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

Lecture — 35
Automatic generation control conventional scenario (Contd.)
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Ok. So, this problem we have seen in the, you know previous lecture that there is a
sudden drop in load by 16 megawatt. So, already we have solved this problem. But, load
drop means that you are what you happen the speed will increase that is frequency will

increase right. So, I will go to the your what you call that next page. So, this already we

have solved.
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So, this from this you have seen that your what you call that steady state I mean its plot
after solving this, when you have plotted for delta f't that is steady state error that is the
frequency deviation that is showing steady state error is positive, because load has your

what to call decreased. If load increase, then the delta f ss will become negative right.

(Refer Slide Time: 01:09)

e =
(51 [ ] =]
Pt @vz Wocw C‘L'".""?'IJ‘FM s
r f A
I'Lf’@_) !. - a_-‘m'xl |"f K &
X S N are—— |
K S, M T /
15 P‘/
N~
~k|
"r‘li_} A Ay ITy
a = 064 P
! SLE 2 +0 04l
0y = o -t
Yotk gy o)
3 : ek P
- i s 4
5 SR I 0 07

And this is your this is your dynamic response. And another thing is from this from here
also directly, we will get the your what you call the steady state values from this way you

are what you call this from this equation delta f's is equal to this much right.
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So, next one next is your steady state analysis. So, from to your figure-11, steady state

error of frequency deviation can easily be obtained with u is equal to 0 right.
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So, this is done here, but I will go back to this figure-11 right.



(Refer Slide Time: 01:55)

Foe 9 Vw W ey m

[CE = Tl Ll W O spi

14880 @@ v M HOQ = KBRAT 0/

P Botk_ Diogram Qepepfiobin o g
Sf'md inm " Sysbte )

F-.;g 0 Showoe U l.u. iearam o geanshiog

il g
weik  wadlh o Tehod bukind, Mo Waew J-u-...

ineludy Hpeed govenr | doubiat -,;,\.I.m |
bed | afpde eJx I.. aed "'1“‘-'1 tm-L(I-o
i l I » =

-
i |

'@D ": rt‘iu

H(

R % 11
. I—‘M_ Wiy | n‘\_) J- 1”“
I:wq mar m\ ne WJ-'\D—J
foed

PR, Mooy din ngrnm Tehugukebio o o

"Nm’.aq
L PR S R <

Tne Meek dﬂhﬂm.-— 4
und il wan-Teh
I 2o

BN i e aficalile by g
Famrbint . Yusonrar, fn by tont

So, just hold on, I will go back to figure-11, this figure so this is our figure-11.
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So, from this block diagram that I will go back to that you are from this block diagram,
we will go for you are what to call the steady state error. Now, say that u is equal to 0

that is your it is u is equal to 0 means that is your uncontrol mode right u is equal to 0.

Now, we will try to find something like your steady state block diagram, when it is of

course if that integrator term is associated with there like K like K upon S, then forever



this technically not possible, but in this case it is possible. So, and you know that t tends

to infinity right that means, S tends to O right.

So, in this block diagram you put S is equal to 0, and for this case your delta f will be
your delta f steady state. Similarly, for other values this is delta P g ss as this is delta E ss,
and this is your delta f ss steady state values right. So, if we draw the steady state block

diagram right, so how it will look like that means, every block put S is equal to 0.
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So, in that case what we will do right I am redrawing for you. Suppose, suppose this is
your this is your 1 upon R right, and this then 1 upon 1 plus ST g is there. So, in that
block you put 1, because S tends to 0 you put S is equal to 0 right. Then you are what
you call next one is your 1 upon 1 plus ST t. So, there also you put S is equal to 0, it will
be 1.

Nextu 1 plus SK T rupon 1 plus S Tr, put S is equal to 0. So, this also will become 1.
Then this one your plus this is your minus this is delta P L right. And here you K p upon
1 plus S T p put S is equal to 0 from that figure-11, then it will be simply K p and output

is delta f steady state, and it will be coming here.

And this is your u is equal to 0. And this is actually delta E ss. This is this is your
whatever the block has been splitted, so delta P b ss. And this part is delta P g s s. And
this is delta P L the load right, so that means in that block you put S is equal to 0.



So, this will be something like a steady state block diagram that means, feedback here is
if you this all are 1 1 1 that means, equivalent I mean if I make it like this, so this is my
plus this is u is equal to 0 right. And this is my minus and 1 upon R right. And all 1 1 1,

so basically this is your delta P g ss, intermediate things we are not considering all 1 1 1.

And this is plus, this is minus, then delta P L, and this is delta f ss, and this feedback is
there right that means, if you your delta P g ss steady state, actually it is equal to minus
delta f ss upon r, because this delta f ss feedback is here is feedback is here right that

means, that means this from here you can write.

So, delta P g ss means minus delta f ss upon R. So, we can write minus delta f ss upon r
minus delta P L is equal to your delta f ss is equal to delta f ss right that means your delta

f ss right and K p was there sorry well here K p was there.

So, it is actually your into k p into k p is equal to your delta f ss right. But, k p is equal to
1 upon D right K p is equal to your K p is equal to 1 upon D. So, substitute here k p is
equal to 1 upon D and cross multiply, then it will become D plus 1 upon R, then delta f'ss
is equal to minus delta P L right. So, I am so this thing is clear. So, I am clearing this and

writing the final expression of delta f'ss.
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So, delta f ss, then is equal to minus delta P L divided by D plus 1 upon R, this is the

steady state expression. I mean from the block diagram if 1 upon S is not there



anywhere, because you cannot put S is equal to 0 there. You just put S is equal to 0, and
it will be a steady state block diagram. And you take any other problem also; it will give

you the result steady state values of all these things.

And delta P g ss also we have seen it is minus delta f ss upon R right. Therefore, if you
look into this one, suppose they actually for realistic system that D actually we have seen

that is delta P L upon delta f right.

Now, if D is neglected suppose D is actually very small compared to your 1 upon R right
that means, your if D is neglected suppose D is approximately 0, then delta f the steady
state value will be minus R into delta P L, this is the steady state error of the your what
you call that the frequency deviation right. So, this is your what you call that is simply in
one way to find out your steady state you are what to call steady state error by simply

putting that another is that final value theorem right.

So, this is in so therefore in this diagram, we put simply S is equal to 0 right, and from
that we got the your what to call it we got the steady state error. So, we will go back to

this you know that that steady state that there next page right.
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So, this 1s what I showed there that delta minus delta f ss R minus delta P L into K p is

equal to this one. So, this is actually delta f steady state is equal to minus your delta P L



upon D plus 1 upon R right. So, this is equation-18. So, this is the steady state error of
the frequency.

(Refer Slide Time: 09:13)

o Dofg x % - —0f
R
(. —A4fp
D”Jss“ .

(2.14.4

Combosite Frequency Reshonse Choadionindic

F\'Q»\R-iq Shows o ]mﬁu System \\om'ng M

Yok an _rP Oomanaliag  Aiaale

B Taes =

Next is that composite frequency response characteristic. So, now one thing one thing,
we [ would like to tell that when we write down the equation that delta P g minus delta P
L is equal to 2 H upon your f 0 into d d t of delta f plus D p D u right. So, when you if
you look into that equation, I will go back to that before moving to that right so just hold
on I will go back to that right just hold on.
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So, when we are going for your power balance equation this equation that this equation
when you go right, this power balance equation when you go this one I mean simply if
you go to this, then another point is that we assume that load is your what to call its a

sensitive to that changes in frequency.

Now, at steady state this term will be this d 0 d d t upon delta P g will be 0 right and this
is my delta P g u p per unit p u. So, understandable that it is per unit. So, I will write
delta P g minus delta P L also per unit is equal to our steady state. So, I can write this
steady state. And this is load delta P L right. And steady state this term is 0 mean this is 0
is equal to D into delta f ss right.

So, so this is your what you call delta P g ss my minus delta P L that means, my delta P g
ss is equal to delta P L plus D into delta f ss right, this we know. They are there for two
versions two versions are there one is delta f your what to call delta P g ss we know that

delta P g ss is equal to minus delta f'ss upon R right.

But, this delta f ss we know that here I am writing for you that delta p g ss steady state
value is equal to delta P L is their and D plus D into delta f ss is equal to you have seen
my now we are writing it divided by D plus your 1 upon R right this is your that means,
that delta P L will be there minus your what to call D into delta P L divided by D plus 1
upon R.

So, in that case what is happening that if you if you look into this term, if you take your
what you call delta P L and delta P L common, then here I am writing delta P g ss [ am
making it on it, but you do it on that notebook right. Delta P g ss will be is equal to take
delta P L common, then it will be D plus 1 upon R this side minus D right divided by D
plus 1 upon R, so D D will be canceled.

And finally, this one can be your what to call written as delta P L right your divided by
your into your D your here it is 1 upon R. So, basically it can be written as 1 plus your
what you call R D right, because it is 1 upon R multiplied, so it will be R D plus 1. So,
delta P g ss will be delta P L upon 1 plus R D that means, this R D is greater than 0 that
means, 1 plus R d is greater than 1, then in a steady state although generation should

change the load.
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So, at steady state | am just [ am just rewriting this, first let me clear it [ am just rewriting
that expression, so delta P g ss is equal to delta P L divided by 1 plus R D right. Although
R D R into D actually for realistic parameter is quite small compared to one, but anyway
it is greater than one that means, delta P g ss. If D if D is approximately 0, then at steady
state delta P g ss will be is equal to delta P L right.

But, in this case it will be less than delta P L, because it is greater than one. So, it will be
less than actually for uncontrolled mode, so general there you are what to call generation,
you will never match exactly to delta P L, it will be very less maybe 1 percent, 2 percent
not more than (Refer Time: 14:04), because the load is sensitive to the frequency
deviation that is why this term has come right. If you simulate it, you can easily verify
this right. So, we will go back to your, what you call that to that is composite
characteristic right. So, just hold on, so that means your, this is this I explained. So, also

delta P g ss is explained.
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Now, composite frequency response characteristic for to figure.
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First let me go to the figure, then the composite frequency just hold on let me reduce this
thing such that whole thing will come together, so just hold on. So, this figure that is
suppose you have it is isolated system only; it is isolated system earlier suppose you have
n number of generating units. And they are all I mean and all non-reheat turbine I have

considered here you can consider it also no problem, but all are non-reheat type. So, and

you have n number of units.



So, in that case what will happen that this is governor for unit 1 this is your governor for
unit 1, a governor for unit 2, and this is say in general that n-th governor. This is the tie
your what you call this is and this is the your turbine transfer function, because it is non-

reheat types only one block 1 upon 1 plus S T that we have seen in the previous classes.

So, now for each generating unit generating power delta Pg 1, delta Pg2 up to delta P g
n right. And all these things can be represented by a single your power system your time
k or a block diagram that is K p upon 1 plus S T p, because all these generating units
they operate in parallel. Therefore, you can find out their equivalent inertia H, and from

that you can represent is by a single block diagram.

So, no need to consider that separate block diagram for your separate unit, because we
will assume all the units right they are in (Refer Time: 16:20) they swing in addition that
means, their unit that their increase or decrease speed will remain same, so that is this

part you can represented by a single transfer function right.

And if you look into that feedback that your feedback, then this is your delta f. So, it has
gone to for unit-1 1 upon R 1 for n, it has come 1 upon R 2. Similarly, for n-th unit it is 1
upon R m right. And this side supplementary or your integral controller is there that we

will see later if thatisu 1 1 for unit-1, u 2 2 and u n n right.

So, in this case also if you want to find out the steady state values, then at steady state I
told you when S tends to a sorry when t tends to infinity, S tends to 0. So, in this block
you can put all S is equal to 0 that means, this term should not be there, it will be 1, it

will be 1, itis 1, 1, 1, 1 and this will be only K p right.

So, after that it will be a simple steady state block diagram. Of course, u 1 is equal to u 1
10,u220,and unn 0 right. So, from that you can find out and this is delta f ss. Easily
you can find out the steady state values. So, this is this is you are what you call in that
composite your multi-unit isolated power system. So, so many units are there and this is
isolated that means, not interconnected with any other your power system right. Now, we

will go to your now we will go to your that that your derivation right.
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So, now if you go back to this, so I explained everything, it maybe one thing is there that
your, what you call this is nothing this is nothing right. So, it may be assumed that all the
generators that I told you swing in unison, and the equivalent generator has an inertia
constant equal to the sum of the inertia constant of all the generating units I told you. So,
from figure-14 that is the figure-14, I so explain steady state error of frequency deviation

can be given as right. So, same way you can find it out.
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So, you can write delta f ss is equal to minus delta P L upon D plus 1 upon R 1 plus 1
upon R 2 up to 1 upon R n summation right or we can write delta f steady state is equal
to minus delta P L divided by D plus 1 upon Req. Req is equal to 1 upon 1 upon R 1,
plus 1 upon R 2 plus 1 upon R n.
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In general in general sometimes we write sometimes we write 1 upon write sigma I is
equal to 1 to n 1 upon R 1 right sometimes we write this way. So, this is your what you
call this is your that you are equivalent this thing, and this diagram already explained

right.
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Now, I already we have discussed in the previous section that the supplementary
generation control action right is much slower than the primary speed control action that
we have discussed. As such it comes into action after the primary speed control has
stabilized the system frequency right. When actually primary your control is quite fast

acting right compared to that your slower supplementary control action right.

So, primary speed control has stabilized the system frequency, then supplementary
control comes into action. For isolated system, the function of AGC only to restore the
system frequency, because it is not interconnected with any power system, so that power
flowing through that you are collected a collector line that is we call tie-line is not
considering is not coming in this picture right, it is only isolated system to the specified
nominal value. And this is accomplished by adding a reset or integral control, so this is

actually integral control.
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So, what happens this is a composite system delta f that is the integral controller minus K
[ upon S, then output is u this output is u right, and then this fraction of that one a 1, a 2,
a n it had gone to this right. So, a 1 plus a 2 plus a 3 sorry plus up to a n, this is equal to
1.0 right.

Now, actually in steady state, this is delta f input is given to the controller, but at steady
state you will see that u steady state actually is equal to delta P g steady state right. I
mean it is something power increase your what you call power increase upon load
demand has increased, so u as steady state and that is actually is equal to delta P L the

total load right.

Because, when you consider steam hydro turbine or your steam turbine thermal power
plant or hydro power plant for if load demand increases say, then you have to give more

input to that you are what to call this your to the steam turbine right.

And for in the case of hydro turbine that hydro power plant that where you have to open
the water gate right, so that equivalent whatever is come for steam or water that is
nothing but equivalent to that I mean considering lossless that power generated. So,
actually at steady state you will find U ss is equal to delta P g ss is equal to delta P L
right. So that means you suppose you have n number of units, and you have to give this

fraction that which generator will generate how much.
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For example, suppose my load demand has increased to 100 megawatt right. Suppose, I
have 3 generating units right [ have 3 generating units. Now, that this will not consider in
this course right, but here that economic load dispatch comes, because suppose this 100
megawatt you that you will you are what to call you distribute among these three

generator such that your fuel cost will be minimum right.

For example, suppose if for this case if a 1 comes 0.25, say a 2 comes 0.3, then a 3 will
be 0.45 right that means, you are what you call that that means at steady state thatu 11 I
mean that steady state all u 11 I can I can put it like this u 1 1 that steady state will be
your a 1 into u right. And that is my hundred that I told you that u steady state will be
delta P g ss will be is equal to P L is equal delta P L is equal to say 100 mega load.

Suppose I am considering, so small thing suppose I consider that 100 megawatt for your
understanding. Then this u ss will be actually 25 megawatt right. Similarly, this steady
state value of u 2 2 will be also will be 30 megawatt right. And this u 3 3 right u 3 3,
because you have taken 3 units suppose n is equal to n is equal to 3, it will be your 45
megawatt right, so that means this at steady state that generating unit 1 will generate 25

megawatt.

The two will generate 30 megawatt, and the unit-3 will generate 40 megawatt, but that

will not consider here right, so that means that a 1 plus a 2 up to summation of all a, this



is called actually that participation factor right. So, so a 1 plus a 2 that is there is the

meaning that is the meaning for this one right.
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Now, another thing is so this is already given.
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So, that is why delta P g whatever | said, because here delta P g 1 ss, actually it is
nothing but u 1 ss same thing you will get. This will be also u 1 1 rather u 2 2 ss. And

this will be actually u n n s s all steady state values, so that is why delta P g 1 steady state



will be a 1 into delta P L, a 2 into delta P L for delta P g 2 s s. And similarly, for delta P g
nss, it will delta p gn s s, it will be a n into delta P g 1 right.

Actually, something is written the readers may easily verify to the computer simulation,
you can check it in mat lab you can easily check it right. Data another thing I did not

mention yet later, I will tell you right.
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So, another point is that just hold on another point is that you are regarding that integral
control action. First we will see isolated area, because in this note it is not there. So, I
will write first I do, I will draw it here right. The block diagram only for non-reheat type
non-reheat type turbine such that our analysis will be easier non-reheat type turbine. And

this if you understand this, it can be it can be applicable to other system also.

So, if we draw the block diagram, I am making it somewhere here. If you draw the block
diagram, this is minus 1 upon R right. And this is 1 upon 1 plus S T g, this is 1 upon 1
plus S T t, and this is your delta P g this part, this is minus delta P L.

And this is K p by 1 plus S T p just add, I hope it is understandable. It is 1 plus S T p
numerator denominator, and numerator is K p. And this part is delta f right. And this
block is completed right. So, and this is actually you have an integral controller that is
your minus K I by S, and is feedback is that is your frequency, this is frequency so in

input is the frequency right.



So, in this case what we have to do is that regarding optimization, we have not talked
about. So, for isolated system, we will talked about something on optimization right. So,
this is my delta P g, and this is your delta P b right, delta X E, this variable is actually
delta X E, the non-reheat turbine. And this is output u right, but output you will consider
now as a state variable, because our objective is to find out the optimal value of K I right,

how will do it. There are many ways.

So, this [vari/variable] this state variable this one is x 1, this one is x 2 right, this one is x
3. And instead of u, because output of integral controller u, but we will treat this one as
your x 4. So, four state variables are there right so four state variables are there. So, from
that we will find out x 1 dot, x 3 dot, x 4 dot, x 3 dot and x 4 dot right, and how to

optimize K I using that concept of degree of stability.

Thank you very much, we will be back again.



