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S U lvl M A R Y 

'lliis th<;sis presents a study of the digital short 

The 1;ork 

ds:~c;rib,- ,:} ~:ere has b~Gl_ .~~ii'tct~d lJI' _Lfi8rily to·~.;ard.s 

prov ldl(.g LE:n~:.ral short c J..rcui-~; lJ:rograuJ.s. 

'ilie thesis c ons::.sts nla:Lnly o:i: six ciBpters and 

they <H'6 ;_u:; f·ollo·vs; 

'llie first chapter contains an iiJtroduction for 

the shor·i; cir.cuit analysis of el0ctrical netv1orks and 

the pruvious work d011e by othtirs in this field. 

The second chapter contains the methods of form­

ation of the network bus impedance matrix, which is 

used in the short circuit analysis, since the formation 

of tre n.o tY;ork matrix is the illaj or part of a digital 

computer program for short circuit solution of power 

s,ystem problems. A comparison between the different 

methods, in order to choose the best one from the point 

of view oi computationccl time, storage required, and 

modi.ficut ion of th6 network bus impodance matrix, is 

includod~ ·~t is found t:wt th. fo:cmation of the net-



metil.Od to sat~sfy all these requ:crements. Also, a lilOd-

ification b introduce;ci to til.., proposed mo:thod Ylh8n 

taking the uffecct of mu·i:;ual inductance botween two 

transmission lim;s into cunsiderotion. 

Chapter three includes the use of math<OGlatical 

s~mulation techniques on digital computer, d.c. and 

A.C. m;t',7ork analysers, They are applied to a sample 

network which is taken from the 220 kV network of the 

unified power system (U.P.S.), It is concluded that 

the d.c, analyser can be used for three phase short 

circuit analysis with an error not exceeding 3-5% 

compared to that using a digital tt;chnique. Also, a 

general digital computer program is developed using 

the method of Algorithm with its new modification for 

the 3-phase short circuit solut~oi~ of power system 

networks. 

In chapter four, the general digital computer 

program is applied to the U.P.S. of northern l>g;ypt. 

The program output results art?; total iflVA , total s.c. 
short circuit current for each bus, current and volt­

age dist:ributions for d:Lfferent elements. Also, a 

curve bGtVJeen values of perunit MVAs.c. against the 

equival~nt pe;runit posLt~v~ sequtnce r~actance for 



ecch ~uc is dr.'1wn. Frum r;hich it can b<o seen that the 

rl"/1. f'nr q11 huSEos of the llllified power s;y stem are s.c. 

l"F"' thm· thEit o·f thE rupture: capc'Cit;y of circuit bre-

Als:, it ~a2 be s~en from this 

33 kV buses is ranging between 8.4 and 25,7. It is 

also !"<;en tho.t the MV.As.c. for arJ;y bus of the u.oified 

pvwtJ.t' "';J" Leru can bt obtaiJ.Jed fro:n this curve provided 

that itb short circuit positive sequence reactance is 

known, Also 1 the three phase sl-:o:.'t circuit program 

is used to show the eff~ct of shunt elements of the 

500 kV transmission system on the short circuit level 

at 220 kV busbar of Cairo-500 kV substation. It is 

concluded that, the shunt capacitances increase the 

value of the equivalent reactance at the fault busbar, 

so decreasing the short circuit leovel. The shunt reac-

tors comp<;;IJ;;;ate the efL ct oi capacitance i.e. decrease 

tiw v,.,].,_,,_> ·JZ ~.cquival·-ent short circuit reactance. A 

f,' ... _.' _ .. _ _. ,:_ 



with and without shunt elem~;;lJts against pt.rcentage 

reactor rc·actonce. From which it can be seen that the 

neglectio" of the shu:Jt capacitance in the 500 kV trCJ­

nsmission line leads to em .;rror of 7% in the equiva­

lent positive sequence reactance at 220 kV busbar of 

Cairo-500 substation which gives in pessi..nistic short 

circuit results. Therefore, it is necessary to repr­

esent the 500 kV transmission line as regorous as 

po:osible to avoid this high value of error and to 

demonstrate the lower share of the Hi~~-Dam power 

station in the short circuit illega-volt-ampere at the 

220 kVnorthern part of -~he U.P.S. Also, due to var­

iation of the operating condition of the U.P.S., the 

percentage :::-eactor reactance will be subjected to 

variation thus secureing the optimum reactive power 

distribution. However variation will lead to partial 

compensation of the capacitive reactance of the 500 kV 

trans miss ion lines. Moreover these compensation is 

more sens~tive with low values of reactor reactanee. 

ThereforG 1 it is pref~;;rable from the short circuit 

level poi,Jt of view to op<-rate with rc;actor rcCJctance 

valueE ranging fr-oill '/0; to 150% of value cor:r<Ospo:Jding 

to thc nor-uwl operatmg c·~·<'LGioll. 



In chapter fivt-, a r;c;::Jeral singl<O litlc to ground 

comput&r program is built up usint:, the modifiEd 

Algorithul method taking into consideration the mutual 

inductanco bet·lw 5n two transwis s ion lines. Thun the 

program is applied to the northern part of the U. P • .S. 

of .t.g;;'pt. 'Ihe prog:.:am output re:::ul ts are, total single 

phase zero sequence component current in KA, the equiv­

alent zero and positive sequence reactances in ohm 

referred to 220 kV, the residual zero sequence voltages 

at all the. buses other ti.:tan thE> faulted one and th€ 

zero sequence current distributlon in all elements conn­

ected to the fault nodes. Also relations bet\·1een the 

differe,.rb phase fault currents and voltages and ratios 

of equivalen·i; zero sequcnce reactance to positive S'~qu­

ence reactance are drawn. From which it can be seen 

that the values of the ratio of the equivalent zero 

sequence reactance to the positive sequence reactances 

is ranging between 0.33 and 5.7. Also the phase curre­

nts and voltages for an;y kind of fault for any bus in 

the northern part of U.P • .S. can be obtained, provided 

that the ratio of equivalen~ zero sequence reactance 

to positive sequence re;actance is known for tha·t; spec­

ified bus. Also the values of oquiv alent positive and 



It is know1' that the: protecti::m engineE-r requires 

thuL, tl:,, zt~ro :cequ,nc~ Clcr:r'Gt1t in an;y system elements 

to be ,'Jqual to or more t:1an a certain p.orcentage, 

Th8rtfOJ'lc a 'erial is made to ch arl;y interpert the bulky 

results obtained with sinele line to ground faults c.:t 

tho;; di:t'fGre!J-G busbars of the u .P.S. b;y dividing the 

whole system into zones consisting of elements carrying 

zero sequence currents of values ~qual to or 6reater 

than the specified value. 

Also, it is found that the calculation of z~oro 

sequence current can be carried out neghcting the 

mutual effect betwaen elements with an error of 3% in 

the total value of the zero sequence current such neg­

lection of the mutual elements allows to avoid the 

processes of matrix inversion since the mat1·ices become 

of diagonal form. 

Chapter six includes the conclusions of the 

results mentioned in the previou" chapters. 
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