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J\BSTR1I.CT : 

Thi s p~per i s concern~d with the new applications o f o n Ijne / 
off line computera in modern power systems . 

In This papor , computer control from the power sta tions to the 
substation and transmissi o n js extended . A new technique using a 
new topology description is developed. Thi s tochnjque hlS S the 
facilitie s of describing topology conne c tions, statea, propo.rties 
o. s well 09 the optimal process of power stat ions. A program is cons­
tructed and used for performing t he system interlocking . 

The Egyptian 500 kV su~s tBti on is checked by the proposed techn­
ique and its pre spe ctive program . The on-line inlrJocking is found 
to ho.ve less computation Ume thon the o r f- 1 ina interlocking , The 
otf- line compute r is ~pp lt ed for determining the st ability of the 
500 kV por tion of Egypt)on grjd . 

l - INTRODUCTION : 

Implementation of computers in power sY9tems has greatly 

i ncreased in recent years , Thj s is. beccause its low cos t . f ast 
flexibility ,and fast respqnses . 

The applica tio r) of sffiClll computers a rc either f o r on IJ'ne or 
of f line computa tlon . The o f f I ine computers a. re use fo r 
ana lysis and in des ign while the on l i ne computers have been used 
in soma a ppl icat ions such as.controllers find some struc tures (11. 
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Therfore .its useful! to distingui!5h the ahove two opplic",tions 
of digit",1 computers in power system (ofC-line ", nd on-line) 
"'pplic",tions. The former embrace~ the use ot the l arge generoi purpose 
digital computers as a fast flexible computing device for the numer­
ical so luti o n of complex e ngineering problem~. Th is wos the earlist 
tie.ld of pO\fl3r system aooJ 'CatinOF; of computers and is a well devel­
ope(f'wiUt ae't."i"V'~· re~9.l~II -~"r1l:·tlb"fhg made in many directions The on 
line application. envisages the use of the smaller "control computer" 
os a part of the system which controls the operation of varioue 
portiona of the modern power system. It is there tore impl ied 
that the speed of computat ion is at least comparable with the line 
scale of the operation being controled [2[ 

Two further areas of on line computer applications are introduced. 
These two areas which are of current interest are , the role of oper­
ator a nd the assessment of system security and system inter locking . 

In this paper, technique"J based on t h e 
proposed a nd applied to A.R.E 500 kV 
system interlocking . 

system topology structure, is 
CAIRO Power S t ation (CPS) for 

2- ON - LINE COMPUTERS IN POWER SYSTEMS 

At the present tiTtle it seems that the ultimate pa ttern of 
overall computer control in power system will be a hierarchico.l 
one.Thi s io because each compute r communnicating with others at the 
some level · and at different l evel!! of the hierarchy . fig.l is a 
schemati c representation of ult i mate organi z~ tion 

[ 
Level 2 

1 
Lev e} 3 

Leve I 1 
centra I COlflputer • 

power station computers) 

t 
Leve 1 2 

l 
Leva 1 3 

SUbstation computers } 

Fig.1 Schematic representa tion of ul t imate oYgi nization type 

The centeral computer (level I) wil l exercise a supervisory controL 
over the various areas and prov ides amea n of centralised command over 
the operations of the e ntire power system. 
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The area computers (Level 2) wi ll contain the operation (steady 
stata a ~d emergency) of identifiable sub-region of the system. Each 
area computer will communicate with other a re a computers with regard 
to the achieveme nt of desired interchange of energy between areas. 
For example., these computers will e mbody 0 number of the on line 
control features a t present available as well as others a dded as the 
result of development . 

The lowost level (level 31 wi ll be the s mal l "control computer" 
instolled in i nd ividual power stations and substation~. 

Tho field of computer co n tro l i~ power system has developed in 
reeponso t o the ne e d t or more exac t and comp I ex au toma tic contro I 
as well as the avai l abi l ity of falSt . compact and reliable small 
comput ers and periphe ral equipme nt. 

2.1 Area Compu t er: 

Th e pa r t icul ar divieiop of functi ons betwee n area copmuters and 
station comput ers (power etation and ~ubstitution) will depend upon 
system opera t ing cond itions o nd ot her factors. Severa l of functions 
discussed, s ubsequ e nt ly, could clearly be allocated to either of 
these l evels. 

~ substantial amount resserch h a s a lrea dy been done i n the on -
line appli cati on of computerp for system control a nd operation at 

the ore a level [2,4) . In pa r t icular. the problem of economic dis patch 
of generating p l ants within the system, unit c ommitmen t .mai ntenance, 

scheduling, loa d frequency control. spinning reserve, hove a ll been 
incorporat ed in various recent installa.tions . Stagg et.a l ( 51 describe 
o typical recent app l ication in some details. 

Two furth e r area5 of on line compu ter applications are introduced 
These two areas which are of current interest o re , the ro l e ot the 
operator and t h e assessment of sys tem secu r i ty a nd sys tem 
interlocking. The term "system security a nd sys tem interlocki ng " 
are used to cover a new fiel d o f on - l i ne compu ter a pp l ication 16,7) 
in which the computer assesses the margin be tween the sys tem condit ­
ion and its capabilitY,and initiates a pproprjate act i ons if the cap­
a bility limits are reachod 

In the A.R.E it is contemplated thot sec urity assessments wi ll 
encompass not only the approachee to therma l limit s bl, t a l so d y namic 
instabilities due to t h e occurrence of certai n con tingencies such as 
the loss o f the l argest uni t or major f eeder. 
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The computer 
levels and checkes 

compare3 exiting operating 
if a ny of the known I imi ta 

levels with !orcaat 
are t o be exceeded and 

possibly takes action to avoide such occurrences . It well also contain 
a list of contingenc ies and ev~ luate the concequences of these 
actions .It ma y also tokes appropriate action or instruct the oper­
ator· to do so . 

The problems in this field a Te formatable at present. These are 
due to that the computer will be required to perform on-line load flow 
, and stability calculations . further. the amount o f information r eqUi­
red to make these calculations and ra te ilt which this must be 
acquired pl aces a constrain on contemprorary communication systems. 

2.2 Computers in Power Stations an d Substations : 

I n recent yearS,there have been a growing use of digital computers 
in powe r s t at i o nS.The earlier installations were us ed mainly tor 
momitoring importa nt Variables such a s temperatures dnd pressures in 
boiler- turbine system The s e were soon e xtended to include alarm 
analysis, efficiency c~lculations and the supp l y of infonootjon 
to gide the operator in pl a nt oper~tion. 

More recently a number of boiler sta rt-up a nd s hu t- down proc­
edures have been devised and practical schemes s uscc essfuly demon s t­
rated . It also appears that these seque ncing schemes wi l l he used 
to a n increasing oxtent in the future 

The predominant mode of computer c o ntrol of boiler-turbine plant 
has bee n a m~x ture of analogue and digita l devices Re cently, direct 
digitol control of boiler nnd turbi ne functions has been succe s sfully 
implemented in a number of installations. but a con~iderable nmount 
of development r ema ins to be don e 

The substation computers are we ll developed and these are the 
most speculative areas of invest i gat i on. At the lowest level of 
the hierarchy of Fiq . l, we propose the on - line computer c o ntrol o f 
va rious functions of a mode r n ,and large substa ti o ns 

Conventional methods of detecti o n and isolation of 
centrate o n t he vari ous unit s in the system r a ther than 
ordnaled contro l of s ubs tantial area. 

f a ults conc­
on the co-

Increasing complexity of ma j or ins t o ll o ti o ns loads t o a prolife­
~ti on of protective equjpment withen the atte nda n t d iffi culti es of 
trend towa rds larger individuol units,trans formers a nd trans mi ss ion 
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of these unit s unde r f ault conditions 
outage for the overall performanc e of 
particular ~ubetati ons as well as the 
is loca ted [8 J 

to 
the 
area 

t h e i mp l ications o f each 
system attached to the 
in which the substati on 

Most of tho ro l es of the s u bstations such the sw i tching and prot ­
ection of th~ modern system i nvo l ves. fundame n t a ll y. r a pid l ogi c al 
decision among a number of a lternat ives - an o pera tion for which the 
digital computer is idealy suited. for this reaso n as wel l as those 
mentioned above , it seems appropri a te to conside r more c losely the 
possibiLity o t computer contro l into the s ubsta tion. 

It is envisaged that, ultima t ely ,ea ch s ubstati o n of su ffi c i ent 
size would ha ve its own sma ll computer embodying the f ol l owing fu nc ­
tions ( in increasing orde r of its o perating time) 

l -Pro tection , Dete ction e nd Isolat jon of Faults 

(i) Au t oma tic rec l osi ng a nd resy nchroni z ing 
a- Out - of-ste p rel ~y ing 

(ii) Circuit breaker oper6tion for re-arra ngement of Circuits 

2-S teady -S tate Contro l ; 

(i) Switc hing opera t ions , d i spatched form area contro l cen t er; . 
( ii ) Vo l tage control , tap c h a nging a nd 
(1ii) Safety interloc ks. 

3-Da ta Proces~ing ; 

( j l Data logging 
(o}-Ma x imum demond a nd tota l d ema nd 
( b) - Sequence of eve nts reco rdi ng 
(c) -~l arm annunc ia tion and recod ing 

It can be reasonab ly a nti cipated that a compu ter will be ab le 
to provide greater flexibi li ty ,ease of updat ing a nd compactness than 
present methods s pec i a l ly as the complexity of the system increases. 

3- APPLI CATION EXAMPLES 

0) On- L ine Cont ro l Applicati o n 

II.n o n - line tec hnique fo r CAIRO - 500 substa ti on interlock ing 
are p reeented (7 ) . This t echn ique uses a new t o po l ogy d esc r i p Uon 
[4 J. This descrip tion has the f ac ilities o f d es cr ibing their topol­
gical connections. t h eir stat es , propertie s as wel l as the opera tional 
processes . 
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The On -Lino computer is applied to Cairo - 500 substation for 
which the single l ine di agram is shown in Fig.2 The topological 
description of Cairo - 500 su~station is given in Fig.3 ~ on- line 
program ha e been writton to perform both the field -lnterl ocking{ CWl 
... CAIRO-WEST 1 .anq. the substation -In terlock ing(CAIRO-SOO) . 

The runnlng tlrne of the program i s found to be 0.16 second for 
on -line field interlocking (CWl) .whil e . for on -line SUbstation 
inte~locking its found to be .95 second. 

b) Off-Line Computer Appjicotions 

An off- line program is constructed and stored in a PC copmu t er 
The program determines the stability conditions specai lly t ha t 
concerned with unconventional frequencies. 

The singlo line diagram of Fiq . 4 r$presents the SOD kV portion 
of the Eg yptian electric utility which is u3e d for the off line study 

The data of the system ore stored in an off-line memory while 
flowchart of Fig 5 il lus trat e t h e main computation steps. 

The output of the off-llne computer is shown by Flgures 6 and 
7.Fig.6 sho.,.,s the output for the system when it is lO<3ded Clnd 
without lood which indicatos that the system is stable CIt 50 Hz and 
the unstable frequency :is raised from 17 .61 Hz to 24.6 Hz when the 
system load is rnised from neglegable IPdd to full l oad . these is 
however with the system is compensa ted td .8 pu compensation. 

Fig 7 gives the some 
level (1 pu.) which the 
increases to 22.85 HZ 

result but at another v a lue of 
creti ca 1 freq\"lency drops to 

compensation 
11 Hz which 

4-CONCLUSIONS 

1- Two applications of computer in power system ore proposed 
and appl ied 

2- A new technique for system int e rlocking using on line computer is 
and field interloc)(ing. 

4- TIle proposed technique of inter l ock is used for protection. dete­
ction ,and isolation of f aults. 

5- The running time of the program is foond to bo 0.16 second for 
o n -line Field Interlocking ( CWl} whi l e for the o n - Line substation 
interlocking (C- SOD) it is f ound to be 0 .95 second. 

6- An off-Line computer is used to determines 
related to unconventional frequencies of 
Egyptian utility. 

stability conditions 
500 kV portion of 
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