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ABSTRACT 

This rBport presents the computation of POV,fH flow for HEP/\ 11 k,v distribution 

netvvork \,vithin Minna metropolis, 

The theory of power flow and bad forecasting has been discussed, The vatious 

rnethod of pmver now probierns and solutions are covered through this theer:/- The 

Fna1!y, the cornputation of this pO'Ner fov'!' is applied to NEPA 1'1 hv distribution 

network 'wihin fvFnna metropolis, where the different quantities associated VViH-l the 

buses, that is: the bus voltages, the real and reactivB WAver flow (lave Deen 
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CHAPTER ONE 
GENERAL INTRODUCTION 

1,1 iNTRODUCTUJN 

Power distribution system required contfnuous and comprehensive analysis In other 

to evaiuate tile system performance and to determine the effectiveness of alternative plans 

IOf system expansion, This study piays an wnportant tOle 1n produdng a high standard of 

PO'YVBf systern reHabUitv, security, quaiHy and 1n ensudng the ma.xirnum uWization of power, 

ivhlna metropolis consists of the fol!owing areas MobiL Chanchaga, Saiko, 

Ar,f1,""rl /,lQ; C:;~3"<:O ';f"'v)"~i'-' Tunt'!'.:'; ~'l"'it'lmb: S·"...,r,""f'·~"'·; ,'/p'1iti ""gu "'r'ld <::<h·'····r" r'lb0, '1'(;.'.:0.. n "d',3dn~:" ;~U .;) : L, ::';:H~a: ':~"" ,\lId. '. :, " ",(':HA-1 1',p;?H, p. c:<P.J"~ ,au' >...) iiU U. ~ ~ .... 

fviinna \A./3S link.ed to the n~ltion8! qrid in 1976. there was a power station that was caHed 
~ , . 

isolated power statton, whic!l was insta!led in 1960- The power station tlaS Ewee units, 

each of vvhich generated about '1,3MW of povver and due to low demand of power then, 

i f !"1 b ~ . ~ ~''''«'' ~>. " ,.;. ,~. on y one 0 tile um was use eYore In !~1!o vvnen d!ger maw W(JS cn3ateu and (vlinna was 

made the caplWl there was [ncreased in load demand which raise from 1,3f",1\N to 1 CrAW 

due to increase in demand of power by people worKing in government ministry 2nd 

paras\atals, This led to the installation of (nO(0 distrlbution transformer, 

Presently, : j'he daily power demand in the metropolis is about 24M\N. fv1bna is 

outskirts of the tcv1f1ship. The Sub~transntssion stat.ion is supplied by two lines at 1321<\1 

e8ch from Shrow povver station. That \s SHRORO LINE ONE and SHjRORO liNE nvo. 

two stBp~down transformers, TR:3 and TR4 of 15MVA (33/11 KV) ratin9 each, 1'\ KV output 

i<; {oc,d ""in ti'IP ,'(;)QnC,\,,·tive, hU~ b-::'t'" fU~"r C', ~r:niv "" 'f'", .: if fe,-;,c:c:.n::: 
1 ...... ·v ......... · .... , .. ~ -.0./ ~ ... ,......sr--V .... ~ .... '.( v;./. u.·~ v" .. ~t .. r-'! f v.: ~'V!'! .. ....., ......... ~ '''~' 

Tt1e four feeders presently used tn the metropolis are Chanchaga reeder, 

parliamentary feeder, S(droro feeder and pigger1' feeder, Chanchaga and parliamentary 

, " .l b t' 'TR"" 'I t"~' d' !" " ; reeders are supPliea .j trans orrner ( j)~ V>inhe vdirOrO an piggety' eeGers me suppeu 

12 AiMS AND OBJECT!VES 

The main aims anCi obJectives of this project work is to develop a computer 

simulation progrSrr1 H'1 Pascal language to evaluate the performance of the networK by 

calculating the power flUN, both real and reactive powef associated with the buses as 'NeB 

The study U'1erefore 'would ease the probiem associated with the present manual 

calculation which is time consurninq and nrone to error as v,;elL ..... ' ~ 



1 J METHODOLOGY 

(if Circuit 2ndysis of system containing transformers of various transformation ratio is 

{\fA,:,tl,., e;lr'nr)!;;;or! 
t::~ \, .. 1:..< J'j ..... H . . ~. !<~~'vv.. 

Circuit parameters tends to fall if) relativeiv narrow numerical ranges 

c rr'-''' ... ,....,.<:; d ...•. :::l {.)"<:;' , ·te' c;p'~t· ~.~ ~~;. ;t:.')~Uv .. d~;"..~ ,,,:,,,,~v y ..;..,., . . :....~ , 

14 LITERATURE REV~EW 

THEORY OF POWER DISTRIBUTION, LOAD FLOW AND FORECASnNG 

; .4, '; THEORY OF POWER DISTRIBUTiON 

electric 008:91 fron'! the bulk supply substation to the consumers energy meter. He further 

. . k" ,'r <- .j ~, length from a fe\v hundred metres to severa: ~llOfn8t8rs, /-\ senes or StCp··oo\vn Hlfec 

transforme:'s for instance 1 '1!C415kv are spaced atong the route ~-::nd from thesE: 

,~; 'i",.,-,:joj t,.-,· I~r·,r..(': )f~')C'rC; fh,.c,i:> nh:::<:;:C> fni lr \R:jlr;::> n?>t''''()rL. frOfT, u.ln' ;r: i, tn' ;::> s;n(~lp nh?<:;e is ':):"~:"'F;O .... :' ~t/ ... -:· ... n:·,:>v: ~!\..... """ ... ::~v ...... , tJ!~\A .... ~\;;~ ! .... ~ .. So: $ • ....,t :: ..... r¥¥v.f\.~ ~~ '.(~~ ~ ..... ~~ '-..., ... $(.~ ...... r":"-: V 
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TYPES OF D~STRIBUTiON NETWORK 

U) Primary Distribution: vvhict-l carries the load at higher than utWsaUon vOitage frorn 

the substation (or other source) to the point where the voltage is stepped down to the value 

at v>1hich the energy is utilised by he conSWDer, 

en Secondary Distribution: which includes that part of the systern operatni1 at 

utHisation voltage, LiP to the meter at the consumer premises_ 

PRIMARY DISTRIBUTlON SYSTEM 

Radial systems: Dlstdbution is at he uUisation voltage, .A single pnmary 

"¥"' " , t t' (- ! . , !' . 't t f ne mala! ype s1's em :·1.S dle slrnp est or a! C!fCUl _ arranger-nen. 

separate feeders or circuits "radiating" out of the substation or source, 8ach teeder usuaHy 

servine a civen arecL The feeder may' be considered as consistn·g of a rnain or trunk 
~ v . ~ 

portion from which there radiate spurs or laterals to which distribution transformers are 

connected as shown figure '1 A. 

The spur or lateral are usuaHy connected to the primary feeder through fuses, so 

that a fault on t!~;e latera! wi!! nDt cause an interruption to the entire feeder. 
. .,' . 

Prknnry feeder schematic diagram shD'Ning trunk or fTlain feeds end iateraj 

or spurs 



Loop Systems: 

em~ioys feedefs! not dear whicll essentially provide a two~>>Nay ,~dmary feed fOf critica! 

consumers, Here, sno1l1d the sur~ly from one direction fa!!, the entire load of the [spesr 

may be carried tron') the other end, but sufficient srare capacity must be ftDvided in the 

feeder This wre of system may be operated with the ioor norma!!y open or with the loop 

(a) Open Loop: In the 0~en bOf system, the seve:ra! Sections of the feeder are 

connected together through rHsconnecting devices~ with the loads connected to the severa! 

sections, and both ends of the feeder connected to the su:~::,jv, At a credetermined {oint t'". ,,~ { 

in the feeder, the disconnecting device is deliberately left Op::!1, FundarnentaHy, this 

constitutes tvv"o [GedGrs vvtose ends arB separated by a disconnecting device: which rnay 

~,_J'-
/',,) C"'/ fl, (< l j .,/ 

c; 1) e .. V r

') 

i 

!n the event of a faun! the section of the p-in;ary on which the fault occurs can tie 

disconnected at both its ends and services n>estabHshed to the unfauited Fortions by 

dosinG the loDe at the :coint where it is normally left 0{:8f1, and m<!osing the breaker at the v· ,. 0; 

substation (or sun:!Y source) on the other, unfau1ted rortion of the feeder, Such Ioors are 

nr)r n:',f',,~~.,jf>, 1'-. k;'<::'S,j <'inf'{;>:::S f:::<!!lj. '..AIv,..q,drl C8UQ:' the breakers (or fuses') at both ends to n ... :.. H, ..... :.:.d(.H~l ....... srU .. $ v. Vv .. -;;: .'W.uh. ?~ ~·,.l """ w..., .. .. , 

QCdt l08vinq the entire feeder de"energised and flO knowledge of where the fault has 
f" ~ :..~ 

Closed Lonp: Th[s is used when a higher degree of reliability is desired! the 



open only the circuit breakers on each end of the faulted section) leaving the remaining 

portion of the entre feeder energlsed, In many rnstances! proper relay operation can only 

be achkrved by means of pHot 'Nires which run from circuit breaker to circuit breaker and 

are cosHy tQ install and maintain, in some instanCes these pilot wires may be rented 

telephone circuits _ As shmvn in figure 1 B 

rdCj'V'i;'-{f: 

~J.f' j (\--j ~';.-!~. 
~ "" 1 ,~.J 

of the looP! and woinary, less expensive disconnectng device instaHed behNeen the 

fault is iocated, the disconnectinG devices on both ends of he faulted section may be 
U . • 

opene1j and the unfauited section re-energlsed by dosing the proper circuit breaker. 

(iii) Primary Network System: Tt-ds system is formed by typing tOGether prin]i3ry mains 

ordlnarHy found in radial systems to form;) mesh or grid. The grid is supplied by i3 number 

of power transformers supplied in turn from sub~transrnission and transmission 1ines at 

higher VOltaGes, A circuit breaker ti8hv8en the transformer and grid, contro!ied by reverse 

- current and automatic re-,closing relays, protect the primary network fron'! feeding fault 

cuttsnt through the transforrner vvhen faults occur on the supply sub-transmission or 

5 



SECONDARY fHSTRH3UTlON 

Sccondary distribution systems operate at relatively low utilisation voltages and Eke 

primary systerns, involve considerations of service rdiabHitv and voitag, 8 reGulation, The 
, v 

secondary systern rnay be of four general types: 

imHviduai Transformer - Single Service; Individual transformer sennee '$ 

applicable to certain loads that are rnore or less isoiated, such as in rural area >llh(?re 

consumers are far apart and kmg secondary mains are impracticable, or 'where a particu:ar 

consumer has an extraordinarily large or unusual load even through situated amonG a 

f" !ry',c' ,or "f (',((i;" ~r"y' ('Or)' n~Ur'r:{;;Y::: !W~.' ~.1~ V W 10..0:$.: .:-:;...:~ ,,;, ~ ~-...: ~ !:~v: .. .,;..(~ 

Fig, 1 B single - sf)rvrce secondary supply 

In this type of system~ the cost of ttle severa! transformer and the surn of power 

losses In the units rnay be greater (for comparative purposes) than those fer (me 

transformer supplying a group of consumers from its associated secondary main, ~. [De 

diversitv amonQ consumers' loads and demands p'Brmit a transt~:xmer of srnaJier canacitv' 
)I ...... r' ... 

th.an the capacity of he surns of the individual transformer to be insta!ied, On the other 

hand, the cost and losses in the secondary main are obviated, as is also the voltage drop 

in the main. Where low voitBQ8 rnav be undesirable for a Darticular consumBr~ it rnay lie ' ~~ J • 

(ii) Common secondary main: This is the rnost common type or secondary system, it 

takes advantage or diversity behveeo consumers' loads and demands, as indicated below 

in rnanv instanCf.6, the secondary main lnstai!ed ate rnOt"e or less continuos, but cut into ,< • 

sections insulated r'om each other as conditicms require. As loads change or increase, the 

portion of these di.ision points rnay be readily chanqeeL sometimes loading cf the need to 

and a new transfcnl1ef instalied to serve a load or voltage conditions require, 



.. secondary ~ rnair supply 

(iii; Banked Secondaries: The secondary systern empbyrng banked secondaries is 

not very commenly used, although such instaBations exists and are usuaHy !irnited to 

r)\'A'-h A ;8,-l qy'qv""r' This tYT'P. of <;:-·,;,"h':l·m m·· ?y' ;-·,e <t;P\A<A(J. '-"<; '3 ,;.:ipr'!i:> fi.::"<'1;\r:,( lr .. w· .,,0)<-····9'· ~ 
... '.(..."..$ ....... :.,..:\.3 "." v.::;,:;~ L ~ v....... VJ~!oV~ !.~ U ~ ... - ~~'nI,.,'i<..-."A :. ... ~v ,~ """L!;j~""" "..,.J.~":"'W ..... ~ ...... ~ '( ~t(.1 .... v 

connected. 

Fuses or circuit breakers are use to protect the transformer from any fault as 

indicated in the fiGure name. Banked secondaries, vir-lile providing for failure of 

transformers, do not provide against faults on the primary (nain or feeCf'L Further: a 

hazard on any transformer disconnected for any mason rnay result ficm i3 back feed if the 

~i''''<'''n,d':;r'' ·:'nf:>r'··;<; ·.T·· i~,p nril'''-;srv h,f!,;C!"' ny", h .-Hje !"<o 1~1 .... ::c;;rlpI'Alj <;;: ::<f'c::\ ~ ....... ~ ........ ~ ...... J ~-....;:<::, ) t....~ "-.' ::;:vt.:) d~.# t-"~~n:.(A I \~~): ~ o~a} ::Q v t .... '" \...-:· .... h~ .. /~lo.J ..... ~....:\. )., ..... H\,."j. 

r::::.:. J~"F H (e- .'.)'r 
("j f;:,-~' Wl "- 1 i ~-f 

-~-~! -,-,~1.~, ~-
i "\ 
t f ':lj 

(iv) Secondary NetworKs: This network is creatGd by connecting together he 

<, ··:,""'o,,·-{r.nl "'-'-'ir' {c·d frt'~n tr~<n,;;:t·,".rrY>A'- S' :r"lplied b\f tvp or P:"-r° Grim;:""\} k~i-<rier The ~t,...~~ f ~t....I(:':;?~ j .:.; ~aL ~ h;; v:. { Gs~ ~~ ..... ,. ..... ~:" ~ h .. ' { ) .. -=t-" .-' ~ u: J ...... ~.: ~ :'..,..~ v t ... ·.. .. .. H l ~............ .. 

secondary net.",vork at present provide the highest degree of service reliabiiity and 

>~D.r\jC< ~"P':'" t'f· ~1td'l fO~;'-~ r!el"'~ih' "'hAre rr-'vi;,nuf.> iuq;f>,.! thA;r and when:~ this khdnf ,";;.'0 1;; !,.-:s; .... ,U;,) v ~ ~:::j~ l (nJ .....;: . fv'~l~ i!¥ ..... ' ............ :; ""-, 1" v ~:l v: ~ :;.: ~ . v V I".~ ... ~ 
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reHab!!ity \~; impewtlvEL In sorne instances, a single consurner may be supplied from 

this type of system by what is knO'Nn as spot netv>Jork, Automaticaily operated circwt 

breakers in lJle secondary connection between the transformer and the secondary 

mains, knovm as network protectors are used to disconnect the transformer from 

tault and they are a!so back up '{<jith fuse should the protech:x fail to operzlte, the 

fuse vA!! bkrw and disconnect the transformer from the secondary mains, 

TYPES OF CONSTRUCTION (OVERHEAD AND UNDER GROUND} 

Nthough the original distribution system pioneered by Thomas Edison was a direct 

current low-voltage system InstaHed underground, the widespread expansion of electric 

svstem was based orlnclpallv on the adoOiion " ~ JI . ) .' 

the 

VVhJe the n;ain !imitatlon to the adoptbn of underground system is economic, there 

and for cable thd require expensive Insu!aUon aE tends to roak.e investrnent costs several 

'Where loads becomes so great, however, that the nurnber of pole rnes and the 

V'ihiie an underground system is not exposed to damage and interruptions from 

storms, trame, On the other hamL vA'len trouble does occur, it is very much rnore difficult 

and tirne-consurning to locate and repair than in the Gven'lead systems, For thiS reason, 

additional provisions and expenditures am made for maintaininq sen/lee reHabHHy; these 

include duplicate facilities, throw over schefnes, nebvork, /"iso, the lesser abUty for heat 

radiation [n an underground system does not permit the loading and ()"ierloading of 

conductors and eGuioment oossib!e wlth overl-lead svstorns. \Nith plastics t2k.lng over the .. .: ." ~, 

functions 
of insulation and sheathinG in under, ground eab!es: dnd the ability of these 

" 

materials to be buried directly in the ground, the economic advantage oj- overhead 

systems, though still 'favourab!e~ \s rnark.ed!y reduced. The recent greater emphasis on 
, ' ' 

environrnent (ar::rearcmce;\ also :1as contributed to a greater pressure rer underground 
< .' 

!({c;t;:.;!l;;fir,q,;:: Ov{r\;,p<.,d svst8ms wW however omvai! to a verv areat extent fer some time, 
~~! ..... ".,--';.S ... "·".'O.,dt(v>--~·.-'·""" j'" ,.'~ .:.. ,/,,,../ 

and wlH be In dnnst exc!us[ve use in rural areas, (Anthony J Pansini, 197'1). 



1 A.2 LOAD FLOW 

A,S, Pabla (1981), observed that in order to evaluate the performance or a power 

distribution network and to examine the effectiveness of proposed alterations to a systern 

The load row studies me normally carried out to determine: 

No drcuitsare overloaded, and he bus bat voltages are within dccept8bie hnits, 

Effect of additional or alterations on a system 

Effect of loss of circuits under emergency conditions 

Ootlrnum svstem lcadinrg o:mditions . " 

{f\ 
... ·i 

The 1030 fimv in distribution network is carried out in essentially hvo krms. rn the 

case of simple redial networks, the !cad now is largely seif~Bv!dent. However, in 

interconnected nehvorks having a number of seties or parallel paths, the problem is more 

PO¥iER SYSTEM EQUAT!ON 

Formu!atkm of the Problem: The network matrix equation provides an extreme1! suitable 
. '. ,. '!.r ! t' . . ~/ \ I\}' tl . . !; " .: . t'" . '." matnem;;'H!cai mOde 0: an {:H::G ncal n81V,j()rr" 'I ! (l the 1e1p or miS equa ion it is pOSSH:.H8 to 

,jesCfltie the characteristics of the network: as ;Ne!l as the interconnection of these 

elements. The sdection of independent variables deterrnines the elements of the network 

frla tri x, The lndej.),0endent variable can be vdtaae or current and correspondino the 
'.J ' ~ 

e1ements of the nehvork rnatrix are impedance or admittance, The rorm of network 

In the ioep frame of reference the variables are ioop vo!teges and !cop currents. 

Since the loop frame of reference does not yield sets of voltages u cu~rents it is 

used in the study of ioad tlmv prcb1erns. The compiexity of data preparation further 

PERFORMANCE EQUAT!ONS 

The equation describing he per-forrnance of the netv/Ork of a PO'NGr system using 

r {.~ .~ \ [Y bus]') .• bus ...... , .. ,,.,,.,,. .. , ...... ,,,,. ...... ,.... i, i . i} 

9 



18us Y i}US E bus (1,2) 

vector of node voltages measured with respect to the reference 

I Bus;; vector of irnpressed node currents 

admittance matrices can be forrned rc:r the 

inciUdin9 the ground bus, The e!ernents of the matrices, then, vdl fndude the effects of 

shunt elements to ground such as Hne charging and shunt elements of transformer 

vcAtBges in the network perfr.:wrnance equattons {I, '1) and ('1,2) are rneasufed with respect 

to Cf0u,nd .. ,.".. ..... ~.... ..v 

shunt elements are treated as current sources at the i)uses of the network and the bus 

voHages in tti8 performance equations {'1, i) and (12) are measured with respect to the 

Using the lop frarne of reference! trK~ network penorrnance equaton W: the 

Z loop I loop 

Or in admittance form is 

Vvhen the loop impedance and admittance matrices are forrneo for the network not 

induding shunt elements, the dimension of the matrices is Lx L: where lb the number of 

Hnks or basic loOp~:5 calculated frorn 

e is the number of elements, including the si1unt connections, and n is the number CtT 

v'>,.,'<",M Ii' r"~;" ~'~C·J:>. t!·,J:>. c>ft'erd.<; flf ,~hpi·'t ... \!AITl,')ntc . . ">(Q tr.6::;<tc (l ;::,<: C'U':,!,'0"',' "t. "v'(,·"i,:,'(.,,'t:> • .s ,« . .t. thA :p.;Ue:;:;,.. i Iii:':> :",Ov"'", I,,,, v/,:.,tv'~ .)::>.< I. <,; v: ,tl',,' (;, " vc.< ",,:.; uv ~..' -~, ;;;:'_., ')'" 

If the shunt elements es are induded in forminq the loop matrices, the number of 

eiements of the netNork is increased by ef:;, The totsl number of e!ernents IS, then, e + es 

Bnd the number of nodes is inCre;Y3ed tD n ::; '1 ,Consequently, the number of bops and ths 



..................... -~~~-~~~~~~ ........... . ........ ---- .................... ~~---.~ .. ~~ ..................................................... ~-...... ~~-~-~~~-.. ~ ............. -- ........................................... ~--.... ~--. 

Reference 

f\ r!~Tlitt'·lr':('p. (v\, r\ ... .d$.-:,. C'.v""! \:} 

~~~-.------------------.............................•.. ----. ~~~---------------..................................•. --.----

Bus 

Lv'''p t Ln'"':D :::. 7. b::s r lo"-.n I hll~ .. :.;. \! hiS t: b· .(' --.~::! .... --.. --............................................... .!::::::. ... : ....... -::~ .. ~.......... ~. VI! . } ... ....,.~(J;':.~--.. ~~ ............•••...•.•••••.••..•..• ~.~~ •.• ~ •. : ..... .: ....... .:::.~L .......... ~i~.;~ ..... ~_ .. ~_ .... ___ ~~. 

Pn lQy' r' ~ w }-1 

Ip 

lp 

Where Yp is the total shunt admittance at hs bus and YpEp is fhi:? shunt current 

f!ovving from bus P to grDund. 

Line flow equation 

lpq 
('", 

L 

VVhere ~'{P(J = 
( : 

iine admittance 



2 

The PC)WU fiow, rea! and reactive is 

Ppq - JQpq 

()r 

:::. 

'>Nhere at bus p the real power nOVi from bus P to q is Ppq and the resctive power is 

Qp1.l Sir-nilarly, at bus of the power now q to P is 

The power loss in Hne f>q is the algebraic sum of the pow'er flows determined from 

Soiution Techniques, 

GAUSS ITERAT!VE METHOD 

t.:*,., 
~ ~ ... 

The ;YHf~:)(msncc of the network is it-l0n obtained fmrn the equaton: 

1 bus;;: 'y' bus E bus 

This then a\!ovvs the bus voitages to be calculated from the expression: 

Ep p :::: 1, 2 '"'''''''';''' ... n 

This new voltage is trw!) substituted back into the expression to calculate bus 



GAUSS"SEmEL lTERAT!VE METHOD 

This method is almost identical to the Gauss iterative method except that if' 

substtutlng the bus vdtages lnto the expression to obtain the neNvalu8 of the bus 

\NOrdS, whEe tY1e Gauss mcthod only the bus voltaGes frorn UK) previous iteraUons are 
~ ."'" . 

used, in tY18 Gauss:~;..scidej method, tor evaluating the nth bus vdtages for tho iteration am 

j ' tf j. , ~,. '''; ~ b ,~ f' ". t' rl r h !Jse( lor 'dO ' to in' :} buS Wf!l18 tlV: 'US \/01,800 . or tne oreViOUS hera ions are use".! Tor t 0 ... :.;;. 

NEWTONbRAPHSON ITERATNE METHOD 

This mothod of sdving non linear equation v..;as adopted by 'Nard and Hale. it ;s by 

far tho most SOpi'listicated of thc basic rnethcrk Not only it wiH 'Nork in most cases without 

fisk of divergence: but it wW also as a w!e converge faster than the procef)(iing methods 

ri6<'::r-r;bed ..... ~v..;"'· ~ . .. 

h {)(! X '2 ~~~ .. ----",,- x:'· i 
. ". .. ~.,' : .( .! 

%2 (( X 1 ~ X 2, ".~ ... ~ .. ~~~~~~~: if) 
o 
o 

,.)rrr,;, '!'1 .0::::,·"1 nll{';<:;<:; ;S ,\ Xj (0) i\ ,/') if)} ------ ..... ,.\ X/D) ..... ':: .: V~ :: ~.J:. ... ~'...,~ ~;. ..... ' ..... ( ...... ( h. .. ... lo,." ~ • ': ,-~~i\h.· ; -!. ... / •• 

f1 (X1 (0;. ::\.X:'·: {O)( ;~(2{(;) ,t· i:\X2 {Of, ~~~~~~uu~~~~~~ :'(:r {O:;, + L\X;r{O))= 

T2 (Xi {(;},. ~':\Xl {OJ, X2{G} + /\.X2 {C;~! ............. ~.~.~~~'AOA~) X:r (0), + /\X:r{C:))-;:; n 
U 

c 

These equ~~nons can then be expanded using the Teyior's series, Neglecting the 

SBCCn(j order terrns, since the errors l\X1 > are smali, we get 

dX1 

+ AX::: 

\fvriting this in a matrix form, we have 

u 

dX2 

(dL:ym + ----------~~ ~ 
dX2 



(dLddx?) (0) , , 

'M ::.n': !' J""l ' 
... ~ ~ '.It 

f (G) 

r 
Sp ~ Pp - JQp ~: Ep* Ip =- Er/'L: YpqEq 

G ;,;;'1 , 

1,4,3 LOAD FORECASTlNG 

Ching ~. Uen Hung and S, Kahrnan (1996), observsd that it is evident that load 

TYPES OF FORECASnNG 

(iii Short terrr forecasting of sn integrated active ioad demand of an urban power 

l,l 



FACTORS lNFUJENCING LOAD FORECAST 

The load SJfowth of 8 geographicQl area served by a uWity ccrnpany is the f1)ost 

LOAD GROWfH EQUATION 

forecasting of load increases is essential to the planning procedure, Fitting treneis after 

hmskrrnation of data 8S 8 corm-non practice in technical forecastng, An arithrneUc straight 

(" yh"t ,<:1> r"~' -{:, +~"e ol';'""r''O)' ",,,l,, f"1"" .:::t f.·'r ·····,. .. :;,r·nC"c, fbi.:> !(\f);"<rihn-IS nf th(.~ ({'"Jt .. ·!")::::; d:£~ u;d. v'h! !v( ,1, :.".< ll~JkJ: udld ;"GlY;; ;U t~!,.,-, :t)"', ,,,'" .'./:::1"''''''" .. ' .. d ::v \.,i(. (., (.<,., 

This expre:~3ion is sometime caBed a growth equation, since it is used to expiain the 

phenomenon of s;rovvih througr1 time. For example, if the bad ormvth is ~JKNVf\ the load at 

Pn 



Where Po :;; L03d at the end of the nth year , 

Po ::::: !nitialload 

G w initi3! growth rate 

N :;; 

FORECAST METHODS 

The forecast methods are diversed and baselj on sxtrsno[aton, that i~~ ability to look 
r " 

into the future, the 0Clst 2nd todav~s information, f\:hnv works reiatino to the ensrCl.j 
t'"' '" " v ' .... 

problems reveal the possibility of wide-scale ernpioyment of the probability theory methods 

;:nri m:.:,th!On');::,tfC~·~i <.:bil" j·It''.": for cO'lil' f'q 'hr:- ,.,i~·lnrl!"·<'·l r:l'r,J1;>->'''~~' r..:$S .. ~. (·,U~ . ....... ') h . .;!.,: ... ..,~.-~~ v .. ~ .. h .... (t~o,;.)...;.,.( 5" .;; lv ~~ ..... :.:.: ........ J ... H ..... :: ::~ t--'·~.-;, .. lS ... ~" ... ~:~::), 

, i-, i . . . . j' , j' t"!' A nUrn08r U! mOS[ pOpLHar rnetnC( in IOa~ rorec2smg Jnc!Ude 

m Forecast bv oroduce orovvth factor. 
.. I '" • V 

W': Normative method , ! 

(Hi) Corre!atfon method 

FORECAST BY PRODUCE FACTOR 

This is made by prcject!ng the growth trends in the past into the future, For 

tf"~h""'R if fh:,) nrr:wt~, ·fc.srtrq- 1( y ~ 1 Ilf H·~;;:) nnlMf:.r COf'I~'lrn(\rinn {':r tn' >-> fY',cf 'if-)')rs k ki'fW,'r'l t: :\,~ .. :w,~'S...,I'~~ B ".(/V ~ \ ...... ~~,J~ U'''~ v~ f ... : .( ~ Uh. .... r--'-'/~'(w~ ..;.d ... !~ }-I:"~"".~s ~ ....... ~ v f..!C'':>", ) :...'(.;~.o,...: •• ,.) ~~!~~~'(~! !:. 

A;')ri 1.( ,'- 'i ,~ ~ .. ~ (\., ' 

This rnethod is simple but inaccurate because the data in the past (growth factor 

'K l' ~. j' t' r ' • {' to' . ( " -: - } ate 2DD!ler ro ,no ruture 'if"it{lOui any [SHnemen. )]1 sorne occaSions, tnese 
.. " • ! " 

techniques offer toierable accuracy, hO'NeVe( the advert of con'1puters make it obsoiete, 

NORMAT!VE METHOD 

The pmvcr demand is also Tf.xscast by the so-ca\lcd not!Tl3tive meU'lOd, vihich 



C Tii 

Fi 

number of branch Of Hnterprise 

This mothed is widespread {or forecasting power demand for 5~20 years over 

separate areas, it is also applicable for short period but iikevvise the first rnethod, invoived 

fumiSiKid \<vith information on the expression of the energy consurning branches of 

CORRElAJJON fv1ETHOD 

This is 8 mathematical mOde!1ing method, It reiates the statisticai deta ot power 

conSLl1T!Dtion wit.h main factors affectinG the t)ovv'or demand, Extraoo/atinq such re!stiofls 
' ,,,/ i r ' .. 

tor the future gives the forecasting, The correlation's may exist between the power 

consumption and :]oos product, labour productivity, power reliability per man, The relation 

between the power generation and the gross product is more rigid for forecasting 5,10 

FORECASTfNG WiTH THE USE OF TfME SERlES 

This is also a mathernatical modeiiing, This method is based on tiKi extrapolztion of 

correlation method, The Urne series is structuraiiy represented as two cornponents~ taking 
the form: 

VVhere q> (:,i describes the determinate component of the series and is caBed a trend; 

fndotHrrninBto, 

The trend (Gf!ect the average steady laws of the value Y variation as a function of 

;' , "" j" ;" operauon, 8verago i/veafner lflQlCates anl me il1<.e, 

fluctuations, if G rnathGmaticai model can be selectsG Y}: it is readily spplicable for 

forec8stiflQ bv oxtr20ciation for a oeriod of n + i\tL The forecast for the moment - / { { ., 

Whew (Pf U + ,:\t) is s value obtainoel by extrapolating the serios, 

. 'd " '! ' " ' 't' f ' 1ft' !p(t) by ttw rnornem (t + iVj tiW Vi \ "!- L\!) oy cxtrtiP018 Ion 0; \' \ J 

:/ 



15 PROJECT OUTUNE 

Chapter one introduces the project and nteraturB review on power distribution, load 

Chaptet two dea!s 'Nith the appHcation of power fb'# analysis to NEPA 1 '1 KV 

program. 

Chapter discusses tr10 condusion reached and recornmendatkms 

18 





of bUSGs, the location of static capacitors, shunt feactors, and hose network elements in 

which offhnormina! turns ratios of transforrners are to be represented, 

The six buses thai constitute tt18 NEPA l1KV distribution nehvork for Minna 

t"~ , " ") d b ;:)dlfOro substanon ous co' e nurn "et 

2 

lBB house bus coce number 

N,AA 1'1 t\V pane! bus code number r. 
t) 

The connecUons between hese tyoes ere Sf'10Wn in fjnure 2, '1 N. ~ 

2,1 DATA PREPARATiON 

For the computer program that is to be used for simulation, data have to be 

susceptance of the different line connectinQ the different buses together, These are 

obtained t;v' first measuring the lenQth of the !lne, Thus. the foHovdng, calculations a(8 carr:;-,. \".,: .. ,.. .. ~ 

F or the distribution nehvork, the size of the conductor used is 150rmr/ in CfOSS-

section a! area. The itnpedances and admittances of tt16 transmission lines a(8 calculated 

So 

:::s!" 
"""""-..:.!. 

Vb 

:::\/b2 

20 
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C ::::: OA05~1 fiKM 

\/ , ::::: j2n fc 

::: ]2 x 3.142 x 50 x 0.405 x 10-\) 

~ 

88;;:6 PO' ",<':':!' S .. .... f.V! ~110'~; 100MVA 

y p.U 

ForZ 

Z D.U 

Y P,Ll 

1 ~ KlJ 
I ~ Y 

ZfO) 
~ .. ~ 
-. 
Lb 

__ J ..... 
Zp.U 
7 1 -)," S .... 5-J.~.::_L: .. : ... L_~. 
\j2o 

S;i ". 
R + jX 

0,147 + jO.124 

12 -1 1fli-: l X . '., .. 

'iOO x 10 (; 

;n (Vu"n'iS fl U 
J"'~ ~.V f" 

The bus power at the bus (except the slack or reference bus) are CB1cu1ated frorn 

100 
"t A--"'" f,,·~tc· .,[o/J' c· ~ (''''8 1 i~l Q\~ p\ "i:,,,,,~r .-'<:. ,rc' , 7< ~ ,f> - ;j ')'''' ) ?" ..... :.~'.y:' .....-;~ ... " , .'...1 "..-.-'0/ ~._ ... } 

p 

::::: 0.005 Sin 36.87 (} :::C003 p.U 

2J 



Per unit valuB ~ 

Fer 1f'AVA 

Per unit vaiue 

Reai Power ,P 

POf' "nit li'">!l]O ,v V- •• ( "J'~:s! ...... 

OA ::::: 

100 

CLC04 P,U 

p ;;:(l004 Cos 36.87:j 

1 
100 
0.01 Cos 36.87 0 

O C'.., Qi,... ''.i:A S'7 [' . • ): vP' ,;t), f ~ 

100 
0.015 Cos 36.8"7 0 

,~ rr:"4 
!l')tf' P" v." ..,...."-- .:...: 

(i ·ur 1'; r1 " v. t..... )0/0-"': 

For the present worK, series impedance is O. '1215 + joj026 pJL 

Therefore the total series impedance or the oarticu!ar iine is Obtained bv muttiph/inq O. '1 215 r ? • V -...: 

r'ie line charging admittance is obtained by muitip!ying 10.00015 p.U by the total 

length of the Ene in Vfvt And the foHO\ving table 2.1 is obtained. 

TABLE 2,1 UNE DATA SPECIF!CAT!ON 



TABLE 23 liNE ADMiTTANCES 



TABLE 2,4 BUS AOM!TT ANCE MATRIX 

I
c·············r·"'~······"·~"'"············r··········"'~ .. '"·····················"'· .. ~T·······"'· .. ~.:·'" .. ···············f"· < • .. ··················l·····"'''~······~·······''~· .. ··T··························~··········· .. ···"""·"· .. · .. l 
. I 1 ~ 2 \ ,! i '; I v ; b j I I~~-~-I~,,···················"" l· .. ················· .... ~ ~J-~· .. ··········t .. ·········· .. ,,~-········-- • -·----·----i 
'1 : .,,, 7~"2 - : ;"5'-(;' -n 2:~j +,~" ,'01" ! ·487H tin 0071 I ~j 4Y!? .;. "'>4 '% i -D WTh +,0 72-H , ·"n(;J +.;) fC"R I 

I 2 ~~24~~1e;(:5~i~~:~~~"j1~'J5~~J.1:1544:~1~2Ti~~50~2~;:~7~:~~91~9:JQ;;~~mJ~~:m~~~::·:~m-1 
I l I ~ i ~ l j 
~! 1 ~ i ~ I j 
~ ')" ~~t'; 'C' :,\"'~A : ~ ,>";" .~" <,,- : \:) :'\'~<'- .,.., "'''4;' ~ t·, Ai'':'1 ;" "", .. .- 1 1 "'>-'.oj .'r, ("O::A4 ! C' ""':'\> 'n)""" 1 
: ~):):.1 il5·:~jl:.'i{1 :~~ ' .. H,:;....;..;; :,,:!..f :·t~,j~{+V~'i '" ~~:J't;JJt.5+,;!)<>::';'/J! .. :,~h'1"l>...i ,}A' : -i/f';"U~ L",i) I 
I . I-' •.•..... ~-~ ••............... t~ .....•...... '......:~-- ... I ....•. :~~··--l--~ ..... '" .... ~ ...... ~ ......... ~.:~· -'--~' ~=-:, 
I 4] 0.4972-l0.4"195 1-0,5072+10.2279 1-0.4058+ jCl.3423 1,,1,41G2 + 11,1895 ! I ! 
! \ . ! '~ l j 1 ! 
;~~·················· .. ··~· .. ············l· .... "~··'"······ ...................... "~~ ............................. ".~" ....... \ ....................... ".~ .... '" .. ; ................. "' .. ~ ... '" ................... ; ............ "' ............... "" I 

5 0.8686 ~ ~O.1244 t vO.91S~J + ~O.7726 ~·1,'1314 -t iD,H544 ~ ,·3,;5'08 -+- 12J3580 ·~O,2449 +}OJ}266 ~ 

I l-·~:~~!m~' ~-..................... j .... ~ ............. ~~ .................. ~._ .............................. l ... ~ ............... : ..... ~ .... ,,' ............................. ~ ........................... ...1 

: I I I \ l 
: ,',' ~'" ~'~"'f"'''' "-.. r), .... ,........ ~ ~ (. A....."r ... ,...; '(' "'''1'"f' : f'.o rI.A·" .... .-"\A ..... ·..... l ,'" ........... ~ .. , ... . ( ........ "'.". : --,;, : L ),<: ~ .. :: . ,:' 'Gb ' : .. \.~ i tV! + I ~ /,: i·j : '\-.: I,';'·t\.' .;. n i /; :d', ~ ~l' i » "'lJ +" l .... i» >, 

I. ....... ~~ .. [~ ... ~.~:~· .. ~ .. ~ ............. L ... ~_~~ ______ ......... ______ .... ~_L .. ~ ..................... ~~_· _·_' .. '_1 ................................ ____ ...... : ........... ~~~.~.~.~ ........ L ........ ~: ... ~:.:: ........ ~.~~ .. ~.~.~:~ ...... ,J 

"if. 
~. "'t 



2,2 The Simulahon Program: 

Pascal is USt3d because of the slrnpHcity of the pmgrarn and aiso very easy to execute on a 

computeL 
The program is given in appendix B. FlO gauss seidel method of sdutlon is used. 



CHAPTER THREE 
,." )0)0 

RESULTS ,1l.ND D1SUSSlON 

_: 'f' ' , 't' ' j j " ,..j' r'T' I i 1';e reStlhS rrorn tne SlmUizuon prG<Jrarn are pnrU::l out Hl appenulX ,.;, 1 n6 )US 

voltages assoc1atf:d with e8ch bus arB frst printed out. Ti~,js is tol\o,<ved by the pnnt out or 

couplinG of buses, 'N!th six numbers of buses, a total of thirty elements of rea! and reactive 

nn'~'er ;~ nbt'·sir:p.i.J t",,:o\.J):¥ ,~.~ c:'u~<',o.: .... ·L 

Also, '>Nith a total number of six buses, six different values of voltages are printed 

out. Concerning the line Hows: the real and reactive povvet flo\ivlng in oach Ene connecting 
< .", '..j .~.. I" t' ,<~ l- ' 't Qne DUS to anchtlCr 1S pnmet; OLk i ne resu!ts pnn sd ad uy compUtE-r are it'1 per un! 

vaiues, A base 01 "iOOt,AVA is usc~d, So the actual 'Ja\ue is obtained by mu\Lplylng the per 

unit value by the base ViVA, that i5 10il, to get the red value in watts. F ro(n the print out 

we can also see that there is no generation, this is due to the fact that, the system under 



CHAPTER FOUR 

CONCLUSION AND RECOMMENDAT!ON 

4 .,: 
< ;. CONCLUSION 

The aim;s and objective;s of thiiS project work l~ actlieved, ~ince the ;simulation 

, ,. 
reactive pov;er HOW, 

The program is written Ifl Pa;5ca! u~3lng the G21hE~~>seide! method of ~Oiutiofl of 

~o!ving pov</er flow prob!em~, \JVlth thhs progrmn the u;ser 'Nil! be able to compute the bu~-

bar voltage and real and reactive pmver fO'w in a pOVV8r nehvork, 

;:.;oiution l~ effective tor a ;small network of thiiS kind. 

4,2 RECOMMENDATIONS 

! v</anl to recornmend that, utility company Hke the Nationa! Eectric Pu"ver !\uthodty 

(NEPA) :~hou!d encourage ;~tud8nh3 to carryon project v10rK Wdi her, e;:peclaHy a project 

\vork of thi,s kird Thi~ V'll!! go a10ng way in aiS.siding NEPA to improve on her ;:8rvice;s to 

COil:~UlT18r;;3 try maintaining the :stabmty of pO'Ner ;supply and in thiiS way peopie win be 

: ..... , 
Lf 



APPEND!XA 
Flow Chart for pcwer flmv computation using the Gauss seide! method of solution 
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Y l> .. [ S ) .. ~. J ~ ~ e . {) () G (";; Y;':'" L ~;, S) ~:.:.: 4.: ~ I 2::: 2; Yl~ r :;': ! ::::'i . ::~) . :3:2 G,:1 ~. 
YA!.e;. ~,J :" tL.'l.ll'I; ':n:d6,:',:! >00(; :)'.';:::.1; Y!~rG,3j ,,,. 0 .. :;5>*; 

): .. t..[i),4.j ;:-:-:(J .. G000; ~{;~~f.(~! 5) ~~O .. 3204; Yl~L61( ';:·(:,9852: 
Yt'.l'J[J..,~.~J ~:::~ 25,3..5J6; rtJ.0·1[1 .. .:.·j ::.::~ ~j780; ·''{J-J:·:;f.·l: ;lJ ~w· !).6S0S; 

YJ;,,1-J['.::,.~.·l ;=-=- 2~!,;'6·.l1S, \ .... c.;:;~·r:~~~·.~··~ ·.:: .. : .... !?21.; y.p .. N[.2/4}:~ 0.6634; 
YA:r-J. ["2,5) : AAl ~;. ~:~J2~' YAIJ r:·:.{ £} : wO ~ GGDD; 

\'A:N·l-~~· .. J.1 ~.~:. 4.8:80; ·':{J:.J~f3:21 ~:.:.·~ .. ·.:"i~~~l; :tl~~t3~4J ~,,-. O,5:?,G9.; 

........... " 

.... ') .. :'~:l: ; 

"l{t~N t~; .. ~.;1 : =-=-·0. O(:O{; ~ Y)\1:'~ [4.::5.1 : -:-:(). ()U(}(:; 
'{f.::l'.j f. ~ .. ; 1 :: . .1 ; ~=-: 1,). ::;: .. ~ 4; Yhl~' r :.:~., ,,,;'j .. ; ... : ::) ~:: '~':; "{F'f.1J (5 I j j ; :::~ 1.,4802; 

Yl~.:rr:S;.l·j .=-=- O.:?:11~~: "l{P.);~L6,2j :~:.::::: OC)[}O; :tl~.:r[6";·.::'·} :.::. 0.3::>3:4; 
Yj;Nt!::/~~:] ::.:.:·;J,OC;OC);· Y .. ~.N·{6(SJ ~w0 .. ':'204; 

Y C L :i. I 2: j ::.:.: (3 () GOO ~*; "i.··C f 1 5 ::~ .. } • ~:. C.: . ;~) (:: (} 3. (j; Y C i.1. I ~* j ....... 0 ~ () D.:. -=* 5 ; 
Y:C{ [" I .{ 5; ~.:.;.o .. ;) G t; 8 4; Y C· f.1. I (:; J ;:.:.: D , (, C::-; (j J ; 

Y'C' [ 2" , :l j ::: 0.::) (3 {;:;.~;- YC L 2 ~ '.~ J 
YCL;:~~:~l :;=-:O~O{)O··l.9: YCr:~j6'j :=-~C: .. f)(:DC!n.: 

yet :! .. 'j.:~ ~.:.: O. [} G.() :3 (}; ~{C f. ·.S : 2 "j 
',{Cf.3: 5) :,z(]..ODC·:;'s; YCi.J,(:) ::-:'O_C:0267~' 

0.00053; ye[],4].- 0.00177; 



--;C [4 I :j"j : :-:--·0, ·GOGD:::·; ':"--:.:.~ f....; i E.: J ; :.:.·0 ~ GOeGe: i 

··:iCr:.~/.L;:~ O.G008:4; "'lC[5(2j : .. ::::0. (:C:C!79; YC[S(3j ,"" O.C!006·1; 

PINe·1;~:.:. O.GDO.; PtJv(2):z: O,(}::.~;.; P~';[3J ~~ G<O(j·~;- P!J1JC11 ~# Q.t)"lG 
; P1JV [ S} ~ ~ C; ~ n 1 ::);~ r(C;'~/ f ::;.1 :;~ 0, r) r) 0 ; 

EJ;~\j" r J,} ;::.: 1.. () c:; RA.\/ [:: J : w 1 . {) G; F.t .. \! f -'3) ;:.:.: 1 ~ () D; HA.\,l' [~11 ; :.:.1 . {} 0 ~~ 

E}JD; 
r:.r.·()c~?:d": .. : :'!::~ ·::::c;·r~p:lt.o;:·:~ V; 

EN"!J: 

:f:{:::': P :w 1.- to :n 
'\/.~{ 5. r ri'r: ;:.:.: V ( P.1 ; 
f()x' ;.' : '" '.:. !:o n 
):><",:) ~.n 

fer .:{ ;" 1 tc n. dQ 
if l? .... >q then 
::;u::~ ::.:.: S~lrn -:- "{I>..tl)~qJ :}. Vr 
\/ (f:: .. 1 : -'"or. {( F1J'i/ f I;.l .. / 'F-:J ... :v [1-")] ) H :.:.rn} /\ .... s r P ! J) J .: 
cc;·t:"o{,~":::·r'~~::~:-:G ;:.:.: ~~~)B {\i tp] .~/~':;. Lp'} 1 <tolfE;; 

.p.. :J " 
·REPE1~''f 

8.N1> ; 

~.;:I:::::i :1. tr·;::;:·n) (Jr· not cc!r:\~e U.' 
u.r).:: :1.:L ccr;~7<::: ~:.q t~}'3. ::)1' (.~. t\:~ :~ ::: t;.:- '; .. ':::·:3.X) ; 

i f n()~: :,:·o:(·~~.:e:r9i~d then 
}~'}rr·:i t ~;' :: ~ n(~ { ) ,: 

~::c:{ t,~:-:}n {I c()r:.~./ergenc~:~ t:() ::;r:(' ·::':Lf i.ed to).. e~:'an(:~ aite r ~ ~ i t.~~:r t 

f()r.· i? ~;;~ .1 t:c> n d.o; 
feyt" :~1 ;;.:.; 1 to 1"1 :.:1Q 

1. f. P <. >q t.1-:v:~n 

( ... , :2.-:;::'3i .. r:n::.:':·' .... {~. !::t,3 . .rt Cl: ~:h.;-:;: rr:d:Lr: pr~::·~:~'j:.-.:un ';"'1 
BEGIN 
Glr:;:c:r- : 
:cc:w :;;:;: '.~: 

'Jc"t()::~./ ~ 2':); ."LC;j { 
~t'1;c:i.t~. {~ p1e2 .. se Y;~~_;.t. cc,n":p~·:tz:t:: :i.D:·~ ~,n :Pl~"of;.t:ess, , .. ~ ) ; 
d,e1.~"/ {'1 ::)::)(;0;' 
:read d,a.;: ::~ : 
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(~ Results section *) 
cl r<gc:r'; 
writeln j 'Eus voltagea V'); 
-:"'1:c j~ t:~? 1 n ~ ) r. _. _. ~ rr ~ _. - ~ ~ ~ - ( ) ; 

for P :D 1 to n do 
'«t),teI" 
I,'fci.t.<'·, tn, 

'dp]) ; 

V;":t"tte {; pr·f?;:{~:; (Ente:cj t.D :'::Dnt:~r:.:}i:: . ~ ) 
Rf;;)€'t~ t t':r: til k~::;;'.jre:~$ed; 
clrsc-ri 

got.oxy ~ 1.9, 1); ~/)1:'iteln t I a···~· .1"';'':':' ··'···v.?~~y· .... p.~4·~t· .;~ .. .( .... n~"""""0"r~~) ~ 
,~ I - ... ~~ = .. -. '. ~' ... '.". '.'.' .. :'. ~' ........ ' .......... '< ... ' ..... ~ ... : .. ~ ',',' .- ~~-.' .• ~~ :.~~: -- :'. ~ ~i 90toxy (19.2); '«riteln , -_._... .. -. --- -- ----. 

fGl~ P ~ ::-:.1. tc (-; d(~( b8(:Ji.n 
for q:~l to 6 do begin 
it p'O>(1 Ul~n 
B~';<Ji.n 

:JotG"xy {10~.:r()\\') ;·v .. ~1:.iteln(~p' ~t/i "q:=-:~ ~P~~c:(p~qj P:r-~~f.P/qJ); 
r.o~~ : ~ ~:"O;""'~ .~. .::? 
.L f r ()',v " '1 S t h.'m 
,,,1'16; 
~~nd; 

if row ~ 20 then Repeat until kmyprcsse6; 

gotoxy {lO,row +21; write (' press [Enter] to continue .. ,'); 
row :z 3; readl1'1; 

gotoxy (19.1); writeln{'active power " 'reactive power'); 
qo;:oxy (19' > 2); "\'1t'i.t:el:n { ·f ....... 'A .... "" '" ~ ... ... .. ....... ~ J- ~ ........ oH ~,... .......... ~ """ ~ ~ "-"""'"' ~ } ; 

w:rJt~.;lz::.; 

WLi. t e In : 
~,n."':i tf:; 1:0 { : p:re~;B [Fnt:er"j ke}~ to exi. t , > } ; 

readln; 
R~P:-:;-fit tu:tj.l k(:;~/:pre;::!:H?:d; 
Ei..fD. 
{* End ()!: :1Gdd flovl p:rC)graH': '6") 
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vl:=-1.2995191488E-03 
v2:~ 1.4287957679£-03 
v}:= 2.0298839589£-04 
~~:~ 5.1960537445£-03 
v5:~ 2.3259140091£-03 
v6:~··4.18S017J436R-04 

{E.r~ t e r) t () (;C:'!: t. i.r:~u.(} 

.. _---------._-------_ .. _-----------
pIg: 0.00000000002+00 0.0000000000£+00 
plq~ 0.00000000002+00 0.0000000000Bt00 
p1q~ 4.0000686646S~OO 7.4507084046E-09 
pIq- 3.640402970B£-23 -7.09974846442-30 
plq~ 5.0601196289£'01 0.0000000000B+00 

};;2(]::: 1 ~ 50/4 633~i026.2~·~ 36 0 ~ OOOOOOU{)OOI~+QO 

p2q~-1.78263396218t29 ··4.5438390511£··28 
p2q= 0.0000000000£+00 0.00000000002+00 
p?q~ 0.0000000000E+00 0.00000000008+00 
p2q= 1.8014707747R·~16 5.1200878)06B·~02 

press [Eneer} to continue. " 
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active power reactive power 

f;! 3 ~~i :~. n 1, ~ S. P 3 ~:~ '97 () 3 ;1 :; r: + :L (~ ... 2 ~ 9 D B c: 5 '{ {) } .. ~~ J E~ ..... 2 <$ 
f::3<JM: U ~ (::)OOOCOOOO£;+GO C .. OOO{jO(}O(jOGE~·}·OO 
p3q= 5.90305943468+20 1.34220032002+08 
p3q= 2.27525191452-24 ··1.861156S030B-24 
r: J (1 =-;-: 2 ~ 1.,1~ '/ f:~ 'l {; g S 4 0 E .~. 0 9 0 ~ 0 () 0 0 0 0 0 C :) 0. E: .~r {) 0 

F~4 ~:.l ::" O~. (} 0 0 0. () (} G () 0 0 I:; O{' {) f} {) ( 0 (; 0 :.; 0 0 U U {) G E + {) 0 
p4q'" 6.01D63·1:391.1E .. 36 3. 518.::l9"J(.U(9E-t-1.] 
r~4(]:;::: .... 6~61)1~)S7)~:.Gr~·~j9 ·"lA191140:L7()Br:~'"'"22 

~) ,1 (~. ~ O~. 0 C) n {) 0 0 GOO {) I~ + 0 0 0 ( (};) () 0 (} C {) () G {) E~ } G (} 
1) ~1 (l ::: :1 ~ 5") '7 '? t} H ti ;) 3 8.E!·· :3 () 9 .. 223 S:3 0 ~:? 6 C :~:; E! +-18 

aC(lV8 power reactive rower 
------ .... ---- --_ ...... _-------

p5q=-4.2J17·j97260E-37 -7.6232971S01B-21. 
r)~~(~:;::: D .. OOOOC;OOOODE+OO 0 ~ OOOOOO()ODO:E+OO 
r)~')Cf:':: 0> OODOC;OOO(?G.F+O() 0 ~ ODOOOUO(:'OOL~"~~DO 
p5q~ 4,1.3597406022 .. 25 2.417893]4448+24 
~ .... ; .. "y r~ to, r; n r", ; .... n ( ... (~ ;:-"; I"J' }~:o { f: (} r,,} • f,',<. r.,~ <,'} :.':',' 0' n '",'.'. i,·.: (.J r.·"; .',? .t,O (} .;: ... '::"H,:-;::: ~ ....... ~ ..... !vVU v<..... .. ..; .... !~.,~ ... ;{"5"v '.. #, .. ~.~...."" # .. "1 ~~ 

press [Enter] to continue., , 



active power reactive pa0er 
------------ --------_ .... ---

p6q= 0.00000000008+00 0.000000(1000S+00 
'pGq,;: 1.. CG422078<lGE-J.9 6> 3333()1.?·O'1:')E+29 
Fl (-) q,;: - 1 > 7 3 j 3 .~;, '7 0 0 :l. G E .- :3 j - 3 . 12:2~) 0 ;; ':! :;: ') :? E .. 1. '/ 
p6q<: O. GOOOOOOOOOE+on 0, DOGOOG():;()UE+QC 
pEq= O.OOOOOOOOOOE~QO o.oooaoo:)OO()S+OQ 

[Enter] to cont~nue .. 

~" ....... _. __ '.-. ~ ,... "" ... r_ .... ~ ..... n ...................... " ..••• .;. .... 
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