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Katarína JANOŠKOVÁ, Pavol KRÁ�

RELIABILITY THEORY 

Abstract 
The contribution deals with the issue of reliability theory and its principles used in the field of 

reliability engineering. The contribution focuses attention on the mutual linkage among risk 
engineering, quality engineering and reliability engineering, defines the term of reliability and 
clarifies reliability theory in general. The article gives an overview of the most frequently used 
indicators widely used in reliability theory such as probability density of failure occurring, mean and 
(high) failure rate, mean time between failures, mean time to failure, average life etc. and briefly 
defines selected reliability systems used in reliability analyses. 

INTRODUCTION 
Reliability is considered to be a qualitative characteristic with regard to processes, systems 

or devices determined by other characteristics such as durability, usability, safety, 
sustainability, reliability and lifetimes of processes, systems, devices and their parts. The 
above mentioned characteristics are prerequisites to ensure their proper functionality. 

Reliability theory is deemed to be a significant tool applied in any process or system while 
not referring only to mechanical systems. In the context of reliability theory the term 'system'
is referred to, more generally, as a system or a scheme encompassing tangible, intangible, 
organisational, economic, transport, ecological, political systems etc. 

1. SCOPE AND BASIC DEFINITIONS 
Reliability theory underpins reliability engineering, which along with quality engineering 

makes an integral part of the risk engineering (Figure 1). Reliability theory presents a 
comprehensive body of theoretical and empirical knowledge arranged in mathematical, 
mathematical and statistical and probability knowledge framework, mathematical models and 
systems thinking. The theory is seen as a major interdisciplinary field (techno-economic) 
outputs of which may also contribute to other sciences and applied disciplines. The utilization 
of reliability theory can be found in all business processes where the emphasis on reliability, 
safety and uptime operation is of the utmost importance. Understanding of reliability theory 
essential methods and best practices (applied) is the crucial need/stipulation/condition for 
grasping/understanding the risk theory. 
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Figure 1. Risk engineering and quality engineering and reliability engineering mutual linkage  

Source: own processing according to TICHÝ, M.: Ovládání rizika. Analýza a management. Praha: C. H. Beck, 
2006. ISBN 80-7179-415-5. 

A very basic concept of reliability theory is based upon so called general reliability theory,
where numbers of "reliability subtheories" exist and which are typical for the spheres they are 
applied to (e. g. economics, transport, logistics, agriculture etc.). Each "reliability subtheory" 
has its own peculiarities resulting from the development of general reliability theory and 
further adaptation to the nature of individual systems and processes where this is applied 
while still may overlap (Figure 2). 

Figure 2. Reliability theories

Source: own processing according to TICHÝ, M.: Ovládání rizika. Analýza a management. Praha: C. H. Beck, 
2006. ISBN 80-7179-415-5. 

It is possible to specify the term reliability in different ways, depending on a particular 
field which reliability theory is applied to. In general, we shall define reliability as an ability 
of subject or process to perform intended function in a predefined space during the 
intended period of time or as a likelihood of subject (device, machine, system and process) 
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to sufficiently perform required functions under the specified conditions and during the 
limited period of time. 

It is necessary to define clearly all conditions referred to in a definition (intended function, 
predefined space, estimated time) and meet conditions of reliability (mathematical and those 
of probability) which allow assessing whether the studied subject or process works well and 
design subject or process to be reliable under the specified circumstances in order to ensure 
proper application of reliability theory. 

2. RELIABILITY INDEX 
Reliability index mean quantities (parameters) applied within the reliability theory. Firstly, 

it is essential to set reliability function which is derived from failure distribution function: 

( ) ( )
t

F t f t dt
−∞

= �       (1) 

where f(t) means probability density function as stated in the formula below: 

( )( ) dF tf t
dt

=  or ( )( ) dR tf t
dt

−=     (2) 

Reliability function operates as an ancillary function to failure distribution function: 

( ) 1 ( )R t F t= −      (3) 

Reliability function plus failure distribution function equals 1: 

( ) ( ) 1F t R t+ =      (4) 

Mean failure rate is a quantity indicating the speed of which system failures occur in a 
certain period of time. It is also known as damage proportional rate. 

0

( ) ( )
t

t h t dtλ = �      (5) 

High failure rate is stated in the formula below: 

( )( )
( )

f th t
R t

=      (6) 

Failure rate quantities depend on time. On the basis of their development is possible to 
recognize tri particular periods as show on the bathtub curve below (Figure 3). 
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Figure 3. Bathtub curve

The first period (early failure period) indicates failures mainly due to poor quality, while 
the second period (during the lifetime) covers failures due to e. g. system overload or 
congestion. This is normally acceptable failure rate arising from active use. However, the last 
period includes failures due to subject wearout. It is necessary to consider innovation of a 
subject or elimination when speaking about this period. 

MTBF, MTTF and lifetime (or mean lifetime) are quantities which belong to up-to-date 
quantities within reliability theory. 

Mean Time Between Failure is period during which subject should work well (without 
failure) under the specified conditions. This is frequently occurring quantity used only with 
subjects that are possible to repair or capable of working again after having experienced 
failure. 

( )T tMTBF
r

=  or 1MTBF
λ

=      (7) 

where: 
T(t) – overall operational time 
r – number of failures 

Mean Time To Failure means envisaged time to failure. This quantity is defined for non-
repairable subjects. In case of using repairable subjects represents an envisaged time to first 
failure. 

0

( )MTTF R t dt
∞

= �      (8) 

Average Life Ø means an average mean time to failure (MTTF) of all parts of subject. 

1
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       (9) 
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where: 
ti – time to failure of i-th part of subject 
n – total number of subject parts 

3. RELIABILITY SYSTEMS 
Reliability theory is essential in that it offers universality. It is possible to apply the theory 

within mechanical and also within non-mechanical systems. Reliability theory principles 
come from an analytical concept of each system and system is seen as a whole made up of a 
number of parts (elements) of reliability (reliability subsystems). In practice, we mainly come 
to do with 3 basic types of these reliability systems: 
– serial circuits system 
– parallel circuits system 
– mixed circuits system 

Serial circuits system (Figure 4) is failure sensitive, as far as any failure of a single part 
in a system causes failure of a system as a whole. This is the simplest form of the system. 

Figure 4. Serial circuits system

Parallel circuits system (Figure 5) is more complex compared to serial circuits system. 
Failure of single part may but not necessary causes a failure of the system as a whole. 
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Figure 5. Parallel circuits system

Mixed circuits system (Figure 6) is based on making use of the benefits of both above 
mentioned systems. Prevailingly and in most cases is such system able to continue working 
when experiencing failure of its part. In this case, the reliability of the system as a whole is 
the highest.

Figure 6. Mixed circuits system
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CONCLUSION 
Reliability theory is an effective tool used in all spheres of business. It enables us to 

evaluate reliability of working of mechanical and non-mechanical system and predict failures 
in time. The tool further allows judging the reliability of a system as a whole as well as of its 
parts individually, mindful that the more complex system is the more demanding but less 
precise reliability estimation is. The fact that system unsoundness largely depends on its 
quality declares the significance and power of the mutual relation among quality engineering, 
reliability engineering and risk engineering. 

This article is an output of scientific project VEGA 1/0357/11 KLIEŠTIK, T. and col.: 
Research on the possibility of applying fuzzy-stochastic approach and Corporate Metrics as 
tools of quantification and diversification of business risk.�
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