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Application to Double Circuit Line

Welcome to NPTEL course on Power System Protection on distance relaying. In today’s
lecture we will go to application on double circuit line.
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* Protection of Double Circuit Line

» Distance Relay Application

Our focus will be on protection aspects on double circuit line and then we will see how a
distance relay can be applied for such a transmission system protection.
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+ Adistance relay is said to underreach when the impedance seen by It is greater than the actual
impedance to the fault,

+ Percentage underreach [Z"’Z-zapp]m()}{,

where Z,, = relay reach setting and Z,,,, = imne/danr.e seen by the relay

P =( l,g.:g |10

+ Owerrreach when the impe&ance seen by it is less than the actual impedance to the fault,

Now before going to that let us be clear on two terms, the underreach and overreach of a relay.
So, what we see let us consider this transmission system and we have relay at the bus M. So,
consider distance relay in zone fault at F. So, it is inside the zone 1. Now if the relay now finds
the apparent impedance to be greater than the actual fault impedance, positive sequence fault

impedance then we call we consider this situation as underreach.

Once again a distance relay is said to be underreach when the impedance seen by it that is the

apparent impedance is greater than the actual impedance to the fault. The percentage of

Zser—Zapp

underreach is calculated in terms of the ( )100% . S0, this you can say that when we say

this remain that at the reach of the relay what the corresponding apparent impedance is seen by
that.

So, if we use this one then we can see that what is the percentage of underreach. Here what we
like to see is that underreach implies that the relay we will see because of the apparent
impedance being higher values for the fault point so it will not reach up to the zone 1 setting
of this point. So, before that it will be observing the required impedance setting. In case of
overreach when the impedance seen by it is less than the actual impedance.

So whatever the actual impedance, if it see the lesser value than the corresponding situation is
called overreach situation. So, in that case this relay will see even the zone 1 beyond this also.

So again, the corresponding relation for overreach will be similar to that.
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Double Circuit Lines

Now we will go in this lecture on double circuit line protection, application of distance relay.
Many lines in transmission level are being of double circuit in nature. We have discussed
something in the directional relaying application also. Now if you see the structure here in this
tower when we see the left hand side we have 3 bunch of conductors but they are each bundle

conductors and in the right hand side also we can consider that 3 a set of 3 conductors.

So, if you remember inductance calculation, capacitance calculation we use set of conductors,
multi conductor system AA’, BB’ and Cc’. Suppose this becomes A of one circuit, this become
A’ of another circuit, B, B’ and C, C’. So, this kind of transmission system having two circuits

we consider in terms of that and that we can say that not only gives us more power to be sent.

And also other advantages in terms of inductance reduction and so on. Now in such a case, we
see that on the same tower both circuit 1 and circuit 2 are available and that is we consider the

issue which arises and it need special attention on protection perspective we will see.
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Protection of double circut lines

+ Doubbe crobpra e Ines—same ke or defersedsyme teremnghons may o may nol

Direntionsl Overcurrent profection

M

Source

Clrout-2

Double eiredi lin
Doube circut line

+ DR, detects direction-OC, Is activated and CB-3 opens
+ No overcurrent through OC, and OC,

+ (C, issues trip decision later—
+ QC, and OC, operating time is coordinated with OC, and OC, respectively

Challenges: Delayed trip at source side, resistive fault resuts less current

Now let us we will consider a simple double circuit system however, double circuit or otherwise
called also parallel lines can be can run on same tower, can be running on different towers and
the same nearby right up way they can be terminated at different nodes, they can have a
common bus also and the other bus may not be common. So, there can be different

configurations on double circuit line in a power system.

We will consider a simple such a structure where we have the 2 bus M and N and in between
them we have 2 parallel lines or 2 circuits like the tower | showed you where we have two
circuits on the same tower. So, let us say fault happens to be there at F which is internal fault
in circuit 1. Now what is the issue with overcurrent and directional relay approach we will first

see and then we will proceed for the requirement of distance relay protection.

So, when a fall happens to be there we see there is a radial system. So, current fault current will
flow from this path and also fault current will flow from this path. So, in the directional relaying
lecture we mention that the where we essentially require a directional relay here in addition to
overcurrent relay and here for this breaker also we require additional directional relay with

overcurrent relay.

We have overcurrent relay this side and at for both the circuits breakers. So, the objective is
that for an internal fault in any of the line that line should be only out the other line scheme
should be functional this is from the selectivity point of view. So, for that in this case what will
happen whenever a fault happens to be there this side these directional relays sees forward
direction in the DR1.



And then the OC3 also we will see large amount of current so therefore this combination will
open the breaker at 3. Now, therefore the fault current path from this route now is no more
there. So, this OC2 at breaker 2 and OC4 at breaker 4 they will not see no more fault current.
So, therefore this circuit will remain intact because they will not operate the corresponding

breakers.

Now from this side at breaker 1 this fault is still we can say that continuing so this overcurrent
1 here we will see the large current and there is a coordination between OC1 and OC3 and OC2
and OC4 respectively. So, therefore in a delayed time OC1 will operate after the clearance from
the circuit breaker 3 side. So, this is what the parallel line linkage is being protected by

overcurrent and directional relaying combination.

But what we see from here that the breaker which is closer to this four sides substation side
otherwise is having we can say that a delayed operation so which is not a good thing from
protection point of view. So, therefore that is one perspective of the demerits of such a
protection philosophy. The second thing is that if the corresponding fault happens to be
resistive fault higher and higher resistive fault.

Then the current amount decreases and therefore, the overcurrent may find limitations in terms
of that or it may be delayed operation and so further delayed operation and so. So, with such
limitations of overcurrent principles here, there is alternative and the alternative we are talking

about here today is on distance relaying application.
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Distance Protection for double circuit lines
N
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Z, Example- For a 132KV line
o8 7, =0.2541.0 ohm per km
Line-2 / n 7yn*0.19 + 0.5 ohm per km

| Ly & 2010 sEQUENCE Mutual Impedance up to fault

+ For +ve and -ve sequence currents, the effective current In one
circutt is zero (balanced), and the flux linkage to the other fine is
negligible.

+ For zero sequence current flowing in one of the lines, the zero
sequence flux linking the other line s significant because the
currents are additive (same phase)



How the distance relay can be applied to double circuit line more efficiently that we will like
to see, but before going to that there are issues so let us see that issue. We have circuit 1 circuit
2 or line 1, line 2. Fault happens to be there in one of the line then we have already analyzed
that this circuits fault analysis can be for this circuit can be analyzed in terms of positive

sequence, negative sequence and 0 sequence component and are associated impedances.

Now let us consider only the current part so when we say positive sequence current or negative
sequence current they are balanced. So, therefore in that faulted phase the positive sequence
current and the negative sequence current may be balanced. The associated current lag + by +
Ic1 all the three phasors summation will be 0. So, therefore the corresponding flux which should
be out of this 3 lines, | am circling that one if you remember the inductance calculation. So that
becomes 0 because that circle and encircles summation of these 3 currents which happens to
be O for positive sequence current.

So, therefore the flux linkage from one circuit to the other one that becomes negligible.
Similarly, for negative sequence also that being balanced the associated flux linkage to the
other one also becomes negligible. That means that the positive and negative sequence
components of currents they have negligible mutual inductance, mutual impedance between
these two lines. Come to the 0 sequence component, O sequence as we have already seen 0

sequence component is lao, Iso and Ico they lie in the same phase, same direction.

So, therefore the associated flux of any line or any circuit the corresponding contributed by the
0 sequence components they become additive. And that results in that the flux become
significant to link the other line conductors. So, therefore the corresponding associated 0
sequence mutual impedance become significant as compared to positive sequence and negative
sequence aspects. So, that cannot be neglected for different lines. And for example for a 132
kV line the data says that the O sequence component as you have already seen for the line
individual line becomes 0.25+j1 Q/km.

Where the ZOm the mutual impedance per kilometer between these two lines that becomes
equal to 0.19+j0.5 Q/km. So, we see here we can say that as compared to the O sequence
component of the line the mutual part is also significant. So, this says that from this that the 0
sequence current has a mutual impedance with the other circuit whereas the other sequence

component positive and negative they do not have and they are negligible such impedances.
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Distance Protection for double circuit lines
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So, this leads to our analysis for double circuit line little bit different then what we have derived
the apparent impedance calculation for single circuit analysis. Now, let us consider the double
circuit line here phase a-to-ground fault we have analyzed for other fault also similarly you can
analyze fault in circuit 1 and we have a zero sequence mutual impedance between these two

lines Zom.

Note: this is a phase-a-to-ground fault. So, therefore, V,r = Vy1p + Vaor + Vaor = 0. Now
voltage in phase-a at bus M the common bus for circuit 1 and circuit 2 relay bus. So,
Vam = Vaim + Vaam + Vaom, but this individually we go to the sequence component the way

we did in the earlier lecture on apparent impedance calculation.

So this Vaim equals to Vair plus this drop. So that is what this part and we are only looking at
circuit 1 now. So, therefore Vair and laim of circuit 1 and the corresponding impedance of that
part here to here it is xZimn, for Zimn in the impedance of this line positive sequence impedance
of the line and x corresponds to the per unit fault point distance. Similarly, for the negative
sequence component Vazr plus this part. So, Vazr plus this drop.

Now you come to the zero sequence component Vaor plus this drop, but now consider that we
have in 0 sequence we have a mutual component. So, therefore for the circuit 2 the
corresponding line has a mutual component of xZom and then you can say that this xZom and
the corresponding current associated with the circuit in the second line. So, therefore this

corresponding relations becomes V,yr + Ic(lt)M(xZOMN). So this is the common like the earlier



positive and negative part, but there will be an additional component for the 0 sequence mutual

part Iéfﬁw (xZ o) of the circuit 2.

So, we are analyzing for the circuit 1 fault so relay at R1 for the circuit 1. So, for that the
corresponding mutual part has the other circuit O sequence current. So, this is the expression
for the voltage for bus M at the relay location for the phase a-to-ground fault and we are
analyzing the fault at phase voltage relation. This we see V 15 + Vaor + Vaor = 0. So this one

this and this three becomes 0. Now we have all the other current components 1, 2, 3, 4 terms.

So, now similar to the earlier single circuit aspect, if we take the xZ:mn and we know Zimn and
Zomn they become same. So, therefore we can say that Iim and I2m and lom similar to the earlier
expression this becomes that and this is nothing but your I, component of lam component phase
a current component during fault. Now if you go to the other components if we see here we can
say that we have added and subtracted this part I(%)M and Ic%)m this part like we did earlier case.

ZoMN—Z1MN

), but there is another additional term for this
Z1MN

So, this gives us Iflégv,(leMN)(

component. So this is what we consider +I(%)M (ZZ""‘ ) So this Zimn that we can say that we
1MN

will cancel out. So now we see here we can say that from this relation so that XZimn lam this

part remains this and we define we can say that K, = (Z"M;’ﬂ) I(ggv,(leMN).
1MN

1@

a0

Now we can say that for this part we defined we can say K,y )M(leMN) term we are putting

and we are putting we can say another factor Ky, = (ZZO’" ) where Kowm is called the mutual
1MN

compensation factor mutual compensation factor and the reason behind that we have the 0

sequence mutual impedance between these two lines Zom and that we can say that with respect

Zym that factor is called mutual compensation factor.

Note that to remember you that this Ko in the last lecture also we discuss about 0 sequence
compensation factor in some of the literature we will find this we can say that a factor of 3 in
the denominator and that is due to because the corresponding current that is being considered
is the neutral current or the Earth current. So, that becomes three times of 1a0 so therefore they

remain same you can say in terms of that.

Here we are considering a0 zero sequence current and that is why | can say that three term is
not here. So, from this one from this relations we say that the corresponding XxZ:mn is a common
term in all the three term. So xZimn you can take it outside and then this becomes equals to

14 . . . .
M ———. So, in general we can conclude from this relation that these xZmn is

) [€Y)
LamtKolgom+Komlgopm




nothing but the impedance up to the fault point positive sequence impedance up to the fault
point that is what we say here.

So, therefore that we can say we consider that in terms of the refer it as a Z apparent as

Vam

[€D) @
It Kol ot Kom!

calculated by the relay. So, Z,,, = @~ The circuit where the relay is looking

aoM
at +KOI§})3V,+KOMI$)M. So, this term becomes an additional term and note that this requires

zero sequence current of the circuit 2.

So, for that the corresponding Ia, Iv, Ic of circuit 2 are required to obtain the corresponding zero
sequence current aspect. So, these derivation for the phase-a-to-ground fault reveals such that
for a double circuit line the corresponding expression for Zapp the first and these difference we

can say that is by this factor the additional factor here we can say that this perspective.

Now note that this Zapp now for this reason becomes modulated one as compared to this
perspective. What the modulation is being done by this double circuit line is that the zero
sequence current in the other line during that fault and this factor of Kom. So, this part with
regard to this part may be additive or subtractive depending upon the corresponding phase

relation after the lom with respect to this part of the currents these two currents.

So, that means that we can say that the corresponding denominator becomes larger or smaller
depending upon the phase position of this lom in terms of this two currents. So, that leads to
that if these value total value becomes smaller than this value than the corresponding
impedance will be larger and impedance is larger means that the corresponding situation will

be underreach situation.

And if this factor becomes additive and then this total impedance becomes larger as compared
to this value then the larger impedance means the corresponding value will be smaller and that
leads to an overreach issue. So, that we consider the consideration we can say that if we

consider only this part as usual which we have considered for the single circuit line.
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Ermor without considering mutual coupling
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Now, I will you can say that see this perspective of for the same circuit so if we consider the 0
sequence current of the other line and considering the mutual aspect we derive the equations
as you see the last slide. Now from these relation voltage relation and current relation now
suppose we do not take the corresponding current in the denominator the expression if the

corresponding current this part to get the corresponding XZimn.

And if we take only that the single circuit line what we have seen earlier we take the expression

of I(l)f% then what happens you see here then dividing with this current these relation
aM ™" ?0faoMm
becomes xZivmn which is the fault distance actual one plus there is another term
©)
XZom (1)1‘1#(1) So, this is additional term which you are getting for the double circuit line.
LamtKolgom

If we use the same current relation and voltage relation for line-to-ground, phase-to-ground
fault in phasor-to-ground fault as you have seen in the single circuit case. So, this additional
term we can say that is if these becomes additive as | already say we can say that so that
becomes overreach or underreach depending upon the phasor position of I in the second line

or fault in first line.
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Example: Simulated ag-type fault in circuil-1 at 100 km from bus M

Fault current and vollage data at Relay (R, both cirouits
[ Vo | Curen 0 )
Vi 101,35/ 80.000KV 1, 147/182.0156A |, 0.79,/156.57°KA
Vi 121922150806V |y 0892107 30°KA | 0.55107.30°kA
Vo 120042278600 107028810k ) 0.70/581°kA

Calculate the apparent impedance seen by the relay at M 220

Solution- ¢ = BN L Kol ¢ gont a0 Cireutl ! kmpedince up fo F
for eireut-1, [l’"’]‘ w0.20/178.26°KA ™ : Dy = 36451270
ot 12 « /i B = ll- (e 1,6862 - 0.4164

wilhout conglering mutual coupling
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¥y 19
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Now let us go to an example so we have a double circuit line as shown radial systems and we
have Zowmr corresponds to the 0 sequence mutual impedance up to the fault point for this circuit
with the circuit 2. There is a 230 kV system 150 kilometer and we have line parameters z1, z0
and zOm the mutual 0 sequence impedance and the fault considered is being created at 100

kilometer.

So, therefore the corresponding Z1 positive sequence impedance of the fault point which the
relay is expected to obtain from the Z apparent becomes 100 into this per kilometer impedance
so that gives us 3.6+j51.27 Q. Now we will calculate for this phasor-to-ground fault a
simulation was drawn for this circuit at 100 kilometer from this point and we will observe the

relay voltage and currents.

So, this is the set of voltage phasors during fault and this is set of current lanc for circuit 1 and
this is set of current lanc for circuit 2. In circuit 1 the phasor current is significant as compared
to the other two phases in circuit 2 the corresponding phase current we see here there, there is
no significant change like in case of circuit 1 for this case. Now we see here we require not
only this first circuit currents we require second circuit current to calculate the zero sequence

current of the second line.

So this task is to calculate the apparent impedance seen by the relay at M. Now two approaches

we will see as already we discussed earlier that only using the circuit 1 current and voltage and

Va

also using the circuit 2 currents also. So, the simple relations of % and the other one
aM ofaoM

Vam

we can say that — - =—.
IamtKolgomtKomlgom



So, for the solutions we will find the corresponding zero sequence current for circuit 1 from
this relation la, 1b plus Ic upon 3 and we got the corresponding of this for the circuit 2 also we
got like this. Note that the O sequence current here they are close to each other then the
corresponding they are almost in phase kind of thing that results in an additive factor in the

denominator as we have discussed earlier.

The K, = Z"MZNM , already in this single circuit we have analyzed this, this becomes equals
1MN

z0—-2z1

to if we divide by the kilometer distance length of the line 150 kilometer then we got the -
1

This small perspective is nothing, but in terms of the per kilometer basis this values which are

provided here. So, Kg is considered as a complex number obtained.

Now, Kom for the mutual perspective is ZZ& so that can be also Zg—m divided by the length of
1MN 1

the line so that comes out to be complex numbers. So, these two factors are having complex
terms. Now, we will apply the two approaches without considering mutual coupling means

without considering the second line currents. So, this considering a single circuit approach

Vam
Iam+Kolgom
So, this becomes equals to substituting the value we got this to be 6.95 + j52.93 Q. So these
says that this value is higher than this actual positive sequence fault impedance up to the fault
point from the relay that is what our comparison 3.6 + j51.27 Q so this should be higher value.
So, that means that if we use this formula like the single circuit approach, then this relay will

underreach this relay will underreach.

Now, if we consider the mutual coupling between these two and use the second circuit current
to obtain the 0 sequence current for that circuit and use the formula like which you have derived
so then Vawm upon this then this becomes 3.6 + j51.27 Q which happens to be exactly equal to
Zimr the positive sequence impedance up to the fault point from the relocation. So, that means
that this relations which we have derived is an agreement with the corresponding positive
sequence impedance actual one and if we use this relations using the current from the second

line then we will be getting more accurate apparent impedance.

So, there will be no issue of underreach or overreach whereas we neglect that part then there

will be in this case we observe that this will underreach, but again the corresponding this current



becomes its phasor position with respect to this becomes deviate significantly then we can find

we consider this also the other way considered overreach phenomena overreach issue also.
(Refer Slide Time: 30:06)
Challenges- with single-circuit operation

« |f only one of the parallel feeders (s In senace, the protection In the
remaining feeder measures the faull impedance correctly, except when
the feeder that is nol in service is earthed at both ends

+ The relay has a tendency to overreach.

+ Care should be taken when Zone 1 settings are selected for the distance
protection of lines in which this condition may be encountered.

To overcome (s ‘overreaching jssye, the reach of earth faul relays is
reduced 0,65 Z,,, when lines are taken out of service,

The chance of having a faulf on a line while the olher line is oul of service
5 very small, and many Utiliies do npt reduce the setting under this
condition,

So, with these we see we can say that zero sequence mutual coupling is of significance to
distance relay apparent impedance calculation also. Now we will see consider what are the
different challenges associated with the circuit operation. One is that a double circuit line what
you have seen in the earlier diagrams that at times if these line may be out of service due to

maintenance and so.

So, generally what is being done that the line at the both end both ends they are being grounded,
but with that grounding what happens that the corresponding if the faults happens to be in this
circuit 1 if a faults happens to be in the circuit 1 and circuit 2 is grounded non operational then
this point will look like this through ground. So, therefore there will be zero sequence induced

voltage in this circuit and that zero sequence induced voltage we circulate current in this one.

And that current will be in the opposite direction that what we have seen in the earlier case. So,
in that case it is being said that the relay has a tendency to overreach. So, therefore care should
be taken for the zone 1 setting for this kind of situations to overcome this many recommend
we can say that not 80% of zone 1, 65% of the positive sequence impedance of zone 1 for such

condition only.

So, in case of only single circuit is operation for a double circuit line because of this mutual

effect. However, such a fault for a single circuit operation during the other line not being



analyzed is very rare. So, many utilities they do not consider this lower setting of positive
sequence, lower setting of the zone 1. They continue they consider the normal setting of 0.8 to
0.9 we consider that of the Z1LMN.

(Refer Slide Time: 32:25)

Challenge
Incorrect phase distance relay operation:
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+ Cross country fault Is caused by the fault arc from the first ground fault (say ag-type)
expanding with time, and involving the other lin in the fault (say bg).

« Such a fault produces fault current contributions in both circuits in both phases
a and b of both circuits, and may be detected as an abg fault on both lines.

+ Amulti phase fault causes three phase trip of both circuits- autoreclosing.

Another challenge is the cross country fault so what do you mean is that suppose line 1 as you
can say that phasor-to-ground fault and associated with this arcing and so. A fault may be
triggered in the other line or circuit in another phase like here in this case we have shown phase
b-to-ground. So, what will happen that both we consider distance relay at this point and this
point or from the other side also in the network that they will see significant current in phase
A and phase B.

What | mean to say is that a fault is there in ag and therefore we can say that phase a current
will be significant. Now a fault again falling again it trigger in phase B of the other circuit. So
therefore from this we can say a part considered from the phase B part we can say that goes to
this. So, in phase B current also at this we can say relay position also will become significant.
So, that results in the corresponding relay at this point distance relay at this point will see the

fault as not easy fault.

We will see the fault as abg fault. Now if the relay sees this abg fault then it will use the
corresponding relay we can say that (Va—Vu)/(Ia— Iv) not Va/ (Ia + Kolo + Kolg?). So, that means
what do we see that this is a situation of cross country fault and such a fault produced fault
current contribution in both the circuits for phase and this. A multiple phase consider fault

causes phase tripping what | mean to say that if this corresponding relays is the corresponding



fault to be the phase abg fault, then the autoreclosing business it will be considered as a three

phase tripping aspect.

Whereas only a single phase to ground fault is happens to be there. If single phase can be
removed and here also single phase can be removed in phase b they also we can say that the
system can run and then | can say again we can revoke the systems after sometimes. So, this is
what we consider about parallel line brings issues you can say that to distance relay based

protection scheme.

(Refer Slide Time: 34:58)

Applying of mutual compensation factor-

* Itis not usually necessary to adjust Zone 2 impedance settings to compensate,

+ Zone 3 elements are intended to provide backup protection to adjacent line sections and hence
the effect s to be evaluated

* Lines may be partially coupled
* Current information of the second line may not be available locally

* Indistance protection scheme, the compensation is usually applied in cases like, where sufficient
reach of the backup zones would otherwise not be possible. This would be the case when a short
line follows the double-circuit line,

* For ather applications like fault location |, of other line is used—

Now we discuss on the issues on compensation factor the zero sequence compensation factor
contributed by the other line, other circuit. So, we discussed mostly on zone 1, but in many
aspects for zone 2 we can say that the corresponding impedance setting is not being taken care
in general because zone 2 setting we have extended is there from 120 percent to 150 percent of

the corresponding line being protected.

So, that factor of larger value of we can say that zone 2 to take care of the whole line of zone
1 gives having sufficient safety margin. So therefore we can say that on this perspective that
the zone 2 may not be in trouble. Zone 3 however is a breaker protection for the subsequent
line, for the remote bus. So, therefore there must be a check whether this mutual factor is of

significance in terms of that.

And that may be that zone 3 setting should be of concern and so therefore, a mutual aspect

must be considered for the double circuit line. Note that as already mentioned in the earlier the



lines may be partially coupled. It means that they may have a common person and the right of
way for the part of the line then that becomes we can say that more introduced as more

complexity in the system depending upon the fault position and so.

Current information of the second line may not be available because they may not be having a
common bus at the relay side. So, if the corresponding two buses are of distance apart, then we
cannot get the corresponding currents from the second line. In distance what we have seen the
compensation for the mutual compensation is applied in case like for sufficient reach of the

break up zone would otherwise not be possible.

Like if we say a short line followed by long double circuit line. So, short line we know issue
considered its breaker protection zone 2 of the first line may be double circuit line longer line
make go beyond the zone 2 of the subsequent short line. So, that may be issue so that is why
we can say that it may be critical in that perspective and if that is important from that

perspective as a backup protection then this may be followed.

Otherwise using the relation for the apparent impedance calculation using the compensation
factor, the zero sequence compensation factor considering the other line current is not quite
they being used in the industry because of this complexity of so many issues, configuration
issues and single circuit operation and so and so. However, for other applications like fault
location and so, the zero sequence current of the other circuit becomes useful to proper

impedance calculation and so. So, in that case that can be successively used.

So, this is what we learn on how for the double circuit line the distance relaying can be applied

and the associated issues and the corresponding practice in the industry. Thank you.



