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Abstract 
 

It is well known that many factors that affect the operation of the electric. Power 
systems beyond the control of the operator. Load switching, for example occurs in 
accordance with customers' needs and appears to have random. Characteristic. 
Environmental factors such as wind and temperature determines the capacity of 
overhead transmission lines. These factors create uncertainty in the planning and 
operation of power system. Most current methods for assessing reliability of 
electrical networks are based on the structural diagram of this system. As the 
structure of the power system operates in abnormal conditions and faults, these 
methods cannot be used effectively to assess the reliability of the system operation 
under abnormal operating. In the proposed approach, the power system will be 
modeled using the initial Information about the system during normal operation. 
All internal and external factors that affect the functioning of the electrical system 
will be modeled taking into account the probability of their occurrence and the 
strength of their impact on the normal operation of the power system. Any 
correlation between these factors will also be studied using the rules of probability 
theory. 
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1.  Introduction 
 
The electric power system consists of a complex structure of different elements as 
Generating stations, overhead transmission lines, transmission and distribution 
Substations and other elements. These power system elements are always subject  
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to the influence of thunderstorm, internal overstress, wind, ice-slick, extreme 
Temperatures, etc. Reliability analysis methods have been developed to evaluate 
the reliability of the Power system under normal operation. These methods can’t 
be used in case of Influencing of external failure cause, as a single failure cause 
can simultaneously affect multiple system elements in different degrees [8, 6, 2]   
The system reliability analysis methods for normal operation are based on a 
structural Approach, in which the system reliability indicators are calculated by 
using known Element reliability indicators and the structural properties of the 
system under Consideration [9, 7]. As to the influence of external factors, the 
structural approach is unacceptable, as in This case the failure probability of the 
system has to be calculated using a single n-Dimensional integration of the 
density distribution functions of the influencing factor. Here the calculation 
procedure is complex because of the necessity to take into Consideration the 
probability characteristics of the influencing factors and the strength of their 
impacts upon the system normal operation. 
 
 
2 The Proposed Approach 
 
In the proposed approach, the influencing factors are represented by the 

n-Dimensional random vector ],...,,,[ 321 nxxxxx =r of the influencing factors. 

Each element of this vector has its own distribution function ),...3,2,1,( nixF i =  
if there is no correlation between the elements of this vector, or with the 

conditional distribution function )|( mi xxF  in case correlation exists between 

the dependent elements ix  and mx . The output parameter of the system (electric 
voltages and mechanical stresses) on each element of the system is represented by 
the m-dimensional vector y . The dependency of the system output parameters 
vector, y, and the system influencing vector, x, is given as a functional relation 

)(xy ϕ=  or as a pre-defined calculation algorithm. The structure of the system 
and the strength characteristic (electrical and mechanical) of its elements are 

described by the set of distribution functions ),...3,2,1,( miRF i = .  In the idealized 

case, the strength of the system elements may be recorded by the values iR ,0  ,
mi ...,3,2,1=  , where 0)( =iRF   when ii RR ,0<  and 1)( =iRF   when 

ii RR ,0> . 
The probability of failure of a system having a number of elements, each having a 
random probability of strength R  will be determined by the integral 

dRRfdxxfp k

n
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Where RxD ,  is the range of the dangerous values of the elements of vector x , 
)(xf r
 and )(Rf  is the density distribution function for the elements of ( xr ) and 

( R ).  For numerical evaluating the value of integral (1), and when no correlation 
exists between the elements of vector xr , we can write: 
 ∑∑∑∑ ΔΔΔΔ=

Rx
n

xx

RFxFxFxFp
n

)(.)(...)(.)(
21

21
        (2) 

Where )(xFΔ  and )(RFΔ  are the increments in the distribution parameters xr  
and R , respectively. 
Applying equation (2), to numerically calculate the probability p by changing the 
elements of vectors x  and R  has certain characteristics. When the values of the 
elements of vector x  are changed, the values of the elements )(xy rϕ=  are 
calculated and thus the values of the elements of  R  are found (if )Ry >  till 
the range describing the dangerous operation of the system is reached. In this case 
equation (2) can be written as: 

)(.)(...)(.)(
21

21 xpxFxFxFp
nx

n
xx

r∑∑∑ ΔΔΔ=        (3) 

Where ))(()()( )( xFRFxp KxyR
rr

r ϕϕ == ==  is the value of the distribution function 
of the strength of elements when changing the value of the variable R  produced 
by each integration step of the output y .  At each step, when calculating )(xp r

, 
the values of the elements of vectors xr  and R  can be controlled, within the 
permitted values. When the permitted values are exceeded the value of  )(xp r

 

becomes zero. When the element strength has a constant value 0R  , thus
1)()( == RFxp r

, if 0Ry >  and 0)()( == RFxp r
, if 0Ry < . 

Where ))(()()( )( xFRFxp KxyR
rr

r ϕϕ == ==  is the value of the distribution function 
of the strength of elements when changing the value of the variable R  produced 
by each integration step of the output y . At each step, when calculating )(xp r

, the 
values of the elements of vectors xr  and R  can be controlled, within the 
permitted values. When the permitted values are exceeded the value of  )(xp r

 

becomes zero. When the element strength has a constant value 0R  , thus
1)()( == RFxp r

, if 0Ry >  and 0)()( == RFxp r
, if 0Ry < . 

When the mechanical components of the system are taken into consideration, 
equation (3) can be written as: 
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Where yRCRCC C
RFxFxp rr
rrr

=== )())(()( ϕ
 is the partial probability of the system 

failure at given elements of vector xr . In case for m-serially connected elements, 
the partial probability of the system will be defined as: 

( ) ( )∏∏
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−−=−−=
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For the case of m-parallel connected elements, the partial probability of the 
systems will be given as: 
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If the system consists of a combination of serially and parallel connected elements, 
the principles from probability theory can be used to simplify the case. A 

universal method for determining  )(xpC
r

 is given in equation 6 and 7; this 
method is based on the logical probability method, where the structure of the 
system is described by the logical function of the outage states of this system  

ΠF  . By introducing of nF , the probability of system failure can be defines as: 

Π∑∑∑ ΔΔΔ= FxFxFxFp
nx

n
xx

C .)(...)(.)(
21

21         (7) 

In this equation, Cp  will have only discrete values; (1) if ( ),0 ii Ry >>  and (0) 
otherwise. To calculate the probability of failure of an element or a system under 
the influence of many factors, the statistic test method can be used. This proposed 
method, usually requires high-speed computers to be applied for large power 
systems.  To calculate the reliability of a given system, an mn +  equally 
spaced random numbers in the range )1,0(  are generated and assigned as the 
values of the elements of vectors x  and R . The values of the output vector y  is 
calculated and compared with vector R . The result of comparison will indicate the 
conditions of all system elements and thus the reliability of the entire system. The 
calculation difficulties will depend on the number of elements a system will have. 
To decrease the calculation time the system can be sectionalized to less number of 
parts and each will be treated as a standalone element.  Another approach that 
can be used to reduce the amount of calculations required is to reduce the number 
of the influencing factors by eliminating the effect of less important ones. [3, 4, 5, 
1]. For example if the probability of thunderstorm to cause a failure of a given 
substation is going to be studied, instead of taking into consideration all the 
parameters of the thunderstorm, i.e., amplitude, front rising time, wavelength and 
the location of the discharge, only two factors can be taken, these are the 
amplitude and the front rising time. In this case the partial probabilities of the 
elements have to be recalculated as: 
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In this equation ),...,,( 21 kxxxp is a partial probability when only the factors 
kxxx ,...,, 21  are taking into consideration. Then the probability of system failure 

will be given by: 
 

),...,,(.)(...)(.)( 2121
211

k
x

k
xx
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∑∑∑ ΔΔΔ=        (9) 

In order to further reduce the calculation time, simple distribution functions that 
describe the occurrence of the affecting factors can be used. For example instead 
of the normal distribution function that is usually used to describe the amplitude 
of the thunderstorm discharges current, two discrete.  Values can be used. These 
are 1)( =xp  if the amplitude is greater than or equal to some value, which is a 
destroying one. The value of  0)( =xp  if the amplitude is less than destroying 
value referring to the equation 5 that describes the reliability of a system 
consisting of serially connected elements and assuming two discrete values 
mentioned above for the distribution function the system will become faulted if 
any element is getting faulted. This means that all the system can be treated as a 
single element system. Referring to the equation 6 that describes a parallel 
connection of elements a system will get faulty if all elements are becoming faulty. 
The system is healthy if at least one element is healthy. This gives as the ability to 
treat also a system as a single element one.  
 
 
3 Conclusions  
 
With increasing the size of modern power systems, the number of the factors that 
influencing the reliability of these systems is increasing. The proposed approach 
can be used to calculate the reliability of a given power system under the 
influence of discrete multi factors and can be used for building the reliability 
schemes of these systems. The proposed approach can also be used to build 
reliability models of for the overhead lines operated under ice-slick and wind 
impact as well as switching over voltages. The presented theoretical provisions 
show the absence of limitations in constructing mathematical reliability models of 
various electric power systems under various types of discrete multifactor 
influences. 
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