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CONCEPTS COVERED

Lecture 04

Fault analysis review- Sequence component
- The concept of positive, negative and zero sequence
-Calculation of sequence components

- Short circuit analysis-sequence diagram

Welcome, in this fourth lecture, we will continue with the review on the fault analysis, we will
go with the sequence component also there, we will emphasize here more on how to calculate
the fault current, voltages at different points and so, that we call short circuit analysis, by
drawing the different sequence diagrams and the connections, we will analyze how such a

platform or tools are used in framing the different numerical relaying algorithms and so.
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Let us consider a system like this as we have seen earlier also two sources connected by a
transmission line through two transformers, so this system available to us. Now, as we have
already seen, we will draw first the different sequence diagram for the system which will be
useful for the fault analysis. So, we already have discussed about the positive sequence
components of each element of the system. For the generator, we have a source and the
corresponding associated impedances. So this is source 1, so Zis1, Z1 for the positive sequence
impedance of the generator and S1 for the first source, and then for the transformer the positive
sequence impedance Zit1 and for the transmission line impedance Z1. and Zit. for the second
transformer for the transformer 2 and Z:s, for the second source G2 and the associated voltage
for this. So, as already we have mentioned that the positive sequence diagram contains the
corresponding sources, E1 and E: in this case for this G1 and G2 but when you go to the negative
sequence diagram, we see there is no voltage because the sources being considered balanced
in nature, so there is no negative sequence voltage components. So, each of the component are
associated with the negative sequence impedances are provided here; Zzsi, Zot1 for the
transformer 1, Z»1 and Z>12 and Zasz, Similarly, if we will go to the zero sequence components,
only difference is for the transformer and these generators, so you can say that the zero
sequence component connection becomes different and particularly here 2 transformers are
there and they are associated with the impedances Zot1 and Zot2 here. Note that here in the left
hand side, they are star grounded, star grounded, so the transformer zero sequence impedance
is connected in series to the line side and the source side, and for the right side, transformer be
T, where one side, you can say delta connected; therefore, circulating current will be there, so



that is connected with the reference in this perspective and this is not connected to the source
side; because in the line side of the delta connections the zero sequence current will not flow.
So the corresponding zero sequence diagram becomes like this with associated zero sequence
impedances. So, you got, the positive sequence network, negative sequence network and zero
sequence network for the given system.

(Refer Slide Time: 4:17)

L U
Sequence Network for different types of fault ‘

(i) For abc-type (three phase) fault
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Now, for different faults as we have already discussed in earlier lecture that for different kinds
of fault, how the corresponding sequence diagrams will be there and how the corresponding
connectivity will be there that we like to analyze. Let us consider for the same system if fault
happens to be there in this line locates at x portion of the line from the left side and (1-x) portion

from the right side, with a fault distance of Rr.

We will consider first the three phase balance fault. This is a balanced fault case; therefore,
we say that only positive sequence component will be there and no negative sequence and zero
sequence, as | have already mentioned in the last lecture. So, we have only the positive
sequence diagram and the corresponding fault path has a fault resistance of Rr, and in this fault
path, la1 fault current flows and we do not have any negative sequence or zero sequence current

in this case.

Now you can say that, if you like to analyze the corresponding system here, if you see here this
is the voltage source with corresponding positive sequence impedance, transformer impedance,
line impedance up to the fault point from the left hand side, xZ,. from the right hand side bus

3, (1-x) Zv; second transformer Zit2 and the second source Zis2 with its voltage E». So, for



this case, the corresponding diagram becomes this, and you can analyze much easier, instead
of we will go and put the three phase voltages Va, Vb, V¢ or associated currents and all this in

the diagram.

So, once we have this corresponding sequence current (I%1) in this path, you can find the
sequence currents from both the sides also; different voltages in the systems, given that in the
case of fault analysis it is considered that the corresponding E: as an 1£0° per unit and these
other sources also in the systems with an angle of 0 degree and magnitude of 1 per unit. So,
with that consideration, the corresponding analysis is being carried out and you can find the
different currents and different voltages in the systems.
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We can go to other types of fault, now in the second one we are going to the line to ground
fault case or phase a to ground fault case as you say. Let us consider a phase a to ground fault,
in this case. The corresponding sequence diagram is given for the fault at F, and phase a to
ground fault happens to x portion from left side and (1-x) portion from right hand side as we
have already discussed in the earlier slide; with this, for the same system we have positive
sequence diagram, we have negative sequence diagram and we have zero sequence diagram.
In the last lecture, we have seen that for a line to ground fault case, phase a fault means, the
positive sequence diagram, negative sequence diagram and zero sequence diagram will be

connected in series, so that

f _q _f
Ial_IaZ_IaO



,and with that perspective the corresponding sequence diagram becomes this. So these, Rr
would be 3Rr here and with this diagram, we can analyze this circuit, you can find out 151 and

ICJ:Z and I‘fo, and then, we can find the different voltages and currents in the sequence diagram
perspective. Once we have this sequence voltages and currents at different points, we can get
back the corresponding phase quantities by the proper relation as you have seen in by

multiplying the [T]™* with the sequence currents.
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Next, that type of fault bc type fault. So, here you can see that phase to phase fault happens to
be there in the b and c phases and with a fault distance of Rr. For this case only positive and
negative sequence component happens to be there, and therefore, positive and negative

sequence are connected in parallel, and in this case,

f _ f
Ial - _Iaz

That results in the sequence diagram like this
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Sequence Network for different types of fault
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Then, next one of the bcg-type or phase to phase to ground or double phase to ground otherwise
call also, with an Rr resistance here. Therefore, for the system the same F point happens to be
there, then we have positive negative and zero sequence components and they are in parallel,

and in this case,
f _ f f
Ial - _(Iaz + IaO

with the corresponding Rr and all these things. Consequently, we can analyze each individual
connectivity here and you can find the different currents and voltages at different nodes and

the corresponding phase quantities as mentioned in earlier case also.
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Example Equip- | MVA | Voltage | Xi(pu) | Xy(pu) | Xy(pu)
ment | Rating | Rating
6, 4% Linet T,4 6 | G | 250 | 1k [025] 0 | 005

G2 | 250 | Mkv [02] 02 [005
Tt | 250 [1/220kv | 0.06 | 0.06 | 0.06
T2 | 250 [11/220kv] 0.07 | 0.07 | 0.07
Linet| 250 | 220kv [ 04 | 01 [ 03
Line2 | 250 | 220kv [ 01 [ 01 [ 03

G2: X,=0.03(pu)

B AR Line2 Y% .

Draw positive sequence, negative sequence and zero sequence networks for the
system given with system data in the table. A single line-to-ground fault in phase-a
occurs at bus 2 of the network with negligible fault resistance. Calculate

a) fault current
b) line-to-neutral voltages at fault point
c) currents and voltages at generator terminals.

Let us consider one example, here. So, this is a system where we have two sources here
connected by, double circuit transmission line, circuit 1 and circuit 2 and then they are
connected by a transformer, T1 and T> and the T here is connected into delta (A) to the
generator side and star ground (Yg) to the line side and the right hand side T is connected in

star grounded- start grounded (Yg-YQ) to both the sides, you can see that in this case.

And the corresponding per unit (pu) reactance of the individual element G1, Gz, T1, T2 and their
transmission highlight. T1 and T circuits are given here and, we see here, with their MVA
rating and the KV rating of the system in terms of that, also the corresponding reactance through
the ground of the second generator is in terms of 0.03pu; that is available to us. Now, the task
here is that to draw the positive sequence, negative sequence and zero sequence networks for

the system.

A single line to ground fault in phase a occurs at bus 2 of the network with negligible fault
resistance, that is Rr = 0. Calculate fault current; fault current means current through the fault,
line to neutral voltages at fault point that is the corresponding line voltages of phase a, phase
b, and phase c. Current and voltages at generator terminals, that is current supplied by the G
current supplied by the G2 and the corresponding voltages at terminal 1 and 4; Va, Vb, V¢ at bus
1 and bus 4, are to be calculated. So, now we will see first how the corresponding sequence

network have been drawn.
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Example

G, 1T Linet

Y ) n,lf Line2

Draw positive sequence, negative sequence and zero sequence networks for the
system given with system data in the table. A single line-to-ground fault in phase-a

Equip- | MVA Voltage | X;(pu) | X5(pu) | Xo(pu)
ment | Rating | Rating
G1 250 1kv | 025 | 025 | 0.05
G2 250 1Mkv | 02 | 02 | 0.05
T 250 | 11/220kv | 0.06 | 0.06 | 0.06
T2 260 | 11/220kV | 0.07 | 0.07 | 0.07
Line1 | 250 220kv | 01 | 01 | 03
Line2 | 250 220V | 04 | 01 | 03
G2: X,=0.03(pu)

occurs at bus 2 of the network with negligible fault resistance. Calculate

a) fault current

b) line-to-neutral voltages at fault point

Now you see the fault is being here in this case. For this system, we have positive sequence,
negative sequence and zero sequence diagram. The positive sequence diagram for this case, we
have line-1 and line-2, are in parallel; so you see here from bus 2 to bus 3 both the lines are in
parallel. Therefore, we can make them, to a single impedance or single reactance as shown
here. So with this replacement each impedance or the corresponding reactance for each element
of the system we get the positive sequence diagram. Similarly, for the negative sequence
diagram and then for the zero sequence diagram. In this case, this side you can say delta
connected. Therefore, this becomes open from this perspective that is with the connectivity
diagram. This is an ag type fault; therefore, the corresponding sequence diagram and

connections will be in series and then the Rr here equals to 0 so, 3Rrwill be 0 in this case. We

c) currents and voltages at generator terminals.

can say that is the corresponding connectivity.
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Now we will try to simplify the diagram to calculate the different currents and voltages in the
systems. So, these about the positive sequence equivalent diagram as you have seen in earlier
one, we assigned the corresponding voltages to be 1£0° as | mentioned. Then we can say that

for this case, the equivalent from the point F, if you look to left and to the right then you get
the corresponding thevenin’s equivalent voltage and corresponding impedance to be like this.

Therefore, this becomes one and one so no pre fault current will be there, no circulating current
in this case will be there; therefore, the voltage becomes 1£0°%and then from the left hand side

and the right hand side the thevenin equivalent impedance becomes
Z; = (j0.06 + j0.25)]|(j0.05 + j0.07 + j0.2) = j0.157

Next, you can say to the negative sequence component like this. So, from F, again we will see,
the corresponding equivalent. So, if we see the equivalent these two circuits will be in this side

and this side will be parallel. This parallel impedance again gives sequence impedance
Z, = j0.157

Because the positive sequence impedance and negative sequence impedance are same for the
both the cases. Now, going to the zero sequence component again, from the fault point of basis

the equivalent impedance seen can be expressed as

Zy = (j0.06)[|(j0.15 + j0.07 + j0.05) = j0.051



So, that gives us, an impedance of a reactance of 0.051 for this one, so we got the equivalent

circuit for the positive sequence, negative sequence and zero sequence.

Now, we will go for the connections as per we have made for this. So, at F point, they will be
connected with Rr equals to 0, and there the connection diagram becomes this. So, what you
see here, that for this case, the current which is flowing to the fault point, 11" rather in this case;
and the la, laz and lqo all three are same. Therefore, what we say that, from this diagram we can
easily calculate the corresponding laz, la2 and lag and also the corresponding Va1, Va2, and Vo,

we know here, the corresponding

V= 120° — (j0.157)1,,

Vao = —(j0.157)1

and,

Vo = —(j0.051) 144

(Refer Slide Time: 15:06)

i 1£0°
201574 10.157+0.051

L1 1 1}-j274] [-j822
L=l o of-j274[=| 0 |pu
LI [l a of-j274 0

250x10°
Base current == >
V3x220x10

=-j2.74pu

ag-fault

=656.07A

Fault current =8.22x656.07 = 5392.9A

o’ NPTEL

So there at least, from this sequence diagram, connectivity, we can find out this

Lo 120° — _i274
a0 = la1 = la2 ~ j0.157 +j0.157 + j0.051 Je



Thus the corresponding per unit current to be minus of j2.74. Now, the fault current which is
flowing through the fault can be calculated in terms of phase a, phase b, phase ¢ perspective.
From this sequence components by substituting this sequence components and multiply [T]

then we will get the corresponding la, lo, lc, like this.

Iq 1 1 17[-j274 —j8.22
I, 1 a a?ll—j2.74 0

Now, what you see here that the I, and I are 0 and . equals to -j8.22 per unit. So, this clearly
is an agreement with point that this fault which is, we created, in that system is phase a to
ground fall. So, only phase a current is there, in the faulted path, phase b and phase c, currents
are 0. So, with a base current nothing, but

Base MVA _ 250x10°

V3V,  V/3x220%x103 = 656.07A

Base current =

This relates to base currents to be 656.07A and therefore the fault current becomes
Fault current = 8.22 x 656.07 = 5392.9A

(Refer Slide Time: 16:31)
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(b) The sequence voltages at the fault point are
V., =1-(j0.157)x(=j2.74) = 0.57pu

V., =~(j0.4157)x(~j2.74) =-0.43pu
V,, =~(j0.051)x(~j2.74) = -0.14pu

V111 17014 0 v
Vy =1 o« |[4057 =] 0.891£256.37" [pu
V.| [1 a o -043] |0891£10363° 10051

Thus line-to-neutral voltage at the fault point are
V=0

220 . cf A
Atfault point F* V= f(().x‘)léb().ﬂ) =113.18£256.37°kV

220
V.= —}(0.89111(1163) =113.63£103.63'kV

7

And, the sequence voltages at the fault point because this is, fault is created in phase a. So, we
expect the corresponding voltage phase a voltage to be 0. Now, you got the corresponding

sequence voltages at the fault point are obtained by

V1 = 120° — (j0.157)(—j2.74) = 0.57pu



Vo = —(j0.157)(—j2.74) = —0.43 pu
Voo == —(j0.051)(—j2.74) = —0.14 pu

Therefore, you got different per unit voltages, correspondingly the phase voltages Va, Vb, V¢

are given by
Va 1 1 17[-0.14 0
Vo[=|1 a? a|| 057 |=10.891£256.37°|pu
/A 1 a a?l1-043 0.8912103.63°

So, this we got Vi to be 0 as mentioned and V, with 0.891£256.37° and Vc to be

0.891£103.63°. Now, this gives us Va, Vb, V¢ at the fault point. Therefore, the fault point

voltages in terms of kV.

V, = 0KkV.
v, = %(0.8914256.370) = 113.182256.37° kV.
v, = %(0.8914103.630) = 113.182103.63° kV.

So, at fault point, in terms of this kV, we got the corresponding voltage to be this. These are
obtained, from the sequence component voltages as obtained from the sequence diagram

perspective.
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L T At Generator G,:
— *The component of |, flowing towards bus 2 from
2
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+The component of |, flowing towards bus 2 from generator G, is

i0
SR R L S——").
0.06+j0.15+j0.07+j0.05+0.09 )~

+The component of |, following towards bus 2
from generator G, is also equal to (-1.35 ) pu

Now, the next we will see how the corresponding generators contribute to the fault current and

the associated voltages at the bus terminals and so. The components of l.1 flowing towards bus
2 from G, depends on the parallel path combinations because both the sources consists of 1£0°;

therefore, this la1 current into impedance of this side divided by this provides the current from
the G. That is

jo.31

j0.31+j0.32) = —j1.35pu.

(—j2.74) (

Therefore, the corresponding current to be -j1.35 contributed from the G2 side. The components
of l.2 flowing towards bus 2 from G is also equals to la1 as the impedances in both positive
and negative sequence components are same for this problem. Therefore, we say that becomes
also -j1.35 pu. It is observed la = laz; the components of 1,0 which is flowing towards bus 2
from the Gz side is

j0.06
j0.06+0.15+0.07+ j0.05+j0.09

(—j2.74)( ) = —j0.39 pu

This gives us the rise to la from the G2 side becomes equals to -j0.39 pu.
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The line currents at terminals of the generator G, are

LT 1 1 1][-j039] |3.092270°
I [=|1 a* al[=jl35|=] 09690 |pu
L| |1 a a|[-jl35] |096£90°

250x10°
3x11000

Base current for the generators =

=13121.59A

Therefore,
[, =3.09x13121.59 = 40545.73 A

I, =0.96x13121.59=12596.72 A
I, =0.96x13121.59=12596.72 A

So therefore, the line current terminal from the generator 2, can be find out from the sequence

components multiply by T matrix,

Iy 1 1 171[-J0.39 3.092270°
=11 a* al|—J1.35|=]0.96290°
I, 1 «a

a?l1-j1.35 0.96£90°

pu

We can get the I, Ib, Ic contributed from this G2 side, becomes 3.092270° in phase a, 0.96£90°

in phase b and 0.96.£90° in phase c pu. Base current for the generators

250%10°

=———=13121.59 A
V/3x11000

So, therefore, if you get the corresponding base current 13121.59 A, so multiply this base,
currents to these per unit values, you will get the corresponding set of currents for the phase a

phase b and phase ¢ contributed from the G2 side.
I, =3.09 X 13121.59 = 40545.73 A
I, =096 X 13121.59 = 12596.72 A

I. =096 x 13121.59 = 12596.72 A
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The sequence voltages at the terminals of G, are

j0.25

Vo =~(~0.39)(j0.05+ 0.09)=-0.0546pu L%
Vo =1-(=i1.35)(j0.2) = -0.73pu 25 006 j005 007y 02 |

V,=-(-j135)(j0.2) =-0.27pu g
j0.05 f j0.06 j0.15 j0.07v,j0.05 Yo oo e
The lines to neutral voltages at terminals of G, are i

V111 1] -00546] [ 040520°
V,|=[1 o a 073 |=]09122518 [pu
V|1 a o 027 | |0912082°

‘Thus, actual values of line to neutral voltages at the terminals of G, are

V= 1>< 0.405=257kV,V, = l—lx 0.91=5.78kV,V. = \%x 0.91=5.78kV [

B B

Similarly, you can find out the sequence voltages at the terminals of G2 (node 4) is given by
Va0 = —(—j0.39)(j0.05 + j0.09) = —0.0546 pu
Vo = 1 — (—j1.35)(j0.2) = 0.73 pu
Va2 = —(—j1.35)(j0.2) = —0.27pu

Therefore, from these Vao, Va1 and Vaz, the phase voltages are obtained from

V. 1 1 17[-0.0546 0.40520°
=11 a? « 0.73 |=10.914£251.8°|pu
V. 1 a a?ll —0.27 0.912108.2°

Thus we get the phase a phase b phase ¢ voltages they are found out to be 0.405£0°, 0.91

£251.8%and 0.91 £108.2° per unit. Simultaneously, in terms of kV the line to ground voltages

at the G2 terminals can be represented as

11

7 X 0.405 = 2.75 kV.
3

V, =

v, = % X 0.912251.8° = 5.78.,251.8° kV.

11

73 X 0.912£108.2° = 5.78,108.2° kV

Vc:



The corresponding voltages associated with phase a is 2.57 kV, phase b is 5.78 and phase c is

5.78 kV at node 4 you can see that which is connected to the generator terminal 2.
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At Generator G,(Bus1):

1f

*The component of |,; flowing from G1 to bus 2

. j0.32
= (A e
’ | j0.31+0.32

=-jl.3%u

phase shift of -30 in the positive sequence
current.

Therefore , the component of |,,; flowing
from G, to bus 2

=1.39£(270° -30°) =1.39.£240" pu

Similarly, for the generator G side the corresponding contribution from the generator 1 in
positive sequence, negative sequence and zero sequence are the parallel path combinations as
you did for the generator 1 perspective. The component of l.1 flowing from G1 towards bus 2

= (—j2.74) (=222=) = —j139 pu

j0.31+0.32

la1 becomes equals to - j1.39 and similarly, we can find out the la2 and lao also. The delta star
transformer, there will be phase shift of 30 degree, for this case. See here, because the
transformer, which is there in the Gz side is having a delta — star configuration, delta into the
generator side and star to the line side. As far from the analysis and convention, that if you are
going from to low voltage to the high voltage, the positive sequence voltage and currents, we
have +30° and if you are going from the high voltage to the low voltage it is —30° and in case

of negative sequence diagram the reverse to that of the positive sequence perspective.

Therefore, in this case the phase shift of minus 30 degree is taken into account. So, the

component of l.1 flowing from G, towards bus 2 is

1.392(270° — 30°) = 1.392240°



The phase shift for 1.2 as mentioned, because you are going from the high voltage to the low

voltage. Therefore, you had to consider plus 30 degree, so | had to consider
1.392(270° + 30%) = 1.392300°
(Refer Slide Time: 23:15)

At Generator G,(Bus1):

The line currents at the terminals of G1 are

w1 1 0 {2.404270“
I |=[1 o8 @« [139£240° |=|2.40£270° |pu
I\ {

Therefore,

1.39£300° 0
I, =24x13121.59=31491 81 A
L =24x13121.59=31491 81 A
I,=0

1™, o

Base current = 13121.59 A

Thereby, we have got the corresponding sequence components: zero sequence, positive
sequence and negative sequence; zero sequence component is not available because the delta
side connections. So, substituting these values and multiplying the T matrix, we got the phase

components la, I and I at generator terminal Gy,

Iy 1 1 1
=11 a? «a

I, 1 a a?

2.402270°
0

0
[1.3942400
1.392300°

2.402270°

that gives us a value of 2.40£270° 2.40£270° and O, to the per unit value perspective. Now,

you see here the fault was in the phase a only in the transmission line but because of the delta
connections we get currents in phase a and phase b. Now, multiplying the base currents for this
generator 1, we get the corresponding current in terms of amperes 31491.81 A in both phase a
and b; whereas, I current being 0.

I, =2.4%x13121.59 = 31491.81 A
I, = 2.4x13121.59 = 31491.81 A

I.=0A
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The sequence voltages at terminals of G1 are

V=0 e

1

v, =1-(-jl .39)(,1025) =-0.6525 pu
Taking into account the phase shift i
V, =0.6525£(0-30")=0.65252-30"pu, m 006015 j0.07" 005 o oo I
V,= 0.34752(180+30°) = 0.3475£210° pu

v j0.06F j0.05 j0.07

j0.2

The line to neutral voltages at the terminals of G1 are

VAN TSI 0 [o.ss(»zzox"]
V,|=[1 o o |[065252-30° |=|0556£242° |pu

V1« of osmsoe] | 1

Therefore, actual values of to neutral voltages at the terminals of G1 are

V.= %xO.S(y(v 3.5%V,V, = ><0 566=3.59V,V = L 6.35kV

: f 3

For the voltage calculation also similar to, what you did for the generator 2 also, we will do

that for the positive sequence,
Vo = 0pu
Va1 = 1 — (—j1.39)(j0.25) = 0.6525 pu
2 = —(—j1.39)(j0.25) = —0.3475 pu

Now, in addition to that, as | already mentioned, we are going from the high voltage the low
voltage So, therefore, in the positive sequence diagram, we put, the minus 30° perspective and
for the negative sequence, negative sequence value, we get the corresponding plus 30°

perspective.
V,, = 0.65252(0° — 30°) = 0.65252 — 30° pu
V4, = 0.34752(180° 4 30°) = 0.34752210° pu

And considering those angles and all these things, we get the corresponding Va1 and Va2 in per
units like this, and then we can say that to the phase components Va Vi, Ve multiplying the T

matrix to the sequence components, we get the corresponding per unit voltages for this case.

Va 0.556.,298°
Vy 1 a? 065254 30°| = {0.5562242°]| pu
V. 0.34752210° 1,900



Finally multiplying the, base voltage of (11 /3) kV, we got the a, b, ¢ components for this
system, and that we got 3.59 kV for the Va, 3.59 kV for the V;, and 6.35 kV for the phase V.

voltages.

(Refer Slide Time: 25:44)
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Usage of fault Analysis
*Circuit breaker rating

*Relay settings

* In numerical relays

Now from this above analysis, we say that for a given fault in a system we can get the
corresponding fault currents, fault voltages in different phases, and also at different nodes; you
can get the different currents and voltages including that for the generator terminals and so,
That gives a platform for a fault analysis and thereby, which will be beneficial to the relay and

any protection system perspective and all these things.

So, we see, at any protection arrangement, any node or for any transmission line or any element
like generator, transformer the circuit breakers that has to be fixed depends upon the associated
current at that point and the corresponding voltages and so; therefore, this fault analysis being
very much useful for circuit breaker rating specification and other details of the circuit breaker.
Relay settings, how much minimum current, maximum current, we will see in details further
classes about that becomes very useful tools for relay settings perspective. In addition to that,

this analysis is very useful for numerical relays, how that is, we will see right now.



(Refer Slide Time: 27:12)
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Significance to relay applications

Obtain the Sequence components for a 3-phase fault
with abc phase sequence

I, =12.6£-135.286°kA, I, =12.6£104.714°kA,1 =12.6£-15.286°kA

I By i B
Lo ey
J )
Iz [I o« afl
I

1, ==(12.6£-135.286°+12.6£104.714°+12.6£~15.286°) = OkA

3

al

= l}(ll.(vé- 135.286°+(1£120°)x (12.6£104.714°) + (1£240°) x (12.6 £~ 15.286°) ) = 12.6 £~ 135.286°kA

I,= %( 12.6£-135.286°+(1£240°) x (12.6 2104.714°) + (1£120°) x (12.6 £~ 15.286°) | = OKA

Note- Only positive sequence component available and is same as |,

Let us analyze, this system for a case, see here this phase a, phase b and phase ¢ values are
given to us. So, obtain the sequence components for the 3 -¢ fault. This is a 3-¢ fault as Ia, Ib,
lc magnitudes are same and they are 120° apart. Now, it is concluded that if we calculate the

sequence components using

lgq 1 1 1 171[a
Iy =3 1 a a?||h
Ic1 1 (12 a I(:

Then the corresponding zero sequence component is 0, positive sequence component is same
as the corresponding l. as you have already seen earlier also and the negative sequence

component is 0. So you see here which component remains for the balance fault case?

Only positive sequence component remains and that becomes same as phase a current, for this

case.



(Refer Slide Time: 28:06)

I
Significance to relay applications

Obtain the Sequence components for ag-fault
with abc phase sequence

[, =2.12Z-124.42°kA 1, = 0,1 =0

i,
A =11(2.121—124.42°+(11120°)x 0+(1£240°)x0) = 0.7133£~124.42°kA

r T :1(2,121—124,42°+()+0)=0.7]3M—l24.42°k1\
w 11 1[1, w=3
1

e al

I,= ;(2.121 -124.42°+(1£240°)x 0+ (1£120°)x 0) = 0.7133 £~ 124.42°kA

Now for the line to ground fault case; phase a only is involved with the fault, Ia is only there,

I, and Ic are 0 and by analyzing this what you get, lao, Ivo, lco all are having the same magnitude
and angle. So, the relation for this is

I
lyg = lgz = lgg :ga

(Refer Slide Time: 28:34)
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Significance to relay applications

Sequence components for be-fault
with abc phase sequence

I, =0,1, =10.07£143%kA, 1, =10.07£ -37%A

I, = %((mo_oumu 10.07£-37°)=0

I,= %(0+(IZIZO")x(I(J.()7Zl43°)+(11240°)x(lOAOM—37°)) =581Z-127°kA

I,= %((J+(l£240°)><(10.07[143°)+(l£l20")x (10.07£-37°)) = 5.81£53°kA

The other case, see here I, = 10.072143° and, Ic = 10.07£-37° and if you analyze you can see

that I current is no more, fault is involved with only phase b and c. So, we see here, in this case



lgg = =g

This is nothing but for the bc type of fault. For the bc type fault, we see there the corresponding
sequence components has a relation like this.

(Refer Slide Time: 29:02)
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Significance to relay applications

Sequence components for beg-fault
with abe phase sequence

[,=0,1, =7.5£136.9°kA, I, =8.9£0.27°kA

I,= %((H(IZI20°)x(7.5£136.9")+(IZZ40°)x(8,9ZO.27°)) =54/-112°kA
I,= %(0+(l£240°)x(7.5£l36.9°)+(11120°)x(8.910.27°)) =34/7475%A
I,= %((H 7.5£136.9°+8.9£0.27°) = 2.07£56 47°kA

Note: [, =—(],,: +l;u])

And, for the bcg fault if we like that, for this case b and c phases are involved with fault, a is
not there and it is involved with the ground also. So, by analyzing this, la1, laz, lao We get s is

also available here because the ground is involved and finally, conclude that

lgr = —(lgz + Ig)

(Refer Slide Time: 29:25)

Remarks on sequence components

* Positive-sequence quantities are only present during balanced, three-
phase conditions. Normal situation or 3-phase fault

* Negative-sequence quantities are a measure of the amount of
unbalance existing on a power system.

* Zero-sequence quantities are associated with ground being involved
in an unbalanced condition.

* Relation between sequence quantities- types of fault




What we can say that conclude from this relations, that only the positive sequence quantities
are present for the balance loading condition or balance fault condition, 3 phase fault
conditions. Negative sequence quantities measure amount of unbalance in a system; that is

available during any unbalanced condition or during any unbalance fault situation.

Zero sequence quantity is available whenever a ground is involved with the fault, and we can
say that both zero sequence and negative sequence are available for any unbalanced fault
involved with ground. These, relations what we see here is very much to identify the different
types of fault, which is being used in different relay applications and so. Therefore, the

sequence components also reveal information on the fault behavior at a given instant of time.

(Refer Slide Time: 30:21)
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Usage of fault Analysis

* Relaying applications-

1. Negative sequence overcurrent relay-

Unbalanced loading or faults on the power system which are not removed or
isolated can cause excessive rotor heating in rotating machinery-
generator/motor which may lead to damage

2. Winding protection in transformer- for fault involving ground - |, is use

This fault analysis on the relay applications, how that is useful, let us have a look on this. Now,
negative sequence over current relay is being useful for system unbalanced conditions, because
any system unbalance conditions means from the generator side or from any rotating device.
Negative sequence current means the corresponding rotor gets heated; therefore, in a long run
perspective this becomes detrimental. So, relay in that case can use, negative sequence
component and then it can trip the circuit for protection. For transformer protection the faults
involving with ground means zero sequence component will be available and for many winding

protection of the transformer zero sequence component is being use in terms of that.



(Refer Slide Time: 31:21)
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Apphca"ons to re'ay_examp’e For ag-type fault of the earlier system

Negative sequence impedance
based directional relaying

Lyg=Ve/ lyg,

values of Z,, are positive or negative
depending on direction of fault
forward or reverse

I3 and V,q refers to here at R for phase-a
For fault at F, Z,q is negative
When fault will be at F1, Z,, is positive

Applications to relay-example

Negative sequence impedance
based directional relaying

LygVop/ I,

values of Z,, are positive or negative
depending on direction of fault
forward or reverse

I3 and V,q refers to here at R for phase-a
For fault at F, Z,, is negative
When fault will be at F1, Z,, is positive

Now, let us, how for directional in purpose, negative sequence component is being very useful,
see this sequence diagram which we have used earlier also. Let us see a line to ground fault
case and then you can see that a fault happens to be there any of the point and then positive,
negative, and zero sequence diagram also connected with the 3 times of the fault resistance
perspective and we have connected like this. So see, when you talk about negative sequence
diagram, let us say the relay position at bus 2 and a fault has occurred to the right hand side of

the relay at this point.



Then we see there the corresponding current where, I2r is flowing from bus 1 side to the bus 2.
So the corresponding relations for this, the Z»r, the impedance which will be seen by the relay

will be

Var
Zop = I_
2R

This V2g, you can say being expressed in terms of

Vor = —Ihr(Z2s51 + Z211)

Therefore, this at this point the Zr which will be observed by the relay at this point becomes
negative. Now, in another case, when the fault happens to be the left of relay position this one,
then the corresponding fault current will flows from this side to that side through the relay
point. Considering, the positive direction of current for the relay to be I>r in this case.
Therefore, the impedance which will be noticed by the corresponding relay at that point, the

Z>r becomes positive.

So, negative sequence impedance based relay, which is being widely use, you can see that in
network protection, distinguishes the fault in the forward direction and reverse direction by
calculating the corresponding sequence impedance and negative sequence impedance Z» from

the associated voltage and currents.

(Refer Slide Time: 33:31)

Protective Relays Using Symmetrical Component Quantities for operation
Device number | Application Sequence quantities used
50N, 51N Ground overcurrent I5
50_2 Negative Sequence overcurrent I,

67_2 Negative sequence directional Vol or Val,
overcurrent
21N Ground distance loy I 1y Vo Vi V,
87 Differential protection Kily + Kol + Kol
46 Phase unbalance I,
Negative Sequence Overvoltage

-----

So, this gives us an idea about that there are numerous scopes for the usage of sequence

components in the numerical relaying perspective, at least we can say that a device number as



we have already mentioned earlier also these are over current relays, instantaneous and time
over current relay 50 and 51 involves with ground, so zero sequence current is being used, and
50_ 2, we consider this 2 refers for the negative sequence component, so negative sequence

current is being used for the over current relaying principle.

67_2, this 2 refers to negative sequence directional overcurrent relay, either you can use zero
sequence component or negative sequence component as we have already discussed in the
earlier slide. 21 for the distance relay perspective; ground distance relay uses different sequence
components for a successful decision making process. 87 for differential protections uses
different sequence components for restraining purpose and negative sequence component is
also useful for the decision process. 46 is phase unbalance and like that 59 2 is negative
sequence over voltage and so. So, there are so many, relays provided by the manufacturers

today using the sequence component for this perspective.

This is all from the lesson 4, how the sequence components are being useful in fault analysis,
and thereafter how they can be used for the applications to different numerical relaying
principle. In next class, we will have a general background how a numerical relaying platform

is being prepared. Thank you.



