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Abstract:- This paper has been designed optimize feed-back controller for dynamic response of the power systems.
The power system consists of the infinite bus through a transmission line supplied by a synchronous machine and
also multi machine power system. The effect of two control signals fed to the voltage regulator and the mechanical
system is investigated. Robust Linear quadratic Gawssian (LQG) control technique based power system stabilizer
is developed for excitation system control and the mechanical system control. The proposed robust LQG-PSS is
simple, effective, and can ensure that the system is asymptotically stable for all admissible uncertainties and
abnormal operating conditions. To validate the effectiveness of the proposed power system stabilizer, a sasmple
power system consists of multi machine and single machine are simulated and subject to different disturbance and
parameter variations. Kalman Filter is used for compound with LQR to get robust LQG control. The results prove
the robustness and powerful of proposed LQG controller stabilizer than LQR controller in terms of fast damping
response and less settling time of power system states responses.
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1 Introduction H_ formulation and solution procedures are

' explained, and guidelines on how to choose proper
Many papers have been published on the weighting functions that reflect the robustness and
synthesis of the power system stabilizer (PSS) control performance gods are given in [89,10 ]. H_

system. Some approach it by complex frequency o . . o .
methods using the concept of synchronizing and synthesis is carried out in two stages. First, in what is

damping torques [1, 2], some by optima control called the H_ formulation procedure, robustness to
methods and also, by using pole placement methods modeling errors and weighting the appropriate input-
[3-5]. In control system designed a satisfactory output transfer functions usually reflects performance
controller cannot be obtained by considering the requirements. The weights and the dynamic model of
internal stability objective alone. The interconnected the power system are then augmented into an
power system can be achieved by conventional H_standard plant [9]. Second, in what is called the

controller ag[1, 3]. A brief overview of the theoretical

. . , H_solution procedure, the standard plat is
foundation of H_ synthesisisintroduced in [7]. The

programmed into a computer aided design software,
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suchas MATLAB[11], and the weights areiteratively
modified until an optimal controller that satisfies the
H_ optimization problem is found. Time response
simulations are used to validate the results obtained
and to illustrate the dynamic system response to state
disturbances. The effectiveness of such controllers is
examined at different extreme operating conditions.
Using the linear quadratic regulator (LQR) for
comparison with the proposed robust H _ controller.

The present paper used the LQR approach and
Kaman filter to design a robust LQG power system
stabilizer for stabilization the dynamic responses at
different operating conditions.

2 Power System Model

Two power system models are studying in this

research as follow:
2.1. Single machine model

A synchronous machine connected to infinite bus
through transmission line is obtained in a an
interconnected power system between automatic
voltage regulation and load frequency control as
shown in ablock diagram of Fig.1. Where:

w  =themechanical speed.
Aw = speed deviation

R =regulation constant.
Ms = damping factor

K, = exciter constant.

Ta = exciter time constant.

Fayui
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Ad = change in torque angle.

AE:4 = change equivalent excitation voltage

AE, = change internal voltage behind transient
reaction

Ki to Kg = constant of linear Zed mode of
synchronic machine

The state space formulation can be obtained as
follows:

Steady-state Representation

Ad = Aw 1)
Aw=—(K,/M)Ad — (D/M)Aw—(K,/M)AE'q
+(UM)AT, — (U M)AP, @)

AEq=—(K,/T'do)Ad — (1/ K,T'do)AE'q 3
+(1/T'do)AE,,

ATm=—-@1IT)AT, + (L/T,)AP, (4)
APy =1/ RT,)Aw-(1/T,)AP, + (/T )U, (5)

AEw =—(1T,)AE, — (K, K. /T,)Ad

(6)
- (K K /TAEq+ (KL /T)U,
In amatrix form as follows:
A X = AAX + BAU +hAP, @)

where;
AX=[Ad Aw AE, AT, AP, AE,]|

Heg

Fiyrh
K,
Fiyyo . Wa A
b
Eq K
K3 {l\/+
1+K35TH A

ﬂEﬁ
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Fig.1: The block diagram of single machine power system.
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0 WO 0 O O O] 1- Saturation is neglected,
-K, -D =K, 1 2- Armature transformer voltage is
~— 0 0 neglected
M M M M . ,
- K -1 1 3- Damper winding effect is neglected.
= 0 — 0 0 —
Teo (K5Ty) Too Once the A, B and C matrices are determined,
A=l o 0 0 -11 ., applying the Linear Quadratic Gaussan LQG
T T controller on it. The multi machine power system
-1 t _11 dataand load flow are displayed in tables 1, 2 [2, 12].
0 — 0 O — O
RT, T,
- KAKs 0 - KuKg 0 0 __1 Infinite bushar
T, T, T,
L < . - Dab+j.35 AT+570 09+§.65
-+ |0000 0 &
B T 1
B= 1} = A , _
=2 0000 O i 0 LLDEld
T, A 1
g 2 09+j.53

t ]
AU :[Aul AUz]t h =|:0 —_1 00 0 0:' ._il‘ d245.72
M 06§47 | L

2.2. Multi-machine mode

Load B Load C

The pow in thism ns f thr
© power system S model consists o ee Fig.2: Three machine-infinite bus system.

synchronous machines connected to infinite bus and
its dynamic performance is represented in the state
variables form. The single line diagram model for the
system is shown in the Fig.2 and is based upon the
following assumptions

Table 1: The Multi-machine Power System Data

M/C M achine data

X4 Xq X; Tao H Ka Ta Base quantities
1 1.68 1.66 0.32 4.0 2.31 40.0 0.05 360 MVA, 13.8KV
2 0.88 0.53 0.33 8.0 3.40 45.0 0.05 503 MVA, 13.8KV
3 1.02 0.57 0.20 7.76 4.63 50.0 0.05 1673 MVA, 13.8KV

Table 2 : The Multi-machine load flow data

Bus Power flow Q.MVA Vi pu. d,. degrees

P,, MW
1 26.5 37.0 13 10
2 518 -31.5 1.025 32.52
3 1582 -69.9 1.3 45.82
4 410.0 49.1 1.6 20.69
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Each plant is represented by a 4™ -order generator equipped with a static exciter. The state equation of this system
isgiven by

X =AX +BU (8)
Where
X=[Aw1, Aw2, Aw3 Ad1 Adp Ad3Aes ] Aev2Aec3 Aepl Aep2 Aepd]
Us[u w ul
A = Matrix system
B = input matrix
Isthe input vector .The system A and B are given as follows

[-0039 0004 002 -0147 0022 0046 -0013 0 0003 00 00 00]
-0034 0032 -0028 0004 -0149 0079 -000645-0008 00 00 0O 00
-0017 -001 -0017 0001 0017 -0056 -0003 00 -0009 00 0O OO

377 00 00 00 00 00 00 00 00 00 00 00
00 377 00 00 00 00 00 00 00 00 00 00

00 00 377 00 00 00 00 00 00 00 00 00

-3393 0754 1131 -0266 -0087 -025 -0922 0024 0072 1 00 00

1131 -1885 0754 0121 -16 046 0021 -021 006 00 1 OO

00 00 -1131 0083 022 -12 -0002 0011 -0197 00O 0O 10

-30914 -9199 -1675 -301 24599 62051 -6Q0943 -3501 -10194 -20 00 0O

-6447 -51611 -17191 -1848 10609 1699 -1255 -2167 -1141 00 -20 QO

| —3393 -4637 -89349 -101 17 /M1 -67/8 -21 -544 00 00 -20|
o 0 o0 o o o o o o 0 0 1000 '

B=/0 0 O O O O O O ©O 0 900 0
o o0 o0 o o o o o o 800 0 0

Q and R to minimize the quadratic performance index

3 Control Design Strategy Jisdescribed b
is descri y .

3.1 Optimal LQR control design

The object of the optimal control design is
determining the optimal control law u(t,x) which can
transfer system from its initial state to the fina state
such that given quadratic performance index is
minimized.

[KLQR 1le] = Iqr(A,B,Q,R,N) (9)
Where: Q is positive semi definite matrix and R is

real symmetrical matrix. The problem is to find the
vector feedback K of control law, by choosing matrix

E-ISSN: 2224-350X

J= T(AxtQ AX+ AU'R™Au)dt
0

The optimal control law iswritten as
Au(t)=KAX(t)
Kior=-R*B'P (10)
The matrix P is positive definite, symmetric

solution to the matrix Riccati equation, which has
written as.
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PA+AP+Q- PBR'B'P=0 (12)

3.2 optimal compensator L QG control

We have introduced the Kalman filter, which is an
optimal observer for multi-output plants in the
presence of process and measurement noise, modeled
as white noises. The optimal compensator Linear
Quadratic Gaussian (LQG) consists of combine
between optimal LQR control and Kaman filter as
shown in Figs.3,4. In short, the optimal compensator
LQG design processis the following:

1- Design an optimal regulator LQR for alinear
plant assuming full-state feedback (i.e.
assuming all the state variables are available
for measurement) and a quadratic objective
function.

2- Design aKalman filter for the plant assuming
a known control input, u(t), a measured
output, y(t), and white noises, v(t) and z(t).
The Kalman filter is designed to improve an
optimal estimate of the state-vector.

3- Combine the separately designed optimal
regulator LQR and Kaman filter into an
optimal compensator LQG.

4- The optimal regulator feedback gain matrix,
K, and the Kalman filter gain matrix, L, are
used to complete closed compensator system
LQG asfollows:

From Eq. 10 get optimal regulator gain matrix Kigr.
Cdculate the Kaman filter gain as follows. Let the
system as

x= Ax+ Bu+ GW
y=Cx+ Du+v

{ State equation}
{Measurements}

(12
with unbiased process noise w and measurement
noise v with covariance’s
E{fww} =Q, E{w} =R, E{w'} =N,
[L,P,E] = LQE(A,G,C,Q,RN) (13)

Returns the observer gain matrix L~ such that the
stationary Kalman filter.

X e= Ax e+ Bu+ L(y-Cx e-Du)
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Produces an optimal state estimate x_e of x using the
sensor measurements y.  The resulting Kalman
estimator can be formed with estimator. The noise
cross-correlation N is set to zero when omitted. Also
returned are the solution P of the associated Riccati
eguation.

AP+PA'-(PC'+G*N)R(CP+N*G')+G*Q*G'=0 (14)
and the estimator poles E = EIG(A-L*C).

Using MATLAB function readymade command reg
to construct a state-space model of the optimal
compensator LQG, given a state-space model of the
plant, sysp, the optima regulator feedback gain
matrix K, and the Kalman filter gain matrix L. This
command is used as follows:

sys_cl owdzreg(wsp,KLQR,L) (15

Where;

sys closed is the state-space modd of the LQG
compensator. The fina, get the system overal
feedback sysCL as.
sysCL = feedback(sysp, sys_ closed) (16)
Where, sysCL is the state-space of LQG plus state-
space of system with open-loop

(kT
L Ogimal | YedéT) i)
; Contcller Y —
XIT)
Kalman Filter
Staee Estimator —

Fig. 3: Linear Quadratic Gaussian (LQG) control system.
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LQG controller

e |, B ,\lﬁ{

Plant noise

output
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+

A
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naise
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Fig.4: The LQG synthesis.
Where: A = system matrix
B = control matrix
C = output matrix
S =laplace operator

3.3 State estimation using Kalman filter

Alternatively, it is possible to estimate the
whole state vector by using a Kaman filter. The
Kaman filter optimally filters noise in the measured
variables and allows the estimation of unmeasured
states. The Kalman filter uses a model of the system
to find a state estimate “x(t) by integrating the
following state observer equation:

&= Ai+ Bu+ K¢y — Cr)
(17)

where y_ is the measured output and K; is the

Kaman filter gain. The Kalman filter assumes that
the measurements obey the following model:

T = Axr + Bu+ Gw

Um — Cr+v
(18)

Where G is a noise distribution matrix, w and v are
white noise processes. v isthe

measurement noise and is assumed to have a
covariance matrix R;. w is known as process noise
and is assumed to have a covariance matrix Q; . The
Kaman filter gain Ky is found as follows:

Ky = PCT R}
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where P is the solution of the agebraic Ricatti
equation:

AP+ PAT + GQ,GT - PCTRF'CP =0 (19)

If we use the control law given in Equation 17 with a
state estimate obtained using a Kalman filter, then we
are using the LQG (Linear Quadratic Gaussian)
control law:
u=—Kz
(20)
4 Digital Smulation Results

4.1 Simulation of single machine model

From LQR control (Egn. 10), the feedback gain and
solution of Reccati equation are:

KLQR —{

0.0655 -3.9708 0.4493 0.0040 -0.1071 0.0831
-0.0214 1.7302 -0.1779 -0.0015 0.0413 -0.0032

0.0004 0.0025 -0.0005 0.0000 -0.0002 0.0000 |
0.0025 1.6524 -0.1226 -0.0005 0.0138 -0.0010
-0.0005 -0.1226 0.0293 -0.0001 -0.0014 0.0001
0.0000 -0.0005 -0.0001 0.0000 -0.0000 0.0000
-0.0002 0.0138 -0.0014 -0.0000 0.0003 -0.0000
0.0000 -0.0010 0.0001 0.0000 -0.0000 0.0000 |

S=1000*

From LQG and Kaman filter control (Egn. 13), the
observer gain matrix L and solution of reccati
equation P are:

14.4339 0.2762 |
0.2762 0.0156
-0.1471 -0.0007

“=| 87476 00534
0.0390 0.0006
| -0.1305 -0.0043)
[ 21.7952 0.4171 -0.2221 13.2088 0.0589 -0.1971]
0.4171 0.0235 -0.0010 0.0806 0.0009 -0.0065
P -0.2221 -0.0010 0.0559 -0.7356 -0.0006 0.0010

13.2088 0.0806 -0.7356 17.4002 0.0380 -0.0708
0.0589 0.0009 -0.0006 0.0380 0.0326 -0.0025
-0.1971 -0.0065 0.0010 -0.0708 -0.0025 0.0115 ]
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Table 3: Eigen values calculation with and without controllers of single machine power system.

Operating | Without LQR-Control | With L QG+Feedback
point control Kalman Control
-0.0367 +6.9961i | -1.1161+7.2542i | -7.24+10.0732i | -7.2411+10.0732i
P=1,Q=025 | -0.0367-6.9961i | -1.1161-7.2542i -7.24-10.0732i | -7.2411-10.0732i
pu. -14.2953 -43.3537 -14.3023 -1.1161 + 7.2542i
-12.4821 -14.2787 -12.4881 -1.1161 - 7.2542i
Lagpf load | -2.7625 -5.6556 -3.7076 -43.3537
-3.7201 -2.9596 -2.8026 -14.3023
-14.2787
-12.4881
-5.6556
-3.7076
-2.8026
-2.959
0.1033+6.3047i | -1.2812+6.6267i -228+6.6889 | -1.2812+6.6267i
P=1,Q=-0.25 | 0.1033-6.3047i | -1.2812-6.6267i -2.28-6.6889 | -1.2812- 6.6267i
pu -14.9008 -6.1062 -3.7220 -2.2857 + 6.6889
Lead p.f -12.4804 -1.5921 -2.3389 -2.2857 - 6.6889i
-2.4303 -43.3498 -14.9022 -14.9022
-3.7285 -14.8640 -12.4809 -14.8640
-12.4809
-6.1062
-1.5921
-2.3389
-3.7220
-43.3498
Figure 5 shows the rotor angle deviation response . rotor angle dev. response( P=1,0= 0.25pu.)

H . . T T T T T T
due to 0.1 load disturbance with and without LQG NS N —— WIO CONTROL
and LQR controllers at lag power factor load (P=1, 005Ph- - |-~ 5= = 5 -~ - - - -7 = LQRConrnd

. . A | | | | | | | === LQG-Control
Q=0.25 pu). Fig.6 depicts the rotor speed deviation o '\-r N N R R R A

. . . . 1 | | | | ]

response due to 0.1 load disturbance with and without C E‘ I
LQG and LQR controllers at lag power factor load 018 1: Y A 1 :*[* T\* o 7/‘( -
(P=1, Q=0.25 pu). Fig. 7 shows the rotor speed vy | | \, ;1 L ,l \ | ,ﬂ N

deviation response due to 0.1 load disturbance with
LQG compared with LQR controllers at lag power
factor load (P=1, Q=0.25 pu). Fig. 8 displays the
rotor speed deviation response due to 0.1 load
disturbance with LQG compared with LQR
controllers at lead power factor load (P=1, Q= - 0.25
pu). Fig. 9 shows the rotor speed deviation response
due to 0.1 load disturbance with and without LQG
and LQR controllers at lead power factor load (P=1,
Q= -0.25 pu) .Moreover, Table 3 displays the
Eignvalues calculation with and without controllers
for single machine power system. Also, Table 4
shows the Settling time for single machine model
with and without controllers
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)
o
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Fig.5: Rotor angle dev. Response due to 0.1 load
disturbance with and without LQG and LQR controllers at
lag power factor load (P=1, Q=0.25 pu).
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T ¥ T T T T T
—=— W/O -CONTROL
= = = | QR-Control
| QG-Control

MR ATEIA AN
IS
BiSeaates

Fig.6: Rotor speed dev. Response dueto 0.1 load

0.5

'
oS

lag power factor load (P=1, Q=0.25 pu).

x 10° rotor speed dev. response( P=1,Q= 0.25pu.)

LQR-Control

| | | |
| l l l ! LQG-Control
-pL__L__L__L__1l__T--—IT-_-—I_-_
\’ f\ | | | | | |
| | |
| | |

| | | | |
| | | | |
| | | | |
b ! b b t
0 1 2 3 4 5 6

time in Sec.
Fig. 7: Rotor speed dev. Response dueto 0.1 load

disturbance with LQG compared with LQR controller at
lag power factor load (P=1, Q=0.25 pu).

x 10° Rotor speed dev. response at(P=1,Q= -0.25pu.)
2 /N EE S B A { -
1 1 | | | | LQG -Control
r | | | | | —=— LQR- Control
r--r--r-"r-"17-"T-"7-° T T T
1 . I I I I I I I
l I I I I I I
Ot - < \TQ;F,
3 \ I [ I I I I I I
= [ I I I I I I I
>-_1-,’,u\j,L,,L,,L,,L,,¢,,¢,,4,,4,,-
= l l l l l l l l l
U A R A
o 2 I\ i i i i i i i i 7]
g I I I I I I I I I
14 | I I I I I I I I
'3“ i il et el ot St Sty S i B
I I I I I I I I I
I I I I I I I I I
B B e i e e it SR I S
I I I I I I I I I
I I I I I I I I I
5 5 ' ' ' ' ' ' ' ' '
0 1 2 3 4 5 6 7 8 9 10
time in Sec.

Fig. 8: Rotor speed dev. Response dueto 0.1 load
disturbance with LQG compared with LQR controller at
lead power factor load (P=1, Q= - 0.25 pu).
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rotor speed dev. (P=1,Q= -0.25pu.)

0.08 - i _
Lo [——wio-conroL
0.06F - - - — — _ 1 _ _ I_ _ _1_ _ _1| 7% LQR-control
: | 1| = LQG - conTROL
! |
|

rotor speed dev. in pu.

time in Sec.

Fig. 9: Rotor speed dev. Response due to 0.1 load
disturbance with and without LQG and LQR controllers at
lead power factor load (P=1, Q= -0.25 pu).

Table 4: Settling time for single machine model with and
without controllers

States | Without | LOR- LQG-
Control Control | Control
P=1, Rotor >10Sec. | 7 Sec. 4 Sec.
Q=0.25 | Speed
pu. Rotor >10 Sec. | 5 Sec. 2.5 Sec.
Angle
P=1, Q= | Rotor o0 35Sec. | 2Sec.
-0.25 pu. | Speed
Rotor 0 2 Sec. 0.5 Sec.
Angle
4.2 Simulation results of multi-machine

system

From LQR control (Egn. 10), the feedback gainis:

-0.1203-0.3101-5.3269-0.0314 0.2118-0.0105 0.0051 0.0232 0.0090 0.0004 0.0171.0.000!
-0.0014-0.0060-0.0310-0.0000 0.0001 0.0002 0.0000 0.0000 0.0001 0.0000 0.0000 0.

Kior=

-0.3427-0.9033-6.1716 0.0007-0.0034 0.1117 0.0077 0.0023 0.0222 0.0004 0.0001 0.0033

From LQG and Kaman filter control (Egn. 13), the
observer gain matrix L and solution of reccati
equation P for multimachine power system are
calculated as:
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P =1.0e+005 *
0.00010.00000.00000.00010.00040.00090.0005 0.000%0.00000.00110.00270.0026
0.00000.00010.0000 0.00030.00010.0016 0.0007% 0.0023 0.00050.0030 0.00410.0041
0.00000.00000.00010.0009 0.00100.0002 0.00170.00270.00170.0016 0.0015 0.000
0.00010.0003 0.00090.28840.12480.17320.05560.14930.08340.11570.35540.3037
0.00040.00010.00100.12480.35360.24110.13310.21320.12380.61161.50010.5219
0.00090.00100.00020.17320.24110.52620.17300.30270.16880.92880.98171.1909
0.0005 0.00070.00170.05560.13310.17300.14090.23720.13100.30250.48970.3297
-0.000%0.0023 0.00270.14930.21320.30270.23720.53760.23600.39700.68620.4796
-0.0000 0.00050.00170.08340.12380.16880.13100.23600.13330.26070.39480.2980
0.00110.0036.0.00160.11570.61160.92880.30250.39700.26072.41412.87732.5029
0.00270.00410.00150.35541.50010.98170.48970.68620.39482.87737.25262.3344
0.00260.00410.00020.30370.52191.19090.32970.47960.29802.50292.33443.0502 |
56175 05023 0.5642
0.5023 6.2919 0.7404
0.5642 0.7404 5.1533
55492 -18.7586 -61.8858
29.3742 6.6030 -64.0363
57.6099 67.9089 10.6301
31.0354 -45.7872 -109.9142
-6.6915 -153.5171 -175.6031
-29718 -33.9607 -114.5776
74.3507 197.8533 -103.3462
180.2242 - 269.7776 -97.1338
| 169.9381 272.6171 -16.0888

Figure 10 depicts the rotor speed deviation response
due to 0.1 load disturbance with and without LQG
control of M/C-1. Fig.11 shows the rotor speed
deviation response due to 0.1 load disturbance with
and without LQG control of M/C-2. Also, Fig.12
shows the rotor speed deviation response due to 0.1
load disturbance with LQG compared with LQR
controllers of M/C-2. Fig. 13 depicts the rotor speed
deviation response due to 0.1 load disturbance with
and without LQG control of M/C-3. Fig.14 shows the
rotor speed deviation response due to 0.1 load
disturbance with and without LQG and LQR control
of M/C-3. Moreover, Fig. 15 depicts the rotor speed
deviation response due to 0.1 pu load disturbance
with LQR control for three machines. Also, Fig.
16displays the rotor speed deviation response due to
0.1 pu load disturbance with LQG control for three
machines. Table 5 displays the Settling time for
multi-machine model with and without controllers.
Also, table 6 shows the Eignvalues calculation with
and without controllers of multi- machine model
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rotor speed dev. in M/C-1

T T T T T T

W/O -CONTROL

0.015
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0.01

0.005

rotor speed dev. in pu.

-0.005

-0.01

I

I

I

-0.015 L
0 9 10

time in Sec.

Fig. 10: Rotor speed dev. Response due to 0.1 load
disturbance with and without LQG control of M/C-1.

rotor speed dev. in M/C-2

0.015 T T T T T T T T i
. W/O -CONTROL
! ! ! ! ! I'| —— LQG-controL
00lF--r--F--t-=-rFr-——-+--+t T T T
| | |
| |
| |
0.005 r r
| |

-0.005

rotor speed dev. in pu.

-0.01

-0.015

-0.02
0

time in Sec.

Fig.11: Rotor speed dev. Response due to 0.1 load
disturbance with and without LQG control of M/C-2.

x 10° rotor speed dev. in M/C-2
3 T T T T T T T L1 L1

! ! ! —— LQR- Control
e B vl i —— QG - ControL ||

3
= 1
£ 4 I
> I
S \
o 2F-Fr -7 -—F5-—=--- ittt a
Q
o I
Q
o 3 1
s \
<] l
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Fig.12: Rotor speed dev. Response due to 0.1 load
disturbance with LQG and LQR controllers of M/C-2.
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Fig. 13: Rotor speed dev. Response dueto 0.1 load
disturbance with and without LQG control of M/C-3.
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Fig.14: Rotor speed dev. Response due to 0.1 load disturbance
with and without LOG and LOR control of M/C-3.
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Fig. 15: Rotor speed dev. Response dueto 0.1 pu load
disturbance with LQR control for three machines.
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Fig. 16: Rotor speed dev. Response due to 0.1 pu load
disturbance with LQG control for three machines.

Table 5: Settling time for multi-machine modd with and
without controllers

Operating | Rotor | Without | With With
Point speed | controller | LOQR- LQG -
of Control | Control
P=1, M/C- | o 12 Sec. | 7 Sec.
Q=0.25 1
pu M/C- | © 9 Sec. 5.5 Sec.
2
M/c-3 | 5 Sec. 3 Sec
5 Discussion

From Table 6, the eignvalues with the Linear
Quadratic Gaussian controller(LQG) is the best than
Linear Quadratic Regulator (LQR) controller.
Kaman Filter using with the regulator LQR to
produced the LQG. Also, Table 5 displays the
decreasing in the settling time for three machines
with using LQG controller than other controller.
Moreover, the three machines on multi machine
system are unstable without control but with
proposed LQG controller al machine become stable
with less settling time.
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Table 6: Eigen values calculation with and without controllers of multi- machine model

Without control | With LOR With Kaman | With LQG With LQG +
Feedback control
-18.8713 -341322 -18.8684 -34.1388 -341250
-15.1893 -19.5804 -17.0507 -19.6481 -19.5046
Certain -17.0519 -15.7307 -15.1612 -15.7647 -18.8652
Operating 0.0953 + 7.8364i -0.0721 + 7.8603 27296+ 746471 | -2.9275+75560 | -17.0493
Point 0.0953 - 7.8364i -0.0721 - 7.8603i -2.7296- 746471 | -2.9275-75560i | -15.6930
10,0627 + 7.3692i -0.0776 + 7.3715i -2.8210+7.079i | -2.8056+7.1482 | -15.1210
-0.0627 - 7.3692i -0.0776 - 7.3715i -2.8210-7.0795 | -2.8056-7.1482i | -0.2888 +7.9098i
0.2637 + 4.0015i -0.2581 + 40793 -6.4027 -4.1097 + 322051 | -0.2888 - 7.9098i
0.2637 - 4.0915i -0.2581 - 4.0793i 24204+ 282571 | -4.1097-3.2205i | -0.0909 + 7.3805i
5.8914 -5.5632 24204-282571 | -4.7248 -0.0909 - 7.3805i
-3.4305 -3.0683 -3.4688 -2.0980 -2.4990 + 7.3546i
-1.5112 -1.1913 -1.5217 -1.0843 -2.4990 - 7.3546i
-2.8479 + 6.9797]
-2.8479 - 6.9797i
-0.9751 + 4.7816i
-0.9751 - 4.7816i
-7.5320
-0.8193 + 2.4713i
-0.8193 - 2.4713i
-5.7117
-3.6632
-3.3731
-1.2828
-1.5345
6 Conclusion L )
The present paper introduces an application of a [3]  Lan Petersen, * Minimax LQG control”,
robust linear quadratic Gaussian LQG controller to School  of information  technology and
design a power system stabilizer. The LQG optimal electrical engineering, university of New
control has been developed to be included in power south Wales, Australia, Vol 16, No. 3, PP.
system in order to improve the dynamic response and 209:323, 2006. ]
give the optimal performance a any loading [4  M.K.El-Sherbiny, A.l.Saleh and A.A.M.EI-
condition. The LQG controller design gives good Gaafary " Optimal Design of An
oscillation. The LQG is better than LQR controller in Machine Under Different Loading”, EEE
terms of small settling time and less overshoot and Transaction of power Apparatus and System,
under shoot. The digitl results show that the Vol.PAS-102,N0.6,June 1983. _
proposed PSS based upon the LQG can achieve good [51  MK. El-Sherbiny , G.El-Saady and Ali M.
performance over a wide range of operaing Yousef "Robust controller for power system
conditions. stabilization" IEEE MEPCON'2001, Helwan
University, Cairo, Egypt, December 29-
31,2001, PP. 287-291.
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