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Step-5: Matrix Riccati equation is solved and P matrix

evaluated.

Step-6: The surface is designed using optimal control law.

H =[05(45P+00) I1xMPA, + 4] P~ PB.R'BI P+0,)
Where,

Zs = 211 _le Qz_z1 §1T2§§s = 212; §s = sz)
Step-7: The control law for equivalent control
K,=(SB)'S4

Step-8: The corrective control law is given by

K, =(SB)™'S& (5 is sliding margin)

Step-9: the cumulative control law
u=—-K.X=—(K,+K,).X

Step-10: Eigen values of hyper plane A,, calculated by
Ay =eig(A—BK)

Step-11: Sliding Eigen values A, [25] calculated by
A= eig(Z—EK)

The flow chart for VSSOC is given in Fig. 7.
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Initialize the tnitial conditions for a LTI system
#t) =Aal) +Bulf)
) =Cat)

'

Transiorm the matrix by using co-ordinate transiormation matri T then the
transformed mavixwillbe  A=TAT™S B=TE (=(T"

Assign n=ronk (4) © m=ronk (B)

'

Divids the matrix A into sub matrix as shown 4= L l

Where Ayt (n-m) X (-m): Ag:(n-m)xms Ay imx(n-m) Ay imxn

'

Assume ', R be a positive semi definits matrix and Qus, Quz, & Qzz are sub matrices
of ()
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The switching hyper plane with switching vector line
ol = Sty + 5axy

,

Where Su= QA P40 0’ s(mxn=m)

Sp=l: (mxm); % = =S Sy = =S

'

The sliding manifold §=l8y )

.

Calculate shding ezen values
Ig=dig(A'=BK):

Figure 6: Flow Chart for Design of Sliding Poles
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Initialize the initial conditions for an LTI System described by

X (H=AX(t)+Bu(t)

y()=CX(t) The observer system matrix is partitioned

z()=LX(1) as Ny y, Wy Vgy, Nog

A 4
Consider sliding mode observer In Utkin’s observer
W (D=Nw(+ Jy(O)-+Hu(H)+Tsgn(Me(t)) Z,=0; Z,=[0 Z,,]
Z441s obtained via optimal sliding control law
U= —k(x)
v

Choose L= I, to reduce to sliding mode observer

\ 4

Modified observer system matrix is given by

V. _ N:{An A12:|
A21 Azz 'ZzzAlz

l

Convert observer matrix into observer
transfer function and write the state equation
using observer gain matrix

Plot the response of system dynamic
parameters

A 4

The Approximations in design of Utkin’s observer
- . T -F — F = B = . — St
M1 _Ll aMz _Lz ,F“—A“ ’FIZ_AIZ ’F21_A21’F22 _Azz op

A I
ooz
P 12

Figure 7: Flow Chart for Sliding Mode Observer based Optimal Controller.
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SIMULATION RESULTS
Contract scenario:

In bilateral contract scenario, freedom will be there for the
DISCOs to contract with GENCOs of same area or other area.
The contracted power will be dispatched to the DISCOs based
on the following DPM.

0.2 03 0.5 00

_ 103 02 00 07
DPM = 05 0.0 02 0.1
0.0 05 0.3 0.2

It is considered that, each DISCO demands 0.1puMW power
from the all other GENCOs. The GENCOs participates in
AGC based on the following 4ACEpfs.

K1=0.6, Ka=] -1 =0.4,¥g3=0.5 Ha=1-g5 =05

In steady state there should not be any mismatch between the
generation of a GENCO and the load requirement of a DISCO
in contract with it. It is expressed as

AP, = chp]:jAEJ

So, for this scenario we have
AP = 0.2(0.1)+ 0.3(0.1)+0.5(0.1)+0.0(0.1)=0.1 puMW
AP>= 0.12puMW; AP3= 0.08puMW; AP4= 0.1puMW;

The simulation results for the system under consideration i.e.
Thermal — Thermal System were presented. Fig. 8 represents
deviation of frequency in control area-1, Fig. 9 represents
deviation of frequency in control area-2 and Fig.10 represents
tie-line power exchange deviation.
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Figure 9: Deviation in Frequency in control areas 2.
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Figure 10: Tie - line power exchange Deviation.

Table-1: % of peak overshoots in change of frequency in CA-1, CA-
2 after introducing different controllers.

Type of Percentlage | Percentlage .
Controller overshoot in Afin | overshoot in Afin
Control Area-1 Control Area-2
PI 100 100
NEFSMC 30 30
VSS0C+585C 10 10

Table -2: The settling time of frequency deviations mn CA-1 and CA-2

Settling time of | Settling time of
Type of
" CA-1 CA-2
Controller
[frequency change) [frequency change)
PI Bsec 3sec
NESMC 2sec 2sec
VSS0C+555C < 2sec < 2sec
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Figure 8: Deviation in Frequency in control area 1.
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CONCLUSION

Variable structure observer based optimal controller is
proposed to reduce tie-line power oscillations as well as to
improve frequency response of two area thermal-thermal



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 14 (2017) pp. 4191-4198
© Research India Publications. http://www.ripublication.com

power system. The nonlinearities in power system model,
unpredictable and uncertainty behavior of power system have
overcome with this control strategy. The proven sliding mode
control strategies are implemented. = A Thermal-Thermal
power system is considered for simulation study. SSSC is
connected in series with tie line of the system. The low
frequency oscillations of system are minimized by designing
the gain of SSSC. The high frequency oscillations are
minimized by designing observer based optimal controller.
The performance of deregulated system with integrated
control strategy (SSSC+ VSSO based Controller) is tested and
simulation results are presented and compared to Neuro Fuzzy
Sliding Mode Controller (NFSMC) and PI controller.

Appendix:

The power system parameter values are given in table 3 & 4
for Thermal — Thermal system.

Table 3: GENCO parameters

Areal Areal
GENCOs | Genco- | Genco- | Genco- | Genco-
parameters 1 2 3 4
T1(S) 0.32 0.30 0.03 0.32
To(s) 0.06 0.08 0.06 0.07
R(Hz/pu) 24 2.5 2.5 2.7
Table 4: Control Area parameters
Control Area Arca-l Aread
Parameters
Ky oumz) 120 120
Tu(s) 20 25
Bz 0.425 0.396
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