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'E. 1:] J I(.Yassin, E. Abd-R.aboh and E. Towfik 

Abstract 

This paper pr e5~n t5 an al g o rithm to be used in an energy control 
center to alleviate transm iss ion lines overloads. 
The alQorithm utilizE's the concept of lin~ out age distribution 
factors derived from the net~lork admitt anclO' mat r ix. Two options 
are available 
ei ther by 1 ine 
The method is 

10c the dispatcher 
switching or bus ba r 
applied to the 220 

to alleviate 
splitting. 

I ine over loads, 

Kv network of Northern Egypt 
proves the efficiency of such 
is carried out between the 

power system. The result~ achived 
algorithm. Morover, a comparison 
proposed algorithm in this paper and the generati.on shift 
approach. 

1. Introduction: 

One of the maj o r problems in electrical networks is to guarantee 
the security if an uneKpe c ted event occurs. Particularly, if one 
or several overloads appear on transmission lines, a corrective 
action must be quickly taken before the reaction of the automatic 
protec tions. 

* To r emov!? o vC'rl o ad s. hID a ction s can be taken: 

a. The first one, a corr-E'ction of the injections through the 
variation of the gener-ation pattern is to be consider-ed. 
The generation shift method represents this action [lJ. Such 
shifts are QeneralJy in conflict with the carefully determineQ 
economic dispatch of generation which has tak e n into ac count many 
factors, sucl, as gen er-ator- limits, tran sm ission penalties, 
incremental costs a nd system security. Any deviation from this 
dispatch will result in increased production cost. 

b. The second is a modific a t i o n of the network t opo logy through 
line switching or busbar splitting l eaving the injections 
( g ener.:ltJ..on pattern) un changed . Thi s a c ti o n i) ff ects neither the 

Customers nor the cost o f t he ope ra ti on and t hus is particularly 
interestlng . 
In ma n y s i t uati ons , line s .... itc hin g 
tr ~nsmi ssi on penalty fa c tors a n d 

will not greatly change the 
therefore can be undertaken 

W1 thout seriously afiectin g the economic dispatch. 
I t would bE' convenient far system dispatchers to have a tast easy 
to operat~ compute~ program to alleviate line overloads. 
The litera ture surve~y lindic ,) t e d that there are three main 
approach'S used to determine the line to be sWltched to r~leive 
the overloads! 
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'fhc Jll Clho cJ II.'';C.\ 'I. m:lll'lx l' I'I') · c: .o;ClLl:clJ()I1 til til : LCI ' II11 Ill! WIH:lhCI' 
a line SwilCl1il1!J WOUld I'Clhll:c o r :1!J!Jravalc nn ovr.loa<.\ (..'O lH.I1-
llon, I f a linc IJctwccn bll~cs P , <.l is OVC1' Loa(] c(J in tile base 
Case tllen to CllccK tile cf fect of Sldt ch illg the l1ne between 
»u.5e~ n,s, the quantity 17.1'JI - z01l1 - IZPTl-iQIl.I1:<; Cou'IputeiJ, 
i1 it Is positive, then the ovel'lo'H.J \'1' .\11 be t'eOu c ed by 
switching the ' lIne n.s l'fIlCI'C Z'PIl,ZOIl ::n'c the 7. 1(I;J,ll'ix 
eleJncnls of lile J);J,';~ C;J:<;C ::I Ill) Zl'n, Zall ,n'c tl,C Inall'lx clc
JJlcnls after sW'ltc111119 thc line n. s . 

2, Cvr:rcnt Il1Ject.lon :l:PPJ'O :lcll [1· J..I..J..Q.) 

THe locthoiJ uses the c OI1 \:cpL 01' :; 1 IQu l :1t1n9 
3wilcllc ll by C\II' I'cut inJcction ... , SIlCtl CUl' l'Clll 
tllstl'lbutcd among otllel' linc s of thc nclwo,'I<. 
tion of this cut'rent injection o c pen<.ls on lhe 

1I1e J i ll c to De 
inJcc lion is 
The 1.l1sl1'.ilm -

mall' j K or node 
branch distribution factors tlcI ' lvc!J f,'Oln llie Z ,n:)tl'jx of t!l e 
b:1sC' CIlSC' ;J.n<J tli e: bJ';J.ucll CUl'J'cnls in the: ovel'Jou<.le d crIse. 

J . LIne outa9c l.Iistl'lbutlon {a c lOI' s (6) 

The line to be: .swltcllcl.l (Tl - 5J to rc l clvc the ovcl' IO:1u on 
line Ir - QJ 1 .s clloOSCIl :I(.; (; O)'(l1l1g t o t il e <)jsll'i1.)Htion o r til e 
ito)\' on l il1c I n. 51 1n tile OvcJ' loa<.l c<.l C<l se :unon!) Olhcl' lines 
usIng the l1n e o\lla~c distl'iiJullon factOl ' S deri v ed 11'Olll the 
7. matl'ix o 'f tllC j):J,sc case, The llnc on l ;)9C dl .s ll'ihut ion 1:.(; 
tor.s tilL. KJ !'c'fJ cc l tile change of lhe NW f lO!\' on 11nc L If 
line K is oulagetl ' 
The goals of tlds l'e SC <lI'CII \\'~s to tlevel ofJ a fast al!JOI'lthJIl 
which coul,) be u,sed in n I'C<l1 time c n~I' ~)' cOlltl'OI cclCI' t Q 
remove the o\'cl'loa"s on t\'allSIQl ~s.lo n jJnes . 
The follow,ln!] sect ions "e .~el'lbe the <lJ!jof'ililio deve l oped, it s 
Imrlicruenlotlon 011 tile 220 Jo'.v lI(':tI\'OI' ,.. 01' NOl' thcl'H EUy ('t T"(lwer 
syste lo OJn(i -fi"ally. lhe: cO!1clu.-.;lo!ls ;)1\<1 l 'ccomu)e: IHl:J.~1.ons 

1.. J'l' oblcm fOI"J1)ulnl ion 

2. Gcnel'aJ 
A olol>al 11~~ W~ I'I : topology Iz d~fioc a by tll c po s ili oll Qf ta~ l l 
IJlle, eac h inJccllon and cae h C (l tll~l el ' . Whe " c .. ~ne (\ 1' sellcl'a! 
(lve l'IOil(ls appC'.JI' ('0 tile llellV~"", tile l' l'o l>}"m w i ) 1 1.)(' lo 
modily Ule nellY01'" top~log y to l' er,)(lvc s u c: h oV{'l' } oads withi n 
tile limits Impo sed by alJ lile c~nstral il ls . 
Topolog y mo(lifieations In thl.<; I)apc l' o; .. ~ n s iH (If ei lhel' line 
swJlclllllg or busbar splil l illg . 
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2.2 foie lhO<.iologt : 
Tile n:.H:al'c h ~\(·.sc l · 1I .1C'd in U ll s 1' :1\'e t· ~Ic:l t .~ o lil), wll h tl t e ~l\f 
overl oad Ing of Ir.1.nsmls s i o ll linc ~ . ri le p rOCtss of l'c ll c v l ng 
s u c h ove rl o ads begins willi deve l o pi ng 3. to o l t o I'e (luce the 
p o,.,c r 110';" 011 an OVCI' \ C>3.lICd line by n. swJl c hlll ~ 3 0:; 11 (\1\ , The 
.111(' outage ~ l ~ l rlDullon f 3.Cl o l · ~ IDF) a rc u s e d l ~ ex press 
the :flow rnodification on 11)le L due t o t he o utage "f IJu e K 
a. s f o ll ows. 

PL PL" OF I L, K) J P~ II) 

whel'c , PL 'f I <.w on lIn e' L a ftet' 11](~ outage of line K 
p • 

L initial f I ,~\", <:11' I J 11 f! L 

DFIL ,K I· 11 ne o utag e (I1SlrJblllion f ac t O I' 

P"o inilial fl ow on I l il e " 
Tile line outage: (l1 ,str lblll iOIl i'a('IOl's 3. 1' 1:' CQ f,Jt)\ltC (1 t7 J i l'('\llI 
tile nelwo!' " t o polo gy afler' lnve r' ling till! 3.( lrn l tt3.n~·e rIlZ\trix 
as fOllowing 

x, • .! 
121 DfIL,K) 

wh e l' t' : 
Df( L, ". lin e oU l:l..g e dl s lr lt>utioll iae l QI' !I 9.1v i ng the change 

in flow o n lin e L wh e n (jil t' " 1 ~ oll t aged 

n,m 
1, J 
X 

\lIC l lHl1vidua l I J n e l'cac t31lC CS " )J' l i nc s I: , L 
r es pec tively 
Sending and re c lcv illg bu~e.s fOl ' line K 
Sending and re cicvjng Duse~ f or 11rlC L 
Ell.'mcnl $ o f the t ' l.tS rt'ar: l ancc rnalrlx . 

.. :,} S t ep- by -s t e p )l1' OCC,tUl'C 
, 'lIe above dcveloptd 1I","tl\.)(I(, I ?)' i s l l,,,,·l c'lltllt(· o.I a ." 'Je pi o: t t'."~t \11 
the bloc).; d.1 ;:19 I';).J(I (fig . I J ;:I S 1<) 11 0"' $ : 

TIle n et work t(orO lo~;IY alH] ~ )' .n(' l(I .s lat(' ( gC II Cl·t\l! \'11 all(\ 
loads at dlii e l'c lll l)ll S e s ) a l'e r t: a (] 11 }' tll c pl'ogl'arn 
Bulld the net\~OI ' h a(!mitl anC'e 111:\ tl ' l)\ :\ 11(\ ! nv("l ' t j l to (1) 

t aln ti le Z mal!'! K 
Comput e 1111 e Ollla~e d t stl" lbul l Oll ra~lo l's b y cquali oll (2) 
al\d s tor e lil e m f or fUl ' t ll tr a llal r.sls . 
Compute basc case load fl olV a lI(I ellc el: >v ll c tlr CI' tllcre i s an y 
ove rloads ill lile base case o r 110 1 I I o verl oa ds d o exi s t, 
laKe necessar y ac ti on l o re li e vc s u ~l l ove l' l oa(ls, o thel'w i st 
start to I m~lcme nt the outage 11 s t t o c llc c ~ t llel r effect 
anO necessary cor rective ~ellol1 to be t a l:ell . 
The eOI'l'ectl\'c aetion~ 3(IO['lt("(I In tllc CIII' I ' tllt '.01' 1; :lI'e 
dl v ldcd Into : 
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£.3.1 Line switching action; 
If the flow on line L exceeds 

p~ > p~ ",." 
the ma x limit p~ ~. M 

(" 
Then, the el e ments on the row of such line i n the line outagfi 
distribution factors mat ri x are the candidates to be screened one 
at a time as shown in fig (2) un til l the overload i~ removed, 
then using equation (1), the new flow on lin e l is c om pu ted 
this flow is compared with the maximum limit vsi" 9 eauation (3). 
If the flow is within limit, the effect of the removal o f the K~~ 
I ine o n the loa ding of the rem"tinin<;l I inl!' is check.ed. I f no 
overload~ aro detected on the remainin9 lines , then the removal 
of the K" "" line would be the corrective ac ti on nece-c;sa ry in this 
casl:!'. 
I f none of the candidates screened led to the removal o f the 

t hen the candidat e 
th" ove r loads to the 
using the fol l owing 

overloads wi thout 
c ircuit s that led 
permi ~sib l e levels 
criteria 

B~ I P .. :~ 
8 ... : IP. ... 

c~u sing 

to the 
Sha ll 

new over loads , 
reducti o n of 
b", cons idered 

(" 
(5) 

Where P, f low on ) i ne V a fter the outage o' line K. 
B, . the VOl I ue 01 tn e old overload on l i ne L which 

remo ved by !Owi tc hinQ Ii neo K. 
Bv " the valuE' 01 the n.w overload on I tne V due to 

'Swi tching J ine K. 
The n , the cand idate circuits which mo§lke Bv > B, ace rejected. 

2.3.2 busbar s pli ttina 9ction : 

was 

Thp 'Switching a lgorithm is ~a5ily e~tended to the case where a 
br~aker operation ~plit~ a bus. To do thi s , each breaker which 
is to be ~ candidate for c orr ec tive sw itc hi~Q i s represent~d a$ a 
~ero imppdance Circuit made up of two ci rcui ts in !Oe~ie$ h a ving 
e Cjual bu t oppo~ite reac tilOC!! S . Thi s is shown schema tiC ill l y in 
fig. (3). The r~a5ulting netwo rk has one a ddi tional node a nd two 
additiona l ci rcuits for each b r eak er , The a lgor ithm described 
previously wil \ troat the two circuits mading up the zero 
impedance link in t he same w~y as other circuits in the network. 
Therefore se leci on of either circu it representing the breaker 
itsel r· as a corrective s witchi n g a cti on . A special note needs to 
be made concerning t he use of a series combjnation such as shown 
in fig (3). When bui ldi ng the react ance ma t ri x of the netwo rk the 
diagonal term corresponding to the adde d bus wi II be 2ero. Thi s 
wi II cau se trouble in f actor i zation routines unless on e 
guarant ee~ that no pivot occurs on thi $ bus until a ft e r one fill
in term ha~ beon made ~t th e diago nal te rm . 
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3. Test res ul ts: 

An ~ppJication on 
system is Cu rri e d 

-54 li nes I='ig. (0/1) 

da ta are pr e sen ted 

Case (ll 

the 2 20 kv netwo r k o f the Northern Egy pt pow e r 
out. The t e st sys tem consis ts O f 112 bU $es and 
shows .a sing l e line diagr<am of the base case 
in ref e rence (8 ). 

In t his c ase, the loads at bus 28, bu5 q and the gr~at pa rt o f 
l o ad a t bus 25 are fed from the gen e rati o n at bus 5 throV9 h 
ci rcuits 10 and 11 c a usinQ over loads on the$e ci rc uit s by 129 and 
lj ~ percent of its r at in9~ respec t i~el y. The p r ogram prod uced th~ 
follo wi ng corrwct i v~ ac tion to remove these over l oads by either 
open ing line 2 9 (bus 3 0 to bus 33) or o pen ing circuit brea ker a t 
bus 33. 

Case (2) 

In thi s c a se, d ue to the concentrati on of Qen eration at bus~, 

the c ircuits 10 a nd 11 were overloaded by 1110 a nd 130 perc ent 0 1 
it s ratinQ5 res pectively . 
T he a lQorithm succ eeded to r e move these ov e rloa ds by open i ng the 
c ircu it brea~ er a t bus 3 a s shown in tabl e (1) while the 
overloads were not r e mov ed by t h e l i n G' s w.itc hing action, '!>inc e 
opening line 14 wor~ened t he overl o ad o n J ine 5 as s hown i n 
ta b) ", (2). 
The generation shi1't metho d (9) remove d the ove r-l ads on ci r c uit 
10 an d 1 1 a s s hown in ta bl e (3) o n th e e xpens e 0 1 dev iat i ng from 
the econo mic dispa tCh 01 generat ion. 

1"\. Conclus ion s: 

The devel o ped p rog ra m in th is pape r i$ iast enough to be u5ed i n 
a real time sys tem as p ar t of correct ive action. Test rE'$ults 
s how t h e a dv~n tag~s and disa van tages of l i n e switChing, bU S b ar 
splitting and the gener a t~on shifti n g c o rrective 3ction$. 
The re·su J ts show th~ t t he s wi tchi n g action (~pec ia) y busbar 
sp l it t ing) a re high l y ef fi cien t as correc t ive a c t i o n s . 
The best cha n c es o f remo vin g ov e rl oads with c o r rective act ion s 
appe~r when o n l y a sinQle ci r cu it i s o verl o ad ed . 
Th e resul ts a lsO show t hat the gen era tion shi1 t i ng ~ct ion i s th~ 

pro pe r on e wh e n the o verloads a r e due to gene~a tion conc e ntr a tion 
in certain areas , while th e switching actions a re the p roper when 
t he overload5 are du e to l ine o utages. 
Th l? algo r ithm deve lopG'd can be e asily u sed to build a knowledg e 
ba5E' fo r an e~pert s ys tem . 
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Fig . (4) 


