931

In this case, points 3, 9 and 31 are stored in memory.

To access the trip data, enter the following at the keyboard:
(TRIP)

Assume the response is:

**x2 TRIP
06 20 21 22 25 37

06 20 21 22 25 37

The first line of data is for the most recent trip, while the last line is for the earliest trip in
memory. In this example data are shown for two trip events, but up to 5 events could be present.
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If a different Continuous Monitor module served by the same link is to be accessed at this time, it
will be necessary to deselect the present module by issuing a QUIT command, and then to
address the next module. To quit a module, enter the following at the keyboard:

(QUIT)

The QUIT command does not erase the memory of the currently addressed module. It does
deselect and return to normal mode any unit receiving the command, whether selected or not.

Clearing the Stored Data

The data can be cleared from memory either locally, via the module's front panel, or remotely,
via the serial data link. Local clearing is accomplished by pushing the CLEAR DATA button
‘located on the front of the module. The LED numeric display will show C/C until clearing is
complete. Remote clearing of the selected unit is accomplished via the serial data link by
entering the following command at the keyboard:

(CLEAR)

The CLEAR command, whether issued locally or remotely, clears both monitor and trip data
from memory, and it resets the two contacts associated with the monitor alarm. When issued
remotely, the CLEAR command also deselects the ﬁresent module. If there is only one
Continuous Monitor on a communications link, then either QUIT or CLEAR can be used as the
final command after interrogation.

If there are multiple Continuous Monitor modules, then QUIT should be used, since it will
return all the units on the communication line to the normal state. QUIT will not clear the
memory, whereas CLEAR will. If the memory is to be cleared in such cases, CLEAR should be
sent to each module, then one QUIT command to return all to the normal state. The monitor
alarm contacts close when monitor data is stored in memory, and stay closed until a CLEAR
command is issued.

MODES OF OPERATION

The Continuous Monitor module can be thought of as having three modes of operation: (1)
monitor mode, (2) local-display mode, and (3) serial-data-link-access mode. Note that regardless
of which mode the monitor is in, a relay-system trip will interrupt the proFram and trip data will
be stored. The module is then returned to the monitor mode. Normally the module is in the
monitor mode with no local- dis lagr-mode bits set. In this condition the module's front panel
LED numeric display will show 0/0.

Local-Display Mode

To enter the local-di%% mode the operator places the DATA SELECT switch at either the
MON DATA or the TRIP DATA position and pushes the STEP DISP. pushbutton. If there has
been no trip since the last pass through the program, the program looks at the status (local-
display mode) word to see if a display bit is set. There are two local-display-mode bits. One
indicates that monitor data is to be isFIayed on the front panel LED numeric display. The other
bit signifies that trip data is to be displayed. Only one of the two bits can be on at one time, and
the presence of either bit will prevent use of the serial data link. To exit the local-display mode
and return to the monitor mode, the operator changes the position of the DATA SEL switch
and pushes the STEP DISP. pushbutton once so that the LED numeric display shows 0/0.
Pushing the CLEAR button will also return the module to the monitor mode but will erase the
data. After a 5 minute delay, initiated when the local display mode is first entered, the module
will automatically revert to the monitor mode. If an operator happens to leave the module in the
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local display mode, this automates reversion will prevent the loss of all but the first five minutes
of data. ile in the local-display mode, the module continues its monitoring, as in the monitor
mode, exceEt on those pr%gram passes when it sees the STEP DISP. pushbutton operated or
when a trip has just occurred.

Serial-Data-Link-Access Mode

When in the serial-data-link-access mode the module does not continue the monitoring it
performs in the monitor mode; however, it will record the trip data, then leave the
serial-data-access mode. While the Continuous Monitor module is sending or receiving data,
local access via the module's front panel is also denied.

Assuming that there is only one Continuous Monitor module that can be addressed by the
remote terminal, the normal way to terminate this mode and return to the monitor mode is to
issue a CLEAR or QUIT command. If neither command is received, after a 5 minute delay,
initiated when the serial-data-link-access mode is first entered, the module will automatically
revert to the monitor mode, preventing the loss of all but the first five minutes data.

When addressing several Continuous Monitor modules via one serial data link, all the modules
will go to the serial-data-link-access mode when a signal is received over the link. In this case,
QUIgl' will not only deselect the presently addressed module, but also act as a "site global”
command, since all of the Continuous Monitor modules will return to the monitor mode.
CLEAR will deselect the presently addressed module and clear its memory, but it will not cause
all the modules to revert to the monitor mode. If the terminal operator forgets to issue a QUIT
command, each module will automatically revert to the monitor mode following expiration of its
individual 5 minute delay.

CONTINUOUS MONITOR ADJUSTMENTS

The only adjustment on this board is the address-setting switch. The location of this switch and
the bit values of the individual switches are shown in Figure MO-13. The setting is the sum of
the switch values. The setting can range from 0 to 15. Values from 10 to 15 correspond to
addresses from Capital A to Capital F. This address is used to select a particular Continuous
Monitor using the serial data link.

The front panel controls are as follows:

Panel Marking D_escription

Point Number Two-digit LED to display abnormal point input number.
Top digit is the most s1§mficant.

Step Disp. Pushbutton to step Point Number to next point (in
numerical order). . _

Trip Data LEDdthat indicates, when lit, that trip data has been
stored.

Mon. Data LEDdthat indicates, when lit, that monitor data has been
stored.

Data Select Two-position switch to select either trip or monitor data
on Point Number displaﬁ'.

Clear Data Recessed pushbutton that clears all memory data when
operated.
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CONTINUOUS MONITOR SERIAL LINK USE

The continuous monitor serial data link has the following characteristics:

Baud rate 300
Data bits 7
Pari odd
Stop bits 1

When shipped, the TYS relay system chassis containing the Continuous Monitor is always wired
to operate with the serial data link. To provide serial data transmission, a small fiber-optic
transmitter/ receiver module can be installed on the 25-pin connector on the rear of the chassis.
This connector resembles an RS-232 connector, but it is not RS-232 compatible. This fiber-optic
transmitter/receiver module éFOMlOl) is made by GE and contains only the optical transmitter
and receiver to couple to and from the fiber- optic cables. The ogtical transmitter and receiver
are standard Hewlett-Packard devices, HFBR1402 and HFBR2402, which use SMA connectors.
The other end of the fiber-optic cables (HFBR-3000 or equivalent) can be coupled to any
suitable optical devices. Under normal conditions (no transmission) the fiber-optic transmitter at
the chassis is OFF. The receiver at the chassis expects a similar "OFF" signal.

The simplest means of using the fiber-optic link is to purchase commercially available
fiber-optic-to-RS-232 converters and related communications cqulgment. Figures CM-4 and
CM-5 show two communication schemes that have been implemented.

CHECKSUM

There is a checksum routine that continually checks for EPROM memory errors. If it detects a
failure, the front-ﬁanel display will reach "C5". The monitor alarm will operate and monitor bit
16 will be set. If this occurs, the Continuous Monitor module should be replaced.
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Figure CM-1 (0285A9897) SimK/}ified Functional Diagram Depicting
Continuous Monitor Operation
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Figure CM-2 (0285A9898) Continuous Monitor Module Front Panel
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Figure CM-3 (0285A9899 [2]) Serial Data Link Connection
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TELEPHONE LINE

//// RUTO MODEM 1288 (BLACK BOX]

//,RS‘EBE TO FO CONVERTER. SET FOR
DCE. (BLACK BOX.
FO-232)

i::;>FIBER OPTIC CABLES
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Figure CM-4 (0285A9836 [1]) Continuous Monitor Phone Connection

_ LEAR SIEGLER ADM 31 TERMINAL
PIN 2 IS DATA TO CONT. MON.
PIN 3 IS DATA FROM CONT. MON.
JUMPER PINS 4 AND 5
JUMPER PINS B, 8, AND 28
PIN 7 IS COmMMON
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PORT “*--.,? | A[L~;t77FG°E3E (BLACK BOX) OTE

FIBER QOPTIC CABLES
_/:;7, -

CONTINUOUS [— L_______T—f———CONTINUUUS
MONITOR u————L

e —
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OPTICAL TRANSMITTER
RECEIVER MODULE

Figure CM-5 (0285A9837 [1]) Connection for Multiple Continuous Monitors
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SOFTWARE

The following program is provided on a 5.25 inch disk. A 3.5 inch disk will be supplied upon
request.

TLSTEST.exe
This program can be used to calculate specific test values to be used in testing the TLS1 system
with any specific setting. After the program has been run, a complete listing of the test values
will be provided. This [isting can be viewed on the screen, or it can be printed out if a printer is
available.
Running the programs
An MS-DOS-com]ﬁatible computer is required to run the program. The computer must be
booted up before the program can be run. To run the program, insert the disk in the drive to be
used and then type the following:
d:tlstest
Where:

d = drive where program disk is inserted
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Since the last edition of this instruction book, changes have been made in the following places:

Table of Contents updated

IN-2, Model Number Breakdown, Revision level
SD-23 Out-of-Step-Blocking, 9th function added
SD-26 Tar etI.am s, IN S RV target lamp added
SD-29 Table SD-5, ULM121/ 122 Module, L121A-8, L121B-5
SD-36 Figure SD- 14B added

SD-40-42 Figure SD-22 changed

SD-43, Figure SD-23 revised

CS-1, ISM101 2,ITandIB

CS- 14 ETM1 1 Zone 1, 10 SENS and Ip-¢
CS-15 ETM101 Zone 2 10 SENS and Ip-¢

CS- 16 ETM102 Zone 3 Ip-¢

CS-21 VMM101 102, LD

CS-22 ULM121/122, "TL6

" CS- 23 ULM141, TL14 added

CS-35 ULM121/122

MO- 9 ULM121

MO- 10 121B-5 added, Timer setting

MO- 13 UTM102 o font corrected

MO- 15 Figure MO-1 revised

MO-21, Figure MO-12 revised

M0-23 Figure MO-16B added

AT-3, Table AT-1. ULM number .

AT-6 Level-Detector Tests numbers 3, 5, 6
AT-7 & 8, Table AT-4 revised

AT-9, Figure AT-1 revised

SE- 6-13 igure SE-1 added

SP-2, Table SP-3, ULM121/122

SP- 3 Table SP-4 TL6 footnote added
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