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Welcome to Power System Protection course. We are discussing on distance relaying. In this

lecture, we will talk on Power Swing Detection Techniques, continue with that.
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Power Swing detection methods
+ Continuous Incremental Current Calculation
+ R-Rdot approach
+ Rate of Change of Swing Center Voltage

We will be addressing the other techniques on power swing detection methods, three techniques;
continuous incremental current calculation, the R-Rdot approach, and the rate of change of swing

center voltage techniques for this perspective.



(Refer Slide Time: 01:00)

Techniques of Power Swing Blocking (PSB) and Out-of-Step tripping (OST)

+ Rate of Chanae of Impedance approaches

v'Concentric Characteristics
v Blinders Part-|
v Continuous Impedance calculation

* Other methods
Continuous Incremental Current Calculation

R-Rdot approach

Rate of Change of Swing Center Voltage

Part-Il

So in the last lecture, we discussed about three techniques based on the rate of change of
impedance; the concentric characteristics, blinders, and continuous impedance calculation. We
discussed what both power system blocking and out-of-step tripping and we demonstrated

examples on stable swing, unstable swing, and fault; how the relay is able to distinguish them.

We will continue that with more methods available in this domain which are being used in different
relays. So first one is your continuous incremental current calculation, only current based. Second
one is R-Rdot that is a derivative of resistance, and the rate of change of swing center voltage; the

swing center voltage, we will define that, and then we have its rate of change.
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Continuous Calculation of Incremental Current (Al)
+ During a power swing, both the phase voltages and currents undergo magnitude variations

+ The continuous calculation of the incremental current method computes the difference between the present
current sample value and the value stored in a buffer 2 cycles before (Al).

+ This method declares a power swing when the absolute value of the measured incremental current is greater than
5% of the nominal current and that this same condition is present for a duration of 3 cycles

+ The main advantage of the continuous calculation of incremental current is that it can detect very fast power
swings, particularly for heavy load conditions
.

So let us start the first one, continuous calculation of incremental current. So we know that both
voltage and current varies, they vary significantly during swing situation. All the 3 phases observe
this. The continuous calculation of the incremental current, Al, incremental current, or literature
says about superimposed current also. The method computes the difference between the present
current sample value and the value stored in the buffer two cycles earlier. The two cycles earlier
value and the present value, they are being compared and you compute the, calculate the Al for
each sample.

Like here, we see here this point, and this point 2 cycles, so that is why this and this compare AL
So this point and this point so then this becomes your AI and like this. So this swing situation,
swing trajectory and we find the Al to be significant. Normally, the AI will be steady-state so
magnitude will be same. So it will be 0. But during fault also the AI is expected to be higher but

once the fault persists then the 6 will be negligible, we will see that perspective.

What the method does that the method declares a power swing when the absolute value of the
measured incremental current, its absolute value of Al is greater than 5 percent of the nominal
current of the system, that this same condition is present for duration of 3 cycles. So if the
consecutive 3 cycles, 50 Hz system, 60 millisecond around, if this situation persist then the Al
magnitude becomes more than 5 percent of the nominal value of current, then the relay declares

this as a swing situation otherwise not.



The advantage of this continuous calculation of incremental current is that it detects very fast
power swings and also the corresponding particularly for heavy load condition, including heavy

load condition also because it is superimposed component-based.
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Example:

Now let us see this situation as an example. So this is a swing situation, swing trajectory for the
current. So we go on Al computing from the 2 cycles. So this one, 2 cycles will be for this, so this
to this, so this is Al value we go on calculating the Al value. You see this magnitude of Al so that

can bring down here, for 3 cycles you can do like this.

Now, this is a fault situation, and suddenly the current jumps so at this point we have computed
the 2 cycles, this becomes significant but if you see this point here inside the fault because due to
decaying you see it will die down and then it goes to the steady region. Then this point and earlier

to 2 cycles you see here the Al becomes negligible as compared to this swing situation side.

So this clearly shows that if you find the corresponding Al for a period of time like we mentioned
about 3 cycles, then the swing can be clearly identified from fault situations. So this is what being

used in this approach of many relays used at this principle to distinguish, to identify power swing.
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R-Rdot for OST

+ The OST felay using the rate of change of apparent resistance - the Rdot scheme

+ Resistance based control algorithms to describe the OST detection are given by

iR

Switching Line: ¥ = (R = R,) + II“I‘. 0 R(0/s)
‘

t
Stable swing
where R,

Y s the control output

R is the apparent resistance seen by the relay.

R1 and T1 are two settings that are derived from system studies

Unstable swing™
ARy,
+ T, Is the slope that represents RdoV/R AR,

R, is the resistance setting of the swing that is to be tripped

System separation (O0S) is initiated when output Y becomes negative i.e.
the switching line is crossed by the impedance trajectory from right to left

The R-Rdot approach is used for out of step tripping specific utility only. So we know that when
the apparent impedance becomes smaller than a value, then the distance relay should go for a trip
decision. So with that philosophy that if the Z is smaller than X value, then the relay will trip.

With that concept, this principle is being taken from, so this is to identify unstable power swing.
So for that what is being done, a dZ/dt also be taken into consideration including that Z —
Zsetting als0. Note Z — Zg.41ingy becomes negative when the apparent impedance is inside the
characteristic. That results in a trip decision.

Now, what is being done Z — Zs,¢ting +k %, rate of change of impedance to accommodate in the
corresponding swing perspective is being added. In furthering that theory, what is being done that
instead of the impedance, the real part of that gives you the resistance, and thus, the approach is
just in that perspective.

So what is being done in the line, a straight line is defined in the Rdot, Rdot means the dR/dt and
the R. R is in X-axis; dR/dt in Y-axis. A straight line is defined based on the same principle what
take mention on the impedance. R- R1 like Z — Z3, the Z setting; Y = (R —Ry) + T, %. So if this
is less than 0 means negative then the corresponding thing is called an unstable swing situation.

So this is the straight line which we are trying to define and its slope is based on this Ty is dR/dt.

So then, we say here, so this X-axis intersection point is R1. So what happens here that this Y, the
output of this control output for this equation so continuously you can find out the dR/dt from the



real part of this impedance and then Ry is the setting value, Ti is setting value, so then you can
compute this Y. When Y becomes negative in this zone then the system we declared here is

unstable.

Stable swing traverses path in this region and unstable goes through this. So it will go to the
negative. So thereby the corresponding relay can decide very quickly on the perspective of the
unstable swing that is out of step tripping perspective. System separation initiated when the output
Y becomes negative and the switching line is crossed by the impedance trajectory from right to
left subject that it traverses this path because this is the load area. So in the load area, it traverses
like this on stable swing and it will not cross the line in case of stable swing. So this is the simple

approach being used for the out-of-step tripping perspective.
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Swing-Center Voltage (SCV) and its Rate of Change

When the machine angle of two sources swings apart to 180°, at a point M N
on the system where the voltage will be zero-called-swing center Z ' A

f
+ The voltage at this location is -the swing-center voltage ‘
Es2d : : 0

eo(t) = V2Ecsin(wt + 6(t)) 1 1SCV

eplt) = V2Egsin(wt)
Assume the swing-center voltage location is m distance from the local measurement terminal, M.
Applying Superimposed principle,

When the local source acts alone, voltage at swing center will be

lig + (1=m)Zy,
us(t) V2Essin(wt +6(t))
L+l + Iy

When the remole source acts alone, voltage at swing center will be

Zys +miy,
Uty ti

ug(t) V2Egsin(wt)

Now we go to the last method, swing center voltage approach. So on this, we will define swing
center voltage and then we will proceed further. Let us consider a system like this and we have a
source impedance local Zs, and the Zr is the remote, and the line impedance is Z.. So earlier, we

have define what its electrical center. So same concept we are again continuing here.

So when the machine angle of the two side sources are 180° apart, at a point in the systems, the
voltage becomes 0 and that is called the swing center. That point where the corresponding angle
becomes 180° and the voltage vanishes, that we call swing center. We talk about electrical center

in the earlier discussion. The corresponding voltage of that center at different situations is the



swing center voltage. Once again, we point out that what is the swing center point in the impedance
plane where the corresponding voltage becomes 0 during the 180° and now, the corresponding

voltage at different situation of the & is called the swing center voltage.

Let us define the Es, this side source is expressed in terms of the sinusoidal thing; and the Ex, this
side source voltage becomes this sinusoidal thing. We consider the power is flowing from left to
right with an advancement angle of & by this source as compared to the right-hand side source. Let
us assume that the corresponding swing center is m distance from this Z, per unit distance from

this m bus and this falls on the line impedance Z..

Now, we will apply this superimpose principle. So each source applying one by one, one after the
other. So when this first source us swing is there, so we say that the voltage at the swing center m

distance from this Rm relay. So the voltage at the swing center contributed by this, only this source

is short-circuit area at the time. So that becomes equals to ug(t) = Z2EXE"™%L \Hp sin(wt +
Z1s+Z11+Z1R
§(t)).

So we are applying this voltage and we are trying to consider what is the corresponding voltage of
this point, so that from this side because this is sorted, so this side this voltage will be this one.
When the remote sets acts alone and this side is sorted, the voltage at the swing center again from

this side will be this side sorted. So that will be 2221\ o E sin(wt).
Z1s+Z11+Z1R
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Swing-Center Voltage (SCV) and its Rate of Change

As swing centre happens to be at half of the total system impedance M

Z Z A
Uygtmi, Zigt(1=m)zy, 1
Lgtly+ly Zigtly+ly 2 \

Assume, s = Ep = E
When both sources are there, voltage at swing center will be :

o(t) o(t)
SCV(t) \Jlm:(m!» y)m\‘ )

)

+ The SCV is independent of the system source and line impedances and is, therefore, particularly
altractive for use in a no-setting power-swing blocking function

+ The SCV is bounded with a lower limit of zero and an upper limit of one per unit, regardiess of
system impedance parameters

Now, what we see, that we know earlier also that this location is half of from both the sides. The
swing center or electric center is half of the total impedance of the line, Zs + Z. + Zr. So that gives
us that these 2 impedances which we are looking from this side or that side what we have calculated

Zys+tmZy, _ Zip+(1-m)Zyy
Zys+Zy1+Z4R Z1s+Zy1+Z1R

in the earlier slide, = % because it points to that point only.

So if we assume Es equals to Er equal to E, same voltage simplicity, then the swing center voltage

at any instant of time T, SCV (t) = V2Esin (wt + ?) cos (%) So we got that both the sources
are there that is superimposing these two, whatever voltage is obtained at the endpoint and with

this the relation of half with algebraic manipulations we will get that this side source and that side

source, combined them, add them, we will get the voltage to be v2Esin (wt + %) cos (%)

So this term if you see here it is this magnitude of the corresponding swing center voltage and this
is about the sine of this angle, the &(t) also. So the corresponding swing center voltage is a function
of 3(t); swing center voltage is independent of the system's source and line impedances, no
impedance, nothing. There is only to the V2E and the & perspective, and w is frequency, a system

frequency, sine wt, 50-hertz system or so.

So, therefore, particularly attractive for use in no setting power perspective and that is the beauty
of this approach. Furthermore, this swing center voltage is bounded because it is sinusoidal and

this cos term we considered this, is 0 and upper limit to 1 per unit, if you make it a per unit if we



have a 0 to 1 so that is why I can say that another from the calculation perspective, simplify the

thing.
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Swing-Center Voltage (SCV) and its Rate of Change

SCV Is the voltage at the location of a two-source il

equivalent system where the voltage value is zero L 20l Q 200
when & = 180° (g v: B "’v;'J —vf,
SV
An approximation of the SCV obtained from 9.
locally available quantities is as follows: \ap
[SCV x|V, | cosh P
_J

Voltage Phasor Diagram of a Two-Source System
The relation between the SCV and the phase-angle
difference, 8, can be simplified to the following:

SCVI=E., cos (572)

Consider E =Eg =E,

Now, I will move forward. In our earlier discussion also, we have this kind of diagram on the
impedance. Now, to this impedance, if we multiply I, then we get the voltage. So then this becomes
also the voltages. So this is source voltage Es, this is Vm and this is Zsl, the Z_ 1, and this ZrIl. And
this straight line, as we have discussed earlier, is nothing but the total impedance of the line, so ZI,

you can say the dotted line.

Now, if this is the operating point at any instant of time, so this voltage is Es, this voltage is relay
voltage, this set is Er set voltage, and this is the other voltage bus perspective. Now, let us consider
the midpoint is O’. So this is swing center, so the corresponding swings under voltage is SCV is
this one, O to O’.

Now, if you see this, SCV have a similarity that this &, when it traverses in makes 180° here if the
trajectory comes on this path when k equals to 1. We have discussed earlier. Now, if you see this
you can see there is similarity here, this Vm with is the relay bus which is measurable, this ¢ the
corresponding current with respect to this Vi at the relay bus during any instant of time where the

angle between these two sources is 3.

So now Vwmcos ¢ on this perspective so that becomes equals to very close to SCV with little
difference. So an approximation of SCV obtained from the local evaluated quantities, locally we



are trying to commit approximations that this VM cos ¢ becomes this. Note the 0, this | Z and 6
because line impedance is more than 85° with an angle or so, then the theta will be close to 90°
and that leads to a situation in that perspective that the VVm cos ¢ at this point will be very close to

the swing center voltage.

Any discrepancy or so does not matter much because of the further discussions would like to have.
The relation between SCV and the phase angle 6 can be simplified to the following. So what we
see here, if you see this, further this diagram, ¢ the angle between Vm and the corresponding | at

that point; for & is the angle between Es and Er. Now, this ¢ is almost 6 by 2.

So if we take this, the corresponding E equal to Es equals to Er perspective, then the corresponding
V cos ¢, so this E cos (6/2), if you take this one then this is also an approximation to the swing
center voltage. We have distinguished SCV here to SCV1 because of this approximation. So the
swing center voltage can be approximated from this measurement. What is measurable? Vv and
the corresponding ¢ and from that you can calculate swing center voltage, but this can be related

to this swing center voltage where it is related to this angle 6.
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Swing-Center Voltage (SCV) and its Rate of Change

*The rate of change of the SCV provides the main information about the
system swings.

*The derivative of SCV, is:

dscy, (i) (‘4\)1!.5
dé 2/ o dt

)

*The equation provides the relation between the rate of change of the SCV and
the slip frequency , db/dt of the two machine system.

Advantage:
SCV is independent of the system source and line impedance

What we will do now that with that swing center voltage SCV1 if we take the derivative of that

one, BV~ (5) sin (5) 28 30 this shows that the derivative of the swing center voltage is
dt 2 2/ dt

having only in terms of the 6 terms and the voltage. The equation provides the relation between
the rate of change of swing center voltage and the slip frequency dé/dt for the two-machine

equivalent system.

What are the advantages? The independent of source and line impedances which are difficult to
get unlike in the earlier lectures on concentric circle or the blinder approach which where we
required to use Zr impedance and total impedance of this system or so. So this shows that the
derivative of this can be easily obtained from this one and that will be indicative of the situation
of distinguishing swing versus fault and the unstable swing and swing perspective, so what logic

is being followed.



(Refer Slide Time: 21:09)

Detection Logic
+ The technique generates a PSB signal when it measures a significant value of |d(SCV1)/dt|
as would happen during a power swing.

+ For the technique to produce an output, the absolute value of the rate of change of SCV1
must be above a minimum threshold (Min_dSCV1), the magnitude of the SCV1 must be
within a maximum (Thr_Hi) and a minimum (Thr_Low) threshold.

+ The positive-sequence impedance measured by the distance relay must reside within a
starter zone, ¢

The technique generates the blocking signal, power swing blocking signal when it measures a
significant value of swing center voltage say, derivative dSCV1/dt. Dé/dt, | am saying that from
that one if you calculate the corresponding dSCV1/dt then we will find that it will be very

significant one power swing.

For techniques to produce an output, the absolute value of the rate of change of SCV1, we have to
ensure that SCV value is of good value is there to check its experience that this swing is passing
through. And it must be minimum threshold of, minimum value of rate of change of voltage and

the magnitude of SCV1 must be within a limit, maximum, and minimum.

Furthermore, the positive sequence impedance measured by the distance relay must be within a
starter zone like the, we talked about concentric circles and so. So these are being satisfied means
the corresponding power swing blocking function can be invoked. It will ensure that this is going
to be a swing business and the relay has to be blocked. So we saw from the earlier discussion that
the derivative of that one is having a dé/dt at the swing frequency perspective.
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Example:

Stable Swing

+ Athree phase fault is created in line 26-29 at 3s
+ Fault Is cleared by opening the circuit breakers at both ends of the line at 3.15s.
+ Asaresult, a stable power swing is observed in the system

Unstable Swing

+ Athree phase fault is created in line 26-29 at 3 8
+ Faultis cleared by opening the circult breakers at both ends of the line at 3.25s
+ As aresult, a unstable power swing is observed in the system.

Fault

«  Alhvee phase fault is created in line 28-26 at 3.2 s

Modified 39-bus New England System

400 kV, 50 Hz

Now, let us consider take the same system and examples what we have discussed in our earlier
lecture also, stable swing, unstable swing, and fault, which are to be distinguished by this approach.
So what will be there for this stable swing, we created a fault and then we cleared this line, and

then, this relay observed swing.

Second case, unstable swing; we delayed the clearance of this fault. So then this observes the
unstable situation. And then, we create instead of this fault, we created a fault in this line, line
between 28 and 26, and then we created fault. So these 3 situations are to be distinguished by the

swing center voltage approach and its rate of change of swing center voltage.
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Example

Stable Swing Unstable Swing Fault

SCV (kV)

SCV (kV
o =
I
SCV (kV
= = =

Time (s)

Time (s) Time (s)

Now you see that the swing center voltage, how do you compute this? V cos ¢. We have this V
measurement at the end bus, at the local bus, relay bus, and the corresponding ¢ angle between
voltage and current. So that Vv cos ¢ gives us a swing center voltage. So we have plotted this one

for this swing center.

The derivative of this one gives us dSCV/dt, so we have this one. So now from this for this stable
swing, we have a positive value of swing center voltage and this is going down some negative
value and then this perspective. Unstable swing, we know this unstable swing center voltage pretty
oscillating, large value also and it crosses the O or the derivative of that one is having like this,

pretty high value as compared to the stable swing case.

Now during fault. Swing center voltage, small value, derivative is almost constant. So the
derivative is almost negligible so we see here swing center voltage is negligible and small amount
is there means fault. Swing center voltage, derivative of swing center voltage is significant and

swing center voltage oscillates at 0, then this is unstable.

Swing center voltage smaller value and this derivative of swing center voltage is smaller value and
swing center voltage is having a positive value, then we say this is stable swing. Thereby we say
that the swing center voltage approach can be applied to distinguish fault from swing and stable
and unstable swing for out of the tripping business. The beauty of this method is that it does not

require any system study in the setting perspective.
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Remarks

Methods-
Incremental current
R-dot

Swing center voltage

* When a fault occurs during power swing the relay algorithm must
switch over and PSB should be removed.~ for unbalanced fault-
negative sequence current...zero sequence current for earth fault

So in general, we saw in this lecture 3 methods. Incremental current, only from the current signal;
the R-dot approach to have out of step tripping business; and then finally, swing center voltage
approach and its derivative we talked. The derivative gives information on that whether it is to
distinguish swing from fault and whether it is a stable swing and unstable swing in supplement

with the swing center voltage decides.

Now, however, we launched many techniques on to distinguish swing from fault decision for the
power swing blocking, and for out-of-step tripping, we have to identify whether it is unstable
situation or not. And the out of step tripping is being accomplished at strategic locations only

which are predefined and not at all locations for the distance relay.

Note, there is a probability also that if fault may occur during power swing situation. Because
power swing is an elongated process, disturbances are there in the large systems many times in a
day or so. So swinging situations will be observed by the relay frequently but the power swing
blocking will not be allowed to go for trip decision unnecessarily, thereby retaining the system
stability.

But the point is now if a fault happen to be there in the system during power swing, if the relay is
blocked then it becomes challenging. So, therefore, the blocking has to be removed during that
situations to clear the fault otherwise, there will be possible damage, which is not desirable from

the protection sense.



Say, if unbalanced fault happens to be there during power swing blocking, then power swing
blocking; now what will happen that power swing is 3 phase phenomena, balanced phenomena, 3
phase. Unbalanced fault like line-to-ground or phase to-phase fault or double-phase-to-ground
fault happens to be there. That means their negative sequence component will be significant, which
will not be found in case of swing or so. So by computing the negative sequence component as

compared to the positive sequence component, we can distinguish this is as a fault situation.

And if it is a phase-to-ground fault, if the fault is involved with the ground, then zero sequence
component also will be significant. So they can be used to adjust the fault situation and thereby
the corresponding blocking functions can be removed from the relay. So this is all on power swing
blocking issues with distance relay. Thank you.



