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On line algorithn"\ Loxr l1line
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Abstract

This paper presents an algorithm to be used in an energy control
center to alleviate tranmsmission lines overloads.

The algoritbm wutilizes the concept of line outage distribution
factors derived from the network admittance matrix. Two options
are available for the dicpatcher to alleviate line overloads,
either by line switching or busbar splitting.

The method is applied to the 220 Kv network of Nor thern Egypt
power system. The results achived proves the efficiency of such
algorithm. Morover, a comparison is carried out between the
proposed algorithm in this paper and the generation shift
approach,

1. Introduction:

Dne of the major problems in electrica)l networks is to guarantee
the securijity 1t an unexpected event occurs. Particularly, if one
or several opverloads appear on transmission lines, a corrective
action must be quickly taken before the reaction of the auvtomatic
protections.

¥ To remove overlpoads, twp actions can be taken:

3. The first one, a correction of the 1njections through the
variation of the generation pattern is to be considered.
The qgeneration shift method represents this action [4]. Such

shifts are generally in conflict with the carefully determined
economic dispatch of gemneration which has taken into account many
tactors, such &8s generator limits, transmission penalties,
incremental costs and system security. Any deviation from this
dispatch will result in increased production cost.

b. The second is a modification of the network topology through
line switching or busbar splitting leaving the anjections
(generation pattern) unchanged. This action affects neilther the
Customers nor the cost of the operation and thus is particularly
interesting.

[n many situations, line switching will not greatly change the
transmission penalty factars and therefore <can be undertaken
without seriously affecting the economic dispatch.

It would be convenient for system dispatchers to have a fast easy
to operate computer program to alleviate line overloads.

The literature survery lindicoted that there are three main
approachs used to determine the line to be szswitched to releive
the overloads:
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(. Z matrlx appyroacli [2], ()

The method uses 7% malrix reprosentatlon to determine whether
a line swhitching would vedauce or aggravate an oveload condi-
tion. I£f a llne belween buses P,Q Ls overloaded in the basc
Case, then to chieck the cffccl of swllching the line between
busecs R, S, Liie quantity (Zypy - qul - |[Zpp-2qrits cowmputed,
J£ 1t [s posktive, thecnn thic overload will be rcduced by
swltehing the “linc R. S5 whert Zpg, Zqr ave the 7. atrix
clejoents of the base casc and an,zan are  the rmatrix cle-
mwents after switehing the line Rf.S.

2. Currcnt injectlon appyroach [2]), {3)

The octhod uscs the <coneepl ot slsmolating the Jinc o be
switched by currcunl injections. such current  injeccection s
distrlbutcd among olther lines of the network. The dlstribu-
tion of thls current injection depecnds on the matrix of node
branch gdlstr»i{butlon factors derived from the Z malyrix of Lhe
basc ¢asc and the branch curprcunls in the overloadcd casc

3. Llne ovtnqgc distribution factors [6)

The line to be swltchicd (R-S) to rclelve the overload on
line (P-Q) ks choos¢n anccovading Lo (he distrlbution of the
{low on linc {(R.S) in thc overloaded casc wnong olher lincs
using the lipe outage distribution factors derived firrom the
7 matrix of the busc casc. The llnec outage dafstribution far-
tors d(L,X) vefreclt the chanye of the MW {1ow on linec L Lf
linc X 1s outagcd ’
The gqoals of thys rcscarch was (o develog a  Jast  alyger) lus
which could De used in a2 reat vime ennrgy control cceleyr Lo
rergove thé overloads on transioisslon )ines

The followlng seclions describe thie atgovitliup developed, Its
Implementatfion on thie 220 Kv nctworX o©f Noyivhern Enynpl power
Syste)a and Tinadly, the concluxions ond reccomucnidal {ions

2. I'roplem formulalion

2.4 General -

A global network teopolaugy 18 defined by Lhe poslCion of ¢avh
l{ne, each fnjectlon and cach coupletr. Where one or severa)
overloads appear on the nelwork, the  »prollem will be Lo
modify Llie neclwork Ltopology to remeve such overloads wlinin
the 1imits Impoased by all) the ceonstrafnts ,

Topology modifications {n this paper consist of either Lline
swltehing or Dbushar splitting
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2.2 Metbodology

The rescarch described (n Lhis papery denls only wlth the MY
overloading of transmission llnes . The process of relieving
such overioads vegins with geveloping a tool Lo reduce the
power flow on an overloaded tlue by a switchlngy actlion, The
llne gutage distribution {factores {DF) arece usecd L& eXpress
the flow modlficarvfion on 1inc L due to the outage of line K
as follows

Py : PC + DF (L.E) % PR ......... (1)
where | Fy, + flow on Iine L alter the outage ¢l Jline K
1 3% s oinlttfa) flow an 1ine L
DFI{L,K): tine outage distripution factlor
Py : Inftlal flow on line K

The ldne outage distrlbulion factors are computed {7] from
the network topology after {nverting the admittance matrix
as following

X Xpn- Xgn = Xim * Xgmd
DF(L.K) = o2y

, o - .
X) [Xg- (Xpn *Spm 7% Xam))

where

DF(L, K} = ling¢ outage dlstribution factors giving Lhe change
In flaw on 1llne L when lin¢e K ls ocuataged

Xy Xy = the jndividoual Jine recactancces (onr lines K, U
respect{vely

n,om = Sending and recicving huses for line K

LJ = Sendlng and recleving buses for Jine L

X = Elements of the Lus rearstancc mMalLrix

2.3 Step-by-stey procedure
The above develaped welhodolsy (8 fmplemented 35 depfoted fn
tlie block diograra (fig. {} as {91 1ows

- The nelworK topaloyy and zystcin state (gecucratlon and
loads at different bDuses) are read hy the program

-~ Bulld the wnelwerK admjtiance maltprix and Invert st to ob
tain (he Z malrix

- Corapule )ine outage lstpahutlion facltors by eqguoaltian (2)
and store them fop further analysls

- Compute basc case load flow anst ¢heck whelhser there is any
overloads fn tlie pase casc or unot . If overloads deo exist,
{ake necessary action (o relleve such overloads, otherw!se
start to implement the outage 11st Lo clicgk thelr effect
and necessary corrective action to be taken

- YThe corrective actions 2adopted In the currentl warll are
divided fnto
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2.3.1 Line switching_action :
It the flow on line L exceeds the max limit P_ me~

PL > P ™= (3
Then, the elements on the row of such line 1in the line outage
distribution factors matrix are the candidates to be screened one
at o time as shown in Tig (2) untill! the overload is removed,
then using equation (1), the new TJ)ow on line L is computed N
this Tlow 1s compared with the max{mum limit using equation (3).
11 the Tlow is wWikhin limit, the effect of the removal of the K=&
1ine c¢n the loading o1 the remaining line 13s checked. If no
overloads are detected on the remaining lines, then the rempval
of the K=" Jine would be the corrective action necessary in this
case.
1t none o1 the candidates screened led to the removal of the
overloads without causing new overloads, then the candidate
circults that led to the reduction o1 the overloads to the
permissible levels shall be considered wusing the faollowing
criteria

Be = IPC 1 = P me (4)
b, = 18, { - P, m=x (9)
Where : P. = flow on line YV after the ocutage ol line K.
B, = the value of the o0ld overload on line L which was

removed by switching line X.
A. = the value of the new overload on line V due to
switching Jine K.
Then, the coandidate circuits which make B. > 8L are rejected.

2.3.2 busbar splitting action :

The swuitching algorithm is essily extended to the case where a
breaker operation splits o bus. Yo da thia, each breaker «which
is to be a candidate for rorrective switching is represented as a
2ero impedance circuit made wup of two circuits in series having
equal but opposite reactances. This is shown schematically in
fig. (3). The reasulting network has one additional node and two
additianal cilrcuits for each breaker. The algorithm described
previously will treat the two circuits mading up the zero
impedance link in the same way as other circuits In the network.
Therefore seleclion of either circuit representing the breaker
{tselt as a corrective switching action. A gpecial note needs to
be mage concerning the use of a series combination such ss shown
tn fig (3). When building the reactonce matrix of the network the
diagona) term corresponding to the added bus will be z2ero. This
will cause trouble {n factorization routines unless one
guarantees that no pivot occurs an this bus until after ore (ill-
in term has been made at the diagonal term.
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3. Test results:

An application on the 220 kv network of the Narthern £Qypt power
system is Carried out. The test system consists of 42 buses and

54 limes fFig. (4) shows a single line diagram ot the base case

data are presented in reference (8).

Case (1)

fn this case, the lpads ot bus 208,bus 4 and the greet pert of
load at bus 25 are fed from the generation at bus 35 through
circuits 10 and {1 causing overloads on these circuits by 129 and
114 percent of its ratings respectively. The program produced the
following corrective actjon to remove these overloads by either
opening line 29 (bus 30 to bus 33) or opening circuilt breaker at
bus 33.

ase (2

Jn this case, due Lo the concentration of generation at bus 3,
the circuits 10 and i} were over)oaded by 140 and 130 percent of
its ratings respectjveéy.

The algorithm succeeded to remove these overloads by opening the
circuit Dbreaker at bus I as showa in  table (1) while the

over loads were not remaved by the ling swaitching action, since
opening line 14 worgened the overload on line 35 as shown in
table (2).

The genergtion shif{t method (9) removed the oaverlods on circuit
10 ond 11 as shown in table (3) on the expense of deviating from
the e@conomic dispatch of generation.

1. Conclusions:

The developed program in this paper ig tast enough to he used {n
a rea) time system as part of corrective action. Test results
show the advantages and disavantages of line switching, busbar
splitting and the generation shifting corrective actions.

Yhe results show that the switching action (specialy busbar
splitting) are highly etfficient as corcective 2ctions.

The best chances of removing overlaoads with corrective actions
appear when only a single circult is over)oaded.

The results a)so show that the generation shifting action is the
proper one when the overloads arg due to generation cancentration
in certain areas, while the switching actions are the proper when
the overloads are due to line outages.

The algorithm developed can be easily vsed to build a knowledge
base for an expert system.
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