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O ABSTRACT 0O

It is known that the electric networks develop with time. This leads to the increase of
electrical loads; consequently, malfunction currents become larger. Therefore, the invested
electrical equipment, such as circuits, is not sufficient for the required purpose. They are
supposed to be replaced; however, this leads to additional expenses which could hardly be
borne immediately. Taking into consideration the little probability of the occurrence of
greater intensity of malfunction currents, we can be patient with exchanging this
equipment gradually. At the same time, this may expose us to the probability of risk due to
the insufficiency of these equipments capacity for the load development.
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Introduction:

The traditional method followed for calculating the value of the short-circuit currents
leads us to the necessity of finding the maximum value of these currents when all
conditions are available, though in practical life, the experiment of investing electrical
plants shows us that the value of short-circuit currents in electrical networks possesses a
probability quality. And not taking this aspect into consideration will lead to the increase
of electrical equipment determinants, and from the economic point, this is unsuitable.

Aims and importance of the research:

In this research, we state a mathematical pattern of an electrical circuit allowing us to
find the probability value of the impact current (highest value of the short-circuit current).

- The necessity of moving to the mathematical patterns for calculating the short-
circuit currents depends on the following:

1- Choosing the electrical equipment we usually set off from the highest value of the
short-circuit current and the hardest conditions.

2- Shortness occurs directly after the studied element. This means that we provide a
big uneconomical reserve.

- It is known that any electrical network develops in time; this leads to increasing the
loads and the short-circuit currents grow big. Therefore, the invested electrical equipment
is insufficient and should be substituted. This requires great expenses which cannot be
immediately borne.

If we take into consideration the little probability of the intenser case of the short-
circuit current, we can be patient with changing the electrical equipment so that they might
be substituted gradually. This in turn could expose us to the possibility of the risk of the
insufficient capacity of electrical equipment to response to the load development.

Method of research and the materials used:

The thought of the seriousness of this work leads us to refer to the technical
economic solution to compare the expenses resulting from the increased reserve in the
chosen electrical equipment caused by big breakdowns (this is a little probability). To do
this work, it is necessary to obtain information about the possibility of distributing the
cases of short-circuits currents.

- Before doing anything, we analyze the concept of the failures incident (the short
circuit) and without any doubt, on calculating the short-circuit currents, it is necessary to
take into consideration the short circuit resistance, phase angle and the time of the short-
circuit current appearance in the circuit. In the first case, we can consider the short circuit
as a complicated event consisting of three independent events:

- In the first incident, the short-circuit current occurred.

In the second incident, the short time occurred in a definite phase W within the limits
of the time current alternation.

The short-circuit current occurred in the third incident at a definite point along with
the line.

- In the second case, we may regard the last two incidents as defining the probability
quality of the short-circuit current, and for knowing the possibility of the short-circuit
current appearance, it is necessary to study the short currents during the period of investing
the chosen equipment, though in this supposition the various incidents are determined:

The time period between two incidents of the short-circuit current may happen
during separate intervals and the occurrence of shortness in phase during parts of the
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second. Therefore, we should study the second case which considers that the shortness
incident appeared with a probability amounting to (1) one.

At the beginning we study a simple case when the consumer is fed by one line that is
(L) long and has a resistance of Ry = 0. Here we should distinguish between inductive
impedances of the short circuit where X; the inductive impedance up to the feeding source,
X, the inductive impedance of the short circuit at the line and X the inductive resistance up
to the occurrence of the short circuit on the line (figure No.1).

QN

i /

. X

X2

Figure (1)- the computing circuit for finding the short current

- The impact current could be calculated from the following relation (1):

. U,

I, = 1+|cos¥|) 1

= T rleos ) w
Where:

- Um maximum value of voltage;

- ¥ phase angle.

The short circuit could occur at any interval and at any point along the line.
Therefore, the possibility of distributing the phase angle ¥ and the impedance X, may be
considered as regular in the range from zero to 2z and from X; to X; [1].

F(W) =t 50<W<2n @)
27

f(x):l:
X X=Xy

Consequently, the distribution density becomes (for both independent elements)
equal to their density multiplication.

o= @)

where: 0<y <2y atx, <xX<X,

According to the relation (1) it demands finding the probability distribution of the
impact current in accordance with the distribution density given in relation (4). For this
purpose we have to use the famous relation in the theory of probabilities theory for
transforming the function of two random values [1]. Upon this we find the distributive
function [2].

— X, XX, (3)

Fi,) = [[f(ow)dxdy (5)

216



Tishreen University Journal. Eng. Sciences Series 2010 (2) 23a]) (32) adaal) dsunigh aslall @ 0350 daala dlae

The main difficulty for using the relation (5) is to find the integration range G. This
will be done by the phase angle ¥, and by drawing the function of X(¥), taking into
consideration the impact current iy from the relation (1) the value of function X('¥)
becomes as follows:

UM
X = 1+|cosy (6)
sl
2!
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Figure (2) — curves for finding the integration ranges on calculating
the probability distribution of the impact current

Suppose that ...x,>2x, here there is a possibility of the following cases are
illustrated in figure (2). We are satisfied by the integration in the range 0<wy <n/2 for
after this an example from curve No.(2) will be repeated in table (1) where we get two
prisms figure (3).

Thus the general relation (5) gives us the following cases for the distribution
function:

On:
U
0<i, <M
T J3x,
F(i,)=0; (7
on:
2U
M_<ij, <—M
J3x, T A3x,
7l2 X
: ¢ 1 2 U V4 U .
F(G,6)=4|d dX—=—"—|| x, ——=~ [—— j——Ml—sm 8
y V;[ ‘//U_[I 277 ”Zl:[ 2 \/§iyJ 5 & \/giy( v,) (8)
and on:
2U,, U,
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therefore:
7l2 X
) H 1 7z 1 21\~ U 7 U
F@i,)=4|d ——dX+4(X, =X, )= = || =X, . Y 9
2 '!Wu J 21y (x a)227rz 727([(22\@ Zﬁi]J()
—M_(1+siny) y y
V3,
where :
U,
Xa: -
V3i,
And on:
Yu siyszu“”
J3x, J3x,
Therefore:
. " r: 1 1 2 (x 1
F(|y):4jdw I dx2——4(x2—xa)y/12—+4:—(5—1//1)x2—:
0 \L/J,—M(Hcosy/) 4 1 1 4
3i,

y 1™ 2 (3iy 1 1

The elements entered in the two relations (10 and 8) ¥, and ¥, are illustrated in table
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Figure (3)- Finding prism volume on integration
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Figure (4)- Finding the arithmatic values of the impact current (iy)
1- By using the accurate relation,
3- By using the approximate relation (24)
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Movement to the case where x, <2x, illustrates the possibility of knowing the
ranges of integration as in table (2) which confirms to the relation (5), where we get:

And on:
0<i, <o
3X,
F(@i,)=0; (11)
Andon:
YUy <i < Un
\/§X2 ! \/§X1
Fi)=—||%——F7= |-V, |-—F7=(-sin 1
) 717([(2 \/éiyj(Z ‘/’2) \/§iy( ‘//2)] (12)
And on:
mo<j, < U
B S e,
Then:
. 141 Xo 1 p
e |t 5ol
V2 \L/J,T";'(hcos://) X (13)
2 U, ) _ -
=— Xz(Wl_WZ)_ ; (Wl_W2)+(S|nW1—S|nV/2)+ ——w |x
14 Vi, 2
And on:
J, . _,
\/§X2 Y _\/§x1
Then:
. 2 T U )
F(,)=—qw X, +— ¥ ——F=—|w, +sin 14
() ﬂZ{W1 1 27( \/é'y [Wl '/’1]} (14)

We get the distribution density through performing the differentiation of the former
relation by pointing iy and according to the principle of reliability [2,4] the former
maximum values of the grand impact current iy, are calculated on the basis of the probable
value Ex from the following case:

F@,,)=1-E, (15)
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Table (1): Curves for the integration ranges
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Table (2): Curves for the integration ranges
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We find the current through the diagrammatic distribution curve figure (4) curve (1).

Consequently, we see that the greater the loss value resulting from the electrical
equipment stopping to work on taking into consideration the little probability of the short
current. Therefore, the less the probability Ex , the greater the voltage is and on E, =0 the
probability methods give us a result similar to that of the traditional methods.

We move to evaluating the effect of the phase angle of the impact current value on
the stability of the impedance value X. In this case the impact current will be dependent on

a random (haphazard) value of the phase angle.

- The distribution density of the impact current f(i,) may be found by the general

relation of the theory of probabilities for the random distribution function [5].
- To find the required density, we use the geometrical probability concept. As it is
clear from the function iy(‘¥) shown on figure (5), the probability E, is bigger than the

222




Tishreen University Journal. Eng. Sciences Series 2010 (2) 23a]) (32) adaal) dsunigh aslall @ 0350 daala dlae

impact current level, and it suffices us to calculate the increase over the impact current
level which could be calculated from the relation:

v, =arc cos(iy/jM -1)
where: j,, =U,, /+/3x

where:
4y, 2 :
E, :T;:;arccos(ly/lm —1) (16)
and dependency for
ti,/x)=1-4 @-E,) (17)
di, 7z]M \/1

The impact current is situated within the ranges 1<i |y I, £2.

It is clear that the probability distribution density of the phase angle, is subject to
Law arcos, which gives us:

F(iy/x) - E, —1—Earccos( I, ) (18)
T

According to relation (15) and by changing the value in relation (18) which is 1-E,,

we get:
|« (1+cos— j\/_x (19)

The probability range value 05 is usually taken and less than (2).

By applying this to the relation (20), we can get an important value, for the phase
angle which does not practically affect the maximum current value.

This allows the occurrence of a little mistake which is considering the phase angle
value equal (\ =0), thus the relation becomes as follows:

| 2U,,

f 3x

By comparison with relation (14) the biggest mistake in the calculation when using
relation (20) on the probability E, =0.05, does not exceed 0.1%. Therefore we can get an

important application result which happens when making probability enter short currents.
It is then possible to neglect the phase angle value, to that we get the following:

v 2U
~ x (21)

Where the signal ~ belongs to the case when the value y=0 and iy the impact

current.
According to the theory of probabilities distribution (of the reflexive function), we

find that:
2
i(i,)= yax i | & 22)
U, 3i,

On regular impedance, when f, (x) _1 we get:
X

(20)
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~ 2U
fli, )J=—2— 23
6)-5 4% (23)
And the distribution density:
~\ 1 2U
Fli, )J=—| x,——=% 24
() z{ 2 ﬁiyJ (24)

From the relation (24), the maximum arithmetic value of impact current taking into
consideration Ex, we get the following relation:

2U
| =~ M 25
"l A-E, )
This is a new relation for calculating the maximum impact current of the failure
current taking into consideration Ex.
By drawing the approximate diagrammatic distribution curve according to relation
(24) figure (4) and comparing it with the real curve, we find that it gives us a reserve in the
maximum impact current value. It is clear that the mistake in the maximum relation
calculated by the approximate relation (24) by comparison with the relations (7 and 10),
relates to the numerical values of the network impedances.

iy / L, over current

/2 z 32rx 2z

Figure (5)- finding the probabilities of a current occurrence exceeding
the impact current
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L
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Figure.(6)- Finding the time of secant work on the network development
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The obtained result allows us to evaluate the possibility of the electrical equipment to
keep working, even if the loads exceed the capacity of this equipment, for example the
capacity of secants. If the short-circuit current occurred at the beginning of the feeding
line, this equipment would be unstable. Therefore, it is necessary to know the possibility of
predicting the replacement time. For example, figure (4) illustrates that the separation
current 10 of the secant was calculated on the basis of the maximum value of impact

current occurring at the beginning of the line and equal to 2U,, /\/§x1 that is, E, =0 then

and after an interval tx it is difficult to invest the secant figure (6). But the possibility of the
shortness occurrence at the beginning of the line is little. Therefore, with the possibility of
taking into consideration, the probability Ex it could be permitted to elongate the period of
investing the electrical equipment and stopping its work until the moment tx which
conforms to the current value that increases the value of separation current .

4- Example:

The following table (3) includes the induction resistance values for a 66 K.V. net,
which feeds (electrically supplies) the oil pipes lines of the eastern Syrian region. It
indicates that the obtained error in the calculated impact current (after applying the
accurate and approximate method) -as we found — does not, exceeds 8% as a maximum.

Percentage error between The induction resistance Net
the accurate and a in starting of & end line as | .
. . g ength Net section name
proximate method in in fig. (1) KM
calculating impact current | X; (ohm) X, (ohm)
7.5 76 100 58 Hama-Salamie
7.3 100 126 62 Salamie-Asria
7.4 126 150 57 Asria-AlRasafi
7.8 150 178 67 Alrasafi-Rakka
7.7 178 206 68 Rakka-Sabah-Alkher
8.1 206 238 76 Sabah-alkher-Khasaka
5- Result:

1) A probable mathematical pattern was assumed to calculate the impact currents in
the short-circuit currents.

2) A new relation was assumed to calculate the impact currents according to the
theory of probability.

3) A task result has been shown, that it is possible to continue the investment of
electrical equipment even after the network-development and considering the probability
of the impact current appearance at the value E, =1-0.05=0.95 instead of 1.

Conclusion and recommendation:

The obtained result allows us to evaluate the possibility of the electrical equipment to
keep working, even if the loads exceed the capacity of this equipment, for example the
capacity of secants. If the short-circuit current occurred at the beginning of the feeding
line, this equipment would be unstable. Therefore, it is necessary to know the possibility of
predicting the replacement time.

Therefore, with the possibility of taking into consideration, the probability Ex could
be permitted to elongate the period of investing the electrical equipment and stopping its
work until the moment tx, which conforms to the current value that increases the value of
separation current lo. Figure (6).

225



l Al el 83ea) daad 5538 50y AplS) e alael) il lal dlaaY) dadl Lib

References:

1- VENTSEL, E.C., Teoria veraiatnosti — Izdatestva Nayka. Moscow, Ru. 1979, 576.

2- KOURENNYL, E.G., PETROSOV, V.A., Squaring and smoothing in EMC models:
Statistical Solution — Fifteenth International Wroclaw Symposium and Exhibition:
Electromagnetic = Compability 2000, Wroclaw  National institute  of
Tilicommunications. Poland, 2000. part 1 — 322-325.

3- KOURENNYL, E.G. Electromagnetic compatibility, (EMC). Nordpublisher, Donetsk,
Ukr. 2005, 247.

4- VENIXOV, V.A.; AHURALEYV, V.; FILEPPOVA, T., optimal operation of plants and
electronic systomcs. Mirpublisher, Moscow, 1994, 195.

5- KHAIN, M.; KLAZONOV, A.A. Vibor economicheski tselisopraznikh rachutnickh
znachii tokov korotkova zamikania v sistemakh electrosnapgenia — electroichistva
Moscow, Ru.. N-2 —1995,11-15.

226



