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This f\aper CC'l1cern!:i tl1e d.eveloPlnellt of a sensltlvity method 
tor :he optJlnlZiltiOIl of multl-tn,1C;hull~ system p-erforT!li\nce by ""h:ich 
the estJrnilted valu~s oC the parameter settings are o~timol. This 
method does not requIre a matll/'!nti1'-iCi'I1 d!:scrlptJon ot th., system 
under control.eJo!cept for lile controllers \oIhich need to be iden
t1fied. The method lS Su)tldlje for implementation on mode! system 
and on r~al control sy5t~n~ In serVIce. Also it is copobla of 
producing Il. control law which is derlved only {rom the machine 
91gnals independent on oth~r machine signals. 

rNTRODUCTlor; 

The complexity of inten;onn!!cted polofer system with multi 
generil.tjng unIts ilnd IOrlg tral19mission lines hove made the 
stability a:"ld control problerr.!5" lJIore dltf icult than ever. The 
problems arised trom structural perturbations between inter 
Conect~d ~eneratjng ~nlts. Though, jt is essentlll.J tor t' 
Yeliability of interconnected power system to desi~n control}' 
Iofhich guarftn'Ae system stB~illty under smol! Blgna\ pertur 
ti~ns . 
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Vntill recente1y there haa been no available control theory 
for multi-machine process and work to date (1-5 } has emphasised 
state apace considerations of Btability and control. Yu.Y.N. 
proposes an optimal linaar regulator design technique using 
dominant e1gen-value shift for determinning the weighting matrix 
Q. Rahim introduces quasi-optimal control technique based on the 
concept of quasi-linearization and bang-bang cont'rol strategy 
given by ikelly). Chan developes an optimal variable atructure 
controller for improving the dynamic stability on the multi 
machine system by minimizing a quadratic performance index In the 
sliding mode operetion. However.most of these technique suffer 
from high computational effor,t 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 se ns it i vi ty f unc t j ons te chn i que given by E 1- Desoky' to 
yield parameter settings of the multi-machine controller. The 
control law for each machine is derived from its signal indepen
dent on other machine signals. 

SENSITIVITY METHOD FOR MULTI-MACHINE CONTROL SYSTEMS 

The linearized system equations for a single input contol of 
a z machines system used in deriving the sensitivity func-
tions may be described aa: . 
Y. A' L A.::> A •• y • V. 

y", kit .l\::,;", .l\::,; .. y", V"" 
+ r b. hz -- b. ) (l) 

y" A ... 11.",2 --- As::z ' y- V. 

. This matrix equation can be written in the fo 1 lowing compact 
form: 

, 
y - A y + b V (2} 

V -k.- - V (3) 

V - K y (4) 
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A is zn x zn square ~atrix 
A,. ,k."" ---1\.. .. are n )( n Square matrlces • 
y, n state vector, 
y ~n state vector. 
b zn x z constant matrix, 
U z control vector, 
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k~ lS a zn colo~mn vector containing variable ejze stAP 
ulsturbances, and 

k i~ th~ 2n (eedback vector. consist of z feedback sub
vector (k) of n element~ 

equations (2), (3) and (4) ~hen r~stat~d 1n phase variable form 
give; 

y, \9;' - w, (6) v (5 I for 1 ~ i ..... < zn (5 ) 

zn 

v(s) k.-- I 5 - :? k_, y-, (s) (6 ) 
j-l 

Where w, (5) is the i-th transfer function of the sy~tem which is 
bein~ controlled, X, i~ a variabie ~ize disturbance of magnitude 
given by {til : 

Zl\ 

x, - 1 + ~ k., (7 ) 
j -1 

Where y~ is the final value of the state~ and lt can be calcu
lated from equation(2) by setting y and U equal zeros. 

-1 
y.. - P, b (e) 

The time response of variable i after small changes ~k in the 
feedback vector K y. (t, k+ 6k I i!'l related to the time 
re~pon~e before the changes Y. (Lk) by : 

21'1 

y'(t,ko+6k)-y~(t.kol + ~.6k~. 
j -1 

~y~ (t,k."l 
--------- + R y~ (t) 
~ k., 

(9) 

wh~re, R y, (t) i fI the res i dua 1 correspondlng' to hi gher order t enT19 
If the senSItivIty (Unctions of the i-th state variable yet) 
with respect to a ~mall change In j-th feedback parameter kJ of 
the control system is defined as : 

• 
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y. 
(t) .. ~y. (t) / ~ k., (10) s 

k..1 

Then equation (9) can be rewritten aB 

zn 

y, (t. ko + ~~) - y (t . ko) + i y. 
6k .... S (tl + R y. (tl (11 ) 

j -1 k-, 

The sensitivity function are uSBd to estimate the feedbac~ 
parameter changes which are necessary to' alter the state variablB 
response from its present form towards its final value torm 
'given by equation (8)' This is aGcomplished by making the 
parameter changes 6kJ for all j giving. 

y. (L ko -+ 6 k ... l - y,. (t) 

i.e 

y, 
y_. - y(t,ko) + S tt) ... R y. (t) 

kJ 

Substituting equo!Ition (5) into equation (6) gives: 

y, (s ) - x, (s). k~ for 

W, (s) 
where. x. (9) - ------------------

zn 
1... z.. k.. . w_. (s) 

j - 1 

1 , i ~ zn (2) 

(13) 

The sensitivIty of variable Y. WIth respect to parameter ~.J' is 
then: 

y. bY' ~Xl (5 J ~1<~ 
S - -~~~ - ------ k..- + x, (s) (14) 

1<. 1> k_, ~k ... 
When th i s equation is e:<panded and restated in sampled data form 
it becomes: 



where 

A.O. Abd EL-Gawad 

01 

Y. (fl. 6,t J - h ((/3 - 1 1· • bP 
-----------------------------------) 

,6.t 
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. 'I'J . y, (tX. ~t.l for 1 ~ 0( { ns ~, 
~. (15) 

ns - numher of ~amples 
,6.t - sampling interval 
Y. (oj ... 0 for 1 0(( i ~ :tn 

If the i-th desired and syntheslsed changes in the state vari
able response were resper:tive tv defined o..e : 

y",. ... y.. - y. (t • kc. ) (16 J 

and 
¥. 

'I •• (t)- S ~)<J 
-1 )<.;1 

Then ~qllat.:ion (9) can be toIrltten as: 

Ry. (t) '" y",. tt) - y •• (t) OS} 

I t IS then des,,- .. d to compute the parameter change 6 k BO as to 
mi!Hmize Ry. (tJ MInimIzation of Ry, ttl 1S made in the fol1owin,. 
integral least squared error form 

2 
Ry. (tl dt 

or alternativelY 1n the discrete form as 

y. 
5 
kj 

i-1.2--- zn (19) 

(20) 

The performance inde~ L is minimized ~lth respect to the 
~ar~eter chRnn~es ~kJ by differentiating L with reepect to 
each of the parameter changes in term and settIng the derlvatlves 
to zero : 

.. 0 for 1 ~ j (21) 
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·Th'ie process results in a set ot znp'linear equations in tht, 
unknowns 1::. k... in the form 

( 22) 

or alternatively of the matrlx form: 

(:23) 

Solution of the above system equations gives the required set 
par~eter changes . The processes of parameter change calculation 
followed by implementation of thase changes on the system are 
repeated until the performance inde~ L is ~ini~i~ed. 

EXAMPLE 

The optimal sensitivity method developed in this 
now applied to a multi-machine syste~ consistjng 
machines and an infinite bus 131. The linearized system 
Corm gIven by equation {I) and tor the data given in 
nUmorical values of the A and b matrices are. 

.922 1 -.266 -.009 .024 0 -.087 
All- -2.75 -2.78 -1.36 -.037 11.12- -.158 0 1.11 

0 0 a 1 0 0 0 
-4.95 0 -55.5 -.039 .222 0 8.17 

paper is 
of three 
take:. the 

[3] the 

.002 
-.011 

0 
.004 

.027 0 -.25 .003 .021 0 .121 .003 
A13" -.46 0 2.8 -.02 11.21- -1.1 0 -1.62 -.015 

0 0 0 0 0 0 0 0 
.924 0 17.5 .02 -2.43 0 1. 37 -.034 

-.21 1 -1.6 -.005 .06 0 .46 .002 
Aa~- -1.09 -1.8 9.3 -.12 A::>:::r- -1 0 1.49 -.04 

a 0 0 1 0 0 0 0 
-3.1 0 -56 .032 .12 0 29.B -.028 
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-.002 0 .01:;3 0 .011 0 .22 o . 
A...!.l IllS 6.7tl 0 -10 1 -.09 A", ... - -2.1 () 1.7 -/2.31 0 0 0 0 0 0 0 

-1. 24- 0 .496 -.017 .07 0 6 • .37 -.011 

-.197 1 -1.2 -.003 
11:;,,,,- -54.4 -20 '70.1 -2.37 

0 0 0 1 
-3.4 -21 -.017 

I 
0 36.1 0 (" 0 0 0 0 0 0 0 0 

t b - 0 0 a 0 0 7B.9 0 0 0 0 0 0 
0 0 0 0 0 0 0 [) 0 1000 0 0 

The reeponses ot the three pl~nts under the propoeed control 
system are 9ho"'n in f:i g'ure (1) The t j gure show!! that the 
proposed controller gives damped response tor the three plants. 

COHCLIJS I otIS 

11 method based on parameter sensitivity function::! o.nd 
SLlitdbl~ Cor multl-machine control systems hos been pregented. 
Such a method ofters the p05~ibilty of tunning the parameterA of 
multi-mar.hlne controller wtilch have been installed on real sys
tems. Simulation studIes of an interconn~ctp.d po~er system con
sists of three machInes h~ve shown improved ::!y6t~m performance 
tor all machines. The method might 6\SO be applied to simulations 
of . perhaps, large systems which include non-linearity and could 
provlde ~ ba~l~ tor final parameter value comput~tion following 
conventional studjes on simplHied. \ineari'Zed system models. 
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