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SUMMARY

This thesis presents a study of the digital short
circuit solubtion of powsr sysbem networks. The work
dezerib-d ere has beer directbud vromarily towards

providiug ceneral short circulv prograus,

fhe thesls congists mainly of six cuapfters and

they are ceg followsy

The first chapter contains an lutroduction for
the short circuit analysis of eloctrical networks and

the pruvious work done by others in this Tield.

The second chapter contains the methods of form-~
ation of the network bus impedance matrix, wihich is
used in the short circuit analysis, since the formétion
of the network matrix is the wmajor part of a digital
computer program for short circuit solution of power
system problems. 4 comparison between the different
methods, in order to choose the best one from the point
of view of computationzl time, storage required, and
modification of the network bus inpedance matrix, is
inciuded, Tt i1s found that th: formation of the net-

WOTE bo: Do e gl ooy AlLoorithm is the best
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method to satisfy all these requirements. Alsc, a mod-
ification 1z introduccd Uo the proposed method when
taking The effecct of mutual inductance between two

transmission lines into cunsideration.

Chapter three lincludes the use of mathewmatical
simulation techniques on digital computer, d.c. and
A,C, network analysers, They are applied to a sample
network which 1s taken from the 220 XV network of the
unified power system (U.P.5.). It is concluded that
the d.c, analyser can be used for three phase short
circuit analysis with an error not excecding 3-5%
compared to that using a digital technique. Also, a
general digital compubter program is developed using
the method of Algorithm with its new modificationm for
the 3phase short circuilt solution of power system

networiks.

In chapter four, the general digital ccomputer
program is applied to the U.P.S. of northern hgypt.
The program output resulbts are; total MVAS_G., total
short circuilt current for each bus, current and volt-
age distributions for different elements. Also, a
curve between values of perunit MVAS e against the

equivalent perunit positive sequence reactance for
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gach buc isg drawne. From which it can be seen that the

WY for gll bugses of the unified power system are

:
SnC'
less thar that of the rupture ecapeecity of circuit bre-

gvera T wervice o Alsn it can be seen frowm this
curve Yol She veluss of the purunit positive sequence
veachaices for 220 &V buses of rorthern part of U.P.S.

i3
2
fw

.22, and these values for

s . , N
is ranging petween 1,1 an

3

s

w

- AV buses 1s rangiug bLebwecn J.4 and 37.6 and for

3% kV buses is ranging between 8.4 and 25.7. It is
also seen that the MVAS.O. for any bus of the unified
Power sysbem can be obtalusd from this curve provided
that 1ts short cirecult positive sequence reactance is
knovm. Algso, the three phase shont circuit program

is used to show the effcet of shunt elemsnts 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 oircuit level, The shunt reac-

tora cowpensate the eff.ct of capacitance i.,e. decrease

tie value of ¢gquivalent short circult reactance. A

~ -

£ . _ onootna priosent situation of the reactors
- L. P 3 - ] 5
a oloxd Trmnscigsior syetenm znd g rolation is
i nnowlae LEoiooon gouivelent roafiances
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with and without shunt e¢lemcnts against perceuntage
reactor reactance. From which it can be seen that the
neglection of the shuat capacitance in the 500 kV tra-
nsmission line leads to an error of 7% in the equiva-
lent positive sequence rcactance at 220 kV busbar of
Cairo-500 substation which gives in pesgsimistic short
circuit results. Therefore, it is necessary to repr-
esent the 500 kV transmission line as regorous as
possible to avoid this high value of error and to
demonstrate the lower share of the High-Dam power
station in the short circuit mega=-volt-ampere at the
220 kV northern part of the U.P.S. 4lso, due to var-~
iation of the operating condition of the U.P.S., the
percentage reactor rcactance 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
transmission lines. Moreover these compensation is
more sensitive with low values of reactor reactance.
Thereforc, it is preferable frowm the short circuit
level poict of view to opsratsc with reactor rcactance
values ranging frow YU to 150% of value corresponding

te the noraal operating Ccord:TloL.
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in chapter five, a generai single line to ground
compuber program is built up using the wodified
Algoritha method taking into coansideration the mutual
inductance between two trapsuission lines. Then the
program is applied to the northneru part of the U.P.S.
of rgypt. The program oulpuv recsults are, total singls
phase ziro geguence comwponent current in KA, the cquiv-
alent zero and positive sequence reactances in ohm
referred to 220 kV, the re¢sidual zerc scquence voltages
at all th¢ buses other thsap the faulted one and the
ZeX0 sequence current distridubicn in all elemsnts conn-
ected to the fault nodes. A4lso relations between the
different phase fault currents and voltages and ratios
of equivalent zero sequence resactance to positive sequ—~
ence reactance are drawn, From which it can be seen
that the values of the ratvio of the equivalent zero
sequence reactance to the positive sequence reactances
is ranging between 0.3% and 5.7. Also the phase curre~
nts and voltages for any kind of fault for any bus in
the northern part of U.P.5. can be obtained, provided
that the ratio of equivalent zsro sequence reactance
to positive sequence Teacvance is known for that spec-—

ified bus, 4lso the values of eguivalent positive and
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zara nendgr o reactances for all buses of the nortaemn

patt of U,P.5, are given.

It 1s known that the protecction engineer requircs
that, theé zero seqQuence Ccurrent 1N dny £ystem elements
to be szqual to or more tlian a certain percentage.
Therefore = trial is madc to clcarly interpert the bulky
results obtained with single lint vo ground raults at
the different busbars of the U.P.S. by dividing the
whole system into zones consisting of elements carrying
zero sequence curreénts of values cqual to or greater

than the specified value.

Also, it 1is found that +the calculation of zero
sequence current can bg carried out negleccting the
nutual effect betwaen slements 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 mabrix inversion since the matrices become

of diagonal form,

Chapter six includes the conclusions of the

results mentioned 1n the previous chapters.
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