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punov loIhichp:ovidM in~oZl!lat1onon atftbU.ity without 1lO1vingthe

\
The equetinn. of II eingle MaChineinfinite bue eyet•• equtpped

, with ,voltltg. rt!lqulatol' end ewc;it.tion eYllt•• "'ving t •.• pX'Ovbionof

IIt1xiUel'l{etebilhing aignal ertlexpreflilsd in II stet. lPactt fan..The

stability of the' equi1ibl'M point WIlSinv",Ullatad thZoUV" the eacond

of different openting eonditione were atudied COnsidlJring(1) the eY""

(Hi) with 8>1citosl'and an additional .tabiUzing eignel derived fl'Olll

l'Otor velocity. The effect of var.i.ation of neUeI' and rlIgulator gain

WIt.aleo inv"aUglltlld thX'OUlihthe ,ellCOnd•• thocl. It _ aba.rlled that the

',;,;:)' --.
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1l8flIlJra1:ll.nllIItRtinn., tha ,tran_asion linelh Bnd the distribution ey.t •••.•• Th.,

,
i. readily RV~;.~tt.thlO~9houtth$ tegicn •• 1'\1.0.

Intel'Ctlnnection of .pt••".\nought IUlny llal pr:ab1I1ll:Cl, mod of whieh have
, I

belll'lftDlv ••d el'ltbfactllry. Sntltrcr:in*t1ori Iner ••••sf1lS the _unt of current which

f'1oW!i when " -"elrt droui t ClCCU1'flOn. a syst8llllllnd require. "'II 'instil11aticno,

pmps!1ate thtougmut til.., rBllt of the SYlltll!ll, resulting in IIl&jor '&ilure of' power

re1i ••b1. prodUr.tionand Ullnlllllisuion of electrical lII'Ier99, it 1. eal'1&l'ltial that
, .,

the J)OWltrnyet •• hash"l. in th811_. deBCr1bedin tIlII followi"O eacticlftll.
,

Elafan .ellor.Uno On thlt, concllllt li' ittabUi ty of • 1'0"'151'/lINet•• l.t it b. conlli-

dernd from lIystlJ!fll\liBw point.

Th. stability of "n undri\len phyDicel IIYllIte'" (t.1I•• yettlll having no driving

b.t:ion which di9J:lbr.a the el/stlmf= it. original raat padUan. Here e eYGt-. 1s
; .



add to bit atabla if Ul' •• ins cla ••• to ita odgine1 reat poait1cn ( or operating
\

pcintl for.U tiMlIS .fter the dbturbanc. h•• c".lIdl and the .YIIt••• will ba a.~

viaur only wit~tn a 1ittU"d region .round the oriqine1 "•• t peltnt. Thh ragion 1a

then l'.-lhd ragion of attl'actipn or the .teillity l'lt1lion of the Oiltllfl .yst.,;. Th.

pact loctt&nn of the baundaJiyof the region is in IllOstc•••• vary difficult to

fore. or forcinQ functionI R cI1ff.rant concept is u!II"d.The stability of the "qui-

Ubriw. point in the pr•••,.nce 01' " driving fore. or input Oi.,.. d •• to tha '-

"bouMailil'Jpgt and bountlftdoutput atabUi ty~ which.•••an. that if the input bslonQ!!l

to e .at Whichie boundlldthan the 1'''1,11ting ralll'on•• should aillObe boundedfor

i'ollowing II f.ul t on the .yst ••• Maintenanceof atable oparet1cn at • ateedy oparating



point in the prftence of 1I1IlB11parturbaUo.,. aleo eo•••twa paee. epzobl ••

lltIpandingon thelUllni tuN end type of dietuzbenca. powerayet.. etebUUy ."Y

be dlIfi.,.d (5) in IIOre.,..,licit w"1/1I'Then ere dllecl'lbedbelow.

!!t""tty!lMt. !1t,bUity b the ebUity of the powar" a)'llt•• to Ileintein poooer

trenefar oVIIlrthe s)'llt•• without laDs of etabUity or s~zon1em whenthtI Ilegni-

tude of powertrenafel' ie 1ncrees.d graduaUJI. It b es•.t.aed that thtI Incraaae in

powerleval upto this Uodt oceure e1004lt'anollghto ellow regullltino dev1c:q to

blIPOndwith their IItuely "tet, cheractsdatics, end thet lnarti" .ffects ere

neoUgible.

Tmnn1"nt!;t!lbUlty 1e the ebll1ty of the powerayet_ to 1l101nteinst"hility in

the presence of e euddenlert,1echangein losd oceui:c>nlldby .yat_ •••itehin; or

4

by e fsult. •

pvneic fubiUty 1.0the ebility of tho powera)'llt•• to maintain atabilityfor

_.11 dbturb3ncs end to pl'lIventgrowthof oecilloticn. lJynaI!lici.,.teb.l.lUy 0- .

.rsllyaeeure due to leek of ~ing toxque. lMI to the •• all dillturbenea .a""'P-

tiOh, this twe of at"bUity I.e Ultuellylnv",eti.gt.edthrough tho Ull8of U.,..d:red

Allis cl •••r f_ the definiUon. the ste.dy steta o.tcbUit)' end ~c:

stabUtty on of _11 perturbaticn etability in "'_re . Tho...;hthey are .lso to

be teken eare of', ths syet•• engine" are of,.., ccnf~nted with the second 'yps of

stability pzobl_ thet b. treneillM atability or lIt••s"", •• referred to •• fud

lIW!nqst.bilt ty.



1•• ""thltda od !l!tmining !jJ.biUtlfl

Th.re ••1" very .eny w.yoof' evalullting th, perftllllhnc. end .\ebUtttJ of •

unclll1'dift.nnt condiU~ of opel'eUon. AI for ell_b, th, loed 1'1owetudy te wicle1y

utIli1dto dlItltlWlinsthe lIt'"dy .S-t. ,table operating conditions. Th1l lIIethodlnvolve.

ba .tudiad with the "alp of ,.c. calcuhting boards, anolog end di01ta1 CDIIIPut.ra.

~c mdal hIIlIto be considered. The.1t.'Hat npr'llentetion of • ayncluonoue.,..

onnlntllr lupplying power to • po""r netwodci. vlven by

M
_IE. P• ln - E, ';2. Sin&----.(1.1)

X

Where£, and 17 el'llllIIachin. internal 1I011:l1gllllend X11 tr_tu Cor _tualhel!lCtt1nee

af the aYllt." neglecting ~ino, e"citar end 9OWrI'OI' dyn5llic:a. Thie equation ie

allltl Ie""",," II, "SwingIlqueUon". The analytical duUon of this equation J.e not thet

_yo AIJIUliling1111qu,ntiti ••• like "to' (,' [2 and XIre const.~ta. Thia lnvolvlllt In

elUptiClO1integral (13). tn !lllnerd, ellttletll vlIrieblClll,ara nat constant end the

Thll.wing equation with Pin + D hee been eolved by a calculating Illochine

- (14)called intlll):nophor diffenntbl ,nalyz'" • tfeny/1UIlIorice1techniquee tin allltl

bun t!eVeloPedto wve thie lOl1Ulttion.Th, point by point •••thod where the ecr:e1eUng



power lrl •• _ •••d eonst.nt ovitt • ti••••tllP .i.B on. 01' tha very wids1y "'lIed •••thodw.
I

~r80ver, thie lIqueUon cen ba pro\ll1llllllld on on lII'llllog or 0 diGital mceh1na (er

.fflciant IJOluUon.

The equal ara •• cd t••l'1on, e orephlc:al Msthod, ill applicabl. fbI' atabUS. ty
\

the "1'88 bat_ il)put pow8t' Una ,end above the f.ult-on curve lIust be .,quill to ttl.

ar_ batwen il1put powar lin" fIl'!dbillow th. polito-fault curve for th. lIP"cified t1IlIe.

A rII1"Uv8ly detaUed rlProoentetion of •• ynchronoull _eohin. f."elin; a

(or eunentlll, axcitlttion end oovlIrnDr dynardcs in addition to tho .wing tIGUlltion.
, . '

.
11 • !. (11 , !:!.)

<2.•1) end (1.2) "aD to be eolved on 1!IdtOltal Cl:lIllPutarfor. 81gn!f1cant pariod 0'

.tudy thll atabili ty bah""ior of th" 8y8t_ fbI' any end 011 typea of f.u1 tit at -r:J

6



In contrm.t to ell the•• convlll'lt1onel•••thods diacue.ed. there 111"

r.1eUvellf nllWflIlprollChof aolvinO stability pJ:Dbl_lI kl10wnlI8Uepunov llI.thed.

The dtttaU. of this llIethodhag be.n provitlaa in a aaperllte chepter. Thoeta--

bilitcy of' en operating point C8l'lb. det_inad f_ e f1.ctit6ue _rgy func-

tion called "UlIP'"ftlVf'unction" without actoeUl.' 1I01vinOthe at of slfat.

(Iiff"rentiftl squati"n... Th. UapUl'loV function and it. cledvativ. Illf•• J<I)r.".ed

ea function. of llyet"" etats'.

Thb .atrod can be used a•• Olloo11n._thod for find1no power lIl.'st••

etabUity. " "lIll analog Q't" di'll!tal ClOI'PuterlIIaltbe used f\)r thll pw:poaa.

Ily tha onli ••• computingdttvic8l!Ithe etabili ty Clf the lIyat••• can be cle'ttmllinad

by teatinll UllfllJl'iOV'unction end itaderivaUVIlI for e particular valua of etatee

which are oft ••.•IIlllllllsurable."or un"tabla c::ondit1onpzoper action cen be taken

by th18 davica to rll"Cve the ••achine f'1eOIll the reet 0' the eyet•• or PJnlfother

ll\.C)erviaorycontrol lllSl.'be in'tIDdueed to et.bUhe it.

The atability <:bfa.inof • aingle machine infinite bus powttr."st""

l'Cd"l h",. 13",,," evaluated for psrticul,ar operatl.n!j condition •• 80th linl:lllr and

nonlinelllL".yat_ 1IlOdclwith end without voltnlle reoulator end atlllbUhinll

s1qnela have blllllftoonaid••nd. ,The1l1"lICt0' axciter \lain or .tcbUitll region

of' 8 power eyetlll'\hn elll!J b•.., inv",tiqDted in this thesia.

7
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Thill' ~tel' l!JlPatldll on to/":~.!i.ni.nnti~n and c::cineq:lt09 Ucpunov stability"
. .,...... ,r''': _' '

VadoUSllletlmd ,of' <;It:nel'nting and tootinll',of' r{UCpunav funcUltrl,h ••ve been di,lJcuosed.
. . ~i~~J\ ';~I- . .

TheeOntBflt €If ,thill thesis nrB C:OU~tei(ft'Orndiffa,rent ref'erances(2,6)and are l:l19to-
. '_";~.J .~1••••_ . .

dueed here only for tha ••RIceof' COl!'lPlet'e~easofthl!l thesie,

2,1.

•X.. l' (It, t) ([)
~'_._ J

"1", !
I ;
1\

\/
rJ

also dfllP"ndsl on t • If S dOnanota '
dApl'Odon ,to' thQ oqulHbriU!llstate !Saald to be "wnU'tlJ:ml.1I et6ble". figura (2.1)~, .

. l.I-~--\
and (2.2) ahow eeteble eq\liUbdllll G~tifl)( of 8 eacona ardell' system el'1d the ifJ;J-,~~, c '!---..--~
1len1:111tlivet:-aj!ll:tory storti"9 fmm lei: :$)",) f,lrld S «b) ,~!'tI!ci~", of tll~U9 E >0

,:"~./ .•..'_"': • 'i;

Grid &) 0 about t"" equUibrium stllteI:Xo, .. TheS!llu"tian ofeqU!!ltiCin (2.1) is said to
I' _.'. I'..... .

; " .•. 1 . "- :,' _ _
be f!lmund"d" ifthllrt'l l!l101st.aftJr 'l lli~:~!iS> P:o constant €. ( S , to) such thet II Xo'-l\ell~~~- .- .....•

:'-v-, ,~,
lil'"'l V"
l~~"-'-J"'-,

"

, ,
om funcUillns of ,X" )(2'

<P (t, i< • t I ",h~rl'l " •• xo 0 0
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STABLE EQUILIBRIUM STATE: AND REPRESENTATIVE TRAHJECTORY
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IllUSTRATION OF LlAPUNOV STABILITY
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FIGURE 2.3

ASYMf'IOTICALLY STAB1.E EQUILIBRIUM STATE Xe AND REPRESENTATIVE
TRAJECTORY STARTING FROM Xo.
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FIGURE. 2.4

PLOT OF REPRESENTATIVE TRANJECTORY AS TIME ELAPSES
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UNSTABLE EQUILIBRIUM STATE X e AND REPRESENTATIVE
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PLOT OF REPRESENTATIVE TRA-NJECTORY AS TIME. ELAPSES
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that II lC • lC II";; S tmpl1D9
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.. Ilcpli •

t) tor ell t ~ too .

13

lltst"l! (eHpotnts :t" the state IlIlsce)fl'Cl'll which!IlOUllt\a Originate, the eqldlt-

buUl':letete lI"t~ setd to be"lll!I~tot.l.c,;ii(atllble in tho l11l'gail•. . . I~:a.



fttr _ nal nuob,,1' E > D end any real nuober cS > 0, no I!ll'lU•• how_11,

then is elWl!lYS1n the circulor rllQion 5 ( & ) • etata Mel eueh thet tha o:oUO"

.terUno ,~ W. atate nachee the boundaryC:.bc:uleH (6) D' SIE).

2.2 Umt ""thod 0' UFunpll

Tha 'lret lIet!-od0' UIIIPUrtOvconaleta 0' ell proc:edlolrea In which the ppl1ci t

bri •• etete, i' there 1e OIlOreth.:.nona 1e inveatigated e"'Penta1)'. Consldu'.

"l( • , h) (2"3)

whotralIl, 18 a ateta vector I n veetlll:), end , (Ill) 1. an " vector and 1e eonti-

nuouttly dl"era.,Ua"" in M,'M2.--.---:Mn" La' ue a"PlIftdthe non11neer

""etaI' f'unc:tion , he) in Ta,ylorurin .bout the equUlbriLr.l otat. X in qu_. a

tion. Intmduc:lnv • ""'" _tar, y • M -x , the equUlbdl.lll .tab can be .hi ned•
to the origin. By a"Padiiino '(x) in TaylDruedee about x • x , Equation (2.3)•
bec:om •• -

•y • Ay • G (yJ 'JI

••••I ••
_. e;•

. ..A.

. ""ar. A i. the n 1Il n 'Jecobien IOGtdxgiven bl"

d" d',___ .1.
Oll( ,
';)'2

CI Mt

'0'n
d Xl

--------
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2
, all'. the n COIIlPonanuof fl.). All tho portial deriv••

• • n

tift ..,peariftQ in the Jaeabien •••trill Aera evaluated at the equU1bd~UDstnta

II • lCa,or y • O. Th. n • n matrix G Iy) contDina .:r1dng fm<:lthe tU.ghcr-ordar

derivativ ••• in the Taylor Dariee alOp_ion. Theal_ente of G(y) veniah .t the

_UibriUll at ••ta. EqUlltion12.3) can thus be UneDZ'lzad_ the origin ell

fol1oWll.

II • AN

LIIGP\rivahoWlldthet if ell the aiglln"alu•• of the eanetent Illcub Ain equation

(2.4) hllveno~.ft1 real parta, then the atabUtty of the equU1briUlllat.t. x.

0' the al'io"nal nonllnna:!tequation 12.3); I.e the •• e lie ~ of the equUi-

briUll atet. ya 0 of' the li.n•••rlzed equation (2•• ). Hencaif the eioonVlll••••e of

AhAvttrltIllativareal part., then the equ111briUII.teto X ill eQII'PtoticaJ.ly otabl ••
end all 1ID1utio"e0' the.yatllo with initial etet. 1C(0)sufficiently clos. to

II , IIPPftleeh)( •• t _ oC and if .t llMlatone of the eigenvalues of Ah.a •
• a

pesUiVlt real part; then the .quiUbri •.•••atat.)( is unatdil •• If howe"er, et•
l ••• t one of the IdOenval,," of Ahotse ~.m :!toolpart, the local otabUity bah••.

daUrlllinedby equ.tion (2•• ). Thi. itl e critlc:a1 _ •• The til'll' •• tl'cd of Uopuno"

concerna only atability in the aMa11,thot 18 whMther • IllOticnorig1n••ting '-

• nolghbouJ:+ioodof till equUlbriUlllstete XawUl ep;lftlach \ 00 t increftlled indL-

finttoly.

ThoatrCOnd.ott'od of U..,unc" ia baud on a Ilcnel'Cl1.boUcnof the ido

that i' the .yet •• heD••• ea)'lllPtotically otabla equUibr1ua otote, then tho .tor.d



The sllCOndalllthod(I' Liepumv conat.t. of' dtIt_inetion of a ficUou. "eneI\l),"

function ell1lad "I.itIpunovfunction". Th. idell of the Ul!l)Ul'lOlI'unction 1a lllClr.

u_rel t""" W.t 0' _IVY and b ~nt "ideiy IIPpl1cbl•• UlIPunov functions u.

function 0' al.,X••----------x , Iit'Idt. Th. Lilplllll:lllfunction i.
, lit' "n,

•of' V(K, tl end:it. tae der1"eU",a V (x, t) 9111" J.nfoDlation en etebUity, •• )'l\l>-

without directly 801vi09 'or tlte ea1ution fbI' both linear and nonlinlller "YIlt.a.

fCO,t) .D for all t

flupPOllethllt. tIt"re llIX1eta,II scalar t"unction V he, t) which ••• conUnuoUllfirtlt

partial deriv"tive •• Jf II (K, t) .aUefbe the fOl1owinVcondition ••

1.' II Cx, t) is pollitive definU., nlllelY VCo, tl • 0 and

2. V he , t) ~ oc (lIxU) ) 0 '01' all, X *' 0 and all t where oc 1. II con-

tJ.nuoue, nondllcn.einv eeal.r f'Ut'letioneUl;hthlltoc(ol ..0.
•

3. The total dariv.Uva Vb negllUII4!fer.U x :j. D end aU t, or ;cx.t)~-r(lIxll)(o

fb•• till x :j. 0 and till t ""haret 1e e C::lntJ.nuoUllnon•••••• !nv

aea1er function auch t""t 1(0) • o.

4. Therlt allillt II eontinuous, ncmr.!tller"ulO9aealar ffinction weh thatPCol • 0 and

'01' 1111 t, V (", t )~ (3 (II x II) •



"

I

5. ex: (11X II) IlPprolJt:hml infinity.. 11)( 1/ lncnlasee :l.ndltfinitely., .
or DC (1/ xiI) ~ 00 .5 1\X 11-)00
tht!nthe origin of tho al/at •••• l< •• '0, .i.e "'nlformly 1I.~tatically stabl. in

<

OC(E)

<S(E:) £ IIxII

CUIWr.S OC (lIxll) , (3 (IIxII ) ANO VI",t ).
r

If thn••"dllt ~.celel" flll'!CtionVh,. t). wi theont:l.~u!Jl firstpertial

,.deriv"Uvll!t, sou.tying tha following condiUonul

11

..,

!!IIVl>c,t) > 0 for all " =1= a in the rll9k>n n. ( can b. entire
stllte lIP,"c,a) which inc:1udoathe odg.!." and ell t

veo, t) ••0 for Illl 't
•b) 'If ()l.t) .( 0 for .u. It '*0 In S2.. a.nd a.U. t.
V (0, t) =: 0 for all t

then ths o:t1ginof thlil ay$to<o i. "uni.fol'lllly •• y!lptoUcally stabl.".

.) V Ix,t» 0 for ell )( 4: a in .ILcnd 1111t

v (0, t) ••0 for all t

(h) ~ h. t) £. a
ov (O,t).. 0

for ell" :f. a in n.. and.ll t

for all t



then the origin of the &ystlllllis "unifoJ:lllly etebie"

If th,," eK1$t e!ileolsll' '"nCtipn 11(x,t), with continuoue first partial

del."1.WtiVBS, slltisfying th" 1'o110••illg c:nndi tion., . .

(a) v hc, t) > O~ - for-ali II # 0 end aU t

18

v (0, t) ••tl

•(ll) 11(x,t) ~O'
o j

11(0, t) • O. '.

1'01'all t
~'.~••.
I '

fotll;U' k l'~and ell t

for ..iit
'\
\ I
(

. (,
(c) v ( <P (t; ,Xo' t 0) ~ t)' does not veN.sh idllntiet'lUy in t)t foro

eny t. I'l"d IIny x 4: 0, where it.(,t, j( • to) dIJnott!IJthe solution lIurttng 'roIlIo 0 ~ 0

X at to Q

-then t!'l.aX'iQ!n of the sYBtGi"la Mimi fatlOly ll8Y"'Pticaily stable in the large".

FtnaUy i1' th_ existll IS.Ile~hr funetio" V(x,t hwith continuous first
•

pertial dertvative", sntisfyinll the following CtinditJ.onl

(a) V ho, t) > 0 for 1111 x # 0 in S2.. and ell t

\I (0, t) - 0 for all t
0

(b) V (>c, t) > 0 .for ell x+O in .n- and all t
0

11(0, t) •• 0 l'ora11 1:.

or (e) V h., t) L. 0 -for ell "'=to in ..Q snd ell t

Ii (0, t) •• 0 for ell t

0

(d) V (x, t) t. 0; 1'0".011 x 1'01n end 011 t
0

11 la, t) •• 0 for all t

then the origin of the aYIl1:l!lll,ilIunBtabie".



2.4. !jecnnd"'",thnd foll'Up'",r Ib, l"""ripnt ,vat •

19

•lC. A Ie

,,
wh"rex 18 •• ",t, v.ctor ( n vectorl end Ai. "'"" Ie n COntlttlft'.,tri •• , W•••••••

/

linear tbe- inverhn' .y.tllll een ba lnvntill.ted ••• Uy by UlI'of IllICOnd_thad

01'Ll.,unov.

invarient .y.tllm. by IIII11.n.of .econd ••,thad of U.,unov.

ThltlIllUUibriUl:tat.t. lC • 0 of the 'l/lI'-'t o1vanby equ.tinn (2.5) ill •• ~

tctiel11y It.bl" if .nd only if Oiv'" lOypo8itive definite HeJ:mUion•• trllC Q

(or pollitiv. dlf'init, :mal 'JIlIIIII.tdeMatdx Q). there .lCiet , positive definite

HuteUhn lIletdx p (or poettive definit. reu ')'!f"".tdc IIllltrixp) .uch thllt

*A P + PA • - Q (2.61

litTh" ,,,,"hr function X PX1•• L.bpunovfunction fOr tho 'y'"'" of aq••••

tion (2.5).

tn other IiOOrds• neeHlI8I'Yend BuffW"",t conditwn fOr lC • 0 to be IJIl

_lI"'Itcticlllly steble eoluUon of (2.5) 11 that thna .1Ci.t • po.1tiv, definita

I.'f> + PA • -1
p'

,""lire t is tha ldenti 1'y_trb ••tr1l<

---------_. ----(2.7)

.Sylvest.r'. erit,rl' • •• y b. appliad for the positive defin!t'"'" tI.t



, af the P • .,triIC. Anee••••,ry and suffici.nt condition in orClll'that the n III n na1

'yI'IOII.tricP •• trb, b, p"sittv, d.finit. Le thot the cleteJ.'llinontof P be po.itiv.

definite eM the .ucculliv. principol ~enon of the dlltelWinenlof p b. poaitiv.,or

0" == PH > D °n= [p u Pto P" PI2 PtJ

Il~i '2f. '22 D.33="2t '22 1'23 0

1'31 1'32. P33

PH Pl2 w P1n

0 • del II • 1'21 flZ2 ---p
"" 2ft

> 0 « "ij • PJi)

Pnl "n2 ----p U:.7~)nn

2.5 Umumv SttbUltv pI NonUne!!lI' Sutem ••

'lDtic.Uy .tlll., then it is .')4I'P'lDticalllf.tllbl. in the 1erv.. In • ncin-U,noor

totic .tsbiUty of equUibr1\J1l11.tet •• of Unen .l7at_ and thooo0' nonlinear

tnI' ••Y"Ptotic .t,bility of lIQUUibrilJlll.tat •• of nonlinear .yet •.•••, "tebi-

the .ec:nndIIOthadof' LLepunovere .veil.bl •• fQ. ,~. Ptl~'IlI" ICr-,vllkU' •• ethad

fbI' tl!'lltinq.ufficient condition for ea~totic .tebUitlf af nanlincer .y.t_.
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vI
•••••

,'~ l~

V is
'," ,_ _ ~';. i I _.., _.

cbteined ,SIj Une .iiltegreil of ! V V is
. . •••.~.I "-." -

J x'(" )1/"". (>',.',
. ,¥v ;:.dlt'; , , "

() l ,J ,~..•
I.. ,. ~..-: "" j

thmt the integral 1!lli! 11rt~;lnte9t6.i'~onarbitrary point iothe state splles iocllted
.-' ~\ ,! .

", 4"

It ). This intBurel l:llnbe made indt!pendellt of' thai pot" of inte-~;.~!.."" ;~~:~:.~..) .. - . ' .
gration. The llill'plcet peth of integration 113indiceted by the expended fom of equa-

, .' - _ _ i. i . ~i . .' .

"1

V='J''vV'
1o

(ll .
1

dx. ,
• ; I .:. '.' . 'n' •• '0 ).lie Ie .'. -..- ••. ••••

J .• - n

r ....
. '.:i

r. t J ,,

-----.-.,...... .+

_--J'I .,0)

. ,',

a)( . '•••• '••.••;•• ~•• ,.1
.2 0

," . , '

'i7Vi 1a

of e vector f'unction

d~
_Jooo , •••

F': ••
,

--

---(-'~.\
I" •

'r, -~~.-'"

~- ,

cJiI.
t--~)(
n

.OW.2--

~I1Vh
iA •••

0.)(
n

(2'9).- ~'.'

.-',



C!lUstbe lI~etrie. ThillCtlndition on tile .,,,trill r I.a thus • o"nal'lJlbed curl require-

Illant for the ,.. dialBl1$ional COSl!. Thillproblem of 'detllltOining • V function which .eU ••

'1" l"lIIPunov thllOUIlI ill thftO tran.IoXftl..,d inttlthe pmbl •• of f'lndinge Ii' V IilUCh that

the ••• di,"..,.ion~ curl of V 11&Qual0Itero. Furthn, the 11end ~ dat.J:Illin ••d 1'1'0",11 V

----- .•.----.-- • e )C
2I'l "

'\IV ::::

n.. "1j are ~let1l1y und;JtoJ:'UnedquuntiU••• The81j lllI\ly be ccmetllnt orf'unction of

tim. t BMd!Ol' 1'uneUoi'le of state van.bleB. It 1m Ctlnven1e"t, Mwevel', to c~0e a •••. ... nn

• cnnst"nt or lUI n function of tim. t~ Several of the Q1J lOllY be cho.lIII to b. 2am ,or
, o. ~

th"y ".-e obvioue frol!l constraints on 11ir.()olled by the invllllUoet.or. orthoy are dataz-

If til" eQ",U.:l.bdUll stete II •• 0 of " ",m1init••r eyet ••• ie .sY"Ptoticolly etob.1e,

thttn we "ilY be 8hle to ob~in a lelllPunov function by the IOlIthod ju"t deacdbed by fo11o-

1. A•••••111 VV of the fOJ:!ll of equation (2.10)
o

2. 11tit det"ZllIil'lodfrclll <:l V

o
3. Constrains are eplll:l.«d tel ""*'e 11to b. negative detinit. or IItleaet MIl8tive

!
•
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5. V is techecl<ed DS
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tni'll>' e1ter V.
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6.

7.
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V 1c deteJ;ttoinedby equation l3~9).
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llVnp1eone. A eync:hronousgllfterator ,flledin; ••.•infinite buab••l' tlutlugh •• tran •.•.

f'OrlMll' end a chub!e chcuit tr_islilllln line 1-0118blta.., eonliidend here. Tn.

TR"'NSHISSION 1II-JE

INFlNITE
8US

F'IGUtl£ • 3.1 5YSTEM C'JtJrIGtlllATIOtl ~"OASlNQ.E MACHIN!: CASE.

COIOOllred to the' tilne cenlltents of the QOllliU:nor and tl'la priftle 1llOIIe:t. WhU. Governor
;

:U.

c:I.ty. the torQUe variAtion. dua to 9OIIe:rnolrc::>ntl'CJlara neglected. Thll ~rti.lIOr

windings l!lraknovn to aid stllbUity.I8" thl!ll" au alBa not conll1dm't1d.

The equatinna fbr the ,,",,~hineaa deVlI10padby G.Shack.heft (lS) end J.M.

llndrUl (10) al'tl Qiv,"" balow. (ThlIt 1:1••t o( l!IY"lbol •• ia Il1v,.n in PIl9G VUllo

..
(~l Volt~. and flUll linklJl;lllaquliltirJns for the lItllilltun •

w 4Jq _ R i ....l-
ed • - -- •w . d w

I> 0

• \of
ljJd.- • In. ..A-q w •0

q
w

I
0

4>l:l. lCatd ifd
• Xd it.!

'fiq •
_ X i

Cl q

(3.3)

(3.'1



Ib) Iklltaqe and flUll Unk9\le l'e1otionll f'or the J.'Otor I

13.5)

~

\
\

13.6)

13.1.1

.---------- (.3.B)

.(3.11)

+ ..i
IIo

e •• '" xi +Ai+
11 - .ad eq

IIo

Piq + Vq 13.11)

V
d

V
q • V coai!

••_--._ ..---- (3.12)

-.----_.- (3.13)

., W
o n ---.---13.14)

T... • T • I
III "n J in

. -j

(') The vrll tage regwstoi 1JQU1lltionlll)

E'd • ._ _ Kr ------- (
1+ Y..". t:>

Whltre \it 1e 1ell!! th<ll'l nrc.r

.... - ...

••••••••••••••••• (3.15),

!It • etr - ~(t») •••••••••••.• (3.16)



I

w V c
(>

oo ~.. l'fd
o Ef'd

afd
w III +1'1) -WIN + IC I 1d+ '" V sin
Q • • q 0

Xf'f'd • Xef'd 0 !'ild • "otfd
~

X.fd .( ICd+ ICe) 0 "lel • 0

0 a -hcq + IC.) /)i -WlCqfdq

----.-------13.27)
~ieh iTl tam giVll8.the f'oUowlnllnon line. differential l!qUlltiamc.

-----Ad

xafdl~ •. x.)
------. ':-(1+n) iq

E --------(3.29)I'd ,

Ad

rfd( lC d ..
X
afd

JC"d (R •• R)' X (X + IC )_ .•.•••"'- 1tl - 'fd q II (1+n) ~

-
Ad

SolvinG 13-19) snd 13-22) for pifd Bnd 1d' ••• have

I
l'fd (lCel • ICe) ifd Xllfd(Re .;. R)

1>1
d •• rfd )lef'd

'Ad

•• Xm V- Ad

Ad

Fro'" equation (3.26)

X'd"i '" --:!......-(1+nl itd -
q Aq - -

t>d ==

----------.----.-••--.-(3.32)

(3.31)
__ .-_ff _

_._--------,---
x .X....q.-..-8o'----.---

W
I)

Llq •



(1 + nJ • W

w
n

-------------13.33)

SUbfttltuting equations (3.29) end (3.30) in equations (3.10) end (3.11) gives

Xe t'fd xaf'd •• [ ~X"d
IRe + R) '~J id+

°d •
If .6d "0 .6d
0

F' X"d (~ + le. J XII rfd--- ._- •. Xe (1.0) iq -----.... £fd
•• '" d Wo lid
0

[, Xffd X 'J Sin ?, (J.34)'+ • II
III Ad
0

II X( R + P.) J• ,It____::_~q' iq +

Substituting lItlUationll (3.3) Bnd (3.4) in IlqUstions (3.15) lIiVll!8

TinPn: _
T
III

)( - XCl' - 9-
Tm

(3.36)

•
IC
IC'.- -
TIC'

-.-. -_ .•...•-



to g1l1$the lIt;Uatbnll of' the nonlinear IllOdal in tllldla 0' di,,_t .tet ••••

•

P.o • w no

• Kr
1'1'

(3.39)

........-.__ .•...•- •.-
l'ld

""'d ( ltq + Xe)

"13 .~ ----------~-tld

8,S • l\,!f'~

eli • r'd (lCd• Xe)---- •
l< 'd LId
••

l("d ( Re + R)

.72 .- ----
Dd

.---- - (3.44)

. .-73

LId

X'f'd ( lCq+ x.)
-------L>d

(3.46)



.• i' •..• ~ -',

'"25 •• X~fd V
.1d

I d ••• ltfd
;1 .1d

°31 •• ,Xofd
Llq

,
1!13:! ••

led. \

llq

R .R
833 •.- -.6q

V

"35 •• - Llq ; 'i

1!141 • - lC1J~d
Tm

led _' 11.
"42 • q----

tm •
K, • -1I4;itd:l i

cP
., - lCI<12 i~ iq:J
,

(3.48)

(3.5')

(3.52)

(3.53)

(3.54)

(3.55)

•
'FOIt"",all P.rtullblltioDll. the system IIqu••Uona c,"" be 111'leerized ••bout~.. ",'

'"" opereUnq point. In sucl1.""' •••• th •• change in lIP.ad dlWieUon la negl1gibly, ,~ ,

Unnrb.d I:"(>del,it ,ie nel:e!ls••ry to obtein an "''In'easion tor pelrtullbl)tinn of
t 'I

teminB1 vol togein tet'l!llJ of_the etewil ehoaen.
, "

• " .to
• (3.56)



I
~ U (t)
'1'.. II

Subllti tuting the line4riz"d f'o:ml'! of' lJ•• en" II in (3-56) one gat_
•.• q

L:, E fd

u (t)•
, ~"t'lt

It -m r'd )(l'IIfd X K llqo )Ill'll l'lofd (:3.19)C61
r • r= --..--- --..."'"---~-. ..... • -.0.-_--
1'••• Wo !J d 1'1' .to OIl !Jqto 0

I( f f III (R :l/l)lI.' ~ ••.--
1"'r e

to
w
Q

II q

(3.61)

Kr 1'11"0.~-
. 1'1' lito [

X )("d v~Co8~ V ~. , ' ••.•.
OIl II do

U.62)

C(jli • - ----.------- -
1" •• eto "'0 11 d

•
I

.1--II'
, .

' •.•....

)
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The Hnead':ed ftqUot!Orl9 er;JJ;!Jen bldowl-'
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.. ~,

<3.64 ~.U hI
5

•

- --..--
• "GS LJ b + tLlE "

66 'd

C LHQ33

eij
'. ,

(3.65) -.
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end e chubl. circuH tran""'isaion line ",htch hl!sboen slY.;wn in fi.,. 3.1 I.e conaiderl$d.

ffl!Ullticn in te1'fllsof field, dir!'ct and quadrature ens oZl!ll!turs currentll, llPattd end

Ttwt contm 11is the exd. tstion to tha synchronoue 9llt1erntol.'• WIlli" i.i.nearl.zttd about

0' etlUBtinn (.4.1) la tral'ls'omBd to

,+ a u

Wherethe Iltat. vadBblh Xor n:lWperturbations 'I'rolll the orillin8l etab var1ehl ••
. 1

1n (4.1) t'rom thll op.ratingiSqullibriuo abtllll. the lIIetdCl!(l (vlICtora) A end Dare

cHy 0' the linoarbed BlIlIblll, thie 10 considered f.i'rst and atebllt ty prohl." of the

Equation (4.2) rtlllroduced is
o
X •. A X + D U

LinpunovstsbUity is the Iltebility of the undr1ven e1/llt•• or thll n.tural dyn9l1l1c

o

! •
'.



I
"-- ""'"" d111CUl1.ed1n section 2.4. II nc"sary t'.ndlIufficie'" conclition tor thll

equ1llbdUIII.t"tII X• 0 to b. '"" ••• ~toUca11y .tebl • ..,luUon ot aquetion(4.4)

is that t••••re .d.t ••pod Uy. def.l.nits r,...},sll'''I'''tttric••••trilc P .aU.tying the

IlClUlltion

+ PII • -I

T
II • lC PX

end 1til <lad vati VII V 18

(4.6)

\I • (4.7)

The_trh P iD MlII•.•••ad to be real QIDl'.tric i.e. at the toZ!"l

P, P2 P3 P4 Ps
P2 P6 P7 Po P,

P = P3 P7 PlO Pll Pu

P, Po PH Pu Plot

P!l P, P12 Plot PlS

Equation (4.5) is nn algebreic equaUrmwith 15 vadables P,' p;?, -

P,s. 1hot1l.1S eilIlu1t"",lIOuDI!'quationsare eo1vadby Ctau••• Jorc!anlI.thad with

nontalb.t40n. The••"trilc P ill then t •••ted tor positive •• tinitenr-II by .~lv •• te1'll

crit.rion" "'••&m:r1bedin the section 2.41.



The example considered is : The synchronous generator is supplying 66% of
o fjof the rated losd at an operating power angle of 60 and is operating at an~exci .•"

tatio;, balow normal. The different operating""conditions are given in Appendix 1.

The A matrix for this particular operating point is given as

..0.40013 -22.233 369.7 0.0 -149.52

A • -0.15191 -27.376 455.22 0.0 -184.155

171. 3775 -451.406 ••22.672 0.0 263.8

..0.0687 0.02988 ..0.211 0.0 0.0

0.0 0.0 0.0 377.0 0.0

The choice of this particular operating point was made because the stability

margin is low and any small perturbation from the operating point m, tend 'to me~e

the system unstable. The 15 simultaneous equations are,

..0.80026 P1 - 0.30382 P2 + 342.755 P3 - 0.1374 P4 • -1.0

-22.233 P •• 27.77613 P •• 451.406 P + 0.02988 P _ 0.15191 P
12 3 4 6

- 0.0687 P3 + 9.92988 P4 •• 9.15191 P6 = 0.0

• 0.0

-0.40013 P4 + 377.0 P5 ~ 0.15191 P8 + 171.3775 P11 -0.0687 P13 • 0.0

-149.521'1 •• 184.155 P2 + 263.8 p:)- 0.40013 P5 •• 0.15191 P
9

+ 171.3775 P12 - 0.0687 Pi4 • 0.0

369.7 P2 - 22.233 P3 + 455.22 P6 - SO.048P
7

-451.406 PI0 + 0.02988 P11 • 0.0.

- 0.211



~22.233 P4 - 21.376 Po + 311.0 Pg - 451.406,p" + 0.02986 Pt3 • 0.0

-149.52 P2 -22.213 Ps - IB4. 155 Pfj •• 263.8 P1 - 21 .376 P9

-"51.406 P12 + 0.0298B Plot •• 0.0

39

• - 1.D

369.7 P4 + '55~22 P8 -22.'72 P" + 311.0 P12 - 0.211 P13 • 0.0

-149.52 P3 + 369.7 Ps - IB4-155 P1 + 455.22 PII •• 263.8 P10

154.0 PIll ••-1.0

• 0.0

• -1.0

The liau •••- .brd.ln ••ethod 1IC1viOQlIUIultenllOUa~ebplrie equati.ona gave the 'P'

.atrix giv.... b••low.

5.69625 -4.64682 -0.00015 -15.9971P 3.85916

- '.64682 3.81758 -0.00019 20.41140 -3.15511

P •• - 0.00015 -0.00019 0.03445 -2.01270 -0.01108

-15.99119 20.'1740 -2.01210 16204•• '118 -0.00132

3.n5916 -3.15511 -0.01708 -0.00132 5.03694

A•• recheCk, the ••••trb P obtained w•• 'ed into the a<;UaUonTP+

PAend W.a i'ound equal to the ,idtontitYlllatrb.

-1.0 0.0 0.0 0.0 0.0
0.0 -1.0 0.0 0.0 0.0

I. 0.0 Q.O -1.0 0.0 0.0

0.0 0.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 -&.0
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o

al.il171l0

-15.99779

16204.861m

•
- O.01lll1S

-0.00015

"

••

'j .

D44

. : '"

o•• bn.I"DSS

" ,

.; ,117.61966 >
llU1C ' ,

,'.' .::,AJ' '
Theteto~e the 'p' IlIstt1x is posi,tJ:vQdef'initel:'mel1 e~tl:'1n.1lO the

1! " ''--:' r" "
llyst/!!!!lconsideted b stable. The~ter prog~e used tui' finding p llletruend

'. ",.. , " ' ' . '-, ... ,,' "" " " ,.;{ '.••;.:;:;- . . '. ..',

chm:kingpositive definiteness areJ{V~!in ~Jndilil2.
," " " ,'~:!J I;)

r;.::"'" j ,rn, - ~
(f\\ , ,'~~

Vi>5.69625 I 6:1,,/ + 3.1117S9' ('A4~i2+j;0344S (Ai
q
)2

, .' 16204.6£11111 'fn,2 + 5.03694 C~S2 .•a.91294 Ai ,',id
- ••,'1 'd, r" ~ '1:J.(IO03AiI'd M,q ,-:It.9~M 6:i.'fdn (~,~).'71e(~~f'd~b

.. -0.000311hid Mq + 40.B34 6:i.d(~]-6'b~idAS
-4.0,24 6:iqn- 0.034 iJ iq CJb-~,;0fl26 ~;(n t:.b '

\,. , <..--.,
c...:..1,, r; ~.1

,
\\.;. -,.f. ""--"

, 'The LiGpunov fUnction is

l -~.'
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Whichb positive for 8U val"," o~ Iltlltea Mt equal to :rlml

(
:2 :2 2 2 2

\I • - (A lfd) + 6>itl • LIiq +/n + ""Z, )

Thr pl'OQl"S!Ilti _8 of the epp••.•db 3 is eXlJWtedto test the Uepunoll ~unetion.V

,..". "QUlUbriUlllpol..ntor the qluating point itl found t" bo.tllble for no"",al

Pllrturblltion ~~ ~ilibrium .tates.

o
)( • l' (x) (4-9)

The ~Olll'IdttnCf! of" f on u hu not. be"n c:onside:md hoX'tt, bee"u!:. only the free

Th. veriabl. grlldient Illllthod of Schultz 8nd liiblaon h.1:. be1ltl used hero to

9••.•u"te " Uepumv function. The p1;tlcedure. which 11M been d1.cuoaed in datail

the curl IlQUl'Jtiona. The other co-eff'icientli ere 9,,"lIret.d b~ trial end armr Illetheda.

Theauec.sa of th. 8chllllllO depltMds on .a to row closlI II trW cnn b. I1I1.do •

TheOf)erating point of the 81/OChr:>ra3US generator "'till eonsidered et a

point quit. high en the Po\ollll' Mole curve. ThalI",chin. deliver e power0' 91.6. 0'
othe r••ted loed under normal ••xeitaUon at tn engl••of 60 • An'll lerg. di.turb ••nCIIat



""!III!l3<.l<&f"EQ~
•••t thb opel'Bting point would.b•. quite unvare fl'Oll'. IltabiU ty view point •

• lICtinn :1.2 yie1 dill •

- 21.37 id •• 4SS.~2i.q -369 $in ~ • 455.22 iq.n

- 451. 406 id - 22.672 tq -:liS 2l

p S • :rn.o n (4.10)

v V ==

1111 ifd • e12 iel •. "'13 iq • a14 n • "'15.

"'2' ifd •. e22 iel .•• ~3 iq • 824 n •• "'25

''':It ifd •• "'32 iel .s33 iq •• 834 " •. "'35

lJ,c1 tfd • 1II4t-d •.• 43 1q •. 11144 n ••845

lis, ifd .• "'52 i.eI.. lisa iq •. "'54" • sSJ

vllrioUIIIc:on.traintll on Vend the curl .' uaUOl'u.

Th. derivatiVe of LiepUl"Qvfunction is
•

(4.12)

There ",re 5(5-1) /2
1.2.!!1...

d 1d
dVVl2. _ ..... ,. -
dlq
:;J V vl3. __

OYl

•• 10 curl ",quation for thie pmbl_. which

;;> I7V2
•• --;;l i

Pd
--

:;JQ\6.-----. ;;;lifd



+3

.-
~ \1V2 ;;, VY3.5•••.• _ • ._ 1 1 ••••

d iq did.
'dI7V2 ';;I\1V46. • . ,-_. J _

;;. r.l d id.

dVV2. S VVS1.,. _.___ at

d ~ Sid'

-~
-----

OiVV4
••••• :I

d iq
. d VVSI
--I

d .lq
•

-lI••

II d'Vv3.-._--.';;In

<> v V3

db

The UI!IlUllOVMcUo;, for thll e:.mt. ill than .•• rittlll'1 l!llS

ifd ' '. f' id. i
q

V- J 8U it'd difd • '0 .(82t ifd • "22 it! I d td .f<8
39

it'd.
~ 0

• . iIl32 id .•. "33 iq) d iq

Tl· I (II", i t'tl ."2 itt'. -••t iq'. $44 n) dn

b ,
+J<a f .•••••id.: I'

o 5, f'd ,,2 .•. "" iq .•.854 n .••• SS d a (4.14)

o
ell th,t col'!1ltr"int •• viz. (i) curl equations (U) negative t.!efWtenese of V

(Ui) PoeUive de'initen!!llll of V. To RIeke thie Mllttod ofticient end f••,

i _,1, 2 5

j • I, 2 5



44

(?l The valUI!B of .1j tor i • j end i • 1.2 ••••••• 5 "lint _"'tIllld poaitiv.

f1lC1:tPt .S5 which ••ay be nllQotiv. (3) "U>( 8
2J

I j • 1,2) ) (o3J I J • 1,2,3) >
(.'j I j • l,2,4l ~ ( .,j I J • 1,2.51. AlIsl.IlIpUona (21 and (3) •••1'0 "'ade to ••ek•

•V poeitiv. definit •• Sub.tituting thl!ll!l.vll1u•• of IJ1J, Vb telltecl fbI: negative

Th. equi11bri"" point b ••••Uled Oft thll ol'igin of the lIl/8ten1. rllpr.sDiona

(4.10) end (4.11) "'lIr. eubtlUtuted 1n ellpress1tJn (.1.15) fur " oat 0' tr:1111 vulun of

"1j •• tief'ying 1I11 other con.trG1ntw. tonDidedng thtl different Iltatlll8 .d different

•co-ordin"t •• in thB Iltllte llP"ce, the dartv.ttv. of the Lt.lpunov runcU"n V, ••••s eel-

cu1.ted in .'IIP" fbr ..,11po"Dibl. valu." along the Ctl -ortlin"te i,)oey) kup!";
id• iq .... f, constant. The Lirri,1:rhB> v<Uue 0,5- ~ s'b::l.ies

value of 'th. lItate,,/itd WIt!! fbUtle! where V bl1t'Dlll". just pod t1\111.Tho p:rocedunt "s

continued, teking vari ••tion" in thll .tet •• along 1111the co-ordlnetea for • p••"u-

Th. vll1un 0" atJ.. .n

5.872 •••••025 -1.28 -1.0 -l.tI

•••••025 4.025 1.2lI 1.0 1.0
-1.20 1.20 1.28 1.0 1.0

- 1.0 1.0 1.0 1.0 1.0
- 1.0 1.0 1.0 1.0 -0.202



The boundary stete. es obtBi" ••d bll Prollr<:l!!l6 cfllflPendb 3 ere

ife! • 5.0024

i •• 1.6143a
i ., .1.003

q

n • 0.047 (4.16)

S • 2.012

The Uapunov 1'"net1,," is

Thl'ldedveUI1It of' V 1B

V •• ( 5.672 if'd - 11

\

••.,( -4.025 i'd •. ~.025id ••.1.28.iq •. n +y
\

(••0.151SJl i'd - 27.:371; 1d •. 455.22 iq - i6B.o un?> .•.455.22 iq n)

(-0.1:1936if'd iq - 0.0406 idiq ""O.lS3~1
, ,

•. (-it'd" ie! ••.iq ••.n ••. - 0.202 &..J ( 377.0 nl

lfi can b•••••sUl( seen that the V 'unctitln is pos1tiVlI deftnite for ell..
values of the IIlt.toll. but ths V function is nel,)iitive dat'in:l.te anly in II region in th"

n.iqhll':lur~od of the equilibrilA'l statllll. Th••b3undary IItetlis for stabl. operetion ia•.



to pueh th!! ••""tuna .-tet ••• be~nd the critical ve1Ulflt. the oyet8l\l wUl dei'i.nitlily

be ••••t",ble. An idee about the nnga 01' stable operlllti.on e,," be abttlined flrolft the \I

i'unction.

evaluate the enerqy 1'unetion ••.•" U. derivative which t. lilac e 1'llnction of the stet •••
•

stebl.. Anyvioletta" 01' this CClnd;l.tion will makothe 8Ylltlllll UII.tcbl. and pmpar octi.on

8OJ'Ycontml to lttebilb. it should b. at'-Ptlld. Th. procedUre .uggntlld can be 111u••••

INPUT
SYSTE.M

X=AX+8U
OUTPUT

•
STATES

C.O'"1f>UTER,

c..= EVALUATES V,V AND :=.MINrrORS INFORMATION
ON STABILITY

I.
)'

/
i,

/

I3LOCI<. P' ••••6-RAH 0'" AN
CONTROL DE. VI C E

O"/-[<\IE AUTCHATIC.
FOR A POWER SY$TEH
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5.1 Intmduction

In the previous chapter, the stability of the synchmnous ganerator

infinite bus system was considared without taking the voltage regulator action
Iinto consideration. In practice, a 'synchmnous ganerator is equipped with auto-

matic voltage regulators having terminal vol tag a feedback. Sometimes, additional

internal feedback loops in the regulator and exciter are provided for tight loop

stabilization. The modern ternd is to .have high gain fast acting solid state excl-
J

tation systems for powar system. This though is helpful in regulation worsans sta-

bility of the system because of intmduction of high gain in tha forward loop. It

has been found that introduction of additional stabilizing signals proportional

to speed deviation and acceieration'of the system with fast acting regulating
• . (,~.16Jdevices can improve stab1lity substant1ally •

-
Us(t)

ety + Efd'\ VOLTAGE SYNCHI<ONOUS et
Rf'&ULATOR AND G-E.Nf'R;\TOR- f'xeITER

'/

\

FIGURE 5.1 SYNCHRONOUS GENERATOR CONfIGURATION WITH
VOLTAGE REGULATOR

I

The dynamic equation of the synchronous generator with a voltage regulator

has been given in section 3. Considering a single tim. constant for the voltage regu-. .
lator snd excitation system. These equations can be rewritten as, '

•X (t) • f [ x (t). (5.1)

(
" I

•



whertl the atat ••" Bra the eliff'ullInt currents. llP•••d deviation •••••d an;u1er poeUlon

0' the gentmltor end the Ie.citation 01' the lIe1lllratllr. U. hI haddiUnnill atobU1-
s

Iring .ional. _"UIt' functions 0' m~~ velocity IIccallllration etc. Thtla. ",hen11.

o
)((t) • A l( hI .: e. u ttl- . .

'"
\

(5.1) fJ:om the llqUUibl'i•• point.

./

:S.2UnMriud !!l?~lwittnut ftybUiz1llg aiQllg!
, ,

•l!i~J. A II It)

L '
The AWlatrb tor the undsr elICited upuaUng Ctlndi.tJ.onof the .~c:hranoue

_echine g!\I1IIl in llPPenelix 2. h ~• \'

-0.40013 .22.233 369.7 0.0 -144.52 0.7ll

-ll.1!l191 -27.376 455.22 0.0 -104.155 0.21

1'11.3715 "'51.406 -22.612 0.0 263.8 0.0
Aot -o.06f11 0.02989 -o.2U 0.0 ' 0.0 D.O

0.0 0.0 0.0 377.0 0.0 0.0
21.19/13 Ie -12.2572 h 2.52Ikr. ,0.0 -22.53 kit 0.003 k*, - 80.0r



/
UnellriZllll1 "ystl!lll in stl'ction 4. If' the I!lItr1l< squetion

TA P • PA __ I (5.5)

stable. TheP ."trJ.. is lI5lIlJI..:l to be of the 1'0E1ll

p. '2 '3 1'•• "5 1'6
•

"2 1'1 1'9 "9 1'10 Pu

" "8 "'2 "13 "14 1',5
1'- 3

1'4 1'9 "13 Pt6 ",7 "16
P5 1'10 "14 1'17 "19 .. "20'.

"6 "" "15 "18 Pi! "2'

tt el!!'lbtl seen that ell then squiltions era function o'the gal" of thtt el<c:1tstion

/

-o.BOO26", .-0.30382"2 • 342.155"j •• 0.1314 p.. + 55.59662 k2"6 -- 1.0

-22.233 "1 - 27.17613 "2 - "'I.40llpj t:'. 0.\)29118 " •• - 12.2572p6 k2

-0.151911'7 • 111.311Spa - 0.0607"9. 21.1903pukr .0.0

369.7"1 + 455.22 "2 - 23.012'3pj -0.211"4 + 2.52' pd"r - .151911'0

+ 171.3775p12- O.0607"n + 27.7983piSkr. 0.0



-149.52p?
-22.S3klPll

,
0.1111', • 0.21P2. (0.003 111':- 80.41 1',6 -0.15191 1'" • 111.3715 1'15

"-o.06307P1ft • 21.1963 h 1l2, •• 0.0

-4Il.466p2 -54.752p1 -902.S12pe + .0.0551761»9 -24.5144P11 kr ••-1.0

369.7 "2 -22.2331>3+ 455.22£1., -SO.D40Pf) -o.211P9 • 2.521 kr P11

.451.4061'12 + 0.02980"13 + 12.2512P15 . ••0.0

-22.2331'4 -27.3T6p9 + 317.Op10_451~406P13 + 0.029811P16
:' I

+ 12.2S72p1ekr • 0.0

-22.233p$ -104.155p1. 263.91'0 -27.3761'10

_451.406p14 + 0.0296e Pu . -12.2572 I<r 92(1 ..0.0
,. ,

0.nlp2 -22.2331>6 +0.271'7 + (O.op3I1r - 107.316) ""

-45'.406 "15 + O.•0:!9ll!l"10, • u.m2 Pi,kr .0.0

,
+ 2.52' kr PIll • 0.0; -1451.52p3 +(~69. 7 1'5 - 164.155t>e + 455.22£110 • 263.B "12

'. .
-22.672914 - 22.531<1' "IS -0.2"1'17 '.;.2.521 kr "20 •• 0.0

O.711P3 + 369. Til/!+ O.21pt, •• 55.22 Pu + (0.003 kt - 102.6112)"15

-tI.211 Pia • 2.521 ler "2' ' • 0.0 /

754P17 • -1.0

-149.52114-104.1551'9 + 263.8 "13 -22.53 kr Plll + 311.0 P19 •• 0.0
I

'll!'j\\il.,Q.,.
0.7Up. + 0.21"9 + .(0.003 lur -fl0.0) P16 + 377.Op2(l•• 0.0

-m.04P5 -360.3' 1'10 + 527.6 Pl' -45.06 kli "20 • -1.0

o. mps -149.52p, + 0 .27P10 -lB4.1llSPU • 263.0 "15
"

~ (f).003 kJ:' -BO.O) P20 -;'2.53 Icr P2t •• 0.0 .

1.11221'6 •. 0.54"11•• (0.006 kr - IM.O) P2, •• 1.0 (5.6)



~:t
•

e.,o. 1 E:lU:itwr gd." (ler) "' ~2.{)
. ,

Thtt A 1Illlltrilr is

-0.40013 -'-'2.233 369.7 0.0 -149.52 0.711

-o.lS191 _27.316 4$5.2;' O~O -104.155 0.27
J

171.3775 -451.4050 -22.672 0.0 263.191111 0.0-
A •. ..o.orJ87 0.0299 -o.2t1 .0.0. 0.0 0.0

0.0 0.0 0.0 377.0 0.0 0.0
. '....

-55.5966 24.5144 -5.042 0.0 .S.06 -eo.OM

Ths •P' •••tn. i.1Il
, '\

r I
I ':-

8.366 -6.B:Jll -0.0014 ':66.18B8 8.616 0.0456

-6.B38 !l.62' -0.0003 'Iti.937 -7.01''1 -D.0371
II•

-o.00l.4 -0.0003 0.0346 -4.4654 -0.0276 ..0.0005

Poo -66.18 70.93 -4.'165 36453.87 -0.0013 -Q.09.

a.616 -7.019 -0.0276 -0.0013 11.298 0.0552.
0.0456 -0.0371 -o.!lfJLI5 -0.094 0.0552 0.0065

0" • 8.366 :>{)
{) • 0.259 > a22

°33 .0.009 )0

O~l.4 • 242.35:> {)

US!! • 552.16 >0

°66 ~.II$ ) {) I .
••

1



I ,

Tt!lJLbpunav function ia

2v. 8.366 (A 1'1''') •. 5.621

'.,
1,

7'

•. 11.298 (Ab)2 + 0.0065 ( A F.'d)2 •• 13.676 A i'd J::,.ld

..0.0029 A l~rl.uq - 193.5776 A1f'd n •. 17.232 A1f'dM, + 0.0912 LlifdLlEfd

-0.006 A id LIiq + 141.874 b.&dn '-14.03611 Llld!:J ~ -0.0742 ;j ld A f.f'd

-8.':JOll A 1q n -0.0552 Aiq Ab,-o.ooiAiq AGf'd

-o.OO~6"AS _0.lS8 n Ll.Cfd + 0.1104 Ab A£'d.

, 2. 2 ::1 2 22V (A' •. Ai +Ai- +n +'c ,<' )• - A'fd U d ., ,q u'" +""'fd

which itt ""9"UV1I for all valu." of .tat•••

e•••• -2 £xeitar gian (kr) .-3.8,

Th•• AlDetri,. b

-0.'0013 -22.233 369.7 0.0 -149.52 0.711

-0.1519 -21.376 '55.22 0.0 -184.155 0.21

111.3775 -451..40511 _.72.612 0.0 263.7990 0.0

A. -0.0621 0.0299 ..(1.211 0.0 0.0 0.0

0.0 0.0 0.0 311.0 0.0 0.0

-105.6335 46.5113 -9.5"198 ' 0.0 115.614 _llO.0114



The Plll"tr1l< ia
-291.35 ?43~4822 0.1246 <1302.99 -383.36 -1.615 l
; -.
:?43.4a -199.67 ; -Il.Ol -42<11.6 . ,3"~36 1.48 .,

I p • 0.12"6 ..(1.01 0.0091' 198.06 0.B4 0.0011

d 4302.99 -4247.6,; 191).06; 164<1904.0.' ..0.013 _ -2.3704

""3lI3.36 311.36 I 0.84 -0.0013 -509.74 -2.3704

""1.015 1.4203 0.0017 ,. 12. 735t -2.3704 -0.0049

"

The VIllue (Ii' the Iluct!lllsiva pr:1ncipolminaro at tilts 'P' lllotl'b :I..
t,..., 'lo

0" • -297.35 <: O .
• '-

°22 • 9l.1l1! ) 0
t •.., . , , ~

'0 • 3.353 > 033 ,.
Dd~ • 311131l1.56> 0

, . • ,Dss •• 1520421 > 0
• ." ~

°55 •• 94511.16 ') 0
~

k .-3.8 :I." uns1:l'Ib1e.
I' -~r

Ceoe -3 '~"r:it"r gain (lcr) •• -100.0
"

__ .J

The A Illatrb :Ln

-\ •• E- -
-0.400111 -22.233 369.7 0.0 -149.52 0.711

~
\ -Il.1519 ••27.3760 4S~.22 0.0 -1611.155 0.27,(
I ITl.3m -1151.4058 -22.672 0.0 263.1998 0.0I
I .00.0007 0.0299 .oD.211 0.0 0.0 B.O\

-\

; 0.0 . 0.0 0.0 317.0 0.0 0.0
- ...•

-:rtTll.63Oll 12:15.72 -252.1 0.0 2252.99 -80.3. , l . .'
••
f

"



The 'P' !:Iatrill h

41.1419 -33.55 0.01' -1.4.67 -17.015 -0.0066

-33.5S 2'7.435 ..0.0068 -162.91 13.1998 0.0045

P •• 0.014 -0.0088 0.20~5 9. 6941J -0.0495 -0.020 •

lA4.6765 -162.916 9.6984 -100150.19 -0.0013 0.7532

-11.05 1i.199ft -0.0495 -0.0013 -33.5155 0.0043

-0.0066 0.0045 -0.020<' 0.7532 0.0043 0.0062

°11 ' •• .1.1419 > 0

°n •• 3.1426 > a

°33 •• 0.6519 > lJ

0•• •• -84073.25 <: 0

°'5 •• 3A162!i2 > 0

tl5s •• 11\~.69!i / 0

wi ttl It •• -100.0 b un.~.
r

b1l1zing .iqnal ia
•• A x (t) + lJ u. (tl• (5.7)

LillPunllV .titbiti ty. 118 lIuch. i8 tha .tl'lb!U ty o~ the fZ1lll dynl!lll1c

c:onBidentinn.
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Stability of" " driving ayat"", give" ri •• to the CQneept0' bounded input

e'~un~d ••"t. th1!nfor .tability. the responet!l will also ba boundBd.This in
I' ,
, 'I

othn l<DC'd 10 I 'fhr steble opmration, if

NL

lUll (t) 1- ~,
II X (t) 1/

•
is outai,de the 9CQP8 af t~i.thealft.

. ,I

"lIIyat"" of' lIlOt!tm'lPtl""r IIYllt1!fll. tbst ot 't11•• time. tl1/t mtQ:t lIe1ac1ty briot,
dinctly fed bael<.A pl'Jrtic:ul ••ir lltUdy related. IJ to be 2i:l U",1lSpsr unit fre-e '

, (8)
qusncy deviolUon f"oi'tl,atiefcctory aYlltl!Jfl 0I,eraUon. Cht:LeIlof t..,ts pel"Uculer

f'".dblIclcconverts tilt! llOun~diMput bounded output problf\!h c1va" bV .queUen

(5.1) to •• LiBP'urIOVprobl.-.- w:LthIt d1ffenr,t " fIlBtl"b i.,,.,
,
X (-to) •• A )(It)l'

J

ThIt A, ",otri" ell 6 function of "xe1ter 90in, l(r

-0.40013 -22.233 369.7 0.0 -149.5~,.
-0.15191 -27.376 455.22 0.0 -164.155

]

171.3175 -451.406 -22.672 0.0 263.8

l ..0.0687 0.02AGa -o.2n 0.0 0.01 . ,n.o 0.0 . 0.0 377.0 0.0,.
27. '!'!l1il3kr -12.272 kr 2521 kr -1£>00 k1! -22.531<.r-- ..

D.nI

0.21

G.O

0.0
0.0

(0.003-60 :0)

For posiUv," defin:!,t.real B~ttie lltatrb Pthe equation
I'

A; " .•- PAj ••/-1

c I
~ ..

I. .,
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The 'I" metrill iol
,

"
8.11481 -7.2321 -0.0019 '. -71.9314 9.2438 0.0"82

fI"",
-7.2321 5.9441 .0.0002 77.0320 -7.5295 -0.0391 ,

"-0.0019 -0.0002 0.0349 " '-4.9946 -0.0288 -0.0005

/' . .11.9314 77.03211 -4.9946 40633.77 -1.3414 0.1566
, ,

9.2438 -7.5295 ••0.0288 " -1.3474 12.0789 C.OSllIi

0.0492 -0.0391 -0.0005. " . 0.1596 0.0596 0.0065

The Vl"J.Ull oi' the QUCCUIll1vlll pd.ncip&l /llli.no~ of t'illl 'pt lIIl1tr1x are, .
•

0u • 8.6481 > 0

"22 • 0.2817 >.0

033 • 0.0098 > 0

044 • 29S.119 '/ 0

0ss • 650.36 ') 0

(lG6 • 4.0629 '/ 0

.'
"•

"

, .. ,
. \ ,'.'
••~ ~.,I



II •• O.all/ll ( A ifd)2 + 5.9441 (Aid)l! • 0.0349 (LI "q):!

+ 40633.17 n2 + 12.0799 (.:!f;):? .0.0065 (LlEf'd,2

- 14.4654 Lli'd LIid - O;OO?B Llid LIiq -143.0628 Lli'd n

whicl'lill paidt1ve fbl'P..ll value of stot". not tlqUsl to .no.

l.

2
+ I1l.l +1112 'LV ••-( A "'d q + n2 + L>o + b t,l I

whiehis negatiVll for ell values of ablel"

Case 2 t~cit.r gmt" (K I • -5.0
l' ,

"1 ",.trb is, Ii
, . I

..0.40013 -22.233 369.1' ( 0.0 -149.52 0.711

.0.1519 -27.376 1155.22 0.0 ';'184.155 0.27
tt9dliW

"... ll1.3T7S -451.4050 -22.672 0.0 263.799 0.0
j

ootI.OGll7 0.0299 ..0.211 0.0 0.0 0.0
0.0 0.0 0.0 377.0 0.0 0.0
-1311 •.9915 61,2fl6lJ -12.605 8000.0 U2.6S .-80.015

, .



The P aatnlll 1..

101.1107 42.9"12 ..0.0340 -1695.91 12:i.1687 0.5495

-82.9:l'2 68.1405 -0.0044 J649.65 -101.6398 -0.4092

-0.0340 -0.0044 0.0439 -71.33011 -0.31149 -0.0019,. -1695.9771 1649.65 -71.33 594130.43 102.:1]7 ••4.82'3

125.16 101.63 -0.3449 102.30 167.91 0.71132

0.5995 -0.4892 -0.0019 -4.0213 0.7832 0.0099

I'I'OllI equation (2.76), the valu". of thll .UCcnaivlt pdnc1peJ. ",J.nora of

t' ill 'P' •• trile II",

"H • 101.U87 > 0

On' • 14.36 ) 0

°33 • 0.5243 ) 0

°44 • 41009.84 > 0

°55 • 207379.69 > 0

D66 • 1:!8!l.12 > 0

lItabl •••

Th. U""unov function 18

(Ai)2
q

'- 2 '1+ 594730.43 n- + 167.91 Ll b + 0.0099 (A t'd )

-165.114246 i'd A id -0.060 !J i'd Ll iq' -3391.94 fj i'd n

+250.3374 6 i'd h b + 1.199 {;,i'd e:, tfd -0.0088 .1id

+ 3299.3 hid n -203.<'796 L> id LIS -0.9784 !'lid fj E'd

-142.6616 IIi n -0.6890 L1i L\ S -0.0038 Lli t, t'd
Cl q' q

{;,i
q



which ie pClaitl.va 1'01'1111 value!! of stat ••• not equal to Rem

2 ? 2 2-
V .-1 6i,l + Llid + lli

Q
" + n + AS +~t,ll

IO!Uchis nSQlttive'01' ell value. Of' 9tat •••

60

ell• .,..3 Exciter oain Ik ) • -100.0" Ir

"', Matrix i.
-0.40013 -22.233 369.1 0.0 -149.52 . 0.711

-0.15'9 -21.316 45!l.22 0.0 -194.155 0.21

111.3175 -451./1050 -22.672 0.0 263.199 0.0

At -n.0687 0.0299 -0.2" 0.0 0.0 0.0
0.0 0.0 0.0 lblll 377.0 0.0 0.0

-2719.83 1225.719 -252.1 160000.0. 22S2.l/ ..no.:!

The 'p' "l'It%'1x.te
56.52 -47.31 0.1387 -26:11.44 -3.06 0.065

•
-41.3' 39.72 -0",0805 2231053 2.90 -0.055'

0.0878 -o.OBJ5 0.2415 -16.129 -0.555 -0.0229
•

P. -26:11.11<1 223'.53 -16.12 19142.12 9Q8.01 -2.1;19

-3.0607 2,9039 -0.555 908.07 28.85 0.099

0.065 -0.0554 -o.022ll -;M3li6 0.0l/1i 0.0066

On • 56.52 "> 0

°22 • 6.142 )0

0 • 1.6247 > 0"33

0/\.1 • 99524.:U ">0

°"5 •• 1937361 :>0
,)

°66 •• 909608.59 >0

•
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i. stabls.

( 4 Etd)2

- 5260.80 '" it'd 1/ -

-0.161 .!lid LI iq

V. 51.52 ( t:, itd)l • 39.72 (A id)2 + 0.2415

+ 111lA29.12n' + 28.85 ( Ll!:i) 2 + 0.0066

-94.62 Llit'd Liid + 0.174

-6.12 £, if'd LlS + 0.13 £,

+ lIl16 .14 n Ll~

""i~h is poeitive fDr ell valuel!Df' statu not equal to ~ezo

2- .~I.i +M. 2 2
Lla

2
V. - ( Lii'd +n • +/;f.,i )q

wt.1ch in nllQlltivefOr ell value. a' .tat•••

e,.,.•..• rwe;t.r ~in (k I • -800.0r

A~ ••••tn. 111

-0.40013 -22.233 369.7 0.0 -lA9.52 O.nl

-0.1519 -27.376 455.22 0.0 -184.155 0.27

A~ • 171.3m -451.4058 -22.672 0.0 263.1998 0.0

-0.060.7 0.0299 -0.211 0.0 0.0 0.0

0.0 0.0 0.0 371.0 0.0 0.0

-22238 91105.15 .3116 12llOlXXl.0 18023.99 82.4



The 'pl •• trill is

301.1B12 -332." 2.473' -1764.86 -l1o.n 0.069

-332.4' 295.77 -2.1851 15266.87 P1.n -D.075

2.'7 -2.1n9 IS.IX13 -17'.03 -10.73 -0.1\)25

P. -17643.1l6'!' 15268.87 -174.03 875613.5 5902.11 -1.7384

-llo.n 91.n -10.73 5902.11 69.1 0.1757

0.069 -0.015 -0.1925 -1.7384 0.1761 0.006'

01' • 301.18 )0

°22 • 222!l.51 :>0
°33 • 336X1.5 >0
flU .0.12919' £ 10>0

055 • 0.35923 [ 11 >0
066 • 0.13512 E 09 >0

T1'oen1'oJ:.the Ip' •••trill itJ po.itt ••• definite ru1 .)/lIlIlI.trlc 1IOthe .y.t •• 18 .tabla.

T•.••L1ep,,",v function i.

V. 381. lA12 2 + 295.77 C~ld)2 + 15.1303 Ca )2C !::. i
fd
)

q

875613.5 ,,2 .• 69.1 ( !::.b)2 .• 0.0064 C ~ ['d)2

_6M.OIl Ai'd .1 id + 4.9468 !::.i'd<1iq -35287.72 <1i'd "
-4. J18 IIld IIiq

.• Xl537.7'" !::. id n

/',i n -2'.46 "'1 L\ Sq q

.• 0.3514 Ll&



Whh:his positiva for 1111value. of .t"tes not equal

;1 2 2 2
V. - ( LJ. !1'd + /!. 1d + /; 1q + n +

Whichi. ".gaU va 1'01'aU valUltlt of atat •••
. .

63

Theaqueticn of the nonl1nqr .~de1 ",Uh vel tlIYl't regulator end exciter h!18
, .

bean p:rnent.d 1n aection 3. Th. atabUizing dvnel U (t) Ita b_ "sUIltlcl abasnt
a .

here. TheOpll:l'llting conditione .1'. ttoea Of th. ftOmall)f excUee! IIAChin. g1vlltl in

Pltd • 0.40013 itd . -22.233 iel

+ 369.71
q
n +O.n2 Efd

+ 369.11 -290.4' S1n"q

P1c! • -0.15191 itd -21.316 10 + 455.22 1 -368.0 Sin Sq
+455.22 1 n + 0.271 Eft:!Q

" ~ • 111.3175 itd -'51.406 td -22.6121q -:115.0 Co. ,5~ q

~ t + In.37T5 i n - 451.406 .i.d n
t<) fl'! .

pn • -0.0936 itd + 0.0406 id 1q + 0.1532

"b • 311.0 n

PCtel • -90.0 r.'d

+ • 2
q

ed • -0.0003225 it'd + 0.DU6 i.el - 0.17 (l + n) iq + lJ.[lIlOS7E
td
+ 0.1117 (5.9)

eq • 0.36511 + n) itd - 0.164 (1 + n) + 0.0216 1q + 0.175

atlllUll"d ".

, '



II" ltd + Ill? ld + lin 1q , + "14 n +.lS~ + e16 Efd V'll,

812 ifd ••.822 id + a,:! lq +'824 n ••.112s ~ +°26 F:'d VV
2

,
+a34n.i13S~rJV = .'3 :I.'d + 1123id + II 1133'1q ••• fl36 C'd vv- J

..
• -46 ("'1<1 i'd + 824 1(1 .1I:l4iq + $44 n • e45 E'd V V••,

. I !
11115 it'd. '.25 td .a3/q •.~8i.5n • 81551) .• 856

816ltd • 1!I26id .936 lq'" 1!I46n ••.•56~'" 1166\, \I'll6

the 15 curl equation.

2. ;;lV'll, ;;lV'II3
• -- ••••
'& 1q ,&1t'd

'. '3

3. ';)'1'11, ;;lvV4---- •• • I ..• ...,4
&11 "d.f.'d .'

••

dVVl)

C)l;d .,

" \7 '113.- .._-
aid

•• -". \7 VII •• "24

d 1<1

~'

5 dVII1 ••. ._,-"'----~ £'d
6. ;)'IlV2-,--
di

q

't. ;;VV2
Ol n



9. ;)V\l2

d "fli

10. dVtJ3

(s.u)

(5.12)

___ ••• '._ • P'

V •• VV
1

.0
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In ordar to evalUftta the uN<l"Cl"," co-at'f'iclent eU' CClq)utu P1'OllUlll7 in

.,pendb has been und. The equ1libdUll' point or apereting point CDgiven in

it'd • 2.473309

ill • O.5643111

to • 0.73l1433
q

n • 0.0

2J • 1.04719

rt'd • 1.39

Casa -1 bcltu gllin (Krl • - 2.0

The val•••• of' 81j 'a ere D1t1!l:rchedeo that the derivative 0' the UlIPUIlDV

f'uncticn Y j,. nD"aUve daf'lnUe at the ._e tiea •• tb'l'lnll ell the cud equilUcne

in tJ'le ••• well•• in the previa •••• ecUon 4.

The val •••• of' .ij 'e era

16.4399 -11.72 -3.02 -2.92 -1.0 -1.0

-11.72 11.72 3.02 2.92 1.0 1.0
-3.02 3.02 3.02 2.92 1.0 1.0

-2.92 2.92 2.92 2.92 1.0 1.0

-1.0 1.0 1.0 1.0 1.0 1.0
.•1.0 1.0 1.0 1.0 1.0 -5.66



The boundall)' .t.t.. .re
l'd •• 5.un

i" •• 1.6102

1 •• 1.032'q

" •• 0.048

b •• 2.U

£,,, •• 3.22

'roo! equation (4.9) the UIlPUI'lO\I function h dltte=1ned. The UepUl'lOV 'unc;tion le

222V •• 2.3599 'i'd + 4&.35( - l'd + id) + 0.05 (-l'd + ld + J.q)

2 2.••0.96 ( - i'd + id + iq + ") .••0.5 (-If'd .••id + 1q + n + S - 5.66 t,.i

o

V•• (16.4&3991,,, - 11.12 1d - 3.02 1 - lMi2 " - s- r )
q 'd

(-0.0110013i'd -22.233 ld + 369.T lq - 298."" 51n S + 369 + 1q n + 0.1'1 E'd)

+ (-11.12 i'd .••11.12 id + 3.02 1q +.2.92 n + fi + £,i
(-0.1519 i'd -21.316 ld -368.0 51n S + 4&55.22 lq " + 0.27 E'd)

+ (-3.02 l'd + 3.02 ld + 3.02 lq .••2.92 n + $ + £'d)

(111.3115 itd -<&'1.<&061d -22.672 lq - :Jl5.0 CG. 8 + 111.3175 i'd" -<&51.«16ldn)

( -0.0936 i, 1 + 0.04&06id lq .••0.1532)
d q

+ ( -l'd,l id + 1q + n + S + E'd) ( 377.0 n)

• ( -i'd + 1d + iq .••n + e5 -5.66 f:.'d) (-80.0 E'd -84.2 kl' • 80.0 .t k",

k' .111.2) •
I'

61



•V ~uncti<lnh negsUw dat'1nite onlll in II -.u which b the etebb reqion of

puter Prollhlll ft in eppendilll 3.

Cese -2 ElIlclter geln (I( I • -4.0
I'

It WIllI not posaibb to find III.at o~ eijwhich wu1d ••••• V nag.tiv.

def'inU••• Uef'ying the Curl tIqUIltianalit the ••• till.. "rQII the nonlinear lIlDdel

it ia not POelIiblato .'UZlll thai inatsbUity of tile sysUlo beceuse the V function

g1V1fIl anly • euf'f'ie1ent condition. rail"r."to find. postUve definite Vwith
• 0 ._

"tl!JsUw dennU. V do•• not nllC"lIl1rily lIa,.n ,"-!:abiU.ty of the .JIlIt... ~weVItt.

atow.d th••t for K > _3.B the .y.teIt is unetllble. So thu. 18 DVlttyl'eMlO"to
II:

b.Uavlt thet. in tllb c••••• ~.uure to find" positive definite V _ due to the

value 111110give .imlar r •• u1t.

the rotor valoc::i ty i.

pifd • ..(I.Gl3 ifd -22.233 id ••.36~.7 iq -298.44 SLna
• 3611.7 iqn • 0.112 Efd

I>ld • ..(1.15191 lfd -i!7.37 Ad. 455.22 lq -360.0 Sin ~

• 455.22iq n ••.0.271 £~d

6'3



'",

- 305.0 alit b

69

\:In •• 0.093Gi.f'd iq ••.0.01106td lq '!' 0.1532
, I 1,1

P6. 377.0 n .

P••.~". • 1600 n kl' - 90. E - 84.2 k •••80.0 II k • Ul.2
~TU '(1 "ll' t lL'

Where

:< :? 2
Itt • ad ••• IIq

"d. 0.0003225 i'd •••!MIUII tel- 0.11 (1 + n) i.q '!' 0.00051 f,o + 0.187

Itq • 0.365 (l+n) it'd -O.lli<i( 1 + A) 1(1 •••0.0216 1q oj; O.US •

(5.14)

deviation.

to that of tha previous I!IRCUon. •

The velull of "tj

6.721 -4.729 -::1.02 ~2.02 -1.0 -1.0

-4.729 4.729 3.02 2.02 1.0 1.0
••3.02 3.02 3.02 2.82 1.0 1.0
-2.82 2.82 2.62 2.62 1.0 1.0
-1.0 '.•0 1.0 1.0 1.0 1.0
-1.0 1.0 1.0 1.0 1.0 0.029

..
•

. 1
I



e••• 1 £occltn oain (ICI') • -2.0

The bound" ••y .tatllll Illre

lfd • 6.2232
id • 1.l'22t

l- • 0.911'1
"1\ • 0.044

S • 2.102

l!:~d • 3.3~

TheUlIPumv function is C

V. 0.5195 I 2 •. 0.9SC (':'f..d.•. ld)2 •. 0.0116 (-1 •.Id •. i )2
~d T 'd q

•. 0.91' ( -if'd. 1d. Lq .n)2 .0.5 (-f.'d. I-d. 1'1. n. S + 0.029 cEf'd)2

which h ptIsitiVII def'inite '01' all v'lun of' .tat •••

•
V. (6.72t i'd - 4.129 !d - 3.02 1'1 -2.92 b - S -£f'd)

(-0.40013 .'d -22.233 ie! •. 369.7 1'1 -2lIA.44 51118 • 369.T 1q n • 0.111 t'd)

•. (-4.4.129 if'd • 4.729 id •. 3.02 iq •• 2.82 n •• 8 •. If'd)

(-0.1519 l'd -21.31' Id •. 455.22 iq -368.0 51n S

• (-3.02 1'd • 3.02 ld • 3.02. :l.q •• 2.82 b •. &

.455.22 lq" •.0.27 E'd)

• f'.'d)

( .0.0936 l'd iq •.0.0406 :l.diq ••0.1532)

•. ( -i"d" ld" iq. n + cS ," £'d ) (377.0"11) -+ (- ifd .•.id -+ iq+ n+3+ O'029Efd)

(-1600.0 n kl' -l'lO.O E'd -8'.2 kl' •. 80.0 e h ••. 111.2)



£f'd • 5.732'

id • 1.6291

1 • 1.oo2f
q

n .0.042

~ • 2.0211

f:f'd • ".21

The UlIPunov f'unction te

;-. 0.995 if'd"J • (l.85<l ( -if'd + id)2. 0.01l6 U'd + id. i
q
)2

• 0.914

The dftivaUv. of' V i.
o

V• ( 6.72' If'd -.t.72!l tef - 3.02 iq -2.82 n. _

• (- •••T29 1f'd • 4.129 id. 3.02 iq • 2.112 n + a

(171.3715 i'd -45'.406 1d - 22.672 iq _ Xl5.0 Co. ~ •

• (-2.82 it'd + 2.S? td + 2.82 I + 2.112n +
q

111.3m i'd n

<lO6 i
d

n)



"
.0.6732

,

, •. Ef'd ) ,I 377.0 nl

f •••..-
£1'11a3.'r4

r
zgt

The Liepunov functi,," i$. f
1

,>--- '
V•• 0.995 if; + O.1l5~ -:l.,,;j-Wid )2 .• 0.096 1 -it'd + tel + iq)2

+ 0.914 (-ifd •. tel +~+ " ~~~~o.s(-it'd + id •. iq + "+ oS, +0.029 Sf.i~
, I'll ('-"::1. "

11kic!'>1s positive def!nite -for.-eU vSloes Of stetes.
, •..•.., (1'""''1) , '

The cl,u,ivative of Vf'u";;r.Uon 't~_~ ' "
""......... ._,'"

,):, ~

.,~ r;'r-t~J
jj @
~

c---"",

&
ir-'ll ,..,......



;
.~.

""' ,.
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tASt RClitLl\'I'OR CONTROl. SIGNAl. SYSTOM CCNrIGU~ATJOH STI\OlLtTY
GIltN

, <=to, S,-;CIT£:R

-2.0 1A?1_t"",.Rttllul"t.or only VOI-T. Rc&. Stable

2 -2.0
.'. ~~t1 EJI"CITEk H SYNC, r Stable

VOl.-T R.EG- G-EN.lobI tao. R8\)uletor with '-
otabUhing 8ignlt1

et< )(CITi.R, et
L<, &

3 -3.8 ~1 tage X'8\)LAatoron111 iJnstl'lble
u.sjj,)

~y +
-3.8 WHilO" reJ;lUlotor with

.tebilizinO a1on91 Stable

ety
5 -10.0 IIn1teQ. regulator Qnly

€•••. 11,"+ EJCC IT.E SYNc... e"
6 _10.0 IInltags HiiLAllitorwit.h - VOL • REG-: 6-£,N,

otabUhing oignel Stabla

ct<
T -100.0 Volteg!! regulator only

Us
. . et1" +

B -100.0 Vnltage tel;JUutor with
oteb11121nOBignal steble

etyo €h

9 ":1000.0 ""'1tage regulator only Unstable

•.•• J SYNc..
Veltag8rtlgulBtor wi th ~, :

et-
10 -l(l!lO.O fre.>J,

stehi112ing oignel Stllbl8

-
T••b18 5.1

, .
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SYSTEM
COtlf"lr.ullATlON

STAOtL1Tl'

t

2

3

5

7

9

10

-10.0

-;m.o

-lOllO.O

~,
lobI ql'le regulatOr only

""W
I eiy + £XCIT£.R..

\A)1tagereguletor with "'LT. EG-•

•tobilizinq signal
EXC.ITe-A.

VOLT. REG-

%00
'~\r'1"

Iobl talle rllgullltol' wi tIl=
IIt11bilizino~lignel

€'tT
VoltagJll 1'IIIguletoronllf-

"tlt.t+
etT .••

'*>1tageQgu1. ••to.l7. with -
stabilizing aignGl

"'tv

Vol ta!le t:l>gu1.ator onllf-

e.
VtlUage rllguletor witn
stabilizing eigne!

SYNC,
_N.

Un.table

stable

.Stable

Stable

Stable

Tebl.5.2
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Tho iSacand Illsthod of' B U.,pUMOV ""9 Us"d to find the IIltabi1i ty of II

.ynchrnnaw O"fll.;ator infinite bus pa••"r By"t ••• equipped wUh llQUd .tate lIl<cl.

Ilufficirnt ",nd! UO" ftlJ,' tlla IItahUlty of the equUibrilJlll point. the 1:I.n."rizlld

condition.

a••thad. the nUlllbtu' of aelll'Chll tor the parameter. dep~ding very mlleh en gus•• "",xl<

Ulli!!of hillh gain .t",tic .ICCl tation syatln, through very roUeh desirable

fl'Olll pnfOl:!lllllfli::ll viewpilint. is detid.modltlll to etability. Thi. 1. taken care by,

udng an ••dditienel Bt",bliizinll riqnal. Thi. ot:llhUbing eigne! t/laugh of ton a

veloeitj/ WM utUiLz.d in this toIOxI<. b!lceu •• thet can b. IIl!ltIUy ecemnodlltad in the

UllIPUMV p:robl511.

A fectar of int.r"llt ltn this srtudy was the ••free'll 01' t"- l'lIQullital' <;jlIin

onsyetlJll lltab1U ty. It was ob.lU'Vi!d ",1th both Unur .nd renUne.1' IllOdele that

'"'.

,



t

the s)'lItem lOBS.tabl. for II giln, (lIlI:Igtlitud.' of upto 4. An,\!furthlll' lnCl'lJoee

rnul ted .tn ill" Ul1l1t••ble lIitu,;tion. Use of' the .tab.U1z.l.ng Bignel. rowS"lP:,

I

1'1l. f1l1cond lIIetlnd can be U<lft(l as sn on-Une ••• thod for finding .tBb.l.U t1'

of • s.v"tll!ll. The f!c1;!oua energy function 'V snd its derlvatilttl er. IJl<pre.lled

or digitel col!lPuter roilY be quite euff'lt:ientfor th1.11purpoae. The .tabilHy of

the e1/&1'..,.elln be d$'f1t1J>ined bytetltinO V function end it. dedl/QUv. for It part!-

CullSI' val,Ult of IItat~. by tllia onHni! COlTputinll dallice. For unsi\ebh condition this

proper action eM .,. tekan by thil\ devies to %'SIlOV. ths lIlIlcMn. ,ZOO! the rest of,
m~ he. in t'n:lduce.d

the llY!"t.,. Ol" ,t'lI>y 0 ~her superllillOry contml 'W etabUh. it.

q1JlII1titls ••",sy illlp!Ovlt Cbr.>tdn ofattrsct.l.on. This lIlay give d •• to the bounded

input and houndedoutput atsbUl ty problC'llllh The ef'ffICt of such atabUizi.nll signlill

Lhipu,.,v function 1br'the ncnliftfJllr lftJde). should b. ",ade. !lett •• wa,ve of finding

U"~\I funettt'" ",hie'" wUl p:rovid4 larger Dr CIIIetl the In_' cb!IIalnOf "ttrcetian
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TheSytltSll configuration

•• .7/Stlction.
••• 07/I1l(;ction.

11 •• 1

p ••• 916a
Q, ••• 3324a

lnotlllally IIlXot ted) er&
I)a••• 6D

V ••l

Xtrll1lsf •• .1
X ' ••• 8
e

fl ••• 01
III

&'," ~8

k •• 4.$ to 1000r

.•' - ....,.

.',:

•• ~$G4341 l~)
--'u•• .134433,"~'",

•• 1.05200 ;'f))
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C Jon Nu UK T 9161S
c: COHPUTt::R lJliRl) liD( ,60
C BY H.D. MIZANtJi{ RAtI)IAN
C PiUlGitAH NO a
C l'ltOGUAHVOn .P( 11J)
C LIN8A111ZBll l100£L INCLUDINU VI,LTAGE MUtILATOR ACTIUN

DIMeNSION C(30,'0)ID('OI'O}IRk(t')IQ('01'0)R(30.'O).
1"('0.'0)
'WAD (tl'}N.MILWRITS (,",01) .
WRITS ('.'02)N~)4,L
H£At)( 1160,0)( (e( l1J) .".tIN) ,I.1,N)
wnITt("50t) '.
WRITB (',50S) ((c(1,.1) .JetIH) 11oo1.1f)
unA» (tl'OU)(rtK(K)IX .1.')WJlITB ("sao)WRITS (',soa)(nX(K)IK.t,S)
RGAB (1I'09)«I)(I.J)I.1.1,)4)1.1,H)
wniTS (3.5041)',',
unITE (',SIO}«D(I.J),J.l,H),l.t,H)
DO 800 1 ••1,N
00 800 J •• ".N

800 Q U.J)oC(t,J}
DO 80a 1 :•• I,N
00 602 J '" I, H80a R(l.,) ••D(l.J )
DO llt 99K ••i.,
110 601 1 -t,"'DO 801 J •• :1N801 C(I.J).Q(I,J)
IKl803 ht, Ii
no 60' J. Il,K00' D(l,J).n(I,.1)
c( 1,6}"".596G*ltK(l\)
C(2.6 ).••21t. S lltl)ilnx (tt)
C(2,1~27.198'-RK(K)C(,.u)••a.50ilnK(K)
C(,.1,).a1.?98,-RK(K)C(4.6)".1600.o.nxIK)
C(It.lt}). S7.198J.'lK(Jl)
c(SI6) •••a2.6,.uKOU'
c(',ao)-a1.79S'.lUt(K)
C(6,6)••80.~OOI3 +.OO'"'n&(K)c(6,a').31.798')ilRK(K)C(1,11) ••n4.SI'9.lm(K)
C(O, u).a.sa!IUt(JC)
C(8,t5)".ta.a'7a.nK(K)
<;(9, u.).t6oo.o"nK(JO
C(9,16) •••ta.a'7a"'ltK(K)c(tO,tt) ••na.6S.RK(K)
c( to.30)-.12.aS7a.JUi.(K)C(u.u)--:101.'76 .•.•oo)"'mt(.lI:)
Cllt,2t).-t2.~'72.RK(K)
cUa, IS).' .o1t2"'lUt(JU
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:l>(6,S) ••P;('h6) . ',,- ".

'P(S.U ~"p(~.~n~:.J.
P«).~)DP(4.61. ~\\
N6.!U .to !V'<SI~).J .
WRITE (SttS). '. ~
wnI'l'B(,.8H(~(1;'J)14 =1,1.) ,1"'t,L)

99 CONT:Unffl_;'.. ; t I .1
, l>'~R~U.'1" tun) L'~.J
8 FORMA T. 'Ux,6P2Q.12)

1lj FORMA T ..<tHO,i1ltliMATRXX pU:.J)/I)
'01 P()IIt~T.(:tliOISS~I.:v..u..Ul';flUF f4.P1 &1. RI3ElPl;CTI\r~LY/O,o2 tr'OAAA .'1'. <,t1,t): > • ,'\" • . " ,.. .' ; " ....

SOl (l'O.IGtAT :(no.t6U/GlVEN )lA'1'IlIX G//)
,S02 PO!lWl'E ,(SUO.sLj' .'.. '
.. $0' FORMA~ '(~k.7V ';1" •.I,t)

,~ 'lrUUtA '1' (ClfIO .• 16fiGIVBN MII'l'ltl6\ 1>/1)
SOS .l1(lnMA ,1' ,(lUO.SOtlj$O,LU'J;'I9N(W (llVEN S,tUATIONS/I)
509 F01UlA'1'( l;JFIj.1 J '. ' . "
$10 FORlUl'J? .tax. 21F6.1 )
SUPORMA ,;r .(S$x.t~"~6). , ., .' " , ,
,aOE/OmtA '1'( tHO •• ,6n GAIN OF TlU, nCGULATOn CnNS1:DBMD /0
sat FOaMA,T( IUO. ,f.lOUGa:V~N !>'IATl!lXCW,lTI1G/\IN CONS1DI.:RSi>//)
602 j'ORUA, ,T ,(?F.l,Q.\Y, I '
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C JOD NO VET 91812
C COHJ'VT1m USf,P IDH ,60
C DY MD. MIZANUn RAfltlAN
C ('ItOQR.AM NO ~
C GtUU;nAl,lZED 1'1l0CiRAM
C LINf:AJIIZ1W HOlJlIlL axCLtlDING V(JLTAG& REGULATOR ACTIvIt
C 1"0 FIND TJle MATnn. PU,J)

OUIRNSloN ct. 4O,(aO), V(I,tO,(aO),AU"I~J) ,PUS.15).
G(lS,I') ,Il( 1"I~J) ,11.1'( l' ,tS) .P( lS,I') ,I1TT( IS)
nEADU.t)H,H,L
RLAD(t.a)«CU.J),.I-I.lt) 1.1,N.
nEAO(I.')«O(I.J),J_l.H).lal.H)
t~AD (1.21 « A(l.J).J ••1. 1.),1 -t.L )
DO ~ :I - 1.1.
00 " J • I.L• AT (J.I).A (I,J)
WRITe (',S)
WRITE ('.6)N.".L
WRITE ('.1) .
WRIT& (',8)«C(I.J)vJ • I,H).I.1." )
WRIT. (",)
\IIItI'!'8 ('.10)( (t)( 1 • .1) ,J.I.)t) .1••1.R)
,~WnITB(','O)
~llT& ('.6)«A(l,J). J.l.L),I.l.L )
t{lUT1'l (,.n)
wnlT&(',6) «ATU:,J).J el,LU.I.L)
CAJ.L S08LE(C.H.O.M.OT)
WRITS tllt la)
WRIT& (,.llt)«D(I.J).J •• I,M).I.l.N)
p(l.d.oU.s)
p<1.a).O(a.l)
Ph.~1).V(),U
PCl.lt).D(It.l)
PU.').1)(',I)
p(a.2).J)(6.s)
p(a.:iI-D(1.1 )
P<2.").D(8Yl) .
pea ').O(9.U
P(,:,).,,(lO.U.
P('."••O(U,I)1'(',,).oha.l)
p(lt.'''}.OU'.I)
p( It,') .nUlt. 1)
p(S.,).f(l'.1 )
p(a,l ••PU.a.)
P(,.U.nU., )
P('.t).P(1.")
.('.U.I>(I.')
p(3 .a).P(a .,)
p(It.a).p(n.U
PC,.a).PB.')P(".,) ••P(,.It)
P(s.').P('.')P(S.It).PCIt.,)
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IS I'OllMAT (~HOe23URE:fiULA~R GAIN nK(t.)II)
14 flORMf.1'(Ssx.l-IJal.l.6/> .
IS Fom~A').'<tll()l1tifl t:~T~~J>U ,011)1 /) , , "
",9 1',OR!:lAT, (~f(),20URtiS!J~T (IF .',\TIU:X Nr"'P+p"AlI)
'2QI'.om'AT'(b,~UO.l.l)~)
~, f'omINr,(~no .•-i , If I ',CiRp81t OV TUGflETl':RHINENTl$ ,IS) ,
24 Y,01\MAT(lUQ ,-,S,.U'[ALUE(JV TfW llETSHM1N&NT IS E15,,8)
34J'ORNA'i' , (lUo9lJi' M;4'I'il;a;X PIS POSITIVE O&ft1.Nl'tl'J nEAL
'. Sltm'I1t1-!lC :il$,~~Tlll!:,:.:~~YJ't£UCON51l)BrtED,1$ STABLEIIIIII)

"PORMAT'(Jao ~':iOO1Uu.:1'!t~X J> IS NoT J'OSI'l'~VS DWl'ZNITB
nr;Ah ,S:n'fitr.'l'ftIC S(}.TUE SYSTEM C{lI~SIDERgn IS UNSl'AW.l>
111111 ", ' ,,\f-=J~ '",' " "

SO POlU'lATCtIIO,'''f1 JATdh /;,(1.4)11>60 STOP , ,_. ,
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l"U' ,~

"'1",', ;,Ii; 1 ' r ••... I

I' 'i
J(j~ NounT 9181:1' :.
COl'lJ>tlTent~~lf:;n i:BJi', ,60

'DY 1110. Ml~;ANIJR Mtl)tAN
PIlUOHMf NO S (.111). ,'~\; ",
GBNBfUlI,IZlSD J'R(j(',J1A~i ,I ,
LlliRMU:Zlm '1'1Ol)"l,'t~Cl.UPll'l(l VULTAGEREQULfI!l'On AnD
STABXi.IZIN(. tlI(l,NJd.:" ',' ~,' " '
. TOfI.N1)TlU{ HATltI:X~P(X.3f ..
UIMBnSION .Ci(~O,,*Ol.t)(<t()."O),A( IS. IS) "et'.ll$).
,ah" ISH,ft( 15, :is).•.1 111'(15),. as). PC1St tShMUS).,t
' Q(SO,~o) •. n(so.S(),Uft (tSf ' ,
TUlIID U.l).N.til.!.:':.; . . '.
. 11'''1. .' .' . , . .
11B.AI> (1.502) (llf((!O ,tt ,d.tO)
wnlT8 ~,.SI1O), :1~;-' , ., '"
'ftIlITI~ (Ji.SioaHHK(KJ-,K "1,10) "
.lmAU(1.S0$))«DU:.-J).J •• l,m.1 III 1.IO
tmITE <3.£10"). . -. ,. " . .
I'IEtITI~(S •.'"0)( (D(I,d) •.1"l,M) ,I •• t. N )
!lElAU(I,a)«A(1. ..••().J\, •• l. L).1cl • ., ).
no /,t. In 1. L - ;: ,'.ij
DO it d. "I. L ' __ ,

q ,111.'(.1.1.> •• 1I(1,J) ..;:1
WllITR(S,.$) .'L: _ ,"
~RIT.R (;;.6)14.!'-1,I.'."" ,'<,

Wm:Tl'S ,(:>.SO). ,f' -7\ C(
WnIT6 .(Si6)«A(I~J)~J •• 1,.ht.L)
WIlUE C, 11) .', ~,.-- .
;WnD (, :0)(1 1>'£''(1-.3) ••(,,"I.L),.]:d .L)
00900 I.. I.N ' l ; II' . , ~ .,' .

"DO 900 oJ •• t,N '..-' 4 ,', ..;/

900 CU:.J)cO.O ':'~,'
(;(X,d ••e.o '''I\(ltt') . .••
C(li2) ,,2.0" II(a. 1)'::'> ~,
C(1.')"'2.0"A(S.i)\ .';,..
C{I.Q)••8.G.A(~.i):~;
c(a.1.h,AC1,a} ~.~::' I,j'
C(a,2)~A(1,H+ A(2,.~,l) r-
(;(2.')""(S,2) "r\)
C(2.lth.A~Ij,2) L"', :

. C(I.7)"&(2.1) --
C(2,6)"A(3,1) -<,
c:(?. 9)••A( (t,t) l;,:,~:"
(;(;;",1) ••"(1.,,
(;(',.2)""(2,.').' ::",:
c;(' ,S>=A(I, 1)+A(S:.:5)
<:(',1;) ••,,(4.,) '.' I

C(S.6)".M2,1) .. '
. (;.',12) ••A('.1)
C("l')<oA(~.I)
(}l~./,t)o:A(t ,I)
C(t.l.S)"A(S./,i)
C<%.9).A.(2.1)
C(".,1') oA(:lI. U
(;(4 .161.A( ft. 1)
C(tl.l)"A (l.S)

c
c
c
c
c
c
c
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••A(4,')
• A Ct,6)
• A<1.,;;)
••A(2,61
••A(2,')
••A(4,')

,

e(1~,17)
C(l',')
C( 1516)CC1',ti)
CU',U)
CUS,18)
tWbcUe(16,1?) ••a.o'A(5,~)C(t7,4) ••A(l,')
C(17!9) ••A(a,')
C(l7,1') ••A(',,)
CU7,19) •• "'(5,4)C(18,4) ••A(t,6)C(18,9) ••A(a,6)c(tO,ao) • A(5,4)
C(t9,5) • 2.0'A(1 5)
C(19,tO).a.OtA(a"Jc(a 19,14). a.O'A(',5)e(ao,') • A ( li6>c(ao,6) • A(l., .
c(aO,tO). A(a.6)
C(aO.tl). A(2,5)
c(aO,IS). A(',') .c(as,6) •• a.o'A(I,6)
cun.,U). a.08A(2,6)
tillITE (', SOl)
WRITB (',SO')«C{I,J), J~l,N),I"I. n)
00 600 1 a 1. N
00 800 J. I, n

800 Q(I.J) • C(t.J )
DO 60a • I al. N-
00 602 J •• I, .,

802 n(l, .1). D (1. J )
00 99 It • 1.10 .
L-ll,
DO 801 I ••1. N
00 001 J _ I, H

001 C(I,J) • Q (I,d )
00 60' 1 •• I. N
00 60, J •• 1, H

00' 0(1, J). It (1,4 )
WRITS (', 137 ) llK(~)
A(6.1)=27.790,1 'nK(lt)A(6,A)-a7.790'I'lm(X)
A(6.2).-21s.a572'WHJt) .A(6,')ma.,al 'J/K(X)
A(6,'> ••-22."'UK(X)
A(6,6) •• o.OO,'i1l1(Jt) .80.0
WRITS '3,725) .
wnITe ('.8)«A(I,.n,J"I,L), 1 • I, L)
DO 730 I •• I, L7'0 AT(I,6) ••A(6,1 )

. wnITB (',726)
WllITE (',6)( (AT(l,J) ,J.l,L) ,I-I. L)e(I,6) ••a.o'A(6,!}e(2.6) d(6,2)



,
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•

C

P(,.s) • D (1~.1 )
1'(,.6) • D (lS,t )
p('.') • D (16,1 )
P(.It.,) • D (17.1 )
1'('.6) • D (18.1 )Pc"~,)• D (19,1 )1'('.6) • D lao. I»
P(6,6) • D (at.1 )p(n.t••• aP(t.a )
P('.I) • p (t., )
P(\.1 ). p 11.~)
p('.t ). P( t1')1'(6,1) • P(I.O )p(,.a ). peal' )
p(It.lI) •• p(a,")
pesta) • p(a.,)p(6.a) ••p(a.6)
1'(1"') ••P(,.'t>
Pl,.:H • 1'('.5)P(6p') • P(,.6)
I~ ,,) • p(, " )1'(6,4 ). 1'(\,6)1'(6.,) ••pt ,.6)
WRIT& ('.t')
VHITE('.8)(1'(1 • .1). Jat. L) lal, L)10 FIND AT.P~P.A
00 16 1 • I. L
DO t6 J • t, L
F(I• .s•• 0.0
DO 16 It-t.L

16 F(I.J~. F(I.J).AX(X.lt)-A(lt,J)
DO 17 ta • 1. L
DO t7 ~a.l. L
G(I.2. Ja) •• 0.0
00 17 1'''1, L17 G(IU, JlI)cG(la.JlI) • p(ta.t, ) .A(I,.Ja )
DO 16 1'001. L
DO 18 .1'-1, L

18 flU" J')otJl'U,.J,) • GU',J' )vnITB ('.19 )
VUlTS ('.DO) ((U(1.J), OJ • 1, L).la1, L)
TEST OF HAnlIX PCX.J ,

26 DO at I_l,L
DO 21 .1 .S L

a1 C(l.J) • plI.J)
00 a3 1 •• t,L
DO 211 J - 1. Lan D(I.J) • 0.0
WfliTS <S, 90UWDITE (,.8)«C(IyJ). J _ t, L). 1 • 1. L)
CALL SOSLB (C,L,D,M.DT )
linITB (,. a')L
OTT (1••) D I>T
VllIT£ ( " n.1l)DT
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•

c(a.6) • A(6.a )
C(n.ss). A6 1)c(,.6) • A(6.,)
C('iS'). A(6.1)
C(lti6) • A(6.')
C(It.1S). 04(6.1)
c(,.6) • A(6.,)
C('.20). A(6.:f,)
c(6.6.). A(6.6) • A(l.t)c(6.as). A(6.1)
c(8.tt). A(6.,)
c(B.l'). A(6.2)c(9.U). A(6.1j)
c(9.tS). A(6.2)
c(tO.U).A(6.,)
cCto.ao).A(6 a)c(. It.tt).A(6.') • (a.a)
c(tl.at). A(6.s )
e(t2.t'). a.~~A(6.,)
c(t,.tS). A(6.It)
C(IS.t8). A(6,')C(I%.I'). A(6.,)
C(tlt,DO). A(6,')c(ts.t,). A(6,6) + A(,.,)c(t", at). A\6 ,)
c(16.16). 2.0-A(6.")c(t7.18). A(6.5)c(t7.ao). A(6.,.)c(as.tS). A(6.6)c(IS.nt). A(6.It)
C(t9,20) •• , 2.0-A(6.5 )c4ao.20) • A(6,6)c(Do.al) • A(6.,)
c(al.al) •• 2.0-A(6,6)
WRITB(',':U)
IiJtlTB(,.,O,)( (c(I.J) .J.l.H~.let.")
WhITE (,.SOlt)
"'1I11'B<S.,tO)( (D(1.J) ,J.t. bl, N)
CALL &OSL& (c, ", D. H, 01')
Ii nITS(', In)
WJl1TB (" tlt)«D(l. J). J.t. M). 1.t. N)
PU. I). 0(1.1)
p<t.a) • D(2,t)
pU.,) • D(,.I)
Ph,It) •• D(It,t)
P(I.,> • 0(',1)
1'(1.6) • n(6.1)
p(a.a) ••0(7.1)
1'(2.') •• D(O.t)
p(a.lt) • D(9.1)
a(2,') • D(tO.l)
P(g.6) • 0(11.1)pC"~,)• D(t2.1)
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X'(L-l) 0,.05.a6a,XF(DTT(6» ~O.40. 80
80111' (D'l"t(,»(tO.4Q. 6t
6tXF(DTT(4.» 40.1.10.62
83 IF UrnuC 'HIJO.40.8S
6, xv. (D'l"X'(a)). 4o.ilo.t..a
t..2 .IVU)( ~.1»'AO.40. ".,
4, Wltl'n: (S, 34 ) .

TO 'TO 99 .
40 WRI"rB (3, 35>99 CUN~lNUB .

1 l'OOitAT (313 )
:I POmIItT(6il'tO.~)
, I'OlU!ATC1no.1'7t1lfAUJES OF N.IS.LII>
6 l'OIl'l-tAT«(;:x •. ,tl.t) ..
7 l'OmIATUf!O, t4UMA'£'lUX cU •.J)//)
6 YOli)lATHb:, 6PU.4)
9 POm1AT UIIO, It.\HW.TllXX DCI"i)II)

10 FO.mlA'r (b. as' 6.1)
11 POIl)~ATUfJO•. 1!iflUATll.lX .AT(1.,J)II)
12 FOrl)lI\1' (11m. SOli SOLUTION OF GXVI~N EQUATIONSII)
lit 1'0ll)lAT(SS., Gf.i•• O/) .l' F'orlllAT (1I10,I!;jflMATRU 1'(1.J)/I)
M .' . _nmmvt'OPMATnxx A.T"p+p.Al/)
19 1'0I31AT(1110. 2G5fUQlJtk~
20 FORHAT (4x. 696.1)
a, FORMAT UUO. 'Ill ORl,)ER Ot'. THB 1)~TmUIINISNT IS. 1')
2ltf'OnMAT<tIfO. ,tit VALU£ OJ!' ntg Dl;TI;mtINENT 15 £15,6)
,,, f'01tHAT( 1110, 9.,HHATlUX [, IS 1'OSXTXV£ Del' .lNITB MAl.

SYHMBrRXC ,150TI~ SYSTEM CONSIOERSD IS STAOL£IIIIII)
" FOhW\'l"<tHO. l00HMATR1X P IS :NoT JIOSITIVE OIWINITG .REAL

SYHMC'flllC 50 mr. Slt5T6M Coll5111CUtCO 15 UNSTABLEIIIIIII)
SO tOlWAT(lUo •• IHJ MA'l'ftIXAU.J)//)

S81 vontlAT (tHO, ,16u GIVEN MATRIX ell)
soa 11'ONUAT (aSP1a.,>
SO, FOHMJ!.T (~. i'F'I'.~) .
SO" VOilllAT <liiO, 16n GIVIm MATllIX 011)
'09 I;OI~AT(ISP •••l).' .
,to romfAT (Ux, 211>6,1) . .
sao FOllNAThuo. '6RGAUo' 011 Tlut RltGULATOR CONS.t1JSRBD/I)
521 For~T(~ ,(1no,40no.XVCNt-1ATlllX (; WITH GAIN

CONS1DeHBDI/) ,
60a FOillLl\.T (71'10.4) "
;on, FOmlAT UIlO, ,arIMATUXX AU,J)WITIl GAIN CONS1.0CRBD)
7116 JlOJUlI\T (ino,S911 IfATntX. AT (I,.I) WITHGAIN CONSIORr.u/ll)
;on? FOW1ATI:r.uo. 1911 R1:m.lLA1'(?lt QAINLS FlO.'>
60 STOP "

nun

f
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500

SOt

'041
'06'08

509

5t'
'10

'1"
516
5t7
5t'

'10

519
':10,al
'025nB

SUOJlUUT1.NB SOSLB(S.N O.M.M)
FVl&NSION B(lto.Cto).nl"o.lto) .MR(40~) .IUf(~.a) .1'V1'(~)
DT •• 1.0
DO • SOl 3. 1. If
MIl(J) '" 0
00 soa I lOt. N
I a 0.0
00 SO, .1' .,1.N
1F(lil1(.7)-s) '0 •••• ,O,.soll
DO so, It .t.N
XF(tut(K).I)S06. '0'. '07
IP (ADS(T).,"OS(B(J.Jt») '08.50','0'In••J
ICaK
T••e (.1.&)
CONTINUE
C(;N'l'XNUB
Mn(lC).'Ut(Ic ),+1 ,
IF(XR-IC) '09, 510., '09
DTa_l>'f
.II DO 511 L ••t, If
T.e(In L)
S(IR.d"UUC,L)suc L).T
IV(NS 510. 510, 'Ia
00 '1' 1'..1, M
T.nUn.L)
n(IR,L).OUC,L)
D(lC.L).T
JtH(J;.I)••IR
KN(J.n)dc
PV1'( 1) an( IC ,xc)
DT.OT'PV1'(I)
~(lC.IC).1.0
DO'1" L lOt. N&(IC.L).B(IC.L)/PVT(I)
Ir(N) 515,51','16
00 '17 L. I, M .O(IC.L).O(IC.L)/PVT(T)
00 SOD Ll .t,N
IF(LI.IC)'18,soa,'tO)T.S(LI,IC)B(LI,le).o.o
DO'19 L.l,NB(Ll.L)aS(LI,L)-B(XC.L)'T
1F(N) ,oat 503. 5ao
00 sal L.1.M
D(~L).D(Ll,L)_B(lC.L)'TCONTINua
00 ,a, I .I,N
L.N-I+!
IP(JtH(L.I}-"H(L.a» 524.sa,. ,a"
JRdlf (L.t>
JC.XN(L.Sl)
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202

J!ot

a08

n06

JOB NO UtST91812
GO)IPUTfm UBr.O IBM :;60
fly MD. mZAtWR UAHHAN
ItllOGRAH NO. 6
pnuGRAH l'on NONLZNI~An MOOBL
nXCLUDJ.t4G. VOLT/.GS llEGULATOn ACTION
DiMENSION A(I',IS),S(I'), V(IS)
Ri~AJ) <t,17US(I},hl,JU

I' IWAD (t,'5)N
:IF(lU '6,.56,'0

SO lWAP (1,1.7)«I\(I,J),.1<1>I,N),'1001,l4)
1'-0.0 .
\iltUr. (3, S l) . .
WIIITB ('.I?)«A~I.J)tJOltN~,l.1,N)WSlITE(,,80) .

2 CALL. YOU S(S,A,N.V.VDOT J
IF(S(I)-7.0)200,200,901)
s(ll .••50.)+.05
IF (VDOT) 2,2.201WRITE <"112)(S(I),K~I,,N),VU01'
ZI ••VD01"

" s(I)••2.~7"
8 CALLVODS(S,A.U.V,VOOT)

IP(5(U)-2.S) a02,202,20'
5(2)0. SUU+.Oll~ (VDOT)6.0,co:;
WRITU ('.112)(5(1),I"I,N),Voo1'za••u VooT

9 $(2).0.'6,.,
10 CALL VOOS(5,A,l".V,VOO'l )

IP(8(11')"2.0) so" ,aotA. 20'
,fl<:;he(,lU •• OOI
IJl'(V1IDT) 10,10, 20S
wm:rll (3, ua)(SU,I"l,H),VI>OT
Z, ••VD01'

u 5(S).0.7''''''12 CM.L voo S(S,A,N.V,VDO~)
XP (B(~)-.o6) 206, a06, 207
B(~)~S(~~+eOOl .
IF (VOOT) ~ 12.12.207
wnlTR (,,112)(5(1) .X-t,N), VDOT
7.4 •• vouris t;(4) •• (l.U

14 CAl,L Veil SUI.A,N.V.VDQT) .
XF(8(!H-3.0} 306.20S,n09
S(S)..s(SJ+.05
IF(VOOT) tlj,14,209
RO$ mU.T£ (3,U2)(!;(I).1"'l,fH.VOOT
?,S •• VDCl'1'
iF O~U SOO.300.S01
IV 'Z2) -:;oo,;$OO,SQa '02
IF(2;S) '00,300,'0'
If' (i~f.) • SOO,300 ,JeJ sol,t
IF (;r.5),o0 300, S05

tOO

200

no,

209

201

c
c:
c
c
c
c

501.
S02
'0:;,04
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C SUnROWI.NBvoo S(X.CINIVIVDOT)
s U8i'R()(mAH NO a
DIHHNSION X (S)I C('"')"V(')Bl1-e(t,1)"X(t)+C(tI2).%(3).C(II')"X(')+C(I.~).X(')+C(tl,).xqu
naa-e(alt)"x(t).c(aIS).X(21.). e(al,).x(').C(;I').X(4J.c<aI,).X(')
O"cCC', t) .x( the ('"B) .x(a).cU "') .x(,).cU.It) .x(It).c(:,,).x,,)
nft'.cClilt) "X(t)+C(ltla 2) .X(~H+C(ItI').X(')+C(".".X(")
+C(ItI!U.x(,) .
n,,-eCSll) .X( t).c (S.2) ••X(,l).•.c(S"'> .x(,)+c (S.4) .x(/d.c(SI') .X(S) .
XDOT 1- -O.~1'.X(1)-a2.a3'.X(2,+,69.7.x(,).a90'''It.slN((X(S»t. ,6??"X(').X(It) .
Xl)(~ B••O.l'19t"X(I) .a7.'76"xfa)"'''".aa.x(,).,68.o.
SIfHx(,» a. '''''.22. xU).X(")XDOT ,- t71.'77SaX(I)."'1.lto6"x(a).2a.67a.x(,).,o,.o
lOCOS (XC,» • '171.'17'.X(t).X(\).4't.%06.X(a).X(ft)xnoT "_••09,G.X(1).X(').o.Olto5.x(a).x(,.+o.I"axr~T'-'77.o.x(4)V(s) ~ Otl.XDOTtyea) • D22.XOOT2v(,)_ n".XDOT'
V(", • 1J""'XOOTItve,) '"O""XOOTS
VllOT • vU,.vU)).V(,'.f('d.VC.')
R£TUIIN
ItNll



1.10

C JOB NO UUT 9161~
C COHI.'UTBIlUStD iU" ,60
c mr MD. .m:ZANUn !tAllMAN
C PllOG1lAPtNo?
C PROGRAM F()R tf(.lNLINnAll 1J f.IODm.
C INCI ••UDUm VOLTAGU WtGULATOn ACTION AND S'fADIt.XZlNG

S:mtIAL
l)Dm~S:UmA(15 .1S) ,Sh!;) ia v(i~H ,nE( IS)
nr:Al) (l,Ij')(S( d bt,e 6,
lWAD U,11)(llkUdjba, 6). ..5 P~:AD;(1155)" .
IF(N)'(,),:l6 I So . .

'0 R/;AD .(l,17)«A(I.J),Jol.N).1-1. 1'1)DO SI,j, lJ;•• I, 2
T •• 0',0 .

tOO WJlUg .<'.!iU' . .Wnl1'C(3.17)«A(I.J)Jat,N).lot.N)
lfflUn (,.80)

a CALL VOU 5t RK. ~. A. N, Vi VDOT )IF (S(I)-7.0)20o.Doo,aOlnO() sCU", s(t) .••~o,
IP(VODT)3.2,201 .

201 \11111'£ <,,112)(S(I).1=t.N}.VDOT
<lr. U}CI2 .~7"6 CALL V()D S(nR.S,A. N. V. VDOT )
IF (0(2)••2.5)202.202. 203

a02 a(2)~s<2)••Ol
IF (VI)(IT)6.6 20'

20' ImITn ("l1a)(lHu,Z"'l, N)V'DOT
9 fHa) "o.!i6~,

10 CAM. vou s(nt, fiIA.N.V.VDn))
IF (5(~ '}-2.0)aO~,20~,20'

20<15(:H ••5('''''.001
IF(VD~) 10.10.205'

20' llUIT3 <'.t12)8(I).X=l,N>,VD()1'
11 S(::J)-o. 73la".
12 CAM. VOD s<n~., 5,A.tI.\T,VnOT)

:IF (s(ll)-.Q6) 206. :l06. d 20i'
200 l!!(I,i). s(4)+.002-

IF (\TOOT) 12. 12, ~07
aO? wUITS ('t 112.(S(1),Ic:1.tl),VOO1'
13 e; (4) _0.0
tit CALL vo~ :;(m" S,.A. N. V, \T/JOT )

IF (5(5)••,.0)206, £08, 209
a08 5(5}05<5) ••05

IF (VIJOT )tlj I 1t,;,.209
209 WltlTU ('.112)S(I). 1_1, n)t VUOT~o5(5) •• 1.0~711,i

'*lil CAl,I, VOl) B(Rf;, s, ". N, V, \TOOT)
IF (5(6) -'.0) 1,i2,~k¥ 42.~~.

\2 s(6)0 (5(6)+.05 .
IF (VOOT ) ~1. %1, *~

1t4ltnIU(', ua)ls( 1),i .••a, 1'4). \TOOT
309 xG•• 1.39 ,

A (6).A(6,6)-'.o
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•

C

11~

St16ROurXNE VOOS(Rk.X,C,H,V,VOOT)
S lJV1>ltOGnAM NO'
nUlENSIOH X (~) ,c(6.6), v(6) .11&( 1')
811aC(t,t).X(1).C(1.2)IX(2) +C(I,').X(')+C(l,4).X(\).

C(1,').X(S)t+C(1,6)6).X(6)
n2a.c(a.t).X(1)+C(a,a)~X(a).C(2,').X(').C(2,').X(').C(a.').X(')1+c(a.6).x(u)
n".C('.t).X(lhC("s).X(a).C(',,).X(').C(',').X(\)

.C(',,)~X(') t. C(',6).X(6)
Dltli.c{lt .1) .x( the (I,t,a) .X(C).C(lt,') ••x(,he( ',") .x(4l).c

(It.5).X(S)t+c(%,6)(.x(6)
n".c('.1).X(I)~C(,,2).X(2)+C(,,')"X(').C(5.").X(")+C(5,,) .x(S) ++ c(',6) .x(6)
n66toC(6,1) .X( t hC(6 .• :U .X(::!) .• c(6.,) .X(,>+cU. 6,' .).x(.)+c(6.,).x(, S)I+c(6,6),.x(6)
XDOT 1- .O.%OOI,.X(t) .a2.a'S.X(a).'69.7.X(')-'" 298.

~~.SXN (x(,» 1+ 369.7.X(J).X(\)••112.X(6)
XDOT 2_ -0.1'191 .X(t).27.'76.x(a)+%" •• aa.x(,).,68.o

.SIB (X(C» R+ "".aa.x(,).x(\)••271.X(6)
XOOT '.I,I.'77S .X(t)-"St."06.X(a).22.67a.x(,)-,o,.o~

.cos (xC,) • ,+ &Rs I1t.'77S.X(I) .x(")."'t.~6

.X(a).X(4)
XOOTIt••• 09,6.X(t).X(,ho.olf06 .x(a)'x(,).o.",a ,"
XDOT '.'77.o.x(%)
CO•••OOO'22S.X(t) ••Ott6.x(u) ••17*(t.O+X(lt».X(') ••OOO'7,.x(G)••' 18?
BQ••••'6!S -U).O+X(I,}».X(1)w.164-(t.o+x(It».x(e ••.• 0816"

x(,h.t75
~T.(BO••2.gQ.'O) •••S
XDIT 6.16oo.*X(I,})*I~(k).no••x(6)-~.a*I~(E).no ••BT.Rklk).

111.3vet> • au.von
v(a) • D2a*XOOTa
V(,) • U".XDOT'
V(I,}) • D44.xOOT"
V(!J) • U".Xf)OT ,
V(6) • o66.xJ)QT6
VDur. V(x).v(a).V(k ').V(4). V(S).(V6)
n£TUllN
ENO



..

SUMCUTIN£ \00 S ( IlK, x,e, N, V, VDCT)
SUBPRlllillAl'l Ill.'
OIKtN!IONX (6), C(6,'l, V(6), II( WI) .'1'
811. e(l,l) •• (1) • e (1 2) • • (2) • C1,3~). , • X (3) • C (1.') • X I.) .C(1).5).X

(51.

1.1.?>

••

1+Cll,'). XI')
In.C12,l) • X (1) • C(2.2) '" X (2) • CU.3) • X(3) •• CI2.').X(').C(2,5)'"X(5)

1.C(2,6). x(6)

8 3_C (3,1) ••• U). C(il,a ). X(2) .e(3,]) .X(J)+CC3,4).X(4) •• C (3,5). X IS)

1+C(3,6). X (6)

M•• e(.c,l). X(1) •• C(4.2) •• X (2) • C (4.3) • XU) • C (4.4).xl').C(4.5). X(5)

1.C(4,6) •• X (6)

855. C(5,l)+ X (1) • C (5,2) + X (2) •• C(5.3)+X(3) .C(5,4)'"X(4) .C(5,S). xes)

1.C(5.6) '" X (6)
16'- C(6,l) • X (1) •• C(6,2) • X(2) .cI6,3).X(3) .C(6 .4)+)(4).C(6,5)+ Xes)

1.C(Ii,". X(6)

!COOT1 • -o.4DOl3. 1(1) -22.233 • X(2) • 369.7 .X(31 -298.'4+sIN(X(S))

1.369.7+ xl]) '" X(4) + 0.712 • X(6)
!C00T2• -o.15191.X(1) -27,376.x(2) •• 55.22.)((3) -36l1.0.SIN (,11(5))

2+455,22.X(3) • X(4) +0.271 '" X(6)

lCmTW7l.3775+ X(1) -451.406'"X(:P)••22.672.](3) _:Kl5.0- COS(X(5))

3+111.3175.X(1) .X(') -45,.406+ X(2) lOX ('1

1(OOT'• -o.0936+X(1). X (3) • O,04A6 • x(2) •• X(3) • 0.1532

XOOTS• 377.0 •• )( (4)

ED. _ .0003225 • xU) • O.OU6.X(2) -0.017. (1.0+ X (')) .1(3) • 0.0llll575.X(61•• 181

re-o.36S.(1.0+ x(.c» • X(l)-.l". (1.0. X (4) ) • X(2)+n.o216+X(3) •• 175

r:T .(EO •• 2 • £Q •• 2) ••• 5

)(OOTII• -80.-X(6) 008".2. Ilf( (K)+IlO.O.ET"IllC (k) • Ul.2

Vel) • 911. )COOT 1
VIZ) • 822.X~T2
V(3).833. X DOT3
V('). 844 • X OOT'
V(5) • 1!IliS. XOOTS
V(I) • B 66. xOOT6
VDDT• V(l) • V(2) •• V(31 •• V(4) • ves) •• V{6)
RETURN
END
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