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Lecture — 39
Steps in Differential Relay Processing

Welcome to NPTEL course on Power System Protection, we are going with transformer

protection, differential relaying principle.
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CONCEPTS COVERED

+ Differential Relay- different steps before current-comparison
+ Vector group adaption

In today’s lecture we will discuss on different steps before processing by the differential relaying.
In the process we will go for this vector group adaptation, the current normalizations, these things
we have already addressed in the last lecture, but how those things are being processed that we
will learn today and at the end we will have examples on external and internal faults in a

transformer and how the differential relay performs during that time that we would like to see.
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Preparing both side currents for comparison

+ Normalization of current Tip
+ Prior to the current comparison, two adaptations are required:

(i)  onthe earthed star-point winding side the zero-sequence component must m,
be eliminated

(i) vector group - the phase angle must be compensated

Now, in the last lectures, we have seen that differential relay is a promising technique for
transformer protection. But it needs proper processing of the current like the normalization aspect
before the corresponding differential of high voltage winding side current and the corresponding

low voltage side winding current are being analyzed.

Now, that happens to be phase to phase basis for each of the phase and any of the comparison if
the corresponding differential current or the operating current as we mentioned becomes
significantly high and it falls above this characteristics then it becomes trip basis on, otherwise we
assume that the corresponding state, corresponding situation is a normal operation condition and

the relay does not allow for any trip decision it remains silent.

We know how to normalize the current using the current, the CT ratio of one side or the two side
that is high voltage or the low voltage side. You remember, one side we consider for the high
voltage and two for the low voltage in our convention. But before going to this the differential
calculation for the assessment by the relay on trip or restrain, so for that two more steps are
required, important steps. One is that the zero-sequence elimination, why that is required, but that
is most essential when the side of the transformer is star grounded where the zero-sequence current
is expected to flow. There is another one important step that is vector group, in last class we discuss
that for different vector group connection of the transformers there is a shift angle between the

high voltage side to the low voltage side.



In that case we need essentially to process the corresponding current, particularly low voltage side
so that the phase displacement can be compensated. These two are the important steps that are to
be processed before the final comparison needs to be accomplished in a differential relay principle,

we will learn each step in details.
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Steps in Differential Relay processing
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Step-1: Normalization

Step-2: |-elimination ™ .
Step-3: Vector group adaptation .

Step-4: Decision applying Differential Protection Principle T

In overall the differential relay processing, the differential current processing the corresponding
characteristic which we talk about here for calculating the operating current and the restraining
current and to make a judgment whether the operating current above the corresponding
characteristic or not. This judgment is obtained through different steps of the processing of the

currents available from the CT.

Now, let us consider the winding one referred to the high voltage side, CT’s are there, the digital
relay acquires the corresponding sample, thus the normalization which you have learn in the last
class about that calculation of the normalized current. So, that goes from the CT secondary current,
capital C here refers to the high voltage side and so we have this a b c¢ three phases, the

corresponding currents after the normalization are lan, Ien, Icn after the normalization.

Then as already mentioned if it is a star grounded system also require zero-sequence eliminations,
subtraction of the zero-sequence current from each of the phase current and then we get laz, Isz
and lcz, the Z here refers to the zero-sequence elimination perspective. So, this is the processing

from the high voltage side.



Now, come to the low voltage side, winding two side. So, we have the CT> corresponding signals
are available to the relay here and then it goes for this normalization and in the normalization we
have the Ien, Ibn, lan available in the low voltage side, and then zero-sequence eliminations if it is
required and so, then the laz, lvz, lcz phase currents are available after the zero-sequence elimination
and then we can say that in the low voltage side we have a vector group adaptation, this is
essentially required for the phase shifting that is being observed due to the vector group. We will
have more discussion on each of this step for the processing of the relay. Then finally from the
high voltage side and low voltage side the corresponding currents are available and that is being
processed for the differential current and the restraining current and see whether it is a trip decision,

or no trip decision.

So, we see four important steps are there in this process of calculating the differential current, first
is the normalization, then the zero-sequence elimination, vector group adaptation in one side in the
method which we learn following is only carried out in the low voltage side, there are methods
available in other literature, other manufacturers, different manufactures, they carry out this vector
group adaptation in different ways also, that are different ways but the only purpose is to
compensate the corresponding angle with respect to the high voltage for the low voltage currents.
Fourth step, decision applying differential principle that is the final step where the corresponding

trip or no trip basis will be carried out.

(Refer Slide Time: 8:30)

Step-1: Normalization
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Now, we see here that the first step is the normalization current that we have learned in the last
lecture. So, in this case we find the corresponding rated current from the MVA rating of the
transformer and the corresponding voltage. If we take into account the corresponding current
voltage then these rated current is also in adjustment with tap changing position of the transformer
also. Then similarly calculate for the rated current for this one using the corresponding current
actual voltage of the system from that one and we can calculate the corresponding rated current on
the system also from the kV rating of the transformer that we consider, it depends upon the rating

on winding one, winding two and so.

Now, the normalization is obtained as already observed in the last lecture about the CT ratio one
upon the rated current of that first winding that is high voltage winding into the corresponding
secondary current in the available to here in this perspective. Now, the I, normalization for the
second winding also is carry like that, if we have third winding we can carry out like this for the

third winding also.

So, in general for the three phases after the corresponding normalize current can be available from
the CT ratio for the high voltage side upon lirated and then we have the available currents from the
CT secondary. And similarly for the low voltage side also the normalized current can be available
from the CT ratio 2 upon l2rated and then we have the three phase currents la, I, I in the secondary

side of the low voltage side.
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Step-2: |, elimination

Requirement of zero sequence current removal

 ACK

sequence

Negative
sequence
+ Zero sequence must be
subtracted from the grounded
terminal  before  applying
differential principle

Zero
sequence




Second step is on lo elimination, so a zero-sequence eliminations. Let us first see why we require
this. Now, this is a simple system, a transformer fed from an AC source, three phase transformer
of course, this side is delta, this is star, star grounded and so. So, we have CT this side and CT this
side and this is the differential relay which does the calculation for operating current, restraining

current and make a decision perspective analysis.

Now, for this system for a fault external to the relay if we see the corresponding sequence diagram
becomes like this, so this is the fault point, so we have positive sequence diagram, negative
sequence diagram and zero-sequence diagram. This side being delta, so therefore the
corresponding for the delta star connection the corresponding transformer, zero-sequence diagram
becomes this for the transformer and then we have like this.

Now, in this case if you see then the positive, negative and zero-sequence are connected in series
considering this to be a line to ground fault case and then what we see here that the positive,
negative and zero-sequence are connected in series and if we see this path of flow of current, so

this path of flow of current like this and this and then from this to this.

So, it clearly says that these two CT’s which are there to the left and right of this delta side and the
star side, in both the CT’s positive sequence current flows, negative sequence current also flows
but if you see here the zero-sequence current flows only in the right hand CT that is star grounded
side CT, no zero-sequence current flows in delta side, we have marked here star to this here also
star. So, the zero-sequence current does not flow in the star and that we know from our power
system analysis knowledge also that this delta connection, the zero-sequence current which flows
in this side that flow becomes a circulating current inside the delta winding, it does not allow the
current to flow in the line side of the delta winding connection. That is what in agreement from
this sequence component perspective also which we have learned at the beginning of the lectures
on power system protection. So, that implies that for this fault a zero-sequence component will be
flowing in the star grounded side and will not flow in the delta side. So, that becomes an additional

current which the corresponding CT’s sees in the delta and the star.

So, that additional current must be subtracted before the comparison otherwise corresponding

comparison or differential current becomes erroneous one. So, that leads to the situation of zero-



sequence current must be subtracted from the grounded terminal before applying differential
principle to the transformer protection.
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Now, how do we do this zero-sequence elimination? So, we know the zero-sequence current is

1
Iy = §(IAN + Igy + Icn)

Similar relation holds also for the low voltage side. So, like that from the individual phase current
we subtract the corresponding zero-sequence current, this is high voltage side, so from each one

we subtract the zero-sequence current and then after that we get
Lyz = Iay — Ip
Igz = Ign — Iy
Iez = Iey — 1o

Iaz, Isz, and lcz, the Z here corresponds to the, after the zero-sequence elimination or subtraction
from the each phase currents in the high voltage side. So, if we put this in a matrix form then that

becomes equals to



lLyz 12 -1 —1)[lan
Ipz| = 3 -1 2 —1f|lsw
Iez -1 =1 21l
Similarly, low voltage side also applying the same matrix calculation method from the phase

currents of the low voltage side we can get the corresponding currents following the zero-sequence

elimination represented in a form given by
IaZ 1 2 -1 -1 IaN
Iz | = 3 -1 2 —1||hn
IcZ -1 -1 2 IcN
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Step-3: Veector group adaptation

+ The high voltage winding is used as the

* Vector group matching means that the low reference for the purpose.
voltage-side currents are rotated with respect to + the low voltage winding lags in
the high voltage-side currents in accordance with accordance with the vector group number
the vector group of the transformer to be (k) in each phase (=k x 30°)
protected. Thereby, phase coincidence with the . vector adaption is applied in the low
high voltage side currents is obtained. voltage winding.

+ The adaptation can be determined directly
from the connection of the winding.

Yd1, k=1,30°

Now, next important step is, step three is vector group adaptation. In the last lecture as we already
mentioned, we talk about there is a phase shift due to the different vector groups and we say that
we take the corresponding reference at the high voltage winding and with respect to this
corresponding low voltage winding the corresponding current lags depending upon the vector
group. The vector matching means that the low voltage side currents are rotated with respect to
the high voltage side currents in accordance with the vector group of the transformer to be
protected. Thereby, phase coincidence with the high voltage side currents is obtained. So, this
whole purpose as already mentioned, and which you have seen in our earlier lecture also that

suppose you have a winding one connections, where k becomes equals to 1 and we see that the



corresponding for our CT connections such that, in the last lecture we have seen that the low
voltage current lags the corresponding high voltage current of the same phase by an angle of 30°.

So, to have proper comparison, there must be a line to two in one way and that situation with
respect to considering the high voltage reference the corresponding low voltage must be shifted by
this 30° and that is what you can say that the phase coincidence has to be down before the

corresponding differential principle is to be applied.

So, in general what we say that, we consider the high voltage winding to be as the reference, the
low voltage winding lags in accordance with the vector group number k and this how much angle?
(k x30°) corresponding the vector group it is k, it means that k into thirty degree by that angle the

corresponding low voltage of that phase will be lagging to the high voltage current.

The vector adaptation is applied in the low voltage winding only and the adaptation can be
determined directly from the connection of the winding, so we require only information of the k
that is the vector group number only. So, now the point this is the philosophy we will follow in
our approach but as already mentioned different manufactures go for different calculation way to

get the corresponding phase coincidence for the two winding sets high voltage to low voltage.
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Step-3: Vector group adaptation

+ The high voltage winding is used as the
reference for the purpose.

+ the low voltage winding lags in
accordance with the vector group number
(k) in each phase (=k x 30°)

+ Vector adaption is applied in the low
voltage winding.

+ The adaptation can be determined directly
from the connection of the winding.

CT,

Say, vector group number is 'k’ for a transformer then the transformation matrix,
lw] cos[k-30°]  cos[(k+4)-30°] cos[(k—4)-30°| [z
ll,,,,‘ 5 cos[(k—4)-30°]  cos[k-30°]  cos[(k +4)-30°] ’oz‘
Iy cos[(k+4):30°] cos[(k—4):30°]  cos[k-30°] |[llz

YdS5, implies k=5, similarly Yd1, k=1

Now, for this vector group adaptation, how that is being done, we have a matrix form like we see

for the zero-sequence elimination also. So, in this case the vector group adaptation is we are



accomplished in the low voltage side, so this lav, Iy, and lev this is after the corresponding vector
group adaptation and from what the corresponding laz, Ibz, lcz that is after the zero-sequence
elimination. So, from this current we are going to this current using this transformation matrix

given by

= —|cos[(k — 4) - 30°] cos[k - 30°] cos[(k + 4) - 30°]
cos[(k +4)-30°] cos[(k—4)-30°] cos[k - 30°]

IbZ
IcZ

Ibv

IC‘U

[Ia,,] 2 cos[k - 30°] cos[(k+4)-30°] cos[(k—4)-30°] [IaZ]

Here k stands for the group number, the vector group number. Suppose we say this transformer is
Yd5 it implies k equals to 5 if the transformer is Yd1; k equals to 1 and so. Then cos (k+4) 30°,
suppose k is 1 means this is cos (1+ 4) is 5 so (5 x 30) is 150°, that is shifted by 120 degree, (K -
4), so then this becomes equals to (1- 4) x30° becomes -90° so that is what again we are talking in
terms of that and then we multiply that. Now, this whole purpose is that to orient the corresponding
la, Ib, Ic with respect to the high voltage winding and that vector group adaptation things we obtain

from this one.

This matrix comes from the fault analysis using sequence component, positive sequence voltage
or current in terms of this that it leads by an angle of 30°, jo to the corresponding aspect in the
particular transformer Ydl and so. Then we also learn in case of the corresponding negative
sequence that the corresponding it happens to be reverse one, it happens to be - 30° or lagging
perspective angle and so. So, considering the positive sequence and negative sequence perspective
the corresponding e comes here and using that the corresponding matrix in terms of the cos terms

which we are getting here.
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Step-4: Decision with Differential Protection Principle
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%A Az @1+ This operating current is applied to differential
IOP_B = IBZ + |1y relay for final decision

[OP_C ICZ lcv

operating current

Now, the final step is on decision with the differential principle, so we already got vector group
adaptation then from this side we have already zero-sequence elimination perspective, this is low
voltage side, this is high voltage side and then the middle one is about the differential current is to

be calculated and the corresponding differential characteristic principle has to be applied.

So, for that the operating current in phase A, phase B and phase C are obtained by

Iop a|  [laz] [law
lop g| = |Ipz| + |Ibv
IOP_C ICZ Icv

So, we have this addition this depends upon the principle we have already applied depending upon
the CT connection perspective and all this thing. This operating current is applied to the differential
relay in this percentage by differential relay characteristics and there the relays is if it is greater
than this lop, if it is greater than the milres or mz Ires then relay makes a trip decision otherwise it

remains in a restrain position.
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Example-1: External fault case, ag-type fault, HV side

Prefault Fault
High Voitage side High Voltage side
CT secondary Currents CT secondary Curments
I 1.232-24T°A 1,:8.81210.40°A
le;: 1.362- 128.92°A Is: 1.22/60.60°A
I 1.16£108.56°A I 1.10£-83.93°A
Low Voltage side Low Voltage side
CT secondary Currents CT secondary Currents ki
1, 1.38£144 17°A 1,:6.35/-163.48°A j —x 10004 =1314
220xv3
Ioy: 1.62/25.93°A o 5.7622.910A -
1 1.55/-10262°A I 1.55T7.310A Dyyatea = ——=% 10004 = 875 4
33xv3
Step-1: Nomaiization CTR,=200/5 =40 CTR,=1100/5=220
- . %
W) crp, [Us] [ 26821040 lav]  crp, [las] [1.602- 16348°
Ion| = Iss| =] 03726060° |4 |lw|= hs|=| 1452291° |A

a.
hratea ) logec—g303] Ul Praeali] | 03927737

s

I(f\' ]Li

We will go to examples, how the corresponding steps are being accomplished and then how the
differential relay can make a judgment whether the fault is external or internal. First we have
considered for an external fault, ag-type fault in high voltage side. So, a simple system we have
considered, a 33 kV source grade and then we have a transformer, the transformer is 220:33 kV

and then the transformer is Ygd1 and 50 MVA transformer.

We have high voltage side capital A B C, and low voltage side small a b ¢ as we have already
defined and then the corresponding steps are to be accomplished from the CT secondary that will
be processed by the numerical relay platform. A three phase load is connected which is being fed

from this source to this transformer.

So, for an external fault of ag-type in high voltage side, the recorded data are prefault, this is
normal loading condition that becomes las, Ibs, Ics are the secondary current available through the
CT secondary to the relay or having some little more than 1 A current, this is the status of the

loading condition.

Then the low voltage side CT secondary current in the prefault side is also similar having greater
than 1 A or so after the transformation through the 5 A CT and so. Now the fault data are like this,
so the fault is in phase A to ground and you notice the phase A becomes significantly high
8.81.210.40°A and the other two phases are having negligible current as compared the fault current

and they are almost in the normal state as you have seen the prefault.



Now, in the low voltage side which is the source side here, the primary side so called, then the
corresponding current which happens to be I equals to 6.35 and Ips equals to 5.76, I equals to
1.55 so we notice the two phases instead of one phase current in the high voltage side two currents
are now in case. This is due to reason here if you see here the fault is in A phase, so this current
increases. Therefore if you go to the low voltage side this corresponding winding in phase A, this
current will be proportional current flow, but this is connected to the phase B winding like this, so
therefore phase A and phase B winding, the corresponding phase A and phase B line side currents
are being affected. And that is the reason we see here, high amount of current is considered in
phase A and phase B but we see here, next we will go step by step, so in first step we will see that
the rated currents at the terminals are

50
Liratea = m X 10004 =1314

50
Lrated = m X 1000A =8754

Based on that we select the CT ratio to be 1.25 times and so as already we have learned from that
and this CTR 1 is high voltage side becomes 200: 5 with a ratio of 40 and the low voltage side
with the ratio of 1100:5 that is 220 factor happens to be there. Now, we can go for the normalization
perspective after the CT ratio are being frozen and the high voltage side we got the corresponding

normalized currents to be

Iy CTR, Ips 2.68210.40°
Ign | = Igs| =] 0.372460.60° [A
Icn liratea Ics 0.342 — 83.93°

Similarly, in the low voltage side after applying the normalization the current values are

CTR, 1.602 — 163.48°
Ibs = 1.4522.91° |A
Lratea 0.39277.37°

So, this is first step about the normalized current both at high voltage level and the low voltage

levels.
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Example-1: External fault case, ag- type fault, HV side

Step-2: | eilmlnatlon

Iz 2 -1 =1)[lw -1 -1
le|=3|-1 2 —1f|lw|=3|-1 2 -1
Iez -1 -1 21y -1 2

Loy
IbZ = le
ch lcN

1.72£10.94°
= 0.79,167.80° |A
1.042 - 151.76°

2.68£10.40°
0.37£60.60°
0.342 - 83.93°

Next step is on zero-sequence elimination, so straight forward this transformer the high voltage is
connected in star grounded, so zero-sequence current will flow in this side, no more zero-sequence
current will flow in this delta side perspective. Now, in that case we see that zero-sequence current
has to be subtracted, so as already mentioned one third of the matrix, the zero-sequence
corresponding matrix and then the normalized current is being multiplied with that and then we

got laz, Isz, and Icz.

Lzl 12 -1 —1[lav] q1[2 -1 -1][ 2.68210.40°
lez|=3|-1 2 —1f|lw|=35[-1 2 —1ff 0.37£60.60°
Icz -1 -1 21l -1 -1 21l0.342-8393°

1.72210.94°
0.794167.80°
1.042 — 151.76°

A

Similarly, we can obtain for the low voltage side laz, bz and Icz. In this case there is no zero-

sequence current in the delta side, so we can get same lan, lon @and len Which are the normalized

-t

currents in low voltage side.
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Example-1: External fault case, ag-type fault, HV side
%

Step-3: Vector group adaptation

T 2 cos[k - 30°] cos[(k +4)+30°] cos[(k - 4)+30°)| /a0
lu,.l:i cos[(k-4)-30°]  cos[k-30°  cos[(k +4)-30°) Ilm)‘
lo) “|cos[(k +4):30° cos[(k-4)-30°]  cos[k-30°] |lie

k=1

lw] 5 c0s[30°]  cos[150°] cos[-90°]
‘Ib ’:- cos[-90°]  cos[30°] cos[150°] ll,,zl ==

ley cos[150°] cos[=90°]  cos[30°]

1.60£ - 163.48°
1.45£291°
0.39£77.37°

V32 -V3)2
-32 0 V32

V32 B2 0 ’

1.752 - 169.95°
=]0812-1271° [A
1.05£27.31°

Now, for this external fault we will go for this step three, that is the vector group adaptation, the
phase angle coincidence perspective and so. So, we have the corresponding matrix, k equals to 1
here because this is a Yd1 connection, so substituted value of k then you got the corresponding

angles to be cos30, cos 150, cos(-90) and so then this rotating kind of thing.

So, we got the corresponding low voltage side currents after the vector group adaptation are

| 2 cos[30°] cos[150°] cos[—90°]

[Ibv] = —|cos[-90°] cos[30°] cos 150°]] [Ibz

Iy cos[150°] cos[—90°] cos[30°]
V3/2  —V/3/2 0

= 0 V3/2  —V3/2
—/3/2 0 V3/2

1.4522.91° 0.812 —12.71°
0.39477.37° 1.05227.31°

A

1.602 — 163.48°] [1.754 —169.95°

So, this is the corresponding currents we are getting after the vector group adaptation, so we reach

up to this step from the low voltage side.
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Example-1: External fault case, ag- type fault, HV side

Step-4: Decision using Differential Protection Principle
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The fourth step is on the decision process, the differential current calculation and the restraining

current and then applying the corresponding trips. So, we got the corresponding operating current

to be
[lora|  [laz] [lav]
lop g | = Iz | + |1pw
_IOP_C ICZ Icv—
1.724£10.94° 1.754 — 169.95°] 0.042146.69°
=| 0.794167.80° |+ | 0.812—12.71° | =1]0.0242 — 33.73°
1.042 — 151.76°] 1.052£27.31° 0.0242 —32.89°

It seems the corresponding values are pretty much smaller than the corresponding values from

this side. So, if we see these values, the value seems to be smaller. Now, the relay will decide

based on the trip, the percentage based trip characteristics, now let us calculate the restraining

current in phase A for Kk is taken as 0.5

Ires.a =0.5|(Iaz-lav)|= 1.73 A



my we have considered this part is 0.2 and m, we have considered as 0.5, so now lop considered
is 0.2 A this is normalized current. Now, what is, let us say phase A current is the lop comes out
to be considered 0.04 A magnitude part only we have considered, for this characteristic relations,
so this 0.04 A is less than the corresponding Ipy threshold value.

So, therefore this is the first check with the relay does and this corresponding lop current phase A
which is highest here out of these three, that does not qualify this first test. So, therefore the relay
confirms that this is not at all trip basis on it is a restrain or normal situation for the transformer.
So, this confirms that this is a fault, but this is external to a transformer, it has nothing to do with

the transformer.
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Example-2: Internal fault case, ag- type fault, HV side

Prefault % Fault ;“KFLT — e = —h "
3 phax l,;q’,\,gﬁ_,,',,r T AP 33w 50
High Voltage side High Voltage side Lo, | Tpe R X _ [V
CT secondary Currents CT secondary Currents IR { 3 ° r
4 Y
141232 24T0A 1,::0.09/-166.04°A ‘ \ e = R
Iy 1,36~ 128.929A Iy 1.22./60 820A o 115 [ [ i ﬁ‘,
1o 1.16£108.56°A I 110283 65°A |05 ] 2 ] € [ ]8 e] ‘4 |
ZF45 24
Low Voltage side Low Voltage side / ]
CT secondary Currents CT secondary Currents - e
1 1.382144.179A I,5:6.35/-163 48°A hretie= > 10004 = 1314
Iy 1.62£25.93°A Iy 5.76£2.919A ol
I 1.55£-102.620A 12 1.55£77.37°A byvatea = Bxhi x 10004 =8754
Step-1: Nomalization CTR,=200/5=40 CTR,=1100/5=220

0.032 - 166.04°
0.37£60.82°
0.342 - 83.65°

CTR,

145£291°
0.39£77.37°

Ian hs Ly
lllm‘ lli.v‘ = A |y =
ley les

IrN

CTR, l’ﬂs

I lbs
2rated

1.60£ - 163.48”
A

1rated Is

Next case we will go for an internal fault case, so same arrangement for the transformer, only the
corresponding fault is created in between the two sensors, group of sensors CT and you have
created a fault internal to this arrangement. So, it is in zone fault in this case. For this case the

prefault condition remaining same for this both high voltage and low voltage side.

Now, the fault, if you see phase A fault is created, phase A to ground fault is created, so in this
case the corresponding current from this high voltage side this current decreases substantially
because this load side no source is there. So, therefore the current flows from here to here and this

side the current flowing is very substantially lower now.



The other two phases remains almost intact and in the delta side because this phase current
becomes larger due to this fault, so, therefore the delta side phase A and phase B current becomes
significantly high as already explained in the external fault case also. Now, this fault current will
apply the corresponding four steps for this differential relaying principle, normalizations, we apply
the same principle like the CT ratio and the rated current and we got the normalized current using
the CT ratio and all these things to be 1.6, 1.45 and 1.39.
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Example-2: Internal fault case, ag- type fault, HV side

Step-2: | elimination

‘

0.032 - 166.04°
0.37£60.82°
0.34£ - 83.65°

= 0.35270.39°

Iy 2 -1 -1l 2 -1 -1
lpz| == -l 2 ~1||len| = 1 2 =1
lez -1 -1 2 MUy -1 2 0.332-94.61°

Loz [lan
lyz| = |low
Izl ey

0.092 - 179.08°
A

Zero-sequence eliminations laz, sz and Icz capital and then a small Iz, Ivz, Iz the way we did for
the earlier case of external fault case multiply this matrix and got the corresponding currents to be
0.09, 0.35, 0.33 for the high voltage side. And then the same is for the low voltage side the lan, lon

and len.
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Example-2: Internal fault case, ag-type fault, HV side

Step-3: Vector group adaptation

.

Tus) o coslk:309  cosf(k +4)-307]  cosl(k—4)-30) oy

‘--casl(k—n.ao“] cosk-30°) L'nsl(k+4)-30"]l ‘
cos|(k +4)-30°] cos[(k~4)-30°]  cos[k-30°]

Ino
leo

I | =
ey

k=1

2 V3/2 =32 0
0 V32 -3
-3/2 0 V3]

145£291°
0.39£77.37°

Ipy cos[-90°)  cos[30°]  cos[150°] ||/pz| = =
cos[150°] cos[-90°] cos[30°] [Llez

1.60£ - 163.48"]

’cv

Ilw‘ 2lcos[30"] cos[150°] cus[-90°]“l,,Z

1.75¢ - 169.95°
0812-1271°
1.05£27.31°

A

Now, step three is on the vector group adaptation, so for k equals to one, these matrix we have
already seen for external case, two third upon root three by two and so, and then use the
corresponding laz, Isz and Icz values and get the corresponding value to be 1.75, 0.81, 1.05, in the
low voltage side lay, Ibv, lcv, Where the v stands for vector group adaptation. So, we have reach up

to these third steps here which is being carried out in the low voltage side.
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Example-2: Internal fault case, ag-type fault, HV side

Step-4: Decision using Differential Protection Principle

\,

~

\
A\

4
lora| [hz] [lav] [0.092-179.087 [1.752-169.95 {[1.84—170.40°]\
lop 8| = (lsz| +|lw| = | 035£70.39° ]+ 0812-1271° (4| 0.9229.60° ];
lopc] Ucal Ul lo33z-9461°] 1 105227310 1\ 0.920960° }
N .
QpRng pument hesa 051l <083 [op 4188 ="
/  mE02m=05 :
IRz

lop 4> b lop 4>(0.240.83)=0.17A

Now, final step is on the decision making process, so for the operating current for each phase of

A, B and C we get the corresponding this plus this and then we add these two current phase or



current and got the values of 1.84, 0.92, 0.92. Now, see here as compared to the external fault case
like highest there was 0.04, here we are getting 1.84, compared to the values of different phase
currents of this order.

So, that shows the corresponding current here is significant, particularly phase A case and we have
this fault is ag-type fault for the transformer and it is in zone fault, internal fault to the transformer.
So, for this case | operating considered as 1.84 for phase A, and then restraining current 0.5 laz -
lav| that is being calculated comes out to be 0.83 ampere, my is 0.2 and my is 0.5 like the earlier
case, lpu is 0.2 A.

In this case the lop > Ipy, SO that is the first check, 1.84 is greater than 0.2. The lop current is also
0.3 times of this 0.83, which gives you 0.2 ampere, so this | operating 1.84 is also greater than 0.2
ampere. So, that means the corresponding point falls in the trip region and therefore it is ensured
that this is an internal fault in this case. So, this corresponding relay is able to detect the internal
fault successfully and for the earlier case or for the external also it identified correctly.
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Remarks

For the differential relay the currents are to be preprocessed before the differential step-
* Normalization

* Zero sequence elimination

* Vector group adaptation

%

:::::::

So, we see that the differential relay essentially requires four steps and all four steps are important.
The normalization of the current has to be carried out, the zero-sequence elimination to subtract
the corresponding zero-sequence current is also required and then to have the corresponding phase

shift carried out by different vector groups that are to be carried by the vector group adaptation.



This we can say that in the method which we have followed here is being accomplished in the low
voltage side. So, once you do this, prepare the corresponding currents from the high voltage side
and low voltage side then we can make the corresponding comparison or the differential current
and at that also we calculate the restrain current and apply the percentage by differential relative
characteristic to see whether the point lies above the trip characteristics or below, if it lies above

then it is an internal fault, otherwise the relay will go for restrain operation. Thank you.



