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TLSIB
MODULAR RELAY SYSTEM

| NTRODUCTI ON

The TLSI B protective relaying systemis designed for use in virtually
any application. As such, it has a nunber of features that will only
be required in certain applications. The intent of this bulletin is
to provide the follow ng:

1. A description of measuring functions used in the system and
the features included in each.

2. A discussion of the applications where these functions and
features m ght be used.

This bulletin discusses the schenmes and equi pment in general, but does
not contain detailed information. This information can be fond in the
followi ng separate Ceneral Electric publications:

CEK-90621B - Transm ssion Line Relaying Systemw th Two Forward
Zones of Protection.

CEK- 100559 - Transmi ssion Line Relaying Systemw th Three Forward
Zones of Protection.

DESCRI PTI ON

The TLSIB protective relaying system can be applied on nost
transmission lines, including those wth wunique application
requirenents.  Thus, one relaying systemcan be used to provide fast,
reliable protection on long or short lines, conpensated or
unconpensated lines, double-circuit |ines, etc. In all of these
appl i c%ti ons, single-pole tripping can also be inplenmented when
required.

Singl e phase distance functions are used in the TLSl B. Each forward
zone of protection uses three functions for phase faults (one for each
phase pair) and three functions for ground faults (one for each
phase). Two or three zones of protection can be Provided and tiners
are Included in the logic to Inplenent time-delayed tripping. If
i ndependent zones are not required, the first zone function can be
switched to second zone reach following a time delay controlled by the
overreaching/third zone function. Two types of blocking functions are
used in the TLSIB system  The bl ocking functions are required in al

hybrid and bl ocking type schenes and nust also be used in series
conpensated line applications. The first type of blocking function is
a variation of positive sequence polarized nmho ground distance
functi on. Three such functions are used - one for each phase. The
second type of blocking function uses negative sequence quantities
operating into an anplitude conparator to form a directional function,

A common logic nodule is used to provide stepped distance protection
plus the followi ng pilot relaying schenes:



Perm ssive overreaching transferred trip/unblocking
Perm ssive underreaching transferred trip

Hybrid (weak infeed and channel repeat)

D rectional conparison bl ocking

Zone accel erati on.
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The channel interface for each of the pilot relaying schenes is
provided through contact inputs and outputs.

Line pickup circuitry (close into fault) is provided to insure
tripping when closing into a bolted three phase fault. An additiona
line pickup circuit is supplied in single pole tripping schenes to
insure tripping (three poIe? when reclosing into a fault following a
single pole trip.

Qut-of -step bl ocking and an AC potential failure detection schene are
al so included as standard features.

The TLS systemis contained in a nodul ar package consisting of two
separate cases. The printed circuit boards, transformers, transactors
and output relays are contained in pluggable nodules. Milti-conductor
cabl es 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 gomer supply nodul e provides the DC supply
vol tages to both cases. he nmodul ar design offers the advantages of
both reduced size and reduced cost.

MEASURI NG FUNCTI ON CHARACTERI STI CS

Forward Reaching Functions

The forward reachi ng phase and ground distance functions use the
variable nmho function as the basic operating characteristic. Thi s
type of characteristic can be derived using a sinple, two-input
conparator as shown in Figure 1.

Al though many such functions have been used over the years, there are
some applications wherein a variable nmho function using a two-input
conparator mght not provide the best overall perfornance. To
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Figure 1 - Two I nput Variable Mo



overcone the limtations inposed by these applications, other inputs
are applied to the conparators used in the distance functions in the
TLSI B. These inputs conbine wth those used to derive the variable
mho function, and with each other, to form additional characteristics
Simplified circuitry for a multi-input phase angle conparator is shown
in Figure 2. The 'phase angl e neasurenent is nmade by conparing the
coincidence time of all of the phasors applied to the conparator.
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Figure 2 - Four Input Phase Angle Comparator
If all the phasors are coincident for a time corresponding to the
characteristic tiner angle setting, or conversely, if all of the
phasors are sepapated_bY | ess than the characteristic tinmer angle
setting, the function will provide an output.

The conparator input signals used in the TLSI B system and the
characteristics that they provide are described bel ow

Phase D stance Functions

The following signals are used in the phase distance functions:

Operating Signal: VOP = Ipp*ZR/PZ1 - Voo
Polarizing Signals: Vpx = (Voppl - Ipgpl*OFFSET*ZR/¢Z1)M
Vpy = I¢¢ZR/¢Z1
where: PP = ABt QC or CA
1 positive sequence

ZR relay reach

¢21 = positive sequence reach angle
OFFSET = Forward offset in per unit
M = memory

Listed in Table | are the characteristics that are forned from these
signals. The phase di stance functions are always applied with al
three characteristics in service.



TABLE |

CHARACTERI STI C SI GNALS USED
Variabl e mho VOP and Vpx
React ance VOP and Vpy
Directional Vpx and Vpy

G ound Distance Functions

The following signals are used in the ground distance functions:

Operating Signal: VOP = (I¢ - IO0)ZR/pZ1 + KO*IO*ZRO/9Z0 - V¢
Polarizing Signals: Vpx = (Vpl - I¢p1*OFFSET*ZR/¢Z1)M

Vpy = I¢2*ZR/¢Z1
Vpz = I0*ZR/¢Z1

where: ¢ =A, BorC
¢Z0 = zero sequence reach angle
KO =2zero sequence compensation factor
0 = zero sequence
2 = negative sequence
Listed in Table Il are the characteristics that are fornmed with these
si gnal s:
TABLE | |
CHARACTERI STI C SI GNALS USED
Variabl e mho VOP and Vpx
Negative Sequence Reactance VOP and Vpy
Zero Sequence Reactance VOP and Vpz
Directional Vpx and Vpy
Directional Vpx and Vpz

Negati ve/ Zero Sequence Phase Sel ector Vpz and Vpy

The ground distance functions can be operated in the reactance node by
taking the variable mho (disabling the Vpx polarizing signal) out of
servi ce. Wien the ground functions are operated as reactance
functions, they nmust be supervised by the overreaching functions that
are required as part of the pilot/stepped distance schene.

Reverse Reachi ng (Bl ocking) Functions

Two types of blocking functions are used in the TLSIB system

The first bIocking function is a variation of a positive sequence
pol ari zed mho ground distance function. Three of these functions are



used - one for each phase. The following signals are used to derive
this function.

Qperating Signal:
VOP = -I¢p*ZR/¢pZ1 - KO*IO*ZRO/¢Z0 - V¢g + K(Vepl - I¢p1*OFFSET*ZR/¢Z1)M
Pol ari zing Signal:
Vpol = (V¢l - I¢pl*OFFSET*ZR/¢$Z1)M
These bl ocking functions are designed to operate for all fault types,
however, they may be slow to operate for sone phase-to-phase faults.
To provide for this contingency, a second blocking function is
i ncl uded.
This second function uses negative sequence quantities operating
through an anplitude conparator to provide a negative sequence
directional characteristic. The signals used to derive this
characteristic are as follows:
Qperating Signal: VOP = V2 + K*I2*ZR2
Restraining Signal: VR = 12*%ZR2

ADDI TI ONAL FEATURES

A nunber of other features are used to inprove the performance of the
functions. Following is a brief description of these features. Their
use Wi ll be discussed at appropriate points throughout this bulletin,
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Figure 3 - Characteristic Timer Adjustnent

Characteristic Tiner Angle Adjustnent

Adjustnment of the characteristic tinmer allows the shape of the
characteristic to be changed as shown in Figure 3, thus increasing the
versatility of the function by allowing the area covered by the
function to be easily changed.



Adj ust abl e Phase Shift

Crcuitry is provided in the voltage polarizing circuit (Vpx) of the
Phase_functlons that allows the polarizing signal to be phase shifted
romits nornma

Figure 4 - Polarizing Phase Shift
posi ti on. The phase shift is made in the |eading direction, and

produces a change in the variable mho characteristic as shown in
Figure 4.

Phase shifting circuits are also provided in the negative sequence
(Vpy) and zero sequence (Vpz) polarizing signals "of the ground
di stance functions. One effect of these shifts Is to tip the negative

or zero sequence reactance characteristic as shown in Figure 5.
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Figure 5 - Negative or Zero Sequence Reactance

Zer o Suppression

The Ehasors of the operating and polarizing signals are converted to
bl ocks before being applied to the conparator as shown in Figure 2.
When zero suppression is used, the width of the blocks wll be
proportional to the suppression |evel setting as shown in Figure 6.
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Figure 6 - Effect of Zero Suppression
For a given signal |evel, zero suppression reduces the width of the
bl ocks as the suppression |level is increased. Conversely, the width

of the block will vary in proportion to the signal |evel changes if
the suppression level Is held constant.

Level Detector

The operate circuit in the forward reaching functions is equipped wth
an adjustable |evel detector that can be used to change the mnho
function into a hybrid di stance/overcurrent function. Wth this
feature in service, the operating signal nust reach a preset |eve
before the function is allowed to operate.

Zero Sequence Current Restraint (phase functions only)

The phase functions are provided with zero sequence current restraint
that is designed to prevent them from operating during single line to
roHnd faults, but to have little effect during double line to ground
aul ts.

Faul t Detector

A fault detector function is used to provide supervision of the trip
outputs, and is intended to reduce the possibility of msoperation due
to either potential or conponent failure, The function is a
sensitive, high speed current operated function, that uses negative
sequence current or the change of positive sequence current. t has
an adaptive pickup level that is increased autonaticaILyh after a time
del ay, when a continuous input is applied to it. his feature is
i ntended to prevent operation of the fault detector on negative
sequence current caused by unbal ances in the load current. The
function will perform properly on low |evel fault currents because the
adaptive feature is provided with a long tine constant. If the fault
detector function is not desired, it can be taken out of service via
option links provided in the equipnent.

Line Pickup (Cose into fault)

Line pickup circuitry (close into a fault protection) is included in
all TLS systems. CGrcuitry is provided for three pole and single pole
tripping schenes.



The line pickup circuitry is inﬁlenenﬁed via current and voltage
functions that operate through the logic to initiate tripping when
energizing a line. Basically, the current and voltage functions are
used to form open pole detectors to determne that the line is dead by
sensing the |ack of voltage and current. |f a dead Iine condition
persists for nine cycles, the logic is arranged to permt direct
tripping by a positive sequence overcurrent function provided for this
pur pose. If there is no fault when the breaker is closed, the
positive sequence overcurrent function will not operate, and the line
pi ckup protection will be renoved from service when all three phase
voltages return to normal.

Simlar type logic is used when single pole tripping is required, but
in this case line pickup will only be energized during the period that

the faulted phase is open. If a breaker is reclosed into a fault,
three pole tripping will be initiated through the operation of the
ground di stance function associated with the taulted phase. [f there

Is no fault, the line pickup circuitry will be renoved from service
followng restoration of the phase voltage.

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

Recl osi ng _Contr ol

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
follow ng 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 tinme delayed trip.

4. Followi ng an operation of any one of the MI functions, thus
bl ocking reclosing for all multi-phase faults, but allow ng
reclosing for single line to ground faults (used in three pole
tripping schemes).

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

Sequenti al Recl 0si ng

Sequential reclosing logic is provided in the TLS system It is
provided to control an independent recloser/reclosing system and it
may be used to prevent reclosing into a severe fault. The recl osing

logic is arranged to recogni ze the severity of the fault by operation
of certain of the tripping functions, and to provide an inhibit output
to block reclosing at the termnals where those functions have
oper at ed. The inhibit output will persist until the Iine voltage
returns to normal to indicate that the line is healthy. |f a severe
fault is not indicated, reclosing will be permitted at that termnal,



and if successful, the voltage on the line will return to normal to
remove any inhibit outputs that nmay have been produced. |f none of the
fault detectors indicate a severe condition, high speed reclosing wll

be initiated at all termnals of the |ine. If a severe condition is
indicated at all line termnals, then reclosing will be inhibited at
all line termnals. For the latter condition, reclosing will have to

be perforned manually, or a long tinme delay is often recormended to
produce an autonatic reclose and so minimze the shock to the system

An inhibit output may be initiated for the follow ng conditions:

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

2. Operation of any of the phase distance functions, thus
inhibiting reclosing for all nulti-phase faults on the line.

3. Qperation of all three phase distance functions, thus
inhibiting reclosing for all three phase faults.

Option links are provided whereby these features can be
i nserted/renmoved from service.

PT Fuse Failure

Greuitry is included in the TLS systemto detect failure of a fuse in
the potential supply of the system  The alarmcircuit operates when
all three of the following conditions are met.

1. Loss of any phase voltage. _
2. Any phase current above the 1¢ TRIP |evel detector setting.
3. No output fromthe fault detector.

The fuse alarm output is sealed in once it operates, and renains
sealed in until all phase voltages return to normal. The output from
the fuse failure alarmmay be used to block tripping, sound an alarm
etc. The alarmwll not operate if the phase current is not above the
I¢ TRIP pickup, but the distance units cannot produce any trippin% for
this loss of potential because they are supervised by 1¢ TRIP. I the
current should then increase above the pickup level, the fuse failure
circuit wll operate before the distance functions, thus preventing
any trip outputs. Note that the fuse failure alarmcircuit wll be
bl ocked during a single pole trip when such tripping is enployed.

Qut - of - St ep Bl ocki ng

Qut-of-step blocking is provided on both the phase and ground
overreaching functions. The ground functions are provided wth
out-of -step blocking to prevent operation of the ground overreaching
functions 1 n applications involving single pole tripping and parall el
lines. Wth one pole open in one of the lines, it is possible for the
ground distance function on the sanme phase in the parallel line to
operate during a sw ng before the phase out-of-step bl ocking can be
set up. The ground out-of-steP bl ocking is set to prevent this. If
single pole tripping is not enployed, the ground out-of-step bl ocking
is not required and is taken out of service.



APPL| CATI ON CONSI DERATI ONS

Because of the features descri bed above, the distance functions are
very flexible and can be applied with different characteristics to
nmeet varying application requirenents. They can be apPIied sinply as
a variable nmho function, ich will probably be preferred in nost
applications: or they can be applied as a hybrid distance/overcurrent
function to give very fast operating tine. They can be adjusted to
optimze their performance on very long lines or on very short |ines,

and the ground di stance functions can be applied in the reactance node
to provide increased fault resistance coverage.

perating Tine

The operating time of the distance functions can basically be related
to the follow ng:

The reach setting

The characteristic tiner angle setting

The amount and type of filtering

The nethod in which the function is operated

eSS

The reach setting of the distance function hel ps establish the
magni tude of the operating quantity (1Z-V), which in turn is
instrunmental in determning the operating time. This is so because
| arge operating signals will either bypass the normal filtering in the
function, or pass through the filtering nuch quicker than will signals

of lower levels: i.e., the filtering becones nore effective as the
S!Pnal | evel decreases in magnitude. Thus |arger operating signals
will tend to produce faster operating tines than will signals of

| esser nmagnitude.

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

1. It will becone larger as the fault is noved towards the relay
| ocation because the current will increase and the voltage wil
decr ease.

2. It will becone |arger as the source inpedance behind the relay
| ocation decreases.

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

The conclusion can therefore be drawn that the fastest operating tinme
will occur for the nost severe faults and that the operating tinme can
be optim zed by using the |argest possible reach consistent with
secure operation

It was pointed out earlier that the shape of the characteristic could
be changed by changing the characteristic timer angle setting. Longer
timer settings produce nore lenticular characteristics and mnimze
the effects of load flow Unfortunately, longer settings also produce
sl ower operating tines. Shorter tiner settings (tomato
characteristic) will produce faster operating tines, but will also



i ncrease the area of coverage and so increase the exposure to |oad
flow It mght seem | ogical to use short timer settings on short
| i nes where [oad inpedance may be negligible, and in that way get
faster operation. However, this is not a viable approach because the
tendency to overreach will be increased and directional integrity may

be | eopardi zed. It is possible to reduce the timer setting to get
faster operation, but other steps nust also be taken to provide secure
operation in conjunction with the faster tinmes. These steps are

descri bed next.

Filtering
A simplified diagram of the operate circuit for the distance functions
used in the TLS systemand the filtering used therein is shown in
Figure 7.

In sinple terms, the operate circuit can be thought of as being
conposed of three sections.

1. The high set (bypass) fixed |evel detector section
2. The Lo-Q B filter section (with adjustable |evel detector)

3. The H-Q A filter section.

LEVEL
DETECTOR
HIGH-SET
+ (FIXED)
Tl T :
- LEVEL +
v / +Z P DETECTOR _Z Vop
No. 1 Lo-a ~ No. 2

ADJUSTABLE

Q\
:{E::; o—e
HI-Q IN

Figure 7 - Sinplified Operate Circuit

The high set fixed level detector section allows the operate signal to
be bypassed around the A and B filter sections for very high signal
| evel s. In this way, faster operation is obtained because the nornal
filter delays are mnimzed. The high set level detector setting is
fi xed and has been enpirically selected to elimnate the adverse
effects of transients normally encountered on the power system

Wth the AFIL link in the "out" position, the output of the Afilter
is renoved fromthe number 2 summing anplifier. he A filter output
is still used, however, to cancel a portion of the operating signa

before it is fed into the B filter. On a steady-state basis, the B
filter will see only 40 percent of the operating signal because of the



output of the A filter. The intent here is to lessen the energy

stored in the B filter. Now, when an internal fault occurs, the
operate signal wll pass through the B filter nuch faster because the
signal wll have less stored energy to overcome. Furthernore, at the

inception of an internal fault, the output of the A filter tends to
add to the operate signal during the first half cycle of input to
sunmmer nunber 1. This dynam c addition increases the magnitude of the
operating signal, thereby permtting it to pass through the B filter
even faster. Also, with the A filter out, and with the |evel detector
set as proposed, the reach of the zone 1 functions can be increased
beyond the normal settings. These nodifications wll reduce the
operating time, but not to the extent possible. Further reduction in
operating time can be achieved by reducing the characteristic tiner
angl e setting, but forward offset and/or zero suppression nust also be
enpl oyed in the voltage polarizing circuit to provide security.

Forward Offset

Forward offset is produced in the voltage polarizing circuit and

changes the characteristic by lessening the area of steady-state
coverage as shown in Figure 8.

Menory
Filter

(V1 - I1x%OFFSET%ZR) To Comparator

a. Vpx Circuit

X X
]oFFsEnzn
\A/ " _/ "
b. Three-phase fault c. Phase-to-phase (phase-to-ground

and phase-to-phase-to-ground similar)

Figure 8 - Offset Mho Characteristic

The exact anmount of offset will be a function of the fault type and
fault current |evel.

For load flow and low level three phase faults, the offset wll be
equal to the offset reach, OFFSET*ZR As the three phase fault |evel
is increased, the offset wll be |less because of a clipping circuit in
the function that keeps the offset voltage from exceeding a fixed
| evel . Clipping is wused to prevent the offset voltage from
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beconin% so large that it would override the remenbered vol tage and
cause the output of the nenory filter to chan?e so quickly that it
woul d adversely affect the dynamc performance of the function. It is
necessary to maintain correct dynamc performance so that the function
wi Il operate for faults within the shaded areas shown in Figure 8.

For unbal anced faults, the effect of offset is nmuch less than that
experienced for balanced conditions and the steady-state area of
coverage is larger. This is so because the Positive sequence vol t age
which I's used in polarizing the function will be less affected durin

unbal anced fault conditions than during balanced fault or |oa

condi tions. Here too, the effect of clipping wll becone nore
pronounced as the fault current level is increased.

To summarize, offset is greatest for load flow conditions and becones
| ess for heavy faults and/or unbal anced fault conditions. Theref ore,

the effect of load inpedance is mnimzed and the characteristic tiner
can be set with a shorter setting than normally would be used. As a
consequence, faster operating times can be achieved but at the expense
of steady-state coverage. The function effectively becones a
transient fault detector for sone faults and the dynam c perfornance
must be relied on for those faults when forward offset is used. There
will, however, be no sacrifice in security. For exanple, consider the
system shown in Figure 9.

G—E-Fjré—az—@

i\
ITO Relay
h— T
CT = 3000/5 ZR = 11.7 /85 (forward reach)
OFFSET = 0.4
PT = 3000
OFFSET*ZR = 4.68 /85 (forward offset)
ZL = 65 /85 ohms primary lr =5, 15
=13 /85 ohms secondary vr = 67 /¢ volts

Figure 9 - Sinple Power System

For this system the zone 1 functions are set to reach 90 percent of
the |ine inpedance, and an offset reach of 40 percent of the forward
reach has been selected. In a typical application where very fast
operating tine is not required, the function would be applied as a
variable mho without offset and with a characteristic timer setting of
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4.2 mlliseconds. Fi gure 10 shows the phasor diagrans for the non-
of fset and the offset o function for the conditions of Figure 9.

-Vr
IZr1
Vop 8 = 130.5°
vr
\I
a. Non-offset b. Offset

Figure 10 - Effect of O fset

O interest in Figure 10 is the angle ¢ between the operating (\Vop)
and pol arizing (Vpol) quantities. =~ Fromthis angle the coincidence
angle (180 - ¢), and hence the coincidence time, can be cal cul at ed.
If a nmho function is to be secure fromthe effects of load flow, a
nariln (M of about two mlliseconds should be maintained between the
Bic up tine (P) of the function and the coincidence time (C of the
| ocks produced with load flow. i.e., (M= P - C. For the phasors
shown in Figure 9, the coincidence tines are about 2.3 and 1.3
mlliseconds for the non-offset and offset mho functions,
respectively. Since the non-offset nmho has a characteristic tiner
setting of 4.2 nilliseconds, a margin of 1.9 mlliseconds is obtained.
[f this sanme margin is to be maintained in the offset mho function, it
can be achieved with a characteristic tinmer setting of 3.2
m | liseconds. Thus, the offset nmho function allows a shorter
characteristic tinmer setting to be made w thout reducing the margin
and hence naintaining the security of the function,

Zero Suppression in Polarizing Grcuits

Zero suppression in the polarizing circuit also allows shorter tine

settings to be made, but in a different manner. Assune the sane
system shown in Figure 9, but that a zero suppression |evel of 35
percent is used, rather than an offset of 40 percent., The phasor
di agram of Figure 10a still applies, and is shown again in Figure |la,

but in sinusoidal form

Fi gure 11b shows the_effect of 35 percent zero suppression in the
polarizing circuit. The effect is to reduce the coincidence tine by
approximately one mllisecond so that the characterisﬁic timer can be
reduced accordingly, just as when offset was used. nust be not ed
that zero suppression also affects the steady-state operation of the
function, and that the steady-state area of coverage w |l be reduced
proportionately.

Al t hough zero suppression and forward offset have simlar advantages
and disadvantages, they are different in nature and, depending on
fault type, each affects the performance of the function differently.

-14-



Because the positive Sequence voltage polarizing signal will be |ess
affected during an unbal anced fault than during a balanced three phase
fault, the effect of forward of fset and zero suppression will be nuch
| ess for an unbal anced condition than for a bal anced conditi on.

For three phase faults the anount of |ine not covered steady-state
with forward offset is fixed at the magnitude of the offset (up to the
clipping |evel described earlier). On the other hand, the anmount of
line not covered steady-state with zero suppression wll depend on the
source to line inpedance ratio. The steady-state coverage wll be
practically non-existent for |large source to line ratios, whereas
practically all of the line will be covered as the source to line
ratio gets very snall. It is preferable to use zero suppression in
applications involving small source to line ratios, whereas forward
offset is preferred when the source to line ratio is |arge. I'n
sumary, forward offset and/or zero suppression can be used to reduce
the coincidence angle of the inputs to the characteristic tiner during
| oad flow and so allow the tinmer angle to be reduced while still
mai ntaining a secure nmargin. Wth this reduced tiner setting, wth

7/////////////////////4,/

l

p 7
2227272777777 4 SA SIS LSS IS SIS SST 7.

a. Zero Suppression = 0 b. Zero Suppression = 0.35 p.u.

Figure 11 - Effect of Offset - Sinusoidal Form
the A filter out, and with the reach and |evel detector set as
proposed, very fast operating times can be achieved for heavy faults
close to the relay location. The following tines were neasured on the
Mbdel Power System Sinulator (60 hertz tines; multiply by 1.2 for 50
hertz times).
A 4 mlliseconds for three phase faults.

B. 4-8 mlliseconds for single line to ground faults.
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|f very fast operating tine is not a requirement in the application,

the variable mho function characteristic should be enployed to provide
maxi mum st eady- state coverage. To operate as a variable mho, all

three sections of the operate circuit are used. Wth this
configuration, the output of the A filter tends to domnate at the
i nput to sunmer nunber 2 by virtue of its high Q and stored energy.

This prevents the output of the A filter from changing too quickly
during the dynami c period imediately following a fault. Wien the A
filter is used, the level detector following the B filter is set equa

to 0.1 per unit voltage to prevent operation on capacitor volta%e
transfornmer (CVT) transients. Note that CVT transients will be
i nnocuous With the A filter out because of the high |evel detector
setting in the B filter section. The fixed high set |evel detector
will still be active and it will provide an inprovenent in operating
time for the nore severe faults, but still not as fast as that
obtained with the A filter out.

Arc/ Fault Resi stance

In discussing the effect of resistance in the fault on the performance
of a distance function, it is necessary to also consider the type of
fault.

In faults not involving ground, the resistance is nade up of the arc
products. It is generally accepted that the voltage drop across the
arc is constant and equal to about five percent or |ess of nornal
system voltage. The resistance therefore, 1s non-linear and |nverselx
proportional to the magnitude of the total fault current. A roug
approximation is to assunme that the arc resistance is equal to about
five percent of the inpedance fromthe fault to the source behind the
di stance function (see Figure 14).

In faults involving ground, there is a |inear conponent of resistance
in addition to the non-linear conponent introduced by the arc. Thi s
| i near conponent nay be introduced by tower footing resistance, ground
wire resistance, trees growing into the line, etc. For ground faults,
therefore, the voltage drop across the fault resistance will not be
fixed, and will be directly proportional to the total fault current.
The |inear conponent can be quite |arge, such as when a tree touches a
conductor at md-span, and nmay prevent any type of ground distance
function from operating. For this reason, other forns of relaying,
such as negative sequence directional overcurrent functions, are often
used for ground fault protection.

For a honpbgeneous system w th single-end infeed, the resistance seen
by a distance function appears to be purely resistive; i.e., there is
no reactive conponent and the resistance adds to the |ine inpedance as
shown in Figure 12a. On a doubl e-ended system the effect of |oad flow
causes the fault resistance to appear to also have a reactive
conmponent as shown in Figure 12b.

Anot her effect of infeed is to magnify the resistive drop for ground

faults because of the |inear conponent of resistance, whereas the
resistive drop for phase faults will be unaffected by infeed. Thus as
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Figure 12 - Effect of Infeed on Fault Resistance

far as ground faults are concerned, the resistive conponent of the
fault wll appear to be larger to a ground distance function than it
actually is. The effect is such that the resistance will appear to be

|argest to the function at the location with the smallest contribution
of Tault current.

Because of the magnification of the ground fault resistance and the
shift in phase caused by load flow, the performance of some types of

ground distance functions could be severely affected. For exanpl e,
Figure 13 shows that a quadrilateral characteristic has a significant

tendency to overreach as opﬁosed to a variable mho of the type used in

%he TLS fysten1(and in other General Electric ground mho di stance
unctions).

| f resistance coverage greater than that offered by the variable nho
is required, the ground distance functions in the TLS system can be
operated in the negative and zero sequence reactance node. These
reactance functions have an adaptive characteristic that adjusts to

X

[>e1 5 7l oad

R

A\ Quadrilateral
\_ Variable Mho

®- Fault resistance in per unit of Zload

Figure 13 - Variable Mo versus Quadrilateral Characteristic
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| oad flow, thus preventing the overreaching/underpeaching t endenci es
di spl ayed by the quadrilateral functions shown in Figure 13.

The performance of a ground distance function may be affected by
ground fault resistance regardless of line length because the
resistance can be significant or appear to be significant, because of
magni fication. On the other hand, the effects of fault resistance on
a phase distance function will in many cases be innocuous. For
exampl e, consider the system shown in Figure 14.

In this system the first zone functions are set to reach 90 percent
of the line inpedance. For low to noderately |ow source to |ine
I npedance ratios (Figure 14a), the arc resistance is small conpared to
the line inpedance, thus the possibility of overreaching is virtually

non-existent (even with load flow). On the other hand, for very high
source to |ine inpedance ratios, the possibility of overreaching is
increased (Figure 14b). Another problem exists in that the function

HHY not operate for any internal faults because the arc resistance nmay
fall outside of the characteristic.

S e

X

I
- ¥

——— {

X X
h4 Rt ZL Rt
Rt
Rt At
R R
r 4] A
»>
zs}
a.Zs = 0.182L b. Zs =10%ZL

Figure 14 - Effects of Arc Resistance

It is possible to provide an increase in the arc resistance coverage
b% phase shifting the function as shown in Figure 15a. Unfortunately,
this will further increase the tendency to overreach (depending on
anount and direction of |oad flow). To overcone this application
difficulty, the current supervision (Vpy) in the phase functions
conbines with the voltage polarizing signal (Vb%)_to form the adaptive
reactance characteristic shown in Figure 15b. his characteristic has
an adaptive quality because of the zero suppression circuitry that is
used in the current supervision signal. At low levels of current,
zero suppression will be very effective in reducing the width of the
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Figure 15 - Effect of Phase Shift

bl ocks applied to the conmparator, and the angle ¢ will be quite large.
On the other hand, the blocks will increase in width as the signa
level is increased (heavier fault current) and the angle ¢ will reduce
accordingly. Thus, to provide a secure application for the situation
depicted in Figure 14b (ZS/ZL very large), the zero suppression |evel
should be set on the basis of maxi num source inpedance (weakest

source). Wth this setting, the function wll not overreach for
external faults with arc resistance. As the source gets stronger, the
current level, and hence the current polarizing signal, will increase

and the reactance characteristic will open up to provide increased
coverage. Note that the fault resistance will reduce in nmagnitude as

the source inpedance decreases, thus the security wll not be
Leopard[zed. If the special conditions shown in Figure 14 can never
e realized on the line to be protected, the zero suppression level in

the current supervision signal should be set to m ninum Arc
resi stance and load flow for certain system conditions may also
I ntroduce another problem for phase mho di stance functions. The
steady-state security may be jeopardized for a three phase fault
directly behind the function, but the function will be quite secure
dynam cal | y. Pl ease note that this situation arises only under
certain specific conditions. To increase the security, it is proposed
that the zero suppression level in the voltage polarizing circuit

(Vpx) be set at the five percent |evel. Wth this setting, the
steady-state ﬂolar|2|ng voltage (which is equal to the arc drop) wll
not exceed the zero suppression level, thus the function cannot

operate. It is also possible to increase the security by phase
shifting the voltage polarizing signal in the |eading direction, by
increasing the characteristic tinmer pickup setting (nake the
characteristic lenticular), by using forward offset or by adding
bl ocking functions to the schene.

Series Conpensated Lines

The TLS1B system can be applied on lines_ with series conpensation or
on lines adjacent to conpensated lines. This is nade possible through
a judicious choice of:

1. design of the distance functions, and
2. the settings used on the functions.
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One of the basic problems that can occur on a conpensated line is that
t he volta?e at the relay can be reversed fromthe normal position

because of the series capacitor. consider the situation shown in
Figure 16.

23 Xcl Xc2 4 ZL Xe3 Xc4 Zs
L: A, “l_l J
@ ;l c N\ g 2 IE l IE\\:: @
e A8
}To Relay F3
Ir 2

b4

Fi F

Figure 16 - Typical Series Conpensated System

For a fault at Fl, the voltage applied to a relay with its potential

source |located on the line side of capacitor C2 will reverse if the
protective gaps do not operate to renove the capacitors from service.

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 (on a
steady-state basis). If the function has its potential source on the
bus side of C (location C, an internal fault at F4 will appear as an
external fault (steady-state). If the function has a nenory circuit
in the voltage polarizing signal, it will performcorrectly on a
dynam c basis regardl ess of the [ocation of the potential source;

i.e., the voltage will not reverse imediately because of the nmenory
action.

The distance functions in the TLS system use positive sequence voltage
as the polarizing quantity and are provided with nenory circuits. The
positive sequence voltage will reverse for three phase faults, but on
many systens it will be less likely to reverse for unbal anced faults.

Therefore, the function nust be relied on to operate dynamically for
three phase faults, but it will respond correctly on a dynam c basis,

and in many cases, on a steady-state basis for unbal anced faults.

Thus, the distance functions in the TLS systemw |l 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 |ocation.

Al though the TLS distance functions with their potential source
| ocated at Bin Figure 16 will provide a correct dynam c response for
a fault at Fl, this response may not be |ong enough to prevent
tripping in the event of a breaker failure, or inordinately |ong

breaker times in the adgacent line sections. To overcome this
limtation, the blocking functions nust be used in all applications
invol ving series capacitors. The bl ocking functions wll| operate

correctly dynamcally, and possibly steady-state, to establish a
bl ocki ng condition; and they are provided with adjustnent in the
dropout time to allow their output to last Iong enough to allow fault
clearing by the breakers in the adjacent |ine sections.

Because the capacitive reactance of the series capacitor cancels the

i nductive reactance of the line, zone 1 functions cannot be set to
protect 90 percent of the |ine when the capacitors are |located in
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front of the relay Iocation - either in the line itself or in adjacent
l'ine sections. I't is also recommended that zone 1 functions not be
set to reach 90 percent of the conpensated |ine inpedance; i.e.,
[0.9(ZL - XC). This is so because of the |low frequency transients
that are introduced by the series capacitors which can cause a zone 1
function to overreach significantly. The zone 1 functions in the TLS
system can be used to initiate direct tripping on series conpensated
|Ines, but they nust be operated in the B filter/level detector node.

Wien applied in this way, the |evel detector can be set on the basis
of the gap flashing |evel when protective gaps are used around the
capacitors: or if zinc oxide protectors are used, the |evel detector
setting can be based on the peak voltage that can be tolerated across
the zinc oxide before the capacitor bank is shorted. \Wen set in this
way, the zone 1 functions cannot operate for faults beyond the renote
line termnal, but will operate for heavy faults close to the rela

location. If nore than one set of capacitors are located in front o
the relay, it nmay be necessary to set the |level detector on the
conbi ned gap flashing |evel. If it can be shown that the gaps on a

bank in an adjacent line section wll always operate to renove that
bank from service, then the level detector setting can be based on the
gap flashing level on the bank(s) in the line. As an exanple, consider
a fault at F3 in Figure 16. For this fault, infeed at the bus renote
fromthe relay may be sufficient to assure that capacitor bank C4 wl
al ways be renoved from service. |In that case, the gap flashing |eve
of the capacitors located in the line itself (C3 in this exanple) need
only be considered in determning the |evel detector setting in the
zone 1 functions at |ocation B. Note that the zone 1 functions act as
hybrid overcurrent/di stance functions when applied in this manner and
w Il suffer sone pullback in reach. They will, however, PTOVidE hi gh
speed direct tripping for severe faults close to the function w thout
risk of overreaching for external faults.

|f the series capacitors are all |ocated behind the relay (O and C2
in Figure 16), the zone 1 functions can be applied as a variable mho
function, but the reach setting must be reduced by another ten percent
bel ow the setting normally used on unconpensated lines; i.e., 80
percent versus 90 percent.

It is not necessary to nake any special settings in the overreaching

functions when anI|ed on series conpensated |ines, but sone

?Ddifications will be required in the settings of the bl ocking
uncti ons.

First, a 20 degree phase shift must be introduced to the polarizin
signal in the MB functions. This phase shift was determ ne
enpirically and is used to facilitate coordination with the tripping
functions In the presence of the transients introduced by the series
capacitors.

Wien series capacitors are |ocated between the potential sources used
to supply the tripping and bl ocking functions at each end of the Iline,
t he i npedance seen by the tripping functions for a fault beyond the
renote term nal nag be reduced because of the capacitors, but the
i npedance seen by the blocking functions will not. For this reason
the reach of the blocking functions will have to be increased to
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insure that they will operate for all faults that the remote tripping
functions can see.

The negative sequence bl ocking function uses negative sequence voltage
and current to forma directional characteristic via an anplitude
comparator. The follow ng quantities are used:

VOP = V2 + KI2ZR2
VREST = 12ZR2

The function operates when the nmagnitude of the operating quantity is
greater than the magnitude of the restraining quantity. It Is
possi bl e for the negative sequence voltage to be reversed from nornal
for some system conditions. For exanple, V2 will be reversed from the
normal position when the sum of the capacitive reactance of d and
is greater than the negative sequence source inpedance (ZS) behind the

capacitors (see Figure 15). The effect of this reversal would cause
the function to operate for internal faults were it not for the
conpensation factor (K) in the operate signal. Therefore the

conpensation factor, K, nust be set differently when the line, or an
adj acent line is conpensated. The exact setting to be made will be a
function of the system paraneters.

Single Pole Tripping

The TLS system can be used to initiate single pole tripping when such
[

when
operation’is required. Only a few nodifications are required in the
settings. One problem arises because the phase distance functions
can operate for sone 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
w |l be prevented from operating for single line to ground
faults, but the effect wll be mnimzed on double line to
ground faults. This restraint nust be switched in when single
pole tripping is inplenented.

2. The logic is set up so that the ground di stance overreaching
functions take priority over the phase distance overreaching
functions during single line to ground faults. Thus, the phas
di stance functions will be prevented frominitiating a three
?ole trip. No special settings are required to inplement this

eature.

The first zone ground distance functions are provided with zero
sequence current supervision. On systens using three pole tripping
this supervision is set at the mninmum | evel to provide the nost
sensitive protection. Wen single pole tripping is used, the setting
for this supervision should be based on the mnimum zero sequence
current for a fault at the end of the line renote fromthe function.
This setting is proposed to prevent overreaching by the first zone
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?round di stance functions in the unlikely event that a phase to phase
ault were to occur on an adjacent line at the same tine 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 wth
the operating signal to formthe negative and zero sequence reactance

characteristics described earlier. This type of phase selection
assures that the ground distance function associated with the faulted
phase only wll operate during single line to ground faults.

Provisions are included for renoving these inputs, so it nust be
assured that these signals are in when single pole tripping is
required.

SCHEME AND CHANNEL CONSI DERATI ONS

The TLS system has a common |logic nodule that allows any of the
fol | owi ng nodes of operation:

St epped di stance schene
Zone accel eration
Directional conparison blocking schene
Perm ssive tripping schene
a. Overreaching
b. Underreachi ng
5. Hybrid scheme
6. Stepped Distance Protection

BN

St epped distance protection can be obtained in tw ways:

1. Three éndependent zones if three zones of protection are
required.

2. Tmo.ianpendent zones when only two zones of protection are
required.

The second nethod is provided with the neans to extend the reach of
the first zone function to second zone reach following a tinme delay
that is started by the operation of the overreaching functions.
Therefore, three zones of protection can be provided via two zones of
equi pnent . Whet her or not second or third zone timng is to be
i mpl enented is up to the user. \Wen second zone timng is to be used,
it is proposed that the switched first zone nethod be used to
inplenent it, rather than using the overreaching functions as the

second zone function. In this way, it may be possible to set the
overreaching functions |onger than a normal second zone reach and so
optinmize the operating time as described earlier. The normal second

zone reach can then be obtained with the switched zone 1 function.

It is also possible to extend the reach of the zone 1 function by
external neans via a contact converter provided in the system The
input to the contact converter can cone froma channel trip signa
thus allowng the systemto be applied in a zone accel erati on schene.
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This type of schene is typically applied when overreaching functions
are not available for use.

Pl LOT _PROTECTI ON

The renmai nder of this discussion on schenes and channels pertains to
the tripping, blocking and hybrid type directional conparison schenes.

In earlier days of directional conparison relaying, nost schenes used
with power line carrier (PLC) were blocking schenmes with an OFF-ON
channel, and nost schenes used over mcrowave (MN were tripping
schenmes with a frequency shift (FSK) channel. Wth only these two
choices, tripping or blocking was sufficient to describe the conplete
protective schene.

The introduction of frequency shift channels on PLC, wth the
unbl ocki ng node of operation, nade it possible to provide either a
tripping or a blocking schenme over PLC or MN dependi ng on which
frequency (trip or guard? is transmtted in standby. In addition a
third relay schene, called a "hybrid" schene was devel oped, which
offers sonme of the advantages of a blocking schene (trip at one end
mjﬁh weak infeed at the other) but operates basically as a tripping
schene.

In the tabulation of relay schemes and pilot channels given below, the
followi ng definitions are used:

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

Bl ocki ng_Schene - requires operation of the local trip function and
t he absence of a blocking signal fromthe renote termnals before
tripping will be initiated. Schene contains both bl ocking and
tripping functions.

Hybrid Schene - requires operation of local trip function and receipt

of a trip signal from renote termnals before tripping wll be
initiated, but trip signal may be "repeated" fromrenote termnal if a
bl ocki ng function has not operated at that termnal. Scheme requires

both tripping and bl ocking functions.

The various conbinations of relay schenes and pilot channels are
descri bed bel ow.

1. Tripping schene, FSK tripping channel. Perm ssive overreaching
transfer trip (POIT), transmts the guard frequency in standby
condition, and the relay trip functions key the channel to trip
frequency. Tripping is blocked on |oss of channel. Receipt of
trip frequency gives trip permssion to local relay.

2. Tripping scheme, FSK unblocking channel. Perm ssi ve
overreaching transfer trip, transmts guard frequency in
standby condition; relay trip functions key the channel to trip
frequency and permt trip for short duration if the signal is
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att enuat ed by a fault, then block tripping. Receipt of an
unbl ock signal gives trip permssion to local relay (note that

an unbl ock signal can be the receipt of the trip signal from
the renote termnal or the loss of signal (LOS) output fromthe
| ocal receiver).

3. Blocking schenme, OFF-ON power line carrier. No si gnal
transmtted in standby condition. Rel ay bl ocking functions
start carrier transmssion and relay tripping functions sto
carrier transmssion. Receiver output blocks tripping by |oca
relay. Tri?ping functions initiate tripping independently at
each termnal in the absence of a bl ocking signal.

4. Blocking scheme, FSK tripping channel. Transmtter keyed to
trip frequency in standby, relay blocking function at one
termnal keys transmtter to guard frequency_ for externa
fault.  Tripping blocked for |oss of channel. Recei pt of trip
frequency gives trip permssion to |ocal relay.

5. Blocking schene, FSK unbl ocking channel. Transmitter keyed to
trip frequency in standby, relay blocking function at one
termnal keys transmtter to %yard frequency for externa
faul t. Permts tripping for a short duration if the signal is
attenuated by a fault. Recei pt of unblock signal gives trip
perm ssion to |ocal relay.

6. Hybrid schene, FSK tripping channel. Transmts guard frequency

in standby condition. Relay tripping function keys
transmtters to trip frequency. In addition, receipt of a trip
frequency plus no blocking function output wll key the
transmtter for short duration to "repeat" trip signal back to
transmtter |ocation. Tripping is blocked for the |oss of
channel. Receipt of trip frequency gives trip permssion to
| ocal relay.

7. Hybrid scheme, FSK unbl ocking channel.  Transmits guard
frequency in standby condition. Relay tripping function keys
transmitter to trip frequency. In addition, receipt of atrip

frequency, plus no local blocking function output, wll key the
transmitter for short duration to "repeat" the trip signal back
to the transmtter |ocation. Permits tripping for a short
duration if the signal is attenuated by a fault. Receipt of an
unbl ock signal gives trip permssion to the local relay.

The following application guidelines should be considered when
selecting a relaying schene and a channel

1. The bl ocking scheme with OFF-ON carrier will trip the |oca
breaker for any internal fault whether or not the renote
tripping function operates and is therefore suitable for
applications with a weak infeed termnal. The channel is not
continuously nmonitored, and is therefore subject to
overtripping if the channel fails. A failed channel can go
unﬁetected until tested manually or by an automatic checkback
schene.
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2. Frequency shift (FSKk tripping channels would normally be used
wi th mcrowave. FSK unbl ocki ng channel s would be used with
power line carrier to allow tripping on internal faults that
cause excessive attenuation in the channel

3. Were frequency shift channels are used, tripping schenes tend
to be nmore secure because relay tripping functions at both ends

of the line nmust see the fault. They are generally applied
mﬁerﬁlthere are good sources of fault current at both ends of
the |ine.

4. \Were the source at one end of a line is nmuch weaker than that
at the other end, a blocking schene will permt faster tripping
of the heavy infeed end since triPping is not del ayed because
of slow operation of the tripping function at the other end.

5. For fast tripPiq? of a weak infeed termnal, a hybrid schene
with a weak infeed trip option is preferred.

6. If two FSK channels are used for direct transfer tripping for
equi pnent failure, one of the two channels can be used for the
directional conparison relaying. This would be a reason for

choosing a tripping or hybrid type schene rather than a
bl ocki ng schene.

SCHEME DESCRI PT| ON

The TLSIB System includes logic for inplenmenting the follow ng
rel ayi ng schemnes:

1. Stepped distance

2. Permissive transfer tripping
a. Overreaching
b. Underreachi ng

3. brid

4. Bl ocking

The TLSI B includes the Iogic and functions for both single pole and
three pole tripping with all of the above schemes. By nmaking suitable
settings, the TLSIB nay be used on lines with series capacitors, or on
lines adjacent to series conpensated |ines.

Perm ssive Tripping

The perm ssive tripping scheme is the sinplest of the three schenes in
that it uses 12 tripping el enents (M, M3, MI, MIG. The blocking
elements (MB, NB) are used to establish blocking to prevent tripping
during fault clearing, during current reversals, or during voltage
reversals that can occur on series conpensated |ines. The “essenti al

el ements of this schene are shown in the sinplified |ogic diagram of
Figure 17.

The phase and ground directional distance overreaching functions, M
and MIG reach beyond the renmpote termnal of the protected line to

-26-



insure operation for faults anywhere on the protected line. The first
zone phase and ground distance functions, M and M:l, are typically
set for 90 percent of the positive sequence |ine inpedance and trip
directly for faults within their set reach. For a fault within the
reach of the relay, one or nore of the overreaching functions (M,

MIG will operate. This will apply a signal to AND407 via 01.

AND4AO7 is referred to as the "comparer" and is used to determne if

the fault is within the protected |ine by conparing the output of the
| ocal tripping functions with the signal received fromthe renote
term nal . In permssive overreaching transfer trip (POIT) schemes, an
output from the overreaching functions will key the associated FSK
channel to the tihp frequency via OR205. I n perm ssive underreaching
transfer trip (PUIT) schenes, a permssive 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 POIT (closed), or a
PUTT (opened) scheme. The second input to AND4O7 is the output of the
| ocal receiver. The NOT output to AND4O7 is not used in this schene.

For an internal fault, the overreaching functions at both terminals
Wi ll operate and send a permissive trip signal to the renote termnal.
This wll apply a trip permssion signal to OR405 via AND4O7, OR402,
TL1, OR403 and AND417. The pickup delay of TL1 is used to provide
security against false tripplng on external faults due to spurious
trIP signals fromthe channel: the 50 mllisecond reset time of TL1
prolongs the keying of the transmitter via OR403 and OR205 to insure
that the renote termnal will have anple tinme to trip before the
permssive trip signal is renoved.

If an internal fault occurs within the reach of a zone 1 function (M
or Mil), a trip permssion signal will occur imediately via OR402,
OR403, AND417 and OR405. The output from OR403 will also cause a
permssive trip signal to be sent via OR205.

During an external fault, the tripping functions at the term nal
nearer the fault will not operate because the fault is "behind" them
but the blocking functions will operate, to establish transient
bl ocki ng. No tripping can occur at that termnal and the transmtter
will not be keyed. The tripping functions at the renote end nag see
the fault, but tripping will not be allowd because there will be no
perm ssive channel input at the conparer (AND407).

Bl ocki ng_Schene

The TLS1B relay systemis supplied with blocking functions so that it
may al so be used in a directional conﬁarispn bl ocki ng schene with AM
(ON-OFF) power line carrier. This schene includes both tripping and
bl ocking elements and is shown in sinplified formin Figure 18.

In this schene, no carrier is sent in standby or when the trip
el ements operate. The channel receiver input to the conparer (AND407)
Is therefore energized in the standby condition via NOT10L. The
operation of the blocking schenme for a fault within the protected zone
is sinmlar to that described for the permissive tripping schene. Wen
one of the overreaching tripping units (M, MG operate, one input to
the conparer (AND4O7) is supplied via OR201; in addition, the output
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of OR201 energizes the carrier stop output via AND209 and OR213. he
will prevent any auxiliary functions (such as voice or checkback) from
sending a blocking carrier signal during an internal fault. p%| t hr ee
inputs to the conparer (AND407) will be satisfied since the bl ocking
units will not operate and the blocking carrier will not be received
for a fault within the protected zone. The 50 nmillisecond reset tinme
of TL1 blocks carrier start and prolongs the carrier stop output to
insure that the renmote termnal will have anple 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 renote term nal may operate. The tripping functions
at the termnal closest to an external fault will not operate because
the fault is "behind" them the blocking units at this termnal will
OEerate causi ng blocking carrier to be sent to the renote term nal.
The tripping functions at the renote end may respond to the fault, but
tripping wll not be permtted because the carrier input will block
t he conparer via NOT101 and OR101.

Hybrid Schene

The hybrid directional conparison schenme operates in a manner simlar
to the permssive tripping schene, except that bIockin? functions are
al so used as shown in Figure 19. The blocking units allow the channel
repeat and weak infeed tripping circuits to be incorporated.

Wien the hybrid schenme is used on a systemw th strong sources at each
end, it wll respond to an internal fault in the sane manner as a
permssive tripping scheme. On a system where one source is or nay be
weak, the hybrid scheme offers advantages that cannot be obtained wth
the permssive trip scheme. Assune a fault on the protected |ine that
can be "seen" by the tripping units (M, MIG of the relay at the
strong termnal, but not by the tripping units at the weak infeed end.
The relays at the strong infeed end will send a permi ssive trip signal
to the relays at the weak infeed end.

In a permssive scheme, the relays at the strong infeed termnal will
not be able to trip because they will not receive a permssive trip
signal fromthe relays at the weak infeed terminal. The relays at the
weak infeed end will receive a permssive trip signal, but will not be
able to trip because the tripping functions will not respond to the
fault. In a hybrid schene, the receipt of a perm ssive signal at the
weak infeed end and the lack of an output from the bl ocking functions
will allow the perm ssive signal to be repeated back to the relays at
the strong infeed termnal via TL12, AND102, AND405 and OR205. \When
the repeated signal is received, the relays at the strong infeed
termnal will produce a trip output. At the weak infeed term nal
where neither the tripping nor blocking functions have operated, a
trip will be initiated via TL16 when the trip signal is received from
the renote termnal, provided that the current is less than the
Igp-Block setting and the voltage is less than 0.65 per unit. \Wen an
external fault occurs within the reach of the overreaching tripping
el ements, the blocking functions will operate and block the local trip
units, as well as blocking the repeat circuit at 'AND405, preventing
the relays at either termnal from tripping.

- 28-
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Single Pole Tripping

|f the TLS1B systemis applied in a three pole tripping schene, a TRIP
PERM SSI ON output from OR405 will initiate three pole tripping of the

associated circuit breaker(s). In a single Pole tripping scheneg,
however, it is necessary to trlp.only the faulted phase for single
line to ground faults, and to trip all three phases for nulti-phase

faults. A sinplified phase selection circuit is shown in Figures 17,
18, and 19.

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 operate).
Therefore, for an internal phase A to ground fault, one input to
AND408 wi || be supplied by the phase MGl or MIG while the TRIP
PERM SSION signal w Il supply the other. Only the phase A pole of the
circuit breaker will be tripped. Phase A may al so be selected by the

signal labelled "A open." This signal occurs when the voltage on
phase A is less than 0.65 per unit and the current on phase Ais |ess
than the setting of the IA Block current detector. hese open pole

detectors are used to indicate when the associated phase is
de-energi zed, and also to provide phase selection on weak infeed
faults, as discussed subsequently.

An output from CR20 will select a three pole trip by applying an input
to each of the phase selection circuits. The follow ng conditions
will apply an input to OR20 to select a three pole trip

1. Qperation of any first zone phase distance function (any M).

2. Selection of nore than one phase (two out of three logic).

3. Tine delayed tripping - Zones 2 and 3 na¥ be selected by the
user to trip single pole or three pole. one 4, if used,” wll
always trip three pole.

4. Qperation of any overreachin? phase distance function (any M),
or the conbination of an Ml function and the receiver output.

5. Receipt of a three pole trip channel

Option links are available in the logic nodules to select the
conbination of itenms 4 and 5 which are best suited for the
application.

| ntercircui Faul Pr ion

The protection of double circuit lines presents an interesting problem
when single pole tripping is required. Consider, for exarnple, the
system shown in Figure 20. For the fault condition shown, the fault
w | 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 |ocation noves towards the center of the line, the fault wll

appear as a single line to ground fault to the relays at both
stations. If suitable precautions are not taken, single pole tripping
will be initiated on both lines at station B, while three pole
tripping will be initiated on both lines at station A

-20-
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Station A Station B

Line 1
"{:} ;::]“
BG
i I —
L Line 2 / —
CG

Figure 20 - Double-circuit Transmission Line

The distance functions in the TLSIB relay system are desi gned such
t hat on%y the BC phase units will operate at station A while at
station B, only the B phase ground unit will operate on line 1 and
only the C phase ground unit on line 2. However, this feature by
itself does not solve the problem

A conplete solution involves the use of multiple comunications
channel s. The first solution requires two conmunication channels.
The two channel solution provides correct single pole clearing, as
descri bed below, but involves sequential tripping of the breaker
remote fromthe fault.

The two communi cations channels are used as shown in sinplified form
in Figure 21. Briefly, the following will occur for the fault
condition shown in Figure 20. At station A the phase BC MI functions
wi Il operate and send a three pole trip signal to station B via OR8
and AND205. At station B, the phase B MIG will operate in the
Protectlon associated with line 1 and the phase C MIGwi || operate in

ine 2. They will send single pole trip signals to the relays at
station A via OR206 and AND204. A permi ssive trip signal w be
applied to the conparer via ORLO1L at both stations. Single pole
tripping of the faulted phases will be initiated at station B. No
trlpglng wll be initiated at station A at this tine, because there
has been no phase selection. The MI units are permtted to select a
three pole trip onlf if a three pole trip signal is being received
fromstation B (AND21). As soon as the fault is cleared at station B
the phase BC units at station A wll reset and the proper ground units
Wi ll operate and initiate single pole tripping.

The perm ssive trip signal keying fromstation B will be extended
beyond the time the breaker clears by TL1 (trip integrator).

A second solution which provides high speed clearing at both

termnals, requires four information channels. The channel interface
circuits are shown in sinplified formin Figure 22. For the fault
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Key Permissive Trip

ANY MT N\
_)_205f —C@_' Key one-pole

Transmitter

401 ‘ 205 Key Three-pole
q Transmitter

21 b Select Three-pole Trip

ANY NTG

£
®

LI

Three-pole | CC
Receiver 3

Permissive trip signal
D to Comparer

One-pole | €C
Receiver 1

Figure 21 - Channel Keying/Phase Selection for Intercircuit Fault
Two Channel System

condition shown in Figure 20, the phase BC MI will operate at station
A and send a three pole trip signal (FA? to station B via OR8 and
AND205. At station B, the phase B MIGw [| operate in the protection
associated with line 1, and the phase C MIGw || operate in line 2.
They will each send a phase identified single pole trip signal 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 permssive three pole trip
signal (F4) which will energize the conparer via CC3 and ORLOL.
Single pole tripping of the faulted phase will be initiated at station
B. At station A the protection associated with line 1 will receive a
phase B perm ssive single pole trip signal (F2). This signal wll
energi ze the conparer via CCl and OR1OL; it wll also provide phase
selection via CC12 and OR2. This will result in single pole tripping
of phase B on line 1 and in a simlar manner, phase C on line 2. ote
that the MI units are only allowed to select a three pole trip if a
perm ssive three pole trip signal is received, indicating that the
relays at both termnals are seeing an interphase fault. As noted
earlier, the use of four channels results in high speed clearing at
both termnals and does not require sequential tripping of the
termnal renote fromthe fault.

DESI GN FEATURES

Packagi ng
The TLS systemis contained in a nodul ar design package 8 rack units
(14 inches) high. The printed circuit boards, transforners,

transactors and output relays are contained in pluggabl e nodul es. The
case includes two 14-point test/disconnect plugs. A single regul ated

DC- DC power supply nodul e provides the DC supply voltages to both
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cases. The nodul ar design offers the advantages of reduced size,
reduced cost, and ease of installation.

Settings

Al of the TLS settings and adjustments are di%;tal and are made using
rotary switches, mniature toggle switches (DIP) or printed circuit
board-mounted links. The increnments used in these settings have been
chosen to provide good resolution, thus elimnating the need for
verni er adjustnments which would require the use of potentioneters.
Many adjustnents, such as the characteristic angle, the reach and sone
overcurrent levels are conveniently located on the front panel of the
nodul es. Switches are provided in the logic nodules to programthe
system for various schenes and optional features which are available
in the system

Greuitry

The TLS system i ncl udes innovative circuitry which incorporates proven
state of the art electronics into traditional relaying functions. The
TLS system |ike other CGeneral Electric Co. relays, uses only
hernetical ly seal ed and burned-in seniconductors. The TLS system nmay
be used in an environnment where the anbient tenperature is between
mnus 20 degrees and plus 65 degrees Centigrade. The followi ng are
exanpl es of the new circuit techniques used In the TLS design.

Timng Grcuits

The measuring unit characteristic timers and a majority of the logic
timers are digital; that is, the time is established by counting a
series of reference or clock pulses. These pul ses 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 the
crystal oscillator goes outside prescribed limts, a nonitoring
circuit will switch to the backup oscillator and energize an alarm
circuit.

These digital timers are a marked inprovenent over the
resistor-capacitor tiners used in previous systens. Per f or mance
variations with changes in component values, tenperature and age are
n}ninized. The digital tinmers also provide greater accuracy and ease
of setting

An integrated circuit package was devel oped to provide all of the
sgecial features required by a nmeasuring unit characteristic tiner.
The' tripping unit characteristic tiners are adjustable from64 to 128
degrees In one degree steps. Because of the special features in this
timer chip, it is also used for many of the logic tiners.

Qperate Grcuits

The mho distance functions used in the TLS system are of the phase
angl e conparator type used in previous designs. There are, however,
several significant innovations in the operating circuits of the
functions.
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Figure 22 - Channel Keying/Phase Selection for Intercircuit Faults,
Four Channel System
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In earlier designs, the reach of the function was adjusted by
sel ecting an apﬂropriate tap on the restraint voltage, and using base
reach taps in the current circuits to nmake major changes in the range
of adjustment, i.e., 1 to 10 or 3 to 30 ohns. In the TLS system on
the other hand, voltage taps are used to select ranges of reach
adjustment (0.1 to 2.5 vs 1 to 25 for exanple%, and the reach is

adj usted by changing the replica inpedance in the current circuits.

The approach provides inmproved performance by producing a nore uniform
energy level in the operating circuit filters over a w de range of

reach settings. By varying the 1Z quantity, the resolution of the
reach is made uniform and I nproved over that which can be obtained
mnthhv%ltage restraint taps, especially at |low tap settings (higher

reaches).

Targets

Light emtting diodes (LEDs) are used as trip targets in the TLS
system  The LEDs are sealed in until they are reset nmanually via a
front panel reset pushbutton or renotely via an external input to a
contact converter. The reset circuit also provides a neans of
checking the LEDs by monentarily lighting all of the targets when the
pushbutton is depressed. The followng LED targets are provided:

Phase A trip*
Phase B trip*
Phase C trip*
Zone 1 trip

Zone 2 trip

Zone 3 trip

Zone 4 trip
Channel trip
Line pickup trip
Weak Infeed trip
Transfer trip
Qut-of -step bl ocki ng**

- oOowmXr

54=59z

*Light individually in single pole tripping schemes, whereas all three
light in three pole tripping schemes**Does not seal-in.
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