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1. INTRODUCTION

The speedscillation of the turb-generatotin thermal power system is caused by a load ctsor
sudden electrical demanded loand the frequency deviation in the power syste highly undesirable
Theseoscillations may also depend upon the differentapeters of the thermal power plant suct
governor, generation rate constraint, reheat terkeic. In previous some investigations different authors
investigatedand focused on thermal power planly non+eheat turbine is considered. But in present p
work, thermal power plant with reheat turbine ismsidered and mainly focused on the designing of
optimal controller [9], [13for the thermal power plant via feedback lineai@aimethor [4]. With the help
of block-diagram of the thermal power plant s-space equations is obtainfdl], [12], thus defined the
different parameter’s relations of the thermal poplant of single area is obtained. Again with tredp of
Lie-derivatives, the nonlineaoordinatesystem of the thenal power plant is transform into its equivalent
linear and controllable form. After transformingetboordinate syste of the thermal power pla, we are
able to find out the nonlinear optimal control lai& feedbac linearization.Also the optimal control inpt
and its correspondingptimal gains are obtained in views of Linear Quadidr Riccati principal an
Quadratic Performance Index.

2. FEEDBACK LINERIZATION METHOD
Consider the following nonlinear syste

=)+ gldu 1)
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v = hix) @)

Wherex € R™ u € R are state and control vectors respecti ¥ € B is the regulation output vectol

flx). glcdand R{x) are the smooth vector fields wit-dimension and supposing that the dimensior
h(x) is smaller than the dimensions of the sys

Let us define the Lie derivate of the funct B{x) along the vector fieldx)  as:

Leh(x) = [E“rl ok ah] [figey F2 () o fun()] "
And Lie derivative ofh(x] along 9 is:

Lyh() = [a" e BTN ENE RPNy .
Again LaLFh(x) = LyLih(x) = - = L L7 *h(x) = 0

1
AndLglf "h(x) # 0 , getting the relative degre”™ of B{x) to thenonlinear system equation describec
equation (1).

If 7 <n andLlely TR =0 (0 =1=7) jhen there exists a mapping,

Z = plx) (5)
7 =loyxloslx) .o (x) o, (x)]T (6)
Where,
z, (x) ) [ *0D ]
] T Lsh(x)
-t -[Ol-| T[]
05 BTt NN S 169] %
And Z is the new coordinate |ff
L_g'{pr+1[x] = Lg'{ﬂr+: () == g'{pn[x} =0 (8)
The jaccobian matrix is nosingular at equilibrium poi *g .
99y 004
o = (a@(x]) _|% L o
* 9% Jorw=e ﬂf,-&ln ﬂf;:ln
dxy dx, 9)

transformstrajectoriesom the originax coordinate system into the newoordinate system. So long as t
transformation is a diffeomorphism, smooth trajee® in the original coordinate system will havaque
counterparts in thecoordinate system that are also smooth. Tiztrajectories will be described by the n
system,

7y = Leh{x) = zz(x)
I = LJE h(x) = zo(x)

Zp = L}h(x) + Ly L *h(x)u (10)
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From the above discussion, we can transform thginadi nonlinear coordinate system (1) intnear and
controllable system,
Hence, the feedback conttalw,

{(— LER(x) + ‘E.”) }
u= n-1

(L7 h0) (11)
Here ¥ is optimal input in the view of Linear QuadraticcRatti principal for the linearized system of n
Z - Coordinate system.
Again,

= —KZ;

And ¥ may be expressed as

==K 2 — Ky Ty — KaZs = KoZg o=l 2 (12)

Where K: = correspondingptimal gain vects which can be deduced from the Algebraic Ricc
Equation corresponding to the linear system.Thed@i& Perfomance index

[ =lim1/2[f,0700=(Z"T QZ + V'T RV)dt | (13)

Where, Q and R is the semdsitive and ser-positive definite weighting matrix.

3. NONLINEAR OPTIMAL CONTROLLER DESIGN FOR SINGLE AREA REHEAT TURBINE
THERMAL POWER SYSTEM

1
12
APy
AP, AP, AP,
— @
u 1 1+ sK,T, . 1 K, R
+ 1+ 5T, 1+=T, 1+ 5T, + 1+ 5T,

Figure 1.Block diagram of reheat thermal power system

3.1. A. Modd of the Thermal reheatTurbine power System
Consider the blockliagram of the syste; the thermal turbine regulation can be descrits

K3 = Aw (14)
. K Ao

B = {2 (AR, — APp) — —}
“ {T‘P ¢ o) Ty (15)
. (nF — -_\Pm]}

o { T; (16)
. ((AB, — AR ) K,

o= R (- () +2)) .

AB=]——+——
? T, (18)
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The abovehermal system equations could be written as theviing nonlinear affine syste
=)+ g0du (19)
Where,

K Ad
[T_._."jI [-"I-Pm — -_"LPD] - T_}

B o
{{-ﬁﬂ - aPm}}
Tt

flxd = [(._a%—-_aﬂ) K, 1
) o

1 AR
; = ; Jn 0
g 1 Ay and g(X) = [Tr]

3.2. Design of the Nonlinear Governor Optimal control Law
To design the nonlinear thermal governor optimal lawsingle area, we need to transform
coordinate using feedback linearization into egleéintlinear one via following stef

Stepl: Coordinate transformati

Zy = A8 (20)
Z. = Aw
(21)
K A
I3 = [_?’[_-.me —APp)— —m}
T?: T?: (22)
K K K . K K F. Y0
Zy = AP, (—"’)—ﬁp (—*’+—"f)—gp (—“’)+P (—"f)— .
fURRT) LT TS N/ ONTE] T (23)
APK,. f1 K K K ARR, f1 1 A K.K - (K,
zg = =2 ?’(—+—’")—._aP (.—?’+—?’)+ d ?’(———)+——L+PD(—)
3 T,T. \T. T, MATAT, T3 T,T. \I. T.) T3 T,T.T,R .} - 4)
Step2: The new Zceoordinate of the system can be changed into tlerimg way,
£y = z3 (25)
I3 = I (26)
T3 = Z, (27)
Z4a =I5 (28)
Zs=v (29)

Hence,

ARK, (1 K K, K,\ APK,/1 1\ Aw KK (K (K,
v= gp<—+—r>—APm( L+ p>+ t”(———)+ -7 +AP<—”>+Pd(—p>

T,T \T, T, T2T,  T3) " T,T, \T, T,) T3 T,T,T,R T, T}
AP, [ KK
+224 (#)u
T3 \T,T.T,

(30)
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Step3: Consider the above linear system descripékedlinearized part of the system is

z=Az+ Bv (31)
yv=Cz (32)
01000] [0] [1]
00100 0 0
WhereA={0 0 0 1 0|B=({0jc=,0
0 00 O01 0 0
0 00O00O 1 | 0

| Z1
z=|43

Za

and 5

Step 4:With the help of the solution of Riccatiequationnda keeping in view of the linear quadre
performance index, the final governor optimal cohkaw is

PpT.T (33)

gl &

4. RESULT AND DISCUSSION

The proposed desigaf the optimal controller via feedback linearization for thermalpower
system of a single area power system with reheat turbime teen considered and appliThe system is
simulated& testedn MATLAB and SIMULATION TOOLBOX. The input data used here is given
Table.1 which is gien in the appendix and nomenclature sectThe performance of the controller
demamstrated for 0.01pu to 0.05pu step load changeiseional power simulated system of a single ares
frequency deviation graph against time as well ashanical outgt power deviation graph is given below
the simulation graphs respectivelFor finding out the correspondingptimal gails of the controller,
Quadratic Performance Index andL inear Quadratic Riccati Principle theory and its application has be
consider and appliedso the optimainput control via feedback linearization for thetimal power systel
brings back thdrequency deviatic and mechanical output power deviation graph torddsvalue or zer
deviation value forall the loadchanges. The figusefrom figure (2) to figure (11) shows the freque
deviations and total mechanical output power efttiermal power system with time when the loachgk
varies from 0.01pu to the 0.05pu respectively agnce demonstrate the performance of the oller using
feedback linearization methods for reheat turbirggrhal power systel

0.01 , ! . . . 0.0141
/i\ 0.012
s
E ﬂé- 0.01 EE—
é -0.01 EL
N g
L 0.02 3 0.006
> ©
2 2
& & 0.004
= -0.03 5
= 0.002

-0.04 | ' ' ' J

0 20 40 60 80 100 o 0 w o o 0
Time in sec.----> Time in sec. —>
Figure 2. Frequency deviation when Figure 3 .Mechanical output power wh
load change is 0.01; the load change is 0.01;
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Figure 4. Frequency deviation when the load Figure 5. Mechanical output power when
change is 0.02pu
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load change is 0.04pu

Optimal Controller Design for Thermal Power Systeith Feedback Linearization (Ravi Shankar)



678 O

ISSN: 2088-8708

0.05

>

-0.05

-0.1

frequency ( Hz) deviation

-0.15

0.2t | i | i i i i i i d
0 10 20 30 40 50 60 70 80 90 100

Time in sec. —>

Figure 10 Frequency deviation when loi
change is 0.05pu

5. CONCLUSION
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Figure 11 .Mechanical output power when
load change is 0.05

In this paper, we have proposednonlinear feedback control method for single arereheat
thermal power system. The basic idea of the feedback linearization apgi is to use a control consisti
of two components: one component cancels out tet’slronlinearities and the other controls the resul
linear system. Simulation results have demonstrétedl the proposed control strategy ensure thest
transient improvement after different load changeditions

APPENDIX AND NOMENCLATURE

Let usput the appropriate values of the different paransein thegiven system equation (20)

equation (30) respectively, we
Z,=A8

2. = Aw

&

Z5 = 6AP, — 6AP, — 0.05Acw

Z, = 19.98AP, — 20.28AP,, + 0.3AP, + 0.0025Aw

(A-1)
(A-2)
(A-3)

(A-4)

Z5=099AF, — 69.515AF, +67.547AF, — 0.0000125A0 + 9.99u — 0.015AP; — 04155

(A-5)

Then, the original nonlinear system can be transéakinto a linear and controllable systen

Z, =z,
Zy=Z,
Z =2,
Zo=1I,
Zs=v

Then we can write it in compact form
Z =Az+Bv

Where,

(A-6)
(A-7)
(A-8)
(A-9)
(A-10)

(A-11)

IJECE Vol. 2, No. 5, Octob&012 : 672 — 680



IJECE ISSN: 2088-8708 a 679

And B =

>
I

o o o o o

oo oo R

oo o r o

oo r oo

O r O O O

» o o o o

Gain vectors are:

Ky, = 1,K; = 3.2361,K; = 5.2361, K, = 5.2361, K5 = 3.2361 greobtained from Algebraic Riccal
Equation and its solutior{f&aken when default valiof R=1)

Hence control input law is as follov

- {(— LER(x) + v)/ }
(L, L7 *R0) (A-12)

Where,
v=—KZ) —KZ; — K323 — K2, — K52y (A-13)

Nomenclature used in this paper, as follc
T.g = Governor time constanT+ = Reheat turbine constani;: = Turbine time constan ‘T{p = Gain

constant of power systerfi- = Gain of reheat turbine‘-,"‘P.s".r= Governor powekf: = Turbine power
AB,= Mechanical powerdPp= Load change

Tablel. Input System Parame
K, =120T, = 20T, = 0.08T, = 0.3
R=240K.=045T.=10
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