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Abstract 

 

         In this research, we test the assignment of reliability for 

mixed systems by using series unit process reduction, which 

allows to simplify these systems to simpler computation for series 

system. Also, we introduced two techniques in order to addressed 

the reliability allocation for mixed system. Also, we will look at 

the importance of each unit in a mixed system and attempt to 

estimate the impact of their effect on the system's overall 

performance depending on their importance. We will also 

demonstrate how to use an addition technique to enhance the 

efficiency of the units that have a greater impact on the system's 

overall performance than others. 
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Introduction 

       The vital importance of reliability in a number of systems draws many 

researchers to reliability engineering [16]. For design issues with reliability 

criteria, a lot of work has been performed, and a number of techniques 

have been used. According to Tzafestas in 1980, one of the undeniable 

phases in the design of such multi-component structures is the problem of 

using usable tools. most cost-effective way to increase overall system 

efficiency or decrease resource consumption while achieving specific 

reliability goals [17]. The variety of system configurations, resource 

limitations, and options for optimizing performance have prompted the 

creation and analysis of several optimization models. On a regular basis, 

surveys on improving reliability have been written.  

One of the most recent publications on the subject is Kuo et albook. 

Several studies have been conducted to improve parallel–series systems, 

however, only a handful have focused on series–parallel systems. The bulk 

of these works are on Jensen's redundancy allocation system from 1968 

[18]. use complex programming for series–parallel–series networks He 

believes the networks under scrutiny are made up of a series of blocks, 

each of which is made up of related technology that work in concert. In 

multi-state series–parallel systems, Marquez and Coit recently introduced 

a heuristic for allocating redundancy. They proposed a novel solution 

strategy that has a number of distinct advantages over conventional 

approaches to the problem [19, 20]. Levitin et al., Zuo Hoang Pham, and 
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Venugopal all suggest solutions to the problem of redundancy 

optimization in general. The subject of this series–parallel systems is the 

reliability allocation problem, in which the reliability of the modules must 

be calculated in order to reduce the utilization of a resource under a 

reliability constraint. When several technologies of the same purpose are 

used in parallel, this issue occurs [20, 21]. 

In 1972, Kim, Y. H., et al  gave the algorithm a list of possible routes from 

the source to the graph sink to calculate system reliability based on route 

data. A network is reliable when a route connects every pair of nodes. 

Reliability analysis of networks such as networks for computer 

architecture and data communication networks. 

In 2015, Hassan, Z. A. H. and Balan, V. [46 ] introduced the quadratic 

case of reliability, to make use the convex/concave mutual dependence of 

slice components along the curves of constant-slice reliability, in order to 

maintain or increase the circuit reliability. Clear techniques of engineering 

to evaluate the reliability of electrical systems used in aircraft show that 

elements of reliability must be linearly based on time [36 ] 

In 2016, Mutar, E. K.,and Hassan, Z. A. H. presented reliability of oxygen  

supply system for spacecraft and some engineering characteristics [35].  

Hassan, Z. A. H.and Mutar, E. K., have presented geometry of reliability 

models of lectrical system usedinside spacecraft 
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        In 2019, Sulaiman, H.K., and Hassan, Z. A. H., introduced a study of 

mathematical models in reliability of networks, The researchers have 

introduced accurate ways to calculate reliability complex systems to 

calculate the reliability of the electromagnetic system inside aircraft and 

some engineering features.  

Also, the researcher has studied some ways to allocate reliability to the 

subsystem. As well as studying the reliability allocation and optimization 

of the reliability of the electromagnetic system within an aircraft by the 

genetic algorithm and the particle swarm optimization[50] . 

The goal of this research is to calculate the reliability of the mixed system 

and improve the reliability of each components, and we used some 

methods to increase the reliability of the mixed system. This research 

consists of four chapters; 

Chapter One contains some definitions and concepts. Chapter Two is the 

study of certain types of systems that work to clarify the idea of the 

function of the structure. Chapter Three contains some ways to solve the 

mixed system.Chapter four contains of conclusions and future works . 
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1.1 Introduction 

        In this chapter, relevant definitions, basic concepts and the background required 

for this research are presented. Two sections in this chapter, the first section contains 

some of the basic definitions and graph theory that we need in the research. The 

second section provides the basic definition of the reliability function and reliability 

network and some important definitions that we need in this work.   

 

1.2 Basic Definitions and Concepts 

 

 Definition (1.2.1) Probability p(t) [37]  

Probability is a numerical measure of the likelihood of an event in 

comparison to a set of possible outcomes. When flipping a coin, for 

example, there's a 50% chance of seeing heads vs tails (assuming a fair or 

unbiased coin) Probability Properties P(B) is the probability of an 

occurrence B, and it has the following properties 

 1) 0 ≤ P(B) ≤ 1 

2) P(B) = 1 – P      

3) P(ø) = 0 

 4) P(S) = 1 

In other words when an event is certain to occur it has a probability equal 

to ( 1) and when it is impossible to occur it has a probability equal to ( 0) it 

can be shown that the probability of the union of two events A and B is  
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 P(A∪ B) = P(A) + P(B) – P(A⋂B)                                            (1.1) 

Similarly the probability of the union of three events A , B and C is given by : 

 P(A ∪ B ∪ C ) = P(A) + P(B) + P(C) – P(A⋂B) – P(A⋂C) – P(B⋂C) 

                             + (𝐴⋂ ⋂𝐶)                                             (1.2) 

 

Definition (1.2.2) System [16,38]  

A collection of compounds in a specific order that communicate in order to perform 

with each other and with external components or other structures given purpose. 

Definition  

(1.2.3) Reliability [22,39]  

The probability that for a certain period of time the system will survive is established 

This can be expressed as the time to system failure in terms of random variable T. 

The probability of survival or reliability R(t) at time t, has the following properties: 

1) 0 ≤R (𝑡) ≤ 1  

2)R (∞) = 0 , no device can work forever 

3) R(0)= 1  the device is assumed to be working properly at time t = 0 

4)R (𝑡) in general is a decreasing function of time t.  

(𝑡) = {𝑇 >  }                                                                                               (1.3) 

  𝑡    ∫   𝑡  𝑡
 

 
                                                                                  (1.4)    

Or 
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  𝑡  ∫   𝑡  𝑡
 

 
                                                                         (1.5) 

Definition (1.2.4) Mean Time to Failure (MTTF)[40]  

This is a simple metric of reliability for non-repairable systems. Under specified 

conditions, the average time between failures during a measurement cycle. 

 𝑇𝑇  ∫ 𝑡   𝑡  𝑡
 

 
                                                                      (1.6) 

Or 

 𝑇𝑇  ∫   𝑡  𝑡
 

 
                                                                                     (1.7) 

 

Definition (1.2.5) Hazard Rete h(t)[50]  

is the rate of immediate failure, and is the maximum rate of failure, both indicated by 

the symbol h(t), where the rate of change is the chance that the remaining product 

will fail in the next several time periods the equation can be written as follows: 

  𝑡         
            

      
  

    

    
                                                               (1.8) 

The Hazard rate unit is the failure cases per unit time t 

 

Definitions(1.2.6) Probability Density Function( p. d .f)[49]  

Is a symbol of continuous functions only and is symbolized by the symbol (p.d.f) If x 

is a random variable the probability function is f(x) and a ≤ x ≤ b so it is a function,  

              ∫                                                  
 

 
                  (1.9) 

Definitions (1.2.7) Cumulative Distribution Function (c.d.f)[48]  
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The cumulative distribution function (c.d.f) is a random variable x function F(x) that 

is defined for a number x by: 

           ∫       
 

  
                                                                    (1.10) 

     ∫       
 

  
                                                                                      (1.11) 

Conversely:  

     
       

  
                                                                                               (1.12)  

 

The value of the c.d.f at x is the area under the probability density function up to x if 

so chosen. It should also be pointed out that the total area under the p.d.f is always 

equal to or mathematically. 

 

Definitions(1.2.9) Conditional Probability[47]  

The probability of one of two events A and B happening knowing that the other event 

has already occurred is known as conditional probability. Provided that B has already 

occurred, the expression below denotes the likelihood of an occurring 

  𝐴  ⁄   
      

    
                                                                                         (1.13) 

 

 

Definitions (1.2.10) Conditional Reliability Function[35] 
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 Conditional reliability is defined as the probability that a component or system will 

operate without failure for a mission time t given that it has already survived to a 

given time t mathematically this is expressed as [1,0].  

  𝑡   𝑇      𝑡  𝑇      𝑡                                                                            (1.14) 

 

Definitions (1.2.11) Reliability Allocation[43]  

The process of assigning reliability requlrements to individual reliability is called 

reliability allocation. 

 

1.3 Relations between F(t) , f(t) , R(t) and h(t)  

   All of the functions F(t), f(t), R(t), and h(t) can be transformed into each other 

Consider the example below: 

  𝑡  ∫       
 

 
                                                                                              (1.15) 

This leads 

  𝑡  
     

  
  

     

  
                                                                                     (1.16) 

And   𝑡      𝑡                                                                                       (1.17) 

  

According to equation (1.8) ,   𝑡    𝑡    𝑡   

we compensate for its equation(1.16) in its equation (1.8) we get 

   𝑡  
      

  
  

 

    
                                                                                           (1.18) 

and from them we get 



Chapter one                                                                       Reliability and Probability    
 

10 
 

 
     

    
    𝑡  𝑡                                                                                                                

 

 Integrity of the parties , 

        ∫                                     
 

 

                                                                         

 

And taking the exponential of both sides equation we get 

       ∫       
 

                                                                                                                 

Also we can obtain R(t) from its equation (1.8) 

   𝑡  
  𝑡 

  𝑡 
                                                                                                                           

Then :-  

  𝑡    𝑡    𝑡   

And 

  𝑡    𝑡   ∫       
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Chapter Two 

 

Reliability Systems 

 
2.1 Introduction 

We looked at some unwavering quality concepts in the previous chapter, such as the 

Hazard rate mean time to failure, and so on, and we looked at a indicant portion of the 

work that has been done in this region. This section considers he framework's 

dependability. This necessitates a thorough understanding of the physical structure of the 

mechanism, which may range from small to large and include various segments. It also 

necessitates an appropriate colleague with he framework's concept in the event of 

subsystem failure. 

This chapter is divided into two parts. The second section includes a basic system and 

includes series , parallel , series – parallel , parallel - series, combination of series and 

parallel and K-out of – n framework. In the last part of this chapter we will examine the 

Mixed system which is important for difficult situations or systems , which is not easy to 

identify the components whether series or parallel ,and we will learn about some ways to 

solve the Mixed system[44]. 

2.2 Systems Reliability 

2.2.1 Simple System 

Certain types of system frequently arise in practice and serve to illustrate the idea of the 

structure function . If it is not possible to solve a problem by using the simple structure of 

this section , it may be possible to solve the problem by viewing it as a combination of 

simple structure . The ways by which the system element can be combined are the 

following[43] : 
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       1- In series. 

      2- In parallel. 

3- In parallel – series. 

4-In series – parallel. 

5- Mixed system. 

6- K – out – of – n parallel configuration. 

 

2.2.1.1 Series system 

The series system works only if all of its components are working. This system 

depends on both of them[47] .Device elements are executed properly 

 

 

 

                                       Figure (2.1) Series system 

the reliability of the system is given by 

                                                                                        

                          ∏   

 

   

                                                                               

 

 

𝑺𝒏 𝑺𝟏 𝑺𝟑 𝑺𝟐 
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Notes 

1) In this way the reliability of the system and its      is smaller than the reliability of 

any component. 

2) This is one of the easiest and weakest ways because when one of the components 

fails it leads to the failure of the entire system[42]. 

3) If the reliability of all components is equal                      are called 

identical and independent thus the reliability of the system 

                                                                                       

 

Example (2.1) 

Consider a system with three components connected in series, each with a fixed 

failure rate. (In other words, the components' lifetimes are exponential) 

 

 

 

                                    Figure (2.2) Example of series system  

 

hose rates per (10,000) hours for components                    , and        , 

respectively. As a result, we have a constant failure rate. 

 

 

0.9 0.5 0.8 
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Solution:- 

We can solve the example in two ways: 

First method           

Then:12 

              

              

              

Hence the reliability of the system is : 

                           

                       

                    

The rliability that the machine will continue to function after 10,000 hours, for 

example.  

                 

                            

Second way we find the reliability of each component and then find the reliability of 

the system 
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Then : 

               

                       

          

 

2.2.1.2 Parallel System 

         For a parallel system to succeed, at least one of the components must succeed. 

For a system with n statistically independent parallel components, the probability of 

failure, or unreliability, is the probability that component 1 fails, 

component 2 fails, and all other components in the system fail Putting another way, if 

component 1 succeeds or component 2 succeeds or any of the (n) components 

succeeds the system succeeds[48]. The structural role of a system is defined by As a 

result, the system's reliability (assuming independent failures) is 

 

 

 

 

 

 

                                   Figure (2.3): Parallel system. 

 

 

S1 

Sn 

S2 
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The reliability of the system (again assuming independent failures) is then:  

                        

                  [                                           ] 

                                               

           ∏      

 

   

                                                                     

 

Example (2.2) 

Find the reliability of the system shown where the number in brackets indicates the 

constant failure rates pet year for of the components. 

 

 

 

 

 

 

 

                             Figure (2.4) Example of parallel system 

 

 

0.8 

0.6 

0.9 
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Solution: 

The device components are linked in parallel, and each component's failure rate is : 

                                             

The dependability of each variable must be proven. 

 

          

             

             

             

                  (       )(       )  

        [                              ]  

        [                                  ]  

                                                              

                                                        

 

Then for example the probability that the system is still working after1000 hours is : 

                                                                      

                                                        

            

There is a 85% chance that such a system will still be working after 1000 hours. 
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2.2.1.3 Parallel-series system[49] 

The reliability of a system consisting of m of related groups in the form of a parallel – 

series and each set containing n components as shown in Figure (2.5) . 

 

 

 

 

 

                                  Figure (2.5) Parallel - series system  

 

                [        ]                                                                        (2.4) 

           Or 

               [  ]
 

 

          Where                                                                               (2.5) 

 

Example (2.3) 

Find the reliability of the system shown in Figure (2.6) if you know that the fixed 

failure rate for each year is 0.09 for each component. 

 

 

m 

 

 

2 

 

 

1 

n 

2 
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Figure ( 2.6) Example of parallel series 

 

Solution: 

We must first find the reliability of each component 

       

          

            

         

       

It is considered reliability for each component. We can use equation (2.4) to find the 

reliability of the system               

   [        ]  

   [           ]  

   [          ]  

        

3 

3 

3 

2 

2 

2 

1 

1 

1 
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2.2.1.4 Series – parallel system 

The parallel – series structure is the inverse of the series – parallel structure. We 

study as system of components arranged so that there are    sub system operation 

in series each sub system consisting of    identical components in parallel such an 

arrangement is called series – parallel arrangement Applications of such systems can 

be found in the areas of communication networks and nuclear power systems we get 

the reliability of such as system[41]  

     (  ∏  

 

   

)

 

                                                                              

The series – parallel configuration is shown in figure (2.7) 

 

 

 

 

 

                                Figure (2.7) series – parallel system 

Example (2.4) 

Calculate the reliability of the system shown in the following figure below if you 

know that the reliability of its components is                                

 

 

 

m 

 

 

2 1 3 

3 2 1 

  n 
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                                         Figure(2.8) Example of series parallel 

 

Solution  

Note that the system is series – parallel it contains two lines and three components 

per line that means                    we can use equation (2.6) 

We get    

     (  ∏  

 

   

)

 

                                                                         

         (  ∏  

 

   

)

 

                                                                         

         [                  ]                                  

                   

 

 

 

3 

3 

1 2 

1 2 
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2.2.1.5 Mixed System  

This system is a combination of a parallel system and a series system, and we only 

break the system into a series and parallel to find each subsystem's reliability and 

complete to find the system's reliability[40]. 

 

Example(2.5) 

Find the reliability of the system shown where the number in brackets indicates the 

constant failure rates per year for each of the components. 

 

 

 

 

 

 

                                     

                                  Figure (2.9) Example of Mixed system 

 

Solution: 

Consider the three branches (ABC) and (DE) first these are both series subsystem 

then reliability ABC is  

          [         (       )]         

C(0.1) 

E(0.7) 

B(0.5) 

A(0.3) 

D(0.4) 
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                   [                    ]          

                             

         

 

And reliability DE is 

                    

                                

                   

Now look at the two subsystems (ABC) and (DE) as part of a larger system which is 

parallel system 

 

 

 

 

                                                 Figure (2.10) parallel system 

We find system reliability 

          [           (        )]  

                   [               ]  

                  

 

ABC 

DE 
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2.2.1.6 k – out – n Parallel System 

      This system is considered a special case of parallel redundancy where this method 

needs to succeed in working on at least the k components of the total n components. 

Al though this system is a special case of parallel redundancy in some cases it is a 

general configuration because the number of units required to maintain the success of 

the system is close to the total number of units in the system and the behaviour of the 

system is close to the series system if the number of units required equals the number 

the units in the system is thus a series system[42]. 

Example (2.6) 

The web host has three serves independent and indentical and connected in parallel 

must work at teats two of them to keep the web service running and not interrupted 

the servers are must work at teats two of them to keep the web service running and 

not interrupted the servers manufactured by different companies and have different 

reliability   is                                

and they have the sometime as the task 

 

 

 

 

 

                                  Figure (2.11) Example of k – out – 3 parallel system  

 

A 

C 

B 
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Solution:- 

Because it must work on at least B servers out of C servers, only one is permitted to 

fail. This is a B out C set. For system success, the following operations can be carried 

out:- 

1) All C servers are working . 

2) The A fails and the A and B and C works. 

3) The B fails and the A and A and C works. 

4) The C fails and the A and A and B works. 

 

We can calculate system reliability as follows:  
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Chapter Three 

The Reliability Allocation  for Mixed Systems 

 

 Introduction 1.3 

     We are addressing reliability allocation models of mixed systems in this chapter. 

the aim of this allocation is to use the reliability model to allocate the subsystems to 

reliability in order to achieve the systems defined reliability objective [5,7]. models 

of reliability allocation are developed and techniques are presented in this paper to 

solve the problem. If the system consists of  n component that works satisfactorily 

when at least  k  of  the n comports are good Sheath [1962] and Balaguraumy [1977] 

studied the methods of calculating the reliability of the various systems and 

presented the concept of redundancy which means using additional components in 

the system. Hence if one of the system components felled then the system would go 

no working the accompanying components an example of this is the use of double 

wheel vehicles and bridge pillars. Redundancy is necessary when failure has 

destructive outcomes like a failure in spaceships or in artificial hearts [54.]  

 

  Mixed System [10, 11,24]1.3 

This system is a combination of a parallel system and a series system, and we only 

break the system into a series and parallel to find each subsystem's reliability and 

complete to find the system's reliability 
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Figure (3.1) mixed system 

 

1.3.3 Reduction to Series Elements 

          This method involves replacing each parallel path systematically with an 

identical on Single path, and the structure is gradually reduced to one consisting only 

of component [9, 12]  

In this section, will try to find the reliability function of mixed system Figure. (2.2) 

as the within steps. 

Step1 

              [             ] 

                   [              ] 

                              

                [            ] 

                    [            ] 

                               

 

e 

b 

f 

d 

h 

g 
a k 

d 
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Figure(3.2)  step1 

Step2  

                 

                

 

 

 

Figure (3.3) step2 

 

Step3  

             [              ] 

                 [                ] 

                              

 

b 

a k 

𝑆  

𝑆  f 

a k 

𝑆  

𝑆  
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                                                       Figure (3.4) step3                 

Step4  

                                

We will study the reliability allocation of this system in the following sections 

. 

Example  (1.3)   

Find the reliability of the system shown Figure  (5.4)  

 

 

 

 

 

 

 

 

Figure (3.5) Example of  mixed system 

 

Solution:- 

k a 𝑺𝟓 

0.65 

0.8 

0.75 

0.75 

0.75 

0.87 0.87 

0.85 

0.9 

e 

 

b 

f 

d 

 

h 

 

g 

 

a 

 

k 

 

d 
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This method involves replacing each parallel path systematically with an identical 

on Single path, and the structure is gradually reduced to one consisting only of 

component. In this section, will try to find the reliability function of mixed system 

Fig. (3.2) as the within steps [10,11].  

 

  Step (1) 

                        [             ] 

                             [              ] 

                                        

                                           𝟗𝟔 

                        [            ] 

                             [            ] 

                                     

                                         𝟗𝟓 

 

 

 

 

 

Figure(3.6)  step1 

Step2  

b 

a k 

cde 

gh f 

0.65 

0.96 

0.87 

0.95 

0.75 

0.87 
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                                         𝟕  

                            

                                        𝟔  

 

 

 

 

 

Figure (3.7) step2 

 

Step3  

            [                 ] 

        [                      ] 

                           

                            𝟖𝟗 

 

 

 

                                                       Figure (3.8) step3                 

                     

a k 

bcde 

ghf 

0.72 

0.87 
0.87 

0.62 

k a 𝐛𝐜𝐝𝐞𝐠𝐡𝐟 

0.89 0.87 0.87 
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Step4  

                         

                       𝟔𝟕 

We will study the reliability allocation of this system in the following sections 

 

3.2.2 Path – Tracing Method 

This method considers any path from a source to a sink. Because of the system's 

performance, there must be at least one path from one end of the reliability block 

diagram to the others long as at least one route exists from start to finish, the device 

is operating  [35 ,6.]  

 

 

 

 

 

 

Figure (3.9 ) Modified mixed system 

 

From Figure (3.9), the paths are 

          

        

        

k 

k 

k 

b a e 

f g a 

h f a 

d b a c k 



     Chapter Three                                The Reliability Allocation  for Mixed Systems        
  

 

03 
 

          

 

              

                                           

                                                                              

 

                                                   

                                       

                                             

                                  

                                                                    

 

                                                                  

                                                                          

 

                                                                  

                                            

          𝟔𝟕 

 

 [31,31]Allocation  System Reliability1.1 

Reliability allocations  for hardware  or software systems will  start  immediately  after the 

models for reliability  have been developed .The  initial  values that are assigned to the 

systems hold be the values specified for reliability 
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metrics for system , or a set of reliability related  values that are more  difficult to achieve 

than those specified. For the functionality aspect, the more aggressive reliability values 

are often  allocated to the  system than the  required ones.    

                                                             

where R is goal the reliability system and   1 ,  2 ,  3 ,… ,  𝑛𝑛   is the reliability 

goal of each component , and  f  has a relationship between reliability system and its 

component and obtained from the reliability analysis of the system to be allocated [26]. 

The allocation of reliability is important in the overall reliability program especially when 

components or vehicles are under development and complex.  Among the advantages of 

reliability allocation, it is  [34 ,35 ,33:]  

1) Reliability allocations for hardware or software systems will starimmediately a fter the 

models for reliability have been developed.The initial values that are assi gned to the 

system should be the values specified for the reliability metricsof the system, or a set 

of reliabilityrelated values that are more difficult to achieve than those specified  for 

the functionality aspect, the more aggressive reliability value sare often allocated to the 

system than  the  required ones.   

2) The parties are responsible for improving their reliability through the use of reliability 

techniques better engineering designs high quality manufacturing processes and 

rigorous and accurate  testing methods 

3) Reliability allocations for hardware or software systems will start immediately after 

the models for reliability have been developed The initial values that are assigned to 

the system should be the values specified for the reliability metrics of the system, or a 

set of reliability related values that are more difficult to achieve than those specified. 

For the functionality aspect, the more aggressive reliability values are often allocated 

to the system than the required ones  [72,72. ]  

4) It is possible that output reliability allocation as input to other reliability tasks. 
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𝟑 𝟒                                [𝟏 𝟏𝟓] 

There are many methods of allocating reliability and these methods vary in how 

much the subsystem dentition is available and the degree of accuracy required. In 

this section, we will look at the most common and used methods, such as 

 

 

 

𝟑 𝟒 𝟏                         

To achieve the overall system reliability objective, this method utilizes all standards 

for all system components and assigns a general reliability target for all components. 

In particular, the reliability results of the individual components in the early design 

stage framework are clear and useful. Thus, it is possible to write as 

∏   
 
                                                                  (3.4) 

Or 

   √ 
 

                        𝑛                                  (3.5) 

Where R  is the required system reliability,     is the reliability requirement 

apportioned to subsystem i and each subsystem has the same reliability. If all 

components are exponential then. 

∑   
 
                                                                    (3.6) 

Where is the maximum allowable failure rate to system 

    is the highest acceptable failure rate of component i. and  

   
 

 
                       𝑛                                            (3.7) 
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My system can be reformulating as the following examples. 

                                                                                      

Example  (1.3)  

          The vehicle (system) consists of an electrical sub-system, motor and a 

structure connected in a series the lifetime of all sub-system is distributed on the 

same amount of importance. If the system reliability goal is (0.98) in operation in 

(24) months, evaluate at this time the requirements of reliability and find the highest 

allowable failure rate of each sub-system. 

Solution:- 

   √ 
 

                  𝑛  

Then 

  
     

    
  

       √    
 

      

                           

 

𝟑 𝟒                          

       This method is based on a series of sub system with fixed failure rates so that 

the failure of any sub system causes the system to fail completely and that the task 

time of the component is equal to the time of the system task.it is assumed in this 

method that all components are Connected in a series and independent from each 

other and widely distributed and have a Common time in the test  [4,79,55.]  

 

In the reliability allocation we use the weighting factor as following Step  
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1) We find weighting factors (Wi) for individual components where 

   
 

∑   
 
   

                       𝑛                                  (3.8) 

 

Where (  ) is the failure rate of component i obtained from historical data or 

prediction. The  factors  the relative likelihood of failure. The larger the value of        

( i) , the more likely the component is to fail. The failure rate goal assigned to a 

variable should then be proportional to the size of the weight, namely the value of 

the weight.  

2) find    which the failure rate allocation to subsystem i depending on the 

  which is the  maximum   allowable failure rate  

Where 

   

                                                                              (3.9) 

and 

     
[    ]

 
                                                      (3.10) 

3) calculate the reliability 

                                                                                         (3.11) 

 

 

Example  (1.3)  
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     A computer consists of three sub- system having consecutive failure rates         

 1= 0.015 ,    2  = 0.018    ,  3 = 0.023 ,  failures per month, select the requirements  

of reliability through (36) mouths in service to achieve total reliability it is  (5.92.)  

Solution 

By equation (3.6) we get 

   
  

∑   
 
   

                       𝑛 

   ∑  

 

   

 
     

                       
 

     

     
           

   
     

                       
 

     

     
           

   
     

                       
 

     

     
           

 Now, by using equation (3.8)  find  λ  where  

  
         

  
            

         

                                   

                                   

                                   

 

Now, we find the reliability per component by using equation (3.9) we get  
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Now the reliability at (36) months is  

                                   

                               (      )                              

 

𝟑 𝟓                           

The importance of reliability, (IR) of component i in a system of n components is 

given by [5, 14]: 

          
     

   
                                                                                            

Where ∂  is the partial derivative,     is the component reliability and  𝑠 is the 

system reliability. This equation's value for reliability importance is determined by 

both the component's reliability and its place in the system 

 

Example  (1.1)  

We have a mixed system consisting of nine equipment's, we will try to find the 

importance of each unit of the system to know its importance in affecting the work 

of the system 

     𝟖𝟕        𝟕𝟓        𝟕𝟓        𝟖𝟓        𝟗   

     𝟔𝟓       𝟕𝟓       𝟖          𝟖𝟕 
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Solution:  

                                                      

                                                                     

                                                               

                                                                    

                                   

 
     

   
                                                   

                                                 

                                           

                                 

 

     

   
                                                            

                                          𝟕𝟕𝟕𝟖 

     

   
                                        

                                                                  

                                                           

                              

     

   
                                                        

                         𝟕𝟗  
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                                                     𝟏𝟖𝟓 

 

     

   
                                               

                                                                  

     

   
                                                      𝟏𝟔𝟑 

 

     

   
                                           

                                                          

                             

     

   
                                                      𝟕𝟖𝟕 
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                𝟏𝟗𝟗𝟑 

 

     

   
                                           

                                                         

                              

     

   
                                                      𝟕𝟑 

 

     

   
                                          

                                           

                  

     

   
                                                   𝟑𝟒𝟏 
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                                              𝟕𝟕𝟕𝟖 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter Four  

                                       

Conclusions  

and  

Future Work               

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

                                                                                                                      

                                                                           



4-1  Conclusions 

 

This research has shown that the mixed system can be transformed to the 

series system by using reduction technique, and this process allowed to us 

study the reliability allocation in order to increase the reliability of given 

mixed system. Although two methods have been introduced in order to 

evaluate the assignment of reliability and select the best one which is to 

help in increasing the reliability of the given system, we noticed that the 

ARINC Approach method is the best of Equal Allocation Technique 

because the first one is more accurate . We were able to explain the 

significance of each system unit and the degree of its effect on the overall 

activity of the mixed system , as well as the fact that duplicating the 

critical units improves system reliability, which is an essential aim for all 

engineering industries. 
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4.2 Future Works  

It is hoped that future studies of in mathematics will study the 
following:  

1- Solving the problems of reliability allocation without using the 
approximation R(t) = 1 – λt.  

2-Studying the optimal allocation since reliability allocation should 
be accomplished in least –cost manner.  

3- Making use of the generalization lagrangian multiplier technique.  

4- Adding new methods for calculating fuzzy reliability allocation.  

5- Presenting practical application for reliability allocation.        
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 الوسخخلص

 

ي ييلخ   ممييع للمميا لثىديي ت لثلت م يما ت  يي في  ذييال لث،ذيخت ر ت،يين المييمق لثلىنىمميا ثخرللييا لثل تم يا    ييت  ل  ا 

 ت، مط ذاه للأرللا إثى د  ب أ  ط ثنل   لث م ما. كل  م  ن  ا نمتمق  ق أجع  ل ثجا ا صمص لثلىنىمميا ثمنلي   

لثل تمط وأيضً  ت  ننلن ف  أذلما كع ود ت ف  رل     تمط ورذ ول ا  ين اأنمنذ  لمى للأدلء لثل   ثمنل   للتل دلً 

 نما إض فا ثتلزيز كف ءت لثىد لت لثت  ثه  اأنمن أك،ن لميى للأدلء لثلي   لمى أذلمته .  نشنح أيض  كمفما ل ت  ل  ا

 .ثمنل   أكثن  ق غمنذ 
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