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ABSTRACT 

The reliability is an important branch of Mathematics & statistics and working according to the needs of 

changing in the technology. The theory of the reliability is a separate discipline began in 1961 with the 

publication of Multi-component systems and their structures. In this paper author deals with some important 

mathematical tools and their applications in the theory of reliability. The analysis of the given model is 

performed with the help by some mathematical tools as algebraic Technique, Boolean function technique, 

Supplementary variable technique, Regenerative point technique, Numerical technique etc. To enhance the 

system reliability of the system we can use some of the important methods as parts improvement methods, 

effective and creative design, system simplification, use of over-related components, structural redundancy, 

maintenance and repair. 

 

1. INTRODUCTION AND HISTORY 

The development of Science and technology and day to day increasing needs of modern society are racing 

against each other. Industries are trying to instigate more and more automation in their industrial processes in 

order to meet the ever-increasing need of society. The improvement in the efficiency of such compound 

systems has therefore acquired special significance in the recent years. The adage “Necessity is mother of 

invention” is true in the case of reliability too. The importance of reliability and quality control was born out 

of the demands of modern technology used in World War II. With significant advance in design and 

development of highly complex equipment in the field of missile  and space technology, beginning around 

1950’s and the use of such equipment under high stress condition and relatively unknown environments, the 

problem of performance failure began to demand increase attention. During the1950’s, other countries such as 

Britain and Japan to take keen interest in application of reliability principles to their products. 

 

2. RELIABILITY THEORY, CONCEPTS AND NEED 

Reliability theory developed apart from the main stream of probability and statistics. It was originally a tool, 

to help nineteenth century maritime insurance and life insurance companies compute profitable rates to 

change their customer. 

Reliability is an important consideration in planning, design and operation of system, people always expect, 

train to be on time, electric power not to fail. User always remains interested in a satisfactory performance of 

the system for a longer duration. So the question of reliability hunts everyone-from the ultra-high reliability 

space user to the low cost common consumer on the street, from political leaders to industrials mangers, from 

academicians to the practicing engineer. Reliability characteristics, such as probability of survival, mean time 

to failure availability, mean down time and frequency of failures are some of the measures of system 

effectiveness. Therefore, industries look forward towards mathematicians to develop such models that can 

provide them solutions of those problems which can predict, estimate or optimize the probability of survival 
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and mean life of components and system. This has made research in the theory of reliability more important in 

the present day context. 

Any manufacturing industry is basically a profit making organization and no organization can survive for long 

without minimum financial returns for its investment.  So a high degree of reliability is also desirable from the 

economics point of view so as to reduce overall costs.  There must be an optimal balance between reliability 

aspect of a product and its cost.  There are many reasons such as better quality of materials used in production 

higher degree of skills required and other many factors which increase the cost of the production.  No 

equipment can be perfectly reliable, in spite of the best efforts of designers.  The equipment is likely to fail 

during its operation, which might be costly in terms of money and time or sometimes dangerous in terms of 

safety national, prestige and security. 

The important branch of Mathematics and statistics is reliability.  It is working according to needs of changing 

technology.  In all over world, Scientists, Engineers, Mathematicians and Statisticians have been working 

together in the field of reliability. Various colleges, universities have acknowledged it as a major subject in 

their curriculum.  Prof. F. Proschan is called the father of reliability because of his pioneering work in the 

field of reliability theory. 

The basic definition of reliability was given by Robert Lusser (1960) at a symposium in San-Diago. 

According to him “Reliability is broad term that focuses on the ability of a system (or product) to perform its 

intended function.”  In other words, it is the probability that the system performs its intended function 

adequately for a given period of time under the stated operating conditions or environment. The definitions of 

reliability depend on four key elements: 

 The quantification of reliability in terms of probability. 

 A statement defining the required product performance. 

 Time- It is period during which the system is expected to function without failure. 

 A statement defining the environmental condition in which the equipment must operate. 

 

3. RELIABILITY DIMENSIONS 

3.1 Reliability 

Reliability of a system is the probability that the system or a unit will be able to operate in satisfactory manner 

for a given period of time when used under specified operating condition was given by Balagurusamy, E. in 

1984. 

Mathematically, if T  is the life time of the system then the reliability or the survival function of the device at 

time t  is 
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where (.)f  and (.)F  are the p.d.f and c.d.f of life time T  respectively. Here duuf )(  denotes the probability 

that the system fails during time interval ),( dttt  .The reliability is always a function of time. It also 

depends on environmental conditions, which may or may not vary with time. 

3.2 Human Reliability 

In Spite of Increasing application of automation techniques in industries and other organizations, it is 

impossible to completely eliminate the human involvement in the operation and maintenance of systems. The 

contribution of human-errors to the unreliability may be at various stages of the product cycle. Failure due to 

the human-error can  happened due to lack of understanding of the equipment, lack of understanding of the 

process ,carelessness, forgetfulness, poor judgmental skills, absence of correct operating procedures and 

instructions and the physical inability. 
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3.3 Availability 

Availability integrates both reliability and maintainability parameter. It is the probability that the system will 

be able to work satisfactory within tolerances at any instant of time. Mathematically, let }0),({ ttX  be the 

performance process of a system, i.e. for each )(, tXt is a random variable defined as  
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Then the point-wise availability may be expressed as  
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Clearly, )(tA  will be different in both cases when 0)0( x and 1)0( X . We also note that reliability is a 

uniformly non increasing function defined in an interval while availability is a function defined at epoch. 

3.4 Mean time to system failure (MTSF) 

The time taken by a system to reach into the failed state first time is known as time to system failure (TSF) 

and its expected value is termed as mean time to system failure (MTSF). 

Let T  be the survival or life time of a system and (.)f and (.)F  be the p.d.f. and c.d.f. of T  respectively then 
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Where )(tR  is the reliability of the system at time t , and is )(
*

0 sR is its Laplace transform. 

3.5 Mean Sojourn time in a state 

The expected time taken by the system in a particular state before transiting to any other state is known as 

mean Sojourn time or mean survival time in that state.  

Let iT be the sojourn time in any state iS (say) then mean sojourn time i  in state iS  is given by  

dttTP ii   )(
 

 

4. CONCEPT OF FAILURE 

The specific causes of failures of components and equipments in a system can be many. Some are known and 

others are unknown due to the complexity of the system and its environment. A few of them are the poor 

design (components or system), wrong manufacturing-techniques, lack of total knowledge and experience, 

complexity of equipment, poor maintenance policies, organizational rigidity and complexity and human 

errors. 

A deviation in the properties from the prescribed condition is considered as a fault. A state of fault is known 

as "failure". 

An item is considered to have disastrous in one of the following three conditions: 

 When it becomes completely inoperable. 

 When it is still operable but is no longer able to perform as required e.g. a 12 volt battery providing 3 

volts instead of 12. 

 When a sudden serious deterioration makes the item unsafe for its further use.  

In general, an item may experience any of three phases of failure during its complete life cycle of operation 

(apart from the failure due to charge in operating and environmental conditions) 
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4.1 Initial failure or infant mortality 

In the beginning, due to the defective design or poor manufacturing of a unit/system, a high rate of failure may 

be experienced and is the significant cause of failure. These failures can be eliminated by operating the item 

for several hours and replacing the failed components with tested and good components. The concept of 

warranty of an item is based on initial failure.  

4.2 Chance or Random failure 

After initial failures, for a long period of time of operation fewer failures are reported but it is difficult to 

determine their cause. These failures occur due to sudden stress accumulation beyond the design strength of 

the component. Such failures can never be predicted or eliminated but the effect of this type of failures can be 

minimized by duplicating the components (also referred to as redundancy).  

4.3 Wear out failure 

As time passed on the units get outworn and begins to deteriorate. A gradual change in the value of the 

parameters determining the performance of the units result and when these parameters go beyond the limits of 

admissibility the units fails. This region is called the wear out region and such kinds of failures are called wear 

out failure. In this period, the failure rate increases. The effect of wear and tear can be minimized by proper 

maintenance of the item.  

 

5. RELIABILITY OPTIMIZATION THROUGH REDUNDANCY 

It is possible to achieve high reliable system using less reliable elements by using the redundancy. However 

redundancy increases product cost, weight and complexity of the system substantially. It is therefore, essential 

to optimize reliability of the system by keeping constraints like cost, weight, volume etc. 

In fact, there may be specific constraints on cost, weight and volume or even an optimal allocation of 

redundancy itself to maximize system reliability. In series – type of systems consisting of k stages (or sub 

systems) function if and only if each stage function. Even with this constraint, a number of distinct variations 

of the basic problem exist. Redundant units may be operating actively in parallel and thus be subject to failure. 

Alternately they may be serving as spares to be used in succession for replacement of failed units. The first 

type of redundancy is sometimes referred to as parallel redundancy and the second type is referred as stand by 

redundancy. 

Reliability of a system can be improved by several ways, but one should prefer to use only those approaches 

which are more suitable to the operating conditions and cost restrictions. The most effective methods of 

increasing reliability are the methods, which are used in designing methods. The other way is to provide repair 

and maintenance to the system at the time of need. Some important techniques are as follows. 

Redundancy is the provision of alternative means or parallel paths in a system for accomplishing a given task. 

We know that a unit /system is composed of a number of components or elements and to make the system 

highly reliable we have to use high reliable components. Sometimes either it is not possible to produce highly 

reliable components or the cost of producing such components is very high.  

In a redundant system either one of the component/unit is sufficient for the successful operating of the system. 

But to assure high reliability of the system, we introduce alternative components/units to help the successful 

operation of the system in case of failure of one or more components/units. These alternative 

components/units are called the redundancy in the system.  

In redundant system, more units than required are used so that when the failure occurs in a system, it does not 

stop functioning.  

A few examples of such systems or sub-systems where redundancy is extensively used are as interconnected 

power systems, protective systems for nuclear reactors, aircraft propulsion systems, satellite communication 

systems, ignition systems for rocket engines, temperature control systems for space vehicles and the data-

processing systems etc. 
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6. IMPORTANT MATHEMATICAL TOOLS USING TO FIND THE RELIABILITY 

6.1 Boolean function Technique 

Boolean algebra finds its extensive use in evaluation of reliability and safety procedures due to consideration 

that components and system can present in either success or failure state. Consider a variable X that denotes 

the state of a component and assume “1” represents success and “0” represents failure. Then, the probability 

that X is equal to 1, )1( XP  is called the reliability of that particular component. Depending upon the 

configuration of the system, it will also have a success or failure state. Based on this binary state assumption, 

Boolean algebra can be conveniently used. 

6.2 Algebraic function Technique 

 In This technique we use the theorem of summation of probabilities of compatible events, viz. 
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the probability of the successful operation of the function f ,i.e. reliability of the system have n components, 

is given by 
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6.3 Supplementary variable Technique 

In 1955 Cox developed a technique known as “Inclusion of Supplementary Variable”. In This technique a 

stochastic process can be made Markovian by adding some supplementary variables. The importance of 

inclusion of supplementary variable technique in the literature can be shown by considering a system in which 

repair follows general distribution. The calculation of the availability of a system with elements exhibiting 

dependent failures and involving repair or standby operation is, in general, complicated and several 

approaches have been suggested to carry out the computations. In case the failure and repair rates are variable 

then it loses its Markovian property. By Introducing supplementary variables, the non Markovian character of 

the system is changed to Markovian. This was used by Garg (1963) for the first time.  

6.4 Regenerative point Technique 

Regenerative point technique is used for the reliability analysis of a stochastic system. A regenerative process 

is a class of stochastic process with the property that certain portions of the process can be treated as being 

statistically independent of each other i.e. a regenerative state has the property that as soon as the system 

enters it, its further development is independent of the past history. 

6.5 Numerical Technique 

In actual practice it is not easy to solve the reliability model of various complex systems due to very large 

number of states present in the model. This problem can be sorted out, if we use numerical technique to solve 

the reliability model in place of Laplace Transform Technique. In this method the system of differential 

equations can solve by any appropriate numerical method for system of differential equations. This gives us 

the probability of all the states involved in the model at any time t. 
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