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Abstract: Today, the increasing progress in technology, the expansion and
development of human needs for sustainable technologies have caused attention to
electric energy to be in the center of attention more than in the past. Therefore,
increasing the reliability of electrical systems in the power industry is very important.
The purpose of this research is to provide a mathematical model to calculate and
increase reliability in the power distribution network. This research is practical in
terms of its purpose and results, and in terms of the method and nature of
implementation, it is based on operational research that was conducted using
mathematical modeling and using Python software based on data from 1398 to 1402.
The findings show that parameters such as generators, high pressure and low pressure
busbars, 20 kV to 400 V power transformers, communication cables, capacitors,
generators and UPS are more important in calculating the reliability of this network.
Therefore, according to the purpose and the corresponding limitations, a suitable
mathematical model has been presented for each parameter. The results show that
after 50 repetitions and simulations, the ultra-emergency line has a higher importance
and rank in reliability among the four output feeders. Also, based on the presented
model, it has been observed that the entire 20 kV line under investigation has 0.67
degrees of reliability. The results of this research can be considered as a suitable basis
for the implementation of research and operational projects in wide radial networks in
the electricity industry.
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Aim and Introduction

The reliability of a system expresses the degree of confidence in the correct
and optimal performance of a system in normal and abnormal conditions,
which is related to the quality of a product over time [2]. The most common
definition of reliability is the probability that a system will perform its
assigned task correctly under certain environmental conditions [3].

This research seeks to identify the parameters and indicators that are effective
on the reliability of the power grid in the first stage, and in the second stage,
according to the indicators and parameters, to present the goals and limitations
in the form of a linear programming model in such a way that it can to measure
the reliability in a multi-level and radial network of power transmission.

In a general view, a power network can be divided into three main parts:
production, transmission and distribution. Each of these departments has
various equipments, the performance of each of which can have a great impact
on the common needs [13].

Methodology

This research is practical in terms of its purpose and in terms of the nature of
implementation, it is based on operational research. In terms of time, it is
cross-sectional and the variables are combined. The studied environment of
20 kV and 400 V power lines of the Broadcasting Organization, where
reliability is very important, has been considered. In this research, in order to
identify indicators and parameters with a high importance factor in the
reliability of multi-level and parallel systems in power lines, from the opinions
of technical experts, the number of these people is 15 people with a work
experience of 20 years and above and a university degree in power electrical
engineering. And they are used as key and decision-making people in their
workplace.

The process of conducting this research is as follows:

At first, by studying past studies, it has been concluded that in no study, all
the important and effective parameters mentioned in the background have
been examined together, and in many cases, such as temperature or life span,
they can affect both themselves and others. The elements that are effective in
reliability, then by using the output of the studied articles and technical books,
the effective factors in this equipment, which were close to 20 cases, have
been determined for review and expert opinion. After screening, the
parameters were reduced to about 13 items. In this research, in order to
prioritize the influencing indicators and parameters to formulate the
mathematical model, fuzzy Delphi technique has been used. Also, due to the
independence of the 4 lines in this network and the independent consumption
of the electrical load consumed in them, the AHP technique has been used to
determine the weights of the lines.

Reliability in each element varies according to its technical specifications.
For example, reliability in a distribution transformer can include things such
as life span, working temperature, capacity, contamination, air humidity, etc.
But several factors can have more influence or weight than other factors.

Max 7 = (1 — (1 = WiRpyp) * (1 = WoRpz) * (1 = W5Rg) * (1 — W4RU))
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First of all, the importance of each of the lines should be determined in order
to determine their degree of importance according to the type of loads they
feed.

With the AHP technique and using the opinions of 15 technical experts, the

result will be as follows:
Max Z = (1 — (1 —0.039Ry;) * (1 — 0.083Ry;) * (1 — 0.246Rg) * (1 — 0.633Ry))

normal 1
4% normal 2
8%

emergency
25%

Figure 1. Graphical model of the importance of each line in the investigated
power grid

Reliability equations in each of the lines with respect to series and parallel
equipment according to Figure 1 will be obtained according to the following
relationships:

MaxZ = (1 — (1 = W;Ry1) * (1 = WRyy) * (1 — W3Rg) * (1 — W4Ry))
Rn1 = Rp1-Rps-Rr1 Rz (1= (1 = Reg)(1 — Rez2)(1 — Res))-Rps.Rg

Rnz = (1= (1 = Rp2)(1 = Rp3)). (1 = (1 = Rp2) (1 = Re3))- Rpa- (1
— (1 —Reg)(1 —Res)(1 —Ree)(1 — Rey)). Rps

Rg = (1 = (1 = Rg1)(1 = Rgz2))-Rpe. (1 = (1 = Reg)(1 = Reg) (1 = Reio))-Rpy

Ry = (1 - (1 —=Ry)(1 —Ryz)).-Rpg. (1 = (1 = R¢11)(1 — Rei2)(1 — Reis))-Rpo

Findings

Based on the real data in the power grid of the Broadcasting Organization,
mathematical modeling was done and using the information mentioned above,
it was implemented in Python software. According to 50 repetitions and
simulations, the reliability of each of the 4 lines in the multi-level network was
calculated and measured separately, and finally considering the sum of the
lines as the reliability of the entire network.

In Table 3, the output of the software is calculated 50 times and can be seen
on each of the lines by reliability. In the following, each line will be
analyzed according to the calculated curves:
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Table 1. Model Output Based on Python Software

Z total| RU | RE [RN2|RN1|Number of output|Z total| RU | RE | RN2|RN1|Number of output
0/64 |0/82|0/85) 0/72 | 0/55 26 0/73 |0/99|0/96) 0/96 | 0/76 1
0/73 |0/98|0/97) 0/14|0/34 27 0/73 |0/98|0/78) 0/65 | 0/32 2
0/65 [0/87[0/86) 0/12 | 0/17 28 0/54 |0/56(0/97| 0/9 | 0/7 3
0/5 |0/52(0/97]|0/29| 0/4 29 0/54 |0/55|0/89) 0/87 | 0/47 4
0/72 _|0/99|0/96| 0/15 | 0/39 30 0/74 |0/98|0/98) 0/51 | 0/44 5
0/36_|0/41|0/98| 0/4 | 0/15 31 0/36_|0/41]0/87) 0/96 | 0/39 6
0/41 |0/31]0/97) 0/52 | 0/59 32 0/49 |0/56|0/48) 0/8 | 0/12 7
0/71 |0/99]| 0/7 | 0/65 | 0/15 33 0/45 |0/58|0/27) 0/53 | 0/56 8
0/66_|0/85|0/86| 0/92 | 0/47 34 0/67_[0/99|0/27) 0/26 | 0/64 9
0/74 |0/98|0/97) 0/95 | 0/76 35 0/54 |0/67| 0/7 | 0/89]0/21 10
0/68 |0/99|0/24 0/65 | 0/26 36 0/54 |0/58|0/84| 0/4 | 0/26 11
0/61 |0/77|0/79)| 0/33|0/77 37 0/59 |0/74]0/79)| 0/47 | 0/48 12
0/73 |0/98|0/96| 0/16 | 0/22 38 0/71 |0/99|0/73)| 0/34|0/18 13
0/68 | 0/9 |0/97| 0/6 | 0/38 39 0/44 |0/39/0/96| 0/63 | 0/4 14
0/7_[0/99|0/62) 0/56 | 0/41 40 0/52 |0/51{0/980/96 | 0/28 15
0/44 |0/44]0/71{0/96|0/53 41 0/5 [0/44|0/98) 0/67 | 0/26 16
0/69 |0/99|0/35| 0/95 | 0/58 42 0/42 |0/58|0/47) 0/81 | 0/46 17
0/68 |0/99|0/17) 0/96 | 0/33 43 0/4 10/32| 0/7 | 0/97 | 0/41 18
0/71 |0/99|0/65| 0/5 | 0/34 44 0/65 |0/27]0/98) 0/49| 0/31 19
0/72 |0/99|0/89) 0/84 | 0/46 45 0/7_10/93(0/88|0/96 | 0/39 20
0/68 |0/99{0/32(0/95]0/58 46 0/71 |0/99(0/65(0/44|0/75 21
0/7_[0/99|0/42) 0/97 | 0/39 47 0/73 |0/99(0/97|0/48 | 0/26 22
0/67 |0/99|0/63) 0/95 | 0/62 48 0/5 |0/67[0/38]0/62|0/43 23
0/68 |0/99|0/19) 0/26 | 0/32 49 0/68 |0/91|0/83) 0/48 0/21 24
0/61 |0/92|0/17]0/65| 0/5 50 0/69 |0/98|0/51) 0/49 | 0/36 25

Z total RU RE RN2 RN1 average
0/6134 0/7818 0/712 0/6316| 0/4144
RNL
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Figure 2. Reliability curve normal line number one
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Figure 3. Emergency line reliability curve
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Figure 4. Reliability curve of ups line

VoY 3l =¥ oylels Y wl> CandnS S g3 00 § (i A3 il



Mohammad Shayesteh Fard, Majid Motamedi, Mohammad Hosein Darvish Motevali and Mohammad Mehdi Movahedi Yo

Z total
. W

0
123456738 91W0HNNR213MU15161718192021222324252627282930313233 M4 353637380 NBUB6478

Figure 5. Reliability curve of the entire 20 kV line

Conclusion

The issue of reliability and its review is one of the most important points in
any system and it creates confidence or uncertainty of correct operation in the
supply chain or manufacturer or factories. In this study, power lines, which
are also a type of supply chain, were investigated. In this chain, each part could
have a positive or negative effect on the output of the next part, and each of
these equipments had different parameters, each of which could increase or
decrease reliability. All the parameters of each piece were examined through
fuzzy Delphi technique and weighted through AHP.

After the implementation in Python software and by checking out of 50
times of output from the software, more reliability was obtained in the lines
that were of higher importance, which shows how the value of each line is
and how the reliability of each line is calculated. and is evaluated.

In this research, the capability of the power system, which includes
transformer, cable, busbar, UPS, generator, capacitor bank, was evaluated
based on temperature, life span, capacity, number of parallel elements, and
voltage, while in [7], [ 8], [1] the effective effects on transformer lifetime and
the role of harmonic loads and environmental pollution in power transformer
performance and in [4], [12], [14] the effects of control boards and
maintenance in UPS reliability, in [9], [10] The influence and effects of power
switches and the effect of their arrangement on reliability have also been
investigated. Also, in [5], the effect of mechanical and internal diesel stresses
on the reliability of the diesel generator has been investigated.

In relation to the subject under study in the future, it is possible to compile a
detailed review of the parameters of the equipment considered in this study,
as well as more detailed information about transformers [6] (investigation and
role of transformer type and insulation type and even the role of service and
maintenance in reliability), UPS (such as the type of internal circuits, whether
the device is trans-base or trans-less, as well as the effects of the type of load
on the reliability of this equipment), batteries, as in [15], the effects of
temperature on the state of batteries were investigated ( The type of battery
testing services is important, as well as the huge impact of increasing battery
chains [11] on reliability), cables (comparison of the types of cables and how
they are arranged together) and switches (comparison of the type of insulation
between the switches) and a general review of these equipments in distribution
lines. Small local and in a wider view of the urban and national electricity
distribution network was also analyzed and investigated. This work makes it
possible to obtain relative confidence in the performance of the designed
power system before the implementation of various equipment, while the
more influential parameters are involved in this diagnosis, the accuracy of
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reliability calculations and, as a result, the degree of confidence in the obtained
numbers can also be realistic be closer.
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