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1 BS'l'RlC'f 

In CODyentiona1 10ad flov stadies, for 

_athe_atical reasons, a generation bus aust be sel.cted as 

the slack bus which eannot haye its rea1 generation 

specified iDaependentlr. This is at n"riance w,ith the 

physieal pover s,stea .in vhich no sach bus is 80 

desiqnated. 

~his thesis deyelops tvo physieally aeaDingtul 

load flow _ode1s which do ~ot requir. a slack bua. In the 

Floatinq Srstea ~oltage Load Plo~, all the real pover 

injections are lndependentif speeified at the elpense of 

freeiog the voltage le,e1 I(Jf the srstea. Vith the 

Partièipation Factors Load Flov, the total pov.r generated 

is not specified a priori, bor are the real pover generated 

at .ach PY bus; instead at eaeh P' bus ls specified ~ts 

fractional contrlbutlpo to the total generatiQn requ1red to 

satistr the total deaaDd plus netvort 10ss. 

~h. applications of the.. no-slack bus load flov 

aethods are also inyestigated. !aploying the provision that 

all the real generations can be independent1y specifi84 in 

~he 110atiDg s,ste •. 'ottage Load Plov, econoaie dis~atch 

calculations ean ~ si.plifi.d. Giyèn the pro~r Phr.tC.l 
. . 

interpretations, the participation Pàctors Load ~lol .~abl.s 

aodelling of a pow.r the 

actions of the turbine ap .. a control goy.rnor •• 
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RÊSUMÉ, ' 

Dans les ~tudeS d'6coule~ent'de puissance, pour des 

Taisons mathématiqu~s, une barre de génération doit être choisie 

comme la barre tl'oscillati~ qui ne peut pas avoir sa produc-

tion sp6cifiée ind6pendamment. Une telle barre n'existe pas 

dans les réseaux électriques de puissance causant une variance 

entre la pralique et le modÈHe. 

Cette thèse développe deux mod~les qui se rapprochent 

plus du systême physique sans la nécessité dé définir une barre 

d'oscillation. Dans l'Ecoulement ~e Puissance avec Voltage de 

Réseau Libre, toutes les injections de puissance réelles sont 

indépendamment spécifiées en laissant libre le niveau de, volt-
~ 

age du réseau. Dans l'Ecoulement de Puissance aux Facteurs 

de Participat~on, la puissance totale active de production .. 
ainsi que la production à chaque barre PV ne sont pas spécifiées. 

A chaque barre PV on spécifie la contribution fractionnelle de 
1 

la génération totale requise pour satisfaire la demande totale 

et les pertes de transmission. 

Les applications de ces méthodes d'écoulement de 

puissance sans barre d'oscillation sont aus~i étudiées. Il 

est possible, par exemple, de simplifier largement le cal~ul 

"du dispatching éconÇlmique en, employant la proprieté de l'Ecoule

ment de Puissance avec Voltage de Réseau Lib~on les produc

tions réelles peuvent être specifiêes indépendamment. L'Ecoule-

ment de Puissance aux Facteurs.de Participation nous permet 

en plus, de modeler le systême en tenant compte des actions 

des gouvernails de vitesse des turbines. 
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1. IJTJODUCTIOI 

In al.ost. 
~t. 

analfsia the aDJ tind of power s,ste. 

load flov progra. has an iaportaat role to play.' Bssent!ally 

the 10ad floll progra. establishes-the steadJ state operatiaCj' 

point of the syst •• in baras of the yoltages at aIl the 

aodes of the sJstea. In another era, before the diqital 

co.puter appearea on t;he scen., load flo. studies v.re 

cartied out as analog si.ulations of the sJste. on,lC boards-

which lIere sealed-dob electrical .oÇ,;]:~\ of th. pover syate. 

under study. HoveYer vith the adyent of the diqital 
{ 

co.puter, d'igital siaulations haye displaced the le bo.ras. 

This changeoyer is due ta a nu.ber of significant adyantages 

the digital co.puter has .oyer the le boards [1], the 

pf'incipal ones being cost, accuracJ, fleKlbility and 

con yen ie nce. 

Elier since the first load flov proqraas in the 

aid-1950's, a prolifera~ion of papers 01\ the .ubject had 

appearea in the li terature. 1 
( 

of 'the ,aper. suryey 

present.ed is gi"el\ in [2 l. The e1ft.nsi"e past ef"fort.s 

Dotvlthstandinq, curr.nt probl ... of incr •• slnq syste. si,.s 

", 
and on-line applications still de.nd ianoyations. 1. 

syste.. groll larqer, ... ory .pace iD. the coapater ia 
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s~ •• relf taxed, while for oD-lin. applicatioDs. • .. cation , 

tiBes need to be reduced. These difficalties are aBeliorated 
... 

bf the recognition and exploitation of the fact that .ost 

power sfste •• atrices are sparse. 

with sparse Batrice. .uch storage space can he 

sa.ed bf not storing the z~~ ele .. nts of the aatrix. When 

it is estiBated that Bore ~han ~inety-nine percent of the 

eleBeDts of aaDy large power syste.,Batrice. are serGes, one 

can appreciate th. saYin98 realized. At the sa.. ti •• , 

.atrix ?perations iUTolTinq the aero eleaentS) are triT!al, 
-~ 

so without per~or.inq operations. ~n tho.e zero ele.enta 

which ara not stor.a, execation t!.e is redacea too. Hence 

sparsa .atrix.;- handliDg Is a to 

incorporate into load flo. proqr •• s. 

In the currently acceptea •• thod. of 10&4 flow 
~ 

calculations, there 1. eD~renched the concept of a siact bus 

.hich i8 the generator to which is apportioDed aIl t~e 

transBi8s10n loss of the net.ort. llthough there exists no 
\ -

slact bU8.S such ID the ph,sical sfate.; the .lact bus is 

ne.~rthele8s a necessary cons~aence of the 10ad flov 

for.Q1at10n~ 1~ carrent use. ~hi. d1screpancy bet .. en.the 

real world .nd the aode1 of the s,ste. can, as it _i11 be 

. ~. 
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shovn in th!s thesi., be resolyed. 

Ihereas. there has been research on th. sUbject of 

Do-slact bus load flov aethods [3,'], toi' the best of th.' 

author's knovledge, t"he .ork carried out in this th.sls is 

t~e firs~'atte.pt to sfste.aticallf for.Ulat. the loa~ flov 

proble. aas the, 'appear in the folloving pages u~d.r th. 

na.es the '~atin9 Sfste. loltage Load llo. and t" 
~ 

Participation 'Pactors Loacl,.. 'Plow. . The author beli ... s the 

abilitf to incorporate the droop charactaristics of 

generation units to the load flow solution .ethod is a180 

vithout precedent. 

This thesis eKa.ines the justification for tbe 

slack bus and deY.lops t.o aode18 vhich r.alisticall, 

describe the phJsical ~fstea and at,the' sa.e ti.e do Dot . 
require the specification of ODe of the buses as the slack 

1 

bus. ftany other such no-slaek bus forlulations Ar. P~~l. 
, 

when it ls reeogni •• d that .in essence, in a 10a4 '10. th. 

uDknoVQs are ealealat.a fro. a set of si.ultan80us alg_braie 
" ' • 

eguations .hieh relates the gi.en operating conditioDS to 

the unknovns. Pro.ided that the .t of equatio.s has be~D 

for.lIlated .s a cOllsistent set .ith as aanJ independent 
\ 

eguations as lIDk,o •• s, i,t constitlltes ,Il .ali4 loa4 flo • . ' 
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... 
In the, cORY.n~onal load flo •• etkoda the q1 ••• 

operating conditions are the ~.al ana re.ctiy. po.era at th. 

load bases and real powers and yoluge .agllitadea at. tH. 

geRerator bases· exCêpt the slack bas .bich ODl,~ haa i ta 

'yoltage .aqutade apecifièd. Bad the, '.lack bus real . 
- ,generation been specified, a's, v.~ll, ~t "oald yerap.cily th. 

~ 

9 

s,ste., "hich ,oald il.ost certainl, r •• olt in aa 

iaco nsistent syste. of equatioDS. 

, ,,~ 
HOVeter the'aboye aead Dot be and in the 'la.t 

anal,sis are not the exact operatinC] conditions of a po.er 

syste., goY. mors .a, oparate to alter the ge.eration 1.ye1a 

vhen there Is a deYiatio~ fro. standard frequenc, re.a1tiDq 

fro. an unbalance bat"een generation a~d d, •• DeJ. StaUarl" 

generator exciters and tap chanqinq tra.sfor.ers lay fi •• 
1 

tane the SY8t •• yolt&qe.. Ilso a certain li •• , fot .... pl., 
, 

o 

a tie-1ine, .~Y.be 1Inder contr,act to trans~it a q~ •• n po"el; 

and this beco •• s a spec~f1ed operating '( cOReti '\\101l. !Il. 
\ 

" 

eqaation relatiDg thi.· tie-Ilde flo" to 'th. aDtao .. 

y'ariables cou14 _g.1Iy •• 11 'be Olle of tlt. .qG.tiora. that 

tonstitate a Ya1~d 1~~ flo. aode1' of tla •• Jstea. n •• tJli. 

the.is is addre.,.d to the" alt.rnati .. for.alaUo •• "of the , 

-. - o 

. " , 
i 
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loaa flov proble. and their 

syste. to be aod8lled. 

releyaDce to the ph ysical pover 

r 

Chapter TIO proyides the backgrouDd jaterial and 
..... 

describes t~e' cODyeDtional'loaa flow foraulatio~. It also 

pr,sents iD $Oaa datail the anal,tical as weIl as nuaerical· 

cODsiderations of the Je_ton-Raphson 10ad flo,r"aetbo.d. 

Chapter TRIEE develops two DO-slack bus lo.d· flov 

forlÎlulations and their lapleaentations. In the Floating 

Syste. Voltage tcad Flow, aIl the generation buses are 

dispatched but theIr voltage .agnitudes are yariable whereas 

in the p.rticIpation Factors Load Flov, the 'generation 

buses' voltages are fized while the· total generation is 

yariable throagh the participation of aIl the geDeration 

units. 

çhapteT l'OUR a.scribe. applicati'c,na of tli. Dev 

load flov foraalatioas. ~hrough the lloating· S1ste. ~01t~ge 

LQad flo.,< acono.ic dispatch probleas can be si.plitied • 

. The chapter also offera a possible phJs~eal interpretation 

of the ~ PartIcipation, Factor.: osing this ph Jsical 

iDter~retatlon. the Participation Pactors Loa~ Flow can be 

,applled 
o 

to aodel, the allocation 
1 

of ne. gen.ra'tions to 

1 
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rectlfJ a generation-de.and i.balance situation. 

Chapter PIVE presents the detailed results of the 

stad} of a 5 bas syste •• Exa.ples of the application. of the 
_.f 

nev 10ad flo. for.ulations are also described • 
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2. THE CORVEBTIOHlt LeAD FLOW 

, 
In a load flov problea it ls desired to find the 

Yoltages at aIl the nodes of a pover netvork giyen the 

operating conditions of the syste.. !hen vith the Yalues of 

the Yoltaqes 50 obtained, any other dependent yariables lite 

the pover injections at the boses or the pover flovs betveen 

the buses could be calculated. In the conyentional 10ad 

flov foraulation, the operating conditions are specified bJ 
\ 

th~ real and" reactiye injections lt the 10ad buses and the 

yoltage aagnitodes and real injections at the generator ana' 

r~gulated büses. In the 10ad flcv prob1ea tben, the 

objectlye 15 to find the yoltages at a1l the nodes such that 

these specified injections are satisfied. Bach specified 

injection being expressible as a quaaratic fonction of the 

nodal yoltages in the netyort, the load flov proble. can 

thus be foraulated and solyed as a set of nonlinear 

alge braie equations. 

\ 
It vas •• ntioned aboye that in the conyentional 

foraulation, the operatinq conditions of the net.ort are 

specified by the real and reactiwe injections at the load 
, 

buses and the Yoltaqe .a9nitudes and réal injections at the 

- 7 -
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generation buses. Boweyer in a netvort with Jet undeter.ined 

• trans.ission loss it ls not possible and .atheaatically 

untenable ta speciff aIl the real inj~ctions a priori, vith 

the reactiye injections at the 10ad buses and the ~oltaqe 

.agnitudes at the generation buses specified as vell. Bence 

appears the necessity of the artifice of a slack bus (one of 

the qeneration buses) which has only its yoltaqe aagnitode 

specified but not its real iDjecti~n. In the syste. there is 
\ 

a1so an arbitrarilf chosen reference bus fro. vhich all the 

~oltaqe angles of other buses are~red. The 81ack bus i8 

often (but need not necessarily be) chosen ta be the 

- reference bus. BaYinq considered these details, ve shall 

proceed vith the aathe.atical foraolation of the load flov 

proble •• 

The real aDd reacti.e paver injections into a 

Dode i can be expressed as 

P', .. jQ, = V. l ~ 
, '1 

vhere V, i8 the .oltage at Dode 

the carrent enterinq Dode i. 

i and 

(1) 

:r~ • the conjugate of 

The current enterinq anode i .ay be express.4 in 

teras of the nOda~ Yoltages as follawa 

, I; = ~ f'Ik. V, (2) 

- 8 -
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\ 

where the su •• ation is oyer aIl 
\ 

the nodes in th, sJste. and' 
/ 

~ 

Y1k i5 the ele.ent of the bus ad.i ttance .atrix of 
\ 

the net vork. 

are resolyed 

//~~t 

jYOltages 

-vorking vith rectaugular co-ordinates, 

into the real and 

the nodal 

haginary 

! co.poo.ots 

~ 

/ 

( y- = e· + j1:. . , ' 

Fro. (2) •• haYe, 

P, l ( Y;17 ) 

= Real ( (ei + jfi ) L J~" (e,,- - jfd) 
le. 

:: peal {(e " + jf j ) L 
II. 

(9 ilo. - jb;1( ) (e Ir, - jf Il-' ) 
.:: e \ L (e ... 9'11- - fkb,~ ) + te L (fk.<Jo". + e"baJ 

le. ... 
(3' 

anel °i .:: f·, L (e~ g.Io.- - fit bik.) - e· L (fk,CJ i"- • ,.,bilc.) , , 1( 
(fi' 

Porther, the yoltag •• aguitude squared at anode i is 

= e~ + f ~ , , -
(5' 

Equations (3), (" and (5) oonstitute the types of 

~quations to be 801'.4 in the load flov proble.. The Bet of 

load flov equations are: 

1L 

- 9 -
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j' 
For a 10ad bus i 

Pl'flac.. = e ; L (e_qilt f",b;1c ) .. f· 1:.. (fIL g.Iit. .. e .. b i ,,- ) 1 

" le. 

ana O's, ... = fIL '(ell. g,k, - f ... b 'k.) - e· l:. (f kq il... + e ... b'l) 1 

k. ... 
a 

For a genera tor bus i 

P_'IUH, = e iL (8",g'" - f.b",,-) .. fi.L. (fkg,,1I. + e",b.,,' 
T " ' ... . 

a ft a 1 vit sI' ec. = • ~ + f t 

For the slack bus 

+ f:l 
S 

• , 
Hence there are in 8011 (2n· 1) si.ultaneous 

. 
algebraic eguations ta solye, 2 eguations each fro. the load 

and generation buses ana one Iro. the 'slack bus, n being 
..", , 

the nu.ber of buses in the syste •• for the 

referenC8 bus vith its zero yoltage anqle i.p1ying fr&~ = 0, 

:actuation (5) is tri yia1 ta solye and the syst •• can be 

reduced to (2n - 2) eguations .ith (2n - 2) unknovns. 

litb the pro'hle. for.ulated, nest v. proc .. ,d .itb 

the solution. The equations (3), (" and (5) can be _rittea 

cone ise1y in the. fora 

- 10 -
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1 
( 

f 
1 
f • 

( . 

_ ...... - .. ""~."' ........ _ .. _ ... -
__ .... __ .. _ .. -rb' --'-

= Pl ~,.() 

0 1 ~,!) 

i (§,!) 

(6) 

vhere p ~ , Oi and 

vectors of nntnovft real a 

functions of t and l, the 

i.aglDar~ co.ponents Of t·he 

nodal voltages. 

Br the Taylor series expansion, 

(7) 

, 1 

IIhere ••• denote. higher order teras in itol a nd Al_ 

Grouping together the tno-n quantitiea onto the L.H.S. 

i' 1 

~P'I lPî . 
p. P" (I"t.> ~ -~! + ~,' .0.1 + ... 

1 Srf.,c. ;), 
~. io 

siailarly, 

~Q'I ~ 0 1 
o j CPc.c-

.. o i (Ic),f ct ) ., --! Â§ + --!. .A' ., • •• (8) 
)! )i 

!. ~. 
1 

"1 ) "1 ~';'I 
l" i~l" - "',(1 0.'°) .-A,I + - A' + •. 0.. 

~J '1 .f f. -., 

, n 
- 11 -
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Equation (7) can be yi •• ed as, giyen an esti.ate 

of the solution (!o,!o) the equation ls satisfied if this 

esti.ated yalue of the solution is correct.d bJ an a.oun t 

(t.!,Af,. Hence finding (A!, A!) is equiyalent to sOlYinq the 

original set of eguations. Proyided the corrections are 

s.all (i.e. the esti •• ted solution Is close to tbe actual 

solution) the hiqher order ter.. in (8) could be neglected 

and the load flo. proble •• aJ be reduced to a set cf linear 

equations in At and AI. This set of equa.tions 1s:-

p. 
'V~ 

(9) 

vhere 1 = aIl the bu ••• except the slack, j - aIl the 10ad 

buses and k ,.. a11~the qenerator buses exeept the slack 

"rh is u nv_lld 1 J set of equatio •• (9) c,'" 
elegant!r expre.8ed ln lln_ar aIg_braie notation 

Il z: [.1]1 (10) 

• 
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vbere l! is the yeetor of .isaatches /iêonsistin9 of 

P ; "(,-c. - P, (i •• t .) , 
X 18 tbe yeetor of unknovn correction~ to the 

esti.ated ~lution and [J] is the 12n - 2) Jo: (2n - 2) aatriJ: 

(>;' of differential tans co •• oD1y tnovD as the Jacobian 

aatriJ:. 

The solution to (1Q) is 

(11) 

proyided ~be Jacobian is non-8iDgular. 

Rad the equations of the load flo" proble. been 

1inear equations, solution (11) "ould be eJ:act. RoveYer the 

functions in (6) are quadratic 

differential taras in equations 

and the second order 

ce) eJ:ist. The •• "ton 

Raphson a1goritha ignore. tbes. tar.s undar the assuaptioD 
f 

that qiyen aD iaitial estiaate close ~o the actual solution, 

the nuaerieal aa9nitu~es of the.e teras are insignificaDt in 

eo.parison vith th. !irst order ter... Henee the solution 

gben by equation (11) i. ineJ:aet and aore Iterations are 

required to eonyerge to 

accuraey. 

, , 

the solution of satisfaetory 

- 13 -
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Vith iteratiye nUlerical lethods, there ls alvays 

the question of .hen satlsfactory accuracy h~ bean 
, 

atta.ined. In the B - R algorithl ho~er, unlike other 

i~eratiTe algorithls 9.g. the Gauss Seidel, vitbout further 

effort it ls possible to judqe if the solution ls of· 

sufflclent accuracy. 1he accuracy of the solution 18 

reflected in the lislatch Yector ~ in equation (10). It Is 

t.o he noted '\ that t.he yector consists, of tbe... differ«"Dces of 

t.be specified injections and the actaal injections as 

obta.ined frol the solution. If t.hese dlfterences are .ithin 

the practical or per.issible yariations at the corresponding 

buses in the netvork, then sufficient accaracy in the 

solution has been achieTad. 

'he algorithl aeyeloped in the preYious section as 

it stands, is not vell suited to the load flov ~alculations 

of large syste.s. Por one, It requ1res the inyerse of the 

Jacobian latrix and inyerses are prohibitiYelr laborious to 

calculate. It. is also to be noted that the Jacobian latrix 

is depandent on the yalues of the yoltaqes, hence the 

Jacobian latrix cheDges vith eTery iteration and so the 

inyerse has to be .yaluated an •• for each i t.ration. To 

- 111 -
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sa~e efforts it vould be highl1 desirable to use the sa •• 

in~erse, throughout the i terations lf it cao be proyed to be 

uthe.aticallr sound. 

- '" Due to the guadratic na tare of the algebraie 

relationship betvéen the dependent and independent yariables 

in t~e load - f\O. eguations it i8 .ath •• atleallr tenable to 

<?l'use the sa.. inyerse Jacobian .atrix throughout the 

i tera tions. This approach vas expounded in [5] as an 

entirely nev .ethod in 10ad flov calculations but vas 

pointed out .in (6] a.s but the conyent:ional • - 1 load fla. 

usinq a constaItt Jaeobian .atrix. The follo.ing 

de.onstrates the «alidity of the constant Jacobian load 

flov. 

'l'he s pecifi ed injections in the load flov 

equations can be eKpressed exaetly in tèr.s of the nodal 

) yoltaqe co.ponants ta no higber than Cjuadratie ter.s. Hanee 

in eaeh 10ad fl0. equâtion the independant yariable z; ean 

be eKpressed as a qaadratic for. as for.ulated in [7]:-

wher. [IJ i ia a sparae, sJ •• etrie •• triK dependeat onlJ on 

th. netvort par.Mt.m. 
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Sincs [If]. is sya •• tric, 
• 

.' . ~-'7'_ ~ z) ,;, 

"<r1J.;J"'_ = 21-t[lf] . 
'""(-4 • 

~-t ~I 

and 
~2Z. a 1 _ 2.1t [.] 2[1].' ' -= = 
) Il. ~l 1 

1 

.... 
B-ecaose z· is a qoadratiç fora, its eIpansion as a 

1 

Taylor series .i11 Dot haye teras higber thaD the thlrd, aIl' 

biqher teras being zero. 'So the Taylor expansion can he 

expressed exactly vith the first tbree teras, 

= z'(I) 1 ._, 

Generalizing to include aIl Î\ th. Z i '., 

equations can be coapactl} e~r.ss.d as 

1 ~r. cA fi .. Jo :: 1 (1 0 + AI) 

tbe 10.d floy 

• 1 (1,,).. + 2[ JI (~.) lAI t [il ("1) lAI (12) 

, 
yhere 1 ~ (ZI,ZI'~.··'Za~)t 
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and ' (-J (.1.) ] = 
, 

::: - Jacobian lIatris: 
:1 

To solY. th!s set of 10a4 flow equations one could 

use an iteratiye Behe •• -.!, 

1 .. , 

obi:: ~ [J(lo)l li "'.kf-.:...(. - 1(10 ' - [J(~) ~ 

\ 

and iterate util AJ re •• ins constant. 

The aboYe approach .~J he consldered as another 

10&4 flov .e1:hod, hov.yer it "is eqaiyalent to' the 'ewtou 

Raphson alqorith. usinq a constant Jacobian aatris:. !his 

as foll.ovs •. 

Expanding [J], 

2 • 
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- 2 =. Z 'P'" - • 
X~ (N el X 
-. .a-.-.1.- • 

r!( Dl, &, 1 ~rNJ,!~ !~[ N J,!. !~pl J,!. 

,~[)l .... l>. + 

.e . 
+ 

I!r N j •. ~~ 
\ . e 

xt'[N' X !!r N J.t...t!. , -.. J.a...'l-' 

~![l: ] 1 !", f' !![.N],~~ x~[ K] X -. ,-IL 
'" . 

~ ~' Z.p&.(.. - f 2 
t .• e .li 

1. ( N ].1ort.l~, xt[t:] X x~[tn ! 
-t. 1...1.-\I. -. ~...a;'" 

~ . " 

The last equation above ia the solo~ion of the N - F 

a190rlt~m using a constant Ja.cobian" .atrix • 
'J 

'!'hus the a"bove derivatioD estilblishes( the validity 

of US~Dq tfie N· R algoritha vithout updating tbe Jadobian . 
• atrlx duri~9 each Iteration. The convergence' râte .ay be . 
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slightly impaired and a f~w more iterations may be required 

but the overall effort 15 rrduceô. 

The load flov eguation~ ~::: [J]! "her: 

50lved in the straightforvard manner 'follows the procedure 

of finding the inversé of (J) and obtains the sOlutiorJ 

! = Hovevoer this procedure .i..s al most invariably 

never done in practice for large systems. In addition ta 

evaluating the inverse matrix [JJ-I vhich requires at least 

~JlJ operations one has to further expend another n 2 

operations for multiplyinq the inverEe vith t. To solve a 

set of simultaneous ~~uatior.s, which actually is the case in 

the N - i solution of th~ load flov problem, the preferred 
J". 

method is the Gaussian Elimination which, together vith 

back-substitutlon, requires 
1" SIl. 1 In + ln + ,n operations (6). 

/ 

A closer examination of the Gaussian Elimination method viII 

show that it ' is Equivalent to factoring the coefficient 

matrix [J] into a product of a lover trianqular majrix [L] 

and an QPp~r triangular aatrix [U] (9). Though Equivalent, 

explicitly factoring the co~fficient matrix into -lo~er and 

upper triangular matrices offers some advantages over direct 

Gaussian eli.ination, for example, vith the factor matrices 

- 19 -
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it requires just an additional back-substitutlon to 15ol-.e 

the related set of slaultaneoQS eguation [Jl& = J!2. 

vhereas vith dfrect Gaussian eliaina tion every step has to 

be repeated anev. 

There are differen~ .ethods for factoring a aatrix 

into its lover and upper triangular factor .atrlces [''']. 

The .ost suitable aethod for the vort in this thesis ls the 

Doolittle aethod (the Doolittle aethod is described in [1"]) 

in vhich at the k+1. step, the t+1.. rOlfs of [L] and rU] are 

generated uslng the previous rovs of [L] and CU] and the k~~ • 
rov of the coefficient .atrix. It 15 to be noted that the 

values of the ro"s previous to the k H, rOIf of the 

coefficient .atrix are not required in generating the k+k 

rovs of [L] and [U]. The coefficient aatrix, which in this 

case ls the Jacobian .atrix, is itse1f generat~d ODe rov at 

a ti.e. Hence after generatlng the k t '- rovs of [L] and [U], 

the k+~ rov of the Jacobian .atrlx viII n~~ he further 

required for subsequent rOlfs of [L] and CU) and thus does 

;""'not need to be stored. In short, DO stfage ~eed, to be 

allotted for storing the Jacobian aatrix. For s01.iog large 

syste.s this i8 bighly desirable as storage conservation is 
c 

essential. This brings us to the subject of sparsity 

prograa,.lng Ifhicb 18 a pro~ra.aing technique useful for 
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/ 
consery1ng st()'rage space in 1n,01.,.1ng sparse 

.atrices. 

1 aatrix ls classlf1ed as sparse if it has 'l'ery 
"\ 

fev non-zero eleaents coapared to the nu.ber of zero 

ele.enta(. In a large paver syste. the bU$ adaittance aatriz 

is 'l'ery sparse. The Jacobian aatriz Is sparse too.- gecause 

of its sparsity it vonld be vastetul ta store the sp~se 
"-

matrices in the regnlar 2-diaeosloJlal arrays. Tbe only 

significant data needed to be stored are the "'alues of the 

non"'zera eleaents and their ra. and colaall pas! tians in the 

.atrix. One ."other property of the bus ad.ittance .atrix 

that can be exploited for furtber storage sa,ing purposes ia 

its syalIIetry. By Its sy .. etry ooly one half of the total 

non-zero eleaents n~ds ta be stored. 

various aethods haye been presented fOI sparse 

.atrix storage and retrie,al [10,~','2]. In essence aIl 
\ 

aethods are conceived vith the intention of storing only the 

non-zero eleaents ànd the positional data concerninq their 
-on, 

eorresponding locations in the .strix. lppeDdiz B descrlbes. 
, 

in datail the sparse .atrix storage techniques eaploJed ia 

this thesis. 
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vith the knovledqe that sparsity in a .atrix is 

desirable, naturally it is adyantageous to preserve sparsity 

in .atrices, .hen possibl*. This is one additional reason 

for L-U deco.position instead of findinq the inyerse of a 

lIatr i 1. vhereas the L and u latrices of Il sparsa aatrix are 

sparse, the inyerse of a sparse la trix is usually C)Jite 

filled. Decoaposinq a sparse non-sinqular .atrix into its t 

and 9 factors in'yariably introduces nev non-zero ele.ents. 

Hoveyer there are lany vays to .i nilIze this additional 

fill-in. 't'heorels appearinq in [ 13] predic:t hov .any 

till-ins viII result frol choosing a certain elelent in the 

latrix as pivot in the factoring process. 50, br excbanging 
-tJ 

rOV8 and colu.ns to obtain the right pivots qiYinq the 

ainhu. till-in, the optilo. nUlber of fill-in can be 

achieved. 

with the cOlplexities of the operations inyolyed# 

sucb aethods are only vorth.hile f~ repeated calculations 

on the sa.e netvort configuration, in which case the a.trix 

structure is unchanged and the sale Bequence of piyots are 

used repeatedly. fil ore practical aethods vith easier 

iapleaentations bot .hich do~ generate the opti.al 

fill-us are also availabl. [ 13}. One siaple sche •• is to 

choos. piyots only alonq the diagonal ele.ents of the 
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.atrix, vhich when applied on the bus ad.ittance •• trix 18 

equlvalent to re-nu.bering the original bus na.bers in 

asceading order of the nu.ber of lines connecting to the bus 

[9,13 J. 

In the L - U deco.position for the Jacobian .atrix, 

re-nu.berinq" the buses as the aboye paragraph ~SU9gests, also 

helps to keep dovn .the nu.ber of additional fill-ins due to· 

the close re1ationship of the Jacobian .atrix and the f 

aatrix. For deco.position of the Jacobian .atril tb.re i5 

one further vay to decrea5e the fill-in. It vil1 be recalled 

that the k·I. rov of the Land U aatrices depend on the k+-a. 

/ rovs of the Jacobian and the preYious rovs of the Land U 

.atrices. rt Is eYident then, that if the top rova are 

sparse, less fill-lns viII resuit th~ had the top rova been 

full. In the Jacobian, ~ rova correspondinq to the voltage 

.~gnitude specifications at t~e PT tuses are Tery sparse, 

belng at IOst filled vith tlo non-zero ele.ents, na •• ll 
av',! a'v; 1 _ iaQj and 'Iaf,. 

greater sparsity in 

Bence in the interest 
~ 

the Land U triangular 

of achieyinq 

aa tricelS, i 1:. is 

desirable to place the rova ,correspondinq to the Yoltage 

.agni tude specifications as tbe Yery top rovs. The set of 

eguations (9) ie thus rearranqed .8:-

- 23 

", 

1 
l 

1 -



.. 

- .. --- ...... ~-.,. 

, 
( 

t 
! , 
1 
1 

Pi 'f&c. -

1 
; 

.\... 

t 
" '-. 

t 
r , , 
~ 

1 
t 

! r D 

i 
1 , 
t 
Î 

l 
1 , 
! 

t 
t 

.'~" .\: 
~~. 

t (,~ 

.Il • 

- 2' -



1 
1 ( 
f 
j 
f, 
" 

( 

\ 

( , 

1 
3. LOID FLOW !BTBODS VITa BO StiCK BOS 

.. 

In the previoQs chapter the conventional load flo. 

problel vas discussed. It vas realiz~d that the real 

injection at one qeneration bus (to be called the slack or 

sving bus) should not be specified, its value beinq left 

free to Oe deterained by the solution of the load flov. Bad -
the slack bus real injection been spEcified at the onset of 

the load flo. pr?blea, the systel would be overspecified and 

an inconsistant or redundant set of equations resulted. 

Renee the e~istence of the slack bus 18 dictated br the 
i 

lathelatical constraint ilplicit in the forlulation of the 

set 'of 10ad flov equations. In the physical systel there is 

no slack bus as such, no one special bus is desiqnated as a 

~~lack bus. Rather, the set point of each generation bus i8 

fixed by the dispatcb or 10ad frequency con~rol centers. 

The èxistence of the slack bus in. the load flov 

problel is thus recognised as being iapased bJ the 

aathelatiea! foraulation of the troblea rather than by the 

physical srstel. ID this thesis 10a4 flo. lodels ainu8 the 

artifice of a slack bus are inv.sti9.t~ by re-vorking the 

foraulatioD of the load flov problea. 

• 

,f 

1 

1 
1 
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In the load flov problel. the state variables are 
. -t the nodal voltages (e 1 ..... le",.f, , •••• f .. ) = J whera e- and 1 

fi are i:he 
.... 

real a'nd ilaginary cOlponents respectiyely of the 
.' 

nodal voltages at node i and n is the nUlber of buses in the 

5ystel. III other variables of interest J, in the syst •• 

(e.g .. bus injections or line flovs) caB be axpressed in 

terls of the nodal "Voltages, i.e. 

q '1 (,1) 

Rov if ve choose 2n of these fj'S, ensaring th.t the, are 

aIl independent and ass1gn tbel values, ve viII haye a 

consistent set of 2n algebraic aquations in the unknown 

1- These 2n equations constitute a Talid load flov 

forlulation. 

In the forlalation vith a slack bus the total real 

pover generation is not constrained. If aIl real injections 

are specified theft the systel .ill ha.e a cODstraint on the 

total raal injection. This total su. of raa.l injections 

into the net"ort is equal to the transalssion loss. Tbus 
'Cl 

the specification of aIl the injections is _qui.alent to the 

speclficatioD of the transaission loss. I~ this sa. i8 
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negatiye, 8t once the proble. defined as such has no 

solution because deland had ezceeded generation. Boveyer, 

vith the trans.ls5ion loss l"n the networ~ correctly deflned, 

vhlch constraint can be reloyed? Due to the close 

re1ationship betveen systel yoltage leyel and transllss10n 

loss, one logical choice is to allov the systel yoltage 

1evel to float until sach 8 yalue of transllssion loss i8 

obta ined. 

vith 1 this f10ating systel voltage for.ulation 

then, the constraints on the yoltage lagnitudes at the Pl 

buses are relazed. A nOlinal yalue of voltage lagnitude Is 

specified for each PV bus bot the actual Yalue is alloved 10 

vary proportionately to its nOlinial voltage to satisfy the 

trans.i8sion 10ss specified. This nOlinial voltage is the 

sale value given to the Pl buses in the conYentional 

forlulation. If the translission loss have been 

realistically astilated in specifyin9 the ra.l injections, 

then the volta~e .aqnitudes should· not deyiate appreciably 

trol tbeir nOlinal values. 

Ve shall <H.scuss the floating syst •• voltage load 

f10v'"ln rectaogular coordinatea (for the treat.nt in polar 
, 

co-ordinates ra fer to lpp.ndix 1'. Vith the syste. voltage 

" 
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leyel floatinq. the yoltaqe laqnitudes at the PV buses are 

no lonqer specified exactly. Instead, their -nolinal values 

are qiyen and the actual yoltaqa at tbe bus is allovad to 

?'arr br a factor f vhlch Is detarlined by hov aach 

tran SI ission 108S bad been asti.ated" as ilplied by 

specifyinq aIl the raal povers. Tbus the loa~ flov 

equations are:": 

P l ~I<., :: Pi (!) 

l. 1 

f IVI '~f4- :: " (1) 1=1, ••• ,. 

p. :z P J (1) JSfCC. 

o J S(J1.c.. = Q~ (1) j=I+,~,n 

wbare for easa of notation, it is assa.ad that the first 1 

buses are Pl buses in the sJste. of n buses. Tbe unknovns 

are "f, the sTstel wol tige factor and ,. the yector of nodal 

YOltà'qes. 

To ba able to apply the conyentional load flol 
'v 

solution •• thods vith as little lodificationa as possible to 

this nev set of loaa flov aquations (thus savinq efforts of 

doinq everythiDg fro. scratch), a SIap1e 

variables is necessary. If ve a.fine &t 

transfora.tion of , 
= -- ~ then sinee 

f 
Pi (" and Qi (&, are qDadratic: funetio .. of 1 the, ca. he 

-1' 
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expressed in teras of l' as pl P, CI') and l Q 1 (J') and the 

set of equations can be .ritten as:-

p = r P l '~') 1 ~tc... 

'1 
V, (l') IVI i ~'-<." = i=1, ••• ,a 

P j çp«.. 
=: !2. P j (1 t) 

Q j Spt4 = f2 O· (J') 
~J 

j=a+1, ••• ,n 

l 

The abo~e structure of the load flov equations 1. 

al.ost identical ta the conyentional foraulation Igs. (6): 

at the 1.R.S. are the specified quantities vhile at the 

R.D.S., functions of the unknovn nodal ~oltages. One 

additional nnknovD, the factor f i8 introduced and sa i8 one 

.ore eqnation. Altogether there ,are (2n-1) unknovns vith 

(2n-1) eqnations after sol'ing independently the yoltage 

equation of the reference bus. The sJste. can be ~ol.ed 
vith. the lIevton Raphson algorith. in st.eps siailat t.o the 

CODyentional load flov: The JacobiaD .at.rix 18 DOV 

(2n-1)x(2n-1) and i8 of the for. 
tf 

J fPj IJJ' ?J!p ./aV 

lVi/dI' a 'i /ap 

~tPj/~J' ~ tPj/~p 

d rl.Oj laI' 'd;Qj la, 
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~&is viII require ainor aodificatioD8 to the 

Jacobian aatrix qeneration alqorithl of the cODyeotional 
-

l.oad flov. In the conyeutional load flov the Jacobiao is 

(2n-2)x(2n-2J whereas here, it i8 (2n-1)x(2n-1). The extra 

row is due to inclusion of the real pover equation for the 

bus'desiqoated as slack bus in the oonyeutlonal lo&d flov. 

Howeyer its eyaluation poses no additional prob~aa, it 

reqQires the saa. algoritha as used for eyaluating ~he rovs 

corresponding te the real povers eguations. ,The extra 

coluan in troduced is due to the untno.n , • The 

differential teras of thls coluan are eyaluated as:-
~ ~ 

~ 
p'- P j = 2pP i 

Jp 

~ ,. ;1: 0 -df 1 

~ - fa· a 2pO' df J J 

Saye for the,. aodifications to the Jacobian 

aatri.! othe cony.ntional load flo. prograa could \ be u_d to 

sol •• th!s n •• fora.lation'of the 10a4 flov p~ob1e •• 
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The floating syst.a yoltage 10ad f10w can a150 be 

iapleaented as an iteratin-.procedare using the cony.ntional 

10ad flov algoritha. In the floating srste. voltage 10a4 

flov, aIl the rea! generations are specified whereaB in the 

conyentional case the real injection of the slack i8 le ft 

unspecified. If at the solution of a conyentional load flo. 

the real generation of the slaç,k buS aoes not agree vith the 
1 

value specified. it' iaplies the transaissloD lOBS as 

calcu1ated does not aateh the specified transals5ioD loss. 

The calculated transaisslon loss can be eorreeted by an 

adjustaent of the nodal yo1tages in the syst.a. 
/" 

lith the srste. nodal voltages expressed as a 

yeetor ! of" the real and iaaginarr co.ponents, the 

transa1sslon 105s caD be vritten as a guadratic fora 

PL. = .!t[ Ml.!. flatchlng the re.l injection à t the .lack bus 

to the yalue specified Is eCj1liyaient. .. ta haye the 

transaisslon 105s as l.plicitly specified, aatch the 

transa158ion the cony.ntional 10ad, 

fla., i.e. 

po apL __ ,=,-t[I"'" L,'t, ~ .la 

If the tvo 108s.s, calculatea ana sp.clfiea 40 DO\ a.tch, 
J , 
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for adjust.ent, the Dodal . yoltaqès can be scaled bJ a 

factor P so that the 108s viII .atch, t~t Is, to kaye 

. 
( , I)~ [i1~( " ~) ) l' ;: , 

L 'f'k' \ 

= l ~-t ('1I]J 

;: ,'l.p 
L c:..l 

~. 

so the factor f can be calculated fro~ 

• 

Boveyer in practice, it i8 not possible to a4just r . 
{ 

.. aIl the nodal 't'ol taqes, on1} the t'01 taqe .aqnU:ade. a t the 

PV buses are controllabie. So t~e floatinq sj.te. yoltage 
6 

10&4 flov can be J:.p.1eaeDtea bJ iterlrtbelJ .01,yinq the 

cODYeDti~~l load flov, coaparing the apecifiea lOSS vith 

the~calcula~.d 10sa aad a4juatiug the yoltage .agDituae. at , .~ 

the p, buse., repeatinq the procedure aDtil the calcalate4 

108S .atches the sp8cifled los.; at vkick tl •• the re.l 

injection at the bas ae.iguatea.. the slack bas woald haye 

atta1ned the yalue as specifi.d • 
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In the ~onventioDal load flov for.u1ation the 

slack bus ls introduced to allow total real qeneration to 

re.ain uDspecified. Hove.er a slack bus Is not really 

needed to achie.e this purpose. One can st ill ha.. the 

total real power qenéTation left unspecified and yét Dot 

require a qeneration bus to be treated different1y fro. aIl 

the 'others. This could he achieved br allocatinq a 

fractional share of the total real qeneratioD rather thaD aD 

absolute value of qeneratlon to eacb generatioD bus. Br 
this f~r.ulation, the total qeneration is still left 

uDspecified but aIl, th~ qeneraticD buses are treated . 
equally. The detailed for.ulation ls as follows: 

Let al; .here i :!: 1, ••• ,. bE the fractional sbare 
• each qeneratioD bus contribates to the total qeDeration. 

These ~; 's are specified quantities. The other specified 

quantities. are l' 1 i , PJ and 0j' .here i = 1, ••• ,. aDd 

j = •• 1, ••• ,n; a ia the na.ber of generation buses and n 

the total Duaber o~ buses ln the sJste.. Let .1 be d.fined 

as a 
, , t 

"actor ~of the aodal voltages fe 1 , ••• , ... ,f, , ••• , f,,) • 

It is asso •• d vithout 10ss of generality that bQS 1 is the 

." refereace bua Vith fi: o. The pover injections, raal and 

rea:ti"e·, at any bua i and th. total power ge.erated in the 

," 
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syste. are dependent fonctions of the state yariable 1, 

represented by P,(&), Q ,(~) and PT(J) respecti.ely. vith 

these d~finitions tben, the pover generated at a generation 

bas i is ~iPT(I) and it shoo1d eqoal the netvort injection 

plus the d~.and at that bus. The equations representing the 

syste. are:-

e!,jPT (1' :: Pi (I) 
1 

IV J~ == , 5p&<. Y ',(1) 

P J Sf.~ll.~ = P j (1) 

Q. . ~ J. "" o j (I) 
J ~.". " 

+ PI tt''''' .. ..J. 

e~ f~ = + , 1 

(13) 

i == 1, ••. ,. (111) 

j :: .+1, ••• ,n 

/ 

(15) 

(16) 

In the set of equations (1 Il) , the one 

corresponding to the reference bus cali be sol.ed separa tel,; 

vith f .. ~~ = 0 the equation l'I~ltf 
:1. + fl is tri .,ial = e rc.f r.~ 

to sol"e. 11 though it .ay not be apparent, the set of 

equations (13) is redondant; of the a equations in (13) any 

one of the. cao he obtained fro. the other (. 1) 
,. 

equations. This can be shown br the fclloviDg argu8ent. 

Sinee the J.j' s are the fractional shares, they su. 

up to unity. Also, the total generation i8 the sa. of the 

generations'at aIl the generation buses, 

(17) 
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Thus, sabtracting aDf fa - 1) equations in (13) froa both 

sides of equation (17) ve have, 

PT (A) - L o( ... PT{I) 
Ic..,r, 

'l'he a boye eC}-uation can be 

p r(l) (1 - L 0(.,) 
I(;ii \ 

:: L 
t\ 

-, 

(P k. (I) 

si.plified 

+ Plo. ,( .. ..1 
L [P ~ (I) + Pk Il.",,} 
~~; 

into 

vhich transfor.s to the eqnation corresponding to bus i 

oC.,PT(I) = Pi (1) + P; "" __ \ 

\ 

\ 

vith these considerations tli~n,. th<\,e syste. has 

(2n - 2) eqoations and (2n - 2) unknovn ~Ol tage co.ponen ta 

(f " .. f i5 zero and e rd has leen separatelf\i Bolved). '1'hese 

constitute a consistent set of equations and la the 

for.ulation of the nev 10ad flav algorith. to be called the 

Participation Factors LOll4 Flov. The set of 10ad flov 

equations defined are: 

P; (.1) + P i ,h... -_ .... ..,-_ ....... -~ .... -
P.,(J) 
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(18) 

P 
k 'te." 

o k S

t 
.bere i = 1,..... i ~ 9 9 cau be aDy ya1ue betveen 1 and 

.; j::: 1, ••• ,. j ;fref; k == .+1, ••• ,n. 

This nev 10ad flov algoritb. can be i.p1eaented 

vith only sligbt .odifieations ta the eonyeotiona! load flov 

algorithme In the conyentional 10ad flov, the system of 10ad 

flov eguations, Eqs. (6), are:-

P 0, -spG." = Pi (1) 

l'I~"f'~ == Vi (1) 
(6) 

P = Pj(l) 
J $r&c... 

Q J sr .... = Q; (1) 

"-

wher. i :: 2, ••• , • and j == .+1, ••• ,n 

It viII be noticed that the 2 sets of egoations 

!qs. (6) and Eqs. (18) are ideDti~1 ib for., vith the 

specified quantities on tbe t.H.S. aqd fonctions of th. 

state Yector , OD the BtBeS. Bence a solution algoFith. for 

tbe ne. load ' flo. for.~atioD can be cbosen a.ong ~o •• of 
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for 

yentional l~d flow. The Newton Raphson algorith. 

this no slack ~us 10ad flow for.ulation is ~utlined , 

below. 

Gi 1'e an Initial 
!stiaate ta the 

Solution 

Fro. tb~ Esti_ated 
Solution, E1'aluate 

P,. (.1.), P" (1), Pie. (1) , 
Q ~ (1) and 'j (1) 

using the abo1'e 
Calculated Value 
for. the "is.atch 

Vector ~ 

S !' 0 P 

.. 
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Calculate tire 
Jacobien !latri~ 
(J] and Updattf 
to a closer 

Solution, 
1 = 1 + [J] -1 12 

{ 
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i 
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~ "..-- -~- ----------..--..---------- ~------~----------------------... g--

The J acobian aatrb in 

foraulation i8:-

P i (1) + P" J, ..... ..A. 
; 

PT (1) 

Vj (J) 

Pk (J) 

Q k (1) 

this no slack bus 

It is exactly the sa_e Jacobian aatriI of the 

conventional 10a4 flo" except for the (a - 1) rovs 

correspondinq to the real injections of the generation 

buses. Tbe differential teras ln these rovs are 

P; (J) é) 

Tbe total pover genera~ion PT(l) can be expr~ss.d 

in teras of the total deaand plus the transa18s1on losses. 

It is a yalid assuap~ioD that tbe losses are not 

greatly affectea bJ saall changes ln the nodal woltage. 

around the operatiug point. This caD be just1fie4 by the 
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follo.ing analytical considerations: the loss in the netvork 

can be expressed as .. 
P L (I) '"' ! "[ 11 II 

1 
where [H] is G being the real part of the bus 

ad.i t tance .atrix. The differential ter. then, Is 

One property of the bus adaittance .atris is that 

!Jij = - ~<J ij . At thEt operatlnq point the real part of the 
J 

n6dal voltages are of approsi.atel! equal arder of .aqnitude 

and so are the i •• glnar! parts. Fro. this then. l-t[~ ~1 ia 

of a s.a11 a. qni t ude. Also pz. 
T » Pi . Thus the tera 

?, L~) ) 1i l!) ~ 
considered -_ .. ~- -- P (l) :: -_ ........ PL (1) can be 

p:,~ ) cl! T. "P~ (! ) .lx 
neqliqible. 

Bence the differential t.r.s in tho.e rOI. in the 

Jaeobian aatrix correspondiDg to the real injections of the 

"generation buses 
1 ~ 

can be aiaplified ta -:-- -;- Pi li) which 
'"Tl!) g! . 

1 
ia ---- tiaes the corresponding 

'Tlt} 
tera. in the Jacohian aatrix 

of the cony.ntional load flov. 1:f .e bring thi. factor to 

the other side of the corr.spon~iDg equations (i.e. as in 

the origi.na1 d.riYetioD DI. i P.,. :: Pi (x) + Pl .t.- then the 
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conyent.ional Jacobian aatrix cau be 

.odifica..tion. 
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u. POSSIBLE APPLICATIONS OF TBE lEI lOID FLOW FOR!OL1TIOIS 

The f10ating slste •• oltage load flov deseribed in 

the preYious chapter is a .ali4 representation of a pover 

5ystea. The .oltaqe aagnitudes at the qeneration buses in an 

actual pover systea are indeed ,ariable - vithin peraissible 

ranges br the generator exeiters. !oreoyer aIl generation 

units are dispatched, tbere is no qeneration unit 1eft 

undispatehed to ta te up the slaek. 8e shall elaaine an 

application of this load flov foraulation in the area of 

eeonoaie dispateh. Being able to speèify aIl the real 

generations independently as this load flov foraulation 

preseribes, offers a siapler approach to eeonoaic dispatch. 

A brief reyie. of the econo.ic dispatch problel is in order 

before ve proceed to elaborate on tbis application of the 

nev 10ad flov foraulation. 

In ecoDoaie dispatch the goal lB to obtain a 

generatian plan sach that the custolers' deland ls satisfied 

.ith the linilol generation cost. Hence the écono.ie 

dispatch proble. cao be set op as an optiaization probl •• : 

.. 41 -
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(IIin C = 
... 1 .. • 

subject ,to Lp, = P:D + PL. .... 
~ 

vbere 1 is the total nUlber of generation units 

P~ ls the total deland 

and PL. the translis810n lOBS. 

The neccessary conditions for the opt1a •• ecoDoaie 

dispateh are giyen by the .odlfied coordination aquations 

dC; 

--_ .. ~-- = (19) 

1 -

for i = 1, •••• i~s where 8 18 the 8lack generation. Bence 

to solv~ the .odified coordination equatioDS it is necessarJ .. , .. 
to ayal.ate ---. In the cODvantloua1 approach p~ is an 

.. ~Pt 

unknovn and ha8 to be calcalated ~DO. a load flov, or 

approxlaate4 throogk a 10B8 foraola. 

Rov.ver in tha floatiDg syste. voltage load flov' 

foraalation eDunclataa, it la possible to Bpeclfy tie yalae 
1 

of the transalssioD 108s a priori at th. exp .... of,fra.ing 

the syst.. voltage leve1. Th.. vith a specified value of 

transaisslon 1088, say, a certaiD percentage ~ of the total 

- "2 -
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deaand, i.e. PL = 
100 

dispatch problea can 

he foraulated as 

ain C :: Lei (Pi) 

subject to L Pi = 

The neceasary conditions for the op~i.Q. in this 

case are 9iyen by the condition of equai Increaental cost of 

generatien 

= constant (20) 

for 1 = 1, ••• ,a. It Is obYious that these equat10ns are 
. 

siapler to solYe than Eq.. (19). 

In practlce the cost of generation for each unit 

can be approKiaated bJ an eapirica1 quadratic forlula 

C· = a·P· + b.P~ , 1 l , •• 

r 

whicb Jields a 11near incr •• ental cast CarY8 

dei 
= ai + 2b.P j (21) 

dPi 

Q 
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t Under sach assa.ption of quadratie generation cost 

1 the aeono.ie dispatch pJ:'oble. _litb trans.ission 10ss fiJead 

1 a priori, say. at . ~ 1 of the total de.and P~ , can he sol yad 
t 

readily br analytical .eans. 

Il 
Fro. (20) and (21) it is reC)uired that 

a, + 2b. p. = 
1 J 

constant = lC (say) (22) 

subjeet tb the constraint 

1:.. p. , = Pp + P~ 
t 
t , 

tri P, ( 1 + ~/1 00 ) 
~ 

= 1 
= PT 

Fro. (22) 
K a· • 

Pl :: -- -
2b j .2b; , t..-. , } 

l 
r '1'0 sa tisfy the constraint \ 

f , 
' , \ 

t L. (~ 
, 

a. , 
1 ;:.) = PT 1 

1 t 2b i 1 

~ 
, " 

! 

1 4 r.-!i. I(L- := PT 
2b· , 2b i 

a· l/L ( P'f L 1 
J( • + --

2b, 2bi 

froa .hich the optiau qellerat:loDs are 

( " 
\ ,,_/ 

. ~ " 
~r, ,~ 

- '" - "t 
'f r~' 1 
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2bi 2b i 

The aboye solution approach to the econoaic 

dispatch proble. greatly siaplifies the Ruaerical wort 

needed, co.pared to 801ying the coordination equations (19'. 
~p .. ---~qs. (19) the differential ter. tequire8 Vith 

substantial co.putational effort to eyaluate. 
d~'1 

ln Issue of 

contention hov.yer~ ls, to wbat degree of confidence can one 

assign the yalae of ~ J of total deaand as the trans.tssion 

vith experience fro. opera ting the netvork~ one 

usually acquires an idea of the .agnitude of the 

transaission loss. P'urtheraore~ it ls receDtly reported ln 

[15] that the optlau. dispatch 18 not .. ry sensiti~e to the 

transaission 1088 ewaluated heace an exp.rienced esti.ate of 

the loss 15 Bafflcient. 

The a.Dner in vhlch the 1(.' sare 

appeared arbitrary. but this toraul.tion of 

ctefiaect aay haye 
<: 

the loa~ flov 

p~oble. la not vlthout physlcal bas!s or appl!~bility. 

Gi.en tbe proper interpretations, tbi. foraaiation can be 

adapted for aodellhg syst •• s vith consideration for the 

..; .. 5 -
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effects of turbine go.ernors on the generation unit~. 1 

detailed exposition of the perforaance ~f 

governor-controlled turbine generators is 9iyeo in [16]. 

o 

For each go.ernor thera is a charaçteriatic called 

the droop. This qGantity relates the change of rea! .power 

output vith the deyiatien froa standard fr_quencf_ ls an) 

power ais.atch batveen generation and d.aand i. quietly 

.anifested in a de.iation fraa standard fr.qa.Dcf,~ this 

droop charactériatie i8 a pri.ary a.chanisa to re,tore the 
,-

balance betveen generation and deaand. 

o 

------------~~--------------------~~------.-------.. rt~( 
, "Wf,f' .~ 

S.A. ,.i ... t. 
of , .... tr-* ... 

1 tfPical droop characteristle of a tQrbi.e go .. rDor. 

• 
- ., .. 
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Ve shall illustrate ho~ this droop chatacterlstie 

helps to restore the balance betveen generation and de.and • 

Por si.plieity, va consider a tvc bus sfste. vith a 

generator dellvering pover to a lO8d. ~ The syste. is 

.. origina 11y in ste~dJ st~te. Va shall esaaine vhat ha ppens 
l • ."., 

vhen the 10ad' inereases br a s.al1 a.ount ap. Sinee there 

is no change i~ the input .echanical pover, the generator is 

~ nov de1iverinq .ore pover t~n it ls receiving fro. its 

priae aover. This, it cao only achieye through tappinq its 

stored'rotational kinetie energf, resulting in a drop in its 
1 • 

rotational speed and consequent1y its frequeney. ls the 

speed decreases, the speed control aechanisa, its response 

characterised by the droop, viII go ioto effect. Ve notice • 

froa the figure aboye tbat as the v frequeney dr~ps, 

generatian is increased. ~his increase in generation halps 

'"" tO'offset the inerease in the $Oad and eventually the syste. 

viII arrive at a nev steady atate vith a lover frequency but 
a 

an inereased generation aatchin9 the Increas)d lO4d. 

lB tbe alope of the draop cbaracteristic goyerns 
~ ( 

hov .acb extra load •• ch ganerator viII ut'e up follovinC) a 

deYiation fro. standard freguencJ~S as aefined for 
·1,-, , " .. 

•• ck generat1Qn bas in this participation p~etor. Load PlO •• 
~' ,; <-

can be interpreted as a repre.entatiaa of the alope of ~he 
" 

" 
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droop eharacteristic. In this case then, the rea1 povet 

eqnation eorrespondin9 ta the generation unit i vith droop 

characterist le D, CreaI pover p. u. 1 frequenef deyiation) ls 

or 

D, À f = P; (.1) + (P, A.e-... ,t P 1 ~";"'t ) 

vhich ls intrinsical1f the rea! power eqnation 

, corresponding to a genetation bns i in this 10ad flov' 

foranla t Ion. 

A potential application of this 10ad flov 

for.ulation, 'then, is in the follovlDg situation: The set 

points of aIl generation nnits haye been fixed~ HoveYer the 

total pover de.and inc1udin~ the netvOr\lOSS does not equal) 

the su. of the gener.tions established br the set points. 

Throngh the control actions~ of the droop Characteristics,~ 

the generators will operate at ganerations leyels different 
111 

fro. -those l'aInes indicated on the set points. '.rhls .loa4 
. . 

flow fornlatioo, with the I(;'S proper1r assigoe4 yalues to 

.odel the droop characteristics, will be ahle to pradiet the 
, . 

••• operatinf points of the ,en.ratioD unita. 

- .. ~,-
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5. BESOLTS ABD DISCOSSIOI 

, 

~_We,al .. ~IUUI,!jl\iSUl 

In the course of this investigation, .any sa.ple 

pover s1ste.S vere stadied, incl.ding the lEP 14 bus syste., 

the 25 bus srste. in [17] and the IBF 118 bus syste.. The 

11e bus s,ste. vas an especiaIly truitful experience in 

co.puter progra •• ing. vith 

techniques are !err iaportant. Poorly vritten prograas .a, 

suffice for a s.all syste. stady vithout anJ noticeable 

effect of undulr exeessi!e co. pu taUon tbe but large 

systeas are q'uite another .atter. IDefficient prograas on 

large syste.s !err quiekly beco.e eyident as execution ti.e 

soars. ~he execution ti.es for the 118 bus syste. vere an 
il 

order of .agnitude different bet.een the autbor's first 

atte.pts and the final progra •• In its final fora, the 

progra. takes less than 5 seconds on an ladahl V7 .achine to 

L - U deco.pose the 234 z 234 JacobiaD .atriz. 

Por tbe purpose of discussion va shall use a 5 bus 

ayst ••• ,The power syste. studied vas taken fro. [17] vhick 

vas a .odifieation of the sa.ple s,st •• ased in a 10ad flo. 

/ 
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example in a t~xt-book [18]. The netvork configuration is 

shovn in the following figure, the line data 15 as given in 

Table l and the base case generation and load data is in 
... 

table !I. 

l ...--..l"-. 4 ---------' 
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1 . 
l, 

A 

, ~ 

(
0, 

.. ,' 

Line 
Line Be.istance Reactance 

Charglng 

'/~ 

1 2 0.02 0.06 0.030 

1 - 3 0.08 0 .. 2" 0.025 

0.18 \ 0.020 
\ , 

2 - 3 0 .. 06 

2 - " 0.06 0.18 

2 5 0 .. 04 0.12 
/ 

1 

0.03 
1 

/ 3 - " 0.01 

,. 5 0.08 0.2" / 
/ 

J 

Bus 10. Bus "ype Generation Loa4 

, Generation O ..... 8+jO. 058 O.OO+jO.OO 

2 Generation o. 692+jO. 0"3 0.20+jO.10 

3 Generation 0.527+jO.033 o. ra5+ jO. 15 

" Load 0."0+jO.05 

5 Load· Q. 60+ jO.10 

.\ 
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10 e5tablish the base caSt, the load flow prohlem 

vith the abov6 datd was solved using the conventional 

formulation vit.h th~ Newton Raphson algorithlIf. Sus , vas 

designated the slack bus an weIl as the reference bus i.e. 

the volta9E anqle of bus 1 i5 0 and its real qeneration iS 

left unspecified. • 

v a L T 

'1AGrIfTUDE 

--JJS 1 1 .Obi) 
TO ElUS 3 
Ta L\US 2 

HUS 2 1 • o~o 

·0 DU$ 5 
TC' Ell.S <-
Tu tJUS 
TO él\ .. S 

(JUs... 3 1.040 

"!'C B~S 4 
TO nus ~ 

TI1 uus 1 

BUS 4 1.037 

TO HUS 5 -
Ta ous 3 
TO OUS :! 

~U5 ~ 1.0:?4 

TO li US '* Ta f.US :! 

The results appear as follovs. 

A .:; L GEN:Q",T 10'. OE"''''NO 

ANGL E r;c.AL ,,~/.e T 1 \/..: 

0.0 v.448 O. 0 ~H 
0.1 ':..B ".<lla 
O • ..!90 ). J" Il 

- O. '31 o. (JC):' J.ot.J Il. 1 <Je) 

0.4<)4 ') .0 ')'.J 
0.1 Té' -J. J v l 
o oll " -).)Ùl 

-O.;WHt.. -.J. l 10 

-1.H:' 0.5:'7 J.034 ,).150 

o. JI .. 7 - ~. \)1 1 
-c .11;1 -,). ,)~ 1 
-v. 1 ~,7 -J.O!J,) 

-2.36 0.0 J.O 0.400 a .J50 

O. Il T -0 • .110 
-0.34(., -).O:l.~ 

-0.171 -IJ.OJ1 

-3. UI 0.0 0.0 0.1)10 a.l0C 

-0 • li!> -).04) 
-O.At)5 - J .0'.>0 

MI !>~'A TCH 

a/Iv;' r>(J.lE~ 

-e).JOC -O.OOJ 

-0.000 a.OJ:J 

-o.o,)? -0.0::0 

TOTAL SYSTE,.. LO:;S" '. O.\l17 

• 
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rhe system vas next solved using the no slack bus 

for1llulation specifying the fractional share of th9 total 

generation for each g~neration hus. Though other values 

coul d b~ us.a1 for in the interest of aasy 

verification vith the conventional N - Il base case, the 

qenerations for bus 1, 2 and 3 are specified in the ratio 

4U8 6Q 2: ~2~, the real generation values obtained from 

the converged convantior.al load flow. The results as 

ex:pgcted, agree vith those obtained from the conventional 

load flo", • 

sus • • 0f>O ~. 00 

1"0 RUS J 
to BUS :2 

ou,,; ? t .0'10 -0.1\1 

ro "U'3 0; 
T:J nue; A 

1'" RUS , 
1"0 nus 

RUS 3 t .040 • 1"" qUO; 4 
T" 'lUS ? 
1"0 "!US 1 

'\. 
f\US " 1 • O~7 

TO "US 0; 

Tt' 'lUS ~ 
TO !;lUS :! 

l'US 1 .024 _ -'. S 1 

O.~A~ 0.0"" 

0.\5<1 'l.0! " 
?'~O 0.04 q 

0.6'l? 0.0-' , 

'.:''14 0.""'<; 
O. f ""Z -o. li J l 
o.: 14 -o.J?l 

-O.~Foti - 0.\ t 0 

O.l)~7 0.034 

Il.''' 7' -0..01 '7' 
- ').1 :J -t). \)A~ 
-0.1," -O.OI:.Q 

0.000 0.1)00 

O.lt" - J. 0 \ 0 
-O.'"'' -0.00? 
- 0,171 -o.iJ'~ 

~.O 1)0 I).UOO 

-0.11'; -0.0"0 
-~. "C\~ -1).0".1) 

0.017-

J.ooo 

0.200 O. t 00 

0.4'50 O.l'jO 

0. 10 00 0.0:0 

Q.~OO o.; IlO 

M!Sy"TCH 

O/lvl2- I:'r~"Q 

0.000 O.JOO 

0.000 - >,00 

0.000 • o. 000 

0.000 • C. ;)00 
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~his load flov formulation is also suited to model 

hov the governors viII react to distribute the additional 

generation required if total de.and flu5 transmission 1055 

does not equal total generation. ln the following case 

presented, the generations were set to satîsf! the total 

de.and without any allocation for the transmission 10S5. 

~he set points of the qenerator~ vere inputted as negative 

valu~s of real demande 

transmission 105s in the 

from the results shawn 

The generations are to èe~r the 
c.. 

ratio 1 : 1 : 1, i. e. e~iùi\ltt. 
'\ 

the t~al it is s~en that 

transmission 105s oh 0.018 is clistr i buted ~qually a.onq Jitle 
A, ' 

1 
three g~neration buses ~ach contributing 0.006. \ \ 

l 1 
~ .... -...1 

CONV'!:RGES TO WITHlN 0.00010 FOR TH!': "'AXINU,", ,us","rCH tN "ITfR~TlO"S 

VOLTAGE Q GENEIUTION 

"i .. GN t TUDe ANGLE RE"L REAC Tl V~ 

BUS ,1 0.00 0.006 0.009 

TO BUS 3 O. t 55 0.011 
T1> GUS 2 0.451 -0.002 

8US 2 I.OllO -1.36 0.006 0.1'" 
TO BUS 5 0."71 o.oel 
TO ~US " 0.12"- 0.013 
TO BUS 3 0.0'56 0.01 ~ 
TO BUS 1 -0'''''8 -0.05. 

BUS ;, 1.040 0."06 -0.009 

TO eus " 0.41 '; -O.Ol~ 
TO nus 2 -0 • .)56 -0.061 
TO eus 1 -0.1';3 -0.0"1 

BUS " 1.037 0.000 0.,)00 

TO SUS ... 0.13Q -0.1,)1 ., 
TO RUS 3 -0.41_ 0.()~2 
TO RUS 2 -0.12'\ -0.0"'· 

8US 5 0.000 0.00 !) 

TO 'lUS 4 -0.130 - O. 0'" 
TO OUS, 2 -0.-'6;> -0.0'" , 

TOTAL SYSTEM I,.I')SO; , 0.1)1 " 

DE"'AN~ 

RE,"- R!ACTJVE 

-0.600 0.000 

-0.200 0.104) 

0.400 0."'50 

o.~oo 0.100 

"JS"'ATCH 

01' 1 V 1" PIJIIF.R 

0.000 0.000 

o.eoo -0.000 

0 • .>00 -.0.000 

0.000 -0.000 

0.000 -0.1)1)0 

.. q 

1 
Î' 
j 
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!he floating system voltage load flow formulatiqn 

vas applied to the system in vhich the voltag6 in the system 

was allowed to vary to satisf} the transmission 1055 

specified. For illustration, the base case data vas used 

except for a change being that the total generation was 

reduced by 0.1% of the original values. 

present~ù belov. 

CON"ERGES TU WlTHIN 

" 0 L T AGE GENI!RATIU,", 

MAGNITUDE ANQ..e: REAL REAcr '''E 

BUS 1.&20 u.oo 0.,.,.0 o.oa& 

TD BUS .3 o .1 St! 0.eU6 
Til SUS 2 O • .!tI'ol U.065 

aus~ 10 110 -0.71 0.691 0.01 El 

Tu BUS 5 0.,.9;' 0.049 
Ta UUS " 0.1 7~ 0.001 
TU BVS ~ 0.114 e)."'o J 
T;> BUS 1 -O.ZUIt -o. US 

ilIUS 3 1.099 -1.59 0.526 -0.007 

Ta BUS " 0.J.6 -0.03. 
Ta BUS 2 -0.113 -0.050 
TO !SUS 1 -0.157 -0.01.3 

lUS " 1.097 -2.09 0.000 0.000 

TO DUS 5 0.116 -0.018 
Tl BUS 3 -0.345 0.013 
TO BUS 2 -O., 1& -0.045 

eus s &.086 -3.39 0.000 0.000 

TiJ BUS • -0.&15 -0.0.19 
Ta BLIS 2 -0 •• 115 -0.061 

TOTAL SYSTE" LUSS • 0.015 

SYST~M VaLTAGe: FLOATIHG FACTOR. 

The results vere as 

u.ooo 

".150 

0.401) 0.050 

O.oUO Il.100 

6 1 n.lu.TlùNS 

M I~ATCH 

Q, 1 Il 12. puRt!14 

0'090 0.000 

0.000 -0.000 

0.000 -0.000 

-0.00.0 0.000 

-0.000 0.000 

-

1 
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Co.par1nq the results vith the base case, 1t is 

seen that a11 the. Y01taq8 .agnitudes are h1gher than before. 

This is necassary because br specifyinq 0.11 léss generation 

but t~eping the de_and as before, the reduction in 

generation aQst be .ade up for by a si.ilar redQctioD in 

trans.issioB 10ss. To achieTe this reduced lOBS, the sJste. 

y01tage .ust rise. In this case 1t rose br 5.691, i.e. aIl 

the generation bus To1tages rose br 5.691 of their original 
( 

or no.inal Yalues. f 

ConYergence difficulties arase _hen the Jacobian 

.atrix vas not updated vith eyery iteration. The proof 

va1ida\ing the constant Jacobian approach no longer app1ies 
.t 

in this case as the pover equations z 1 = pl ,te 1] i.l cannot 

be expressed as a guadratic for. of the t uatnovns _ (p,,I ) • 

In viev of this the iterative solution aescribed in Section 

3.2.1 ia aore attractive since the initial Jacobian aatrix 

could be applied vithout chanq. 'throughout the follovinq 

iterations. 

vith the float1ng 8Jste. voltage 10ad flov 

for.ulation, it 1. possible to inyestigate hov the 81st •• 

y01tag. leye1 v~11 yarl vith trans.i.sion 10ss. In the 
, 

inyestigation carriea out, diflerent yalue. of trans.lssloB 
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cep 

10s5 aLe specified and it is ftoted that 10'11 los s rp.q uires 

high systeiD voltages while hig h lose; has low system 

voltages. The results are summariz€d in the plot baIo". 

o 
o 
N 

o 
o 

9J.~ 0.12 

PLOT OF SYSTEM VOLTRGE 
VS TOTAL LCSSES 

TtlTAl DEIIAND - t. 65 

0.11 0.20 o.~ 
tOSSES Nl0·' 

0.21 
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Sinee this 108d flov for.ulation al10v8 aIl rea1 

generations ta be speeified, once the transaission 10s8 are 

fixed, sayat a certain pereentage of the total de.and, 

eeono.ie dispatch can be perfor.ed relatiyely easily as 

" 1 descr ibed in Section rJ.1. 

O~viously the total cost of .eeting the de.and 

vill depend on the trans.1ss1on 108s epecified vhich in tum 

is dependent on the sfste. vO"ltage level. Bo".ver vith 

experienee aequired throagh si.nlation of' the netvort or 

aetaal operation of the '~xistin9 pover syste., the 

trans.isslon :loss ean be specifiecl at a Yalae which vill Dot 

involve exeessively higb or abnor.al voltage levels. ln 

exa.ple of tbe eeono.ie dispatch folloved by 'the load f10v 

solution ta the .ini.u. eost generation plan is giv.n belov. 

The sfste. ia' the sa •• 5 bus sJst.. and the cast data 

obtained fro. the sa.e soaree [17], la as f01lo •• :-

CI 200P, 

150Pt 

180PJ 

+ 

+ 

+ 

• 60P. 

75P I 

1 

70p· 
i 
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~D$T OF GENEHAllON • ft' A I~Ah~M'S~ION LUSS OF 0.010 Cft TOTA&. DEMAND 

CD"VERGES 'TO ,,)TIUN 0.00010 FON THE MA"'lliuM Id:.MÂIC:H lN 6 I,T!AAT IONS 

VOL T A Ci E CO~Ne:RA nUN Uc.MAM. MISM,.TCH 

MAG'" 1 TUOe ANGLE REAL HE AC TI VE Iot;AL hl'CUYI:. D"V!!. POilER 

BUS 1.01& 0.00 0.448 0.065 1.. 1'"v C..DOO 1 0.000 0.000 

TO BUS 3 o •• !St! 0.012 , 'r0 BUS 2 0.290 O.05.J 

BUS 2 i.068 -0.7& 0.b9~ 0.036 ' ... u" CI.l00 0.000 -0.000 

Ta BUS 5 0.4"'3 O.Q5J 
TO BUS 4 Ct.17l. -0.000 
fol 8US 3 o." .. O.UOO 
TO BUS 1 -O • .!dU -O.lll 

8US 3 1.058 -J .75 o .S1l7 0.0~2 I.."~" ".HIO 0.000 -0.000 

TD BUS 4 o • .s47 -0.Ol2 
T.l BUS 2 -O. 1 l~ -0.043 
TO BUS • -0.157 -1l.0QJ 

tiUS " &.055 -2.29 --O.OC/O G.vDO ... "uv ... O!»O -0.000 0.000 

T.J BUS 5 O.IIC. -0.013 
TO HUS .3 -0 • .J4c> 0.003 
TO eus 2 -0.1 71 -0.0" .) 

aus 5 1.0"3 -3.6S OoUOl O.OOQ u.c.uu u .100 -ô.ooo 0.000 

TU tlUS " -0.11 -0.039 
TO BUS 2, -0.41:15 -0.v61 

TUTAL SV STEM LO:i3 .. 0.016 

SYSlEI4 vu&.. TA<of: FLUA TI NI. f;AC Tv'" = •• 0169 

This 'exàllple :$hoved that vith the qiven cost data 

and the tranaaiss;on loss speci fied 4 t 1S of the ~i ven total 
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cle.and, the optialla geDeratioD plaD i. qelleratloa ba. 1 

pro4uciDg 0.-_8 P.U., bus 2 O.6g2 aDd bus 3 0.527. 

Purtheraore the q ... ratioDs _ita vi11 DO 101lger o~at~ at 
(/ t • 

their Do.iDal yoltaqe. but at 1.0169 ti •• s their DoaiDal 
\ 
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6: COICLOSl:OI 

~he load flo. aethods in g~Deral use today require 

a gaDera tion bus in the s,st.. to he singled out as tbe 

slaek bus. 'This is at yarianee vith th. ph,sical sJst.a in 

which DO ODe bus has this.special cbaracteristic. Boveyer 

the slaek bus Is .BSential to the conyentional load flo. 
• 

calculations beeause of aath •• atical restrictions. Though 

the cODcept of a slack bus ls satisfactory in ordinary load 

flov studias, vhen coupled vith other pover 8yst •• ahslyses, 
J 

it 'aay 

dispatch, 

rais. difficulties. 

a slack 
) 

bus 10a4 

Por exa.ple, in acoDo.ic 

forauIation viII entail 

inelegant eyaluations of the incre.ental transai.sion 108S 
1 

coefficients 

This 'thesis propose. t.o nev load flov .ethods 

that do Dot require' a slack bus. In tbe participation 
, , 

l'aClora Load Plo., all th.e generation buses' faal injections' 

are allo •• a to c.ange in proportion to their participatioD 

factor., ta a4j08t tlt.e total generation to aate1 the total 

4eaan4---'1_ trans.iaioD 108S. 11th the r10ating Syste. 
'. \-

.01tage L0.4 110v, on the 'other hand, aIl the real 

generatioa8 are .pecifie4, ho •••• r th •• oltag. _agnltud.s at 
" If " 
t.. 4jen.nt!oa ba ... are allo •• a to urr !ro. th.ir Ilo.inal 

, ~ '--
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.. 
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n.laes so that the resulting trans.ission 106s are· as 
\0 

specified. 

Tbese tvo ne. 10ad flov aethods vere coded into 

co.pater prog~aas and tested vith results obtained fro. the 

conyentional N-B loa~ aethod. In preparing the coapoter 

prograas, aparsity of the aatrices inyolyed vere exploited 

to conserye ae.ory storaqe and iaproye execation ti.e. It 

la to be ~nQted that the cODyeotional R - 1 10a4 flov 

prograas cao be aodtfied vithout .uch difficulty to solye 

load flov probl.as for.ulated under the nev foraulations • 

~has it ls hoped that,ethers ~ho .ish te ose these n,. load 

flov for.ulations vill Dot be deterred fro. doing so bJ the 

the prospeclof haying to vrite th.ir progr •• s fro. scratch. 

~is vort also exa.ines the physical basis and 

possible applications of the tve load flo. .ethods 

deyeloped. vith the Participation Pactors tosd ?lo., glYen 

the data on the droop characteristics, it is possible to 

dateraine hov and by hov .uch each indiyidual generatien 

uSlt wlll take up the i.balance sbool~ total generation not 

_atch the 10a4' • 

~~, 
'l'he Ploating ~Jst.- 'oltage Load Flov \8 the na_. 
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indicates, a110vs the Yo1tage 1eye1 of the syste. t~ Yary 

around the noainal Yalue. The yoltages viII Dot deyiate 

appreciab1y fro. their no.inal .aInes if the total 

generation bad not bean seriously aisjudged in aatehing 

generation to de.and plus transa1ssion loss. In this ~ethod 

aIl the rea1 ge~erations are independent yariables and tbis 

enables a siaple algoritha to be nsed in econoaie dispateh. , 

In addition to the tvo aethods proposed, other no 

slac~ bus flov load .etbods are alao possible. The 100d 

flov problea can he eonsidered as a set of consistent 

algebraic equations relatin9 the knovn operatlng conditions 

to the unknovn nodal yoltages. 81th this genera11z.d~ 

perspêctiYe, as long as one Is vary of oYerspecifying the 

operating conditions on the systea, one caB set up a 10ad 

flov aethod vhlch takes on as independent yariables '~he 

opera·ting conditions aost releyant to the systea nnder stady 

or aost applicable bo the analysis to be undertaken. 
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lPPBlIDII 1 

The floating srste. voltage load flo. can be 

for.u1ated in polar co-ordinates. At the PV buses the 

voltaqe .agnitudes are peraitted to nry br a factor p of 

their no.ina1 value 1 Vii. 'rhe specified quantities are the 

real po"ers E at aU buses, the noalna1 To1taqes Ig at the • 
~ 

Pl bases and the reacti Te povers g at the 10ad buses. 'rhe t ~ > 

i 

" unknons are the yo1taqe anq1es ! at a11 buses exc.pt the 

1 
t 
',' 

) rafereDce bus, the ~actor p and the voltage aagnitudes IL at 
1 t 

the 10ad buses. The equations describinq the s,ste. ~r.:- 1 

For each PV bus 

Pi st." = Pi (pl, ,Ij.'!) 

For each PO bus 

Pi If .... :1: Pl (pl",!I.'!) 

o i r.p&C. = Q j (,l,.I .. ,ll 

In aD n bus syst •• vith a py buses. thera are in al1 

(2n - .) equations. , At the sa •• ti. there are (2n - a) 

unkJ1o"Jls: f, (n - .) ele.ents of 1.. and the (n - 1) ele.eDts 

of ! . Bence the abOYa consti tu tes a set of (2n ... ) 

equations iu (2n - ., 118I[no"n8. 

() L 
~ , , 

" ~ .. <, - 67 -
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lPPE!1)II B 

. 
~he sparse .atrix storaqe seheaes used iD this 

thesis are deseribed in this lppendix. Tvo scheles are 

used. The first sebeae stores the non-zero el.aent, 

sequential1y, that is, aIl the DOD-aaro .leaents of each 

rov/eolu.n of the sparse .atrix are Flaced adjacent to each 

other in the arra} and there are 

f!rst of eaeh rov/coluan entry. 

vo~ld be as follows: 

1 2 3 

Non-zero eleaents a" a,) a,,,, 

Colu.n position 1 3 ~ 

1 2 3 

.' 

... 

pointers to loca. te tlle 

T bus a t,pieal exa.ple 

5 6 ••• 

a 2.2- aoaT a" ... 
2 7 1 ... 

Il th 't.hls sch ••• , if Il part1cular el ••• nt. Il 
/ 

nesds to be r.tri.l'ed ~D. has to aearcll on1y that part of 

t~e arraf~ occupied bJ ro. i snt.ri •• vhich are located 

bet •• en positions 91~.n bJ P011!11(1) and POII!EI(i+1). 
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Excellent the aboye .cheae aar be, it has its 

li.itations. Central to creati~g the storage of the sparse 

latrel .ith the aboye sche~e. ls the assalption that 

a 'priori kno.ledge of the structure of the sparsl ty of the 

.atril 15 ayailable. AlI the non-zero eleaents of one ra. 

aust he stored before the next ro. elelents can be stored. 

This ls sa because non-zero eleaents of a partlcal~r rO • 

are stored adjacent to one another. Cnce storaga-assignaent 

beqlns for elelents 0\ one ra., all ele.ents of that ro. 

lust be asslgned thé follovlng consecutive area ln the array 

before assign.ent of storag8 for the next ro.. 'bis aay 

proye ta be of no restriction for aost latrices 8.g. all the 

eleaants of the .atrix are ayailable or are generated ro. br 

rov. Hoveyer not all latrices are genErated or pree.ased rov 

by rov. l siaple exaaple is thls: subsequent operations lay 

dictate that the latri~ be storea br colu.ns but the aatrix 

ls qenerated rov by rov. lnother exalple 18 th. generation 

of the bus adaitt.nce .atrix frol the line paraletera. 

'~are, the non-sero eleaents are created in a randca lanner 

dependinq on the nodes thé line is jointng_ 

The sparse latrix storag. sche.. to use i8 a 

rather co.plicated one. !he preYious achel. has the 

restriction that all ele.ents of a. particular rov lust be 
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stored adjacent to one anotber in the arraJ. This Bche.e 

does avay vith this restriction. Eleaents of the _atris: can 

be stored into the array in any arder. Bovever there aust be 

_eans to indicate where atl the ele.enta of any particular 

rov are, in the array. One vay ta do so ls to have a pointer 

poi~tiD9 to the first ele.eDt of the rov and th. first 

ele.ent haying a pointer pointing to the second ele.ent and 

so on un Ul the last ele.ent vhich has a pointer vith' a nl11l 

value indic.ting there 15 no other eleaent of the sa.e 40. 
stored ln the arraJ. 5uch a d.ta structure 18 too_n .s a 

linlted list ---- aIl the eleaents of ODe group are linked 

otogether by pointers. the eleaepts not necess.rily beiDg 

adjacent to one another io their locations. ln exaaple aay 

turther clar if y the structure of a linlted liste Suppose the' 

a.trix to be stored is such:-

ail au. 

au al.s 

llJl a •• 

a .. .2 ..... 
-

~he eleaenta of the .bo.e •• trix •• y be stored ln • 

llalted l1.st ia the follo.lag fasbion. 
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Non-zero e1eaellts au a'l a~,& a"lI a .. ) au aJ4 a",." 

Pointers 2 0 5 8 0 7 0 0 

Coluan posi tioll 1 2 2 2 3 3 " " 

123 " 

In the aboye exaap1e the startinq pointers show 

that the first e1eaent of rov 1 i8 at location 1 in the ,. 
array, first ele.ent of rov 2 is at location 3 in the arra} 

and so on. vith the starting pointer qiYinq the lead, the 

chain cou1d be traced OD. proa tbe startinq pointer, 

location 1 of the non-zero e1eaents arrar 18 the first entrr 

of rov one. Location 1 of the pointer arra, has a .. lue of 

2 1.~. the second non-zero entry of ro. 1 at location 2 of 

the non-zero e1e~nts array. ~racin9 further, location 2 in 

the pointer array has a ya1ue of 0, the Dul1 yalue; this 
-'"i 

ya1ue indicates the ter.ination of the chain. Siailar traces 

cou1d he .ade for the entries of other ro.s • 
~ 

b 

lith a c1earer cODcept of a linked list va sha11 

elliborate on ho. the storage ache.. i~ laplea.nt8d. Th. 

aboye exaaple just illastrate. ho. e1 ••• nts are acee •• ea, 
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the, did Dot show hov tbe l~nked list vas created in the 

first place. The liuked list in this wort vas i.ple.ented as 

n stacks (vhere n is the nu.ber of revs in the aatrix). 1 

stact ls a last-in first-out data structure; the last data 

eatty stored iato the 'stack is the firat eleaeat to be 

retrieyed. The lirst eleaents bf aacb rov to be retrieyed 18 

pointed to by the correspondiag pointers stored in the 

startlng-polnters array. Bence, bEcause of the stack 
l' > 

startimg-pointers èontain the 

locations of the last-stored ele.ents of the aatriI. 

In the yery beginning df the linked list creation, 

the staring-pointers are lnitiated te the null ya1u •• thls 

is so because there are no last-stored ele.ents at the yer, 

beginning. leIt, the non-zero eleaents are filled into the 

arraJ. As each non-zero êle.ent is filled lnto the nOD-zero 

ele.ents array, the yalue in the appropriate 

starting-pointer arra, ls copied ioto the correspondin9 

location of tbe poioter arra,. !bis step liuks the nevl, 

stored ele.eut vith the last entrJ fro. the saa. rov of the 

aatrise lext, the starting pointer ls updated ta indicate 

the last antry is this presently stored el ... nt. 1 short 

section_of POltll. code is iucluded to illustrate concisalt 

the operations inyol yea. t' 

If 
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DO 1 l :: 1, 'IIOIS 
, LStlIT(I) = 0 

l = 0 
2 BEID (S, •• EID=7) ELIBEIT, IBOI, ICOL!' 

I=.r+1 
1I1lT (1) = ELEBEI-r 
L1RIlt(I) = ICOLftB 
LIRKPT(I) = tST1R-r(IIOW) 
LSTAIT(IIOV) :: l 

- GO 1'0 2 ' 
7 COI'rIIUE _ 
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- ~ tcc~cccJccccccccc~~cccccccccccccccCC,ccccc~ccccccéctcccccccccccc~ccccc 
, cc " 1· ' . .' cc 
, çc . ' . '" \ . · cc 
. cc" . , •. cc 
cc ~ cc 
cc cc 
COt 'LOI"]) 'j'LOI PIOGlllJ QSII-G 'l'U UV'1'01 IIPIlSOI !!THOD

1
, CC 

éc ~ CC 

~/ ~ 
~., Œ 
~ _ ~ 'cr 
COCCCCCCCCCOCCCCCCCCCCCCCCCC~CCCCCCCCCCCCCÇCCCCCCCCCCCCCCCCCCCCCCCCCCC 

'1: ' C ' , • 
" ~. • l ' t ' ~ 

~ ttHIS 'P~OGIA!\ IS, D'iSIGI!D TO'11CCOftOD1T! UP TO \ 
C , . ' ... 

~ . g \i '-';'D", m ~~:~ - \;' . 
C' t 
C 'l'RB LII~ DITl 15 ~T!BBD FIBST, Il F10~S POl!lT ~I'TBI SBQUBI~ 
C W$)t)B" "'RU!B!J, IODE IU!SER, LIn RBSISTllfC:B, RE)Q'IICE lin OIE 

. ,C BAtF t1lP;) CHUGI.(J. lD'BITTAICI (nt Il PIR 011''1') , 
... C 1"' J , • / .>, 

C 'l'RE L1ST C1RD OP LIlI D1Tl 15 SEP1,lT!D FBQ! 'l'HI POLLOiZlG DBCI 
. i' C OF, ~ OS, DI'!l il~DS St, 1 B1.AII C_BD \' . 

'.1 ., g IEX'!, ''l'BI. BOS D1Tl 15 EITEI!~II 1'5.2 rOlt!lT Il ~TIt! .S'JODIICE 
C ~ ,l BOS IUIBEI .. BOS ''l't1'l, .Ot'l'IGI IIIGIIT1II)1. BilL POI!I éBRltl'fIO'J, 

,. 

" 

j" 
. '-" 

Ci 

C ~!UC~I'! POIU GEIIR~'1'IOI, tll,lL pona,DIIiAID, Ult!'J.'I'1 DIIUÏlD, 'c ~II,I1L ,STIIiITI OP ~S "OLTiGI 1I1GIITUDE llD IIGLI 
C 'c ./ ...., ~ 

C. t 'l'HB LIST CARD 01' BOS' Dlrl IIUS'!' "el rOLLo1ÎED BY .. 'BL1.'1 C1RD ~ 

.g' -iB~ ~o~~s 'lI~st BI 'OI!'BIJl~O'S!!C~I'BI;Y S'fll'f1~G rBOIi 1",' i 

C' ROV!~~I TBBal<IS I~ R!ST!ICTIO. 01 GBOOPIIG ot ~I !YPIS or BUSBS 
--ë v, B. G. TB! SLICK BUS Ci'l 'BI ~IISIJ TRI FlaST BUS, TBI .LIST BUS 01 
~c l~t .UIBI."II BITIIE" '\ 'l'BI 5111 lPPLIIS 'f0 PO 1.D P' B.SIS 
-c., " \. \ 
.IC.' 'l'H!:IÎ'BUS 'l'tPIS, DE CODID ls~' l'OLLO'S; 
.~" , 1.0.. ~O BUS ' ~' 
c 2.'0 PY àos "'. " 

; ,c . . 3.D- SL1CK BOS ~BICR 15 .1L~O T~I IlrIBI.CI B1JS~ 
~c 
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1; 

T~E ~OLLOiING lBE SORE PIB1!!TBBS THIT CON~ROL THE EIECUTION 
OF THE PROGRlft THESE P1R18ETERS SHOULD BB REID IN TR! 
POLLOiIIG SEQUENCE IR 5110.5 10BftlT BEPORE OTHER DATI 15 RIID 

'--J' 

IRBID INPUT DEVICE NURDER FOR LIIE IlD BUS DlTA 
liRIT! OUTPUT DEVIC! 10ftB!B FOR RBSULTS 
CRITER lCCORIC! TO WHlCB TBE 8111"08 !JS!ITCH ,!UST 51TISP! 
JUPD1T HOI PBEQUEITt! TBE JACOBI1N 81TRII 15 UPD1TBD 

o IIDIC1T!S TBE IIITIlt JACOBIl) 81TRII 15 USED THBOUGHOUT 
1 INn~C1TES THE JlCOBIIN "ITRII IS UPDITED EVEBY ITERITIOR 
2 IIIOCtTB5 JICODIII !ATRII OP~ITED BVBRY TIO ITERATIONS 
N IIDIC1TBS JACOBIII 8ATB!I UPD1TID~BVBRl 1 lfEB1T!OWS 

LOOP --- 811I"U8 NUftDEF OP ITEBITIONS lLLOiED 

l!PLICIT BElt*S (l-H,P-Z), IITEGEB*2 (I-I) 
REAL*" PAR! (5, 
IJTEG~R*4 1IEID,IiBITE 
LOGIClt*1 OK . 
CO!!OÎ /LOID1LI VRIIL (120), 'IIUG (120) "VSAGSQ (120) ,CRBlL(120) , 

+CI!AG(120),CftAGLI(200),R!ILG(120),REACTG(120) , 
+RE1LD(12~"I!ICTD(120),!ODBOS(120),IREP,IOGEI 

CO!!ON INBTiOl1 DllY~B(120),DllY!I(120"D~~ltR(200),Dl!ltI(200), 
+D\TiL.(200),LKSTtft(120),JCOLtftCqOO),LIIKt~(qOO),~OI!C!(120), 
+LO!bER (1,20) , NOllDBlt (120) , tIIE . ' 
COft!OI /tu50t'l DELT1I(2_0),ERROBZ(240),DELTAG(120),D!L!AQ(120J, 
+DI1GU~(240),D1TAU!(6000),DITltT(6000),LKSTUT(2_0),JB~'UT(6000), 
+LINKU1(6000),IRSTUT(240),JCOLUT(6000),IRSTLT(240) ,JCOttT(6000), 
+JCOtJB (2-'0) { 
COftROI tERIBLEI CBITER,IB~lD,tiBITE,JUPD1T,LOOP 
CORPION /SIZI/ ILBS 51, R!OTlt, 1 t-ESI2 , ITOTI2 
R!lD(S,1)PIRft \ 
IREID=P1Rft (1)' 
IiRITB".PIR! (2) 
cerrER-PA1U! (J)I 
JUPD1T=PIBft(') , 
LOOP=P1IUI (!') 
IR.IT! (tIRIT!, 5) 
Cltt IIT!lt 
Cl LL D lIPU'! 1 

Cltt IInToI (01) 
CILL BISut! (OK) 
STQP , ' 
POi!lI~TP'10. 5), . . 
POB!IT "',T2S,'COJVBITIOJlt LOl» ortOI PBOGBlft USllG I!ITOI', 

+' - RIP SOI ' .• lLGQllI'lJIft' Il 'f28,' 'ID J.-U DBC01lPOSITIOI o:r 'l'BI JACOBIl. 
+1 AI» SPlBSI'!Y PROGRI!!Ilg') 
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StJBBOUTIlIE IITI,AL 
/ 

~H1S SUBROUTI.! IRI~I1LIS!S 'ARIABLES 
.. . 

IftPLICIT RE1L.e (I-B,O-Z" IITBGEB.2 (:I-I) 
COff!OI IIETIOII DÎIY!R(120),Dlll!I(120),DA!lt!(200J,DATltI(200), 

+DAT1LI(200),LKSTt!(120),JCOLT!(qOO),LI.'Yft(qOO),!OIZCT(120), 
+LORD!R(120),JOID!R(120),LII! 

DO 1 1=1,120 
DI1YIlll (I)=O.O • 
DIA t'ftI (1) =0.0 

, L!ST!! (1)=0 
!O.leT (r) =0 '< 

BETUIn. 
IID 

\ 

. \ 
f 

, , 

/ 

) • 

, , ., 

1 ,'" 4' . '. 

, ," ...... , ' 

., . 

r. . " 
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t' 

c 
c 
c 

\ 

SUBROUTINE DIMPUT 

C THIS SOBROUTIME READS IN THE LI!E DATI ARD BUS D1Tl 
C Tij!R DOES 1 RE-RU~BERIJG OP THE BUSES ICCO!DIMG TO THIS: 
C 
r PV B~SES lBE GIVER THE PIRST HuftBERS IR THE'ORDER TR!T ARE IBTIRID 
C TRER PO BUSES 1RE RU!BER!D IR ASCERDIRG ORDER OF THE RdftBEJ OF 
~ LIMES JOINING IT 
C THE SLACK BUS -IS NuI!IBE~ED LIST 
C 

C 
C 
C 
C 

IPlPLICIT REAL*S (A-H,O-Z), IIITEGBR*2 'tl-M) 
IRTEGER*4 IREAD,IWRIT! 
R~AL*4 BUFtIR(5) ,BuFROD(9"RODB1,NOpI2,BPU,XLPU,tCPU,RODE,TYPE, , . ~ 

+V!,PG,QG,PD,QD,V!G,ARG1E , 
COM!OR /LOADFLI VREAL(120),VII!I1G(120),'!lGSQ(120),CRBILi120), 
+CI"lG('2~),C!AGLJ(200) ,BBALG(1~0) ,B!lCTG(120), 
+REALD(120) ,REACTD(120) ,I!IODB~S('20) ,BREP,IOGBI 

CO""ON INETiOKI DI1Y!R(120),DI1Y!I(120),DATAYR(200),D1TAYI(200), 
+DATALR (200) ,LKSTT! ('120) ,JCOLt!! (400) ,LIlutT!! (400)',IOIBCT (120), 
+LOBDEJ(120)~JOBDER(120),LII! 

• CO!"ON IL'USOLVI DELT1X,(240) , IR RORZ (240) ,D!LTAG (120) ,DBtTAQ (120) , 
+D!lGUT (240) ,DATAUT (6000)~lT~L'T (6000) , LltSTUT. (240) ,JaOiOT (6000) • 
+t!WKUT (6000) ,XRSTUT (2"0) ;~OLUT (600'0), IRSTtT (240' , JCOLt'l' (6000', 
+JCOLJB(2'O) , 

" COfll!OI /EIUBLE/ CBITER,IBEAD,ItI!ITB,JUPD1T,tOOP 
COft!OI /SIZ!/ ItESS1,MTOT1L,J1ESX2,JTOTX2 
CO!ftOI /CORTIGI WODE1,RODB2,apO,XLPU,tCPU 

, COft!OR ICOBTI./ IODE,TTPI,V",PG,QG,PD,OD,fftG.lIGLB 
CO!PLEX*16 RE1CTI,IftlG/(0~ODO,1.0DO)/ 
EQUIVALENCE (BUPLII,ROD!1),(BUPIOD,IODI) 

R!lDIIG XI THE tIIE DITI 1.D CltèULITIIG TB! Y-!lTRIX 
ORL! lOI-ZERO ILlftllTS 01' 'lB! Y-IUTRI! lBE STOBED 

tII!=O 
tIST=O 
WRITI(IVRITE,1111) ,-
.'RIft (1IBITE, 50) 

- 1 

\ 
10 l'" «COll'l'I'OE 

B~lD(YRE1D,51)BUltIJ1 , 
l'(JODB1.1Q.0.O)GO !O 20 
I!ITE(IVaITI,52)BUPLIJ 
tII!=LIRE+1 
rIST=LIST+1 
1 2= IODE 2 
111a lODE1 

" -, 
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\ 

po 

20 

C 

• ., 4 cp 

\ 

IOBÈC'f (.1) =10 IICT (11') +' 
rOIBC'fCJ2)=rO'BCT(B2).1 
RB1CT5=1DO/CBPU+XtPU.I!IG) 
SUSCEP=-RI1CT.·I!lG 
DI1T~(J1)=DIIY!E{B1)+R!1C'f1 
DI1TftR (12)=DI1TRB (52) +BB1CT! 
DI1TftICJ1)=DIlfftI(11)+SUSCBP+TCPU 
DIAf!I(12)=DIlfftI(12)+SUSCBP+fCPU 
nI Tl TB (LXIB)=-BBICTB 
D1Tl!l(LXIB)=-SUSCEP 
DATILI(LYBB)=TCPU 
JCOLfft CL:tS'l') .... 2 
LIllfft(LIST)stIS'rf!(11) 
LIŒ"rfft (., ) =L l ST 
LIST:=LIST+1 
JCOL!ft'(LI~'l') =11 
L~BIJ"(LIST)=LISTt!(12, 
tISTTft(B2)=LIST ~ 
GO Ta 10 r1 

COITIIUE 
IRIT!(IIBITE,5S) LIlI 

C BEADIIG Il lHI BUS DITI 
c 

- ,.' 

. ' 

IRITB(IIBITE, 111 l' " 
ITOTAL=O ~ \ 
10GEI=0 _ J 

D~ORID=3.141592~O/180.0DO 
1JltHB(IIBITE,60, > 

COITIIlJ! ) 
RI1D(IR!lD,61) BorlOD 
IP(IOD!.!Q.O.O,GO '1'0' 40 
IRITI(IWlITB,62,B0710D 
l'fOt1L-.TOTIL+1 
1·1001 
1I0DIUS (1) ~l'tP. ' , 
'1Ilt(I).'!G.»COS(lIGt •• D!OllD) 
'III1GCI)·'IG·DSIJ(1'GLI*D!OIJD) 
RI1L9(1)·PG 
1!lU-(I) ·PD 
RÈIC!G (I,.-QG 

, allCTD (1) -QD ' 
~lLtlGfl)·PG-PD 
DIf.~lQ (1) _QG-QD -
IP (TtPB. IQ. 1.0) GO '1'0 3. 

fnC;SQ (1'·fl •• 2 ' 
IOIIC!' (1,.-0 
'-PGIW •• OS ••• , 
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c 

- - - -~- ----~-

40 

c 
C 
C 

.. S 
65 

70 

80 

, .50 

1 

1F(TYP~.EQ.3.0)IBEr=1 
GO 1'0 30 

COI'rllU! 
IIL!551=IITOT1L-1 
II1.E512=I1.E551*2 
ITO"l'12=1I'l'O'tlL·2 
IOGE!= IOGE'-1 
(tONECT (IIR!F) =100 

BUS B~!BEBIJG 

DO QS I:1,I1'OTiLW 
1I0BDER(I)=1 ~ 
IN TEB C.." 0 

DO 70 I=2,'!OT1L 

r •• 

I:P(KoRte! (1-1) • 1.E.ItOft~C'1' (1) ) GO )lQ 70 
L::KON!C'l' (1) 
KORICT (1) =kOIBC'l' (1-1) 
KOJfZCT,(I-11 =L' , 
LzJOBDZR (1) 

'IOIDEB (I)=BORDER (1-11 
'ORDER(I-1) aL 

• 1W'l'EBC=1 
CON"l'IIU! 
IP(1I"l'aRC.JE.O)GO TO 65 

DO 80 1=1,'1'0'1'11. 
LOBDER(1I0RDBR(I),=I ~ 

, 

BE TU1Uf 1 1 \ ~ , 

rORIUT (' tIIE DlTl' /11,9 "~/11'l8, t8US JO. JOlIS BUS 10.' ,1'36, 
+' R P. tJ. ' , T50, 'II. R. U. ' , '16'-,' tS1f P. U. '/' +' ,T8, 7 (' _ ') ,.1'2~, 7 (' _ ') , 
+T35, , __ • ,1'119,' _. ,'1'63" " __ 'III> 

51 FOlUU! ca11 o. 5) 
S2 FOB!AT(8I,14.0,10I,P4.0,1X,311'.4/} 
S5 FOI!lT(1111 ~22,''1'al3! liB ',14,' LIIIS Il TBI SYS!!I', 
60 , POllft,lTC' BUS D1Tl'/11,8('·"'11!211,"YOtTAGB·,,!37,'G.BIZII.'1'IOR',!S7, 

+ 't01D' ,'1'71,' STI.ITIIG 'OL'llGt"~V I!S,' JOftBI.' -,'1'16, 'TYP.' ,'1'23, 
-. +' fllGU'1'UD!' ,'1'35, 'RIU.' ,Til 1, 'U1CTI'!' , t'54, l'!tllt' .760,' Olen,)' ~ 

flT71, '~lGII!tJJ)l' ,.!82, 'llGtl' 1'+' ,'1'8,6 C1,_,) ,'l16,' _' ,'l23, 9 (' _"') " 
+~ 3 S, 1 _ ' , 'l''' 1 , 8 (' _ ' ) , '1'51, • __ • ,!6 0 , 8 (' _ ., , If71, 9 (' _ ' ) ,If 82, 
+5 (' _ ') //1) , 

POt{Bl'l' C161'5. 2) 1it 61', 
62 1'01!1'l'(8I,r4.0,'l'17,'2.0,'l'25,".2,!34,P6.3,T42,16.3,!53,76.3. 

+!61,16.3,T11,l6.2,T80,r6.2/) . 
11.11 1'O111l! VIIIIIIIII) 

IID 
tf 
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100 
C 
C 

SUBROUTIIE REWTOI(OK) 

THIS SUBROUTIBE PERYOBB5 THE IBiTOI RAPHSOR ITEBiTIORS 

IT RETURRS A LOGICll*' VIRIABL! OP VALUB .TRUB. WHER THE 
iAS SUCC!SSPULLt COBPLETED 
OTHBRiI5E THB RETURNED VARIIBL! IS .FALSB. ~ 
UNSUCCE5SFUL COftPLETIOI IS VHBN THE REQUIRED tCCUBACT 15 
l~TIIJBD IN THE ftl1IftU" ILtOVED BU"BER OF !T~ 

;II 
ROUTIRE 

JO'1' • 

IftPLICIT REAL*S (I-H,O-Z), IIT!GER*2 (I-R, 
IBTEGER*4 IRB1D,IVBIT! l 'C 
LOGICIL.' or 
COftBOR /LOIDFL/ VRJ1L(120).VI!AG(120).V!lGSQ(120) ,CRE1L(120), 

+ClftlG (1=20) .C!lGLlf(200) .RBILG (120) ,RBICTG (120) , 
+R~ALD(120),RB1CTD(120),BODBUS('20),JREF,ROGEJ 

COftROR IJETNOK/ DllTftR(120),DIllftI(120),D1T11B(200),D1TlTt(200), 
+DATALN(200),LKSTTft (120),JCOLY!(400),LIHltft (400),KOIBCT (120), 
+LORDBR(120),RORDBRI120),LIRE . 
COBftOI ILU50LVI DELtlX(240).BBRORZ(240).DBLT1G(120),DBLT1Q(1:fO), 
+DIAGUT(2qO},D1T1UT(6000),D1T1LT(600~),LrSTUT(240),JBOVUT(6000), 
+L!llUT(6000),rRSTUT(240),JCOLUT(6000),IRS~LT(240).JCOLLT(6000). 
tJr.OLtlB (240) j 

CO!ftOI IIIABLE/ CBITBB,IRE1D,IIBITE,JUPD1T.LOOP 
CO!!OJ ISIZEI JtESS1,JTOTAt,BLESI2,JTOTI2~ 
IOUB"r=O 
COHT!!fUE 

** C»iCOL1TIRG CURREIT 1JJEC~!OJS 
DO 200 !~1,'~OT1t 

I=1I0BD •• (II) 1 -II> 

CRIlI. (II) =Dll IfUi (1) "111L (I) -DIA. Y!I (1) .VI!I<; (1) 
ÇI!lG(!)=DI1T!1 (I).VRllL fI)+DI1Y!R (1) *'I!IG(I) 
't=LrS~Yft (I) . 
CO.TIIOE 

lD1T1= (L+ 1) /2 
~ JaJCOUft (L) 

CIB1L(!)=CI11L(!) +DIT1IB (ID1Tl).'RI1L (J) 
• ~ -nlTIYI (ID1Tl) *'IBIG (.1) 

CI!1G(ft)=ct!lG(!)+D1Tlta(~D1Tl).,r!lG(J)+ 
DIT1!I(KD1Tl) *fBI1L (J) 

t-tr.Kts (L) 
, IP(L.J!.O)GO TC 150 

COITIIU! _ v • ~-

.' 
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o 

C 
C 

400 
"10 

500 
510 
C 

"'-c 

600 . 
C 
C 

c 
c 
C 
,~O 

C 
C ' 
710 

730 
r ". 

750 

+ 

+ 

.. EV1LUA~G THE "IS!ltCBES 
IP (lfOG!lf. EQ. 0) GO TO "10 1 
DO 400 1=1 l'IqGBJ ~ _ .V 

J=IORDEll (1' . ' /'" 
EBllORZ (1) =-V!IAGSQ (J) +'BE1~ (J) •• 2 + VIftlp (J) •• 2 
ERRORZ(I+JtESS1)=-DEtTIG(O).fRBAt(J).CRB1L(I) 

, +VII!1G (J) .Cl:!llG (1) 
COITlIU! 
COITIIU! 
IP(BOGBI.BQ.ILBSS1)GO ~O 510, 
!=IOGE"'" 
DO 500 I=!,NLBSS1 

J:;=IORD!R (1) ~ 
EBROV (1) =-D!1.TIQ (.J) - (YRB1L (J) .CIRIG (1) "'III1G (J) .CRIU (1» 
B!!ORZ(I+BLBSS1)=-DBLTIG(J)+(fRBALJJ).C!Elt(I)+ 

COITlIU! 
COITIIUE 

VlftlG CJ, *CIR1G (1) ) 

) . , 
•• CHECKIIG IGIIBST CO.'EBG!BCE CIITBRIA 
DO,600 I:1,JLESX2 

lP(D1BS(EBROBZ(I».GT.CRl~ER)GO TO 700 
CORTIJU! .. 
•• lLlr--fttSII1TCH:!S·l1l! L!SS, THAl TB! C!ITIIU GrTEl 
IRITB(IIBITE,550)CRtTER,KOUIT 
OKs.TRUE. 
SftOBI 

"1 
•• "ORE.tTEBITtOIS REQUIBED 

COITllUE 1 

IP(IOUIT.LT.LOOP)GO TO'710 
WRITB(IIBI~B.560)CBITIR.LOOP 
Op;-. !'ltSI. 
RITUBI 

•• DITERIIII! 'RETHER TO OPDITI JACOBIII ~lT.Il 
COltIIO! " . 
l'(IOOI~.JQ.O)GO TO'730 , 
IP(JUPD1!.BQ.0,GO TO 750 • 

, 

'I7(IOOIT/~UPD1T.!Q. (IOOW!-1)/JUPDIT)GO ~O 150 

. , 
, 

COI!IIO! ~ 
Cu.t JICOB 
COI'IIIU! 
ClLt B1CISB(ltBSX2) 
DO 800 Iz1,ltIS~ 

- 82 .' , 
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, 

o 

/ 

i' 

0"" .\ 

800 

550 

560 

, \ 

J-ROBDJ!l1 (X) 
VlllL (Jl=YI!lL (J) +DELT1X (1) 
'InG (J)=VlfllG (J)+DIL'1'11 (1+ILBSS1) 

COBTI.UB 
KOUI't=~ourr+ 1 

GO '1'0 100 
FOR!!'1'("',T11,'CORVEIGES TO VITHl' ·,F8.5,' POB TH! ftlI~!Uft RISfilTCH 

~~C8 Il ',13,' l'1'EBITIOIS' 11111' 
~ORftl'l'('1',T11,'P1ILS TC COIT!BGI '1'0 VI~HII ',l8.5,' lOB TBB BIIIRU! 

+Uft !ISB1TCB Il • ,13,' l'rBBATtOIS' 11111) 
UD • 

. \ 

t 

\ f 

, '1 
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. , " 

1 

" 
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c 
c 
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c 
c 
c 
c 
c 
c 
c 
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179 

... 175 
. ' 
171 

0-
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~
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SOBROUT1NE JACOB 

THIS SUBROUTIIE EVAtUATES THE JACOBIl !lTBII 

THE JACOBIAN !ITRIX IS NOT STORED BUT AS SOOI 15 011 101 IS 
C~LCrrtATED 1'1 tS DECOftPOSED Il'10 THE CORRESPOIDIRG ROIS O? THE 
LOWER lRD UPPER TRI1NGn~lR !ATRICES 

. l''PtICIT RIAl..8 (I-H,O-Z), ItrrEGII.2 (1-11) 
CO fU!ON IL01D1LI VRBlt (120) ,-VI!AC (120) , '!IGSQ (120) ,CRBII. (120) , 

+ClftlG(120),C!IGLN(200) ,RI1~G(120),IE1CTG('20), 
+R!A1D(120),REACTD(120),ftODBUS(120),RREP,NOGEI 

COP!I!OR INITIOKI Diltl!R (120) ,1>IAI81 (120) ,DATltR(200) ,.DlTAU (200), 
+D1TALN(200),LISTt8(120),JCOLJft('OO),LlllIft(400),KOIEC'1(120), 
+I.ORDER (120) ,NORDER (120) ,LIBE (, 

COP!ftOI ILUSOL'I DITlJE! (240) ,ERllOllZ (240) ,DELT1G (120) -,D!lT1Q (120) , 
+DI1GUT(240),D1TIUT(6000),DITII.T(6000),LKSTU'1(240),JROIUT (6000) , 
+L!MKUT(6000),IISTUT(240),JCOLOT~OOO),IRSTL'1(2.0),JCOLI.'1(6000) , 
.j'c01JB (240) --

COBftON ISIZEI Il.BSS',ITOTI~,NtISX2,NT0'1I2 
DO 170 J=1,N~ISS1 • 
t=NORDBR (.1) 
DO 179 JOz1,IT0'1X2 

DATAJl\ (.10)-0.'0 
JCOUB (.,10)=0 

JO=1 ",:t .... ,J, , 

11" (!OD1,~S (1) _ I!. 2) GO '10 115 . 
'Ql!AJB (J) --2. O.'REAL (1) 
JèotJB(~O)~J+'LESS1 
Dl!UB {J+R!SS 1)=-2_0.'fI!I~ (1) 

GO TO 178 
D1Tl~B (~) ""VIIAG (1) .nIlt!1 (1).'111L (1) .»111111 (1) +CIUG (J)" 
i~i:1êS'ftft (1) 1 • 

COI!7'U! ~ 
.' 8= Jcot·t , (1.) 

$J .Ir("."Q."'~)GO -ro 177 
II==LOIDII ("" 
JCO~~B-(Jot4 

" ~O·JO+1F.'· ~ j 
KJ)=lL+1)/2- , 
Dl'fIJB (8).-YI!lG (1) *Dl!A!1 (ID)+'IBAL II) .Dl~ll'I (ID) 
JCOLJ! (JO) -!l+I .. ESS1 '\. 
JO-JO+1 \' '. 
DA'flJB (ft+IL1!SS1) ·'181G il) 'DI!I!I fD) ·tfIBlLfI) -DI fAR (ID) 

--. . . 
, 1 

", .. , 

i 

f 

'\ 
" .-
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1 ~ 

, 
1 1 

l 
l 
t 0 

\ 

• 

177 

178 
170 

163 

161 

166 

:* 

" . .. 
L=Lllltlft (L) _ 
IF(L.IB.O)GO TO 171 

~J 

JCOLJB(JO)=J+11BSS1 
DITAJB(J+BLBSS1)=VI"lG(I).DIllftI(I)+'RB1L(l,~DIllftR(I)-CRI1L(J» 

CALt LUISlft(J,ltESX2) 1 

COITIIUE 
DO 160,J=ITOT1L,RLBSI2 
I=IORD!R P-ILBSS 1) 
DO 163 JO=1,BTOTI2 

DlT1JB (JO) =0 .. 0 
JCOLJB(JO)=O 

JO=1 '. 
DATAJB (J) =-YJ:PlIG (1) *DIlYft! (1) + nËlL (1) .DII YftI (1) -CIPIIG (J-IL85S 1) 
L=LKSTYft (1) 

COITIIUE 
I!=JCOLlI! (L) 
IY(ft.BO.IBB1)GO ~O 166 
ft=LOBDER (ft) 
JCOLJB(JO)aft 
JO=JO+1 
ID= (L+1)/2 
D1TlJB (ft) =-VBBIL (1) .D1T1TB (ID) -'IftIG (I) *»lTIYI (ID) 
JCOtJB(JO)=B+ILESS1 
JO=JO+1 
DITIJB.(ft+ltISS1) -YB!IL CI) .Dl'I1YI.{ID) -'IIIAG (I) .Dl1' 11 8 (ID) 
t=tIIIIII ,(L) , 

I!(t.IB.O) GO TO' 161 
JCOtJB(JO)=J-ILBSS1 
DAT1JB(J-ILBSS1)=-VE!lL(I).DIltBE(I)-'IB1GCI).DIltIlI(I» 

+ • -CB!lL(J-IL!SS1) 
tlLL LUISlft(J.ILBSX2) 
COITIIUB 
BETUIU' 
IID 

" 
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• ~ "'"'r'" 
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, ~.r ~ 

.. ~ ~ . 
) 

• 

'r : 

2 • 



\ 

). 

c 
c 
c 

SOB!OOTIII LOISI!(I •• ) 

G THIS SOBBOOTlR! TRAIS?OR!S l GIVEI Roi' Dl 1 B1TRIX IITO THE _ 
C COR!!SPORDIIG BOWS OF 1 LOV!B TlIlRGUL1R IJD II UPPER TBI1IGUtla 
C "1 T~II. Olt Y 101-Z110 .lt!!I!JTS A!I srOIIO. 
e 
C THE lBPUT VIIIABtES l GIf ES WBI! ROi or 'l'HI SIT1I1 IT 15 '1'0 BE 
C DECOSPOSED IHlt! J GIVES TB! OBD!R or 'l'BI SAT.Il 
e 
C 

I!PtICIT R!lt*S (l-a,O-Z). IITJG!R*2 (1-1) \. 
°CO!ftOJ /tOSOL'/ DITIJB(240),IRRORZ(2QO),DILT1G(120) ,DIL1'10(120), 
+DIIGO'1' (21k) , DllflUT (6000) , DITll,'r_ (6000) , LkS1'OT (240) ,JIOIUT (6000) , 
+LI.JKOT (6000) ,IISTUT (240) ,JCOLOT (6000) , IRSTLT (240) ,JCOLtT (6000) , 
+JCOLJB (2110, 
IP (I.J!. 1)GO TO Z2 

c 
•• IBITIILlZ1TIOR IRD CltCOL1'rICI OP rIIST 10V or OPPII 

1 

10 

15 

TllllGUL11 BI~RIX 
IU!:1 ' 
ILTz1 
l'R STUT (1) = 1 
IRSTLT (1) s, 
DO 1 ft=1, J 
Ll{STU'l' (!l) =0 

, DI IGtJT (~ t = DI~IJB (1 ) 
JO-1 
L=JCOLJB (JO) 
Il' (L.IO. 0) GO 'fO 20 ' 

.1' (DlT1JB Cl) .lt.O. 0) GO -ro 15 
D1T1UT(IU!}~Dl~lJB(L) 
JIOIO! (lttn)'ii:1 
JCOLUT (~T)-L 
tI'!yT(ItUT)·LKSTO!(~, 
tlSTUT (L) .lCU~ 
IU!raJ(OIf+.1 

1 COUlIUI " . 
J 0..30 + 1 
~JtOLJ. (J~) 

GO lfO 10 
R!~ORI " 

~' , 
8" **DICOIIPO$'IfIOI O"'1l08S .Ul 'flll T81 'lm 
22 COITIIDI J " 

-:';", JO-1 i' 
IRSTUI'~(I) ... ~ 

·()'t !:' ':-.' '- '. '-

1 .!< :~ .. ~_ J J " ' .... .;~: , 

.. -~ ~ .. f'l ' 

• t~ ....... ) "'fI ... 

\ ::,,~, 

~ .. ; . . .. .. ' '.. . .. 

.. 

= 



., 

"" ' 

() 

t' . ' 

. ' , 

c 
c 

130 

.Ç 
c 
120 

c 
c 
110 

c 
C 

220 

210 

pz ~ c:qe 

IRS'!'l.'1' (I)=JU,'! 
IR=I!STLT (1' 

, - - " , - -- - --.. ,. ~, 

*'* SEEIlRS -COLU!I om: <BITRIBS Of JACOBI11 ftl'fRII 
t=JCOl.JB (JO) \ 
IF (L.!Q.O) GO TO 110 

I!'(l..!Q.1),GO ro 120 
JO=JO+1 
~JCOLJB (JO) 

GO TC 130 

•• l'ILUI'1'IIG ELI!IR'1' OF COLU!I OIE OF LOI!R ~IIlIGULAB !ATIIX 
JCOI.l.T (ILT) ='1 
DA'!'Il.T(ILT)=D1TlJB(L)/DIIGU'!'(1) 
KI. tt'= IL '1'+ 1 

•• Ir THIS IS SICOID 
Ir (I. IQ. 2) GO 'JO fllO 
I1=I,.1 

ROI , »0 ft 0 BE, LOI!I !~Il'GULll ftl'1'Blt Il'!II!S 

DO 200 J-2,r1 
JO=-1 
Dl TILT (KLT) =0. 0 

•• SBI!ll; 101-ZIRO !LI"!I~ 
Il JICOBIII !ITIII 

1.= JCOLJB (JO) 
Ir (L.IQ.O, GO ta 230 

I!'(L.IQ.J)GO,T,O 210 
JOaJO+1 -.-' 
L==JCOl.JB (JO) 

GO 1f0 220 
DI~AtT(ILT).Dl'!lJB(L) 
11=lt'1'-1 

, 
Il CO!!BSPOIDIIG POSITIOJ 

•• Il TBII! III la PII'IOOS IITIIIS Il TIIS 101 0' 1BB LOIII ,TIII'
GULl! ftlTRII '0 PURTRIB PIOC!SSIIG IS Ileassll! Ibl 'l'BIS ILII!IT 

~JI' (IR. GT. 1(1) GO ~O 2'0 ~ 

.~ selliIIG TBIOUGR LIST OP IL!!BI!S Il COLUS. J OP UPPII 
'fIIlIGUtll !ATBI! '1'0 Bl~B·T!B·eORIBSPO'DI'G 1'~Bt Il 'l'BI 
tOI!R 'fIIlIGUtll !lTllI 

t-I.KS'ft1'l' (.1) 
ft!=lt! 
DO 250 B-II,11 ' 

IUt-IIS-1 ~ , \-
I!'(L.IQ.O.OI. (JIOVU~(l).L!.JebtL~(II),)GO ~ 250 

Ir(JKOIU!(L).IQ.JCOtLT(!I)GO !O 260 
L-J.lllft ft, r" 

- .7 
, 

, " 

, , 
" 
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" 

260 
250 
C 
C 
240 

200 
c 
C 
140 

,)30 

« l '" 
". , 

'y • 

~20 
)3g)t 
C 
C 

oC 
C 

4-30 

~ 

GO 'rO 270 , 
DlT1LT (ILT) =DITALT (IL1') -DATAOT (1,) .D1T1LT (!II) 

cOB'l"IlIO! 

-•• Il' IL!II!!! 15 Z BIO DO 'OT S'fOllE llTO LIST 
'IF (DATALT (KL!) • BQ. 0.0) GO TO 200 

JCOLL! (KLT)=J 
DAT1L!(ILT)=DIT1LT(ILT)}DIAGU!(J) 
IÇI.T=ILT+1 

Co tfTIlI U " 

•• CALCUtATIRG THE DIAGOB1L ~LB!BI! 01' UPPBR TRZI'GULII IIITIIt 
DIÎGUT (1) =D1TlJB (f) 
11=Jl:LT-1 
IP(IR.GT.11)GO TO 340 

L=tKSTUT (1) 
.ft!l-KLT 
DO 300 JaIR,11 

IIft=!!-1 . 
Ir (L.BQ.O. 01. (JIlOVUT (L). Lt. JCOLLT (ftft)) GO' 'fO 300 

1'1 (JROlfU1 (L) .110. JCOLL! Cft ft)) GO· TO 320 
L=LllmT (1.) Q 

GO TO 330 - .. 0 , 

DI AGU! (1) -DIAGUT (I) -Dlt.rAL'r (lUI) .Dl!lUT (L) 0 

CORTIllU! . 
cOIfTlltJ! . 

•• Il' IT 15 TIl! 'tLIST 10. ~BBlt! ,1S BO 101-DI1GO.lt BLID.' 
IX UPP!! ftlTlltt 

I! (I. BQ. 11) GO !O 100 

•• !?ltOlTI.G It.!BBJ'fS· Iittr. 'UPPD, Tllll~ULII " 
ftlTRI! B!ctUDIIG DtlGO"L 

I1="1+1 
,DO "00 J-11. , 
JO-, 
DATlUT (IUn) =0. 0 
l.-JCOLJB (-'0) 
If rt.. IQ. O>'GO TO "~ 

IP(t.!Q.J)GO TC '20 
'01. JPaJO+1 

~
JCOLJB(JO) 

. GO' ,\30 , 
1 DATI T (IO!).B1T)'J! (1.) 

'tr rlIt. G'.11) GO TO "0, 
l.~LKS'flJ1r (J). ~ ., 
Il!-Kt! \!l'""'"''' , 1 '50-'-~~I~.11 

, ) , \ 
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1 

Il 

!' 
, 
" ~( 

.' 

{ 
t-
{, 
• 

1 
~ 
11. 

{ 
~ 
!Ii; -ï' 
~. 

t}~ 

f 
~ 

1 , 
ll~ 

<. 

;~ 

#' 

1180 

-'-70 
.' "50 

"''0 

'\. 

, 

!!laBft-1 
IP(L.!Q.O.OR. (JBOIU~(t).t~.JCOLLT(BB),)GO TO 

Ir (Jloinrf (L) • IQ. JCOtLT (I! ft» GO TO '70 
L=LIJ'lnrr (1.) 

GO '1'0 1180 \ 
D1T10~(ruT)sD1T1UT(IUT)·DI~llT(ft!l).D1TI0T(L) 

COtrl'II'U! 
I?(Dl~lUT(IO~).IQ.O.O)GO TO .00 

J!OIUT (~"!')-I 
LIli IUT (IU'I')-LltSTUT (J) 
LJ{STO'l' (J) .IUT 
JCOLUT (IUT)-J 
IU~·IUT+1 

1100 COITIl'tJE 
\ 'RETOBI' 

100 COBTI.OB 

/ 

IRSTL'l" ('+1 )-lt1 ~ 
I!STUT('+')=KUT~ 
BE 'l'U 'RI' 
ElID 
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C 
C 
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C 
C 
C 
C 
C 

SUBIOUTII! B1CISB(I) 

THIS SUBllOUTII! DO!S A POlllllD ''rHII 1 BICIVll!> SOBSTITUTIOI 11'1"8 
THE ,GI'ER LOI!F llD UPP!I TRIllGULlll "l'l'RIeES !!SP!CfI'ELt. 

THE IJPUT 'IRIIBLB 1 IS THE IOftBEI OF ROWS Il THE SlTaIX 

IftPLICrT R~lL.8 (I-B,O-Z), IITBGBR*2 cr-I) 
COftlOI /LOSOL'/ D!LT1I(2110),!a.ORZ(2_0),DELT1G(120),DBtTAQ(120), 

+DIAGOT (2110) ,DITAOT (6000) ,DATAL! (6000), LISTO'! (240) ,.1I0I"J'f (6000), 
+LIIIUT (6000) ,IIl~TOT (240) , JCOLOT (6000) ,IRSTLT (2110) ,JCOLL'r (6000) , 
+JCOLJB (2110) 

IBID=IRS'1'LT (2)-1 
DO 600 I.e 1 ,11 

600. D!LTAX (I):!RIOIlZ (1) 
" DO 700 1 a 2,1 

<l', 1 STllt '1'-IBID+ 1 

:)ISO 
700 

8S0 
800 

1111)=IIS'1'L'1' (1+1)-1 
IP(I!ID.LT.IST1BT)GO TO 700 
DO 750 JaIS!ART,I!I!> 

B=JcotLT (J) 
D!LT1X(1)aDELT1I(t)-DIT1L~(J).D!LT1IC") 

.,COITIIU~ . 
COJ'l'ttr,uE 
IST1RT=1RSTOTCI+1) 
DO ~ 1=',1 

- IB-W-1+1 
1EID=IS-rIRT-' 
ISTlItT=IRSTOT(IB) 
rp(IEID.LT.ISTART)GO '1'0 800 
DO 850 J=IST1RT,t!ID 

S-JCOLOT (J) 
D~tT IX (IR) sDELTII (II) -DI 'l'lOT (J) *D!L'l'IX (II) 

COI TI 101 \ 
DEL'!'I! (IR) -DELTAI (Ill) IDIAGUT (Ill! ~ 
RITUI, , 
EID ' 

.. 90 -
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C 
C 
C 
C 
C 
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C 
C 
C 
(" 

C 

;, SUBPOUTIN! B!SUL'!' (01) 

•• 
THIS SUBROUtIB! CA1CUL1TES THE POWER rIJECTIOJS, 'l'BE POWEI 
PLOiS IMD TH! TOTAL TB1IS~ISSIO. LOSSES OF 1 SISTE" 
G!VE! THE 10DAl VOLTIGES , ' 

'. 

IV TBE INPUT VAIIABLE 15 .PILS!. 1'1' PRIITS 1 W1RIIJG !ESS1GB 
TftAT TBP, 1001L VOLTAGES lBE lOT UP TO TBE SOlFICI!'T ICCO~lCT 

I!!PLICIT R!IL.e (A-8,C-Z), Il'!'EGEB.2 (1-1) 
lITEGER •• I~EAD,IVRIT! 
COBftOI /~OADFL/ VR!lL(120),VI~AG(120),V"lGSQ(120),CBEIL(120), 

!ClftAG(120),C"lGLI(200),B!ILGn20),RE1CTG(120), 
+R!lLD(120),B!ICTD(120),ftODBUS(120),IBEr,IOGEI 
CO""OI /IETWOI/ DI1YftR(120),DIltftI(120),01T1TB(200),D1T1YI(200), 

+DAT1Ll (200) , LIST'" (120) , JCOLYft (1100) , LI !KYI! (1100) , IOllt'r"(120), 
+LORDER (120) , 10BDER P20) , LIIE • 
CO""OI /LUSOLV/ DELTAI(2"0),!!BCRZ(2110),D!L'rlG(120),D!L'rAQ(120); 

+DI1GOT (21J0), DAT1UT (6000) ,DAT11T (6000) ,LISTUT (2'0) ,JBOIUT (6000) , 
+L! IKOT (6000) , IISTUT (2110) ~JCOLUT (6000) , IBSTLT (2110) ,JCOtLT (6000) , 
+JCOLJB (2.0) 

COftftOJ /EI1BLE/ CRITE~,IR!lD,lWB~T!,JOPDIT,LOOP 
CO"~OI /SIZE/ WLESS1,ITOTlt,lt!5X2,BTOTI2 
tOGICA L. 1 OK 
n' (.1'0'!'. 01) VBIT'! (IVRl'!'E, 500) 
i~ITE(IWRrTE,520) 
PLOSS=O.O 
~'!'ODEG=180DO/3.1415926DO 
DO 0'000 1:""i 1, J'fOTAL 

, VflAG=DSQRT ('BEAL (1) •• 2+YIl!lG (I) •• 2) 
lIGLI=D1TIJ2(fI"IG(I),VR!lf(I».BTODIG 
J-LORDEI (1) "'" 
Il (!ODBOS (1). EQ. 1) GO TO 300 

RIAÇTG (I) -VIBIG (1) .CB!lL (J) -VIEIL (I) .ClfliG (J) +B!ICTD (1) 
IF(~ODBUS(I).JE.3)GO TO 300 

~!ALG(I)=R!ILD(;)+VRE1L(IRBP).CREIL(ITO'!'lL) 
VRITE(IIRITE,550)I,fl!lG,1IGte,RE1LG(I),REICTG(I), 

+ R!lLO(I),BE1CTD(I) 
,. GO '1'0 350 ) 

300 COITXNUB ~ 
W!!I'!'!: (IIRITE, 550) l, 'ftlG,IIGt!, BElLe (l,) ,B!AC'fG (1) , 

+ BEILD(I),RB1CTD(I),ERROBZ(J) ,EIBORZ(J+IL!S51) . 
350 COITlIO! 

PLOSS=PLOSS+BB1LG(l)-B!lLD(I) 
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IJOO 

1000 

500 

520 

550 
555 
ssa 

L=LlCS'rTR (I) 
COI'rIIUE 

R=JCOl y" (1) 
EDA'rA= (L+', 12 
fOLTBLzVlIIL(I)-VIIAL(!) 
VOLTIR='IRIG{I)-fI"IG{!, 
CUIREL--DIT1TR(rD1Tl).fOLTRL+D1TlfI(IDlTA)·VOLTIII 
CUII"G=-D1TIJ!(lCDIT1).fOtTI~-D1T1Yl(lCDIT1).'OtTRL , _ 
58UIT=-D1T1LI (!D1Tl~.'!lG •• 2 
R!lPLOsV!!AL(I).CU!REt+fIIIAG(I).COIIBG 
B!lCTV:fIBAG(I).CORREL-,fR!lL(I).COBIRG+SROIT 
IRITE (IIRIT!,5S5) !I,RZ1'LO,!ZACTf 
L=LIIIYII(l) " 
l'(L.W!.O)GO TO '00 

CO,rI'!IU! 
IRITE(IIBTTI,559)P10SS 
R~TUBI , 
'OR!1~(T14,'TH! F01LOIIIG aZSUL~S lBB C1LcutlTID BASID 01 TRI YET 

+TO'COlfZBGE '01T1GÉS' 11111) 
PORBIT(I T1'," ° t T 1 G Z',13S,'G!'!B1TI01',T56,'DBftlID', 

+T~3,'ftISR1TCR' Il T11,'ftlGIITUDI lJGLI',T33,'BE1L RZlCTIfZ', 
+T~2,'R!lL !E1CTIY!',T71,'Q/Jfl POIZR' 1 ) 

10RIIAT(11 • BUS ·,13,~10~3,P8.2,3(3X,2'8.3)/) 
pnRIUT ("1, 'TO BUS • ,I~,T30,2P8. 3) 
1ORPllT(lIIIIT20,'TOTA'L SYS"fZPI LCSS = ",P8.3" l '1') 
E"D 
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cccccccccccccccccccccccccccccccccccccccccccccccctccccccCCCCCCCCCCCCCCC 
r. . c 
c C 
C . THE P1RTICIP1TIOI F1CTOFS 101D fLOI PIOGI1I C 
C' C :"J\ 

r. C 
CCC~CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCÇCCCCCCCCCCCCCCCCC 
C 
C 

1 
5 

o 

, 1., 
, ,,' 

I~PLICIT RI1L.8 (A-H,O-Z), IIrIGER.2 (I-J) 
RElL." PAlU! (5) .-' . \ 
THTEG!!.' IREID,IVBITE 
lOG!CAL.1 OK 
CO"ftOI IL01DPL/ 'RE1L (120), VlftlG (120) , 'ftlGSQ (120) ,CRI1L(120) , 

+C!ft,IG(120) ,CIUGLJ(200) ,SIUtlE(120) ,R1ULG (120) ,R!lCTG(120)" . 
+R~AtD(120),R!lCTD(120),"ODBOS(120),DB"I~,!OT1LG,SUftSB1,'REP,IOG!1 
ctj""ow 1lE'1'ltOli DI1Y"R (120) ,DI1I"1 (120) ,D'ITAIR (200) ,Dl'1'IYI (200) , 

, +DATlLlf (20Q) ,LISTlt! (120J , JC01Yt! (1100) ,LIBItI" (~OO, ,-Iond:' (120) , ~ 
+LORDEB (120) , JOIDER (120) 

CORROI ILUSOL'I DIL'l'lX(2'0),IRBCIZ(240),DBL~lG(120),D!ttlQ(12~), 
+DIIGOT (2110) , DITAOT (-6000) ,DATALT (~OOO), LKSTUT (2"0) ,J801O'1' (6000) , 
+L1IIOT (6000) ,IBSTUT (240) ,JCOLÙT (6000) , IRSTLT (2"0) ,JèOLLT (6000) , 
+JCOLJ8 (2110) - '. ' 
CO""01' III ABL!I CIITEl!, IIEID,II.~Itfl,LOOP ,JOPDAT 
CORROI ISIZ!I JLBSS1,NTOTAL,llISX2,.TOTX2 
RE AD (5, 1 , P IR" 
IRElD=PI!PJ C1> 
IV.!IT!=PU," (2) 
CltIT!R=Pl!! (3) 
JUPD1T=-PUft (., 
LOOPSP1!P! (5) 
WE nI (InITE, S) 
CALL IlTI1L 
CAU DIBP"T 
CALL FICTOR (01) 
CALL RESULT (or, 
STOP 

.. 

. " 

!'ORIU'!' (5F10. 5) , 
l'O!PlA'!' ('" ,'l35,' 10 SLICK BOS LaAD FLOV PIOG!l!, 051'(; IEITON 

+ RIPHSON lLGORITH!!' Il '1'38, 'VI'IR t-u DECOIIPOSITIOJ OF TR! ,J1COBI'1 
+1 llD SPIRSY!Y PROGRlftftIIS') 
~JD '.' 

- , 
"". _J 

) 

\. 
93 .. 

., 

, , 
.. 
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100 
,C 

r 

150 

20~ 
C 
C 

39°. 
3 '-0 

c 
C 

, . . , 

J , .1 

. , 
- SUBBOtJ'UI! P 1C'l0! (OJ) 

I"PtICIT 1!IL.8 (l-R,O-Z), IITIGER.2 (1-1) 
,IIITEGIR." IRBID,IW!IT!' _ " 
LOG1C1L.1 01 , 
co,nml IL01D'PLI 1'RI1L (120) , 'III1G (120' , '1I1GSQ (120) ,CRB1L (12b) " 
+Clf!lG(~20) ,CIUGLI (200) ,5R1RI.(120) ,1!lLG (120) ,BI1CTG(120) 1 
+R~ltD(120),!E1CTD(120),!ODBUS(120),DB!1'D,"OT1LG,SURSB1,IBIP,IOGII 
CO!~OI IIITWOII DIlt!R(120),DIltRI(120),DlT1YB(200),D1T'TI(200), 

+DATILI(200),LISTYR(120),JCOLT"("OO;,LllltR('OO"IOIECT(120), 
+LORD!R (120) , 10lDEI (120) ~, 
COf!~n.J ILUSOLTI DBLT11(2"O),!R~OIZ(2.0),D!LT1G(120),DELT1Q(120" 
+D!IGUT(2"O),D1TAUT(6000),Dl!lLT(6000),LKS~UT(2f1O"JJOIU!(6000" 
+LIIIIUT(6000),IISTUT(240),JCOLUT(6000, ,IISTLT(2"0) ,JCOLLT(6000), 
+JCOLJ~(2"0) -
COftftOI IIIIBLEI CBITER,IBElD,IIBIT!,LOOP,JUPD1T 
COf!f!Ol ISI!!I ILESS1,ITOTlL,ItISX2,'TOTX2 
10 tJlfTz 0 " 
CORTIIO! _ 

•• CA-LCULlTI'i CUIREI! IIJ.!CfiOIS lT, ILL lfOOl5 
DO 200 fla1,ITOT1L ' 

la IOIDE.:a (!!) 
CRElt (fil) sDII TfII! (1' .TIElt (I,'-Dll YftI (I) .fI!!IG (1) 
CI!!AG (ft) -DII YI!! (1) .'BEIL (1) +DIl !KB (I) .'l"IG (1) 
LaLKST!!I(I) 
COITIIOE 

IDlTI- (L+1) 12 
J2:JCOtTft(L) 
CB!lL(!!)sC~!lL(!)+~lTltR(IDlTI)·'I!lL(J) 

+.' , -DITITI (KItAT1) .'1!IG (J) 
CI!lG(!!)=CI!lG(!!)+DIT1!B(IDIT1)·'I!lG(J,+ ... .. 

+ 

L' . DIT1YI (IDI'rl) •• !11L (J) 
L=tIIKylf{ Ct) 

. IF (J ••• !. 0) GO 'r0 150 ~ 
COlfTIIU! .. , ) 

•• !'lLU1TI'~ TH! TOTlL GlllllTIO_ 
'rOT1LG=0.,O 
Il (IOGI'.IQ.O)GO TO 310 
DO "300 I a 1,IOG!J . 

J-'OBDE!(I) 
, TO'flt~TO'l'.lLG+'I!IL (J) .CBIIL flfIIlG (J).CIR1S (I,+BIILD(J) 

TOTILGs!OT1LG+yBElt (IIBU) *CREIL (IJ'l'OT1L, +TI1I1G (fREp) ~IlIlG (''l'OT1L, 
L' +R!ILD ('BEP). \ 
'rOT~~g.!O'l'ALG/SOftSBl \ 

•• l'IL01'1'1IG !H! ftISftl'fCRBS 
l' (IOGI •• IQ.O)GO Ta "10 
DO .,;"00 1-', IOGII 

'1 
./ . - g,'-

l. 

, , 

, , 
i 
1 

i 

• c 

, . 

J 

l 
t . 

l 
t 
1 
.' .. 
" 

r~ 
, 

-; 

1 , 



f ' 

1100 
"10 

.~ 
500 
51D 
C 
C 

600 

700 

710 

730 

750 

800 

550 

560 

r 
i 

+ 

• 

- ... - ... .:1.'", -"'-

• 

. , 
JslOBDBR (1) l' f 
!IRORZ(I)=-fRIGSQ(J).flElt(J)"2+YlftlG(J)"2 
!1l10RZ (i.lt!SS1) --SHIB! (J) "OT1LG+R!lLD,(J)'I+'R~lL (J) .CR!lL (1) 

.fI!lG (.1) 'CI!IG (1) li ' 
CO'TIIU! ' 
œlHln f 
IF('OG!'.!Q.JL!SS1,GO TO 510· 
! .... OGI.+1 
DO 500 1-11, .LISS1 ; 

Ja 10!DIII (1) po .r 
IIIOIZ (1) --DIL'l'lQ (J) -'I!lt (J) *C11I1G (~ .'11I1G (J) .CIllt (1) 
IIBOBZ(I.'L!SS1)·-D!t!lG(JJ.'I!lt(JJ~RBlt(1)+ 

'II1G (.1) 'ClftlG (1) 
CO'TIIU! 
-COI!IIUI, 

•• CKICKtlG lG1I'ST CO.'I.GI.el CRI~~Il 
DO 600 I a 1,'LI512 _, 
, IP (DI8S"EBIOtl~ (1» .G~ .. 'CBlnl) GO '1'0 700 
eo.,.tltr'l ~. ' 
",R~ft (InIU,550)CRI'TI!,IOU''I f ' 
O~T!U!. . L: 
RftUB. "-1 r , COITIIU! . -
IP(IOUIT.LT.LOOP)GO Ta 71 
VRIT! (IntTE, 560) CRIT! OOP /' 
OK-.P1LS!. .-' 
RB'l'UB' 
COITIIUI 
IP(KOUIT.IQ.O)GO TO 730 

.. 

IP(JVPD1T.!Q.0)GO TO 750 • 
l'(IOU'TIJU~D1T.IQ.(KOU'Tf'JIJUPD1TJGO TO 150 
CO'TIIO~ f, 

CltI. JICOB -
CO.Tt.OI 
€ltt BICISB 
DO 800 I-',IL!SS1 

jaIOIDII(I) 1 

'R!IL (J) .'IE1L (J) ,"DILTII CI) 
'I!lG(J)·tI!lG (.1) +Dlt!11 (I.'LISS1) 

COITIIU. 
10U.,.'00.,., / 

( 

GO TO 100 , 
POllll!('1',!1','COIlIBGIS !o.r!B1' ',r8.5,' rOI TBI BIII!U! BIS!ITCH 

.!CR 1. ',13,' I!llllTIOIS' 11111) 
POI!1!(t1',T1',"1ILS !O'CO.flIGrTO WI!!tl ',18.5,- POl TB! !lI1!Uft 

+Uft 'ftIS!l'l'CB Il ",t3,·· rflll!IOIS' 1111/' 
DD 0 

d 
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cccccçccccccccccccccccçcccccccccccccccccçcccccceccccccccccccccCCCcCC~C 
~" c 
c c' 
~ THE FL01TIBG SISTEft VOLTAGE LOlt ~Ol PROGal! C 
~ C 
~ C 
\CC~CCCCCCCCCCCCCCCCCCCCCCCCŒCCCCCCC~iCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
r ', ... - . 
C 

-

,. 
5 

- J 

D1l'LIen R:Eu*e (l-n,O-Z), II'.r!GER*2 (1-" 
P!lL!1I P1R" (5) '. 
INT!G!I*4 I!!lD,IiBITE 
tOGI~lt~'1 OK - ~ . \ . 
CO""o;. /LO~D1L, 'RE1L'(120) ,~G(120), '"l, !JO (120) ,CRElt(120,', . 

+CIII1G{1-20) ,C!lGt..(200) ,R,!l,," (12 , ,lt!lCTG(1 , 
+ln~~JH120) .,R!1C'1'D(120) ,aoDBUS (1 0) ,'I!F. ... . . 
Ct)'11110./.E'.OK/ DIlt!R(120"DIltllI(120 ,l) lYR(200).D1T1TI(200), 

+,DAT1I.lI (200) ,LKS'!"" (12~) ,JCOLYI! (!lOO),L .1(1 't'JOOl , KO'ECT (120), 
+tORDER(120).IOltD~R(120) . 
~d"ftOI /LUSOL" D!LT1I{2!lO,.!RBORZ(2'0', LT1G(120),DILTIQ(120), 

'+DI1GUT' (2110) ,DITAUT (6000) ;,DIT1L,T «(000), LISTO'T .(240' ,JROW01' (6000) , 
+LII~U1' (6000) ,r.STUT (2110) ,JCOLUT (6000), IBSTLT (2'0) , JCOLLT (6000), 
+JCOWB.(240)· : '.. . -
co "fto.', /EI1BÔV CBITaR ,!lU!!lD, IV,,~IT!~LOOP,JUPD1T 
COln.o1 ISIZ1V' JLI5S1,IITO'UL, .Ji!SX2, ITO'r.J2 
BE1D(5,1)PUÜ! . ; 
IRelD=~Ap.fiI (1') ,', 
IIfRI'r!=P1H" (~).~ 
C~ITElt=P1Rft (3) 
JUPD1.T:P1R!l (IJ) 
LOQP=P IlVt ( 51 " . 
'RITE (IIRI'!'!, 5) 
CALL Il'1'I1L 
,CALI. . DIRPtJT 
~c.iLL S YS VOl. (01) 
CA LL ~!SUL" (œ) 

.STOP· , , 

. , 

P'ORIUT (5'f' O. 5) 
l'O'ftlT (' ',T3S. '10 StACK BUS LOin PLO' PROGllll OSIIG Il.'1'01 

+ 'R1PBSO lLGOHITR"'11 T38,"ITR t-u DlCOftPOSITIOI 01 TBI ~lCO~I~1 
~1I lWD SP1RS!~Y PROGHll1ftI.G') • 

BlfD - , ... 

b 
4 .. 

96 '-
~ 

.... 'J 

c 

1 
1 

/" 



c 

/ 

(: 

100 
C 
C 

1S0 

~200 
C. 
C' 

'\ . 
. .. 

~, , ~ l' 

r 

• SU8nOO~Y.E STS'OL(OK) 
I"PtICY~ P!lL*e (l-B,O-Z), IftEGEll*2 (1-1) 
IltEG!R*4 IRB1D,IVEIT! 
LOGICIL*1 Otc , 
CO"!OI /t01DPL/ 'REAt(120),YI!lG(tl0,,'8IGSQ(120),CI!lL(120), 

+C!!!lG (120) ,ClllGLI (200) ,BI1LG (120)'lI!lC'1'G (120' , 
+hlLD (120) IBIC'!'D (120, , "OD80S (120) ,II!P ,IOGEI " 

COIU!OI /1!~101[/ DIAY!! (120) ,DI1T81 (f20) ,DI~ltB (200) ,D1TllI (2~0) ,. 
, +D1 TIL' (200) ,LKSTtll (120) , JCOLt! (.1100) ,LIIKtPl (400) , 10 lIen' (120), 

+tO'D!2 (120' ,IOIDIR (120) .-, 
co!!!nl /LUSOLY/ DELTI! (2110) ,aBOIZ (240) ,DE'LT1G (120' ,D!L'!lQ (120), 

+DI1GOT (240) ,D1T10T (6000) rDl:T1LT (6000), LKSTOT (2~) ,JBOIOT (6000) , 
+LlnUT (6000, ,IBSTtJ't i2'fO) , JCOLOT '6000) , IlS_TL! (2110) ,JCOtLT (6000) , 
+JCOLJB (2.0) . . 

COftBOI /IUBLE/ CRI'l'EI,IIIID,IVIITI',taOP,JOPD1'l' ' . 
co,nlOI /SIZ!/ It-2S51 ,1'f01'lt,ltIS!2, .,.0'112 
COln'OI /rLoa-u BItO,llHOSQ' 
I-FlO= 1 .. 0 ----/ 
IROSQs1.0 
I~OTIS-'L!SI2'+1 
10UII!-0 
co liT Il 1J! 

,./ .., 
*'. CILCUL1'1'~IG CURBII! IIJBCTIOIS l~ ILL IODES 
D'p~ "2QO fts 1 , It'OT IL _ 
, ~aJOIDBI (If) 
: C U(PI)aDI1.t!n (1) .VB!lL (1) -DtlT!I.(1, .'IftIG (1) 
, .' IfUG (B)-DII tRI (1) .VB!lL (Il'+Dllt81 (1) .'I81G (1) 

LaLKSTtB (t) 
co l'1'IWtJ!< 

, -.>(1)l"I.~(Lt 1) 12 
J-JCOttJ!(L) ( 
CIER Cft) -CI!lL (ft) +Dl'rl n (KDIT1) .Y.!lL (J) 

+ -DITIYI (KDATI) .nftlG (J) 
CtftlG (ft,) =CI!IG (11) +1)111 IR {ID1T l' .YI8-16 (J) ~ 

+ 'DI'!'lrr (I~~'rl, *'I!lL (ol, 

+ 

.t~LlltT! (t) 
Il (L.!!:. O),GO 10 150 

CO'TIIO! 

•• BYltOl'fIIG 'fH! ftISII1'l'CUS , 
Il ,IOGII.IQ. 0) GO TO 11110 
DO 1100 1=-', IOGEI 

\ 

JJ10JDII Il) ." 
11101% (I) --YIIIGSO (J) .'Olt (J) .*2+'l:!llG (J) •• 2 , 
BIIOIZ(I+ILESS1).- DltTI6(J, +IBOSQ*('IIIL(J).CI11L(l:) 

u +YIBIG(J).CIB1G(I" 

. ' 

COI,.IJO,I 

~ .' 
,--Jo .. 

,. 97 • 

a 

'1 
1 
1 

, , 

" 

,; 



i:. ., 
~~. 

, 

t 
tIC 
l. 
6, , 

." , 

l ~ ... , 

'/l<, 
~. 
'l-

" 

410 
'1t 

500 
510 

c 
c 

600 

700 

710 

730 

750 

800 

550 

560 

COITIIU! 
n' CIOG!I. ~Q.ILESS1 )'GO ~TO 510 
ft=IOGII+1 

, .......... _ ....... --

DO 500 I z ft,'L!lSS1 '. ~ 
J='O BOIl (1) 
laàoRZ(I)=-OILT10(J)-(lBI1L(J).C1!lG(t)-'IllG(J,.CRIJL(I». 

+ BROSQ . ' 
!lfaORZ (1+ILI5S1) --DILT1G (J) + (fB!lL (J}.CRI1L (1) +1 

+ .' 'IR1G (J) *CY!I1G(I)) *IROSQ 
CO'TI'U! 
COJ!II1J! " 
EPRORZ CILESI 2+1, =-DEL'rlG (IBBPt .'I·!lL (lB IF' .CR!lL (J'rOT1~) .IlROSO 

.~ CBICIIIG lG11~Sf CO"!B~IIC! CRI'rIRIl 
DO 600 1s 1,1I0'r'5 

Il' CO.BS (IRIOR! (1) ') '.pt .. CBIUR) GO 'fa. 700 
COITIIUE 
IP1TE(ItmITI,550)CBITEB,IOUI! 
Ol{:=.·'l'BUE. 
BETun. 
COITIlfUI 
I!CKOUlf!.LT.LOOP)GO TO 710 r 

IR1'rI(II!ITI,560)CIITIR,LoOP 
OI=.l"lL5-I. . . 

'~ 

R!1'Utn, 
COI!IIU! 
Ir(louwt.IQ.O)GO Ta 730 
I!(JUPDJT.EO.O)GO TO 750 

, I!(KODI!/JUPDAT.!Q. (IOUIT-1)/JDP01T)GO '1'0 75d 
<~ COITIlIU! ~ 

CILL JACOB 
COITIIO! 
CILL ,lCUB (110"'5)' , 
DO 800 I=1,'tISS1 

J-'OIDII(I) 
TRIIL(J'·'RI1L(J)+DIL'fII(I) 
'IftlG(J'-'lftlG (J,+DIL'lI (I+'LISS1) 

COITYI1:JE 
IHO.RRO+~ltT11(ltISX2+1) 

IOO.T-KO ft+1 
BHoso.nH~.11I0 

GO T.O 1etO 
rOlU!lT (' 1', 11,' CO"ERGES !O' ,,t'DY' " r8. 5,' '01 'l'BE !lXIIUII IIIS!llTCB 

+!CH Il ',13,' 1,.,R11rOIS' 111/1) -
10BI1T("',T1',',lItS !o CO'flIGB Ta IITRYI ',r8.5,' rOR ,.BI !IIIIO! 

+0" I1SII1,.CB Il ',13,' I!1.a~10'~' 1//11) 
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ccc~ccccccccccccccccccccccccccccccccccccccccccccccCCccccccCCCCCCCCCCCC 
C C 
C C 
C THE f'LOITIJlG SISTE! l'OtTIGE LOlt nov PBqGll! c 
C c 
r. TH! ITERITIV! IPPBOICB C 
r. ' C ~ ~ 

c c 
ccccccccccccccccccccccccccccccccccocccccccccccccccccccccccccccccccccc~ c 0 

C, 'l'RE VIIIIBLE ItE!IT 1S THE ftIII~Oft JU8BER or TIRES 'OLT1~1 , 
, c' lDJUS!!EITS 1S TO BE PERFOR!!!D ... 

,~ ,.. 

1 
5 

Il!PLIC.I'l' REIL-e (l''S,O-Z,, 1JTIGEJl.*2 f(I-I) 
REAL-' Pl'" (6) 
IBT!GEB.' IR!ID,IV!I'!'! 
LOGIClt.' Olt 
CO""Oll' IL01D1LI VBllL (120), JI!lG (120), 'l!l~O (120) ,CIIlL(120) , 

+C1!!lG (120)',CIIIG1'1 (200) ,BIILG (120) ,BE1C'rG(120) , 
+R1.1LD(120),I!lCTD(120),RODBUS(120) ,tiEl,IOGII . 

COMMOI IIE'riOltl DII Yl!B (120) , DIl tfti (12QJ"Dltl tB (200) , D1TUI (200, , 
+DA!ILI(200),L1STY!(120),JCOLYft(400),LIlktft(400),1011C!(120), 
+LORDER (120),IOID!P. (110),tIII ' 

CO"ftOI ItOSOL'1 DELTAI(2'0),IRRCIZ(2'O"DELTIG(120),DILTIQ(120), 
·+D!~GUT(2'0),D1TIOT(6000),DI'rlL'l'(6000),LKSTUT(2.o) ,JROIUT(6000), 
+L!lltUT(6000),IRS'UT(2~O) ,JCOLUT(6000"I~STLT(240) ,JCOL~T(6000), 
+JCOLJ! (2110) 

CO "BOl IIIIBLEI C~ITER,tR!ID,IIIITE,LOOP,JUPD1T,I!ERI' 
COBBOI ISIZEI ILESS1,JTOT1L,JtESI2,ITOTt2 
~!ID (5,1' PIIK 
IP !1D=PIIB (1) 
l'~ITEsP lB ft (2) 
CR IT!B-P1R! (3) 
JUPD1T=PIRft(') ~ 
LOOP-PlBlI (5) 
IT!RIT-PAIII (6) 
IPIT! (1IltITE,S) 
CAtLI IITI1L 
CAtt DIIPUT 
CILL lLL01T (01) 
CALI.. DEStJt.T (OK) 
STOP 
'OlUIl'! (6" 0.5' 
'OIRA! C' l' ,'1'35,' 10 SLICK BOS n.01!IIG SYS'lBIl 'OLTIG!', 

+' LOID n.ov ') 
!ID 

- 99 -

} 

" 

~ 

/ 
1 , 

... 



·c 

.: , 

c 
c 
c 
c 
C 
C 

c 

/ 

'. 

! 

1 , 

SUBROUTI'E PLL01T(OK) 

TRIS SUBROUT1.! PERlO'"S ~B! L01D PtOI rrEI1TI'ELt, lDJUS!IIO TB! 
'OLTAG!( ftIGllTUD!S UITn. 'rH! SP!CIPIBD 'rIIWSft1SSIOI LOSS 1S IT'lIIR!> 

a I!!PLICIT Rllt.8 (,.. -R,O-Z), IIT!G!J1.2" (1-1) , 
CO~PtEt.16 V',Y2,VDIPP,DC!PtX 
IKT!G!!.' IRI1D,IIRI!1 0 

tOG1C1L.1 Olt 
. CO"ftO. IL01DFtl 'IEAL (120) ,'1!IG (120) , 'liIGSO (120) ,CIllt(120) , 

+CIliflG (120) ~C!I.GLI (200) ,IB1LG (120) ,111C'l'G (120) , 
+REltD(120),IE1CTD(120),"ODBUS(120),11!1,lOGEI 
CO""O, IIETIOKI DIIY!R(120),DII!"1(120),Dl!ltl(200),DITltI(200" 

+DATltl(200),LISTt!(120),JCOLt!C'00),L1lItTftC'OO),KOIBC'l'(120" 
+LOBD!R (12b) , 1010 IR (120) ,LIli , 
COBBOI ILUSOLYI D!LT1! (240) ,DRCIZ (240) ,DILT1G (120) ,DEt1'IQ (120), 

+DI lGUT (2110), DATIUT (6000) , D1TItT (6000), LItSTUT (240) ,J'RO.UT (6000) , 
+L!BJUT (6000) ,1llSTUT (2'0) , JCOtUT \6000), 1llSTT.1 (2'D, ,JCOLLT (6000), 
+JCOLJB (2"0) 
CO"ftO' 1!IIBt!1 CRttE!,I.!ID.,Ilarn,tOOP,JUPD1T,1!!BI'l' 
CO"801 ISrZ!/lL!~S1,ITO'flt,'L!SJ2,ITOTX2 

C CALCUL1T! TB! IftPt1CITLt~SP!CI'IED TIIISftIsstC. LOSS 
C 

PLOSS=O.O 
DO 1 I z 1,lor01'lt 
PLOSS=PLOSS+D!tTIG(I) 

1 CO B'rlln 
.. 11')PtOSS.L!.O.O) VRIT!(nRU!,50) 

IF (PLOSS.LE.O.O, S'rOP 
,If 0 1J1i '1'= 1 

9 COllTIIUB 
C 
C EXECUTES TB! tOID !'LOW IT!B1Tl,nt 
C 

c 
" .... 

CILt 1!1'1'01 (Ol~" 
11(.IOT.Ok)II'OB. . 

CALCUtlTI 'rB! TB1IS!1SSIOI LOSS 

TBtOSSaO.O 
DO 2 I-1,tII! 

1= JCOt YB (2.1) 
tsJCOttli (2.1-1) 
f'=-DCIIM.X (Y1l11t (J) , fil1Q (1» 
f2-DCIIPtl (fBB1L (t) , 'III1Q (t, ) 
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, 50 

52 

53 
55 
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, 

f1) l'l'à'1-'t2 
,! A GD?= CDA BS (VDIFF) 
1RLOSS~TRLOSS+'8.GD1.Y!lGtl',(-D1TltR(I) 

COITI'UE
DPtOSS:D1BS(PLOSS-!RLOSS) 
V!I!EIIIRI!E,52)DPLOSS , 
II'(DPLOSS.LI.CRl!IR)VII!E (IIII!E,S3, KOO.,· Q 

I~(DPLO~S.LI.CRI'EB}RB'l~. 

lDJUS'l TB! 'OLTIGES 1T TBB Pl BUSIS \ 

YLBYEL=!RtOSStpLOSS 
IP1IOGZI.BQ.O)GO TO _ 

. DO l I-1,IOGB' 
J='OIDB! (1) 
'ftlGSQ(J)zTL!TBL.YB1GSQ(J) 

COITIIUI 
COI'll'UB 
YI!lL'I!!P)=YRElt(IEBP).DSQ!!(YL!1!L, 
Koun-Koun+ 1 . 

IF(~OUI'l.LT.I'lBRIT,GO TO 9 
"" !T1(I.IIn, 55) t'rEBIT' 
O~=. 1'ltSB. 
R!'1'Ul!J 

o 

• 

PORftIT,'1',T20,'IJSUPPICIBIT BIlL GBI!ll!IOJS lttOCA!ID ~O', , 
+' RE!! DIBllD PLUS 'TRI.SBISSIOI LOSSIS" 

.. , .. -.............. 

FOR!l!(/ T20,~DII'PI!EICI BBTIlII C1LCULATID , SPICIP~ID TI1.SBISSIOI, 
+01 LOSS = f, P9.~) . . 
POBftlT('1',T20,'CO"BRG!S Il '.12,' OD!!B ITI11'IOIS'111) 
PORftlT('1',T7,'AFTIR',I3,' SlS!I! VOLT1GI COII1tTIO.S !BI l, 

+'SPECIPI!~ TB1IS~ISSIO. tOS~BS IS S'lItt OllTT'IIID~111) 
PD ' 

'C \ 
1 
l' 

• 

<il 

'l:o 

• 
"""' ...... 

~ 
, 

~ 
, 

101 
0 

• -

-" 

, \ 

'1 
~ 
\ 

,. 
" 



, . , 

" ' , 

1 ,~ 

, \ 

Cr 

J 

This thesis i8 prepared and produced on 

the McGill Univer,si ty System of Interactive computi'ng 

using the Context Eui ter ami SCRIPT facili ties ' 

• 

o 

/ 

1 
\ 
\ 

\. 

~. 

" ) 

.' 


