Power System Dynamics, Control and Monitoring
Prof. Debapriya Das
Department of Electrical Engineering
Indian Institute of Technology, Kharagpur

Lecture - 39
Automatic generation control conventional scenario (Contd.)
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So in the previous lecture, we have just started with tie-line frequency bias control. So,
here also starting from that same point that equation-38 and 39 is suggest that, there will
be steady-state error of frequency deviation and tie-power deviation following a change
in load that is load disturbance right either increase or decrease in load and that is
equation 38 and 39 the steady-state values of both frequency and tie-power deviations

are given right.



(Refer Slide Time: 01:10)

[

A AO0

EBRBT 04

pBEQ 8@

e - ?c\ﬁv\_ r_lw\nﬁ\‘cn
oy To ¢
evye ol \
b | T ‘LLN\%C
:"NF'P\LTQ%WW
Neod,

Ma thauld {dhaa))
Wyea. ,

= w\&‘ml f'NW\er

I\'\ QH\CL —\n]m-(U;-
A% £ J
\u\-i \C-(»\Cl f u\“t
LQ“{\UL C\cifo

_ E‘T‘“-QQ-:@
/’3‘3\'\9£ *"E\'LL\:[G‘
h £~I¢-Dn|.n

{

. on

fall TG - g,

J

e &%‘p\u’mﬁ &:\

[ aYYe

hald Jag sl
L P Y| Mok (i o
W_Qﬂ-zq) dicald  Yngh
| G; ’tnie.\{m Ao devioks,

O spm

e

Yo oy adkion (\-’\C),

f‘i‘\'.\'\a & . {n J\mf)g.
5-\&'”}‘3 ~-84 f‘\lr Yvovy
L_g 'Ca(,\.f R \-';\. ?i‘ n-‘t'lc\_ :

conbrnl Ay o ‘B{ch
C‘n‘\la Qr."r -__'lr\(?\wa ) \'-'1 j&r\ekjl

L :
{ thew (5 6 howg e i

U ey

450

(v (= f'\’\'&) L‘R

i S, Y L

|7 EIEL N LG

So, to correct those steady-state errors, supplementary control must be given in both the

areas. | mean our objective is to bring this steady state error to zero for which we need

that supplementary control action right. So, the supplementary control in a given area

should ideally correct only for changes in that area right. In other words, if there is a

change in area-1 load, there should be supplementary control action only in area-1 and

not in area-2.

(Refer Slide Time: 01:27)

= bk e ek B
Fie 181 Vew Wedim Fe
Vo fasdy

#BEQ 80 »+ + 000

e Mheuld
Ayea, ,

aT ez

KR
(dhaa)

v olhed
AX g -4 \

oond {

, the

“*““hvi- &c;\ion. o

i E‘]“-QQussg)
x’*‘a\}lvﬁ amade
{W :HEQ[_MM '
%t\e\cr

M &
Py (aee),

—dould

-

S\9vol

—
\j Covyes Crrnta er choy

~Wovdh, |
L-%k\c-u\d\ prey ‘T‘Vﬂ?\ﬁm ety
M oUe -4 ond el
Q*“&QQ-Z‘]) wdyeodi M
0,; ‘HE..‘{'(\L :
C.‘-a d-cvim‘«id\m —gbeﬁg&ﬁd I o Ly

‘ 516
heeamblish A, deAtyd obje
'S K o Yy

o

(0] wm‘
VYT U tawp”\

Wa 2 \'-'1 j!_:/\ui

U}\ (hy

[ Yhae 5 o

€ W

I ania 2

Ou f{'h'\:I LR

Qow deviakion A dded




So, that equation-38 and 39, equation-38 for your frequency steady state error and this is
for tie-power deviation steady state error indicate that a control signal made of tie-line
flow deviation added to frequency deviation weighted by bias factor would accomplish

the desired objectives. This control signal actually is known as area control error.

So, suppose you have a two area system that is we have seen, suppose if suppose a load
disturbance has happened in area-1, then area-1 supplementary controller it should
respond right and it should accommodates load changes. And area-2 supplementary;
area-2 supplementary control should not respond to this, but it during your dynamic your
transient period that it will act, but at the steady-state that if any load changes occur in
area-1, that area-1 generation must accommodate that right. And there should not be
steady-state, there should not be any power with generated by the generators of area-2
that means, a steady-state generation of area-2 will be 0, because there is no list load

disturbance in area-2 right.
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So, the area control error for area-1 and area-2 can be defined as generally ACE 1 that is
Area Controller Error of area-1 is B 1 delta f 1 plus delta P tie 12 this is equation-40. And
ACE 2 is equal to B 2 delta f 2 plus a 12 delta P tie 12 is equation 41.
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Now, we define say B 1 is equal to beta 1 is equal to D 1 plus 1 upon R 1 and B 2 is

equal to beta 2 is equal to D 2 plus 1 upon R 2.
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So, beta 1 and beta 2 basically are the frequency response characteristic of area-1, area-2

respectively. In general, we call this is area frequency response characteristic.
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So, integral control law both for area-1 and area-2 are given by that U 1 will be minus K
I 1 integral of ACE 1 d t. And U 2 will be minus your K 12 ACE 1, ACE 2 d t right. So,
it is actually later will see that you have your this is your input say for area-1 ACE-1

right. And this is your that integral gain K I 1 upon S and this is my u 1 right.

Therefore, u 1 is equal to minus K I 1 upon S ACE 1 right that means, its integration
actually u 1 will be minus K I 1 integral of ACE 1 d t right, so that is why this u 1 is
written as minus K I 1 integral of ACE 1 d t, this equation-43 for area-1. And u 2 is equal
to minus K I 2 integral of ACE 2 d t this is equation-44.
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Where, K11 and K I 2 are the integral gain settings for area-1 and 2 respectively right.
So, this gains K I integral gains actually need to be optimized at the of course for the
class room purpose, we cannot optimize to simulation, but I will tell you how to optimize

such things right.
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Now, next is basis for selection of bias factor right that means, this B 1 and B 2 selection

for this one right bias factor B 1 and B 2 that is called frequency bias right.
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So, for the from the point of view of steady-state performance, the selection of bias
factor is not important right. Any combination of area control errors containing
components of tie-line power and deviation and frequency deviation result in steady-state
restoration of the tie-flow and frequency. Since, the integral control actions ensures that
ACE is reduced to 0 that means, you take I mean for example, suppose here I

overwriting it, I hope it will be readable to you.

Suppose, ACE 1 for area-1 suppose we are writing B 1 delta f 1 plus delta P tie 12 right,
so this area controller. I can take any but I can take any combination such that a steady-
state integral controller is there. A steady-state you will find delta f 1 will become 0, and

delta P tie 12 will become 0, hence ACE 1 also will become 0.

So, that means in general even if you take this combinations ACE 1, I am just putting in
my way ACE 1 say alpha; alpha 1 into say delta f 1 I put plus alpha 2 into delta P tie 12 1
put. Say alpha 1 and alpha 2, alpha 1 and alpha 2 both has to be your greater than your 0
right.

And so in that case what will happen any combination you take that ACE will become 0
at steady-state, because you have integral controller right. But, there must be but
question is that once there choice will put some problem particularly during the transient

behavior right, so that is why we have to abstract a your what you call some kind of



philosophy for proper choice of B 1 particularly the frequency bias setting that B in
general right.
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So, this therefore the ACE is actually consider the following area control error applicable
for a two-area power. Systems, suppose we have taken just now I told say ACE 1 has
steady state is equal to some constant A 1 into delta P tie 12 steady-state plus B 1 delta f

ss steady-state is equal to 0 at steady state this is equation 45.

And ACE 2 steady-state a 2 into a 12 delta P tie 12 ss plus B 2 delta f ss is equal to 0
right. So, in that case what will happen at steady-state your steady state actually your
delta f 1 is equal to delta f 2 is equal to delta f steady state. This is our steady-state all
steady-state right so, delta f ss delta f'ss.

So, as steady state actually delta P tie 12 will become 0. And similarly, delta f will
become 0 for all non-zero values of A 1, A2, B 1 and B 2 right, because you have the
integral control action. Therefore, ACE 1 and ACE 2 their values will be 0 at steady-state
right.
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So, however the composition of area control error signal is more important from
dynamic performance consideration right, because we have to see that transient behavior
that is the dynamic performance. This can be explained by considering the transient
response of the AGC system to a sudden increase in the load of area-1. So, sudden
increase in load will result in decrease in system frequency, because we know that if real

power load increases, the frequency falls right. And if load decreases, then frequency

raises right.
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So, followed by governor response, which limits the maximum frequency excursion and
subsequently brings the frequency deviation back to a value determine by the regulation

characteristic of both system and from equation-38, we can write.
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For example, we will go back to equation 38 right here, we will go back to equation 38
and 39 here. Suppose, load disturbance has happened in area-1 and there is no load
disturbance in area-2 that means, delta PL 2 is equal to say O right, because there is no
load disturbance in area-2. And another thing that frequency response characteristic let us

define that beta 1 is equal to your B 1 is equal to D 1 plus 1 upon R 1 right.

Similarly, you define beta 2 is equal to your B 2 is equal to D 2 plus 1 upon R 2 right this
you define. And assume that load disturbance has happened in area-1, but there is no load
disturbance in area-2 right. Therefore, you put here delta PL 2 and another thing, we
assume that area capacity ratio right a 12 define by minus sign P one P r 1 upon P r 2,

you assume they are same that means, we assume P r 1 is equal to P r 2 right.

In that case your a 12 will be is equal to minus 1.0 right. So, all these things you put in
this equation, you put a 12 is equal to minus 1 delta P L 2 is equal to 0. This one you
make it beta 1 and this was you make it beta 2 for both the equations. If we do so, now I

am cleaning this one, | hope you have understood I am cleaning this one.
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So, if you make it, then this equation actually this equation then it will become that your
minus delta P L 1 become a 12 is equal to minus 1, this is 0. And here a 12 minus 1
means, this will be plus and this is beta 1, this is beta 2, so basically it will be beta 1 plus
your beta 2 right. This is your delta f steady-state is equal to minus delta f your P L 1

upon beta 1 plus beta 2 following a load disturbance.

Now, in this case in this case the delta P tie 12 ss, in this case also same thing put delta P
L 20 and this is my beta 2 right. So, this can be written as minus beta 2 delta P L 1 right
divided by again this a 12 minus 1, so it will be plus. So, it is actually beta 1 plus beta 2
right. So, this is minus delta P L 1 upon beta 1 plus beta 2 and this is minus beta 2 delta P
L 1 upon beta 1 plus beta 2 right. So, this is your this expression for steady-state error
expression for this one frequency and this is for the tie-power deviation right. So, now
will go back to that equation right that is your ACE 1 is equal to B 1 this thing your B 1
delta your what you call, this is your delta f'ss, similarly for delta P tie right.
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So, now will go back to this equation that your that your this thing just now I told you
that if you put delta P L 2 0 put a 12 is equal to minus 1, it will be beta 1 plus beta 2.
Now, ACE 1 is equal to say B 1 delta f 1 right delta f 1 plus your delta P tie 12 this is
right. Now, as steady-state when you look into the steady state that means, ACE right 1
steady state is equal to B 1 delta f steady-state right plus delta P tie 12 steady-state.

Now, B 1 is equal to beta 1. This color is red, this is also becoming red, but it is much
thick. So, I think it is readable for you right. So, in this case if we use beta B 1 is equal
your what you call beta 1 and b 2 is equal to say beta 2 right. And steady-state we have
seen the values, so B 1 is equal to beta one that means, here I am writing for you that

means, ACE 1 steady state is equal to B 1 is equal to beta 1.

And delta f ss we have seen for a step load disturbance in area-1. Area-2 there is no
disturbance, and area capacity ratio is same say 1 2 is equal to minus 1, because P r 1
upon Pr2 Pr 1 is equal to Pr 2. So, if we substitute here, it will be beta 1 right, then
minus delta P L 1 divided by beta 1 plus beta 2, this is one equation.

Similarly, your delta P tie 12 SS T showed you before right that is equal to your minus
beta 2 delta P L 1 upon beta 1 plus beta 2 right. So, if it is so, you take your what you call
minus delta P L 1 common, if you take so it will be minus delta P L common, numerator

will be beta 1 plus beta 2.
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And here also beta 1 plus beta 2 right, so that is nothing but minus delta P L 1, because
this one this one will be cancelled that means, at steady-state that means at steady-state
that ACE 1 ss is nothing but it is coming minus delta P L 1 is meaning is that that if there
is a your what you call there is sudden increase of load, so area-1 will accommodates in
load changes that means that power will be generated from generators in area-1 right,

and accordingly it will do this.
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But, if you take now using the same philosophy, if you take ACE 2, so ACE 2 steady
states directly I am writing ACE 2 steady state is equal to you know B 2, then delta
steady state right plus a 12 delta P tie 12 steady-state right. So, a 1 is minus 1, so this B 2
delta f'ss delta f B 2 is equal to beta 2.

So, here you can make it this is my beta 2. And delta f ss is minus delta P L 1 divided by
beta 1 plus beta 2 right. And delta P tie 12 delta P tie 12 ss also we have seen before
right. So, a 12 is equal to minus 1, so I am making it here this one hold on I just hold on,
I am writing here that it is beta 2, then minus delta P L 1 divided by beta 1 plus beta 2
right. And a 12 is minus 1 minus 1, so my dash. And delta P tie 12 ss we have seen
before that minus beta 2 delta P L 1 divided by beta 1 plus beta 2 right.

So, in that case what is happening that this is your beta 2, this is also beta 2, this is minus
and minus plus, so what will happen in the numerator will be 0 right, so that means, my
ACE 2 ss will become 0 right, because this is mine beta 1, beta 2 denominator is
common, and this is minus minus plus beta 2 P L 1, beta 2 P L 1 will be cancel. So,

basically it will be 0 upon beta 1 plus beta 2.

Therefore, steady state error ACE 2 ss will be 0 that means, it suggests that that
whenever there is there will be a load disturbance in your what you call in area-1, area-1
generation should accommodate this load right. And area-2 in the case of your area-2 this
ACE 2 steady state is becoming 0 that idea is that the load disturbance happens in area-1
that disturbance which has happened in area-1, it will be completely unobservable by the
area-2 this is the meaning of this one right, so that is why this is all these given, but I told

you how to how we have got it right.
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So, at this point just there will be deviation of tie-power flow from its scheduled value.
Supplementary control, which is much slower than the primary speed control will now

commence responding, let us now just study let us now study the following case.
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Now, second case this already I explained. This already I explained that ACE 1 will be
steady-state will be minus delta P L 1, this already I told you.
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And ACE 2 ss will completely will become 0 right, this will become 0. This these two

things already just I derived this right, so how the meaning is.
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So, now from the above, we can conclude that only the supplementary control in area-1
will response to delta P L 1 and change generation change generation so as to bring ACE
1 to O that is area controller to 0. The load change in area-1 is thus unobservable to the

supplementary control your in area-2 right, because ACE-2 at steady state becoming 0.
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Now, another case just for the sake of this understanding, we let us assume another thing
that your beta 2 is equal to B 2 is equal to 2 beta 2 a 12 is minus 1 and b 1 is equal to 2
beta 1 right. So, in that case what will happen that if you your what you call that use that
same thing that suppose it is given that ACE 1 ss, you will get this one ACE 1 ss, so delta
P tie 12 ss right plus this B 1 is actually 2 beta 1. So, it is 2 beta 1 delta f ss right.

So, we know delta P tie 12 ss, when a 12 area same thing a 12 is equal to minus 1 right.
So, this term will be if I recall correctly it is minus beta 2 delta P L 1 divided by beta 1
plus beta 2 right. And this term plus it is 2 beta 1 and delta f ss already known that it is
minus delta P L 1 divided by beta 1 plus beta 2 right.

So, in I mean this way your what you call sorry beta 1, beta 2, it will be actually your B 1
your what you call D D 1 plus 1 upon R 1 and D your what you call D 2 plus 1 upon R 2.
So, if it comes like this, if it comes like this, so finally if you simplify this one, it will be

minus delta P L 1, then 1 minus beta 1 minus 1 upon beta 2 right.

So, in that case what will happen just you simplify one term will come beta 1 plus beta 2
upon beta 1 plus beta 2, I mean break this thing, it is my it is minus beta 2 delta P L 1,
and beta 1 plus beta 2 and it is plus it is minus plus minus 2 beta 1 delta P L 1 upon beta
1 plus beta 2 right, so that way you can actually what you just simply this, then you will
get it will become one 1 minus 1 upon your what you call beta 2. Let me do it for you, let

me do it for you.



So, this one actually it is minus beta 2 delta P L 1 divided by beta 1 plus beta 2 right. And
this one also you can write separately minus beta one delta P L 1 by beta 1 plus beta 2
right. So, again another term you write minus your beta 1 overwriting will be able to
understand B 1 this beta 1 plus beta 2 this way you write. So, in that case if you write and
simplify right, then you will find that this one (Refer Time: 21:58) become minus delta P
L 1 you take common beta 1 plus beta 2 here what you call that your what you call will

be cancelled, so just let me make it here.
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So, here what will happen that your minus delta P L 1, you take common. So, you will
find beta 1 plus beta 2 upon beta 1 plus beta 2 right this is one term. Then another one
you can write that plus beta 2 right divided by beta 1 plus beta 2 right, because your beta
1 is equal to your just hold on that B 1 is equal to 2 beta 1 right it is ok. So, it will be
beta, it will be beta 1 upon beta 1 plus beta 2.
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So, here I am writing again right. So, ACE 1 steady-state is equal to B 1 delta f ss plus
delta P tie 12 steady-state right. So, we are taking say B B 1 is equal to 2 beta 1. So, if



you put here 2 beta 1, so it will be actually 2 beta 1, and delta f ss we know that minus
delta P L 1 divided by beta 1 plus beta 2. This is one term.

And delta P tie 12 ss we know minus your beta 2 divide delta P L. 1 divided by beta 1
plus beta 2 right. So, this is actually 2 beta 1. So, if you just what you call, now if you
simplify this one, this is minus beta 2 delta P L 1, so this term, this term it can be written
as minus I am making it here somewhere here, this term just you 2 beta one you make
twice that is beta 1 into minus delta P L 1 upon beta 1 plus beta 2. Again you write minus
beta 1 into delta P L 1 upon beta 1 plus beta 2 right. And then you take common and you
simplify.

So, if you do so then this term will become this is your beta 1, then your minus delta P L
1 divided by beta 1 plus beta 2 right this term. Then again another term is there, so that
will be your that will be your minus your beta 1 delta P L 1 upon beta 1 plus beta 2 and
minus beta 2 delta P L 1 upon beta 1 plus beta 2.

So, if you take your minus common, then it will be beta 1 upon beta 1 plus beta 2 upon
beta 1 plus beta 2, so basically it will become actually minus your delta P L 1 right. So,
this way it will come. So, if you just take the take this things your what you call, the
second term that you just take common minus delta P L 1, so it will become minus your
beta 1 plus beta 2 upon beta 1 plus beta 2 and this is minus your delta beta 1 upon your

what you call beta 1 plus beta 2 this one.
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Now, further you can simplify this; you can simplify this, so I am just deleting this one
that your then that means, if we take minus delta P L 1 common, then B 1 upon beta 1
plus beta 2 right. And then that term will be your what you call that term will be one
right, if you take your this thing is common. So, after this if you just simplify right if you
just simplify, then let me go back right let me go back.
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So, you will get this term actually your just hold on, this term that minus delta PL 1 1
minus 1 upon beta 2, just you simplify that one. Ultimately, you will get that this is
minus delta P L 1 1 minus 1 upon beta 2. Just you put those thing that B 1 is equal to 2
beta 1 here. And just simplify and your a 12 is equal to minus 1. So, in that case what
will happen if you put B 1 is equal to 2 beta 1, then we have to just hold on when B 1 is
equal to 2 beta 1 here right here.
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So, in this two equation I mean whatever we are made it from here that your B your in

this expression just you make it that your B 1 is equal to beta 1 is equal to your B 1 and

beta 2 is equal to B 2 right. So, whatever it is now we are changing it that we are making

it to that your what you call that your B 1 is equal to 2 beta 1 and B 2 is equal to 2 beta 2.
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So, in that you just put it and simplify, then you will get this expression this what you

call this expression this delta P tie 12 ss plus B 1 delta f ss will be minus delta P L 1, then



1 minus 1 upon beta 2. So, if you look into this, then you will see it is not simply minus

delta P L 1 another term is getting added right.
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So, similarly for area-2 right similarly for area-2 if you look into that that ACE 2 ss will
become if is minus because a 12 is minus 1 minus delta P tie 12 plus 2 beta 2 delta f ss
right. So, in that case it will simply become that your what you call that your will
become minus your delta just hold on minus delta P L 1 upon beta 2, this means this

means what that a steady state ACE 1 also some showing some steady state error.

And in this case ACE 2 also showing some steady state error, it is not 0 it is minus delta
P L 1 upon beta 2 right that means, if we say such kind of thing in that case B greater
than beta that area-2 your what you call that your generator also has to respond to
generate this amount of power at the steady state, so that is not desirable. So, best choice

for AGC is b is equal to beta ok.
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Next will see that when previous case, we saw that when B 1 is equal to B 2 is equal to

your B 1 is equal to beta 1 and B 2 is equal to beta 2. But, in this case we will see that

your B 1 is equal to 2 beta 1. And B 2 is equal to 2 beta 2 and A 12 is equal to minus 1.

Then if you find out this one you forget about this thing, if you find out that ACE ss is

equal to delta P tie 12 ss plus B 1 delta f'ss, but B 1 is equal to 2 beta 1 here it is right.

So, if you substitute and if you do it like this, then this will actually become that minus

delta P L 1 divided by B 1 plus beta 1 plus beta 2, then into beta 2 plus 2 beta 1 right. So,

in this case it is not minus delta P L 1 into your beta 2 plus 2 beta 1 upon beta 1 plus beta

2 right. This is your ACE 1, so ACE 1 is not becoming actually minus delta P L 1 right.
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So, next will go to your next so similarly for the next one that your minus delta P tie I
want forget about this one right. So, in this case your if you substitute all these things if
you substitute all these things, it will actually become just check from yourself minus

delta P L 1 divided by beta 1 plus beta 2 into your beta 2.

So, we can see that on the both the cases for a ¢ in this case ACE 2 ACE 2 ss is not 0, as
when B beta B 1 is equal to beta 1 and B 2 is equal to beta 2. At that time it was yes it
was 0, but in this case it is not that means, what does it signify. Actually it signifies that
if we not say that B is equal to beta, then your generators in area-1 will generate some
power, similarly area-2 generator also they will also respond to this right. So, most
therefore the most logical choice for B is equal to your what you call that B is equal to

beta right.
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So, whatever right up is written here that your that in here both area-1 and area-2
supplementary controls would respond and correct the frequency deviation twice as fast.
However, the generation picked up by area-2 will subsequently reflect itself as a
component of ACE 2 and will be backed off again in the steady-state. For AGC more

logical choice frequency bias setting will be B is equal to beta right.

And another thing is there that b also, it cannot be you it cannot be less than beta right, so
that is not desirable the reason that your what you call there is a question to you that why
B cannot be less than beta that means, B 1 it if you out B 1 less than beta 1 and B 2 less
than beta 2 that is actually not the correct choice there is some reason. So, this is a
question to you right. So, next will go to the regarding integral controller of your what

you call to various system.

So, thank you very much, will be back soon.



