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nc = round(pc* n Pop/Y)*Y;
pm =.¥;

nm= round(pm* n Pop);
mu=.Y ;

ANSWER-= questdlg (‘Choose Selection Method:',
'Genetic Alghorithm', ‘Roulette Wheel',
"Tournament', 'Random’, "Tournament');

if Use Roulette Wheel Selection

B:&;
end

if Use Tournament Selection
Tournament Size=¢;

end

fori=Y: Max It

popc = repmat (empty-individual, nc/Y , ¥);
for k=Y: nc/Y

if Use Random Selection

iV =randi([" nPop));

iY =randi([} nPop]);

end

if Use Roulette Wheel Selection

P= exp(-Beta.*Reliabilites / Worst Reli);
P=P/sum(P);

i Y= Roulette Wheel Selection(P);

i Y= Roulette Wheel Selection(P);

end

if Use Tournament Selection

iY=Tournament Selection(pop, Tournament Size);
iY=Tournament Selection (pop, Tournament Size);
end

pY=pop (i);

PY=pop (iY);

[popc (k,Y) popc(k,¥)]= Cross over(p", p¥);
popc(k,))= Reli Function(popc(k,"));

popc(k,Y)= Reli Function(popc(k,Y));

end
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Reli Function=@object;

nVar=)\-;

Var Size=[Y °];

Max It=)++;

n Pop=2--+;

pc=A;
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popc = popc(:);
for k=Y: nm

i =randi([) nPop]);
p=pop (i);

popm (k)=Mutate(p, mu);

popm (k)=Reli Function (popm(K));

end

end
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Abstract: Reliability is one of the important features of products, systems and
parts. Nowadays, as the systems become more complex, the concept of reliability
and its optimization has been researched and examined in many research and
industrial communities. The application of this concept can be seen in many
industrial, communication, satellite systems, etc. In the early stages of system
design, many system features such as reliability, weight, cost, and etc are
associated with uncertainty due to various reasons such as lifespan, operational
conditions, etc. Since the use of the probabilistic approach in solving reliability
problems has limitations and can only be used in quantitative analysis of
information and in many cases does not produce useful and sufficient results for
experts, therefore the use of the approach Fuzzy is much more efficient for solving
reliability optimization problems. One of the ways to optimize the reliability is to
allocate redundancy. When using redundant components in a subsystem, how the
redundant components are used is particular importance. In reliability-redundancy
allocation problems, the reliability of components is not known in advance and is
considered as a decision variable. In this research, the failure rate of components
is considered as triangular fuzzy numbers and the reliability of each system with
two active and cold-standby strategies has been calculated using genetic algorithm
in two model problems and an industrial system in MATLAB software. In the
implementation of the genetic algorithm, the random, tournament and roulette
wheel methods have been used to select parents and different types of mutation
and crossover operators have been used to produce children. The results have been
analyzed and investigated in various series, complex and series-parallel systems
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and are much more efficient than the results obtained from solving the
deterministic model.

Key words: Reliability-redundancy allocation problem, triangular fuzzy numbers,
Genetic algorithm, active strategy, cold -standby strategy

Definitions and concepts

Triangular fuzzy numbers

Triangular fuzzy numbers are fuzzy numbers that are represented as A =
(a, ay, a.) and their membership degree function is in the interval [0,1] and in
which a, =< a;, =< a,. The relationship (1) shows the membership degree
function of triangular fuzzy numbers (/”A)' (1)

1)
r—a
— ag =<r=<ay,
ap—Qq

,UA = 1 r= ap

ac—r
_— a, =<r=<a
ac—ap b c

Redundancy allocation strategy

One of the redundancy allocation strategies is the active strategy. In this strategy,
all the parts added to the system are actively used since the start of the system,
although in this system, only one part needs to work at any time. But to reduce the
possibility of system failure, all parts work actively with each other, and the system
breaks down when all parts fail. In the active strategy, the reliability of each
subsystem is calculated from equation 1. (2)

)

R=(1-(1-r®O"

R= Reliability of the subsystem
ri= Component reliability

ni= Number of components in each subsystem
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The standby strategy refers to a state in which excess parts added to a subsystem
are used as reserves. In this strategy, one part works actively and other added parts
are standby .The stored parts enter the circuit when the active part fails.In this type
of system, when an active part breaks down, an electronic or mechanical switch
puts the next reserve part into the circuit, and the operation of this switch also faces
an error .For standby strategy, there are three modes of cold-standby storage,
warm-standby storage and hot-standby storage. In the cold-standby storage, the
stored parts are protected against the stresses caused by the system operation, and
therefore the parts are not damaged before being used. (3, 4)

In short, if the time until the failure of parts is assumed as an exponential function,
the occurrence of failure in subsystems can be considered as a Poisson function
before the ni-th failure event. Therefore, the reliability of a subsystem with cold -
standby strategy can be calculated according to relation 2. (5)

O]

—7\ t(}\’ t)X
RO —r(t)+p(t)z
A; = Component failure rate n; =
Number of components
p, = Reliability of Switch =

Component reliability

t= mission time
Optimizing reliability

Since it has been proven that RAP and RRAP problems in their simplest form are
NP-hard optimization problems, solving them using traditional optimization
methods is very difficult and time-consuming. For this reason, several meta-
heuristic algorithms such as genetic algorithm, ant colony optimization, artificial
neural networks, particle swarm optimization algorithm and a combination of
these algorithms have been widely used in the last decade to solve the reliability
problem. (2)

Maintenance and repairs based on reliability

In line with the new methods of maintenance and repairs, modifying the built
factories was not a simple task and required huge costs. Therefore, taking into
account the program of correcting and fixing the defects of the current factories
became very important for the design of new factories, and this took the form of
eliminating the need for repair or maintenance with the centrality of reliability.
Reliability Centered Maintenance or RCM is a process to determine the
maintenance and repair requirements of each physical asset based on its
operational records. In this type of maintenance and repairs, it is mentioned that
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all the equipment of industrial units are not of equal importance. In this method of
maintenance and repairs, it is referred to the presentation of a program of
maintenance and repairs, which has been determined that the financial and labor
resources are not unlimited and the use of these resources needs to be prioritized
and optimized. In short, RCM is a systematic approach and perspective to evaluate
the resources and equipment of industrial units in order to connect these two
parameters and achieve a high degree of efficiency, effectiveness and reliability in
industrial units. In general, RCM, in addition to its many benefits, creates
conditions that can match existing resources with requirements and improve
reliability and reduce costs. (6) The problem of choosing maintenance and repairs
timing is also a problem with high uncertainty, and therefore using fuzzy
uncertainty increases the confidence of decision making.

Methodology

In this research, the failure rate of components is considered as triangular fuzzy
numbers and the reliability of the system is calculated as triangular fuzzy numbers
in the form of left, right and center intervals, and the minimum and maximum and
average reliability of each system with two The active and cold-standby strategies
has been calculated using genetic algorithm .The results obtained in the form of
triangular fuzzy numbers have been analyzed and investigated in various series,
complex and series-parallel systems and are much more efficient than the results
obtained from solving the deterministic model.

Conclusion

In the current research, in the problem of the high-speed protection system of the
gas turbine, which is considered a series system, overspeed detection is
continuously performed by electrical and mechanical systems. When the speed is
too high, it is necessary to cut off the fuel supply.For this purpose, 5 control
valves built into the system must be closed. In this problem, the control
system is modeled as a 5-stage series system. In this way, when one part of
the system fails, the whole system fails and fuel and oxygen enter the tank
and an explosion occurs.Since the failure rate parameter of the components
assigned to each sub-system is imprecise and associated with uncertainty,
therefore, using the triangular fuzzy number approach in the failure rate parameter
of the components assigned to each subsystem leads to the minimum values and
the average and maximum failure rate for each of the components, the earliest and
the latest time of failure of the system components can be included in the
calculation of the system reliability, and the more realistic and accurate value of
the system reliability can be calculated so that with the correct implementation of
the program The timing of the network and the implementation of other necessary
policies prevented the occurrence of breakdowns, malfunctions, explosions, and
heavy losses of life and money. In complex systems, due to the complex structure
of the system, it is very difficult and time-consuming to fix the system failure
quickly, and system failure is associated with heavy costs. Therefore, by using the
triangular fuzzy number approach in the failure rate parameter of the components
assigned to each subsystem and considering the minimum, average and maximum
failure rate values for each of the components and taking into account the earliest
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and the latest time of failure of the system components in the calculation The
reliability of the system, which leads to obtaining more realistic and accurate
values of the reliability of the system, can be prevented by the correct
implementation of the net schedule and the application of other policies from
failure and heavy financial losses. .

Using the fuzzy approach is also useful in series-parallel systems and other
systems and is much more efficient and useful than the deterministic approach.
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