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ABSTRACT

The paper is concerned with the decentralized constant control of a multimachine
power sustem through the eigenstructure assignment approach. Adopting
decentralized control, would lower the cost and increase the reliability of the
proposed scheme under ang variation in the sustem structure.

Having an eigenstructure assigrment approach, means determination of the proper
feedback gains that realize an apriori s=t of eigenvaluss and eigenvectors. The
eigenvalues would determine directly the rate of change of any perturbation while
eigenvectors would reshape that change in a way that can be accepted practically.

Since the interaction between machines has an effect on the overall damping of
the system, the modification of the proposed closed-loop eigenvalues to enhance
that damping is shown.
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INTRODUCTION

The rise in the demand for electrical powver sources is the main reason of
increasing size and complexity of power sgstems with very long transmission lines
and fast excitation have made the stability and control problems more difficult
than ever. But with enaineering experience accumulation and accordinaly
control amd computational technigues are getting more advarced and sophisticated,
.50 hew types of controllers are introduced.

The new tupes of controllers are reguired to increase the damping of
interconnedted machines during transient periods and not affacting the regular
functions of voltage regulator and speed governor in the steady-state cperation.
The problem of improving the danamic response of power sJstems has been
considered by [1] using optimal theory to determing the state feedback. In (2],
the same problem has been treated again using output feedback design. In
reference (3], a different approach was applied using observers and a state
estimator in the application of optimal contreollers. A mathod is developed
in [4] for multimachine power sustems for th2 choice of state weighting matrix in
conjugation with a left shift of dominant eigervaluss. ' )

Since the system dunamics are governsd by their eigenvalues and eigenvectors,
none of the sbove methacds has dealt directly with the sustem eioenstructure, which
is the main issue in analyzing them.

This paper, considers the eizgenstructure assignment problem using an algebraic
approach [S] and utilizesz it in gettina the proper feedback matriy that results in a
good dynamic performance with acceptable damping for the multimachine power
sustem. '

In =zection 2, control of a multimachine porer sgstem through the eigenstructure
scheme is deaveloped. The dunamic power sustem model is discussed and
formulated in section 3. © Qection 4 deszcribes the =imulation and application of
the eigenstructure assignment control zlaorithm to three electric power plants and
the simulation results are preszented and discussed. '

f Eigenstructure Assignment Using State Feedback

-
[}

onsider the linear continuous time dunamical model described by;

Y =A%+ Bu 1)
n . _ ) ,
here x € R is a state vechkor, u £ E’.P is 2 control vector with A&, B havina the
appropriate dimensions and the (AB) i5 2 controllable pair Assuming
that
u=K=x (2)

then from (1), the cosed-loop sustem iz obtained as follows
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% = (A + BK) x )]
and tha system characteristic equation is given by
t|sln-—(A+BK)|:D _ (4)
1 -

W

and this can be written as follows

s in = A (1 - wep BKO| = 0 ()
where

e -1

\I(Si) = ( Eiin — A} ®)
assuming that 5§ & olA) (spectrum of A), From (3) and (&), e get

|in ~ #ep BK| = 0 @
using the determinant identities [S]

lin = K ¥sp B| =0 | ®

Equation (8) implies that the columns of the matrix [ I~ — K ¥i=;) B 1 are linearly
depencdent i.e. there exists a non zero vestor fi =such that

or
= l""\. Vi
€ R"
where
is an eigenvector. Fepeating (A0 for i = 4,2,....,n then

[ dfem Ky

i

fn = K vn o (12)
and in compact form, we get

CFfy o fn ) =KLy, vp e, VNS (13).
then ‘

kv L da
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F =1 ‘Fi » 'F:) Joarrvnnes ’ 'Fn L V=1 ‘Ji ; ‘\-"2 prssiesaap Ny ]

Ther from (12), re ast
K=Fuvl (15)

' T-Fe' ;)e.ciors Fi (i=4,2,...,n) are called the parameter (design) fres vectors.

T)gnamic Modeling of Power System

In this section, the eigenstructure assiarment techricue presented in previous

section will be applied to a power system shown in Fig. 1. The sustem
considered [4] consists of thres power plants, the first ic a thermal unit  while
the second and the third are hudro units. A= =hown in the system diagram of

Fig. 1, the three plants are corinected radially to an infinite bus.

!| . ( Plant Thermal ) .09 + |.53 ( Plant Hydro)

r_‘- .
L334 M

064511

. | 4 j. \074' j.37 “" 2
®—' .094j.65 ——@

(Infinite Network) (Flant Hydro)
. (impedaonces are in p u.)

Fig. 1 Three plant powsr sustem

Ther individual plant is reprezented with four state variables: A\I‘F (incremenf:al
et d

flux linkage), A8 (incremental tcrgue anale), and Aw (incremental angular veloeity),
plus a wvoltage regulator which is approximated as first order sustem (where TE

for the exciter in Fig. 2 is neglected). The voltage regulator is resrosorbod
by the state variable Avp as shown in Fig. 2.
L . AV, .

(terminal voltage)
Voltoge Output

4y Regutator  Filler Exciler

“Filter -
Input UE ";_? KA \_/_R_, et 1 : .
e T, 1575

Control Signal

Figa.2 Typical exciter voltage
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The linearized dynamical modesl of the sustem is given by

L]
X =

Ax+ Bu

whera x is a [1Zx1]) state vector, and u is a [2x1] control vector.

as follows

where
Ayy= |0
L
r
T
Azz= |0
-
r A33* Q
b
0 |
B'=|0 ;
G ]

Using the
control str

are

10 - 266
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0 0
0 -55.5
0 =23
0 28
o 0
0 175
1.0 -1.6
-18 93
0 0
0 -56.
0 083
] -101
0 0
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1.0 =12
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O 0
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0 0
0 0]
0 ]
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Simulation Resulls and Discussion

a
at

lgenstructure azsignment
egd for tre multimachine power system has been solved.
Let the closed-loop eigenvalues be aszziared at the fcllowing locations
-18, -16, -15, -17, -19, -10, -41, -12, -12, and -14.

Ay3
Az

A2z

C

technioue given

(8 -.0e7
0 144

0 0

0 8.17

a A21
) -1 62
0 0

0 137
0 46

0 1.49
0 0

0 298
0 ZZ

0 17

0 a

0 6.37
1] 0 Q
0 C o
1000 O 0

in previous section,

002
011
0

004

0
-.034

o
-.023)

0
-.123
0

The values

~of 'the state distribution matrix A (17:12), ardd the input matrix B (12z3) are given

-

.

003 |
015

002 |
04

—

011 |

the

P f'.fitz" -14,

The coresponding eimsenvectors

PR
e
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[0.3441 02415 0.1374 0.173€
28136 -3.152¢ _Z23471 -2E937
vy =|-0 0086 -0.0048 -0 0013 -0.0023
0.1027 00667 0.0323 00455
03394 0.2064 02425 03522
.5.9152 -5.1501 -4 5540 -2 ZE5E
vp=|-0.0054 -0.0032 -0N0z0 -0.0273
0.Ce04 00547 00389 02787
245191  -26.1823  -29.799% -37 1520
Z655664 3096585  2W2 0160 51343432
va=| 0.5879 0.5402 05337 05927
6.4664 -6.4822 -6.3331 -8.1524

The feedback gain matrices for sach machine zre fournd to be

Ky =L -33.9341 -1.5564 -126.3983 54 9892
Ky =1 -17.1638 -0.7481 157.8498 33.8936 1]
Kq =0 -08430 -0.0238 144154 198980 ]

How, we study the dunamic bebaviour of the system for coupled and decoupled
modes respectively. The respective closed-locp responses obtained from a3
dizital simulation of the sustem, are presented in Figs. 3 and 4 for decoupled
sdstem and Figs. S and 6 for coupled system.
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From the above results, we can see that the decoupled system reaches steady state
faster than ever, and in the case of coupled system, the oscillation is increased
and the rate of convergence is very small as cbserved in Fias. 5 and 6.

To improve the system behaviour in the coupled mode, the closed-loop eigenvalues
‘be: reassioned at the following locations : 19, -Z4, -17, -23, -20, -22, -Z4, -15, -18, -
17, -19, and -16. The coresponding eigenvectors are aiven below

[ 0.1560 0.1220 0.0373 0.0804

-2 5086 -2.2050 -1.9666 17744
vy=[-00022 -0.0015 -0.0040 -0.0707 | -

| 0.0382 0.0276 0.0205 0.0457 |

[(0.2177 0.1794 0.1488 0.3294

-4.3114 -3.8885 -3.5409 539153 |
vp=|-00047 -0.0011 0.0002 -0.0054

| 0.0332 0.0248 0.0490 0.0804]

F193.9 -1325 27.3 50.3

-3260.7 2095, -513.9 -896 2
va=[-2.14 16 -0 05

| 362 -26. 46 83 |

The feadback gain

matrices are

found to ke

Ky =1L -62.4876 -2.1124 148 580z 1515222 1
Kz = [ -306228 -1.0045 592.2848 1204867 ]
Kg =1 -17447 -0.0428 15.1788 58418

The coupled system reszponses in this caze are shown in Figs.

7 and 8, it can be

sean that importanmt sustem variakles are will reaulated, convergences to the
steady state values iz fast, and the overshoots are in mithin acceptable bounds.

The results clearly show the applicability of the proposed control scheme to a
multimachine power system.

Conclusions

A direct method for governing the
decentralized fashion has been aiven.
damping in the value of the feedback aains

damping of a multimachine sustem in a
The effect of increasing the. overall
has been demonstrated and the results

show the superiority of such aspproach over the known optimal method.

L
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