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1 INTRouUCTtON 

E .6J 

" 1near (lptl~l co ntr o l th eory .... hen u.cd In the des i gn ing 'I f /lulU 

v/lrl,able c ont rol sYS t t"Jl$ <> ftell encounter " dH Hc'IltttS In pr aCC!clIl 

[ l , 2 ) _ 1h ... ollln dlfftcu l 0' Is th e: bq; e var l ,orton o f the p l;ln ts 

p~"'l:I. Otu!';, r e.~u ltiug fmlll ·the dyu<lUli..: operation 'If ' "ch pl,' nt~. 

lh ml!:f . ueh OJ la r .h tloll t he d}"'3ro i c s tabll1c)' of th.:! sYS tEl~ L~ fW C 

tIl3" r ""' . 

(I .. ...:t:"., l )', aI'Ithods hav e \, ~",u 5Ul\g=t~J t o ""oreo .. .. chis d ifficult '/ 

chro" t:" tll" ln trodu( tion of (<: l~ !\' ''- '''' co ntroll"'9 lJ ltLt;lole r- or 

1ynn01<: op \: ratlon of Clu l e1 varia bl e c on trol s),'lICeltoo . F. l .. o l""Uy [)l 

J.n c roduc:~. " suoop t {-,..l control sys c eII <I t ch 10 101' $ensttlvtty ~ o 

rE!'S IlNt to !uch pllr atUe t e" ! " ':0 th. dltt lall o f the Opt l :ul (on cro ll er 

Outhred [to ) propos es li n optiDe l <:on1:(ol1" .. "'ith an addi c lona I cor

r ect lng, • .tg~ll used t o """ pe 'lsat e [or the ll""ll ,,~r1~tlon!l in che 

pl~M ' (l . .r., .. t.ter6. £ l - Desocky 151 has de"i j';nc:d 'JI :t el! - '!alllle rlt I .:s 

0l)tilul cont toll flr hy wh l ch the !:oain set ctngs .)(' tI, ., e"n tro t1 ,l{ .He 

", ul';olll l'lli <: l11 y ;ldju"t~ to fo l l ow dynamic sySte:J. Cilange . llu",,,,ver,the'ie 

~echn1'lu", .,u ffe r f~o .. t he hl Sh coDpuCa tionai effort requlr e.l for 

.elution Ill:;!' lh", ~() .. pl,,"'it1 In syst\!lll. IHruC: CU(e . 

7his rape-r presents n pro"edu:e on~ nlgor1t hlll (or -"ch .. :tlns" 

"o'Hro t 13\1 Ch ll t takes lntl) account nr14tion 0.1 plant~ par."'&t ..,t~ . 

711tH a lgorithm fa b: ... ; od. on po le - shlCtlll& tec hn ique .. nd <Ill es t'~ u 

Schur fo l"lll. o f the $),oot= st ~te matc i c:es. I<Ihtch r ep resenl I\le "}"~tw 

under tl Uf ere!l t opetllt t"l8 conc ttloM , toe desl sn 1.1g " !eeJba.clt 

~ Ollcro l l~v .. le/1 10'" OII "nsleLvl:y t o 5), Stl!ll pll rllllleter va rlatl ll(ls onJ 

41$tll r ba nc e i npu t . Th e t echn iqu e shHt s only Lhe bat.! dsenvalueJ 

of th l! SYll t~ ancl henCI:r ~h" r;::suiting 8.11 1n.l of the CO"lUnl ,,>,uel "'Ct 

flI t/"lf n! le.::! _ 
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II }/Ol.E-'illl FT ING TECHNIQUE FOR WIDE-RANCE CONTROI.LERs 

! :-te li near mathenatical model representIng the dYMmlc s ys t Cllls 

under d.iff e-r ent oper<ltiog condi tio ns may take th e fo rro 

'-Iher e, 

, 
1 

,l,X .. ;;u 
.1. ill 

.1. ~ t,2 ..... ... m (1) 

1'1)(11 

A Q ~ i s scoos t antmatr i x containi ng pa rameters dependIng on 

operating co nd i ti ons, 
""C 

B ~ R i, B constant _ triJl, 

U '" R 
c 

i, a contro l vecto r, 

E " X R >S , s t ate vector, ,nd 

m r epres enting the assuca ed number o f opera~l ng conditions. 

The aim o f this paper Is lCo del:ennine the c.Jl1:il' l[\t ftedback 

~atrl x f in the contro l laws 

u (2 ) 

suc h thll( th e fo llowIng c 109oo-100p systems a r e ,lc: ,)ieved 

T( A + a F ) - 0 
1 1 

1 ~ 1,2,----m (J) 

wll ere , 

o Is the des ired eigenvalues, and 

T (A + SF) 1s the sp ectrul1l ( the s et of n eigenvalues). 

A preliminary st ep o f the proposed algo rithM fo r cOI.IIputl.ng f 1s a 

reduc ti on of t he set A lnto the Real Schur Fona (RSF): 

A • 
i 

' A 
11 

A 
3i 

A 

" 
whil e t h e s et B Ls devlded inc o , 

[
: 11 

21 
i 

B • 

If the set of pa ir A 
1 

con trolable . A5sumtng a 

and B is cOl'lttolsb l e , 
1 

feedback = trix F in the 

(4 ) 

(5) 

then (A , 
21 

fonu of i' ~ 

B ) 1s 
2i 

[0 n l . 

we can only !l.odify t.he. clsenva lues corr esponding 

re.sul ti ng set of closed-loop s t at.e mat ri ces : 

to t\ in the 
2i 
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1" 

• + • , H II 2 

• .. II f D (6) 
I 1 • + • , 

" 2i 2 

bloe" of t he RS r of th~ set of 

'pectnclIIJ o f the lin ea r li e.:: 

Do tt ie .:s A 
I 

or 'tad els 

Uiln& 

sLver: by 

t he ,nera,e 

equatlon(,c,) 

th e eleacmu of t he feedback :a4ltl b F i s Ca.Ptllai 111 the f ollcving 

va)' . 

1) Chool/! any lnithl "alu" ro r ., 

2) llL.oduce dlld arrQn~e the s et o f c loled - loo p lute Ncrt,. A
d 

,\ .. U ., t o ilSr, usln" o( t ho , onol c("ndOHllct on U il!il r n lJC'otli : 
j I 

• 
" 

, 
:J A U 

--to' L cl 1 

• 11 

A .. If r ~ 
2 2? 

A ... B F 
)1 11 2 

A ... B , 
21 2l 2 

t' (.\ ) 4:;1> , , , 
t ( A .... 8 F ) c;: 0 , an!1 D and 0 5p~lf)' lOod lind ;ad r ~ionll 

2 ZZ b 8 b 

of D rl!,o ectl\' e1 y . 

NOtl CI! lhCll lh~ d&l!lWalul! i s considered ~ood vht'l"l it h 300d In 

4 11 " s ys tP. ath.rv151 It I s iI t.lld one. 

3) Set • q .. 1 

(I) If 1 > n H Op 

,) Set H e~lIh t o th l! l u c bloek In A of otd e r fI (I>" l " r 2 ) , " 
and s el G eQIJais t o t he l a s t !' ~OVI "f ~ 

0) U:le c , 
l , 

"P 
to cO'pute" I: M t .. l , 2,J 

I 
. • • •••• III , \J1~in e. 

p roe!!ch. rll! ~J"e:t in section 1: 1 to ~"'Ilft tJ-e set o r P pol ell rorm D . 

7) eu .. pote A- A .. '[0 . K:I 
c1 u 

8) Mov ~ the los t bloc". o f 

cran,f o rnacl l;Jll5 ill U ,"" 

• 
DtldF "F+-~-~ I:) 

• 
H , 

d '" pod t io~, (l , ll 

co-pote S ---u a 
i i , 

') Set 1 • i + P an:! ~o to step 4. 

3cctlCllllac inK !.h l! 



£ . 64 A. I . E I-Deoou~y 

III PROa:otJU lOR POl.E-ASS IC~"MENT 

PXJI fOliC 
Consider the c.on trollabl e pa1 r ( C,e ) where C ~ R 1 e E. ;t 

al'ld p - l or2. 

r - rank (e). Th. 

1 be a , 
feedb .. ck 

synca:etri c s et o f p co. pIex iuuobers and 
~, 

lIIotr'>I KE R 'oIk1ck au1snc 1"" Qtly be 

CCl l c ul o t e.l as Co l10,,'s . 
p 

, 
1- COlllpute C Q (C 0) V 

f\ pxr 
wh ere C € R Is vpper cight nlao!tu ln r, 

pXp E .. ,,'" 
ond Q' 1t. , V -II. !ore onhoaonal llUtr'l :.:o:s. 

A 
2- Cnmpu te by s imi14rl ly C - Q C Q 

" 11-\ 
l- If r .. p, <:ompute K .. G 

, 
(J - C) 

,X, 
wh ere J E R ,!1.J) " r , , 

"' ise C:C'XlIputl! K .. Ik , 

, ' 
.... he.re . It • ('b + b , , 

A 

, 
, I 

2 

• tt .. ) I ;:; • 
22 

, . (. J 
22 

. ) k , +- ~4 !J " d - ). h )/ ; 
2 2t 

[ . A tt 
C 

• a2 1 

4- Compute K .. V[Ok]Q' 

:'21 
22 

.. 22 

A 
G 

12 2 1 

[ ~ 1 

p 
other-

, . ". 

The s iogu lar ... alu e dccolQPo :!! ition of C ca n be used to c.oopu t a 

the fa c. t o r ization a t st ep I) . 

i s 1110,(". eonvcnier.( t o use th e foll owI ng uartlc ular :ac. (o r.\.:l:ati.Oll..Th e 

ortho~onal ma t rix Q fo r P .. l. Is sioply Q ... t . If ~ • 1, then V- I. 

For P - 1 , U .:4n 'be ch o ~en to b e a r o t at10 n o f t h e forlll 

Q - I 
coo & 

- sin. 6 
s i ll e.] 
,no 

The lIIet.rb V e.an b e detenll lled in a fa e. t o t"ed fo rlll of Cwo H. ~1'lIIlt.illn 

• t" eflectors ueh hav ing the: fo C"ltl 1 .. 01_ where w ~R <li nd a .. 2/( .. t .., ). 
S tar,da,d t ec.hn1ques t o CODpu te Q a od V ac_ d es cribed io 161 · 

IV truI'(ERlC.u. EXMi'LE 

A si ng le mac1l1ne l nfinLte-bus unIt 15 eOlls f.d c rcd. 60th exel t e. r 



'" 
.. n.: ROH""t C'QM:<>h .r. preoonlld. 1:' .• It"Mraf'd H'-" ... ,t' ~4 

of the' .,sceo , "Il", Til .. 10,.-::1 : 
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1:\' 

( ... ~ 1 , 
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• •• , 

, 

unc. 

(a -.. ) . , ... 
• . , . , ... 

• 
~I .1 ... 1 ..,,:1,., 

I' .,.."., ,-.1 f"'''''' 
Thr ,,., .. ".._ ...... H'; 

'1. o.,~ r" , • <l. C ~ ''' . l[d~l 

, 
" 
, 
, 
o 

". 

• 

•• O.J I'" • 
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, 
o 

, 

\.J ... . Td 1. 0 ~t-<. XI ,. Hf' ht.P ) lo r .... d~l_\i" 

T~. prll,u.ed t,",~ II . , •• I .... ed to 1P,j,~ t~. ' .. od~ ... k 

t llr .. U .... u ,~ ..... nuo! l •• I. t ". r.o r (I •••• / . \"10 

... l ........ 

. ,,4 :- 1'1 

. , 

fin ...... taUnq t_!l., .... ~ .. ): l·n, J . I.J " .,;~, I .JIl, ; -.lC) . ~1 . \-IU •• ) 
~h. 'YAL., ." ~I ... l ... u" 'w ," f".cIlHlclc. .,.,' , , ,~, 

n,,~lIl ... , U 'Y" '" II '~M to lit 
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. l. ln O.,...~ ).lH - '.34 2 j ,. . , 

'" 1),l0ll2 - l. 1102 -U .al l 
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A th-c ee phase fault is appl1ed at th e termi nals of th e tlIach ille 

clea r ed 1n 0 . 05 second. Ihe r esu lt ant s y f:: t enl CMponses under th .. 

op e r ati ng cases ( 1 + J 0.5, 1 + J 0, 1 - J 0. 5) witl1 t he proposed 

controll et In opera t ion, ate .:J hown 1n ttgure {t} . Th is fi gute 

Shows satisfacto ty sys tal respollses under the assu<aed opera ti ng 

cond ition. 

J.IV CONCLU SION 

.\ oilllp lifi cd control s Y>lt em that 11J s ultabl Q fo r contrOll .1 ng 

over wid e r ange of r.yst em operating conditions Ls pr esented. The 

gains u( the conceol law l s cs iculatcd such that a pre-assigned sec 

of -ei genvalues olr e ilehievoo. 

coef fiCi ents Is Oa .:Jed u pon 

The lIIethod of velection of fe edba ck. 

or thogonal trans fo rlUlt iona Wh ich a r e. 

rlIO;; t ""o"oIll1c:11 in computll tional requ l e ellent::l. 

0 ' thp. ·:ystem is only modified and i n this way I:he result i ng reedb<lck 

.;oefflclents J.r e 1II 1n : rd:;r.:f!d. 
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