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Thig thasis invastigaten stability of a typicel power system
probles=Single waching infinitas bba syotsn by second method of Lise

punov which provides information on stability without golving the

systam Jdifferential aguationn.

The aguatinng of a aingle :;;achinc .i.lnfinlt‘a_ bus aystm squippad

. with valtage regulator and eigiintion systea having the provision c;f
auxilinry stebilizing aignal are .dmreﬁuﬁ in a atats space form.The
gyatu.n' uﬁuatinnn'wnrd linsarized ab@autio-n‘-quuibrim point and tha
stability of the equilfbrius point was investigstad through the escond
"-nt?nd of Lispunav. To investigata into the stability of tha nonlinsar
nyatem a vaﬁébln gradisnt method of mrc?ung wpoa ewployed. Gtability
of diffarant cperating conditiona ware iit'l:idind consicering (i) the ayne
chrontua mechine model with o axciter d;fnwicnlii) with exciter dynamics
(444) with exciter and an additiunal atabilizing sighal derived from
mtor vulci_ty. The effect nf‘_ varintion of sxciter snd regulator gain
vag alss inveatigatad through l;h. second method. It was cbaezved that the
aystes could by oneratad ait.h..idnﬁ.ﬂcantly large gain of ths cxcit-r

providad it is wquipved with ndditiocnal stabilizing signala.
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1.1 ﬂ EEZEFI Syntem, ;'- - \.‘_"‘

L]

An electric power a.ygfttm conaists of throe prineipel componentat the
genarating atationa, tha ‘iranmiééicn ".I.inms. and the digtribution aystemse. Tha
transrission linas are the ‘ct":mnmtin.gl links between all tha gonherating stations
and tha digtribution ayutg‘aa;. £ diatribution syatem connecta all the individusl
loads in @ given ares to thﬁ trmmiﬁéinn lines. A wall devaloped pUwal payctom
integrates a large numbar af generating etationn sc that their coabined cutput

is readily avai'»tle throughout the ragion sarved.

Interconnaction of apstcis-'bm:llught pany now problasmg, most of which bave
tingn anlved astiafactory. intura;h:lé:tinn' increoses ths amount of current which
flows when » short circuit occurs ‘Eﬁ_a;- system ond raguires tha ‘imtﬂllaticﬁ af
breskers sblas to imterrupt 4.3, l‘urﬁe_curmt. Disturbance on such & system may
pm'pauata‘ throughout the ront of the system, resulting in major feilure of power
enply in sheence of adenuate uaﬁgugr‘du. Hot only muot the intarcannmectsd systens
have the aome nominal fruéua@icy. lb'ut also the synchronous mechines of ona gyaten
must :‘w’main in gtepn with 'tha aynchronoug machinss of intarconnected systems. far
reliable preduction eand ttanmis;;_inn‘ :’3.1’ elvectrical marég. it i ennential that
the power nystem he stable in the seﬂio dageribed in the following aectiona.
Bafore elshorating on thuhmr_::s'pt ot ﬁﬁiﬂ%ﬂitu’ of 2 power syatenm let it bes congi-

dared from aystem view point.

1.2 Sgebility of Continoug Jvgtemst

The stability of an undriven physical aystes {{.0. syeten having mo driving
force ar inmput) is daterminad by its behsviour when subjoctad to extsxnal purter-

betion which d!.s_phm the system from its orxiginal rest position., Hers & syctem is



seid to bo stable if it remains closs to its oxiginal rest position ( or opsrating
point} for all tisss sftir thcA disturbance hasa ceasod; aﬁdlth. systen will be osym~
ptotically sthle if it, in tims, returng to iis original rest position after the
digturbence has cassed. !n mony coses it happens that s syates axhibite its behaw
viour only within a limited region arcund ths original rest point. This rwgioh is
then called region af.at_tractinn or the stebility rsgion of the givan systan. The
wxact locatson of the boundary of the region is in mast cases vaxy difficult to
determine. 1f no auch bowundary yuisti the system is called globally orx absolutely
atahlm. Also o systes may haue noze then ohe steble position snd may cons to rost
at a point othexr than original position if the appliad disturbsnce is large ernugh.
I » oystam does not axhibit eny of the cheracteristice juat mentionad it ie eaid
to be unsthbhe. The stability of a systes in the sbsance of = driving force which

has Juet been discussad is aleo ternnd as Lispunov stsbility. The concepts ars

further elaborated in the subsoquant chapter.

In considering the stability of the driven acystem {i.@. systen with driving
force or forcing fmct-iun) o ;.tif.flmt concept is umed. Tha stability of the srui-
1tbriun point in ths presence of a driving force or input gives rigs to ths texm
"boundell impgt and wﬁéﬁdﬂd nutpqt atabflity” which.mesns that if the input balongs
& a sat which ie houndad then the resulting responss stould aleo bs wunded for

stable oparation.

1.3 Power Syntem Stabilityt

Since powsr swyoten.is sloc a continuous system the concept described in
the previous ssction &s also eppliceble to it. One of tha major problazs of powsr
systen opnrstion is resynchronination of soles or all of the machinas of s systsm

following a fault on the system. Maintenance of stable opersticn st a steady operating



point in the prussnce of small perturbations also sometimes posses o problem.
Dapanding on the magniture end type of disturbance, power system stability may

ha definsd (5) in more sxplicit waysn. Thase are dascribed below.

Gtready State Stability is the ability of the power y oystem to msintein power
t'mf‘nr ovar ths systen without loos of stability or synchronisr when ths magni-
tude of powsr trsnafer is increszsed graduelly. It is ag-umed thot tha increass in
power lsvel upto thie licit occurs slowly srough to allow reguleting devices to

reaoand with thelr steady atate characteristics, end that inortis affects sre

negligible.

Tranpient Stabllity is tho ability of the powsr system to mointain stability in

the preasnce of s sudden lerge change in load cccasisned by system switching or

by a f-ulto

Dynamic Gtability 4o tho. nbii.lty a:f tha powsr ayatem to maintpin stability for
small disturbance and to pravent growth of oscillstion. Oynsesic inmtability gene-
Jr-lly occuras dues to lack of ‘dwin‘g torque. Due to the spall disturbence assunpe
tion, thia type of stability is uzuslly investig&ed through the usa of litaasrized

¥

models.

As is clear from the definition, tha stesady stots otobility ond dynseic
stability are of emall parturbstion stability in nsters . Though they ars slec to
ba teken cars of, the systen enginsere are often confronted with the accond type of
stability protleng that is, transiedd atability or stmatimes referrad to ss first

ewing stebility,



1.4 Methads od Owtewnining Stabilitys

Thers are vary many waya of evaluating ths perfurmance and stabilith of &
pawsr syaten. Thase are again variocgs sathads of ldltl!‘lﬂi.l’lg stability of s systmm
undsr diffarent conditions of operstion. As for exespls, the loed flow study is widely
usad to determine tha steady stats stsble cpersting conditicna. Thie maihod involves
iterative snlution of slgebraic egquatione &f woltage, current end po;a-g of the var-
fous machines in the network under steady conditiona. Uowd flow of o systss moy also
ba studiad with the help of s.c. celculating boards, analog and digital computers.
‘Gincw the dynanic squatiuns of the systam ara hot teken into eccount, thia method is

1irdted only to detarmining the ateady stets behsvicur of the systes.

In orvder to gtudy tha trensisnt otability charactsriatice of o systam tha
dynamic model hsa to be corsidersd. The esaiast reprapentation of a eynchronous ape

gnharstor supplying power to a powsr network ia given by

M s e Pin . 82 Sing e
2 _' X

dt

Whers €, and €, ore machine intarnal voltages and X s tranafcr (or mutual)rescidnec
of the synten, naplecting dasping, exciter and guvernor dynmvica. Thin equation im
algo krown ag "Swing sguation®. The ansiyticel salution of this eqﬁiatiun is mot that
onny. Apeuming mll quantities like Pln’ L ' 52 and X arn conat:nto. fhh involvea sn
elliptical intngrslua’. In ganaral, allthess veriasbles, are nut constant and the
system resctence X depends on the type of fault or disturbance sppearing on it,

The swing equation with Pin + 0 bas been solved by e calculating muchine
callad integreph or differsntial gnsl,vz-ru“. Many numerical technicues has also

basn developnd o solve fhi. stuation. Tha point by point method whers the acralating



power in ansimed constant ovar a time atep ia cnm of the very *'uidaly ugns mathuda,

Moraover, this sguation cen be pmgrmw ah an analog or a digital mathing for

afficlient svlution,

The equel aress critarion, » graphical method, is applicable for stability
study hetwsan s pair or machines on a powar aystem. Tha usual esaumption of ro dame
ping , mo axciter and govarror dinmica are maus. For etable operation, it domands,
the arep batwesn irput power lins end sbove thu fault-0n curva tvat be agual to the

arem batwssn imput powar line and balow the pomt-fault curve for the specified time.

A ra).ntivuly datailsd rsprosantation of a synchronous sechina fesding a
powex nyitun involuvey differentisl snuetions .'m terms of diffarsnt flux .L’mkagu
(or cuﬂ-mta). -m:itat:.on and govermor dynmic- in addition to thu ewing aquatlfm.

Then the sttm ray b representad p the arjuations

-

X =« £ (X , u) : (1.2)
where X 1is a stafla vector of syster varishles stated end y i o vector of farcing
funetinong which may be priss mover input, excitation input or eny suniliory signal.
The sut of @ifferentisl equations (1.2) may ba solved ¢n a digital computer and

matphility af the systens con be inveotigatad for any fault on tho system.

1n order to determing the transient atability of » ayaten, the system eguations
(1.2} unﬁ (1.2} has to be solved on a digital computer for a significant pericd of
repl timg. This is costly and tima consuning. Moyenver, it‘ eay hot ba femsible to
study the staﬁlity hlhwiurraf the system for any and all types of faulfo st Mw

roanible lncation,



In contrant tc nll theas conventional methods distussed, thera is a
relatively fisw epprosch of eolving atability problems known ae Lispunov method,
The datsils of thia mathod han basn provided in s seperste chepter. Tho sts-
bility of sn oparating point can be detatoined from p fictitius energy fuhc-
tion ealled Mgpunov Function” without actusliy stlving the sat of systen

diffarsntial squastions. The Lispurov function and its derivative are exprassad

an functiong of system atatas.

Yhis mettod can be used an & on-line method for finding power gystsm
stability, A small snslog or digitsl cosputer may be used for this purposs.
By ths onlins computing devices the stability of the syatem can ba duta:;nimd
by testing Liepunov function end ite Gerivative for a particuler valus of ststes
which are often mgasurable. F;dr unstable condition proper oction cen ba taken
by this dsvice to reove the maching from the rest of the system Or sny other

swervigory control may be intmoducad to stebilize it.

1.5 Scope of thesis

The stability domain of o single machins infinite bus powsr systes
rodel hes bran svalusted for psrticular oparating conditions. Both linear and
nonlinear wystet todel with end without voltage reguletor shd sisbilirzing
signale have been congiderad. The effect of axcitar gain or etebility region

af & powsy system has sluo been investigeted in thia thegie.
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This chapter expands on the defininntiun and com:ept of Licpunav atalau..i.ty.-

-~

Varinus methnd of generating and taating of & L.imumv function hmre bz:em dim:usaed.
:l h U

‘Z'G)and £YC PEPTO-

Itnnmdnr a @yntm dafined by
K€ i t) {L,_\ (2.3)

Where :% ia [ state vactor { n vactnrl and f{x, t} is an n voctor whose elements

( _‘a B g A
x and L ?rhal‘ solution of the equatinn (2.1) ie
1 ;! ' L

P, s t) whers x = xu~at tet, ent!;t'tia tiﬁq} obzprved time. Thug

: i 2
q>l t. xc.tix S OET Y ~

* For this aygtm- a stete X, wham K

are f‘unctitms af *"q‘-:'“‘ '

o T
.

| (X, 0 - 0 i&r__)all v | (2.2)
.‘is rmlltad an pquilibriun ntate' of the-aysten E ffhe cquili.hﬁm stota x 19 gaj,d 0
be gtable 4f for each ::eal. nﬁb:r en)B\thar{mia resl number S( & , £)>0.
ouch thet the dnecuslity  I|%, - X gimslios, b

., 3
- l
.

llcptu :a.t)-, \ai€||<e for ) £V

'The real -fumbez s dr;pandg on € efl'u:!,2 int am!ml. aleo depends an t -. If S deeg ot ‘

dqpnnd on t e the ezqunlibrim state ig seld to be "mifnml.y atﬁble“ Figura {2.1)

o

and { 2.21 ghow 8 gteble equiubtiun eiatu;* R of & sotond oroes system angd tha .mpre-.
e

sentotive trajoctory etorting from xoo F‘S {e) and 5 (8) are circlos of radius €>0

d .
s s

and $)0 ahout tha enuilibrium state*x- Thi sulition of equatian {2.1) is said to

J *-!\ i‘-lf

be "houndad” if thore exiats for a g.iven 6 > El ‘s constant € ( 5, s} such that |]x xe|l<ﬁ

fmplies. : : : I“ q“‘ Uﬁ” '
L3 - S .
l il )
;.j | ':;‘;.
ol N ! .h-"'-'r:n.
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FIGURE 2| |
STABLE EQUILIBRIUM STATE AND REPRESENTATIVE TRAJECTORY

TIME

FE S

FIGURE 2-2 ,
[LLUSTRATION OF LIAPUNOV STABILITY S

-




FIGURE 2-3

ASYMBOTICALLY STASBLE EQUILIBRIUM STATE Xe AND REPRESENTATIVE
TRAJECTORY STARTING FROM Xo.

FIGURE, 2-4
PLOT OF REPRESENTATIVE TRANJECTORY AS TIME ELAPSES
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FIGURE 2" 5

UNSTABLE EQUILIBRIUM STATE Xe AND REPRESENTATIVE
TRANJECTORY STARTING FROM Xo.

FIGURE 2 -6

PLOT OF REPRESENTATIVE TRAMJECTORY AS TIME _ELAPSES

P
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If 6 doen not depend ‘an tQ. the sﬁ;'utim: is said to be "unifem.ly buumﬁad

[

,;

_ X ‘
An equilibrivs stote X, of the eya&n congidered is gatd to be "eswptnticauy
‘otehle” 4F §4 §o gtable and &f every an).ution starting ot o stnte X euf‘ficimtly
near X mnmmnn o .X as ¢ incrpageg]indefinitaly. Naraly, given two real mumbars

L3
S>0 and AL 36 there ora real mmbers €00 ond T | Mos t’ol such
. ' - )

| eha'tﬂ'xoﬁ' xﬂ h<s wltua

l$te ; e b)) e | <€ -'fur a1t } t

, f = | |
{tsxo.t)-u”<f£farcjﬁ%>/ ¢l? e, é)tov}
Finura 2.3 and 2.4 ahmws an asym.sta*ticmll;ﬁ stab.{s;atate X of @ sstond ordes aystm

lz‘ah'd' ’

J
. angd the represontative trajectory strertjng fram” \t 5 ({e), 5(15! and § (x) ere
remm:tivaw. cimulm' regicng of radiun €)0 , $>o aﬁd /08 about X If the
\ :
equﬂihrim Btate X ip msyrptotically. gable. than euery moticn storting ot g atate

%, dn 5 (8) eonverges, without lmwingi 516, to :”fthn arﬁgin o5 tims S.ncreases inde-

oy,

[ S

ﬂ.nitaly. Asyl“ptntic stebility is mreil gmportant than mam atal:uity. SGince asymptpe

\ :
tic stubility 40 » local eoncept, marelyf‘ltslheue eatuhlishad asyni:totic stebﬁity

g

May not me-an thnt ths syetem will éperate \g;;mperly. The Mrgest miom of aaymptn-_
tie is called the "domein af attractinﬂ'ﬂ, FI‘F as:;m:ntati.c stobility tolds for all
.atatne (all points in. the stato gpece) from which motiong uﬂg:i'.nates. the squilie

briuv: stote aw is -aid to ba"ag mtat.ics’{;;%tnble in tha lorga®

—

,«—-ur—-"""

. An_ equilibrium etete ig aaid tn ba unstable if it ie neither gtoble

- narp agmtnticany ntahle. F.igum 2.5 ond- 2.6 chows mﬂ unstsab.le squilibrium statg

| &( D) 5‘*‘-_-
- 2

st

ET)

r4

u‘
AN

Ly

A/
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for some real nusber € O 0 snd any real nusher S D0, no maotter how swell,
thern ip mlways $n the circulaxr region 5 ( & ) o stote w, such thet the cution

starting from this stste reaches the boundary circule H (€) of SB(E).

2.2 Fizat Pathod of Lispunoy

Tha firet method of Lispurov conaslats of all procedures in which the explicit
form of tha solution iz usad for stehility smalysis. In this method eoch aguilie
bxiim gtate, if there is =ore thon one is investigated seprnrately. Considar a

nonlinenr sywntsm

X » 4 t!) : (2'3)
whars x i» & state vector { n vectoxr), end f (x) is an n vectar ond is conti-

mously differentisthe in Ree X, T —— Lot uas expand ths ronlineerx

2
vectar function £ {x) in Taylox ssries shout the equilibrium otate K‘ in ques=
tion, Introtdueing s new wector, y = x - e ths equilibriun atcte can be shifted
to the origin, By expediing f{x) in Teylor neries atout x w .+ Equation (2.3)
beromen -

ye Ay + G (yly

. where A is the n x n "Jecobion matrix given by.

5T, aft, >, 7
o
:It‘ axz Q:n
21 2f > f
A 2 : St .
9"1 o 3
2 n
Bfn 'af R )
J %, L > =
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vhare f 1 fz‘-—------?f" are the n compononts of f{x). All the portial deriva-
ties sppearing in the Jatobien matrik A are avalustad et the equilibrium state
Km X, 0ryw= 0. The n x n matrix G{y) contains arising froo the higher-order
derivatives in the Teylor ssries expangsion. Tha elements of G{y) vanish at the
equilibriun state. Equation (2.3) can thus be linecsrized nesr the oxigin es

follows.

[

y = Ay (2-4)
Lesnunby showad that if 211 the siganveluss of the constant motrix A in aquation
{2.4) have nongero xesl poarte, then tha stability of tha equilibriun stete x.
of the originsl ronlinnar equation (2.3), ia the seme o8 that af ths equili-

briun etate yw 0 of ths linearized equation (2.4} Henca Af the pigunveluen of
A have nagotive resl parts, then the aquilibriun ptate :. ie ssymptoticelly ntable
and all solutinna of the systsr with initial stats x{o) sufficiently close to
L epprosch .x. gs t — ¢ and Af ot lesst one of ths sigenvalues of A hasz e
penitive rasl part; then the equilibriue atate !. is unateble. 1T howevor, st
least one of the sligenvalues of A hes & jwro real part, the local stability bsha-
vior of the squilibriun stete x = x 0f the aystes, sguation (2.3}, cen rot be
dstermined by sgquetion (2.4). This is & critical caze. The first wethod of Liepunov
concerns only stability in the small, that is wheather o moticn originating from
o neightourhood of en equilibriws state X will epproach xg 82 t increassd indi-

finitely.

fecon thod of
The second metrod of Lispunov is based on o gensralizaticn of the iden

that T the systen hon an ssymptoticelly stable equilibrium atote, then the etored



1é

L
]

snargy of ths system displaced within the domain of gttrection deceys with

ircrpasing time until finally unuéu its qini.nm valus at thes eguilibrium state.

k]

Tha second mathod of Lispunov mnni;tl of determination of & ficticus "snergy?
function enllaed "Lispunov Function®. The idga of tha Lispunov functinlj iz oore
ganaral than that of snergy and is mm walr:oiy applichle. Lispunow functions ers
function of Xeo %o o 3% and t, The Lispunov function is
usuglly derated aa V (x, t). If Lispunov function do not dnclude ¢ explicitly,

than we dercte thew as V{x). 3n tha mecond mathod of Lispumv the sign bshaviours
of V(x, t! snd its time darivativs v {x, t) gives information on etability, esymp-
tonic staldlity or instebility nf‘- tha equilibrium gtste undar mnaidar;twn
withaut directly golving for the sclution for both linssr snd ronlinaar aynt-ula.

The ssxence of the "second method of Lispurov® ie given below.

Conpider the syetem defined by the aquation {(2.1) and
£(0, ¢) =D for sll ¢
Suppose that. there axiats a scalar function V (%, t) which hes continuous first

partial derivatives. If V {x, %) satiefies the following conditions.

1. V {x, t) ie pouitive cdafinite, namsly V (o, t) « 0 and

2 Vi, t) 2 c(Ixl)) >0 forall x 3+ 0 end oll t where oc is & con-

tinuous, mondecraasing scalar function guch thatoc{o) =0.

3. The total derivative V is negative fer sll x 3+ O end all t, or ;(x. t)_g-’o‘(l]xﬂ) o

for sl x 7 0 wndall twhere? is @ cantinuius nondecreasing

‘scaler function such that ¥ (0) = 0,

4. Tharm sxiet a continuous, nondecreasing scaler fynction such thetp(a} ». 0 and

for e11 ¢, V (x, t 1< @(lx|) .



L s

1 .
5, oc(lIxl) epprosches infinity as lIx!l incresses indafinitely,
or oc{lxl) 5 e an “,}||_,og
then the origin of tha ayatm,‘;x o, is Miniformly asympiotically atable in

the 1earge”.

K (@F - = == = oL f— - ‘
.
B®
: .
o @ e il
FIGURE 2.7 CURVES oc(ll>:l|), AIx])  AND Vix,t ).

1? thers sxigt q-’acnler' fuhction V(x, t}, with continuous firat pertial

.derivatives, satigfying the failnwing conditiongs

al Vi, t) > G. f't.u- all x %= 0 4n th_e reafen (L ( can be entire
state spuce) which includew ths origin end ell t
V{0, ¢} = 0 for all ¢
b) ;p (x,¢) &0 for ald XF0 in (L and allt

v (0,t) = o for allt
than the origin of the systen is “uniformly spyptotically stahie®.

1f there exiat e scalar funttion Vix, t), with continuous first partisal
derivetiveg, setisfying the following conditions:
a) Vix,8) > 0 for ell x # 0 dn (L endall ¢
vi(n, ¢ty «0 for all ¢

(h) B ix, £ {0 forellx # Din 2 endellt
Vig,t) = 0 forallt

41



then the origin of the syster ie Muniformly stable®

17 thare ewist a scalasr ﬂm&t&;m V ix,t), with continuous firat partial

decivatives, sntisfying the following conditions
1 ‘ .

(a) Vix, ¢} > D.- for’oll x o 0 endall t

vio, t) «D for sll +
. "f _"'.‘

(b) Gln.t) £ 0 - fa;,@lzﬁ%g and all ¢

—

o i -
VIO, €} =0 ' for edl ¢
. / .

Y v & (¢, nn',' t o), t)' doss not vanish idgntically in ¢ >t for
- any t, ondl any x =3 0, where 'CP(,'t; s to) danoten the solution gtarting from
X att
0 o

then ths origin of the syatem is "uniformly asymptically stable in the largs”.

Finally if thern existy & sceler function Vix,t ), with continuwous first

*

partiel depivatives, catisfyiny t?lm following conditiont

(a) V {x, ¢) >_ -0 for all x#0 in _D._ and all t
vio, ¢ = 0 for ald ¢ -

(b)\;(u.f} ). 0 \f;urall xF0 in S and all ¢
VO, 8 e o . tor it

or f{c) Vix, ¢ 4I G for 81l x =+ 0 in {1 ‘snd &ll ¢

vVio, ¢} a u . for all t

(M Vix, &) < D . forall x =0 §n  and sll ¢
Vin, t) « O  forall t

then the origin of the syaters is ungtable®.



2.4, ngd Mpthnd fo pey Tim

Corsider ths following aystem

Xn - Ax ‘2.5}.

where x ia & sate vactor { n vector) and A 43 #n n x n constont natrix./, Ys ssnume
henceforth that A4 ia nongingulazr. The stability of the equilibrium atste of the
linear time- invarient syatem can b investigsatsd essily by uae of gscond metiod

of Limpunov.

The following iz » basic theorem of stebility snelysis of linear tice

invariant ayatems by means of second method of Lispunov.

The snuilibriun gtate X = 0 of the system given by eguetion (2.5) io eaymp~
toticelly atable 4F and only if given sny positive dafinits Hermilion matrix Q
(or poeitive dufinita Tasl syemotric matrix G}, thars pxist @ ponitive definite
Hareilian matrin p (or positive de!’iﬁita rasl sytmetric metrix p} such that

*

'} P &+ PA - - Q (2.6)

The scalar function X* PX is a Lispunov function for tha system 0f ecup—

tion (2,5).

In other worcds a necessary end nuﬁh:iunt eondition for X = 0 to be an
asysptotically atsbls solution of (2.%) i.a that there oxist a positive dofinite
rasl symeatric matrix P (or positive definita Hermilien matrix p) getiafying the

equation

aT‘P <+ PA - =i t 2. 7)

_ : -
whare 1 iz the Sdantify mixix matrix end XT/'f PX ig the lispunov function.

*Cylveatar's critsras ¥ may be spplied for the positive definitenras test

19



of the P wotrix. A nacessary ond sufficient condition in orcer that the n x n roal
syrometric P matrix, be preitive definite is that the cdeterminont of P ba positive

definite snd the successive principsl monors 0f ths detamminent of p be positive,or

r!‘
Dy = Py >0 %2=["u  Palso Par Piz Py3
Rty *le. Paz Daz=| Pay Paz Poy
Pyy  Paz™ Py
P Pi2 P1n
> @ {p,. = mn
Pri Pz = Pan (2.76)

Thin test ie sxecutad by the computer proyrasm no.d of eppendix 2.

2.5 Ligwumnv Stebility of Nonlinesr Symtess.

In a linssr frea dynomic syatem #f the sguilibizum stote is locally asyrp-
toticelly athle, then it ie nsylpwticaily stshle in the largs. In & non-lingox
free dynomic eystem, howaver, sh equilibrium etats con ba locelly ssymptotically
sthle withowt baing asymptotically stabls in tha lergs. Hencs up]..lc:utioﬁ of ssyxp-
totic stabdlity of squilibriiuss stetes of lineor elatems ond thooo of nonlinear

syntwrn ers quite differsnt.

For ssyrptotic stebility of squilibrium states of nonlincor ayntema fetabi-
lity atalysis of lonearized wodels of nonlincar aystens is complotely inecequats. For
!mntzl.;;ntiur.a of nonlinear system uithou‘t linparization, .Sevaral mathdds based on
ths sscond mothod of Lispunov ere svailehls,for—thia-purp-ase. Kresovekii's wethod

for testing sufficient condition fur esyeptotic stebility of nonlincor systess.




. " \ - n . ﬁsﬁ‘ﬂ ,_ MK ?r?.m K
fetwltz- Gibson'g veriabln gmdﬂmt method for grnerating tispumu f‘um:tions af
NI
men)inenr aystoms, Lum 8 method kpplicabla to Btability enalysis of certein none
. 7N
‘j . linecar control ayntems; Zubnv‘a u'ethad for conatructing domain’ af ettraction, and
. o
l \._/ :
uthnrs. ﬂf‘ thrzau Pvariable gra&itmt anthud of genetau.ng Liopuncy f‘um:ta.un“ ia

e

given balow, I r...hii

> .y R

A
ﬂna umafu& aysté!zatic: wpmm:h is the “vm-iah.le gredi.mt method of s::hultz *
1. ’ _;..-'H . frﬂy ’

and ﬁibsah“ ‘!his mathod ic béged an the fm:t that if n p-rtic:u.lar Lir,pumv f‘um-

tiﬁn esd-tn u’hich ig rma&le!nf‘ p-j;mving asmtatic utabﬂity uf’ a tiven smtm, '

ol

thm a uniqua qmdicm nf thia Lmumw fum:tmn slen e;d.atso
e - Congider the system dﬂééi&géﬂ h.y the fn;lnging equation)

w2 =) A . _
uhere x in n state vprtar { vz f vm:mr) end £ hc. t} is epi 0 mtar. ezlementa of
-
l b l
vhich are Punr-timns nhx . M !b-j—--m--x am:l ts We assume the equillbrhm stote
AN '
under mnaidﬁ-mtinn tr.r; btz.- the?ﬂ‘figin of’ thn atate apaca. Lot uy demte a tentatiue
\
L:lmum\r funetion . L V::}n th{s ta‘ntativa Lispunoy function we wme, for ‘:;éh'\mnian-

ce, that V in &n e:@ucﬁ.t ?umtian nf B‘l' xy ,.._...,._....-...o_ x o but' not en oxpli=

: eit funetion of t. rh&.“‘

BV“"I-' LA}‘ 7 .——- o %
| LT

v can be determined mew. tt?i gradient af' V. an ﬂallomg t
i

\; s VV 3 ﬁ‘uﬂ- ’ o ' . (2.8a)

<o
n
&

|

: \ r ) .-
where v W iz the tranppoge’ a?‘.} (V V). -V ¥V is given by

VV=




A

S
;"':."(, '7-‘ ' ’ . ' : "-1-7-‘ ‘ o
V is _nbtained as line -‘ihtegra'l‘ __nf :VV ig

-
e T

v j (vv) ' f'_j . R (2.8)

4

-

.The up-:er J.im!.t tere ig nnt meaht tn dmply thmt v .ia a vacfaor quantity. but rather

thmt the integml in o line integral to an nrbittary :mim; in the sta’!‘.e space located

at (xl xz

. gmtiun. Tha nimpleat pnth nf inteqmts.nn 19 indicoted by the expendsd form of otue—

;&.‘!
;

tion (2-3) 0 be

_ Com '("2 -._axa;., L —— nﬂu[_l}
V ':=j>‘v g - B 3 4 :
".f1 dx' i

J Al
. . ' -
' B e 4 _ _ _
R Lx'\ =x‘“. u, = Myl eesasiesox e 1. LY
_|_ ‘.-’ f!‘ )‘ ’ . .
- o b ' R ' . .
vV oy dﬂ"‘\..lﬁ' : : _
TN ek R L2
wnTo VVi. ian the mnent ofT iin. the *, di rmction. '
O s_,.. -

Fm- o snaler Fun::tian uE ~‘J tn tie ebtairusd umquely me a lma mtegral

,-i

u? e \mctur functiun VV., the follnwing matnn F fbmed hy \?gi

P
, BS :‘ R a.xj-_
r_. ‘ : o E...-L' :‘L;—.:,J ' | : - .
oW 'Evga ”, ;-"!' - N
o ‘x" axz f: S "axn
BYV? - F‘;‘w.‘!r c Wy
Fo ax, 9:(?\ «3; D% ’
; ' ;.1}.9‘.3?
awﬁ . gj . kot i v Bﬁﬂﬂ--mﬁ vh i L]
X X a2 '
axz ,’ X X
~ D .
> - “a
. P



A

wust be symeiric. Yhe condition on the nntriu- F ie thue & generalized curl require-
pant for tha ne= dimangional case. The problem of determining s V functicn which sgtise
fisg Lespunov theozers ia then transformed into the probles of finding a v V such that
the ne dimensionsl curl of V V equals zerw. Furthor, the V and ) detemined from VV
wust be a sufficient o prove gtability, thai ias, thsy must sstisfy Liepunov's theorem.

aa firet gat V s equel to an arbitrary column vector.

[ + a x, ¢ - * @A x
0, % 12 2 n n
By My ey Mt osmemmsnstem ¢ % "n (2.10)
vV = - .
un‘ u‘ + aﬂ? u? * ot e - s > ann xﬂ 3
Tha N i are completely undatamined quantities. The 8, § nay be conptant or function of

tine t and/or functions ¢f atate variables. It ia convenient, towsver, to choose a ot
8 tonstent or ee 0 function of tine t. Sevarel of the a, § may be thogen to be zer or
they sre obvious fros conastraitits on §'Wa53_d by the invastigator, or thay are dater-

rinmd from the curl aguationg.

1f the eguilibrium stete X = 0 of a nonlincar systen is esymptoticaily atable,

than we may be able ¢o obtain a Laospurav fupetion lSy the mathod just describad by follow

wing the follawing proceduren:

1. Assume V V of the form of equation (2.10)
24 "319 detarmingd from @V
3. Congtraing are epplied to mike v to be nagative definite or stleant magative

ammidefinita.
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3.1 Single Moching Infinite Pus Svaten -

Tha system considered far tre purpose of inveptigation is & relatively
sirvle one. A synchronous genecator rfeed;ng an infinite buabar through a troanps
formes and n double circuit transmission ling has tmen eonsicerad here. The
syntem conzicered 1s shown in figura 3.1,

TRANSMISSION LiNE

X-FORMER ro .
|
GENERATOR
- ok INFINITE
1 BUS

FIGURE - 3,1  BYSTEM CONFIGURATION FOR SINGLE MACHIRE CASE.

In stobility studies, the intesrval m‘ ‘time of intersnt is xelatively orall
compared to the time constents of the gnvainur and tha prine sover.while Governoz
and pring wover reapnnNSes are iﬂpﬂrtaﬁt. they arw less affective in the esrly part
of the machine ewing gnd unéy. if- cqnnideu& « Contribgte to atabi&.ity. for aimpli-
city, the torqus variaetions due ta. governar conirol are neplected. The amortissor

windings arm krown ta eid stability, so theas are alao not consddored.

{15)

The aquations Yor the mechina on devalopad by G.Shackahafi ortd JoMe

lhdrinu‘mam given balow. (The list of syehole is given in pegs VIIL).

(?5'.] Yoltsge and flux linkage equaticns for tha armaturs.

- . ‘- -t
.d - - ;—-» l-!—’q - _R i.d * w b q)d (3-1)
o 0
w
F B v '.P d - ﬂ‘(
v iqg ¢ Al L!Jq {3.2)
w
o
Vo X ea L, = gd' sd | {(3.3)
VYq = - X i {3.48)



{b) Witage ond flux linkage ralaticns for the rotor l; -
Rutd b ‘ ' - '
foqg = mmemee .
h‘I:I rﬂﬂ X

Ae dafined by r.:.cfmmrﬂ.tam \

. fd - o= o ' - )

Cog = ":.3_..... Yo tan

£d
Koo, *& P (3.8)

fd v ¥Ffd d = nfd

{c) The enuntion for the terminel voltage of the machihe ie

s Gtz L de - Bqa (3-9}

{d) The cystem mt;nﬁcticn relationships for the maching with tha bus Lar ace

w . )
o, - ﬂei'd - o= Y ediq & Z(.E Pid * Vd

[ . w ) . (3-10)
. 1 a
- B et A P . x . - -
o W

. [ Co B .
Where -V, = Vsing = — (3.22)
v aV . — {3.13)

g 06D

(#) The tordue eguations for the machine
b S - W n , crimm (3. 14)

T pﬂ L) ' "‘- ‘ "Pd iq “%id) ....ltlll.li-’.’..’.(i(él.lsi

(f) The wltage regulator equmti@nun ig written as . -

E,, = -L. ' { & «n =U{t) {3.16)

fd St bnubaenanh [ ]
e e o m U0)

Where ﬁir ie lenn than zero.
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Fquating (3.24) & (3,25)

-tx + %) bi q= =W e ma-w(x +X]id¢w{ﬂ « R) 1q+vm..5-.........¢zg.,;

The aimultanwous equatiors (3.19), (3.22) &'(3.36) may be written as

-

N - - _.r: o 5 1 I_ . —_
[ Xeog =Xy O P, T [ Ty a 0 sed]liufxfs
{ ' Kafd
Xora ~lxgex) O pid | =} ﬂ _ W (B 4R) (i + b8y f¢ | WV ain
0 0 (x, & = )| pi Wred ulx s x) « (RetR) lq | owve
. 1L JL]L
T me{3.27)
which in tuorn gives tha following non liney differsntial squations.
folving (3-19) snd (2-22) for pi,, end id we have
! | _
a (xd + xe_) ifd Xﬁfd(ﬂn + R) "am"‘z * xa)
by, = ' — 1 wme(14n) i
fd Ad g od
o wXotd YV cins . Feql g 1-:&) - Epg e (3.26)
Ad :
Xata 29
. (R Ry . e (X
Pid . Toq Paed Loy + %pgy (Fe s ) id'= xffd( et xn) (1en) iq
> 2a —5i
o wteea ¥ gns. uffa.. ¢ , (3.29)
Ad Ad fd ,.
From eguation {3.206)
X ¥
Pi = eliient sra - K0t X Gemis - SMetR) o Y woss
q Aq Aq Ag " w330}
whers ., _ arg = Xppq (Kg# ma == | (3.39)
“
)
%
Aq = Q. Xa? _ (3.32)

L W
' (o]




{3.33)

w
A .
w
9]

+n) a

Subatituting equations (3.29) end (3.32) in aquations (3.10) ond (311) gives

30

#ﬂ rfd xan - iﬂ xffg - (Ha + R) + Ay id
Wn d qa Ad
X X ( +» X X r
| e Tera ’gq . . %o | t1em) sq _ " " fd €,
. w ad ' v Ad
o
+ V Xeeq ’fgm V! sins (3.M)
Ww Ad
o
e, - a Xara t1emsa,, s x; - M (1+ b) id
u%jfsq W qu
. ]
g X{(RrR +«8) . X. y
* f - ] s e ; Lq » V- - —————————— Eﬂsé ‘3.35’
]
wﬂ Ag ‘io bg

Subatituting eemuations {3.3) and (3.4} in equations (3.13) gives

A ‘
Pn-.80 _  _efd ¢ o Xg = X 1.1 {3.36)
™ n - m
K 1 (Ey . _
T . Ty’ e o
where | o
e, = ( udz * ahz ,i



3.2 Monlineaar modwl of single machine infinite bus aystem.

Equations (3.14),(3.28) 4 (3.30) and {3.36) and (3.27) con ba groupsd

to give the scustizns of the nonlinecsr model in terms of differgnt states.

hifdu e, 4 en_ % +a_, (1+n}iq1nu

[
11 Y0 *0%2% " %3 Sino + d, &

13 d

- c
bild- Lo ifd +I22 id + Iza (len) i.qo-azs.inS * d? Efd

biﬂ- e, (1 «n) ifd-raaz (1 +n) id-r '331:;"35 Cos §

[ k
Ph - Uy lgglat By idia +
he - Kr - kg 1

. :
- - RS- 3-36
rd Te 0 = =5 Ul ¢ 5 fo= *x Y 77 Epg 13038

Yhore
{ X. « X))
8y - Tt a” e (2.39)
g .
x'af’d “‘e + R
8 - nl‘.ﬁh (3-401
12 A g ' :
Xafd { Xq + Xe) (3.41)
'13 .- Ad & .
' Xafd (3.42)
B‘S - “'ﬁ‘a"‘" .
d, = fd Xy %) (3.43)
Ka!'d Ad
X R_+ A}
e w et e (3.45)
72 A g
o o o.fd Xt (3.44)
OHd
X X))
8,y = - %era ' %a* Y (3.46)

Hd
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P

I {3.47)
’ Ad -
‘ - <Xfd ' _
% e (3.48)
it I v A (3.49)
*oex
" il _ {3.50)
- - Aq
R eR | (3.51)
dqg
v - _
m— {3.52)
935 - = Aaq i
R ‘ '
Pap * -?‘d -‘.f.......
; , 3.54
W (3.54)
Ku =mg By S =8 i 4 : (3.55)

3.3 Linssrized modal of single maching infinite bus system,

Ll

For mmsl) porturbations, the syatem equstions can ba lineerized atout

ah opereting point. In such-eges, the change in apead deviation is negligibly
- {

small, an that w)wn e 1. 7o include the woltoge regulator sctioh in the general

lingparized mc!el.'. it dn neceasary to obtain an expression for parturbstion of
LA
R
terminal voltage in texrms of. the ststes chogen.
N

from eguation {(3.9)

se fo 4 6, * —®.. le (3.56)



Tha woltage regulator equstion in tha linuarizud form is

p | k. i
P A £ . -L‘Ag .......AE e wleme Ut 2.7
rd ’T'r t T, v . ) { }

-

Substituting the linesrized ram{a of e, and % in (3-56) one gote

»

PAErCey & igq * Tgp Diy ¢ Loy 0%, 4 Codse T 4 £t
K o
- _T.; - ]
- Whnre
¥ X {
Cey = ..f...:ﬂ’. ra xafdr xo, . Fr m xe_fgf‘d _ (3.89)
¥ ' | ' T
re. Ho da r L w, bq
I
Kr L "X f'fd (Rom Kt .qa x,(xd-rx)
62 ] ‘ X.
T T .
" roel v w bd T e, W Aq
{3.60)
K. e, l’ K, Xggq (X4 %) K:_ .tnnu]
M Iy . Ty
t o F 4 ,'tn r L w 449 J
. {3.61})
K X v K » *
")
665 224 Siﬁé Voo dmceme L] 'T -m[h Con 8 V* e ffe “3-62,
T e uﬂAq L A LA Ad
k ‘ i
T 'cb 'fd Ke d 1
Cog = = === - =
T ‘ T,
r e W Ad r (3.63)
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The linearized equations orm- ]gn iven belowts
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4,1, Int ction o
A synchronous ganasrotor feedicg on infinite bus through a step W trsngformer
and @ chuble circuit transaission line which haa !;um atown in fig. 3.1 La congidersd.
Amn haa been ghown in previoun chapter, the rore .‘exﬁct'repruentatinn of the sygtiems
without wltage ragulator ection is a natln:F ﬁ,ﬁlm first oxder ronlinsar differantisl
agtiation in terms of field, dirret and q‘ua_‘:draturn axin armnturs currents, spsed snd

rator goqulsr pogition of the generator.Orx mathmm"tically.

X« (% ) (4.1)
The control U {8 tha sxcitation to thn'syn'chmrmua ganerntor . When linsarized sbout
en oparating point, the procadure of which has bmen shown in sectisn 3.3, tha system

of squation (4,1} ig transformed tn

x - ﬂx "“ B U (‘ » 2 )

Whare the stats varisbles X or row perturbations from the original stats varishles
in (4.1) from the cparating anuilibrius utn;t'n. The matrices (vectors) A and B are
trinsterta depending on syatem parataters shd npez"a.c_ing peinta, It ghould ha noted
that reprensntetion (4.2) is only epproximate end thiec appmximstion ig fair only
if the perturbztions or cisturbances considarad are s2all, Uecsuss of abvious aimpli-

city of the linoarized syatem, this &n considorad firat end atability problem of the

ronlinear ayntem da conagiderrd in latier ascticna, -

4,2 Linentized Moda)

Equation (4.2) reproduced is

E_-"t‘. X + BUo - (4.3)

Lispunov gtability ig the stabflity of the undriven syatem or tha natural dynsmic
part, that {a '

e 2 X, - {a.4)
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Datermination af stability domain by second muethod of Lispumov for this aystem
has baan discussed in asction 2.4. A nscessary rnd sufficient condition for the
wquilibrium stets X « 0 to be an assymptotically stabls solution of equation{(d.4)

ig that thare exiat » positive dofinite real syrwetric matrix P sstiafying the

aquation

AT P o PA e =1 (4.5)

Yhare I in the ide-tity matrix ond a possible Lispurov functicn is

Y
V = X PX {4.6)
and ite cderivative ’3 is
V = = X1X ' (4.7)

The natrix P ip pasuwmed to be real symretric i.s. of ths fom

P Py Py P, Py
o, P Py Py Py
P={Pa e P10 P11 Py2
Pa Py Pes Py3 Pla
Pq Py M2 P1a P15

Equatinn (4.%) iz nn algebraic equetinn with 15 variaties Py 92. T
Pyge Thass 15 gimult-neous eguations are solved by Laugs= Jordan method with
roroalization. The mctrix P is then tested for positive definitens~s by "Sylvestars

critarion™ ss crecribed in the snction 2.4,



The exsmple congidered is : The synchronous generator is supplying 66% of
of the rated load at an operating power angle of GI:ICl and is operating at an exci-—

tation below normals The different operating-conditions are given in Appendix 1,

The A matrix for this perticular operating point is given—as

[ ~0.40013 224273 69,7 0.0 ~149.52 |
o | =0-15191 L eamae 455,22 0.0 ~184,155
171, 3775 «4514406 22,672 0.0 263,8
«0,0687 0,02988 ~0.211 0,0 0.0
0.0 : 0.0 o.b 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 my tend to meke

the system unstable. The 15 simultsneous equations are,

~(,80026 p1 = 0.30382 P2 + 242,755 P3 = 0.1374 P4 o wle0

=224233 P1 - 27.77513_P2 = 451,406 P3 + 0,02588 P4 - 0.15191 P6
+ 17N, 3775 P7 ~ 0,0687 P3 + BTGQBBS—Fh - Gtiﬁigi*Pg =0.0

36947 p, + 455482 p,, - 23,07213 Py = 0s211p, = 0.15191 p_

+ 17,3775 p =~ 0,0687 p, = 0.0

=0.40013 P, + 377.0 P. = D.1S191 py + 1714377 Pyy “0s0687 p . = 0.0

~149452p, « 1844155 p_ + 263,8 p, « 0,40013 p_ = 0,15191
1 2 3 ? Pg Pg

+ 171,3775 plz - 0.0637. pi4 = 0.0

w88,866 p_ & 54,752 p_ = 902812 p. + 005976 p. = 1.0
2 6 7 3]

36947 p, = 22233 p, + 455,22 p, = 50,048 Py = 0.211 p,
~451.406 p . + 0.02988 p,, = 0iDs



«22.233 Py - 27.376 Pg * arr.o "g - 451.406.p" + 0.029886 |:|'3 0.0

-149.52 Ps =22.293 Pg = 164, 155 Pe * 263.8 Py = 27 378 Py

-~435] .4D6 Pyp * 0.02960 Pia G.0

739.4 pa + 910,44 p7 - 45,344 pm - 0,422 pn = = 1,0
39.Tp, 4S5.22p, <22.6T2p  + 37T.0 p-l'2 - 0211 Py = n.g
-149,.52 Py ¢ 369.l7 Py = 184153 Py * 455.?2 ?9 + 263.0 P1g

75‘;0 Pia = =1.0

-299 .04 ps «368 .31 pg + 527.6 plz = «1,0 (4005

Tha Gauss- Jordsh method sclving simulteneous addebpiric squations gave the 'P?

matrix givar below,

| s.e0628 ~4,64682 0.00015 1599719 3.85916

- 4.64682 20179 -0.00029 20.41740  -2,15511

Pa | «0,00005 '  -0.00019 0.03445  -2,00270 -0.01708

~15.99779 20.41740 . -2.001270  16204.86718  =0.00132
2.05916 ~3.15511 -0,01708  —0.00132 5.03694 |

As & recheck, tha matiix P obtained wes fad into the ecuation TP +

PA and was found equal to tha identity matrix.

=1.0 0.0 " 0.0 0.0 0.0
0.0 -1.0 . 0.0 0.0 B X
I - ﬂ.ﬂ U-U ﬂlco n.o . 0!0
0.0 0.0 .. 0.0 ~1,0 B.0
1.0 0.0 0.0 0.0 Aol
| _J
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Thg—P totrin was then tested ‘f‘u,r,fp{:siuue definite‘hem hy'aylvealstmra criterion

ard f.hn volten of the umcemive ﬁmlnfipml mifnrs af the R mat;ix aro

Dy

Daa &

e p,

L
Dss

- O.mls B

o
5.69625

ﬂ'd. 6’6582
~0.0001%

AL-IE-QQW

e

5. esszs
5.60625

Doz °[

-a.-ﬁdéﬂa

i DET.P -

w

3. BITSE

-d, Gdﬁﬁz

3.3175&

.Bﬁﬂlﬂ

r'.-r——"-

=0.00018=
T J

Cw2:0027

214174

e muz@ ‘

3. BI?SE\ :

My

}7|

u?

-'-q.

.00919 ‘

0.03448

& r‘lﬂ" 61366 D>

U

-

| =X5,9977

(o0.16298 > 0
1.

23.41740

|« 73.9387> 0

16204.86715
B

?hurefb-‘a the Pt mmtr!.x iz pasitiuu definitﬂ teal sywmetric po the

rsyaten mnsidnrpd !m stahle. The mﬁ‘a%ﬂr pmgrana uged for f‘mcﬂ.ng p hetrin =nd

che:kmg pogitive defmiteneas are g‘};w-n ]in :appéndu 2.

o 16204.68718 (n)°

¢.00n3 Aifd
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Aiq
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Vhich ie poaitive for all values of atetsa ot agual to reso

V = -(ldimlz + Ai.dgo Aiqz +[n2 +Aé,2)

which ia negetive for ell vzlues Of states.

Thr programs -8 of the sppendix 3 is exstuted to tect the lispunov function,V

The squilibzivwm point or the opnrating point ia found ts ba atable for normal

power transfor with nomel sxcitztion. This atalywia 39 of course valid for small

o

parturbation from eguilibrium states,
- 'hn]- nn : "b.,

As distusmed, s mora exact representation of the aynchrunous wmachins involves _
ronlinear differsntial eqqntiona of tha forw :
X = ¢ ix} _ (4-9)
The dopendence of * an u hes nat beoh congidered heu; bec-use only tha free

dynomic pert is of hexey impertance for determining the Lispuncy stability.

The verisble gradisnt mathod of Schultz snd Gibuon hze besh used hera to
gengrate a Lispunov function. The procedurs, which has boen dimcuased in detail
in pection 2.6, in brief, inwlven agsurption of the gredient of V intermp of some
unkrown coafficients. The gradient, in turn, hep to s-tisfy few curl requirsmsnts.
A good massure af guess c:u;-: be made éﬁ:ut sone of the uhknown co=sfficlenta from
the curl snuationa. The othpe m-cffit:.tentsil an gm&mt-d by trisl snd arzor msthods.

The success 0f tha schoma depends On an to how closs a trial cnn be mnde .

Tha operating point of the synchronsus generator was esnsidersd st a
point quits high cn the p&m engle curve. The aaching deliver » power of 91.6% of

the reted load under normal excitsticon at #n angle of Gu“. Any large disturbance at
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aRangkexe £ a5
(1]
at this opersting point would be guite gavere frow stebility view point.

Substituting the valuep of the peramster in the nonlinear syster egusticns of

sectint 3.2 yields .

b im e <0.400013 if‘d --22.233 id < 369.0 s.q ~2980.,44 $in & ¢ J69-T i n

Pea - 02519 4, '« 27,37 44 & 455,27 i, =360 3inS < 455,22 sq.n

Pi @ 1735 4, =450, 406 id - 22.672 iq - 2053

* 1703775 By 0 - 451,406 10

bl"l » 00936 §,, iq + 0.0406 i, iq + 0.1532
PS5 « 3770 n (4,10}
ré" j’?rj * alz'id s, ig + o Rl a.ll“\,«--~ r{?V’ ]
vy = 02" ifd +a,, 15'0323 .tqq-aza'n + 8, B sz
31;1 ifd ';32 5-'1"5:;3 1q¢aadnl +a35 sz
% i;‘d * ’45“; * ;"43. SR LI MAS
n.f'zl ieg  * P ‘*‘f“ 453 dQ + eg4n + asy_J ‘_V"d | (4..11)

- The aii's ora completaly untstemminad quintities. Thrae are dastemmined from

various constrainta on V and the curl e uations.

Tha derivative of Licpunov function is

V wt bif‘d fwe Md Yy hiq *7V, pn "V, bS - (4.2

-

Thars are 5(5=1) /2 = 10 curl equation for this problem, which

1. a vi\/-- - -;Dd-v,-\-/-%;-“

2 -.D.VVJ_ - Dv.‘Lfa
21q . Pl

4, .29 ALY,

an 5 ¥



2V Vi

Iq

p vy,
.. - e -
2% 1y,
5. 2 VV2 - 2 VVg.
2VVg 3VV4
.6. 3 e——» -
n o1y ..
1 2VVy 5 Vg
3 S Si,
IR ACHP 147
- .
°1q .
9, 2 VV3 .2V Vs
o8 o1
ALY QVVs
° & oM
Th!g Limpunov function for thn; syaten is than writtsn en
. Jle td
" ) %y ey fd

5 1

n

=

$
+J {"51 i'f. q * mn id
3]

Cagy i gy %y

0 .

\

b

idyi n‘g' iqge+a

+ n,a iqe 854 N+ &g,

. f {nyy 4oy Y 8225d ) didells

44

ifd «
o N

Dqq id » a5, iq) d iq

n) dn

y a8 {4.34)

A trial and arror method was developed to find the veluss of aij satinfying

#ll thw comntrainta vie.(4) curl sguations (ii) negative definitenses of :f

(11i) Poeitive dufinitenéaa of V. To mske this mnt'od officient and faat

the following aasurptions were facde.

(1) To ontinfy the curl sauations, the valuss of #i) wers ossumed as

ij

-y

7

1 -‘1;2
j -1,2

5
S

43
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(2) The valura of mfj for S = jend i @ 1,2 venenne wers ses:med poaitiva

except ay, which may ba negative {3) a“>( 2y J=12))> (au 4 =1,2,3)0
(a” P 5 w=1,2,4) > ( ng 1 Jm2,2,9). Agsumptions (2) and (3) were mace ¢ meks
V positive definite. Substituting thease valuss of aif, \; is tested for npgaiiw

dafind teneny,

v --\7‘51'1 p‘ifd + Vv, hid. AU h.‘lq * V\.r4 pn s Vv, Ps (4.15)

The squilibrium puint 18 exsumed aa the origin of ths aystem. Exprassions
{4.10} and (4.11) wers aubatituted in expression {4.15) for e cat of triel values of
8,5 sntisfying all other constraints. Considering the different states sd aiffazent
co=prdinates in ths atate apace, the derivetive of the Lispumov functisn \?, way Copl-
culated i atepe for all pogsible values along the oo ~ordinate £ {(osy) Itaq.unc

ig,iq .- 5 constant , The Limbting value of the d tes
value of the ntutms/:lfd was found where V becomes just positivos Tho procedure wes
continued, teking variations in the states along all the coeordinstes for a perti-
cular set of sij's . Thup the bounardy atates of the etability cem~in sra obtained
outside whith the oystem bacomas utstable. Tha computer program for testing poritive

definitenean snd nagetive definiteneas ara givan in gppendixz 3.

T valuss of alj's arm

5.872 4,025 ~1.28 «1.0 ~1.0
-4.025 4.028 1.28 2.0 1.0
-1.20 2.26 1.2 1.0 1.0

- 1.0 2.0 1.0 1.0 1.0

- 1.0 1.0 1.0 1.0 =-0.202
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The boundaxy stetes as aobtsined by program 6 of appendix 3 ere

i T m 146242
e
i = 1.003
9
- n = 0,047 {4.16)
5 = 2.3&2

The Lispunav function s

. 2 3 . { - -
v'- 9.9235_ %99 + L0272 (-1 e-i_.d)z +« 0,12 (‘-.‘I.‘Fd# id + §g )2

rd

* .S { i * +.i. «n =0.202 )2

pa *rg + 1

The devivative of V i

V = ( 5.872 i,

wd00548d «1.204 en =8 )
A 1 )

£
{ -0.40012 gy = 22,233 4d » 369.7 iq « 296.44 ain S ¢ 369.7 iq )

+ 8,025 5d + 1.8 iq +n + 8 )

+ { =4,025 § .

fd

i .
(«0.15191 4., = 27,376 id ¢ 455,22 iq ~ 360.0 8in 5 « 435,22 4q n)
*l-2ME & 120 Sd e 1.28 oig #in + %)

ALTL.3TT8 4 .4 " 451,406 id 22,672 iq - ap_s'.p Cosd » ATL.ATYS i fdmasz.uns idn}

+(-ifd+ fidedqgens & E’M?
(-0.0936 &, dq =~ 0.0406 idiq + 0.1532)
$l-i  +idedgane -u.znzégﬂ){:m.n n)

i

1€ can be engily seen thet tha V function is pogitive definite for all

k

veluew aof the gtatos, but the V function ig ﬁegéiiiva dafinite only &n a region in tha

naightourtood of the equilibrium states. The boundary stetes for atable oparstion is



stown in {4,16) . This is quite mpected, if the disturbance or feult is ssvars
to puch the mzchine ststes beyond the critical valums, tha system will definitely

be unytable. An idre ahout the rangs of stzble operation cen be cbtaines from tha V

function.

If a disturbance ecppsars en tha system, the atates will bs pezturbed from the
aquilibrium point end the mount of pa‘.“‘-‘ntbatinh will depend cn tha pagnituds, durse
tion and twe of feult, However thess informations, on dlaturboncs pre not necsssary
for detmrmining atebility. The V function (Lispunov function} has been expressed as
a function of aysten states which oay be messured and metered directly or indicactly.
% a wchess may ba devalopad using weall computing davices (enelog or digital)
svalunte th-‘ energy Tunction end Ats derivative which g alwe # function of the states.
% long am the V function is pu:iﬁvn ;ndl its darivative is nagotive , the eyatam i
stable. Any violetion of this condition will mzko the system unstchie and proper sction
should ba taken t0 remave the machine from the rost of ths syates or ohy other suparvi-
Ty conftyol to stabilize it should be attempted. The pivcedure suggentod :anlﬁn illupe

trated by 3 figure.

. SYSTEM
INPUT . DUTPUT
% =Ax +BU , >
P
. STATES
COMPUTER
EVALUATES v,V AND

MINITORS INFORMATION
ON STABILITY .

BLOCK Diacram OF AN ONLINE AUTOMATIC
CONTROL DEVICE FOR A POWER S¥sTeM

FIGUHE 4.1,
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“A 2

Sel Introduction

i P
In the previous chapter, the stability of the aynthnnous generator
infinite bus system was considered uithput taking ths wvoltage regulator action

‘ ,
intc considerations In practice, s synchronous generator is equipped with autc-

matic woltage regulators having terminal woltage feedback. Sometimes, additional
internal feedback loops in the reguiator and exciter are provided for tight loop
stabilirstion. The modern ternd is tn.have higg gain fast acting solid state exci-
tation systems for power systeme This thﬂugh is helpful in regulation worsens sta~
bility of the system because of 1ntrnduct10n of high gain in tha forward loop. It
has beep found that introduction of sdditional stabilizing signals proportionsl

to speed deviation end acceleratiunjof the system with fast acting regulatind

devices can improve gtsbility subatant:l.allyL.'z ted

Wgt)

+ | S
“tr R‘f:oel:J AGEOR AND — Fed Sy NCHRONOUS St
—“—>€>— LAT > :

M - EXCITER | GCENERATOR

A 4

FIGURE Sel SYNCHRONDUS GENERATOR CONFIGURATION WITH
VOLTAGE . REGULATDR ;

The dynemic equation of the 9ynchrnnuus generator with s voltage regulator

hag bsen given in section 3. Cnnsidefing a single tims constant for the voltags regu-

letor end sxcitation system. These e&uétions can be rewritten as
1 -
X(0) =¢ [ x(t), u(v] (5.1)

.‘ "J
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where the statas ors tha different currents, eperd daviation and engular position
of tha genarntor end the sxcitaticn of ths genprator. US (t) i» additional atabili-
zing mignal, ugunlly functions of méi_vuacity accaleration etc. Thesa when li-

Neatized about wteady oparating point con be exprevsad as

R (0 = A X(0 & B e (5.2)

when the nme atates X(t) are ths deviation of ths original states of sgquation

(S.1) from the squilibrium point.

el withnut biliy

R

The aguation of the :linaat:lzﬁ& ;ynchmmup sachine with excitation schems
in gbaenca of the utahnizinq suxiliary sigel.
XGm & x (£) B | (5.3
This ia ths fres dynewic pert of squﬁticn(ﬁ-?l-- As hop bsan discussad, sinca the
A matrix conteina o high gein terw of 'thn -ancitation syutem, ths oyntem is inherently
han very litile atstility limit. The range of the exciter gain Kr. for atable opars-

tion of the syntes, is under investigation in this section.

!-..

The A matrix for tha undar sxcited cperoting condition aof the synchranous

wachine given in appendix 2, is . 1\\
-0.40013 «22,233 3%%.7 - 0.0 144,52 0.711 ]
~0.18191  =27.376 455,22 0.0 -1B4.155 .27
iNn.37TTs «451.406 22,672 Q.0 - 263.8 0.0
Ao | <D.0687 0.02988 0,219 8.0 0.0 0.0
0.0 . 0.0 0.0 370 0.0 0.0
_z'r.'ma k12,2572 kr 2.52¢ kr. . 0.0 \ «22.59 kx (1,003 kr - an.c:




The procadure for finding the Lispurov function is similer to that of the

linsorizmd aystem in gection 4. 1f the matrix squation

AP e PA ool | | (545)

can be solved for a positive dafinite real symoatric matrix P, then the syate ia
gtable. Tha P matrix is aseumed to be of the form

Po Pa Py by Py Ps
P Py Pa Pg Py Py

P Py Pya Pi3 Pla Pyy

Pa Py Pi3. Pes Pa7 Fas

18 P Pay

-

The natrix equestion 5.5 ie arraonged es a set of 21 sinul tanecus cquﬁtiuna.

1t can ba seen that sll thase squstions ors function ofthe gain of tha excitation

aystes, K-:.- since the A matrix is 2 function of kx. /
The gimultanecus sguations sre

-0.680028 Py -n.maaz-pz + 342.?_55 Py = 0.1374 Py *+ 55,59662 kt Pg = - 1.0
«22, 233 pl - 2T.TT61) p2 - 451.406;:3 0 0.02988 Py = 12.25?@6 k:
~0.15191p, + ATL.37TSp, = 0.0607 pg « 2T.790%, k= 0.0

369.791 + 455,22 p_ - 23.0721!&)3 -0.211p4 + 2.5 pﬁkr - .1.'1191pa

2

= 3,15191p + 27. 7983 krp =00

=N.40013, + 377.0p ¢ 171.3775p, , ~0.0687p, 18

6

8 9

=145,52p, -104.155p_ + 2638p, =0.40013p. -22.53p - 0.15191 p
1 2 3 3 r 10

* 1T0.37T5p | <0.060Tp, . ¢ 277983 p k= 0.0 .



I

. Py

o .4 w3 o =B ol ‘ . L YL M | o aly
44,8660, -9, TS, 9028025, +0.05976p, -20.5044p k= =1.0

#
369.7 Py -22.233::3 * 455.229? -S_I'I.Btlﬂpﬂ -0.!11;:9 + 2.521 kr Pyy

-.dﬁl.dﬂﬁp17 * ﬂ.B?Q&Eipla * ‘12.257&115 . = 0.0

t

=22 233p4 -27.37699 * 3??-me 831,406 Py * O.ngﬁﬂpls

- 120257?;313‘(1' « 0.0 l..

-149-5&)2 -22023395 ul&ﬂ-lﬁ%v -* 253-3]:8 «2T.376 plﬂ
~22.5%m,, . -451.406p, , + u.e:spa Py “12.25T2 ks p, «0.0
B.Tlp, «22.23%, + 0.2Tp, + (0.003 kr - 107.376) Pyy

~451.406 py g ¢ 0.02008p,, » 12.2592 p, k5 = 0.0
1%3.¢p, + 910.44p, ~45:344p, ~0.422;  + 5.042p, kr = 1.0
369.7 Py * 455,22 Py -‘22.67@13 tl"ETT.Dpld -0-2!1;)16

- ] . ! . - i )
+ 2520 kr g = 0.0{-149.521, & 369.7 pg ~ 184.15%p;  455.22p, ) ¢ 263.8 p,,
“22.672p,, - 22.5%kr pyg ~0:211py, + 2,521 ke Pay = 0.0 '

0.Tlp, + 369.70, + 0,27, + 435,22 Pyy * (0,003 kr - 102.682)p,

=821 pyy 4 252 kr oy ‘w D0/
]

Tﬁﬂpl.r u =1.0)
"149-5b‘ -lE&.lSSpg » 2&3-5 pl3 ;_"22053 kl‘ plﬁ * 3?700 plg = D.G

wIN) 7 : ‘
0.7lp, » 0270y + (0.003 kr <60.0) py, + 37TuBp, = 0.0

-] ‘0.003 IH.' -BD.D) pm -32053 ur pE’ -] 0.9 .

1,422 pg « 0.54p, | « (0.006 kr - 160.0) p, = ~1.0 (S.6)

g1
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cege 1 Ewcitar gain (kr)

The A mntrix is

F-ﬂ.dﬂﬂl&

| =015
{ 1m.ar7s
{ -n.0687
1 0.0

| 55,5966

«22.233

~27.376

-451.40508
0.0299
0.0

24,5144

Tho 'P? metzix iw

(8.366

-6.87

0,001
66,78
8.616

0.0456

=6,830 |
9.621
-0.000)3
.93

~7.019

~.0371

!

[ ] -2-0

365.7 _

455,22

»22,672
={. ZTI!I
0.0 |

-5.042

~0.0024
<0.0003
0.0346
-4, 465

~0.0276

-0.0008

Y
U
66,7888
T1.937
:"_f
-4.4654
364%53.687
=0.0013

«0,094

~149.52
~104,155
263.7998
a .q
2.0

45.06

B.626
~T1.0154

| 0.0276
«-f).0013
11.296

0.0552

5%

8.7
0.27
0.0
0.0

0.0

=-80.005

0.0456
2.0 |
~0.0005
«0.094

0.0552

Tha valus 0f the guccesaive 'print:i.pal' minare of the 'p* metrix are given below.

b, = 8,368 >0

11
922 = 0,259 >0
033 = .06 >0
O = 242.3550
fgg = 552.76>0
Nee = a3 >0

T

The 'o! watrix is poaitive definite real amatrﬁc g0 ths system nith

K. w-2,0 in stoble.

r



b

~—~

Thw Lispunov function is

Ve B.366 (A1, 07 ¢ 5621 (A2 12+ 0.0M8 (A 1q)2 + 36432.89 ()%

d

e 20,208 (05)° « 00065 ( AE, )2 < 23.676 Aty Add
002 AL 04 - ABNSTIG Ady n e AT.202 ALy 45 + D092 45, 0E,,

«0.006 AddAiq + 141,074 Add n  =14,0388 AidAS -D.0742 AL AF,
»8.9308 A :‘l.q n 0,0552 Adq Ag-u.tmuq AE,,

0,002 n AS 1188 N Agrd + 01208 A5 A gf_d

which is positive for ell valuss of states not equal to zera.

2

2 2 2 . 2
d +A1ﬂ +n -I-AS+AE-rdl

. 2
Ve = ‘Aifd +* A i
which is nagative for all velues of statas.

Cane =2 Exciter gian (kx) e-3.8

The A matxix is

~0,40013 -22,233 35,7 0.0 ~149.52 0.7 |
~0.1519 -27.376 455.22 0.0 «184,153 0.27
17,3775 «451.4058  -72.672 0.0 262.7996 0.0
-0.0627 0.0299 0,211 0.0 0.0 0.0
0.0 0.0 0.0 3TT.0 0.0 0.0
«10%8.6335 46,5773 -9.5795' Y p.0 85.614 -an.nuaJ

53
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cam A

—

=

The P watrix ia

27,35 2424022
20348 S259.67
0.1216 0,01
432,99  -4247T.6.;
~303,%6 N6
.05 1.073

0.1246

001

© . 0.009)

198.06
0.84

D.UDI.? r

4302.59
~4287.6
198,06
1644904.0 .
~0.0013

12.735¢

-303.38
311,36
0:04

~0.013 .

=509.74

=2.3704

=2:3704

54

1.48
0.co17

«0,.0049 J

The valus of the puctensive principal minore of this *PY matrix i

Forn ™
Oy . ==m735 <O
0, « 9laa > ? .
DQ!B - 2.233 > 0 -
0,, e 307MLS6 > 0O
s w asmaz S0
Oy & 945016 ';fo "

r

Pt motrin is O positive definite real symmetric eo this aystes with

kr w =).8 iz unptehle,

—
r - v

Croe - 3 Exciter gain {kr) -J-ma.o

The A matrix in

-0.40013 22,233
-0.12519 212760
IM.ITTS  wa59.4050
~0.0687 0.0299
9,0 0.0
-0 2205.72

-

;381
455,22

~22.612

D211

0.0

- -

=232.1

0.0

0.0

0.0
211.0

G.0

=149.52

=184.155

263.7998
0.0
0.0

2252.99

0.71
0.27
0.0

' B.0
0.0

«80.3




—

The "P* patrix in

.

:1.1419 -33.%5 0.024 ~144.67 -17.013 -3.0066 N
33,55 27.43% -0.0068 «162.97 13.7998 0.0045
0.014 -0,0088 0.2055 9.6948 «0.0495 ~0.0204
144,676% -162.976  9.6384 | L00190.19  -G.0013 © B.7532
~17.0% 23,7998 <0.0495  -0.0013 ~33.515% 0.0043
-0,0066 0.0045 ~0.0204 G.7%32 0.0043 0.0062

The valus 0f the succesaivae principal minory of the 'Y matyix atcording

to the eguation (2.76) evxe

o, , » 41,1429 5> O .
O, w3626 > 0 '
By, ~0.£5m > 0

D,, = ~BA071.2% (0

Ugg = 3416262 >0

Moy = 14394.695 ) O

'P' matrix is not positive dafinite real symsatric so this syntem

withk o <200.0 is unuthbie.

543 Llinesgized eodel with etahilizing signal,

The squation of the lensarized syntes considering the cuxilisry ste-
biliring aigoal fe

X(t) wA X{8) ¢ B W (e (5.7)

Lispunov atsbility, os guch, is tha atnh.i.lit& af tha frea dynemic
system. Tha effect of the irput or contiol texm cen not ba teken into

coneidaration.
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Stability of » driving ayatem gives rise to tha conecept of bounded input
bountad output stability which meens that if the Snput & syatem belongs to
2 Mounded sat, then for atabﬂ%ty, tha responze will also be bounded. This in

. ’ ' L3 1
other word e ; for stable aparation, Af . ;

| u, (0 r':z:’_;_ M

Then ” xw] <« w
Whers ¥ pnd N balcﬁgé i a2 gat of boundsd nushoarg. Th.is type of gystem otebility

{ r

is outoice the scope of tig tf}rm.

A mpaéial t_vp.u of ‘thn"aUxiliary atebilizing eignal; viz m Faadback darie
verl from the mtdr'.wﬂ.ﬂcitﬁ of the genarator, hes found importence in excitation
system of modorn .rmh.mr ayatu;j. ¥oet of the tise, ths rutor veleszity is not
dirvctly fad back, A purt.icula; etudy releted. Us to be 26 tiops per unit fre- |
qusrty devimtion. fd'x-'n.atia%’?ctary ysten nperatian.(s) Cheiee of this perticular

fredharck convarts the taaun;;!r:ﬁ input boundsd cutput probles: given by equetion

{5.7) to & Lispurav probles with a difforent A matrix i.o.

Xt) » !kq- % (%) {5.8)
B ) [ ':k 3
The Ay watrix oo « furction of sxciter gein, Kr

[ ~0.40023 -22,233  369.7 0.0 ~149.52 0.731
~0.15191 217  485.22 0.0 «186.155 D.27
172.3775 ~A451.406 :-.e__a.airz_ 0.0 2638 B.0
-0.0687 d.n’ma -9;211 0.0 n.d 0.0
0.0 0.0- u".’é{' ML 0.0 0.0

| 27,7983 kr 12,272 ke 21 }:: ~1600 &y -22,53 kr to.aaa-an.‘n)J

for positive definite real pyRretric matrix P the eguation
. . ' . V‘i / -
Al Poe PA el
1  Phy -



in anlved. The reot of the procadure ia sams an befors.

Cage=-1 Exciter gain (K.} = =20
A1 matriv im
i -12%a0013 -22,233  3@.7 © 0.0 149,52 0.11
=0.1529 -27.376  455,22! 0.0 184,158  0.27
171.3775 “451. 4 w22,672 0.0 263,799
LR - 0.0%9 ‘-0 0.0 00 0.0
0.0 0.0 90 - IO 0.0 0.0
| -5.5066 za.s:.aa_:'_. '_;“-s.uéz' IZT0.0 45,06 ~00.000 |
The "#* oatrix is i
[ @.0a81  -7.2327  -0.0019 -7:1.9313' 9.2438  0.0482 |
~7.2327 S5.9481 00002  77.0320 -7.525'5 ~0,0352
D.0019  -0.0002  0.0345 - - ~4.9946 -0.0288  -0,0005
-TLO3M4 TR0  -4.9946 006377 ~1.3474  D.1566
9.2438  o7.5295 <0.0200 . «1.3474 12,0789  D.0%06
0.0482  .D.0391 -0.0005 . 0.1586  0.0586 0.0065 |

Tha velus 0f tha successive pt.inicipel n-inbm af thig 'P' matrix arn

U"

22

033

qdd

3]
EE]

4]

65

= 9.848)
- 0.2817
« 0.0098
= 205.89
= 650.36

- dtﬂﬁm

7 0

> 0

L3

> 0

[

> B

>0

]
+

13
4

-



The Lispumov function ia

rd

Ve 0.8000 (A £)2 + 5.9401 (Aid)2 » 0.09 (A 1)2

+ 20633,77 n? & 12,0789 (45)2 + D.0065 ( AE, )

~ M.46%4 AL

¢m.4375A1fdAé + L0964 Aifd .Acfd -n.oundaid Aiq

fd

d

A, - 0008 Ad

d

AL
G

=143.0628 Ai__ n

fd

! oL A | 7 - L] ---
+ 154.06 A4d 15.059 Aid‘ﬂ‘s OﬂﬂﬁzAidAEfd

=9.9892 A4 n - 0.0576 A4 A5 - 000124 '
qn 1.057 a 4 AE‘,ﬂ

«2.6948 M A6

which ia positive for ell value of stotes not egusl to eero.

2
Vo Z.\.i.!‘P

o

+ D.172 n

2
tAid

A By

A 2
q

ﬂzt

which ia megative for all vealues of siates.

Caze 2 Excitar gain (Kr) s 5,0
*

&

wmetrivx in

«{),40D13

-ﬂ-lﬁl?

g T
17,3775

-11.,0687
¢.0

' -22-233

! il?.?. 316

-451.40%0

0.0299
0.0

61.2060

369.7

455,22

~22.672

=0.211

1.0

«12. 605

3

G

*. 8000.0

fd

T
AS + A r.'dz )
-149052 0.711
-184,15% Q.27
263. 799 0.0
0.0 0.0
0.0 0.0
112.65

- =80.05.5 J :

1
!



T +250.3374 A i?d AS « 1.199 A4

The P matrix is
rmx.u‘r -f2.9212
~02.9212 68,1405

-0,0340 ~0.0044

~1A95.9771  1649.65
12%.16 101.63
D.5995 ~{1. 4852

From equation (2.76}, the

tiig 'P' watrix are

n = 101.11587

11
Cope  » 14,36
D,, = 0.5243
Oy = 4T009.84
O = 207379.69

066 - 128%.72

b

7

«-0.0340
-1, (1044
0.0439

-T1.33

=0.3449

-0.0019

=1695.97 125.1687
1649.65 -101.63590
«71.3%8 =-1.3449
594730.43 102.307
102.% 167.91

~4.0213 0.7832

05495

«{}. 4802
=0.0019
=d.8213

0.3z

0.0099
.

valuss of the successiva principel vinors of

0

0

therefoxe the P matrix is positive dafinite resl gymmetric e the system io

stabl e

The Lispunyv function ig

Ve 1012187 { & ifd}E + 60,1405 ( A .i_dll’ + 0,043

¢ 504730.43 n‘? + 167.91 4 5% +« 0.0099 (A EM )2

=165.8424 A ifd A id

fd

~0.068 A ifd A iq =3351.94 A i'fd n

A Efd ~0.0060 Aid

* 3MW.9 Ad n -A3.2T96 Aiddé ~.9784 Aid .{\Efd

o

=142,6616 A iq n  <0.6898 A i.q A & ~0.0038 A iq AE

+ m‘.ﬁld n Aé

1d

d

+ 1.5668 A5 A Efd

2
(Aiq)

A g
q

59



which is poaitive for all vslues of atates not squal to zaxo

60

T { Aide . Aidz - A‘i.: - n2 ASQ' oAEfdz )
which ig nagative for all values of atatss.
Case-3 Exciter gain (kxi - -IDU.D."'
A, matrix s
[ .oy 22,033 369.7 0.0 ~149.52 oo |
=0,1519 =27.376 45:3.22 0.0  +~104.155 a.27
MTLITTS -amLa0S8  -22.672 0.0 263.799 0.0
A, -a.0687 0.0299 .21 0.0 0.0 .0
0.0 0.0 0.0 8@ 377.0 . 0.0 0.0
| =2779.83 1228, 719 -252.1 | 160000.0-  2252.8 «00.3 |
The 'P! matrix is
[ s6.52 -4T.3 0,087 263044 «3.06 0.065 |
~47.31 39.72 50805 221.53 - 2.90 ~0,0554
0.0870 0,085 0.2015  ~16.12% ~0.555  ~0.0229
Pa | -26%.00 2231.53  -16,32 19142.12 906.07 w2130
-3.0607 2,903 0,555 908.07 20.8% 0.099
0.068 =0.0554  =0.0229  -2.139 Vn.,nss 0.0045 N
The valuss 0f the successive principel mirors of tﬁig P matrix are
o, =35.52 >0
D, =6.742 >0

D =» 1.62&7 >D-,

« 99524.30 >0
D.. = 1%31361 >0
= 809600.59 79




Therefors the 'P' m-trix is positive cafinite resl ayrretric so tha system

is stphle.

The Cleponov function is

Ve O8.52(A1,02 W72 (44d)2 +0.205 (4dq)2

* 191429.12 n° « 28.85 (A5 )2 + 0.0066 ( A £, )2

9462 A% AL, +0ATE AL, Ad - 3260.80 A4 T re

X B A - -
* 4453.06 :I.dn + 5.8 AldAS ~0.1108 Aid /_\;’d

-32.25844q n <110 AiqAS -0.0458 Adq A E,

+ 1B16 .14 n A5 «4.27 N A!fd * 0,198 A& Ag“

which 4s positive for pll valuew of states ot equal t9 zero

2 2 2 2 '
Vool ag; oitd® il en’ e 4s s, 2)

which in negative for all valurs of statss.

Crno-4 fxcitex gain (Kr) « ~800.0

h.' nptrin in
r =0,40013% «22.213 359.7 0.0 «-149 .52 D.711
-0,.151% =27.376 455.22 0.0 -184,155% 0.27

- 171.3773 -451.4058 -22,672 0.0 263.T998 0.0

=0.060,7 0.0299 -0,211 0.0 0.0 0.0

0.0 0.0 0.0 art.o 0.0 0.0

-22238 $005. 75 =-2016 1280000.0 18023.9% 82.4 J



The 'P' patrin is

rﬁnl «1812 -332.44 2.,4734 ~1764.86 =110.71 0.069
=332,44 285,77 2,189 15266.87 91.71 =0,07%
2.47 -2.109 15.131031 ~174.03 =20.73 =0.1525

i’ - =1T643,.B567 1%2608.87 ~174,0) 875613.3 5902.11 -1,7304
«210.71 %1.M ~10.73 5902.11 69.3 0.1757
0.069 ~0.075 «0.192% =1.7384 0.1737 D.0064 J

The valusa of the successive principal minors of thig 'P' matrix ars

Dy, = 39110 >0
nzz » 2225.51 >0
033 = 33620.% >0
U = 0.129194 £ 10>90
DSS « 0.35923 £ 11 >0
066 « 013512 €09 >0

Tharefors thas 'P' matrix is positive cefinite real symatric so the systen is stsble.

The Lispurov function ie

Va3 am2 (24,92 ¢ 29577 (a40)® + 152303 (1%

2

BT5613.5 n° 4 69.1 ( 2532, O.0064 (& £, )2

~664.08 ALy, 540+ 4.9468 AL Adq ~352BT.72 Ai, o

«4.378 Add Alg

-221,4 .
221 Z’Aifd.{\.éoﬂ.lilﬂ Ak A&"d

fd

* XJ837.74 A ddn + 183.42 Ald 4% = 013 4dd A:fd

- 348.06 A iq n =21,48 A.’lq AD ~0.388 Adq Azm

+ 0.3318 A5 AL



38/57

63

Which ias positive for all values of states not sgual to zero.

2 2 2 2 2 2
Vauwl Aif’d . A"d + Ad +# n « A8 » Azfd }

Which fa fegative for sll veluss of states.

5.4 punlinmar model without Stebilizing Siangl

Tha sguaticn of the nonlinesr mocel with woltags ragulator end axciter hos
been presented in section 3. The stabilizing signal U.'l t) has boen amsured sbgent

hers. The cparating eonditions are ttoes of the normally swcited maching given in

 eppendix 3. The equationg are rewcitisn as

o ! = 0,40017 &

24 d -22,233 id + 369.7 iq ~290.48 Sing

r

+ 368.7 iq n o+ 0.712 Efd

md = «0,15191 1m «2T.376 40 « 455.22 1q «368.0 Sin S

+455.22 iqﬂ +« 0.27T1 Efd

qu - 1713775 & ’d -45)0.406 £d ~22,672 iq ~X5.0 Coe S

+« 1737 if n = 451,806 id n

(4

Pn o« 00438 ifd + 0.040€ 3d iq + 0.1532

bs = 3Tr.00n t

be - Oa, .
"Ceq = =000 E,, 04,2 k. +fan 0w, k + 1.2

Vihare

2 Le
% *a* +aq9

e * 0,187 {5.9)

g ~0.000322% ifd + 0.01i6 id « 0.7 () + n) ig « G.0D097

Ef’d

° = 0.365(1 ¢ n) fpy ~ 0.168 (1 + n) + 0.0216 £q » 0.175

The procedurs of finding thm Lispunov functicn ie aimiler to that for
the rnonlinear system preponted in gsction 4.2, The sxpresaion for the gradient ie

assuned pe
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‘ j (Bgy Log * %4z 39+ 843 18 va,0) @

(=]

$
* ,( { .31 ifd * P2 id * o, iq * a“n gL ds
£

+ 9 (o, i *n,.,id & s iq

o 61 “1d 52 63 * o * B * . Ef d,

d Efd {5.13)

In order t© avaluate tha unkrnown co=afficient L conputar program T in
appendix has besn Used. The equilibrium point or opereting point es given in

sppendix 1 are

"l’d = 2.,473309
i « D.364341
i » 0.73421)
n = Q.0

& = 1,084M9

Caas -1 Excitar gain {(Kr) = - 2.0

Tha valum of °1 j" ara aseatchad s that the darivative of the Lispunov
function V ig negative definite at the aste tine sstisfying all the cuxl equigiocns

in tha aeme woy s in tha pravious section 4.

The values of cu'n Bre

15.4399 =11.72 «3,02 -2.92 -1.0 =1.0
=11.72 11.7T2 3.02 2.92 1.0 1.0
=312 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 .O 1.“ 1-0 1!0 1-0 -5.65
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The boundarxy states are

1, = %1213
i, «=1.602
1, = .02
" = 0.048
& = 2.14
oy = 222

From aquation (4.9) the Limpunov function is determined. The Liepunov function ig

Ve 235998, 2 La35(-4_ +id)° +0.08 (ed, + 1d e %’2

d d

} 2 2
+ 0.96 ‘.'ifd‘ “,‘tq*n., | + 0.5 (-:I.fdf:ldc-iq-o-nc- S-S.MAEN)

The derivative of V ig

Va (16.499 ’Td - 11.72 id - 3.02 1q - 292N -5 zfd,

+* ‘-11172 ifd + 11.7T2 .ld + J.02 ‘-q 1"2.92 N+ § cfd,
(-0.1519 1m -27.378 1‘, =368.0 34n 5 + 455.22 1iq n ¢ 0,27 Efd]
+ (~3.02 oy #2.024d+2.024q¢ 2.920 & 5 4 £,d)

(17,3775 !fd «~45).406 id =22.672 Siq - 05,0 Con $ + 1T ITYS "fdn -43).406 idnl

& (-2-92 1fd + 2,92 4d + 2.92 ’.q + 2.52 b + & L J Efd’

{ -0.0936 1“’ 1q + 0.0406 id 1q < 0.1%32)
Oluifd,‘ldqpiq#nf 5 + Efd)(!!??.ﬂn)
| -ifd +ideig+n+ S 5,66 Efd’ {-80.0 Efd «84,2 kr + 00.0 N ky

k- + 111.2) .
T



It ig clesar that V is pogitive diﬁnltn for all values of the statew. The
-}
V function ig negative dafinite only in a seall which ies the steble regicn of
oparation of the machins for this porticular gsin. Test on V is thna by the com-

puter prograe 8 in sppandix 3.

Cese -2 Exciter qain (Kr) w 4,0

It was not possible to find & awt of a4 yhich would maks V negative
definite satisfying the Curl squationa st ths sope time. From the ronlinsar wodel
it {3 not posnible to of firm the instebility of the system beccues tha V function
gives only @ sufficient condition. Failurs.to find o postitive dafinits V with
negntive dafinite G coas not necesnarily mlmn inatability of the ayatem. Howsvar,
the linerr atalysis giveg s necensnry and sufficient condition on stobility,which
gfowed that for K: D =1.8 the systen iz ungtshle. S0 there ie ovary reason
belisve that, in this cram, failure o find a positive definite V wes dus to the
ingtability of tha aystes. Any other gein higher then this valum aleo gives

valus niso give similar result.

3.5 Monline~r model with Volteqs regiolator and Stabilieing sicnal
The squation of the synchronous generntor infinite bus eystem provided
" with an excitetion system which hea sn puxiliazy stebilizing edgnml derived from

tha rotor velacity is

'b"fd = =(1.400}3 ifd

* 269.7 ign « 0.712 Efd

~22.233 id + 369.T iq ~200.44 GiUns

bs.d - 015191 4,, ~27.37 4d + 455,22 4q  ~360.0 Sin 5

e 459,22 fgn + 0.27T2 !'fd

&8



by - ATLATTS & gy~ 451,406 &0 ' 72672 4q - 305.0 con

d

¢ 13T 4y A Fenane T s tvisa—

pn = 0.09236 ifd ig + 0.0406 id iq * 0.1532
! il
] ;

pPém ITTe0 n

- Zﬁﬂﬂ n kr- Bﬂ. Efﬂ- ﬂd.? kr L ] Bﬂ.ﬂ ﬂt kl‘.‘ +*» ul.'c‘

Peeq
Vhers

el 2 2
Ut - f d * lq

., - 0.0003225 ,if + 0.0116 id = 0.1T (1 + n) :i.q + 0.00857 Ei’:‘l + 0.207

d
. - 0.365 [len) if’d - 0.064 ( 1 « n) id ¢ 0.0216 4q + D275 . B
' L {5.14

T 18] : 14)
The stsbilizing signal u‘(tl is taken aa 20 tires the per unit apeed

doviation, -

- [

The procedure for generating and tuting.tha Liqn.&'nv function in sinilay

L. thét of the praviosus assction.

The valus of a j

6.721 -4,729 «3.02 - «2.62 -1.0 ~1.0
-4,729 4.7 .02 2.62 1.0 1.0
-3,02 3.02 3.02 2.82 1.0 1.0
-2.82 2.02 2.82 2.82 1.0 1.0
~1.0 3.0 1.0 1.0 1.0 1.0

-loﬂ l.ﬂ 100 K 1.0 1 -0 0-029
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Cane 2 Exciter gain (Kr) =~ «2.0

The boundary states are

‘\"d « 6.2232
id = 1.T22¢
i a 0.,9647
q

® w2102

The Lispumv function is -

V-U.”Si'd 00.854(5.“01.’} + 0.096 { 1“'0-161-1(!1

+ 0.914 ( "'f‘d

which im poaitive definite for all v-lues of states.

2 .2
oidq-iqo-n? + 0.5 I-i'd+1d¢iq¢h'+ 5+ 0.029 Efd,

The dexrivative of V function dis

Ve (6,721 Bgy= 4729 4d = 2024 -2.82b~ & o)

d fa

(+0.40013 1, ~22.233 ¢ « 369.7 & ~296.44 Sin 5« 369.T iq n ¢ .70 Ep

+* (-4.#.729 if * A, TH 4id ¢« J.G2 iq ¢ 2.B2n+ & + Ifd}

o
{~-0.1519 ifd =2T.376 30 o 455,22 ig «)0R.0 Sin & + 455,22 :l.qi'l + 0.27 Efd}

+ (=23,02 ifd * .02 8cde 3.021g+ 2.82 b » $ . Efd}

(A7 3778 ifd «451,406 id - 22,672 iq -305.0 Com S & 170.3778 i'dn-dﬁl.l ldﬂ)

¢ (=2.82 ""fd + 2.02 id e+ 2.B2ig+ 2,82 ne 3 . Efd} ‘

{ «0.0936 .'l.'d iqge 0.0406 & + 0.1532)

d"q
* | ""fd ¢ 1:1 ¢igen + 78 . ¢ Efd ) (3770 M)+ (- 1pd +id+ fq+ N+8+ 0'0295@

{-=1600,0 » kr 80,0 € d «B4,2 kr + 80.0 m kx. « 111,.2)

r



Which i negative dafinite within the regdcn specified. S0 the systes cangidersd

with kr w 2.0 is stnble within this region.

Cane-2 Exciter gain (kr) =« 20.0

The boundery atates are

1,, = S-T21
1, =1.628
1, = L0021
n = 0.042
& = 2.02
£, =429

The Lispurov function ie

2

2 2
g -|-.ld} + 0.096 urdi-ido i.ql

Ve 0.999 3' * 0-55‘ ( -i'

d

2

. ‘ S 2 :
+ D914 (-1' +1d+iqoni 0.5(-.i.'d0.id+.lq+n+ .«5-1-0.0295“,)

d
which is popitive dafinite for all values of atatas.
The derivative of V ias

Ve { 6,721 1,4 =478 1d'= 2024 +2.02n, - > - €y )
{-0,40013 i’d ~22.213 id + 359.7 §q - 290.44 gins+ 369.7 i.qn « 0. 711 zmi
+ (=2, 79 ifd 8,729 5d+ 3.024g+ 2.82ne+ 5 - tfd’

(-0,15192 "I‘ =27.376 id + 435,22 1q «-368.0 sin 5 « 455,22 1qn + 0.27 Efd)

d
+ (=3,02 :lfd + 302 5de 3.02iqe 2,821 S + Efd)
{An.arrs im -451.406 1d - 22.672 iq - 8.0 Coa s & 17,3178 1“ " - 4%5].
406 1d n)

+ (-2.82 foq* 282 id + 2.82 lq «2.82n + S <€
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{-0.00236 Log iy * N.0406 id iqj 0.15323

';(..-31, +id +4qen + ':@S s Ee ) LMD w)
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4»(&-1 +§.d+£q +n+ 8 +« D029 £_)
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' :/
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" Which i.s; nﬁgativa def’ini.te u.teh.i.n the uglnn spea:i.fiad. Sn thia ayaeem eonsidered

' uith kr - ..a:l.a ig atehle within this ragiun. ,
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Cose =2 Cxciter goin f(\h)
: L)
The hmmdary ptnten ste __!
s,"fd = 3,024 @ ‘
i, = 17420 , ]‘_‘.\
£ w0073

q
S = 2,0m
Efd e 3,

The Liepumov function is F\\

Ve 0,995 s.fdz - ﬂ.ﬂﬁm -3 )/‘J.i.d 12 & 0.096 ( -i q* id « iqia

g .
+~ 0.914 I-i o * id ‘Lﬁf n ‘} /D N l-i +- id s iq +n+ S e 85.029 Bfﬂ)
TR |
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Ve ‘6072‘ ifﬂ o d.m id - 3.{]/,“\ 34 2 82 n = 5 - £}

fd
“{=0.40013 ifd -22.233 id « aﬁgm Qq ~ 200,44 Sin S + 369,7 l.q ne 0.70 E )
o N d= TN o
* {4,729 i, + d.'f?9 id» 3,02, 1 e 2.02 n + & + E.0
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“which ie negatiue definite wl,th the" rﬂgion ﬁ:ecif':ed- Eo the syntem sonsidercd

i,
with &hm nr o «200.0 §o atablu iuith!.h this regiun.
x - Y
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5.6  Sumpry of & Lg T ~N
mne fector of intamet .i.‘m atéhility“:study io the effett of wltag

ragult-star gain on .sygten ltabﬁliity.ljrha tegulator godn wes varied from =1.0 to

1000.0 for bath linmarizad end nnnl.imaar n:jsl with volisge zegglamt ond stabie
g
fuzing aignaln Thra xeaulfa are sm'rmrized i.n the i‘allnm.ng teblBts.
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s )

CASE ACGUWLATOR  CONYROL SIGNAL SYSTEM CCNFIGURATION STABIL‘ITY
GAIN
o = [EXCITER NG }_ﬂt,
1 w20 Witage Regulator only - VoLT. REG. dial Stabla
: o 4 [ EXCITER SV NT. =3
2 =2.0 \hltﬁgi Raguletor with 7~ - voLT. REG GEN. l'_
atabilizing eignal Stable
{ ety EXCTTER SvYNC. [
- . -.“J LT &, G-EM,
3 =3.0 witage rogulator only Unateble
Uk 18)
. €y +’ EXCITeR SYNC
4 «2.8 Wltage ragulatox with |  LYOLT REp GEN:
stebilizing signad Stabila
o ' €rr EXCITER SYNC cy
S «=10.0 Voltags regulstnr only | _I VOLT. REG CEN Ungteble
o Cer Wi+ rexeER Y NGr et'
6 ~10.0 toltage regfulator with VOLT . REG, HEN
otabiliring signal Stable
iy EXCITER SYNC.
7 «100.0 Voltege regulator only voLT. REG. GEN. Uhatable
A € + Exc:%'s'g EYNC €y
B =-100.0 Whltage ragulstor with 9 teoir esc seN
ptabilizing signal ' Stable
. = EXCITER SYNC €ty
) ~1000.0 Voltege ragulstor only - VOET, R Bt GEN Unatable
. ) et.rusr ) EXCITER SYNC, e
10 -1000.0 Voltage ragulator with —— e cen. |
atabilizing atgnal o P Stabla

Tﬂblﬂ 5.1

Linparized Model.

-



REGULATOR GAIN  CONTROL SIGNAL

CASE FYQTEM STABILITY
CONFIGURATION
Ty EXCITE R SYNE, a3
1 ~2.0 \ibltege regulator only -i vou. REs EEN 5¥able
o st —
2 «2.0 Wbltage regulator with—o— o e H SINC ]S+
Stebilizing mignel Stable
o ) qr EXCITE R syNa, E¢
) B =l jvoLT. gEs EEN.
3 wd 0 Voltage regulator only ‘ Ungtable
' us(4)
1 €y +J‘_ exciTeR | [ svwe, Ex
4 4,0 Voltage regulator with | MoReel LEEN
atabilizing signal Stable
- . R0 ExciTeR | [svne. €
_ —[ |voir. REG GEN.
5 =10,0 wltage regulator only Unstable
U ()
7 7 €y -rﬁl’_ ExcIte R sYNe, = ‘*
6 =10.0 \k:ltaqe ragulator with - |vor res eEN,
stabilizing signal ‘Stable
: Gy [PXaTER]| [ svwe €e
7 «-X0,0 Vol tage Tegulator only | |vour, REe GEN ‘Unatable
’ Uy (4]
ey Tl Texciter Sy Ne, €
8 -0.0 . Yoltage regulstor with ™| [var. Res | | €EN-
stabilizing gignsl Gtable
' ' ey EXCITER S wrC, €y
—_—
g ~1000.0 Voltage tagulator anly| Lo Ree | RN Unateble
“s(H
e, 7 EXCITER | | Sywe, e
10 -1000.0 Voltage rogulator with| [oor keé | | “=M
stabilizing wignsl Stable

Table 5.2
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6.3 _Loncluasong

Tha sacond method of a Lispunov was ussd to find the etability of a
-ﬁﬁmmﬁd 'ﬁm&amr infinite bug péwur Bystem squipped with golid stete eaxci-
tation cystes ond having provieion for auxiliary stabilizing eignal. Both mone
1inear end linearized model of the originsl systen squations were tonaidersd.

The linaarized syatem i valid for only gnall perti::hntion about the equilitirium
state. Though the mdgtence of s pogitive definite P metrix gives necesgsry and
suf;?icirfnt condition for the stability of the equilibrium point, the linearized
systen gives only :stabilit_; it the gmall becaunm of the small perturbation
condition.

A varisble graciant method originaily suggested by Schults and Gibson
was used to find 2 Lispunov funetion for the nonlineor gystem. This io en iterstive
mathod, the nunber of searchs for the porametera depending very much on guess work
satisfying , ef-esusaw, ceartain constrsinta. A aet of computer routines were devow

loped %9 giva an afficient convargsnce.

lse of high goin static excitation systes, thiough very ruch desisabla
from performancs uiminf, is detainettisl to atability. This is taken cars by
using sn additicnal atabilizing aignal. This atebilizing aignal though oftan a
function of rotor valocity and accuieration. only that darived from the xotor
velacity wes utitized in this woxk, bacause t'at can be smeily sccomodeted in the
Lispurov probl mm.

A factor of intarmst in this gtudy waas the n!f‘fect of the regulator gain

on synter stability, It was observed with both linear end nonliness models that



the ayaten wap .tgblg for a gbin (magnitude) of wto 4. Any further incrscae
rasultad in an unstebla situation. Use of the stabilizing aignal, hmmuai',. |

incrmagnd the dempin of attraction keeping the syatew stoble for significantly

largm wnlum 0f axciter gain.
i

The second mathod can be used sa an omeline mathod for finding stebility
of & synten. The fictious energy function V and its derivative sre mpressed

directly as functions of oystex stoies which are often masssursble. A smail analop

b
or digital computer may be quite sufficient for this purpnae. The wtability of

the systen con be dotermined by testing V function and Lts derivotive for s partie
euley valus nf statup by this nri;ine etmputing devico. For ungiecble condition this
proper action cen be teken by this devica to remous the mechine from the rest of

. May be infroduced
the aysztem or any 0ther supervigory contral ‘to otebilizs it.

retion fo

6.2 ¢

In this thesis only aingle mathine infinite bun ayatem wam considered. The

method can ba extendad to 8 two machine snd even mul timaching syeten including
Qovernar and primemaver dyfignics a2nd effect of the damper windings.

A stabiliring signal derived from rotar velocity, ecceleration and other
quantities rey improve domain of attraction. This may give rise to the boundad
input and bounded oulput atahility problamg. The effect of such stabilizing signal

on sygton gishbility eould be investigatad.

Furthar investigetion to dovmicp mora efficient mathod of generating the

Limpunov functisn for the nonlineaz madsl should be mads. Better ways of finding

Limunov function whi\;,:h will provida lsrgar nr sven the largest domasin of sttraction
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01
100

Jon RO UET91312 .
COMPUTER USED XBM $60 : S R
. RY M, HI&ANHanAHMAN I ' .
f R i e . {

PROGRAM No.i
PROGRAM FOR P(l.J)

LINCAREZED MODEL, EXCLUDING VOLTAGE REGULATOR ACHDN '

ACTICR nxnmngzan c(3o 30).9(30.30).?(15,19)
READ{1,5) N M L™~

IP(N) 99,99,100

WRITE {3, 501) _

WREYE (3;302) N, ML

READ ¢ 1 .909)(0(1 1), I=1.M), 1=1 K)

READ tt,,ua)({c(x 3}, =i, ) 1m1,m)

- - WRITE { 3,501 ) 1

WRITE (3.;03)((c 2,9} ,301 M), 1=1,§)
WRITE (3;504)

. WRITH (3.:10)((5(1 J) Jal,M),x-l N)
" CALL SUBLE (( C.N,D, H, DT )

. WRITE (3,505)

wnrrata.siiJ((ﬂiz J) o Jul M), Int.ﬁé

O P(1,1) = D (1,1) -

Po1.8) = D (ﬂ.a{‘
P(luﬁ) e D {3 " !
P{1,4) = D (a.z
;Pﬁi.;) = D {5,1)
P(2,3) =« b (6, 1)
P(2,4) = b (8,1)

: 1"3.5)‘ s D (9.1)l

' P(p.&) e D (11,1)
P(3,5) « b (42,1) K
PCU,b4) = p (13,1)
CPUyS) = D- (14,107
P(_a.i;fl a."i{,‘li,a)
P{3,1) =" P(1,8°5")
Plhy1) & PO1,4) >
P()oi, o PIg, 4,50

. Pt:;u) = P‘ 3.3}::,*
PLG,2) = P(2,4)
v(s.a) e P(2,5) "
P(4,5) e»Pta.&) L

3
- 8
15
301
302
509

Foma T (314)

P{5,3) «'P(5, 51, g
P(5,4) & »(4,5), 14 .
wn:rn (5,15) :;- -
wnxrﬁts.sa{(Pca J) Jei L)k & 1.&) |

GG T 10% v% ) _

FoRMA T (312)

PORMA T (Lx,5F20.6)

FOIMA T (100, 34HMATRT x P(ng)//)

FORMA T {1HO,35H VALUBES OF N, M& L R&ﬁPRGT IVELY//)

FOIMA T (13F &!a)j

3 e
—
e r——
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- 503 PORMA T ( nﬂo,mmwm m*mn C//)
508 FOIMA T (t,...z?m._ﬂn .
.. 505 FomMa T 'l 56 15=.:)
504 PORMA T _&1’0,1611&11::?!5 MATRIX o/l
540 FoORMA T ("X.iSI{G 1)
505 FOHMA T (a:‘w soﬂ amm'mﬁ OF GIVEN BQUATIONS //)
511 FOHMA T (ssx, »m&.a)
99 STOP . rTY
' END )
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JOD KU UR T 91818
COMPUTER USKD IBM 360

BY MD. MIZANUIL HAHMAN

PROGHAM NO 2 ,
IPROGIRAM POR P(1,3) .
LINGARIZIED MODEL INCLUDING VOLTAGE REGULATOR ACTION
DIMENSXOR G(30,30),0(30,30) ,RK{15) ,2(30,30)R(30,30),
P(30,30)

READ (1,5)N,M,L

WRITE (3,501)

WRITE (3,302)N,M,L
READ(1,608)€(C(1,J) ,Jwi ,N), 1s1,N)
WRITE (3,501)

WRITE (3,508)({C{1,J),Juqi ,N) X0l N)
READ (1,502) (RK(K) K =1,5)

WALTE (35,530)

WRITE (3,5023) (HK(K) ,K=1,5)

READ (1,509){{D(X,J),dw1 ,M)1ul N)
WRITE (3,504)'. ,

WRITE €3,510)((D{1,3),3=1,MH), 12 N)
DO 8O0 I = 1,N _

e BOO J s AN

Q (1,3)aC{1,3)

DO 802 I = %,R

DO BOZ J = L, M

B0 2@ 99K = 1,9

no 801 I =i N

DO 801 3 » 1N

c{z,d)wi(1,3)

Do 803 Is=1, N

DO BO3 J w 1 .M

(I, J)uR{X,J) -
€(1,6)=35.5960"AK(K)
C(2,6)me2l,5149*RK(K)
C(2,11627.79853*RK(K)
C(S.G)“B.Sﬂ'ﬂﬂ(ﬁ)
C{3,15)=27.79083*RX(R)
C(4,6)o=1600,0*RKEK)

C(4,18)u 87.7983°RK(R)
C(5,6)e=23.63*NE(K)
C{5,20)=27,7983""K{K)
C(6,6)w=80,50013 ¢.003"NK(E)
C(6,21)an?,7983)*RE(K)
C(7,21)malb 5109 RR(K)
C(B,11)n3,522RK(K)
€(9,11)s1600,.6*nK(K)
C(9,18)u~12,2572*1HK(K)
C(10,11)ma2B.63°RK(K)
C(10,30)==12.2573*UK(5K)
Cl11,21)e-12,2572"HK(K)

@4



0(13.:.3) = =1600,0%RE(K)
0{15,18)s2¢ B2°RK(K)

C{18,15)u =22,6305%(X)
c{14,20)02s HB2%RK(K) _
C(15,15) u «1024672 & +003¢aK(R)
C(g-zifg) -2-»5:533‘(’!) ) eta9gah
[o{4 ) u =3 O (L 'y
C(17518) u =22.63°RK(K) €(17420) = =1600,00E(K)
c(lB,I.B) s~ 80,0 & +O03+RE(K)
€(19520) = =43,06 *RK(X)

C(20420) = =B040¢+003erx(K)
C{20,21) m =22,63+RK(X)

C{21921) & =1604044008*RX(K)

tRL TR(3,521)

W2 X TE(3,503){(0 (X4J)e July IT), led,1)
tRI TE(3, 504)

¥R I TE(34510) (L4,3)y JulyM),I uIn)
CALL COSLE(CHyDyMeDT)

GBI 8 (3y-9051)

mmITE (3 53-1) (D (XyJ)s Judy H)y 1al,0)
P(led) sO(1,))

P{142) oD {2,1) -

P{(1,3) =D(3,1)

P(148) wD(4p1)

P(145)eD(31) . -

P(146) =D{6,1)

P(2,2)80{7s1)

P(2s3) =D(8,1)). -

P(2:4)uD{91)

P(243)=D(10;1) 7

P(2,6)=H(11,1)

P(3:3)up{12,])

1’(3-")-(13”13 -
P(342)oD({15,1}

P{3:6)eD(15,1)

P4, 8)uD{16,1) -

P{4,5)aD(17,1)

P(4,6)=0(18,1)

P(5:3)aD(19,1)

P(346)aD{20,1)

P(6,5)xD(21,3) X

pl(2,1) oP(1i,2)

Pl .1)-@{1.3)

PR 1)eP(1,yH)

P(5:1)sP{1:3)

e

P [ .P

’iz'ii"‘i'ﬁi

Plled)eP(c,

p(£|2)'?22.6)

P(4¢3)eP(3,4)

P(543) &P (345)

¢
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99.
-3
8
15

301

502
501
562

. 503

504
505
509
510
511
220
521
602

MRITE (Q.B)Q{P(I,J’ J = 2;1#).1‘31511’

WRITE {3 as)

CONTINUE - r? .

FORMA T :(338) u_-. -

FORMA T (42,6F20.13) '

ForMA T .(1HO, 14HMATRIX P(I.a)//) _

PORMAT, (1H0.g;u VALULE 6? .m & I RLBFLCTIVELYI/)
romMa . (3145 0

FORMA T BO,$6H- axVuN MA?HIK 7 R - .
PORMA T (5F10,5)... .. . .. . . . |
PORMA T (4x 77 “15.4) - ' '

HORMA T (1N, 1GHAIVEN wnrnzﬁ i)

PorMA T (180,500 ; SOLUTION OF GIVEN Fqunrxnws//)

FomMa T (155 4.1 )

FOIMA T (2%, 21F6.1 }

PORMA T .(35x, Bi4,8) o
FORMA T (1HO, 360 GAIN OF THE RLQULaTnn CONSEDERED //)
FOMA T (1u0. BONGIVEN MATRIX g WiTH GAIN cemsinnasn//)
FORMA T (7an h)z; :

STOP ce o=
END .
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N :;- :MIS e
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601

610

613

614

55
301

. 502

501
502
203

G(1,3)=6(1, J)

JOB RO UB T 91812 -

COMPUTER USED XDM 360
BY MD. MIZANUR RAHMAN

FROGHAM N2 $

-

PROGRAM Folt EYL‘L’EEThREi CRITERIGH POR POSITIVE HEFINITER&SS

DIMERSION c(;o.aubntao.sa).Qtso.so) PET(15).
CUMNON IPVOT,INDEX PIVOT

“RBAD (1,8)(R, m)
IF (M) 6

00, 600, »601

WRITE. (3 01) T

WRITE (j.SOE)(N.H)\ .

READ {1,502) ((c(T, J).J=i §) Ici.ﬁ) :

WRITE (3,501)

WEXTE (9.503)((6(1 J).Jux.ﬁi.xei.m)
PO 610 I = 3, I .“»\; -

Bﬂ 610 J = 1,N S

no gna g = 2,6 \{ CT

Do 613 = 1. N P

Do 613 3 =x, N L

e(1,d) @4z, i) ST

DO 614 X & &, N ‘L ] L

\\.‘
g m
i

Jd

PO 61 I3 i, M N
{X,3)=1.0 S
HRXTE (3,701) : ‘..

WRITE {3,)03)(‘(:(1.3).Jﬂlhni Iﬂlﬁﬁ,
WRITE (3,700)N ‘o .
CALL SOSLE (c.u.n.fﬁ,ucr3~»

DET(N) « DET e
WRITE (3.507)nur f S
CONTINUB o c
IF(N«6) 12,80, 600 ------ P 4

' 19(&??(6))11.11.12‘_.

Ir(nTe{5)) 11,11,15
IF(DTT(4)) 12,13, 1&».
IF(DTT(5)) 11,311,115 -
IF(DTTER) ) 13, 1:.16
IF (C(X,2)2)) 11.11.10

¥RITE (3.3 )

GG TO 6GO2
WRITE (3,35) Tt
Qo o 602 IS

FORMAT (2X2 ) - B
FORMAT ( 211G, QSHHATPIL is PﬂﬁﬁITIVE PEF INXITE REAL
SYMMBTRIG %S0 THE SYSTEM ‘CONSIDERED IS STABLE/SI///)

FORMAT(AHO , 98K HATRIX ¥ X8 NOT POSITIVE DEFZNITE REAL

EYEE!ETHIC //// )i -g-r.z e r-‘r!

FORMAT (35H VALUiS aﬁ;ﬂ AHH M RESPECTIVhLY f?/)
FUIMAT 244 e

FORMAT XK (1HO, IEH"GIVLHuMATRIh C/l )

FORMAT (9£35.8) . =
FORMAT (4x, 5320.6) 3’ e
- éi"
ot
AY Bty

- -

R w
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JOD NO UET 91812

COMPUTER USED IOM 360

DY MD. MIZANUR RAIMAN

PRUGRAM NO 4

GENERALIZED PROGRAM

LINEANIZED MODEL BXCLUDIKG VULTAGE REGULATOR ACTION
TO PIND THE MATRIX P(1,J)

DIMBNSION C(3 40,40), D(40,40),A(15,18) ,F(15,13),
G(15,15) ,H(15,15) ,3AT(15,15),P(15,18) ,LTT(15)

READ (1,2)N . M,L

READ (1,3)((C(21,J),Ja1,H) 1uy N}
READ(1,3) ({D(X,J) ,Jul M) ,Inl, N)

NEAD (1,28 (( A(X,3),9 » 1, L),I =1,L )

DO ‘l i= I.L

DO 4 J = 1,L

WHITE (3,5)

WRITE (3,6)H.M,L

WRITE (%,7)

L)
WRITE (3,8)((C(I,3)vd = 1,N) ,I=1,N )
WRITE (3,9)
WRITE (3%,10) ((D(1,3) ,Ja1 M), I-1,K)
~WRITE(3,50)
VIRLITE (3,80 ({(A(X,J), J=1,L) Im1 L )
HRITE (3,11)

WRITE (3,08)((AT(X,J),J =1,1.)X=1,L)
CALL BOSLE(C,N,D,M,DT)
WRITE (3,13)

VRITE (3,14)((D(X,J),J = 1,M),I=1,N)
P{X,1)=D(1,2)
P(l.ﬂ)-ﬂ(ﬂ.ﬂ
P(l.”.nt 1)
p‘lg‘,-o( |"
P(1,5)ab(3,1)
p(a,2)eaD{(6,.1)
P(2,3i=D(7,1 )

P(a 5)=n(9,1)
P(3:3)=1(10,1)
P(3,29=D(11,1)
¥(3,5)=D(13,1)
P{h,8)=p(13,1)
P(4,5)eD(14,1)
P(2,19uP(1,22)
P(35,1)sR{1,3 )
P(h,1)ap(1,4)
’(5|1)-P‘l|5)
P(3,2})ap(2,3)
P(4,3)ap(2,4)
P(5,2)=P2,5)
P(4,3)eP(3,4)
P(S.S)-P(5|5)
P(5.§)-P(4.5}

%9
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h‘]:‘ | "I\"-".v-ﬂi“f_-'j .

1
5 - qu.n

WRITE (3 1;) f \‘
TO FIND AT-Fo?*A

WRXTE (3, 8)((?(1 J) J ® 1,k) Isﬂ.bi

DO 16 X = 1,k L

DO 16 3 & 4.& Lﬁz )

P(X,3)e 00 i p!
L

Do 16 Iy ald, ‘
rF{x, J)nth JJ + AT(I Ia)'vtxi.a )

';6

17

18

a6

21

22

RO l? X2, =*1 L !

.o 17 92 ﬂ‘i.'L»%q

G (sa. Jaan 0.8
DO 17 13='4, b“‘““

Bﬁ lﬁ 23 -] I.L‘"“‘“ : ]
BU 18 43 = 1, Lr
H{IE.JSInF(ES q§)+ etlg.as}

WRETE (3,19)

a(x2.92)=6 (15, IB)+P(12,X3 )'A(igkégqi"

WRXITE (3,200 ((H{Z,J) ,J=1, L).I & 1.L ) Lo

TLHET OF MATREIX P(I J ).
DO 28 X el,L h][T(. '

o 2L J = 1,4 ‘f,\J

€(X,J )=P(X,J 3

00 22 T = 1, L~
DO 22 J &3, L ]V,J
B( X J)e. 6.0 e
WRITE (3,7) .

VRITE (33 B)((c’?"&, J ), = 1, L ) ,1 e b )

CALL SﬁﬂLE!(C.L M, BT)
HRITE (3,83

DTT (L) v DY P
YRITE (3;-24) HT?\

‘L om L o>

R L 'a,\BEQBBEB

 IP(DTT(5)) 40,4001

F(DTT(&))qu.&Q iz
(DTTCBI} R0 40,83

IF(BTT(E))«#G,E &d.aa _—

IF(P(q, 13) 40 043

WHITI: (,J 1] 3{‘ ’
GO TO 60 \\m;)

WRITE (3.35)
FOUMAT (88= 32210
PORMAT (BFROOE){/
FORMAT (458 4J4)

FORMAT .(4 x - ‘o BakY .

FORMAT - (1HO, 17H”VALHES OF N, M.l//)

FURMAT (11i0, 1. Mﬂwnxx c (1.33//)

FORMAT (4 x, SV20.6)

PORMAT (1HO, 141 MATRIX n(r a)//)

FPONMAT (Bx, 15F08.1)

FURMAT (1 HO, 158 Hﬁ?ﬂ:ﬁ n@ (x, J)//

FOUMAT (1ﬂn.son*@ehurzuh or

]

"'_1

< T
T
A - F i
)| Q;ZU
Ty ==

GIVEN hQUATIGNS//)

- 90

b



‘59

60

. g
w1 l% £ ‘ S
Sd NTS o 91
i I‘“} B :

" =,:'

STy

TN e

FOIMAT (1HO,22H REGULATOR GAIN Rl\(h)//)
FOMM‘I(SJ::,AEIQ 873 | .
FORMAT( 3HO (248 MATREX P(I Y74

FORMAT (400, aarmcmjm OF MATRIX :rr-pwm//)

FORMAT (fax,. "SFLol1dYt
FORMAT 1no,ﬂﬂanfﬁnn3n or THL ﬂETEﬁMIREhT X8413)

me:vr( 1O 5~ 5361 W.Lw: OF THE DETERMINENT IS 1::15@&})
RORMAT (arm D MATRIX P IS POSITIVE DEFXNITE REAL

SYMHOTHEC {50- Tl SYSTEM CONSIDENED IS STABLE////11)
FORMAT{ 1HO 00N m*mxx P 15 NOT imsz’ﬂvn DEFINITE

REAL S'&‘EﬁtFTﬂIC &Gr THE SY‘%TFH C(ﬁféﬁIDEREH IB UNSTABJ &

’ ////// ’ ' : ““;l
FORMAT (1li0, atm pf‘nmm al1,3)//)
BTOP
END ‘

s 7 ;
). 1
N
‘o Lg [:1
3 —
5o *
I PP ’..-—p
INVER T
S T et

e
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X ¢
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JOB NG URT iﬁia . T
COMPUTER USED IBM. 360 o ; P

-.BY HD, MEIEANUR Rﬂiﬂiﬁh

PROUGHAXM NO S(a) . ﬂ»
GERERALIZED PROGRHAM -
LINBARIZED MODEL " erLuuzmn VOLTAGE ﬁaaunawun AND

BTABILYZING SIGNAL ™
. TO PERD THE BATRIX-P(I, J)

DIMENSION .C(40,40), ﬁ(&n 46} ﬂ(! .1;).?(&5.1539

G(15,18) ¢ H(i;,isb,l Arﬁns 15). P(:E.iﬁ).an(asii
'qﬁ,o.ana. R(BU.;Q) DPT (15) .

READ (1, 0)N M L

. Xlwﬂlr Lot

HEAD (i,;ﬂ“)(ﬂﬁ(ﬂ) h =1.103
WRITE (3,520) i

CWMAITE (3,502) (RR{K) R ua.ﬂo) ,
- WBAD (3 JDQ}((D(I,J} J & 4.0), 1 ® 1.Hl

YRITE <s.soaa

YRITE (3!)10,((3(1 J"Jhium)'z " ‘. N )
aaaﬂ(i.a)((a(a.d).a = 3, L)y 121, & )
BO 4 X = 4, L -_:~.~j
o & J e 1, L v
AT(I, I )a a(: 3y

HRITE (p.) .' - S
MRITE (33600 L0 R

WHIYD (3.;0) ir e

WRITE (,.ﬁ)((n(l,a) N 15 1=1.L)
WRITE (3,11) -
HRITE (3,8)(& AT(z‘h;.a &' 1,L)wket,L)

RO 900 X m 2N ,-H! L
DG 900 J = 1.}; w_-_l-..-..a .-«...,r
900

€(Z,3)=0,0 L
c(xyijﬂkoﬂ 'ﬁ{lgl, ™

Cli43)o2.0%A(5,1) .% oy
C{i1.4)=p,0° ﬁfa.i)
{ wideala,zy | - g
.3):&(1,1)+ A(a a) {*:_

R Pt R

c(2,l)math,zy L o

"
-

- ofz, ?)wﬂ(ﬂ.l) ok

C{2,9)=a(b,1) L)

G(a' 339{331) .- ﬁ:

G(5,1)ea(1,3) o
C€5,2)=a(2,3). -7

© 6(3,3)=a(1, 1)+Af:.5)

C{3,4)=a(d .g)

&3, 6)=A(2,1)
- CPB.82)aal3,3)

c(3,13)ea(h, 1) 3,
G{ﬂo&)ﬂﬁgi 1) ; jL
Q(Q‘))nﬁtjoﬁ) }_

C{h.9)uala, 1) Y.
Clho13)mal3,1) .- <y
ct& 16)-alk, 1) Lol SN
L‘QIi)uﬂ {Igj) ﬂf:i é?
RN

il* Ti fl:_*i .‘2
“J -



C(S'B) L ﬁ(2|5,

’ L)

c(5|3’ - A‘SCS)
C(Bus) - A(i.i’
CIS.IO)- 5(2.1)
C‘5|1§’. A(BI"
6(6.2) - A(B.ﬁ)
C(6,12)=s A(2,1)
C(7,8) = x 2.0%°A(1,3)

C(7,7) = 2,0%a(3,2)

C(?.a) - 2.0'&(3.3)

€(7,9) = 2,024(4,8)

c(8,2) = A ( 1,3)

c(a.sl = A{R 1,3)

C(B.7) = a(2,3) |
C(8,08) =» AC2,8) + A(3,3 )

c{8,9) » A(ﬁ.))
c(B 13)= A(3,2
C(8,15)m A (&

coo h) = a(s, a)
c(9,9 )= a(a, n)
c(9.zo)-n (5, "4
ci9,13)a A(3,D)
c(9,16)= A(4, '2)
C(10,2)m A(:.sl
C(‘O'S’ﬁ A(i a )
¢(10,7)= A(B.B)
€(10,8)a A 3,5)
c(:o.to)-A(a 2)
C(10,14)»n(3,3)
c(lo.t?)-nth a2)
C{11,2) =»A(1,6)
c(11,06) -a(:.a)
C(11,7) =a(2,6)
C(11,15)wa(3,2)
11,18) =a(4,2)
c(13,3) «2,0°A(1,3)
¢(13,8) =2.0*aA(2,3)
C(12,13)=3,0°A(%,3)
€(12,13)=2,0%A(4,3)
c(1s, 4) wA(1,3)
c(13.9) = AC2,3)
C(13,13))=aA(5,3)
C(13,14)=a(8,4)
c(13,16) = A(4,3)
C(1h,3) = A(1,5)
c(l#.ﬁ)-(ﬁtt.ﬁ)
c{16,8)=a(2,5)
c(1& 10)=AC2.3)
C(14,18)s A(3,k 5)
c(:b.zﬁ) wA{3,3)



800

8oz

8o1

0o3

730

C(lg'i?j L ﬁ“l.s’
C(15,3) = & (1,6)
C(35,6) = a€1,3)
cis5.8) = al2.6)
C{15,11) = a(2,3)
C(15,18) = a(4,3}

RE/x 2R

C(16,17) = 2,0°A(5,4)
C(17,4) = a(1,5)
C(17,9) = al(2,5) .
c(17§13) = a(3,3)  _
C(17,19) = A(5,4)
c(lagh) - n(l.ﬁ)
6‘10.9) » A(E.G)
6(13.20) - A‘B.k)
C(19,5) = £,0°A(1,5)
c(ig.lo)-a.o'ata.53

C(R 19.1&). 3.0'&(3.5) .
€{20,5) = A ( 1,6)

6(30|6) = A‘Igs’

€(20,10)e A(2,6)

6‘20.113- A(E.S)

c{20,15)e 4{3,9) .
3(81.5) - X 2.0-5(1.6)
€{21,11)= 2,084(3,06)

¥ILITE (3, 501)

WRITE (3,503)((C{1,3), I=1,N),Xel, N)
PO BOO X w 31, N .

Do BOO 2 = 1. N
Q{1,J) = c(1,3 )
DO BO2 % I = 1, N -
DO 802 U = I, M
n(x, J)= o (x, J’)
DO Y9 K = 1,10

L a I,

DG 801 X = 1, N

1.4] 301 J - 1. H !
C(X,J) = q (X, )
”Q BOS I=m 1| N

DO 803 J = 1, M
D(X, J)mw R (1,0 )

WRITE (3, 737 ) RK{K)
A{6,1)=207,79038 *NK(K)
A(6,A)n27.790317NK(K)
A(6,2)w=d12,2572*NK(R)"
A(6,%)=3,521 *RK(K)

A(6,85) u «22,.535°RE(K)

A(6,6) = 0.003%UK(K) -80.0

HRITE (3,725)

WRITE (3,8)((AlX,J),Jad,L), X » 1, L)
DO 730 I =« 8, L

AT(I,6) » A{6,X }

WRITE (3,726)

WRITE (3%,0)((AT(1,d),Jai, L), I=1, L)
C(1,6) «2,0%A(6,1]

c(a2,6) =a(6,2)



c(2,11)
6(3.6)

€(3,15)
c(4,6)

C(4,10)
c(5,6)
c(9,20)
c(6,6)

¢(6,21)
c(?.:t)
c(8,11)

ll'llllllll

A (6,1)
A(6,3)
A(6,1)
A(G4)
afb,1)
5(6.5)
A(G,1)

Al6E, 6)+ A{1,1)
A(6,1)
a.o-a(ﬁ 21)
A(G,3)

C(B8,25 ) = 5(6 a)
a Al k)

c(9.11)

€(9,18) = Atﬁ

c{xh 10,11)= A16.53

c€10, 20) = af

C{11,11) =« A(6 6) » Al 2,3 )
€(11,21) = A(6,2 )

6(12.15) - 3.0'-\(5,2 3 )
C(13,13 )= A (6,4)

€{13,18) » A(G,3 )

€(14,15) » A(6,5)

C14,20 ) = A (6,3)

C{15,15) = A(6,6) + A (3,5 )
C(18,21) = A ( 6,3 }
C(16,10) = x 2.0"a(6,% )
c{1?, 1) = A(6,5)

C(17.20) = A (0,6)

c(:B 18) = A(6,6)

c(18,241) = t&

c(:g.no) -x a.u A(G.s )
€20,20) s A (6,6)

c(20,21) e A (6,3 )

c{21,21 ) = 3,0"A(G,6)

Nnkke

WRITE (3, 521 )

WRITE (3,503)((C(X,J), J = t ,N), 1 = 31,N )

WHITE (3, 50& )

WNITE (3, 510)((D(X,J),

CALL BUSLE (C,K,D,M,DT )
WRITE (3,12 )

WRITE cs,xh) ((D(1,J )y J = 1, M),In1,N)

(1,1 )

gooEoooupoorseoob

5

D(1,1)

J " "H). I",. N )



16

17

18

36

21

a2

P(3,5) =« D (14,1 )
P(3,6) = D (15,1 )
PCa,4) = D (26,1 )
P(4,6) = b (18,1 )
P(2.,1% = AP(1,3 )
P(3,1) = P (1,5 )
Plh,1 )= P J1.4)
(5,1 )= P( 1,8)
P(6,1) » P(1,6 )
P(%,2 )= P(2,3 )
PU&.B) o P(ﬁ.ﬁ)
P(3,2) = p(2,9)
P(6,2) = P(2,6)
P(4,3) o P(3,4)
p("S) = P(SQS)
P(6,3) = P(JQG)
P6,4) = P43 )

(6,4 )= P(4,0)

P(6,5) » P9 5,6)

WRITE (3,13)

WRITE (3,8)¢{(P{(X, J}, Jui, L) Ia1, L)
TO PIND AT*PsP*A

DO 16 I » 1, L

DO 16 J = 1, L

P(I' Je = 0,0

PO 16 Ite1,L

F(X,J3 » F(I,J)eAX(X,X1)%A(X1,J)

DO 17 12 o 1, L

DO 17 J2mel, L

G‘IBQ Ja) = 0,0

DO 17 X35a1, L

G(Xz, J2)=G(13,73) + P(12,13 ) *a(13,2 )
DO 18 ISui, L

DO 18 JSe1, L

(IS, J3)aF{X3,J5) + G(X3,J3 )

WRITE (3,19 )

WRITE (3,20) ((H(X,J), J = 1, L), ,Xw1, L)
TEST OF MATRIX P(X.J )

DU 2% Isi,L

DO 21 J =1,L

c(1,9) = pl1,4)

DO 23 X = 1,L

DO 22 J « 1, L

(I, J) » 0.0

wRITE (3, 9013

vhITe (3,8)((c(IyJd), J » 1, L), I » 1, L)
CALL SO05LE (C,L,D,M,DT )

WwRXTE (3, 23)L

DIT (L) = DT

WRITE (3, 2&)pY



N
£ .

VLo
ad o

[

/‘\

' L\n
L & L - 1
1!‘{1:'1‘(6)) &0 !m. 80

FORMAT (4x, a"m?ﬂ.aj

FORMAT issx m&.&/)

FORMAT (atlo, ‘140 MATRIX (1,0 )//

e

g7

w{prr (5))&0 ém,Bi,.ﬁ \,:
RE(DTT(L)) fm,éo 8" o~
IPCDTI(3)) U0,40,83) [V
IF(DTT(2)) BO,40, 40’ g
2R3, 2)1)40,b0G45" . T~
WRXTE (;..s& 3 EFJ} L,j
GO T0 99 pue <o
) WRITEH (5.55) HE e '
CONTENUE Y ‘i‘]:,_ .
CORMAT (312) ° '
FORMAT (6910.&) A L
FORMAT(4H0O , 178 v.awrs OF Ié.M.L//)
FORMAT (lm. 0% R\elaiy
FORMAT (1HO, SHMMATRIE ctx..a:n//)
FORMAT(l, SI11.4)- . ot
PORMAT (4RO, 145 mmxx (x, e

FORMAT (mn, 150 MATIIX AT (X J)/n
-PORMAT (4HO, 30H SOLUTION OF anrm EQUATJ.GNS/II

)

FORMAT (uw,aamw%uur OF mm:x AT*PeP*al/)

FORMAT (b=, 6r8.4)17

FORMATC 3610, 3aﬂmmfm oF
FORMAT (1RO, 331HVALUL OF
FORMAT {1HO,93HMATRIR P
¥5TEM
PORMAT . { 4310, 100H [HATRIR
- SYMMETRYIC 50 ¥RE{5YSTER
PORMAT( 1HO , IMMATRIX? A{X,33//)

180 Klowxn &G THE

THE DRTERMINENT XS, X5 )

THE DETERMININT XS E;is; 8)

IS POSITIVE DOFENITE mm;. Sﬂmﬁm:tc
CONSIRLNED I8 STABLELLIZ/Y)

P IS NOT POSXTIVE DEFINITE REAL
CONSKDERED IS UNSTABLEZ/////7) -

PORMAT (3110, 1GHGIVEN mg{tm <//) - o

FOlBAT(SF10.5) (=73

PORMAT{ 4x; 7:-‘1;.-':)

IA
FORMAT( 110 |, 16HGLVEN L) MATHIX D//)

FORMAT(15F 4.1)
FORMAT(2,21F6, 1)

FORMATE 280, SGHG&IH [OF mt; REGU
| FORMAT tmn 4o GIVBH mmx:s. c

r'ﬂ“l" s

FORMAT(YF m.&)

-

a""uu

""hd'

LATOR CONSEBERED//)
WITH GARK CONSIDERED//)

"FORMAT (1RO, 5!3}: mmx A(I J ) WITI GAIN CONSXBERED//)
FOIMAT( 4510, 391 HMATRIX m*(x JIWITH GAIN cmmraamb)/n
7 FORMAT(1HD,19 H HiGiHLATOR® anmm yF10.58)

FORMAT {arm. 28i &nmf nmrsqurmm CONS IDBI um//)

STOP -
ERD

6

Y

i F)E

41 .
#&‘L“

’fw



o ona0on

- n(as.:.mmmsrw

 READ " j ~i.
o Qeamannl )
: H&Anii:BOES(RK(K),F e 1.103 :

€(3, 5)eA(1.1)¢A(p,5)
=c(3,&)=a(n(&.5) i
- CL3:8)=nb2,1) 5

Cla,4)e al1,1

brmaed A

)

N

©JUB NO URT gaazé:iﬂ

COMPUTER USED IBM 360
DY MD.- HIZANUR RAHMAN

. PROGRAM. NO 5{b) .

GENCRALIZED Pqﬂﬁﬂﬁﬂ

: LGnanxzrn ﬁﬂﬂrhmlﬂthﬂniﬂﬁ VDLTAGE REGULATOR ACTIDH

ONLY

TJ Fxma THE MATRIX- P(I J)

DIMENSION. C{L0,40). n(&o”éo) oA(15,15) ,P(15,15) ,6(15,45),;
3,P(as:nﬁi.nn(l53.ﬁ(Bﬂ.EObcﬂfsﬂuBOJe

DTT(!B) t

WRITE (3,530} Il
WRITE (3. aoabtﬂnfa) K a.a zos

- READ (1, 5093((5(1 J) 3\3 i,H),I s1,N )
. WRITB (35,50 ) .
. WRITE (5.510)€tn<z J),J“ai,ﬂ).x ei,ﬁ)
t_BEAD(i,&)(i&(I,J],J usz),xaz.L 3

. Do 3 X di.cL :
S} 3] J =1 by
& aria, xDuAiI JD ﬁﬁé ‘
:wnITB(ﬁ 3) S
- HRITB (3.6 )N,H.L_] =T
WRITB (3,500 & RN

WRITE (5.8)((3(1 J),J mi,L) xma.m)
WRITE (S,11) %fil
WRITH. (3.8)((&T(I*ﬂ),J ni, L}xun,hi

DO 900 X =1, K , 4
BC 900 J 14N -ﬁ??
G(XJ ) 20,0 124
cli.ﬂina.nﬂnta ii

Gl 1,2)=22.0%A(2 '1}3
G(1,3)=2.0%A(5,1)

€{1,0)e2,0%A4, m’\

E cl2,)eals,2 ) o-d]
{2, a)anti 3)#A(?,25

' 6(8‘3)1@:‘\(5.33 —

{840 )anl,2) ! ?ti

- cza.y)nnca ) =~

.’Ciu. ’ﬂﬁj 1) i i - Q‘r
C(Z.Q}HA(’A.iQ ' wid F\h o

CL G50 )eA(1,3) o

e{5,2)an{2:3) - NN (;;

£
f

C{3.12)ea(3,1)
c(s.isluatﬁ ﬂ;in ,)

Af ﬁ/.\f .

i
It

C‘&.;)t ﬁ(ﬁ S5l

1ﬁ?.i

ci?.9r?n :3 1);r::;'

Gl 13)eA(3, 1 =

eéhcokn ”;: Ny
CEQ.I?)- Ag&. ;; e ;q

¢{8,1) = al1, R

I

;;— .

P

98

o -



i
f ‘; y
Aty
€ (5,8) = A (2,8)
(553’ B A ‘395"
(845) /8 A {1,%)
(5,10)a-A1f8,1)
A5,18)=-4(9,1)
(5,17) =-All,1 ).
(6,2) a A-(2,6)
gg,iggqinzgs.ls)
0,15)e00(5,1 )
(6,48)e. a(0,2 )
(7:2) = "2,0%A(
(7.7) «12.0%A(a;
(7.8) = 2.0%(3,
(7:9) = 2,0%(4,
(042) = A1,3 ).
€{8,3) n-a(1,2 )

G(8,7) &ial(2,3)~>

¢(0,8) =“a(2,2) + A(3,3 )

C(8,9) wAT(hy50) -
¢(B,32)2 a{3,2 )~

C(B,13)e Al ,2) "

C(D,4) «iag\2 )<
- C{949) = AR,2 )

€(9,10) a-A(5,4 ).

G(Buisi = A(3,2 )
- 6(9416) = A(Lk,2 )
¢{10,2) 27Al1,5 )
6120.5) E;ﬁ{iia )
€(10,7,)-ea(2,5)
c{10,8) )= A(35.5)

€(10,10) &_a(2,2)

C(10,17)i /s Al4B)
€(11,6) =-A(1,2)

(11,78 = A(246):7

cl11415) 5 a(5,2)
C{14,28) /=" als!2)

€{12,3 )s 2,0%A(1,3 )

o

¢(12,8 )

G(13,4) A1k 5 )

C(13,9) = Alg 2,9%)

€(13,15) £ A(3,3 )
@C(iigiﬁlpaﬂ(E.haf

C(13,16)/5 ACk,57) -

C14,5) sTAC1,5;)
C€14,84 = af2,5~).
C{1h,10)="0(2,3)

C(24,12)%_A(3,5)"

©(14,10)% A(5,3)

/

.,

+ b

-
[
bl

lx bt

#8 ) elp,08A(2,3)
c(12,12)£/230%4(5,3 )
C(12,13)s 8,/0%A(4,5)

;-

o :
TR
b .

99

T

-?.‘.
“ RN



C(14,17) = A(4,5)
c(15,5) = A(1,6)
c(13,6) = aA(1,5)
c(13,8) = A(2,6)
c(:s,txl - A(a.s)
C(16,17) = ti 3.0%A(3,4 )
c(:7.&) " A(I.S)
C(17,13) = A(3,5 )
€{17,19) = A(3,4 )
c(18,4 ) = A(1,6)
C(10,20) = A(5,4 )
C(19,5) = 8,0°A(1,9)
C(l9.10) - 9.0‘5(8.5)
C(19,14) « 0,0%Al5,& 9)
C(20,3) = A(1,6)
C(20,6) = A(1,5)
c(ao 10) = A(2,6)
c(ao.l:) = A(B,5 )
C(20,18) = A(%,5)
c(a1,6) = x 2.0%°A(3,6)

c(aa $1)a2.0%°A(0,6)
2%

WNITE(3,501 )
WRITE (3 503)({C(X,d),Ja1, K),Is1 N)
Do 800 X -:. N
DO 800 J = N
800 (X, 3} = c(I.J )
éoa I i, N
uo 802 J =1, M
o2 (1, J )= 0(X,3)
DO 99 & = 1, 10

L » IL

DO 001 I » 3, N
DOBOSI-!.H
DO 803 J wi, M

803 0(x,J)=n(X, J)
wuzrn(3.7a7) nK(K)
A(6,1)» 07,79831°RK(K)
A(G.a)--aa.ns7n'nn(x)
A{6,3)e3,8331°RK(K)
A(G,4)e ~1600,0°RK(K)
A(G.s)--aa.ss'nu(x)
WNITE (%,735)
WRITE €3,0)((A(X,J), Jm1, L), I w1, L)
Do ?30 3-1. L

730 AT(X, 6)va(6,1)
VRITE(3,726)
: unxrn(s.s)((ar(x J),JImi,L),Xu1, L)
c(1,6) = 3, o-atﬁ.



€{2,6) =
C(ﬂ. 11)= MH
0(5.6) =
C(3,15)m
C({4;6) =
c(4,18)=
C(3;6) »
C(S.ﬂo)-
C(6,6,)»
c(ﬁ n:).
c(8,15)=
6(9.11)-
C‘9 18)=
c(:o.::)-
- €(10,80) =

cia 11.11
C(12,21)m
C(12.15)-
c"»j. 15).
c(13,18)»
C(l&. ls,.
C(14,80)»
c(:s,xs)-
c(15,8 21

101

A(G.a ;

A(é.S)

Af6,1)
A6, b)

A(G.l)

A(G,3)
A(&.a)
A(6,6) + A(1,1)
A(G.x)
A(6,5)
A(G,2)

ALG, h)

YL 2)

A(G.s)

A(6 .2

)-af&.cg . (32,2)
2.0'A{6,3}
A6, 4)

5(6.3)

A(G,5)

A(6,3)

A6 6) + A(%,3)
) I Az

c(16,18)= 2. o'afs 4)
L(l?.tﬂ)n A(G,S8)

C(17,20)m
C(28,18)=
c(16,21)=
c(19,20)
C420,20)
c(no 21)
c(ai1,21)
wnzrt(s 3

Al64)

A6, 6)

A6, h)

= ad 2.0°A(6,5 )
= A(6,6)

- A(G.S)

= & 2,0°A06,6)
21)

wnxrs(s.sos)((c(x J) Jui N3, Ini N)

WillTE (3,
WRITE fs.
CALL 50SL
% RITE(S,
WiITE (5,
P‘I. )-
P(:.a)
P(1,3)
P(1,&)
r(1,s)
r(1,6)
(2 .a)
P(2,3)
P(2,4)
R(2,5)
P(2,6)
P(3,%)

304)
$10) ((D(X,J) ,Jn1, I=1, N)
B (C, N, D, M, DT)
13)
18)((D(X, J), Jus, M), Inl, N)
D(1,1)
p(2,1)
D(3,1)
n(k.:)
D(5,1)
p(6,1)
n(?.t)
D(0,1)
p(9,1)
D(10,1)
D(11,1)
p{ia,1)



74
A
NSJ&) P D(H‘eeﬂ (: S;
P#(5,5) .= D{14,1) 7y Y
2(5.6) = D(15,1) Wl
RELGL) = DCIG,2 ) - s
P(i4,8) = D(t? i) ;’“‘*‘ﬁ“i {1
P(4,6) = 13(2801) i Ny
TR R
. 24074 = D{20,1 T

P(6,6) « B(21,1) ¢ SN
3’(? i)’ ,@n(.i-,,m) N u
' ,1 & P ﬁ,} -~ . P
p(ﬁ 1) = PC1,6) T
NB.B)- & F(u.ﬁ) 7 )\

: P(&oﬂl L] 9‘3 L) L. '
P{5,2) = P(2.5 oo
P(é.al s P(2,6) ..

P”i ca P(5S4) £ 5
9‘593, = P{(3,5) T
9(6.5) & P(35,6) P
P(5,4) = P(4,5) |/, 7
B{6,4) & P4, 61 wes
P(6,5) = 9(5.6)

WRITE {3,15)

WRITIH. (3.83((1(1.3)"J=i‘ L) I=1.L5
. TO PIND AT *PePep’'/

DO. 16 X e 1,6 . Lt

DO 16 J=. %, L .:ﬁi;
.th,alaﬂ.o . ‘ﬁj (

C DO 86 Xtel,l . (S

16 F(l.JeaF(I J)*AT(I x:)'Pizn.J)

DO aik. 17 I2=2.4 .\-) W .

- DO 17.J2e1, L . Ut

? 3 Hi rl e ‘l .’
17 G{1g,Je ascza Je)»p(:a.:s)*a(xs 323
PO 26 X3ei,L . g =
, Do 1p Jgnn L. 1

18 N3, 3502 (% 13,33)s atx3 33)
YEST OF MATRIX Péi.J)

26 gg 21 Aed, L \w N
) . "ﬂ Jb; : P o
81 cﬁz J) = PiI J?' e

0o 22 I=1,L. SN\
DO 22 3 =1L . o} "
pa m'}i}?{),g) . B S \-E':S‘
WRITL (3
WRITE (3 B((C{I.J);1Jn1 L). 1=1,L)
- CALL SOBLE (C LoD My DT).
WRITE (3, 23)L . ]

!ﬁh

/.“

HTT(L) = BT *H1- .
VRITE (5,26)07 UL

: LaL-'l - T
Py

i8)

=

£ e



b1~} |
508
503

509
510
500
521

603
7435
726
747

60

IF(L-1) 85,85,26

85IP(DTT{6)) Lo %0, B0
o

ir {TT(3%))40,40, 81

IP(DTT(4)) 40,40,82

IF (DTT(k 3)) 40,40,03
Ir {DYT(2)) 40,40,42
WRITE (3, 3% }

PORMAT (322 ) S
PORMAT(OF10.L) : ,
PORMAT(1HO , 17H VALUES OF K,M,L//)
rOIAT (b, 324) -

PORMAT{ 100, 1GIMATRIX C(X, J3//)
FORMATCOx, OF11.4)

PUIRAT (200, i4HMATRIX D(I,4)//)
FOMAT (hx, 15F 8.1)

FORMAT( LU0, SSHMATHIX AT(X,3)//)
FOIRIAT (4110, S0H SOLUTION OF GIVEN EGUATIONS//)
POIMAT(35x, E14.8/) )

FORBAT (100, S4HMATRIX P(X,J)//)

e RESULT OF MATRIX AT*PeP*
PORMAT(1HO, a@ﬁﬁxgﬁxmumxﬁxﬁ. «Pers/)

FORMAT (110, 31H ORDER OF THE DETLRMINENT IS, 13)
FORMAT(1HO, 31l VALUE OF THE DETURMINENT IS E15,8)
FOIMAT( 2HO, 93HMATRIX ¥ IS PUSITIVE RCFINITE REAL
SYMMETRIC 150 TUE BYSTEM CONSIDERBD I8 STADLE//////)

5 FORMAT(1HO, 100HMATRIX P IS NOT POSITIVE DEFINITE REAL

SYMMETRIC 80 THE SYSTEM CoLSIDERCD IS UNSTABLE/S///477)
FORMAT( 10, 141 HATRIX A(X,J}//)

FOIMAT (1H0, 16H GIVEN MATHRIX C//)

PORMAT (25F10.5)

PORMAT (4x, 7PFi5.4) '

FORMAT (110, 168 GXVEN MATRIX D//)

PORMATY (.asrrﬁ..ﬂ, '

FORMAT (2x, 21P6G,1) ,
PORMAT( 1HO, 36H GAIN O3 THL REGULATOR CONSIDEREBD//)
FORMAT(SRSSwdk  (1HO L0NIGIVEN MATRIX € WITH GAIN
CUNSIDERED// ) :

ForMAT (7F10.4) "

FORMAT (1110, 3O0UMHATRXX A{I,J)WITH GAXH CONSIDLRBD}

FORMAT (100,391 MATRIX. AT (X,J) WITH GAIN CONSIDRED///)

FORMATE1HO, 19il REGULATOR GAIN 18 FI0.5)
sTOP ,
rHD
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500

506
806
508

303
303

509

511
s12

514
816
817
3138

510

319

520
gas
508
522

504

SUBHOUTINE SOSLE{(B,N,B,M,DT)

FIMENS XON B{40 aoﬁ.nzko 40) ,MR{40)) ,EN(40,2) ,PVT(40)
DT -] 1.0

DO » 501 J = 1, N

MR(J) = ©

DO 503 I =%, N

I 0.0

DO 505 J =i N

P ((I)-1) soh.h 503,504

DO 505 K =1\ N

IF(MR(K)=1) 506. 503, 507

IF (ABS(T)-ABh(B(J.ﬁ))) s08,50%,503

IRaJ

ICuK

GONTINUE

CUNTINUB

MR{IC)sMR(IC)s1

IF{IR-IC) 509, %510, %09

DTeDT

BR DO 511 L at, N

T=E(IR L

B(IR.L’GE(IC.L)

E(IC ,L)a?
I (M) 510, 510, 513

DO 513 Lei, M

TeB(IR,L)

B(IR.L)-B(IC,L)

B‘IL.L)-T

KN(X,1)eXR

xn(x.a)-:c
PYT(X)=B(IC,1C)
DTeDT*PVT(I)

B(IC,1C)wt,0

DO S14 L =1, N
B(IC.L)uB(IC.L)/PVT(I) )
(M) 515,515,516 '
DO S17 Le 2, u )
B(Ic.L)unczc.L)/PVT(T)

DG 508 1L.I =g N
IF(L:-Icasin.soa.sna)
TaB{LX, IC)

B(LI, xc)-o.o

DO 519 Lei N

E(LI L)uE(LI.L)-B(IC.L)'T
iF(n) soa, s02, 520

DO 53% Let, M
B(LLL)-B(LI.L)-B(IC.L)‘T
CONTINUE

DO 528 X ~1,N

Leliats]
xr(xN{L.ll-KH(L.aJ) 53&.533. 534
Ji=KN (L,1)

JCCEN(L.B)
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COMPUTER USED IBM 360

BY MD. MIZANUR RARMAN

PROGHRAM NG, 6

PRUGRAM PO NONLINBAR MQDEREL
EXCLUDING VOLTAGE REGULATOR ACTION
DIMENSION A{15,15),5(15), v(is)
READ (4,278(5(1) ,Ie1,5)

READ (1.)5)N

IF{N) 56,56,50

RPAD (1,17)((A(1 J).Jui.ﬁi Iﬁi.N)
Tal) 0

VRITE (3,51)

WRITE €3,17)((A(X, Ji.ana,ua.xua.ﬂi
WitYTR(%,80)

CALL vob S{S ANV VIOT )
iF{8(1)«7.0)200, 200 201)

S{Z} «5(1)+.08

IF (VDoT) 8,2,201

HRITE (5.11°!(s(1) pKesd ) (NI VLOT ¢
Z1aVDoT .

8€I)aR. 4753

CALL VOD S{S8,A.Y,V,VDOT )
IF(8(8)-2.5) 202,202,203

5{(2)e 8{2)e.01 .

ir (voor)d,0,003

WRITE (3, 112)(5t13 Iui, N) ,VDOT
22«<lR VDGT

5(3)=0.5643

CALL VOD 5(8 AN,V ,VDOT )

P (B{mwl=2,0) 304,204, 2035
S5(33a8{3)e.001

IF (VDOT) 10,10, 205

wRLTE (35, 113)(81) Is1,8),VDOT
Z3=VDOT

5(3)u0,73544

CALL VOD 8(8,A K, V,VDOT)

¥ (B¢4)w.06} 206 206, 207
B{a)es (Qes 001 .

IF (VDOT) syit 22,12,307

WRITE fS.li??(B(I) xun.Ni.vnoT
Zhe VDO

b(t‘)ﬂ 0'0

CALL VGD 3(85,4,H,V, vuar)
5(5355(5)*u05,

IF(VDOT) 14,114,209

RO WILTE (3,112)(8(X) , I=1,K),VDOT
25 = VYoOT

IF (2I) 500,300,501

ir 123) 300.300.3&& 308

IF(Z3) 300,300,303

IF (24) & 300,300,805 504

IF {#5) 300 300, 305
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T

wnm (3. 30?) :ﬂ L
GO TO 509 Y
WRITE %5, 308) ;1 N

k
x5 s 1.0&71& :
A (8 3,5) = A(5q5)~5e0‘f__ .
Toa T+ 140 W\ =2

T IWETe4.0) 100, 160,64

64

4
17
51

35

8o
'&TF\TLQ//} I

112 |
308
56

! A
A5y 5 mabe0 =0 A
a0 0 15 . /Fﬂ\ L
PORMAT( 53, 63!10;&! S
;;aggm(tss’w.m o) %
OHMAT(AH , 5x aﬂvm. rAJ:J
PORMAT (1) & i Fa)
FURMAT( itar, mx, 35K t’msr UNSTADLE VALUES OF

FOUMAT 1HO, 78I 'FOR SUGH. cc;mmm-mn OF Alx, .n'ms
SYSTUM CONSIDEHED I35 UNSTADLE/Z//). |
FORMAT (1HO, 8411 CHANGE THE COMBINATION OF MI.J)..

TGO OTHEN sumuua vmms FOR smnn.m‘? 11771
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SUBROUTINE VOD 8(X,C,N,V,VDOT)

BUBPROGRAM NO g

DIMENSION X (5), €(3,5),V(5)

?11;?£;t:;-x(1)¢¢(1.a)'x(3)+c(:.ai-xls)vcll.&)-x(t)tc
1, 5

nﬁa-cga.%);x(1)4c(a.a)-x(a.n)¢ C(8,3)*X(3)+C(3,8)*x(0}+

c(a.,5)*x(s

BSJQCGSa1;'xf1)+c(5.3)’3(3)+c(5.sl'xCS)*c(J.a)'x(aaoc

3

(3,5)*X

ngiac(h.i)*x(1)+c(h.: a)ex(2)«Cclh,3)°X{3)+C(4,4)"X(4)

+C{4,8)*X(5) '

?;5-?(2.%};x(nDoC(s.a)'x(a)¢c(5,51'x(3}+c(5.h)‘x(h)+c
v3) *X(5

XDOT 1@ 0, 40013°X(1)=22,233*X(2)+369.7°X(3)«290,44°S1IN(

(X(8)) s+ 369.7°%X(3)*X(4) : \

XDOTE 2w=0,15191°X(1) «27,376*X{2)+455.22°X(3)«368,0°

SIN(X(3)) 2+ 544.23° X(3)*X(4)

XDOT 3w 171.37758X(1)-051,4006%2(2)«22,672°X(5) «505.0

*CO5 (X(5)) » 3171.3775°X(1)*x(4)=431,406*x(3)*X(4)

XDOT 4ue,0936*X(1)°X{3)+0.0405°X(3) *X(%3¢0,1538

XOT Sa377.0%"X(4)

V(1) = DB1i1*XDoT1

V(2) = DPRRYXDOT2

Vv(3)as RN33°XDOTS

V{4) = DL4*XnoTh

v(5) = B38°XDOTS

VHOT = V(1) eV(2)+V{3)+¥(4)2V(5)

RETURN

BND
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JUB Ho UKT 9i83g
COMPUTER USED InM 3560
DY MD. MIZANUR RAIMAN
PROGRAM No7
- PROGIAM POR NOBLIKGAR 3 BODEL L
INCLUDING VOLTAGE REGULATOR ACTION AND STADILIZIMNG
SIGHAL '
'DIMERSION A(15,15),5(15),% V(35) RE(15)
- READ (1,12)(8(1) ,I~1,6 é) |
READ (1,17} (nK(K}
15 READ .{(1,53)N
~ EP(N) 3 1561139 ) ' o
850 READ (1,17){EA(X,3) ,dut N),2=1, R)
DO 54 K = 1, 2 : :
T s 0,0
100 WRITE (3,51) : : '
WRITE(3,17) ({A(X,3}Jei,N) Ie1,N)
WRETE (3,80} ~ ' ’
8 CALL VoD 54 RK, 5, A, N, V,; VDOT )
IF (8(1)=7.0)200,200,201
200 5(X)= 3(1)+,08
Ip{vopT)a,2,201 :
1 WILTE (3,112)(8(X) k=1 ,N)},VDOT
4 8{1)e2,4733
8 CALL VD S(RK,S.A, N, V, VDOT )
202 $(2)=5(2)+.01
IF (ViXiT)8,8, 203
203 WRETE (3,112)(5(1),2ag, H)IVDOT
9 5{(a) =0,5643%
10 CALL VOD S{fk, 5,A,H{,V,VD10)
IF (8({ 3)-3.,0)304,204,205
20% S(3)a3{3)+.001
IF(VDOT) 10,10,205?
203 WRITE (35,112)8(X) ,X=1,H),VEOT
11 5(3)=0.7344
12 CaLL YOD 8S{i., 5,a,N,V,VBOT)
_IP (5(%)-.06) 200, 206, z@ 207
200 50h)= 5(4)+.001
IF (VDOT) 12, 13, 207
207 HRITE (3, 212,(8(1),X=1,H),VDOT
13 H(4)m0.0
14 CaLL VoD SQUi, S,4, N, V, VOOT )
208 5(5)us{5)+,08
IP(vHOT )i14,15,209
209 wRITE (35,112)8(1), I=1, ®), VLOT
40 8(5) = 1.04714
418 cCall VOD B(RK, S, A, N, V, VDGT)
42 5(6)a (5(6)+,05

IF (VOOT ) 41, 412, 44
LAwnITE (3, 112)48{ 1), =1, N), VDOT

509 X6e 1.39
A ‘6,31\‘6'6"5.“

ocaoOooon
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7 FORMAT. ((5X, éuan.&)

47 PORMAT (K6710,.5) “
:jsn FﬁﬂﬂﬁTﬁ’iﬂl. ox, 108 VALUEB oF A(I.J)//)

voRMat {a2)

~80 roimnt (a0, 10h,55n FIRST UNSTABLE VALURS OF

Sh’\""ﬁs f")
L4142  FORMAT (6F4h.%' Lao.ﬁfi L
":07 “FOH%AT -§ 4HO , ?5H FOR SUCH LGHBINATIGH oF A(I,a)
a8 8YSTEM GONSIDERED 1S UNSTABLE ////7)
-508 FORMAT (480, 84 CHANGE THE COMDINATION OF als, a)
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SUBROUTINE VODS{HK,X,C,N,V,VDOT)

SUVEPROGRAM NO3B

DIMENSION X (§) ,C(6,6), V(6) ,RK(15)

B11=C(1,3)°X(1)+C(2,3)8X(2) «C(1,3)*X(3)+C(1,4)*%(4)+
C(1,5)*X(5)1+¢(1,6)6)*%x(6)

B22mC(2,1)°X(1)+C€2,2)"X(2)+C(D,3)°X(3)+C(2,4)*X(h)~
C(2,8)2X(5)1+¢(B,6)°X(6)

D33#C(3,3)°X{1)+C(3,2)°X(2)+C(3,3)°X(3)eC(3,4)*X(4)
+C(3,5)°X(3) 1+ C(3,6)8x(6)

DabeC(h, 1) X{1)+C(4,2)*X(2)+C(4,3) *X(3)sC(h,4)*X(4)+C
(,5)°X(8)1+C(4,6)(*X(6)

BS5aC(5,1)°X(1)8C(5,2)°X(2)+C(5,3)*X(5)+C(5,4)"X(h)+C
(5,5) *X(5) ++ C(5,6) *x(6)

D66aC(6,1)"X(1)+C(6,2)°X(2) +C(6,3)"X(3)+C(k 6,82 &)
*X(R)+C(6,3)"X(& 5)1+C(6,6) ,X(6)

XDOT 1= =0.400137X(1) =32,235°X(3)+369,7*X(3)-288 298.
L4*SIN (X(3)) 1+ 369.7*3%(3)*xCh)+.712°X(6)

XDOT 22 =G,15191 *X(1)=37.376"X(2)+455.8 22°X(3)«368,0
*S8IK (X(&)) B+ 455,22°X(3)"X(8)+.2371°X(6)

XDOT 3m171.3775 *X(1)-451.406°X(2)~22.672°%(3)=%05%,0%
*c?sizx:g; b B¢ gt 171.3775%°X(1) *X(4)«451.406
*x{a)*x

XDOT 42.0936°X(1)*X(3)+0.0406 *X(3)*X(3)+0.1533 =

XPOT 8u377.0°X{4}

Elm=, 00082325 X(1)+,0116°X(8) =, 17*(1.0+X(4) ) *X(3)+.000575%
*X(6)+,& 187

BQueo365 (1) ,0+X(4))*X(1)~. 364%(1.0+x(4))"X(23 + 0R16G*
x‘j)’.:?ﬁ

ETa(BED®"2+8Q%*32) **,5

XDUAT 6231600,.°X(4)*NE(R)=00.%%5(6)«B8 .3 1K (K )+BO,"ET*REKIK)+
111.2

Vv{1) = B11*DOTY

v{(2) = B22°XDUT2

V(3) = US3*XDOTS

V(L) = BL4*XDOTA

V(3) = BS55*XDOT 8§

v{6) = BEG*XNOTE

VDOT= V(X)eV{2)eVim 3)sV(&)e V(5)6(VE)

RETURN

END
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SUBROCUTINE WOD 5 ( #X, X,C, N, V, VDCT)

SUBPRGGRAM ND.4

DIMENSION X {6), C(6,61, V(6), A (15)  _,.

Hllw C(2,1) & x (1) & C (1 2) ® x (2) & C4,3,) x X (3} « € (1,4) ® X (4} +C{1),5) %X
! {s5).

1+C(1,6)* X(€)
822« C(2,1) * X {1) « €(2,2) * X (2) « C(2,3) ® X(I) o C(2,4}%x{4)4L(2,5)*A(5)

1+C(2,6)* X(6)

8 Tt (3,11 ¥ (1)e C(2,2 )® X(2) C(3,3) *X{3)eC(3,d)*X(4) & C {3,5)* X (5)
1+6(3,6)* X (8

Blda C(4,1)® %{(1) « C(4,2) ® X (2) + C (4,3) ® X(3) « C (4,4)°x(4)sC(4,5)* X(3)
1eC{4,6) * X (6)

B%5%a C(5,1)% X (1) ¢ C (5,2) * X (2) ¢ C(5,3)*x(3) +C(S,4)%x(4) «C(5,5)* x(5)
1+C{%,6) = x (6)

B66a C(6,1) * % (1) o C(6,2) * X(2) «T(5,3)*xX(3} oC(6 ,4)*X(4)eC(5,5)* X(5)
1eC(6,8)* R(6)

XOT 1 o ~0,40023% K (1} -22,233 ® X(2) + 369.7 *x(3) -290.44*3I8(X(S))
1436970 X(3) * X(4) « 0. T2 ¢ X(6)

XOT2 » =0,15291%%(1) ~27.376%%(2) « 455,22%i(3) ~368,0%5IK {x(5) )
24453,22%X(3) * X(4) +0.271 * Xx(6)

XMOT21T1.3T75® X{1) «451.406%X(2) -22,6729%({]) ~-I0%.0* LOS(X(S) )
JeAT1.ITTSOK(L) #X(4) -451.406% x(2) *X (4)

X074 o« <0.0936%x(1)* X (1) « D.0406 * X(2) * X(3) + 0.1532

X0OTS w ITT.0 # X (4)

ED = = 0003229 * X{1) « 0.0118%%(2) ~0.017% (1.0+ X (4)) *R(3) + 0,000573¢x(6)s ,187
E0e0.3659(1.06 X(4)) * X{1)=.164% (1.0 ¢ X (4) ) ® X(2)en n2L69X(3) +.175

EY =(ED o8 2 4 EQ 9% 2) 8.5

ROOTE w ~BUO.*X(6) —84.2% AKX (K)eBO.0* ET*RX (k) ¢ 111.2

V(l) « B 11® XNT 1

Vi2) = B22eXMT2

Vi1)=833* X MT)

V(d)a B4 » X DOTA

V(S) = 8 558 XIDTS

VI6) « # 56* XIDTE

VIOT » V(1) ¢ V(2) ¢ V() ¢ V(4) & Vi5) & V(6)
RETURN

(4]
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R (AN . |
 “DIMENSIGNA{5.5), X(3).'
13 . READ. fa.sﬁtm{x.a) Jed, sn. Imia 2 5>
WRITE (3;86) ./
WRITE (3.,)((n(1 B3 Juﬁ,s),tui. S5)
WRITE (%,5% oo :
14  READ (1, if n,ﬁ,m H,P.Q
- XP(H) 13 23, Bh 7 .
24 READ (1, 5)(:&(13 T, N) :
18 Vi=0,5%a(3, a)*w(:)*'aﬁo.s'(ata 1)*&(1)+a(a.2)-z(a)}~@a
. =G 58400, 1)*L€1)*”°¢G.5‘{A(;.i 1)'x(aaeaig.33°x(2)
@h(ﬁg%i'ﬁiﬁi& “*a '
2eGo5*(A(F,1)2X% (1)»&(;.2)*3(3))-wa+o sﬁ(A(Q,i)*A(s)
*A(Q,2}*Xﬁalg*ﬁ{&.;)‘3(3)+&tﬂ Y x(4)*22:0.5°(A{L, 1
e{1)%%{1) enllip-g 5’&(2!%+A(&).3)°X(3)3"&*0.5°€A15913
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“k{&)*A(E-ﬁ)‘R(B?)"E :

V2 e = U.ﬁ’(h&ﬁ.iw*x(1)*&(5.3)”&(2) S
i+ 5(5,35‘h(3}¢a{al ayex(adieea - - o i

Vo Vie V27 T e
WRITE (3.1& s6ITxCT), I et a). SRR Y

Y? C;.&/H 3 @ _ _ : L \
X(KDe K(ED»Y ) SR R :
PeP 4 450, N2 S | 3
bt fp-a}za.1& % . ' ' L
1 FOHMAT.. (3;2.3?30.; ) ' S - - '
. § FORMAT (5F10:5) :
6 FGRMAT“C:um*%5x. 184 VALUES OF n(n. J)//)
50, PORMAT. CIRO 1S8R 15,5, 10%,E15.5/)
531 PORMAT. (BLQHQHREuULT R OF 'V FOIL'DIFFOCRENT VALUGS OF-
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