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Lecture 15
Positive Sequence Directional Relay

Welcome to NPTEL Power System Protection Course. We are on module 4 Directional Relaying.

Today’s lecture is on Positive Sequence based Directional Relaying.
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CONCEPTS COVERED

Lecture 15 Positive Sequence Diractional Relay
+ Positive Sequence voltage and current angles

+ Fault Direction information

Here we will talk about how positive sequence voltage and current information is useful for

obtaining the direction of fault.
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Sequence Components based Directional Relaying

+ Many relays use the angular relationships of symmetrical component currents and voltages (1,
and Vo)

+ The angles of Z,, Z,, and Z, as calculated from corresponding V/I

+ Three directional relays, 67pos, 67yq, and 672¢q0

Last class we discussed about how sequence component can be also useful for obtaining the
direction of fault. Modern relays use the angle information of voltage and current phasors to decide
on direction of fault. Some relays use the impedance positive, sequence, negative sequence and

zero sequence obtained from the corresponding voltage and current phasors.

So, we have three varieties of such relays positive sequence, negative sequence, and zero sequence
relays based on sequence components. 67positive, 67 negative, 67 zero sequence are for the over

current directional relays with the corresponding sequence components, we will go one by one.
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Sequence Diagrams
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First we will go with positive sequence approach. But before going to that let us see the sequence
diagram and from there we will derive the corresponding directional relaying principle. Same
system, three bus system to understand the concept, so at bus N we have this relay and it is forward

looking in this direction. The corresponding current through this relay will be Iun.

Now a fault happens to be there in the system at F2, for this relay there is a reverse fault. So, for
this reverse fault, the different sequence component for this system, this is positive sequence
network, negative sequence, sequence network and zero sequence network, this we have already
learned in our basic on sequence diagram perspective. So, here if we see this is the fault point F»
to the left of this M bus and the corresponding impedances of source, these lines section from F

and the other portion to be considered at ML line is Zgmz.

And this is the line section MN. So, the corresponding positive sequence impedance is Zun1 and
this side source is Zs: positive sequence impedance and then the corresponding voltage. Similarly,
corresponding negative sequence impedances are here and source also has the zero sequence
impedances in the zero sequence network. Note that these two negative and zero sequences are
passive networks, they do not have any voltage source here, only the positive sequence network

contains the sources.
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Sequence Diagram
three phase fault

Reverse fault

Ex Positive Sequence
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Now consider that the fault is three phase fault, the reverse fault for the relay Rmn then we say that
it is only positive sequence component and associated with a fault resistance of Rr. So, we put Zr
in generics, so Zr equal to Rr here. But the corresponding sequence network for fault F, reverse

fault for three phase is the corresponding network becomes like this.
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Sequence Diagram
phase-to-ground fault

The system

Reverse fault P

Now, when this corresponding fault happens to be phase to ground like AG fault, BG fault or CG

fault, then in that case we know that the positive, negative and zero sequence networks will be



connected in series with fault resistance being, 3Rr would be connected. So, what you see here
that to this positive sequence component part where we have the voltage sources the negative
sequence and zero sequence. These components are connected in series along with the 3Rr.

Note that because the corresponding current will enter into this zero sequence or negative sequence
will be divided into two paths. So, therefore when you find the equivalent for this negative
sequence or zero sequence, we have two parallel paths. So, equivalent of these two parallel paths
for negative and zero plus the 3R is nothing but the corresponding impedance added between this

point and this point of the positive sequence network.
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Sequence Diagram
phase-to-ground fault

Reverse fault

The system

So, we say that if you take the equivalent of these passive portion as Zr, then the corresponding
equivalent of this network become like this. What you have seen for 3 phase network, this is phase

two ground fault connection, series connection of positive, negative and zero with 3RE.

Now, this portion we can take an equivalent like parallel here, parallel here, combination of these
two in series plus 3Rr is nothing but this Zr, equivalent Zr. So, we put this between these two
points. Then this becomes Zr and rest is nothing but the positive sequence network. Similar

network we got in case of the three phase fault also.
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Sequence Diagram
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So, thus we can say that for phase to ground fault in the forward direction if we do. Now, F; fault
becomes here. In a similar way we can put the positive, negative and zero sequence network with
3Rr in series and then we can get the corresponding equivalent network positive sequence network
and equivalent Zr combination of negative, zero and 3Rr series connection will be the equivalent

Zr and the network connections will be like this.
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So, in general, we saw that for the 3 phase fault or for the line to ground fault the equivalent
network of the 3 bus system becomes like this where you put a Zr for the passive portion. At the
fault point and the rest is the positive sequence network. In case of line to ground fault as we have
already discussed that the 3Rr will be series with the parallel equivalent of the zero sequence and
the parallel equivalent of the negative sequence. These we can say that constitute the Zr this part.
Similarly, for 3 phase fault this Rr constitute the corresponding Zs. Now, for other faults phase to
phase fault and the double phase to ground fault the corresponding sequence network for the

corresponding Zr equivalent becomes like this and this.

So, this is obtained from the positive and negative and the corresponding negative and zero
sequence component of this equivalent system. In case of line to line fault, we do not have any
zero sequence components, in case of double line to ground fault we have zero sequence
component also. So, that leads to conclusion that for all types of fault, the system sequence diagram
can be consider as an equivalent like this with positive sequence diagram. And at the fault point
we can have a parallel path of Zr where Zr consists of these you can say that elements depending
upon the type of fault.
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Positive Sequence Directional Relaying

+ Positive-sequence voltages and curents love
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Now we will come to positive sequence equivalent diagram how we can exploit the directional

relaying we will see. Note that before going to the principle the positive sequence components are



available for all types of fault that it is strength. So, let us consider a fault in the forward direction
F1 then the solid fault.

So, then the corresponding this is a three phase bolted fault, then the positive sequence diagram
and the corresponding Zr, the Zr becomes equals to zero here, because this is a bolted fault and
this F1 is the forward fault in this case. Now see here if you write the equation for this equivalent
system for this three phase fault case then we see that the relay voltage at here will be Vim, 1 for
the positive sequence, M for the M bus relay. Vim equals to this is F1 point is having zero voltage

because bolted fault.
Therefore the corresponding voltage in this portion is

Vim = hiunZur1

Zwvr1 is the corresponding impedance of this portion and the Iivn, the positive sequence currents
to this path is lymn and that is what the relay current also. Therefore this voltage is zero. So, to
calculate this voltage so we are going against the current. So, therefore relation between Viwm is

and livn can be written as

ILiyy 1

V1M a ZMFl

So defining ¢1 for the positive sequence, the angle between the corresponding current I1m and that

which is flowing through the relay minus the angle of this relay voltage that equals to
D1 = 2hun—4Vim = —£Zyr

Where Zwur: is the impedance of this portion from fault to the relay. So, that is what nothing but
the impedance of the line. So, we say that the impedance of the line being positive, if you see that
for this forward fault which we are considering the ¢1 will come to be a negative value. It means
that for forward fault because this is the equivalent for all types of fault, for forward fault we can
say that the ¢1, which is nothing but the angle of positive sequence current seen by the relay minus
the angle of the positive sequence voltage seen by the relay Rmn will be equals to a negative value

because this is a forward fault. This is the conclusion we see from here.



Now, one point here in practical Rr may not be zero, but different faults, for line to ground fault it
may be higher value. So, in that case, what we say that if Re becomes higher, if this becomes the
fault path current. So, this path becomes more and more resistive with higher and higher Rr. That
means that the corresponding angle which will talk about angle of this will go on decreasing. But
typically here, if we see the corresponding impedance angle will be 80° and so for the over head

transmission line and so maybe more also.

Therefore, even you can say that with Rr value the corresponding angle decreases. But still we see
that the corresponding ¢1 will be negative in general. That is what we say that. So, in general we
can say that for a forward fault the ¢1, which is the angle between the corresponding positive

sequence current and the positive sequence voltage will be negative.

(Refer Slide Time: 13:14)

Phasor diagrams for posilive sequence directional relay

(b) Reverso Fault at F,
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Now, let us come to in terms of phasor diagram how we can interpret this. So, let us this is our
same 3 bus system. Forward fault, we got the equivalent diagram to be like this. So, we have L
bus voltage EL, current is flowing from left to right, N bus voltage En and in between we have M
bus voltage let us say Vm before the fault Vmpre. Now what happens if fault happens to be there,

equivalent network becomes like this.

So, now the corresponding Vsuit Or at that bus decreases. So, this is decrement. Now we compute

from this Va, Vs, Vc the corresponding Vmrauit, positive sequence fault voltage. Note that when



we are computing the Vmzifaut. S0, Va, Ve, Vc will be available and we orient Vg, V. towards A
phase that is 1+ oV +a? Vc one third of that. So, that results in your positive sequence voltage.

So at that time the corresponding voltage will be to the pre voltage, it will close to that and
somewhat lower depending upon the deep in the voltage. So, this leads to this corresponding
situation like this. Note that the corresponding fault current will lag the corresponding Vmpre Or
Vwmraut. Therefore, it is lagging and this is you can say that the corresponding current and this
current whatever type consider from this perspective V¢ that this current will lagging in this path.

So, therefore we see that the current lipvn 1ags the Vunsautt.

This show that the ¢1the angle of 11 minus the angle of V1 for the relay becomes negative because
current is lagging the voltage corresponding current is lagging the voltage. Now come to the
reverse fault. This was reversed fault F, for this situation the corresponding equivalent diagram

based on the positive sequence network will be like this with the Zr corresponding thing.

It depends upon the type of fault and the Rr here in this case, again, E., Ex and Vmthe pre fault
voltage. So, now the corresponding Vwmaiauit SOmewhat lower so obtain from Va, Ve, Vcat the
current at this relay is fair we can say from the En source and there is a reversal of current. So this
current will be reversed that we have already seen in case of the phase quantity based directional
relaying. So, current will be reversed. So, current will upward. That means that these l1rmn leads
the corresponding Viwmrui and therefore, we can say that the corresponding ¢: will be positive in
case in case of here that is angle of 11 minus angle of V1. So, we say that as compared to this, this

is a lagging current, this is a leading current. So, ¢1 will be positive in this case.

So, we conclude from this that for forward fault ¢ computed in this manner will be negative and
for reverse fault the ¢ computed in this way will be positive. Note that based on these phasor

diagrams, these angle 1 is limited to 0 to +180°. That has to be seen in case of the calculation.
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Positive Sequence based Directional Relaying

Example Case-1, ag-fault created at F, Re=1 ohm

Relay R,
Voitages
1,20.53/-14983°KA  V,=28.78.-87.910kV 1205624515 KA V.= 24.81/-0285°kV
Lo 01127354%KA Vs 111.992141.167KV 1= 009/12001°KA  Vj» 118.05/14297°KV.
1=0.10/169.04°KA V= 116.34.427.020kV 1=0.08/15510kA V.= 118.53/30.53°kV
1,=0.112-160.53°kA  V,= 84.86£-95.02°kV 1,=0.232-141.85°kA  V,=86.96£-93.20°kV

V] 0 Vl
®,=-65.51 Y’: = ABA80
v v,

‘ Forward fault Iy Forward fault

So, this we say that positive sequence based directional relay can be obtained from the angle ¢1,
which is equal to angle of 1. minus angle of V1 at the relay bus. So, let us see an example for the 9
bus systems, which we have already discuss in case of phase quantity based directional relaying.
So, the relay R1 and R> are therefore at bus 8 and bus 9 for the line section 8 and 9, voltage at F1,

for relay Ry this is the forward fault point.

For relay R> also this is the forward fault. Now let us see from the data. So, this case is for the
phasor to ground fault, ag-fault created at this point with a fault resistance of Rr equals to 1 Q. So,
what the relay finds currents Ig, Ip, lc. 12 8.53, 1, 0.11, I 0.10. It means these are pre fault currents

and this is the fault current.

So, there is a load here that is why these currents are in other phases, see the voltages now. Va
voltage, now 26.78 Vp and V. are much higher than the these are the close to the rated voltage.
This is substantially low. It means that the fault is in phase a. Based on this I, Iy, lc, 11 and using

Va, Vb, V¢, V1 computed. So, we got the corresponding angle here.

Now, what we need you can say that now that angle of 11 minus angle of Vi will be the
corresponding ¢: angle. So, angle of 1, is -160.5°. And angle of V1 is - 95°. So, angle of I, minus
angle of V1. So, - 160.5° + 95° so that gives us - 65.51°. So, this is the angle ¢1. These angle is

negative implies the fault is in the forward direction. So, therefore from this computation as seen



by the relay R: here, then the corresponding ¢1, angle indicates that default in forward direction,
which is correct. Now let us see what the relay R2 sees. There are two kinds of measurements I,
I, Ic like this. We compute |1 using these three. Similarly, from V,, V¢ compute one and then we
got the 11 to Vi an angle of - 141.65° and V1 - 93.2° So, angle of I; - 141.65° minus this angle
means 93.20°. That gives us minus 48.45°.

So, this also says that the angle is negative implies the fault is in forward direction as seen by the
relay R2. So, R also see the fault in forward and this is correct as per our logic, we can say that in
the last slide. So, the conclusion for these two relays from the sets of measurements either the fault
is in forward for both relays. So we can conclude that it is inside the line 8 and 9.
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Positive Sequence Directional Relay +
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Example Case-2, ag-fault created at F; R¢=10hm

Ry R, .
3

1,:0.4122564°kA V,: 12.70£-87.55°kV 1,:040£-15350°kA  V,: 43.162-83.79°kV
ly: 0.112:84 41°KA V,: 112.832140.70°kV l,:0.08£114.46°kA  V,: 113.552147.31°kV
1:012217344°kA V2 116.83227.57°kV. 1:0.10£14.68° kA V,: 11270226 59°kV

1:021232410KA  V;:80612:95370kv  1:0.18Z-141.40°KA Vi 80.64.-91.56°kV

| > V1
\: 0= 127,78 & YG: =-49.83°
Vi Reverse Fault v,

| Forward fault

Sofaultis reverse for R, and forward for R, correct

Now will go to another case. Fault is beyond line 8, 9 it is so R will see still it is in forward
direction. But Ry will see in a reverse direction. Now let us see how they evaluate the
corresponding fault situation. So, for R: the corresponding currents set is like this and the
corresponding voltage sets available here. We see V. phase voltage is substantially low. Now, if
you compute the corresponding I1, this becomes having a magnitude of 0.21 and angle of 32.41°,

a positive angle.

Now V1 80.61 with a negative angle of 95.37°, so angle of 11 minus angle of V1; 32.41° plus 95.37°

gives you 127.78°. Positive angle, positive angle of 11 means reverse fault that we have seen



because this is less than 180°. Now coming to the R, relay for the same case set of currents and we
have set up voltages computed the I1, the I1 has an angle of -141.4° and the corresponding positive
sequence Vvoltage angle of - 91.96°. So angle of 1;-141.4° + 91.56° gives you - 49.83° minus angle
means this a forward fault case. So, for R this is a forward fault case this is also correct. So, we
conclude that the R1 and R2 correctly identified the fault, Ry finds reverse fault and R> finds it as
forward fault.
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Positive Sequence Directional Relaying .
Example Case-3 fault at F1, Rg=120 ohms U+“L
Relay R, Relay R,

[ Curents | Vooges [l Curens [ Volages |
1,50242-100.889%A V= 73.92/-111.7710Kv 1,2 0.35/-12345°KA V= 76,2941, 38°KV.
1=0.M47283KA V= 113.12/143.28°KV 1,=0.09/130.99°KA V= 117.67£145.60°KV
12010/166.61°kA V= 112.09/26.63°kV 12008212 34°kA V= 113.77/2925°kV
12003/-6271%kA V= 98.89/-99.16°KV 20472118567 KA  Vy 101.512-97.23°kV

| Vi
Pt 0
é ®, =46.45° Kw‘f o
Vi 4 v,
Reverse fault Forward fault
Not cormect

Remarks- @, decreases, may lead lo incorrect decision

Now we have another case on this evolution of the directional relay using positive sequence
components. So, we increase the corresponding Rr below to be higher, and we already mentioned
when Rr below becomes higher the corresponding path in the positive sequence diagram, we see
that becomes more resistive. So, that is why the angle is expected to go down that from the angle

of the impedance angle of the line.

So, let us see for this F; fault, which is forward to both R1 and R2 how the corresponding relaying
principal perform. Current sets are set is available here, corresponding positive sequence current
with - 52.71° corresponding voltage Va, Vb, Ve, V1 and it is — 99,16° this. So, we see that -52.71°
plus 99.16° gives you 46.45° so the angle is positive angle. Positive angle means reverse fault, but
this is not correct. Ry sees here forward fault, so this reverse fault because ¢ is positive is incorrect,

erroneous.



The reason for this, now we have only increased the fault resistance and that is the reason we can
say it is coming out with positive value and then there is pre fault currents and in the system. Now
relay Ro. We have a set of currents, set of voltages, positive sequence current and positive sequence
voltage computed as

(-188.55° + - 97.23%) = - 21.32°,

This is positive means forward. So, relay R> sees the fault in forward direction relay. Note that as
compared to the earlier case the corresponding angle for Rz also has come down and this is due to
only because of this Rr. So, this means that the ¢; is affected by these Rr we have already
mentioned and we found that substantially high value of Rr may lead incorrect basis on that is

what the conclusion from this observation table.
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Remarks-
Positive Sequence Directional Relay

Limitations due to the effect of
+ R

+ prefault current/load current
during fault, I, =loetau *e

Lot 18 8180 positive sequence

So, we see that positive sequence based directional relaying can be obtain and this is based on
these kind of equivalence sequence diagram, positive sequence diagram. But we observe that due
to the, when the Rr value become significant, then the corresponding decision why the relay may
be affected. This happens particularly for the land to ground fault involving grounds. Furthermore,

because the fault current, which will be going through this Zr path.

In addition to that there is pre fault current in the systems, the current which will be observe by the

relay is a combination of the pre fault current or the load component of current plus the fault



component. So, therefore the corresponding current is seen by the relay during fault is being
modulated by the load component of current. So, when this load component of current becomes
significant as compared to the fault component, then also the modulation to the current phasor and
the corresponding angle may be significant and sometimes that also may affect significantly. So,
that is the relay, lrelay = lprefaurt + lfaurr @and if the pre fault becomes significant, that may also affect

the directional relaying performance using the positive sequence component. Thank you.



