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POWER SYSTEM CONSIDERATIONS IN ICB I
CURRENT DIFFERENTIAL RELAY APPLICATIONS

BY

W. A. EIMORE & R. E. RAY

INTRODUCTION

The LCB II pilot relaying system was designed to
accommodate a wide range of power system variations. This allows
a user to adapt the settings to the particular system parameters
he expects in a given case, eliminating the need for adding
additional components as major alterations in the power system
occur.,

Generation variations, transformer connection varieties,
and distribution factor differences all influence the selection
of the settings. One purpose of this paper is to define the
optimum settings for the LCB II system based upon a rational
consideration of realistic alternatives. This will include
developing the setting criteria for all fault types, and then
applying these criteria in an example. Settings will be
considered for both cases of egqual current transformer(ct)
ratios and unequal ct ratios at each line terminal. Also, the
special setting problems associated with tapped loads on the
protected line and three-terminal lines with out-feed at one
terminal during an internal fault will be considered. Another
special application to be discussed is the use of the LCB II
when protecting a circuit with a power transformer in the zone
of protection.

Another purpose is to describe the behavior of the systenm
when employed in certain power system circumstances. These
include breaker-and-a~half or ring bus arrangements with the
line disconnect switch open, line energizing current, and loss
of channel, to name a few. Finally, consideration will be given
to all the other strap selectable options in the LCB II relay
systenm.

DESCRIPTION OF ILCB II RELAY SYSTEM

This section will provide the reader with a review of the
LCB II relay system operation. A detailed discussion of the
system can be found in references 1 and 2. The LCB II systenm is
a composite network scheme that develops a single-phase voltage
output proportional to some weighted combination of the
symmetrical components of the input currents. These input
currents are received by the LCB II relays from current
transformers connected in the transmission line at each terminal
of the protected zone.



Refer to the simplified block diagram in Figure 1. A low
burden, wide range current transformation package supplies the
local three-phase line current information in voltage form to a
precision composite sequence network. The seguence network
output characterizes the three-phase currents in a single-phase
form. The modulation circuit converts this information into an
FM like signal which is the input to the channel interface
package. The channel interface may be either a fiber optic
transmitter or an audio tone transmitter. At the receiving end,
the channel interface converts the optic signal to an electrical
signal if the system is a fiber optic channel. If the channel is
audio tone, the interface conditions and amplifies the signal
before sending it to the demodulator. The demodulation process
takes the incoming signal and recreates the power system sine
wave that was transmitted from the other line terminal. The
delay equalizer circuit further conditions the local sequence
network output to reflect the same transfer characteristic as
the modem process applies to the remote guantity. The two
sequence gquantities (local and remote) are, therefore, very
closely matched in terms of the frequency and time responses
prior to the comparison process. The comparison circuit performs
a true phasor evaluation of the local and remote quantities and
outputs the results to the trip decision circuit.
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Fig. 1 Function Block Diagram of LCBII Relay

A direct transfer trip(DTT) feature is also incorporated in
the design as an option. The DTT is a priority function and when
activated, the local quantity transmission is disabled. In its
place, a coded tone signal signifying a DTT command is
transmitted.

The overall relay system has been designed to accommodate
either two- or three-terminal 1lines. For three-terminal
applications, a second modem channel is added to the relay. More
discussion on three-terminal lines is included later in this
paper.




Sequence Network Voltage Equation

The composite sequence network 1is used to convert the
three-phase guantities to a single-phase quantity. A detailed
description of the sequence network is given in references 3 and

4. Figure 2 shows the diagram of the sequence network
implemented in the LCB II relay, and Figure 3 shows how the
positive-, negative-, and zero-sequence components are combined

to form a single=-phase quantity.

VF = (14»14/T) (ClIAl Es CZIAZ + COIAO) (1)
where: Vg = the network output voltage
C; = the positive-sequence weighting factor
C, = the negative-sequence weighting factor
Cy = the zero-sequence weighting factor

I,; = positive-sequence component of "A"
phase current in the relay
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I = negative-sequence component of "A" phase
A2 \

current in the relay

Ip = zero-sequence component of "A¥ phase

current in the relay

T = the tap setting of the relay (adjustable from

2 to 20 3). ‘

It must be remembered that Equation 1 is a vectorial equation.
The selection of the weighting factors is not critical but,
they can be chosen in such a way as to optimize performance.

Comparison Scheme

A block diagram of the comparison circuit is shown in
Figure 4. For the comparison process, two gquantities are
generated from the local and remote voltages. The first is
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Fig. 4 Comparison Circuit

called the operating quantity and is derived by the phasor
addition of the local and remote voltages with differential
amplifiers. The operating quantity is given by Equation 2.

where: Vop = the operating quantity
Vy, = the local quantity (Vy phase-delayed)
Vg = the remote quantity

The restraint quantity is obtained by adding the local and
remote voltages on a magnitude basis, thus phase angle does not
enter into the result. The restraint quantity is given in
Equation 3.

Vgrs = 1Vp! + IVR] (3)

where: Vgrg = the restraint quantity




The gquantities Vgpand Vepg mMust now be compared to determine
if the fault is internaf or external to the protected line.
Equation 4 shows how this comparison is accomplished.

where: Vpy= @ preset pickup threshold

Three-terminal lines can be protected by the addition of
another "remote" guantity. The operating quantity is the
magnitude of the phasor sum of the local plus both remote
voltages, and the restraint quantity is the sum of the
magnitudes of the local quantity and both remote quantities.

Vees= Vgl + [Vgyl + [Vgol (6)
where: Vp1 and Vp, are the two remote quantities

For three-terminal lines, this comparison technique allows the
relay to handle a significant amount of out-feed at one 1line
terminal during an internal fault and still trip.

Differences between LCB II and LCB

It may be valuable to those who are familiar with the
earlier version to compare the ILCB and the ILCB II. First of all
the two relays are totally compatible. That is, an LCB can be
used at one line terminal and an LCB II can be used at the other
terminal. However, it is recommended that similar relays be
applied at all terminals. The changes in the relay are
enhancements and additions:

(1) The addition of a time delay trip option to the
loss-of~channel overcurrent trip and unblock options.

(2) The addition of a voltage input and logic to enable
the relay to detect faults on the bus section between
breakers of a ring bus or breaker-and-a-half bus when the
line disconnect is open, without causing undesired
tripping of the remote breaker.

(3) The addition of an input circuit to handle the
insertion of an external zero-sequence current gquantity
for cases where transformers are in the zone of
protection.

(4) Additional fiber-optic capability through the use of
longer wavelength optical components.

(5) Enhancements were made in the signal-to-noise (SNR)
clamping logic to make the audio tone version of the
relay even more secure.

(6) Enhancements were also made to further improve the
security of the DTT option of the relay when applied in
the audio tone version.

These changes make the second generation LCB II more versatile
in its application than the LCB.




DEVELOPHMENT OF SETTING CRITERIA

By substituting Equation 2 and 3 into Equation 4, Equation
7 results,

[V, + Vgl = 0.7(|Vyl + [Vg]) 2 Vpy (7)

For the condition of Vp=0 this reduces to:

0.3Vy, > Vpy (8)

Vppyhas been selected by design to be equal to 0.4242 volts.

Substituting it into Equation 8, and calculating the sequence
network voltage, it 1is seen that V; must be greater than 1.414
volts for the relay to trip. If the above analysis is carried
out using only the remote voltage, the required voltage to trip
is the same. Since the remote voltage has the same effect on
the relay as the local voltage, then any combination of local
and remote voltages that produce the required excess of Vop
over Vprg Wwill cause tripping of both relay terminals. The
conclusion to be drawn from this is that the system trip point
and the single relay trip point are the same. Therefore, the
energy level at each relay is the same, and the relay trip times
for all line terminals are very close to each other.

If the 1.414 wvolts is substituted for Vg in Equation 1, the
following Equation is obtained:

| (14.14/T) (CqIpq + CyIpg + Colpg)| > 1.414 (9)

or

| (C1Ia7 + CoIpg + Cplag)| > 0.10T (10)

Equation 10 now becomes the basis by which all relay setting
criteria are developed.

The following choices are available:

Cy= =0.1, ~0.05, ©
Cy= 0.23, 0.22, 0.20, O
Co= 2.45, 1.25, O

Three~Phase Fault and Load Criteria

Three-phase faults ideally contain only positive-sequence
currents, and load current 1is also positive sequence in
character. When the channel over which the relay system is
operating is intact, load current is ignored by the LCB II relay
system because it is a through current condition to the
protected zone.




If tripping is allowed by selectable option during
loss=-of-channel, then the setting of the positive~sequence
sensitivity should be above the maximum load level to avoid
undesirable tripping. The setting must also be below the level
of the minimum three-phase fault current fed from all line
terminals under any switching condition for which it is desired
to protect the line. For a three-phase fault and load current
condition, only I exists (I, and Ipno are equal to 0),
thus Equation 10 reduces to Equation 11.

I3p > [0.10T/Cy | (11)

where I;p is the minimum total internal three-phase fault

current fed from all line terminals under any switching
condition.

If the relay is set to block on loss-of-channel then this
is all that need be considered. However, if the relay is set for
overcurrent trip on channel failure then the relay should be
set above load with a 25% margin.

|0.10T/Cq] > 1.25Ip (12)

where Iy, is the maximum load current through the protected
line.

Some people prefer to combine these two criteria:
Isp > |0.10T/Cq| > 1.25Iy (13)

Note that for I,;>.8 I;p, this criterion cannot be
satisfied and therefore the option for trip blocking on loss of
channel must be selected.

Phase~to-Phase Fault Criterion

Discriminating choice of positive- and negative-sequence
weighting factors (C1,C5,Cy)in the design of the LCB II
relay avoided any problem of incorrect identification of fault
location. In general, positive- and negative-sequence current
distribution factors are identical. However in the vicinity of a
generating plant with the machine positive-sequence impedances
varying with time following the occurrence of a fault from xg"

to xg' to x4, and negative-seguence impedance remaining
fixed, there will be, with sources on both sides of the fault,
different distribution factors for positive- and




negative-sequence currents. From Figure 5, it is evident that
the ratio Irq/1 varies as Xy changes. However with the
Cy and C cons ants in the network equation having been
chosen wrtﬁ opposite signs, and the signs of the currents being
opposite for the BC phase fault represented by this figure, an
additive effect takes place rather than a cancellation effect.
For the BC fault, equal and opposite wvalues could have been
chosen for the C; and C constants. As will be seen later
this would have caused a problem for line-to-ground faults with
all zero sequence contribution from one source.
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Fig. 5 Interconnections of Networks for Phase-To-Phase Fault

The A-phase oriented filter must serve for all phase
combinations of faults. Figure 6 shows that for AB and CA
faults, Vg is much less than that for a BC fault. To make AB
and CA fault sensing compatible with the level of three-phase
fault sensing , it is necessary to choose C, edqual to
approximately minus 2C,. The natural result of this is to
produce slightly higher sensitivity (I5p/1.732) for BC faults
than for the other two combinations(1.732I5p/2).

If ¢y is chosen to satisfy the minimum 3-phase fault

criterion, any non-zero C, will provide adequate
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Fig. 6 Phase-To-Phase Fault Phasor Diagrams
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phase~to~phase fault sensitivity for the minimum case. On the
other hand, if C,=0 is selected, it is desirable to check the
phase-to-phase fault sensitivity.

Ipp > [0.1732T/Cq | (14)

where Ipp is applicable for the same conditions as Iyp is
above.

Phase-to-Ground Faults

Because of the likelihood of appreciable resistance
existing in a ground fault path, increased sensitivity to
zero-sequence current is desired. This was accomplished in the
design by choosing a Co constant 24.5 times as great as C,.
Applications involving continuous zero-sequence current flow or
"through" zero-sequence current flow for internal phase faults
will require cutting this weighting factor in half or reducing
it to zero. Parallel untransposed circuits can cause zero
sequence to be present to the extent of approximately 10% of the
load current level.

Figure 7 shows the network interconnections for a
phase-to-ground fault. With switch S open, this represents a
system with no =zero-sequence current path to the left of the
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Fig. 7 Phase-To-Ground Fault Case with Consideration of Filter Output Voltages

fault. Observation of typical station G gquantities shows that a
negative C; and C,=-2C; produces a filter output voltage
that is essentially in-phase with the Vy gquantity at the
station H thus producing a trip condition. Notice that this
"in-phase" relationship comes about because of:

1) the choice of a large weighting factor for
Zero-segquence current.

2) |Cy| greater than [C1| and

3) C, being of opposite polarity to Cq.




For this case C could have been greater than C, and their
signs could have been reversed, but the phase-to=-phase-to-ground
case to be considered next shows this would have been an
unsuitable choice.

The criterion for setting the relay for phase-to-ground
faults is given in Eguation 15.

Ig > 10.3T/(Cy + Cy + Cp) | (15)

where I~ is the minimum internal phase-to-ground fault current
fed from all terminals. Equation 15 is derived from Equation 10
and uses the facts that IAlzIAZ:?AO and that Ig=3I, at
the fault.

Phase-to-Phase-to=-Ground Fault

Figure 8 shows the network interconnections for a BCG
fault. Depending on the 2,/Z, ratio, total I, and total
I,o may have any relationship. For the case with switch S
open, and therefore no I, at location G, it is imperative
that C;Ip; + CyIp, be essentially in phase with the
large filter outpu% voltage caused by I,; at location H. This
dictated that C, have a negative wvalue and that C, and C
be positive. Only these possibilities exist in the available
taps.
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Fig. 8 Phase-To-Phase-To-Ground Fault Case with Consideration of Filter Output Voltages




SETTING CALCULATIONS FOR THF GENERATL CASE

Case of Equal Ct Ratios

This section will show how +to calculate and pick the
settings on the relay for the general application case. It may
be useful to restate the definitions of the currents that will
be needed to calculate the settings.

Is5p = Minimum total internal three-phase fault current
fed from all line terminals under any switching
condition.

Ipp= Minimum total internal phase-to~phase fault
current.

Is = Minimum total internal phase-to-ground fault
current fed from all line terminals under any switching
condition.

Iy, = Maximum load current through the protected line.

Summarizing the setting criteria for the relay.

CRITERION #1:(Equation 11): Izp > 10~1T/C1|]

CRITERION #2: (Equation 12):[}0.1T/Cli > 1.251L18ee Note 1

CRITERION #3: (Equation 14): Ipp > [O.l732T/Cli See Note 2

CRITERION #4: (Equation 15):[16 > 1033T/(c1+c2+c0)ﬂ

NOTE 1: Criterion 2 is required only when the relay is
set to trip as an overcurrent device on a loss of
channel.

NOTE 2: Criterion 3 is required only when the sequence
network is set for no negative-sequence response.

Two things must be determined before the settings can be
chosen. One, will the relay be allowed to trip as an overcurrent
device on loss-of-channel, and two, is there any reason to sget
the negative-sequence sensitivity of the relay to zero(C,=0).
For the example, a two-terminal line is used and the relay may
have a negative-sequence Tesponse. The only time the relay's
negative-sequence response need be eliminated is when there is a
load tap on the line with a delta-wye transformer. This is
discussed in greater detail later in the paper. Also it will be
assumed that the overcurrent time delay trip will be used as a
backup during channel failure. Based on the above assumptions,
for this example, it will then be required to use criterion #2
and not use criterion #3.

11




The current and ct information for the example is shown in
Table I.

TABLE | SYSTEM FAULT CURRENTS FOR SETTING EXAMPLE

FAULT STATION G| STATION H

THREE-

PHASE 200 A 2500 A

PHASE-TO-

GROUND 400 A 150 A

LOAD

CURRENT 600 A

CT RATIO = 600/5

I;p=(2500+500)5/600 or I;p= 25 A., I;=(600)5/600 or I;=5
Al and Ig=(400+150)5/600 or Ig= 4.58 A.

The three-phase fault and load current criteria will be
considered first:

substituting into criterion #1:

25 > [0.1T/Cq| (16)
and substituting into criterion #2:

|0.1T/C;| > 1.25(5) = 6.25 (17)
From Equation 16 and 17 the value of 0.1T/C, can vary anywhere
between 6.25 and 25 A. The lower setting should be chosen in the
interests of speed. Cl may be selected to be =0.1 and T may be
set for 6.25. Any of the values of C, may be chosen but
C,=0.23 is preferred with C;=-0.1.

Next the ground fault sensitivity should be chosen.
Substituting for I,, T, C;, and C, into criterion
#4,Equation 18 is obtained.

4.58 > |0.3(6.25)/(=0.1 + 0.23 + Cy] (18)
therefore, 4.58(0.13 + Cy) > 1.875 and solving for Cg:

CO > 0.279 (19)
Since it is desired to make the relay as fast as possible and to

handle as much fault resistance as possible the inequality
should be as large as possible. Thus, based on the above, Cj,
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is chosen to be 2.45 giving a ground fault sensitivity of
0.727a. For this example, the relay setting that is to be used
is T=6.25, ==0.1, =0.23, C 0=2.45. Experience has shown
that these se%tlngs w1l be approprlate for 90 to 95% of the
applications of the LCB II relay.

Total internal fault currents determine whether tripping
will occur or not. When line-testing from terminal H, the total
internal fault current is 2500(5/600)=20.83 which exceeds the 3
phase sensitivity setting of 6.25 amperes. Tripping will
occur. However, the setting will not allow clearing of a
three-phase fault if the line test occurs by closing station ¢
because the fault current in this case is only 4.17 amperes.
All ground-faults will be cleared since the ground fault
sensitivity is 87.2 A primary current. In order to cover the
line-test case from station G for three-phase faults it would be
necessary to set the system below load current, and then block
tripping on loss-of-channel. If it is both desired to line test
from station G and provide overcurrent trip, then possible over
tripping must be accepted during a loss of channel when loaded
above the relay pickup.

Unegual Ct Ratios

When the two c¢t ratios at the ends of the line are
different it 1is necessary to compensate for the current
differences by changing T, the current sensitivity setting. The
Cy, €5 and Cq settings (P,N and Z straps) mnust always be
set on the same position at all line terminals.

The settings are calculated on the basis of the higher ct
ratio, and then the T setting at the lower ct ratio terminal is
modified. The end which has the lower ct ratio has a higher
secondary current than that at the higher ratio ¢t end, and
thus, T must be set to a higher value. The Eguation for making
this compensation is given in Equation 20.

Tir = (Ryr/Rir) Tur (20)
where T;r= T setting at the terminal with the lower ct
ratio
Tyr= T setting at the terminal with the higher ct
ratio

Ryg= Higher ct ratio
Rig= Lower ct ratio

If in the last example the ct ratio at station H were 400/5
and station G remained 600/5, the tap setting(T) at station G
would remain the same as calculated. The tap setting(T) at
station H would be modified by Equation 20. T at station H=
(600/400)6.25 or T at station H= 9.38. All other settings remain
the same at both line terminals.
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THREE TERMINAL LINE CONSIDERATIONS

Tapped Load Applications

The LCB II relay may be used where the line is protected as
a two-terminal 1line but has a load tap in the zone of
protection. In order to apply and set the relay properly in this
environment, there must be a transformer at the load tap. If a
transformer is not present, one cannot set the relays to limit
the zone of protection , and the power line must be protected as
a three-terminal line.

An example of a load tapped two-terminal line is shown in
Figure 9. Careful consideration must be applied to the setting
of the relay system. It is desired to set the system so that it
trips for all faults up to and into the transformer bank, and
refrains from tripping for all faults on the low side of the
transformer. In Figure 9 a delta-wye transformer is shown with
the wye on the load side and a grounded neutral. This will be
the most common application. The Z in Figure 9 is the
transformer impedance, and Z is the total equivalent system
impedance looking back into the system from the transformer
bank. What must be considered is the difference in relay energy
levels for faults on the line side of the transformer vs. faults
on the load side of the transformer. The relay energy level is
affected by two things, the sequence network settings and the
type of fault. The internal faults that produce the lowest
network output must be compared to the highest energy external
faults.

® AN

3¢
3t

F2

Z = EQUIVALENT IMPEDANCE LOOKING
BACK INTO SYSTEM

LOARD
ONLY ZT- TAANSFORMER IMPEDANCE

Fig. 9 Two Terminal Line with Tapped Load

If the relay is set to have a negative-sequence response,
the type of internal fault that will produce the lowest sequence
network voltage output will be a three-phase fault at the
transformer location.If the relay is set to have no
negative-sequence response then a phase-to-phase fault produces
the lowest energy level in the relay. For a three-phase fault
the fault current will be Viy / (ZR¢ ), where Vyy 1is the
line-to-neutral voltage and R is the ¢t ratio. For a
phase-to-phase fault, the positive-sequence portion of the
current is all that will affect the relay response, and that
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current 1is egual to V N/ (2ZRg) (This assumes no
negative-sequence response in %he relay).

The types of external faults that produce the highest
sequence network output for faults on the load side of the
transformer must be considered. Ground faults do not produce any
zero-sequence current in the relays because of the transformer
delta, and therefore, only the positive- and negative-sequence
response need be considered. If the relay is set for no
negative-sequence response, it is clearly seen that a
three-phase fault on the load side will produce the highest
network voltage output at the relay location. The fault current
in this case will be Vin/ [ (Z+Z2p)Rp1 .

The case where the relay is set for a negative-sequence
response presents a more difficult analysis. Due to the fact
that the positive-sequence constant(C,) is opposite in sign to
the negative-seguence constant(C,) and considering the fact
that the high side positive-sequence current will lead the
low=-side current by 30 degrees, and the high side
negative-sequence will lag the low side by 30 degrees for a
standard transformer, it can be shown that a phase B-to-C fault
or a phase C-to-A fault will produce the highest sequence
network output for phase~to-phase faults. A C~to-ground fault
will produce the highest output for phase-to-ground faults on
the wye side of the transformer. It depends on the value of Z
and 2 as to whether the phase-to-phase or phase-to-ground
fault produces the largest output. Therefore, both must be
considered. For a phase B to C fault the positive-sequence "a"
phase current is Vin/2(2+2Zp)Rn, and the negative-sequence
"A" phase current Is equal to the positive-sequence current
except it is out of phase by 120 degrees. For a phase C to
ground fault the positive-sequence "A" phase current is
VLN/[2(2+1.SZT)RC], and the negative-sequence "A" phase
current is out of phase with the positive-sequence current. It
must be remembered that these phase relationships are on the
high side of the delta-wye transformer, and the fault is on the
low=side.

The tap of the relay must be set between the level of a
phase-to-phase fault on the high side of the transformer and a
three-phase fault on the load side where no negative sequence
response is used.

For 02=O

10C Vin/ (2ZRg) > T > 10C;Vin/[ (Z+Zq) Rg) (21)

where C; is the positive-sequence network constant.

Where positive and negative sequence response are both used, the
tap of the relay must be set between the level of a three-phase
fault on the high side of the transformer and a C-to~ground or
B-to~-C or C-to=-A fault on the low side.
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For C,#0

10C;Viy/2ZRe > T > 10(Cy/=60-Cy)Vyy/[2(Z+2Zq)Re]

10C,Vyy/ (ZRg) > T > 10(Cy=Cy)Viy/[2(2+1.5Zq)Re]

(22)

where C and C, are the positive-and negative-sequence
network constants.

When setting the relay for a tapped load case, where the line is
protected as a two-terminal case one of the above criterion must
be met along with the four criteria from the previous section.
It is best to use the relay with a negative-sequence response if
possible, and it is also good to keep T as small as it can be to
provide the fastest relay time.

Out-feed at One Terminal of a Three-Terminal Line

When the LCB ITI is applied to a three-terminal line, a case
may exist where there is some out-feed at one line terminal
during an internal fault. In such a case, it is necessary that
the amount of out-feed be known since it is needed to assure
that the relay system will trip. One of the main advantages of
a current differential type of relay system is that without any
extra circuits, the system will handle some out-feed at a line
terminal, and still clear an internal fault.

For the three-terminal line case, Equations 5 and 6 apply
and are shown here as Equations 23 and 24 for the reader's
convenience.

If these equations are substituted into Equation 4 and it is
agssumed that V is in phase with V 1, and Vpo is out of
phase with the o%her two, the equation below is the result.

Reducing and substituting Vppy=0.4242, equation 25 results.

where the value of |V;+Vnq| for Vp,=0 is 1.414 volts. This
is the value of the sequence network voltage output at one times
pickup. Note that the larger the in-feed from the strong
terminals the greater the amount of out-feed the system will
handle without failing to operate. If it is recognized that the
value of either Vy or Vp; can be no larger than five times
pickup then a curve can %e drawn which shows the amount of
out-feed a system will handle for a given amount of in-feed from
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the other two terminals. This is shown in Figure 10. It should
be noted that the total of Vi, and Vpy can be no larger than
ten tinmes pickup, and the system will then handle no more
out-feed since both the local and remote 1 quantities are
cllpped by the relays at those respective terminals. The curve
is shown in terms of sequence network voltage output where one
times pickup is 1.414 volts. The actual amount of out-feed that
can be handled is related back to the fault current by using
Equation 10.
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Fig. 10. Outfeed Capability on a Three Terminal Line

SPECIAL APPLICATIONS WITH POWER TRANSFORMERS
IN THE ZONE OF PROTECTION

The LCB II relay may be used with a transformer in its
protected zone, provided proper precautions are taken in the
settings. Some of the cases commonly encountered are shown in
Figure 11(A), (B), and (C). By using a Co setting of zero, all
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Fig. 11 Transformer in Protected Line
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of these cases can be accommodated, provided ground faults
produce adequate I,, for tripping. For case (a) the setting
nust be:

3T/[10(Cq/=30 + C,/30)] < IgVy/(ViRe) (26)

where I is total internal ground fault current as defined
elsewhere in the paper. The minus 30 and plus 30 degree phase
shifts are caused by the delta-wye transformer between the fault
and the CT's.

For a phase-to-phase-to-ground fault, the level of I
will always be higher than for a phase-to-ground fault at the
same location on a given power system. It should be recalled
that I, and Ip; will be gquite different in magnitude
depending on the influence of the zero sequence network as
viewed from the fault location. Also the different directions of
angular shift of positive- and negative-sequence currents in
going through the delta-wye transformer produce an influence.
The setting criterion determined from the more critical phase C
to A to ground fault is T/[10(Cq+dgCy) 1<IpnVy/ (VRe)
where g is 2o/ (2 +Z5) and I, sequence fault curren is
found by VLN/(Zl+qZ2%,

The case in Figure 11(b) will not allow phase-to-ground
fault detection on the delta system by any current operated
relay including the LCB II relay. The phase-to-phase fault
settings required to sense an internal phase-to-phase fault are
|1.732T/[10(C1+C5) 1| <IppVy/(VyRa). C should be
set to zero to avoid any problem assccia%ed wié% zero-seguence
contribution from either transformer to the ground faults
outside the zone protected by the LCB II.

For the system shown in Figure 11l(c), a delta connection of
the CT's at G and the use of:

3T/[10(C; + Cy)] < IgVy/ (ViRe) (27)

where I is total internal fault current as defined before,
will al%ow sensing of ground faults on the wye side of the
transformer. Cy at G and H would be set egqual to zero. The T
setting at G must be different from the T setting at H to
produce equal effects at the two locations. Where the setting
described in Equation 27 is not sufficiently sensitive for
detecting phase-to-ground faults on the system of Figure 11(a)
or 11 (c), the special 3I, input provided in the LCB II may be
used.

The LCB II AUX unit contains a separate current input for
applications such as Figure 11(a) and (c). For the applicatiocn
of Figure 11(c), the connections shown will allow a proper phase
relation between the left hand and right hand side positive- and
negative-sequence gquantities. Figure 12 describes a scheme to
allow zero sequence currents to be compared. The zero-sequence
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quantities are, of course, 180 degrees out of phase for external
faults and essentially in phase for internal faults. Sensitive
ground fault relaying can be accomplished using this
arrangement. A ct ratio differing from that shown for the right
hand can be accommodated by using different T settings at the
two locations.
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For the application for Figure 11(A) an arrangement similar
to that of Figure 12 can be used at each terminal. Sensitive
ground relaying can be realized for all faults on the wye
system. It should be recognized that internal ground fault
detection for faults on the delta system will be dependent on
positive- and negative-sequence only. Also where sensitive
ground detection (Cy#0) is used then the ILCB II AUX unit
must contain a harmonic restraint unit to avoid tripping when
energizing the transformer.

OTHER SETTING AND STRAPPING CONSIDERATIONS

Channel block options

When the channel is lost and the LCB IT relay can no longer
trip as a pilot system, there is a choice of five different

19




modes in which the relay can be set to operate. These modes are:

1. Trip as a high speed overcurrent relay.

2. Block all relay operations.

3. Trip as an overcurrent relay with time delay.

4. Trip as an unblock relay and block tripping after the
unblock time and

5. Trip as an unblock relay but allow time delay
overcurrent tripping after the unblock time.

It is up to the user to choose the mode in which the relay
should operate. If the LCB II is being applied over a fiber
optic channel or an audio tone channel on leased line or
microwave, the best choice would be to allow the relay to trip
as an overcurrent relay with time delay. The time delay ranges
from 0.1 to 2.0 seconds and as a result, can be set to allow the
relay to coordinate. On loss of channel, the relay operates
like a non-directional overcurrent relay and the trip time delay
mnust be set gquite long to coordinate. A setting of 0.5 seconds
will generally suffice. If the relay is used on a
single-sideband power-line-~carrier system, the best choice would
be one of the unblock modes. The term unblock in this case means
that the relay will trip as an overcurrent device for 150 ms,
and then after that, block tripping or allow timed overcurrent
tripping depending on the choice that has been selected.

Trip Desensitizing Option

It is not recommended that this option be used in any
general application of the relay. This option requires a 52b
contact input. When the 52b contact opens which indicates the
breaker is closing, this option will raise the relay pickup
depending on the setting, anywhere from 1 to 10 times the normal
setting for 200 ms. It should be noted that when this option is
in use, the relay trip time will be increased to as long as 100
ms because of the increased energy required to trip. This extra
long trip time only lasts for the 200 ms period following
breaker closing. It has been found that for normal overhead and
cable circuits this option 1is not required, and should not be
used. However it 1is available if the relay is applied to a
circuit with an unusually long transient inrush current.

Channel Phase Delay Setting

This relay setting is to compensate the local sequence
network output veltage for the channel delay between the two
relays prior to comparing it to the remote signal. If the relay
is used with a fiber-optic channel, this delay is set when the
relay is tested at the factory and need not be changed.

Bus Protection Option
When the relay 1s being applied to a ring bus or a

breaker-and-a-half bus this option may be selected. It allows
the relay system to protect that section of bus between the ct's
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when the line disconnect switch is open and the line breakers
are closed, and undesired tripping will not occur for faults on
the protected line on the line side of the disconnect. An input
exists on the relay to tell it that the line is open. This input
may be energized by a manual switch contact or an auxiliary
contact from the line disconnect switch. This option operates by
removing the remote voltage from the relay, and blocking
modulation of the outgoing signal. However, the channel remains
intact so that it can still be used for direct transfer trip if
desired and continuous channel monitoring.

Other Sstrapping Options

The other strapping options are the voltage input selection
for all incoming logic leads. These leads are the remote target
reset, 52b contact input, direct transfer trip keying, and the
bus protection(0CC) signal input. One last selection must be
made and that is whether or not it is desired to have the trip
logic sealed-in until trip circuit current decreases below 0.5
ampere.

CONCLUDING REMARKS

The above discussion of the application of the LCB II relay
system has shown that the relay is very easy to apply to most
power lines. One setting of the sequence network straps will be
adequate for about 90 to 95 per cent of the applications the
relay encounters. However, the relay is versatile enough in its
capabilities , providing the user with several options which may
be applied in unusual circumstances or system configurations to
solve special problems.
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