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Lecture 17
Superimposed Component Based Directional Relaying

Welcome to a NPTEL course on Power System Protection. We are on module four on Directional

Relaying, Lecture 17 on Superimposed Component based Directional Relaying principle.

(Refer Slide Time: 0:42)

CONCEPTS COVERED

+ Memory polarization

+ Superimposed components of voltage and current

Here we will see a how we can exploit the memory polarisation aspect and then we will come to
superimposed component voltage and current. How they can be useful for Directional relaying

principle.
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upon,
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Voltage (V)

Moving further let us first appreciate an issue. Now suppose, in a system we have already explained
that a fault happens to be closed to the relay bus, in that case all the voltages Va, Vi, Vc will collapse
if the fault happens to be a voltage three phase fault. Once again if the fault is close to the relay

bus and happens to be a voltage three phase type then all the voltages will collapse simultaneously.

In that case neither positive sequence nor negative sequence nor zero sequence components will
be available, nor the phase quantities also available. That means that like you can see here the
voltages arise normal, fault happens to be there, all the three voltages collapses. This is a simulated
data.

However, if the corresponding system in high voltage level then as usual there will be capacitor
voltage transformers and the output of the capacitor voltage transformer for this step jump in
voltage will be going through a subsequent transient and their response will be like this. Note that
this voltage, represent this voltage, so this is also erroneous. So with this kind of input the relay if

it goes for the decisions then that will be erroneous.

So all the techniques which we have till now narrated they are clueless, what to do? So what we
say that for close in faults such issues are there. So in this case you can say that the solution is that
the less would use memory polarized the stored prefault data, prefault voltage to substitute the

corresponding fault voltage there.



In that case that becomes good at, like we know that the fault voltage phasor does not deviate more
in terms of angular position with respect to prefault voltage. So considering that assumption, if we
use the prefault voltage instead of the fault voltage in that situation in such situations, then the

relay can properly decide the directional relaying.

Because in directional relaying we saw that we have very large angle margin and in that case the
prefault voltage can be a good substitute and in numerical relaying we have that scope because the
relay continuously store data and in case of an event which is to be recorded, the relay stores the
data permanently. Therefore, prefault voltage can be employed in such situation for correct
relaying decision that is what we talk about memory polarization and so. In addition to that because

we are able to do, handle prefault voltages and currents in a numerical platform.

The superimposed current called, which you can see that separates the load flow current or load
current from the fault current because we see that in case of positive sequence perspective prefault
current was affecting the performance of the relay. So if we can subtract the prefault current from
the fault component current then that is called superimposed current. So that has other advantage.

Superimposed current and voltages can provide directional information that we will see.
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So before going to that perspective let us first have clarity on the prefault, fault and so. This is the
same system three bus system fault for this relay Rmn forward fault. A three phase fault so a normal
current, three phase fault, all the three phases current increase. This is the fault inception. So from
the fault inception once again in this case similarity data this is prefault this is fault. So we designed
it like this. Before the fault is the prefault data and this is during the fault, so this is fault data. Now
note that in the sequence component diagrams also we discussed also that if a fault happens to be
there and the fault is associated with Rr and so, so that the fault current flows like this. In addition

to that current also will flow from left to right that the load current perspective.

So the point is that the relay shifts the current during fault that is combination of both fault current,
fault component of current and the load component of current. Now in case of voltage also let us
this is a single line to ground fault case and you see that one of the phase, phases having a
substantial low voltage other phases remain some more higher voltage then the normal voltage
depending upon the system grounding and so. So for this case fault inception one at one second
this is the prefault voltage data, this is the fault during fault the corresponding of voltage data. So
in case of superposition both fault and prefault are being used. In case of memory polarizations
voltage you can say that prefault data substitute the corresponding fault can say that during fault

you can say that the corresponding data perspective.



Now let us for a system, 230 kV system prefault current at one instant is 0.08 like this and the

corresponding voltage is 135.0 and this. During fault the corresponding current is 0.41, 25.64°,

and Va is 12.7 2 87° this. The substantial lower voltage. So now this is the prefault dataset for that

phase and this is the fault dataset for this case. So, we can this voltage substantial low means this
voltage can substitute. This voltage can be substituted by this one. You see here the angle deviation
between prefault voltage to fault is pretty low and that is what we are mentioning that if you
substitute with this in case of requirement then the decision some directional relaying can be still

be good at.
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Now we will go to how the superimposed component can be advantageous for directional
principle. So we will use positive sequence superimposed component. As already mentioned
superimpose component, superimpose current is that the fault current minus the prefault current
that gives us you can say that the corresponding superimpose component. Let us consider this

system.

So we have faulted F; for this relay forward fault, so this is prefault sequence diagram balanced
condition positive sequence diagram only. This is the relay bus. Prefault current to the observer

the relay, V1 and pre prefault voltage as relay positive sequence. |1 and pre positive sequence



current. Now fault happens to be now at F1, forward fault. So equivalent positive sequence diagram

with Zr becomes like this. This we have already discussed in earlier lecture.

So, Zr consist of the negative sequence and zero sequence if they are present and the corresponding
3Re. The series parallel combination of that gives you the equivalent Zr. During fault we have this
Vuvn and the corresponding luvnr the corresponding relay current with the fault component. So

we can write down for this circuit
Vﬁ\;e =E, — If&jv(zsm + Zim1)

Zsi1 plus Zowme is the impedance source impedance plus line impedance behind the relay. During
fault

V1]1:1 =E - I{MN(ZSLl + Z1m1)

So these are the two equations for this diagram one is for prefault for this system and this is for

fault. 1f you subtract thisVl’,’JefromVJ,,,. Then this side, this equation minus this equation that leads

to

V1]1cw - Vﬁ;e = _(I{MN - If&fv)(zsu + Z1m1)

So then we get that suppose we define this corresponding this voltage difference to be a AVim
positive sequence, change in positive sequence voltage and this current change in current in the
positive sequence current seen by the relay that we called the superimposed components. So this
AV1m and Alimn positive sequence voltage and positive sequence current change define as the

superimposed components.
f pre
AViy = Viy —Vim

ALy = I{MN - Ifz\?zgv



With AVim ands Aliv above relation can be expressed as
AViy = —ALy (Zs1 + Zima)

AV

Ap, = 2
@1 Al

=—2(Zg1 + Z1m1)

This angle difference Ad1 equals to the angle of this negation of the angle of the impedance behind
the relay. So this impedance is always around 80° or about that. So, therefore this is negative. So

that means that the corresponding A1 is negative for forward fault for designing forward direction.

So similar to the earlier sequence component based we have seen that in case of positive sequence
superimposed component AVim and Alim the angle difference gives us similar logic for the
directional relaying using superimposed component. A¢: is negative for forward fault. Now
another thing you see here only difference is that we are not taking current angle minus voltage

angle, we are taking now voltage angle minus current angle that is the only difference.
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Now going to the phasor diagrams like we did for the sequence component also so we have prefault
and we have fault sequence diagram, positive sequence diagram. Now let us first go for the forward

fault like what we have seen here. So, we have V1, we have V{j,so this is AViv. We have current



lagging to this voltage lim, lim we have lipre so this is Al1. So, this Alr we plot here at the origin

and this A Vi we plot here at the origin.

So, we see that Al; is leading to this AV1. So our logic here is angle AV1, AV:1 of AV1 minus angle
of A lg so this becomes a negative. So, we say that the A1 is negative for this forward fault. Now
come to the reverse fault. So, current direction changes now we see here same V5 ¢, Vi, AV1, now
we see here 17}, I{MN reverse fault, so current is reverse as compared to this.

So this is A Iy, this is AV1, we plotted at the origin AV1 and A 11. We see here now the current is
lagging. But we are taking the delta Phi 1 angle of delta V1 minus angle of 11, so again same
conclusion Az is positive for reverse fault. So this is what we say for forward fault A1 is negative
for reverse fault A1 is negative similar to the sequence components of phase quantity based

approach.
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Example: Case-1 ag fault R;=1 ohm, F,

J.)
Relay R Pre-fault data by + ll r 1'
1,:0.08/43 62 kA v, 1395.01/:88 70°Kv ;00543 TH A v, 137.08.2-87 64°4V
I 0. 08.4:76.38° kA Vy: 135.004151 4°kv 7 0.05£146.25'KA Vy: 13708215235 kv
10 08/163.62%A V,: 13503231 24'hV 1:0.05226 25" WA Vi 1370823235V

V,:135.032-88.76°kV  1,:0.05£-93.75°kA  V, 137.082-87.65°kV

1,:0.08/43.62°kA
Fault data:
Relay R Rolay R
17 0532140 804 Vi 267881910k 1, 0552151 53 KA V2081282 05° KV
Iy O.NZT3 S0 RA Vo M8 41 16%%v b 0.09212001°0A Vo N8.05.14257kV
1,:0.10.169.04°kA Vi 16.34.227 024y 1:0.0821559°KA V,: 118.53.230 59V

100MZ16053°KA  v,:84.86£-95020kv 1 OZJL141B5 KA V,:86.96£-93.20°kV

So, applying this concept of superimposed components we say that for same 9 bus system relaying
to ground fault, same set of Al this and the A V1 this, this is the prefault data Ro, for Rz 11 is this
and from the set of voltages V1 is this. Note that this F; fault for both relays are forward fault. Now
fault data available relay R1 computed 11 computed V1 for R, computed this 11 and computed the

V1 as you did in earlier example.



Now prefault datasets, fault datasets note that we require now additional datasets that is prefault
data. What is prefault data? Just before the corresponding fault data. And note that the prefault
data, these are phasors so these phasors are computed using the prefault waveform current samples

and voltage samples available either in the DFT, cosine filters, earliest square and so.
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Example: Case-1 ag fault R;=1 ohm, F, 'I‘i' |1 9‘}}”"{‘
VT L R \‘\J.;f./
8
-y
Relay R, ’ Relay R, e

81,:0.192-15063KA  8V,: 51.51.2101.60°KV 81,:020£-15326°kA  8V,:51.22£101.81°kV

by, = 24V, = 20l

A, =-107.77"

v Forward fault Y v Forward fault

Forward fault for both relays-correct

Now we will imply the principles so for this case we will first find out the delta 11 will compute

Aly is lir minus lipre and AV1 is Vir minus Vipre. SO for relay R1 we have already computed this

positive sequence current and voltages, so Al: compute 0.29 - 150.63° KA, AV1 is .51.51,101.6°

. So compute the Az using the relations AV1 minus Ali. Note that the change as | already

mentioned.

So this is angle of voltage first then the angle of current. So this A¢, for this case happens to be
minus 107.77 degree. So this how do you obtain this, if you see this the AV1 is 101 minus 150, so
101 plus 150 gives you this is 251 degree, so this 252 degree is greater than 180 degree, so subtract
this 360 degree then you get minus 107.77 degree.

Because already mentioned that this angles should be from the phasors, angles should we plus
minus 180 degree so to get the corresponding angle proper one we get to consider this. Otherwise
also with respect to the corresponding voltage, in this case the current leads, so how much is the

leading angle. That matters to us and that leading angle is nothing but minus 107.77 degree.



So this is a case of minus angle means forward fault, so which is being correctly identified varies
superimposed quantity is directional relaying. Now going to the R. side the corresponding Alz
from this l1pre and the l1fau, AV1 from the Viqut and Vipre happens to be like this, so similar to this
implying this relation we can find out A¢: to be minus 104.93 degree which is having negative
angle implied forward fault which is also correct.

So, we see that for this case the superimposed component occurs both relays find the direction
properly. For F> side this is a forward for R. and reverse for R1 we have prefault datasets and we
have fault datasets then compute the I1 and V1 for each set. For the fault data also like that I; and
Viand Iy and V1.
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Example: Case-2 ag fault R;=1 ohm, F, +~' 13 [ ]x| )
| o |-
oy m -y T— .3

A=t -

Relay R, Relay R,

81:0,1322584°kA A V,:55.732100.83°kV 81,:0.15£-156.28°kA A V,:48.03£90.68°kV

A,

—L_ By, =75
v,

v Reverse fault ¥ Forward fault

0g, = AV, = 241,

Reverse for R1 and forward for R2--correct

Now we will compute for this case for relay 1 using this relation delta 11 and delta V1 so delta I1
is this and AV is this for relay Ri. So also Al and AVifor relay R.. Using the relations for phase
angle Ag: equals to angle of AViminus angle of Al A1 equals to 75 degree which happens to be
positive means this is reverse fault so for Ry this is reverse fault which is correct. And we say can
this is A¢1 equals to minus 104.04 degree this also minus angle means forward fault so for R> this
is forward fault which is also correct. So, both relay R1 find its relay R1 find its a reverse fault and

relay R finds it forward fault which is correct. As per as you see from this simulation.
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Example: case-3 ag fault with 120Q at F,

Pre-fault data: ‘—"l“'lﬁ “h T dof
RelayR, Relay R, {7 ; +
|
100874362 kA V,: 135.03.288 76° Ky 1,:0.05.298 759 KA V,: 137.08.2-87 84°KkV -y
hy: 00876 38" kA Ve 135002151 2400V 1, 0. 05,146 25°0A V,: 137.08152 35°hV T
1,:0.08/163.62*KA Y 135.00231 248V 120, 05,26 25 KA V2 137.08232 35KV
I:: 0,08./43.627 KA ¥, 135,008 76KV 1,:005/-93 75°hA V, 137.082-87 65KV
Relay R Fault data: Relay R,
02410080KA  V, TAR2LA TR 1,:035212045KA V7629111 38KV
0.1 47283 KA Vi 1312143 28KV I 009130 9FKA V2 11767145, 60° kv
1,:0.10166.61°%A V,: 11200226 63KV L:0081234%A V137742025V

1:0.032-52. T1°KA V,:98,89,-09.16°kV 1:0.17./-118.55° KA V,: 101.51497,23°kV

With high fault resistance 120 Q case as you have seen earlier also pre fault data using we find the
11 and V1 for both the relays. Fault data 11 V1 and 11 V1 for both the relays this is the separate data
available for the relay.
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Example: case-3 ag fault with 120Q at F, + ' ; +
::[,| ' ] I-L ®
Relay R, 8

M=l A -

s+Relay R,
8:0.092-115.16°kA A V,:41.78£116.55°KV A1,:0.12£-129.10°kA 8V, 40.66.2116.90°kV ‘ ®
b, = LAV, - 2Bl
Ap, =-128.3° b, =-114°
oV, v,
v Forward fault v ‘l orward faull

Forward fault for both relays-cormect

Now if you see this performance of the Ry you got the delta Phi 1 to be negative, negative even
though the fault resistance is very high, it is correct. And the A¢: minus 114 degree is R» that is
also correct. So, we consider that both the relay correctly identifies the direction of fault using the

principle of superimposition quantities. And so we see that the corresponding superimposed



quantity also not affected by the fault resistance and also this is not affected by the prefault current

because this is already subtracted from the fault quantity also.
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Superimposed components Directional Relay

Merits

* No effect of R;

» No prefault effect

* Available for all types
Demerits-

* frequency drift

* prefault required-Projection-

Note- (9, @, 9, and Ap,] all the four angles have the same logic: negative- forward, posttive- reverse
Also for phase quantiles (¢ ) follow same logic-

In overall-

So, we say that the merits of superimposed components of directional relaying that this is a not
affect by Rr, not affected by the prefault as already mentioned. Being positive sequence based this
is available for all types unlike negative sequence and zero sequence components. But the demerits
is that because it deviates the prefault components, the prefault samples are being projected to the
all side to find the corresponding Al: and the AVi. If the frequency deviates during the fault, then
the frequency accordingly the corresponding drift angle has to be compensated. This prefault
required projections that has to be done correctly. Further note that we have learned through this
directional relaying principles using positive sequence, negative sequence, zero sequence and the
superimposed component, positive sequence, negative sequence, zero sequence and this is
superimposed component. Positive sequence superimposed component A¢:. Inall four angles we
have the same logic, negative angle means forward fault, positive angle means reverse fault, also
same thing logic we applied in case of the phase quantities also whether it is 90° connections or
normal phase quantities. So, in overall the sequence component and the superimposed components
can complement each other. A good relay includes multiple principles to exploit more accurate
and secured decisions. And that is why the modern relays are using today to obtain the proper

direction of fault at numerous challenging condition also. Thank you.



