
Reliability 
Reliability is an engineering discipline for applying scientific know-how to a component, 

assembly, plant, or process so it will perform its intended function, without failure, for the 

required time duration when installed and operated correctly in a specified environment. 

 

Reliability is "quality changing over time" or A motion picture instead of a snapshot 

 

Reliability is a measure of the result of the quality of the product over the long run. Reliability 

terminates with a failure—i.e, unreliability occurs. Business enterprises observe the high cost of 

unreliability. The high cost of unreliability motivates an engineering solution to control and 

reduce costs. 

Reliability is the probability than an item can perform its intended function without failure for a 

specified interval under stated conditions. 

This definition provides the following four aspects of reliability: 

1. Reliability is a probability based concept; the numerical value of the reliability is between 

0 and 1 

2. The functional performance of the product has to meet certain stipulations and a 

functional definition of failure is needed. For example, a failure means different things to 

the user and to the repair person. 

3. It implies successful operation over a certain period of time 

4. Operating or environmental conditions under which product use takes place are specified 

 

Cost of Unreliability 

 

Cost improvement efforts are more productive when motivated from the top-down rather than 

bottom-up because it is a top management driven effort for improving costs. Finding the cost of 

unreliability (COUR) starts with a big-picture view and helps direct cost improvement programs 

by identifying: 

1. Where is the cost problem--what sections of the plant, 

2. What magnitude is the problem--all business loss costs are included in the calculation, 

and 

3. What major types of problems occur 

Cost of unreliability programs study plants as links in a chain for a reliability system, and the 

costs Incurred when the plant, or a series of plants, fail to produce the desired result. 

Cost of unreliability begins with the big picture of failures to produce the desired business results 

driven by failures of the process or it's equipment. Elements of the process are considered as a 

series reliability model comprising links in a chain of events that deliver success or failure. 

Logical block diagrams of major steps or systems are identified. Failure costs are calculated by 

category expecting that history tends to repeat in a string of chance events unless the problems 

have been permanently removed and success demonstrated by objective measures.   

 

DESIGNING FOR RELIABILITY 
 

Reliability does not just happen. It requires that the following three key elements be in place 

1. A commitment from top management to ensuring reliability 

2. A reliability policy (that goes hand-in-hand with a Quality Policy) 



3. A philosophy that designs reliability in at an early stage 

  

WAYS TO IMPROVE RELIABILITY 

 

 Use proven designs 

 Use the simplest possible designs 

 Use proven components that have undergone reliability component testing 

 Use redundant parts in high risk areas. Placing two components in parallel will reduce the 

overall probability of failure 

 Always design fail safe 

 Specify and use proven manufacturing methods 

 

MEASURES OF RELIABILITY 
 

Reliability is the probability that a system will still be functioning at time t. 

 
This can be expressed as “the cumulative distribution of failure” 

 
These two measures are the mirror image of each other (Refer Figure below). The reliability will 

start at 1 and decay to approach 0 over time. The cumulative distribution of failure will start at 0 

(no failures) and approach 1 as all the items fail over time. The slope of the reliability curve at 

any time t is the failure rate at that point in time. These measures give the overall reliability or 

failure at time t 

 
 

Probability density function 

 

We wish to have an idea of the probability of an item failing in a given unit time period. This is 

termed the “probability density function” and is given by 

 



The failure or hazard rate gives the failure density over a period of time as with the “probability 

density function”, but is based on the current population. This gives a much better indication of 

the changing reliability of a system over time. 

 

BATH TUB CURVE 

Most products go through three distinct phases from product inception to wear out. Figure below 

shows a typical life cycle curve for which the failure rate is plotted as function of time. 

 

Infancy / Green / Debugging / Burn-in-period:  

Many components fail very soon after they are put into service. Failures within this period are 

caused by defects and poor design that cause an item to be legitimately bad. These are called 

infant mortality failures and the failure rate in this period is relatively high. Good system vendors 

will perform an operation called "burn in" where they put together and test a system for several 

days to try to weed out these types of problems so the customer doesn't see them. 

Chance failure / Normal Operating Life:  

If a component does not fail within its infancy, it will generally tend to remain trouble-free over 

its operating lifetime. The failure rate during this period is typically quite low. This phase, in 

which the failure rate is constant, typically represents the useful life of the product. 

Wear out / Ageing:  



After a component reaches a certain age, it enters the period where it begins to wear out, and 

failures start to increase. The period where failures start to increase is called the wear out phase 

of component life. 

Reliability Determination 

In the adult or mature phase the failure rate of a component or system is constant. Under such 

conditions the time to failure follows an exponential law, and the probability density function of 

exponential distribution is as given below: 

 

Where ? denotes the failure rate. The Mean time to failure MTTF for the exponential distribution 

is 

MTTF = 1 / ? 

If the failure rate is constant, the MTTF is the reciprocal of the failure rate. For repairable system 

it is also equal to MTBF. 

The reliability at time t, R(t), is the probability of the product lasting up to at least time t. It is 

given by 

 

EXAMPLE: 

Assume we have an automobile that is operating in its mature phase and has the following failure 

history: 

Time to failure (hours): 100 800 1280 2600 

The MTBF is given by: [100+800+1280+2600] / 4 = 1195 hours/failure 

This gives a constant failure rate of: 1 / 1195 = 0.000836 failures/hour. 

What reliability can be expected from the automobile after 40, 200, 1000, and 5000 hours? 

 

  t-hours 40 200 1000 5000 

Reliability 97% 84.6% 43.4% 1.5% 



  

Being able to predict reliabilities is particularly useful in terms of maintenance scheduling of 

machinery. 

Assume a minimum reliability of 0.9 can be accepted from the automobile, at what point would a 

service be required? 

 

Thus, the automobile needs servicing every 126 hours to keep a minimum reliability of 0.9 

SYSTEM RELIABILITY 

Series System: When components are in series and each component has a reliability R i . If one 

component fails, the system fails. 

 

The overall reliability of a series system shown above is: 

R AB = R1 x R2 x R3 

If R1 = R2 = R3 = 0.95 

RAB = R1 x R2 x R3 = 0.95 x 0.95 x 0.95 = 0.86 

R total is always < than R1 or R2 or R3 

Parallel System: When components are in parallel and each component has a reliability Ri. If 

one component fails, the system does not fail. 

 



RAB= 1 - probability (1 & 2 both fail) 

The probability of 1 failing is = (1 - R1 ) 

The probability of 2 failing is = (1 - R 2 ) 

Overall reliability is R AB =1 - (1 - R 1 ) (1 - R 2) 

If R1= 0.9 and R2 =0.8 

R AB =1 - (1 - 0.9) (1 - 0.8) = 0.98 

R Total is always > than R1 or R2 

MAINTAINABILITY 

Maintainability is a design characteristic dealing with the ease, accuracy, safety, and economy in 

the performance of maintenance functions. It may be defined in several ways: 

 The probability that an item will be restored within a given period of time 

 The probability that maintenance will not be required more than x times a given period of 

time 

 The probability that the maintenance cost will not exceed y Rupees in a given period of 

time 

Maintainability is the ease and speed with which any maintenance activity can be carried out on 

an item of equipment. It may be measured by Mean Time to Repair. 

Once a piece of equipment has failed it must be possible to get it back into an operating 

condition as soon as possible, this is known as maintainability. 

To calculate the maintainability or Mean Time To Repair (MTTR) of an item, the time required 

to perform each anticipated repair task must be weighted (multiplied) by the relative frequency 

with which that task must be performed (e.g. no. of times per year). 

Maintenance categories 

 Corrective maintenance: unscheduled maintenance to restore a system to a specified level 

of performance 

 Preventive maintenance: scheduled maintenance to retain a system at a specified level of 

performance 

MEASURES OF MAINTAINABILITY 

Maintenance Elapsed-Time Factors 



 Mean corrective maintenance time (Mc) 

 Mean preventive maintenance time (Mp) 

 Mean active maintenance time (MT = Mc + Mp) 

 Logistic delay time (LDT) 

 Administrative delay time (ADT) 

 Maintenance down time (MDT=MT+LDT+ADT) 

Maintenance Labour-Hour Factors 

 Maintenance labor-hours per cycle, etc. 

Maintenance Frequency Factors 

 Mean time between maintenance 

Maintenance Cost Factors 

 Maintenance cost per system operating period, etc. 

AVAILABILITY  

The ability of an item to be in a state to perform a required function under given conditions at a 

given instant of time or during a given time interval, assuming that the required external 

resources are provided.  

 

Availability at its simplest level 

Availability = Uptime / (Downtime + Uptime) 

The time units are generally hours and the time base is 1 year .    

From the design area of concern this equation translates to 

Availability (Intrinsic) A i = MTBF / (MTBF + MTTR) 

MTBF = Mean time between failures 

MTTR = Mean time to repair / Mean time to replace.  

Operational availability is defined differently 

Availability (Operational) A o = MTBM/(MTBM+MDT). 

MTBM = Mean time between maintenance. 

MDT = Mean Down Time. 



System Availability 

System Availability is calculated by modeling the system as an interconnection of parts in series 

and parallel. The following rules are used to decide if components should be placed in series or 

parallel: 

 If failure of a part leads to the combination becoming inoperable, the two parts are 

considered to be operating in series 

 If failure of a part leads to the other part taking over the operations of the failed part, the 

two parts are considered to be operating in parallel.  

The calculations of system availability are similar to system reliability 

 

 


