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ABSTRACT

This paper cencerns the developinent nf a sepsitivity method
for the optninization of multi-machine system performance by vhich
the estimated values of the parameter settinags are optimal. This
methiod does not reguire a mathematrical descraption of the system
under control.except For the ccontrolljers which need to be iden-
tified. The method 13 su:tahle for implementation on model system
and on real control systems 1n Bervice. hlso it 13 capable of
producing a control law whicli is derived only from the wmachine
gignals independent on other machine signals.

INTRODUCTION

——— e e i

The complexity of intercvonnacted Ppower system with multi
generating units and long transmission 1iines have made the
stabifity and control prodblemrs more difficult than ever. The
problems arized from structural perturbetions between inter
conected generating unats, Though, 1t 18 essential for ¢t}
reliability of interconnected power system to design controllrs
Wwhich guarantee systewm 3talility under smal!l signal pertur
tions.
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Until]l recentely there has been no available control theory
tor multi-machine process and work to date (1-5 } has emphasised
state B8pace considerationz of etability and control. Yu.Y.N.
propo2es an optimal linaar regulator design technique using
dominant eigen-value shift for determinning the weighting matrix
Q. Rahim introduces quasgi-optimal control technique based on the
concept of quasi-linearization and bang-bang control gtrategy
given by (kelly). Chan developes an optimal variable gtructure
controller for improving the dynamic gtability on the multi
machine system by minimizing a quadratic performance index in the
21iding mode operetion. However.,most of these technique guffer
from high computational effort and faced with implementation
problem. Moreover none of such techniques offers on line op-
timization of multi-machine control systems.

This paper introduces a method which involves the use of
parameter sensitivity functions technique given by E)J— Degoky to
yield parameter settingg of the multi—-machine controller. The
control law for each machine is derived from its signal indepen-—
dent on other machine signalsg.

SENSITIVITY METHOD FOR MULTI-MACHINE CONTROL 3SYSTEMS

The linearized system equations for a single input contol of
a z machines gygtem . used in deriving the sensitivity func-
tions may be described as:

;'1 Ay s Al —— Ala Y Ve
Ya 24 =2 ——~ Axx Ya Va

- ’ + [ by bz — Dba ) (1)
Y= Az 1 A: 2 - A: = | Y= V-

-This matrix equation can be written in the following compact
form: .

y=Ay+bV (2
Vak -U ' (3

U=Ky (4)
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vhere:

A 19 zn x zn square ratrix

Aid ,A2a,~——MA = Are n x n square matrices ,

y. n 9tate vector,

y =zn state vector.

b zn x z constant matrix,

U =z con*rol vector,

k- 3is a zn coloumn vector containing variable sfze stap
disturbances, and

k is the zn feedback vector,cconsist of 2 feedback sub-
vector (K) of n elemants

equations (2), (3) and (4) when restated !n phase variable form
give:

Y (3} = wo{s} . v (s) for 1 £ i 2n " (5)
zn
v{s) = k [/ s ~ égi ki . vils) (6)
i=1

Where wi (s) is the i—th transfer function of the system which is
beiny controlled, k- 18 a variabie size disturbance of magnitude
given by (6]

zZn

K =1 + ks . Yo (7)
j=1

Where v+ is the final value of the states and 2t can be <calcu-
lated from equation(2) by getting y and U equal zerose.

~1
Yo ™= B b . (e)

The time responge of variable i after small changes Zﬁk in the
feedback vector X y: (t, %+ AkX ) is related to the time
response before the changes yi (t.k) by

2n
< Sve (e, ka)

Yo (£ kot AK) = va (E ket + S Ak, . —%--—-——— + R y.(t) (9)
j-l )(_o

whera,R v. (t)ie the regidual corresponding to higher order terms
If the sensitivity functions of the i-th state variable y(t)
with respect to a smal) change 1n j-th feedback parameter K, of
the control system is defined as
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Ys .
s (k) = Qvatty 7 $k, (10)
kg

Then equation (9) can be rewritten oas

zn
. Y
vi (tka +/AKS) = y(t.ka) + Z§; Aks . 5 (8) + Ryu(t) (1)
=1 ) &

The Qengitivity Ffunction are uznd to estimate the feedback
parameter changesg which are necessary to alter the state variable
response from its present form towards its final value forn
'given Dby equation (8)° . Thip is accomplished by making the
parameter changes Ak, for all i giving. -

Yo (t, Ko + [ij] - Yeu (L)

zn
Yo
Yer = v(t, ka) + :E:[skJ 5 (t] + R y.(t)
Jj=1 ) &

Substituting equation (S5) into equation (6) gives:

yi({s) = xi(s). k- for 1€ 1€ zn (12)
. W (3)
where, X (8) = —-—-—————o—————oeo (13}
zZn
Y o+ K. w, (8]
J =1

The sensgitivity of variable v, with respect to paramster K, -is
then:

Ya Sy Gxe (s) & X
5  mepem m—e— ke + X () . —m— (14)
k. gk; 3)@ SkJ -

When this egquation is expanded and restated in sampled data form
it becomes:
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" 1 § ve (B A -yvaif3-11 . AD
S . ALY =~ | Cm e e e E )
K k- A1 At

1
Lys . At -ﬁ.At )1+ === . Yes . Yo (X AL for 1 & ¢ ns
K=" (15) °

where : ns a number of samples
At ~ sampling intervai
ye (o) = o for L € 1 X 2n

If the i-th desired and synthesiged changes in the state vari-
able response were respectively defined as

Y1 "= Ye:r — Vi (t,.ka) (16)
and zn
Y1
fme (£) = S A)(_I
i=3 ¥,

Then equation (9) can be written as:
RYV (t] = Yﬂllt) - Y—t(t) (18)
It 12 then desirsd to compute the parameter change Ak =8¢ a3 to
minimize Ry.(t). Minimization of Ry. (t} 15 made in the following
integral least squared error form .
t 2

L= f o B at i=1,2--~ zn  (19)
6

or alternatively 1n the discrete form ae

N

n

zn
pr - 2
(2t Yar (LA - 25’ a A0 Ak 1AL (20)

=1 j=1 k)

Mz

1, -

=

—
=]

The performance index L iz minimized with regpect to the
parameter channges /\k, by differentiating L with reepect to
each of the parameter changes in term and setting the derivatives
to 2ero

1

L9

=== =0 for 1 3 <€ 2n (21)

§ k.

26
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reaults in a 8get of zm'linear equations in the

in the form :

-Thie
unknowne

process
) )

Zn ol
Y f Z Y Y
o Jyiirdy s u.Au- K 0 £s .5 (LAY (22)
i=1 1 | &

=1 k_, i=1 l 1 kJ

or alternatively of the matrix form:

Y = Z2.A\K

Solution of the above system equations gives the required aet
parameter changes . The processes of parameter change calculation
followed by implementation of these changes on the system are
repeated unti! the performance index L is minimized.

(23)

EXAMPLE

pAper 1is
three

The optimal sengsitivity method developed in this

no¥ applied to a multi-machine system consigting of

machines and an infinite bus (3].

form given by equation (1) and for the
numerical values of the A and b matrices are.

All=

A13=-

Az=z=

-.922
-2,73
0
-4.95

.027
=.46
0
.924

-.21
-1.09

-3.1

1

~2.78

0
0

coQa

-.266

-1.36°

a
-55.5

-.009%

-.037
1

-.039

.003
-.02

0

.02

-.005
-.12

.032

Al2=

A21=

data

. 024
-.158

0
.222

.021
-1.1
0
-2.43

.06

-1
0

.12

[~ N=No o)

(=N = Yo Na

in

-.087

1.11
0

8.17

.121
-1.62
0

1,37

.46
1.49

0
29.8

(3]

The linearized system takes the
given

the

.002
~-.011

0
.004

.go2
~.015
0
-.034

.002
-.04

0
-.028
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-.002 s .0B3 0 .011 0 .22 Y )
Aay = 6.74 0 -10 1 -.09 Ane= |[-2.L 1] 1.7 -.123
0 0 0 0 0 o 0 0}
~1.24 V] LA98 -.017 -.07 0 6.37 -.011
~-.197 1 ~1.2 -.003
Asx= -54.4 -~20 *70.1 -2.37
4] 0 8] 1
-3.4 -21 ~-,017
6 3.1 0 ¢ 0 0 O 0 o o 0 @
b = 0 o0 O 0 o78.90¢ 0 0 0 O O
b 0 DO OO O O DI1BOOO O

The recponses of the three plants under the proposed control
system are shown in figure (1) . The figure showa that the
proposed controller gives damped response for the three plants.

CONCLUSIONS

A method based on parameter gensitivity functions and
suitable for multi-mAchine control systems has been presented.
Such a method offers the pos<ibilty of tunning the parameters of
multi-machine controller which have been installed cn real sys—
tems. Simulation gtudies of an interconnected power 3ystem con-
gists of three machines have shown improved system performancé
for al)l machines. The method might alsc be applied to simulations
of ., perhaps, large systems which include non-linearity and could
provide a basis for final parameter value computation following
conventional studies on gimplified. linearized system models. .
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The Response of Torque Angly

A.O0. Abd EL-Gawad

»J
WEETEUTU NN UE DY I NN U DU VT ENY |

1
N

6 g 10 te

fFigure ( 1 ) . A SEC.

(=]

\
ES

|
-

i
w

1
<
O!‘ SEUPEPTUSEE NG YA ENE RN RD D DN R S

?

AL S B B N o o LB e B B B B 0 0t e A0 e B B S M B e

4 6 8 10 12
Figure ( 1 ) - B SEC.

ro

E. 30



L3

Mansoura Engineering Journal, (MEJ), Vol.14, No.l, June 1989

-3

_g’s

2

3

&

3 —

a 5

4

>

FE'J

&

@

N 1

é s

= T | B o B B S ' G B g S e B B B R AL ML LA N BL SR RSN LR LI
0 7 s 8 8 19 y

Figure (1 ): C SEC.

Tho Rusponsa of the Ricld Voltage
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