A System Approach
to
Transmission Line Protection

by
George E. Alexander
Joseph G. Andrichak
Thomas B. Breen
Marvin F. Keeney
Stanley B. Wilkinson

General Electric Company
Power Systems Management Business Department
205 Great Valley Parkway
Malvern, Pennsylvania 19355

Presented to the
WESTERN PROTECTIVE RELAY CONFERENCE
Spokane, Washington
October 23,24,25, 1984




sy
.

.

-

The TLS1000 System

.

1

igure

F



TLS1000
INTRODUCTION

Many transmission lines can be protected with any of a number of existing relaying
schemes, while others involve special considerations which require unique types of
protection. Some of the problem areas more commonly encountered are:

-Line length (very long or very short lines)

-Load flow

-Arc/fault resistance

-Operating time

-Series capacitors

-Single-pole tripping

-Double-circuit lines

Most of the problems are not insurmountable, but it is desirable to have a relaying
system that can be applied on a transmission line where any of these and possibly
other problems can be encountered. A new system, designated the TLS1000 System,
has the features and flexibility to allow application on most transmission lines. Single
phase distance functions, three for phase faults and three for ground faults, are used in
each forward zone of protection. If desired, the zone that is normally applied as the
first zone can be switched in reach following a time delay to provide a second zone of
protection. Another separate zone is then used to provide the overreaching/time zone
in pilot or stepped distance relaying schemes. The distance functions use existing
General Electric design technology with modifications to provide improvements in
performance and increased flexibility. Modular type packaging as shown in Figure 1
is used to house the TLS System.

RELAY CHARACTERISTICS

The functions in the TLS1000 System have various operating characteristics, with
the main characteristic being the familiar variable mho.(1) Other characteristics are
also present as the result of modifications that were made to the variable mho
functions to improve overall performance.

The phase functions are made up of:

1. The variable mho function, and

2. A reactance function, and

3. A directional function

The phase relays are applied with all functions used simultaneously.

The ground functions are made up of:

1. The variable mho function, and
. A negative sequence reactance function, and
3. A zero sequence reactance function, and
4. A zero/positive sequence directional function, and
5. A negative/positive sequence directional function, and
6. A negative/zero sequence phase selector
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The ground relays can be applied with all functions used simultaneously, or, means
are provided whereby they can be applied as a variable mho function with or without
either reactance function, or as either or both reactance functions without the variable
mbho.

The use and application of these various characteristics will be discussed
subsequently. The signals used to derive these characteristics are as follows:

Phase Relays
Operating Signal:
Vop = lgg ZrR1 - Vpg
Polarizing Signals: )
No. 1 Vpx = (Vgg1 - Igg1 ZR1IM
No. 2 vay = lgg ZR1
Where:
@4 = AB, BC or CA
1 = positive sequence
M = memory '
Zp =relay reach
Z'R = relay offset

The operating signal and the number 1 polarizing signal Vpx (with Ipg1 Z’Rl = Q)
combine to give the variable mho characteristic shown in Figure 2.
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Figure 2. Variable Mho Characteristic



With Iggq Z'r1 # O, the function has a steady-state offset as shown in Figure 3. The
amount of offset will be a function of the fault type. For three-phase faults, it will be
equal to Z'r 1. For unbalanced faults, it will be proportional to the source impedances.
Note that for line-to-line and most line-to-line-to-ground faults the origin will be
included in the characteristic even with offset. This is a result of the relay design
which limits the effect of offset for these types of faults.
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Figure 3. Offset Mho Characteristic

The operating signal and the number 2 polarizing signal Vpy combine to give the
reactance characteristic shown in Figure 4. The number 2 polarizing signal also
provides overcurrent supervision for the phase functions and causes the reactance
characteristic to assume the tent shape shown in Figure 4 as the sensitivity of Vpy is
decreased. Higher settings (decreased sensitivity) on Vpy will cause the tent angle # to
increase.
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Figure 4. Reactance Characteristic

A directional characteristic as shown in Figure 5 is obtained with the combination
of the number 1 and number 2 polarizing signals, Vpx and Vpy.

Vpx

Operate P "‘2 Vpy
1‘ © = Characteristic
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Non-operate

Figure 5. Directional Characteristic

Ground Relays
Operating Signal:
Vop = Ug-lg) Zr1 + Kglg Zro - Vag
Polarizing Signals:
No. 1 Vpx = (Vgi-lg1 Z'R1)M
No. 2 pr = Igz ZR1
No. 3 sz = IO ZR:[



Where:
p=A,BorC
O = zero sequence
2 = negative sequence
g = ground

The ground variable mho characteristic is derived by using the number 1 polarizing
signal and the operating signal. This characteristic is shown in Figure 6 with and
without offset. Note that here too the effect of the offset is limited by design.
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Figure 6. Variable Mho Characteristic

Zero sequence current compensation (Kq factor) is provided and is generally set to
give a defined reach that is proportional to the positive sequence line impedance
regardless of system conditions.

The number 2 and number 3 polarizing signals combine with the operating signal to
give a negative sequence reactance function and zero sequence reactance function,
respectively. The number 3 polarizing signal also provides overcurrent supervision to
the ground function. Characteristics for the reactance functions are shown in Figure 7.



Figure 7. Negative or Zero Sequence Reactance Function

The number 1 polarizing signal combines with the number 2 polarizing signal to give
a positive/negative sequence directional characteristic whereas a positive/zero
sequence directional characteristic is obtained by using the number 1 and number 3
polarizing signals. Both of these characteristics are shown in Figure 8.

e
Y
- px
7~ e ~
© = Characteristic
/ \ Timer Angle

Vp = Vpy for Positive/Negative
Vp = Vpz for Positive/Zero

Figure 8. Directional Characteristic

The number 2 and number 3 polarizing signals combine to give a negative/zero
sequence phase selector. Further details on this type of phase selector can be found in
reference 2.



Additional Features
Both the phase and ground functions use phase angle comparators to make their
measurement and are also equipped with the following additional features:

1. Zero suppression

2. Adjustable phase shift (polarizing circuits)

3. Characteristic timer adjustment

4. Level detector (in operate circuit)

In addition, the phase functions have the following:

1. Zero sequence current (31) restraint.

The phase angle comparators in the TLS1000 System make their measurement by
comparing the coincidence of the phasors of the polarizing and operating signals.
Simplified circuitry is shown in Figure 9.
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Figure 9. Phase Angle Comparator

If all the input phasors are coincident for a time corresponding to the characteristic
timer angle, or conversely, if all the phasors are separated by less than the
characteristic angle, then the function will produce an output. The phasors are
converted to blocks before being applied to the comparator where a comparison is
made on both the positive and negative half-cycles. The width of the block will be
proportional to the amount of zero suppression that is involved. Examples of this are
shown in Figure 10.
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Figure 10. Zero Suppression



The overall effect of zero suppression then is to reduce the width of the blocks as the
zero suppression level is increased. As a consequence, the sensitivity of the function is
also decreased, but other advantages are obtained as discussed in the APPLICATION
section.

The polarizing voltage phase shift circuitry allows the polarizing voltage to be
shifted in phase from its normal position. The phase shift is made in the leading
direction, producing a change in the mho characteristic as shown in Figure 11.

Common Chord

Phase Shifted
zR1 Characteristic

Figure 11. Polarizing Voltage Phase Shift

Phase shifting the characteristic as shown increases the fault/arc resistance
coverage capability, but could increase the probability of overreaching for remote
faults with a resistance component and with load flow unless the reactance
characteristic described earlier is provided (see APPLICATION]).

Adjustment of the characteristic timer allows the shape of the characteristic to be
changed as shown in Figure 12.

A. Circle, 8- 90° B. Lens, &) 90° C. Tomato, 68<90°

Figure 12. Characteristic Timer Adjustment



The overall effect of timer adjustment therefore is to increase or decrease the area
covered by the mho function. As with the other features, there are obviously
advantages and disadvantages to changing the characteristic shape and there will be
applications where such adjustments are desirable.

The level detector feature changes the mho distance function into a combination
overcurrent/impedance function. With this feature in service, the operating signal (I1Z-
V) must reach a preset level before the function is allowed to produce an output. This
feature is always used on series compensated lines when direct tripping is desired,
and is also proposed for use on any line when very fast tripping times are required for
severe faults.

The final feature to be discussed is the zero sequence current restraint used in the
phase distance functions. This restraining feature is designed to prevent the phase
functions from operating during single-line-to-ground faults, but to have little, or no
effect on their operation during double-line-to-ground faults. This feature is employed
mainly in single-pole tripping schemes to prevent the phase function from initiating a
three-pole trip during severe close-in single-line-to-ground faults.

Blocking Functions

Two types of blocking functions are used in the TLS1000 System. These functions
are required in all blocking schemes and in hybrid type schemes wherever repeat of
the received signal and/or weak infeed tripping is desired.

The first blocking function is a variation of a positive sequence polarized mho
ground distance function. Three of these functions are used - one for each phase. The
following signals are used to derive this function.

Operating Signal:

Vop = - Iﬂ ZR1 - KOIOZRO - Vﬂg + K [an - Iﬂl ZRl)M

Polarizing Signal:

Vp= Vg1 - 1g1 ZR1Im

These blocking functions are designed to operate for all fault types, however, they
may be slow in operating for some phase-to-phase faults. To provide for this
contingency, a second blocking function is included.

This second function uses negative sequence quantities operating through an
amplitude comparator to provide a negative sequence directional characteristic. The
signals used to derive this characteristic are as follows:

Operating Signal:

VOp = Vz + KIZ ZRZ
Restraining Signal:

VR = IpZRy



APPLICATION

Sufficient flexibility has been designed into the measuring functions and the logic
circuitry of the TLS1000 System to allow it to be used for the protection of most
transmission lines. Switches are located throughout the TLS1000 System that allow
changes to be made in the operating characteristics of the measuring functions and in
the scheme logic. Many of the switches will be set at the factory to provide the most
commonly used operating characteristics and scheme logic thus allowing the system
to be used in the majority of applications with the minimum amount of user settings.

Modification of the standard settings may be required on long lines where the
impedance presented by the load will approach and can even enter a circular mho
characteristic if the load gets large enough. It is possible to minimize the effects of
load by restricting the reach of a static mho function and changing the shape of its
characteristic to that of a lens as shown in Figure 12b. The lens-shaped characteristic
is obtained by increasing the pickup time of the characteristic timer, thus increasing
the overall operating time of the mho function. Another means of minimizing the
effects of load is to use an offset in the characteristic and/or zero suppression in the
polarizing voltage. When either or both of these methods are used, the setting on the
characteristic timer can be reduced thus leading to overall faster operating times. It
must be realized that the steady-state characteristic of the function may be reduced
significantly when using zero suppression and/or offset, and that there will be some
faults on the transmission line where a steady-state output will not be produced. The
function will perform correctly dynamically and because of the lower characteristic
timer setting will operate very fast. Simulator testing has shown operating times in
the order of 4-8 milliseconds for close-in single-line-to-ground faults and 4
milliseconds for close-in three-phase faults when a combination of offset, zero
suppression and level detector settings are used on the first zone direct tripping
functions. These times apply for solid-state outputs and must be increased
accordingly if contact outputs are used.

In many applications, load flow is not a problem and very fast operating time is not
required. Therefore, the functions can be applied in the standard mho configuration;
i.e., without offset, zero suppression and the level detector feature. Where very fast
operating times are required, a combination of offset, zero suppression and level
detector setting may be used. Typically, the first zone functions would use these
features and be depended on to operate dynamically. The overreaching functions
could then be set as a lens or a mho to provide steady-state coverage for 100 percent of
the line. However, it may also be desirable to use these features on the overreaching
functions to provide very fast operation for a fault anywhere on the line. This would
probably be the case on very short lines. Because the steady-state coverage would be
reduced in both the overreaching functions and first zone functions in this case,
alternate protection could be applied with standard characteristics to provide steady-
state coverage of the whole line.

Although it is not immediately obvious, offset and zero suppression can also be used
toincrease the steady-state security of the phase distance functions for a three-phase
fault with arc resistance directly behind the relay. For this condition, the effect of load
flow in the non-tripping direction causes the arc voltage (which is also the polarizing
voltage for this fault) to shift in phase towards the region of steady-state operation.
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The effect of offset is to shift the polarizing quantity away from the region of the
operation and thus increase security. The effect of zero suppression is to raise the
operating level of the polarizing circuit above that produced by the arc drop and so
prevent operation. Since the arc drop is generally assumed to be fixed and equal to
about 5 percent of normal system voltage, a minimum amount of zero suppression is
required to increase security for this condition.

Another way to increase security for the case described above is to shift the
polarizing voltage in the leading direction which is away from the region of operation.
The effect on the characteristic of a leading phase shift is shown in Figure 11 and, as
described earlier, is in the direction to provide increased arc resistance coverage.
Unfortunately, it also increases the tendency to overreach for remote end faults with
load flow in the tripping direction. This is shown in Figure 13. The tendency to
overreach will be greatest on short lines and where the source impedance behind the
relay is large relative to the line length, i.e., where the voltage driving the relay current
is leading the fault voltage by a large angle. Also shown in Figure 13 is the reactance
characteristic which is an integral part of the phase distance function. The reactance
function is designed with a 5° tilt angle and for the case shown prevents operation.
However, as the line gets shorter and/or the source gets longer, the arc drop under load
conditions could be sufficient to cause even a tilted reactance function to overreach
unless a sufficient tilt angle was introduced. If a permanent tilt angle is introduced,
then the area of coverage will be severely limited for all system conditions.

Bl B
R T R Reactance
P Characteristic
ZR1
Variable Tent
A A

A. No Phase Shift B. 20° Leading Phase Shift

Zg Zy
Ot 250
E /0°

EN  Zs»ZL [R
Figure 13.
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The reactance function in the TLS1000 System has a variable tent characteristic
that is a function of the current level and the setting of the zero suppression level of the
Vpa (Igg Z'g1) polarizing quantity. At high current levels (low source impedance] the
effect of zero suppression will be minimal and the function approaches a pure
reactance function. As the source impedance gets larger (current decreases), zero
suppression becomes more effective and the reactance function takes on the tent
characteristic shown in Figure 4 and 13. Note that this is a special situation and does
require power system studies to make a secure setting. If such security is of no
concern, as will be the case in the majority of applications, the pr polarizing circuit
can be set to provide maximum sensitivity.

Up to this point, the effect of arcresistance on phase relays only has been discussed.
It has been assumed, as is generally done, that this resistance componentis non-linear
in nature and provides a constant voltage drop that is less than 5 percent of normal
system voltage. The effect of infeed on this resistive component is to cause it to shift in
phase as a function of load angle, but the voltage drop in the arc is not magnified as it
would be if the resistance was linear. When considering ground relays, the resistance
could be made up of both linear and non-linear components. The non-linear
component would be that produced in the arc itself, whereas the linear component is
influenced by tower footing resistance, the resistance of the earth itself as would be
experienced in a mid-span-to-earth fault through a fire, a tree fault, etc. Infeed
increases the voltage drop across the linear component of resistance thereby
magnifying the impedance seen by a distance function. Since the apparentimpedance
is also shifted in phase as a function of load flow, the chances of a ground relay
overreaching are significantly greater than that of a phase relay. The ground reactance
functions (negative and zero sequence) in the TLS1000 System have an adaptive
characteristic that adjusts to load flow and will not overreach from this cause.(5)
Neither will they underreach for load flow in the other direction. If the system is non-
homogenous,(5) the polarizing quantity can be phase-shifted to account for this and so
prevent overreaching as a result of non-homogeneity. The reactance functions can be
used with their own mho function, or they can be controlled by the overreaching mho
function to provide a larger resistive reach. When controlled in the latter method,
slower operating times may be experienced because the overreaching mho functions
must first operate before the reactance functions are allowed to operate. It should be
noted that even when this method is used to provide increased resistance coverage, it
may not be sufficient to detect very high resistance faults, such as mid-span to
ground, and a scheme specifically designed for this purpose should be selected if this
is of concern.(2)

Single-pole tripping and reclosing is easily provided in the TLS1000 System. An
integrated type scheme is used(6); i.e., the measuring functions that are used to
establish whether the fault is internal or external to the protected zone are also used to
determine whether single-pole or three-pole tripping should be initiated. A simplified
diagram for an integrated permissive overreaching transferred trip scheme is shown
in Figure 14. Shown are three phase distance relays (MT) and three ground distance
relays (MTG). The MTG functions are selective so that only the function associated
with the faulted phase operates for any single-line-to-ground fault. For any multi-
phase fault, one or more of the MT functions must operate.
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Figure 14. Integrated Single-pole Tripping Scheme
Permissive Overreaching Mode

Implementation of a scheme such as shown in Figure 14 is not as simple as depicted
and care must be taken in the design and application of the various functions.

For example, phase distance functions can operate for singe-line-to-ground faults
for some system conditions. If precautions were not taken, a three-pole trip would
then be initiated rather than a single-pole trip. One way to prevent this from
happening is to use a zero sequence overcurrent function to prevent the phase
functions from initiating a three-pole trip for close-in single-line-to-ground faults. Of
course, this same function may then also block three-pole tripping by the phase
functions for some double-line-to-ground faults. The phase relays in the TL51000
System have been provided with a zero sequence restraint feature that is built in and
designed to prevent the phase relays from operating for close-in SLG faults. This
feature requires no calculation of settings as is required with a zero sequence
overcurrent function, and can be switiched out if single-pole tripping is not part of the
protection requirements. For those conditions where the phase relays can operate for
remote SLG faults the logic is designed so that the ground relays take priority over the
phase relays and so prevent three-pole tripping.

Another area of concern in a single-pole tripping scheme is operation of one of the
ground functions associated with the unfaulted phases. To prevent this, the ground
functions use negative and zero sequence current (Igy Zgqand1;Zp 1) which combine
to form an excellent phase selector for SLG faults. Such a phase selector will also
block the ground functions from operating for remote double-line-to-ground faults.
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This is of no concern because the phase functions will operate for such faults. The
circuits in the ground relays are designed so that the zero sequence component will
overpower the negative sequence component for severe LLG faults where the phase
functions might be blocked and so allow the ground functions to operate and initiate
three-pole tripping through the two-out-of-three logic of the scheme.

The protection of double-circuit lines presents an interesting problem to single-
phase distance functions when single-pole tripping is also required. For example,
consider the system shown in Figure 15. For the fault condition shown, the fault will
appear as a B-C-G fault to the relays on both lines at Station 1. At Station 2, the fault

Station 1 Station 2

Line 1

B-G

Line 2

Figure 15. Double-circuit Line

will appear as a B-G fault to therelays on Line 1 and as a C-G fault to the relays on Line
2. Note that as the fault location moves toward the center of the line, the fault will
appear as a single-line-to-ground fault to the relays at both stations. If precautions
were not taken, single-pole tripping would be initiated on both lines at Station 2,
whereas three-pole tripping would be initiated at Station 1. The design of the phase
and ground functions in the TLS1000 System are such that only the B-C phase
functions will operate at Station 1, whereas at Station 2 only the B-phase ground
function will operate in Line 1 while the C-phase ground function will operate in Line
2. This still does not completely solve the problem of single-pole tripping at one end
versus three-pole tripping at the other. To overcome this, two communication
channels are used as shown in the simplified diagram of Figure 16. Briefly, the
following will occur for the condition shown in Figure 15. At Station 1, the phase B-C
MT functions will operate and send a three-pole (3P} signal to Station 2. At Station 2,
the B-phase MTG function will operate in Line 1 and the C-phase MTG function will
operate in Line 2 and send single-pole (1P) signals to Station 1. At each station, a
permissive trip output will be produced and single-pole tripping of the respective
phase will be initiated at Station 2. Tripping cannot be initiated at Station 1 even
though the phase B-C MT functions are up because a 3P trip signal is not being
received from Station 2; i.e., AND10 cannot produce an output. As soon as the fault is
cleared at Station 2, the respective B-phase and C-phase ground function will operate
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Flgure 16. Single-pole Tripping, Double-circuit Line
Permissive Overreaching Mode

at Station 1 to initiate single-pole tripping there. In other words, single-pole clearing
of the fault at Station 2 causes the fault to now appear as a single-line to ground fault
at Station 1 and single-pole tripping will then occur sequentially there. As was noted
previously, faults near the center of the line will appear correctly to the relays, hence
normal tripping will be initiated. When sequential tripping is not acceptable, phase-
identified transferred tripping can be used w1th the scheme to provide fast tripping at
both terminals.

The TLS1000 System is suitable for application on series compensated lines.
Correct performance is obtained through the design of the measuring functions and
scheme logic and through appropriate settings on certain of these functions.

OTHER FEATURES

A sensitively set fault detector is included in the system with the means to switch it
in or out at the user’s discretion. When the fault detector is used, no tripping can be
initiated unless the fault detector operates. This feature is useful in preventing
tripping on potential or component failure and is used in conjunction with
undervoltage and overcurrent functions to provide a loss of potential feature.
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The undervoltage and overcurrent functions are also used to provide:

a) Weak infeed tripping when combined with blocking function and communi-
cations channel outputs.

b) Open-pole detectors (one-pole and three-pole) that are used to implement single-
pole and three-pole line pickup circuits, sometimes referred to as close into fault
circuitry.

SCHEMES

The following pilot relay schemes can be implemented when a suitable
communications channel is supplied:

1) Permissive Overreaching Transferred Tripping

2) Permissive Underreaching Transferred Tripping

3) Hybrid (weak infeed and channel repeat)

4) Directional Comparison Blocking

5) Zone Acceleration

An unblocking scheme (variation of permissive overreaching transferred trip) can
also be used when the channel is applied with the appropriate logic. To use any of
these schemes, it is only necessary to set certain switches located throughout the logic

modules.
DESIGN FEATURES

Packaging

The TLS system is contained in a modular design package consisting of two
separate cases. The printed circuit boards, transformers, transactors and output
relays are contained in pluggable modules. Multiconductor cables provide the
interconnections between the two cases. Each case includes two test/disconnect plugs
each of which has fourteen points. A single regulated dc-dc power supply module
provides the dc supply voltages to both cases. The modular design offers the
advantages of both reduced size and reduced cost.

Settings

All of the TLS settings and adjustments are digital and are made using rotary
switches, miniature toggle switches (DIP) or printed circuit board mounted links. The
increments used in these settings have been chosen to provide adequate resolution,
thus eliminating the need for vernier adjustments which would require the use of
potentiometers. Many adjustments such as the characteristic angle, the reach, and
some overcurrent levels are conveniently located on the front panel of the modules.
Switches are provided in the logic modules to program the system for various schemes
and optional features which are available in the design.

Circuitry

The TLS system includes innovative circuitry which incorporates proven state of
the art electronics into traditional relaying functions. The TLS system, like other
General Electric Co. relays, uses only hermetically sealed and burned-in
semiconductors. The TLS system may be used in an environment where the ambient
temperature is between -20°C and +65°C. The following are examples of the new
circuit techniques included in the TLS design.
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. Timing Circuits

The measuring unit characteristic timers and a majority of the logic timers are
digital in nature; that is, the time is established by counting a series of reference or
clock pulses. These pulses are provided by a highly stable, continuously running,
crystal oscillator. A second oscillator, of a different design, is included as backup to
the primary crystal oscillator. In the event that the frequency of crystal oscillator goes
outside prescribed limits, a monitoring circuit will switch to the backup oscillator and
energize an alarm circuit.

These digital timers are a marked improvement over the resistor-capacitor (R-C)
timers used in previous systems. Performance variations with component values,
temperature, and age are reduced. Furthermore, the digital timers provide greater
accuracy and ease of setting.

A custom integrated circuit package was developed to provide all of the special
features required by a measuring unit characteristic timer. The tripping unit
characteristic timers are adjustable from 64°1to 128° in 1° steps. Because of the special
features available in this custom timer chip, it is also used for many of the logic timers.

Operate Circuits

The mho distance units used in the TLS system are of the phase angle comparator
type used in previous designs. There are, however, several significant innovations in
the operating circuits of the relay.

In earlier designs, the reach of the relay was adjusted by selecting an appropriate
tap on the restraint voltage, and using base reach taps in the current circuits to make
major changes in the range of adjustment, i.e. 1to 10 or 3 to 30 ohm range. In the TLS
system, on the other hand, voltage taps are used to select ranges of reach adjustment
(.1 to 2.5 vs 1 to 25 for example), and the reach is adjusted by changing the replica
impedance in the current circuits. This approach provides improved performance by
producing a more uniform energy level in the operating circuit filters over a wide
range of reach settings. By varying the IZ quantity, the resolution of the reach is
improved over that which can be obtained with voltage restraint taps, especially at
low tap settings (higher reaches).

The operate circuit incorporates a unique combination of filters, level detectors, and
bypass circuits to achieve the desired high speed performance while maintaining a
high level of security in the event of transients caused by capacitive voltage
transformers, series capacitors, traveling waves, etc.

Targets

Light emitting diodes (LED’s) are used as trip targets in the TLS system. The LED’s
are energized by latching reed relays. These relays are set at the time of tripping and
remain latched until reset manually via a front panel reset pushbutton or remotely via
a contact converter. The reset circuit also provides a means of checking the LED’s by
momentarily lighting all of the LED targets. If the station battery control power is
removed for any reason when a target is lit, the associated reed relay will remain
latched so that the same target(s) will be displayed when the control power is
reapplied.
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The following LED targets are included:

A - Phase A trip*
B - Phase B trip*
C - Phase C trip*
I - Zone 1 trip
I - Zone 2 trip
11 - Zone 3 trip

v - Zone 4 trip

CT - Channel trip

LP - Line Pickup trip

WI - Weak infeed trip

TT - Transfer trip

MOB - Out of step blocking

*Single-pole tripping schemes only
CONCLUSION

The TLS1000 System has been designed to meet the normal as well as many of the
difficult system protection requirements. Single-phase distance functions of the
variable mho family are used with other characteristics to provide improvements in
performance and flexibility. The system uses new techniques and packaging to
minimize space requirements and provide ease of installation and setting.
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