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What is Reliability Engineering ?

AReliabilitis anndexof quality over timeand is a reflection of the quality of
design and of the operational integrity of a device.

AFor the purpose of measurement, reliability is usually defined as:

Reliability. theprobabilitthat a component or an equipment or
a system performantended function for a staé¢ebf time
under specifiedp er at I ngQRfcondi t i ons o
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What is Reliability Engineering ?

* The function of reliability engineering is to
U develop the reliability requirements for the system,

U design the system or product to meet the reliability
requirements,

U establish an adequate reliability program, and

U perform appropriate analysis to monitor the actual reliability of
the system or product throughout the life cycle of a system,
iIncluding development, testing, production and operation
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What Is Reliability Engineering ?

« Reliability engineering deals weisttheation and
management of high levels of "lifetime" engineering
uncertainty and risk of failure.

« Reliability ot (solely) achieved by mathematics and
statistics.

AMaintainability and Availability are often defined as part of
AnRel il ability Engineeringo

AReliability engineefimguses on costs of faitaused
by system downtime, cost of spares, repair equipment,
personnel, and cost of warranty claims.
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Maintainability and Availability

The increasing complexity of pigsgrguipment has brought into
focus two other aspects : Maintainability and availability.

When repair is undertaken, the ease with which it is brought back
Into operation reflects, in some measure, the maintainability
character of the equipment. If breakdowns are less frequent and/or
maintainabllity is high, the availability will also be high.

Maintainability and Availability are defined as:

Maintainability theprobabilitthat &ailedcomponent or equipment
or system wilé restored or repaired to a specified cumitna
giverperiodf timavhemaintenands performad accordance
with prescribed proceduhd@).

Availability : the probability that a component or equipment or system
IS performing its required function at a given point in time when used
under stated operating conditions - A(t).
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Reliability Vs. Cost

Three separate cost factors related to the reliability of an item
throughout its life

ADesign & Development

AProduction

AMaintenance & Repair

\/ Total Cost

Minimum

i Production Cost
Design &
Development Cost
% N erance &

Cost

Repair Cost

Reliability
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Quantitative and Qualitative Aspects of Reliability

* Measurements of reliability are nedessaompliance of
customer requirements.

 Howevemeasuring reliability does not make a product
reliable.

* Only by designing for reliability can a product achieve its
reliability targéience, the emphasis on the application of
good engineering principles to ensure product reliability.
|dentification and elimination of possible causes of failure
will obviously help to improve product reliability.
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Why Reliability Engineering ?

* Modern systems and devices are made to operate under a
number axtreme environmental and operating conditions

* The resultirgiressesan affect the working life of the
components and test their endurance to the limit.

Alncreasindghe abilityof the components and the deigces
sustain such stresssgch that they operatelonger
periods of time without fasithe goal otliability
engineering.

AThe costs of unreliabidan bedamagintp a company.
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Why Reliability Engineering @ontinued)

 However, not all systems are required to operate in a falil
free manner through thetirie.

« Many systems can be repaired when they fail. This brings
Into the fore the concepis=oi Iisystem
availablilifytime to repaetc.
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Objectives of Reliability Engineering

« Ultimately, the aim Is to maximize reliability during service
life by:

U optimizing product design and process design to improve
Intrinsic reliability

U providing sufficient margin to meet life requirements
U measurement & control of manufacturing quality
U assuring presence of no systematic faults in the product
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Benefits of achieving high product reliability and maintainability

Favorable company reputation

Improved Customer satisfaction
(unreliable product would severely affect customer satisfaction)

Reduced Warranty costs and unwanted Negative attention
Repeat business

Lower life time cost
(as the product would require fewer repairs or less maintenance)

Competitive advantage
Extended equipment life
Improved employee safety
Better process stability

Customer requirements
(some customers may demand that their suppliers have an effective reliability
program) ,
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Quality Vs. Reliability

* Whilggualitynormally refers to fipecification of performance and
conformande accepted national and internationalebaes|y

specifically refers to how theseargained during the service life
eguipment.
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Reliability as a Basic Design Parameter

* The overall reliability of a product consists of the following
1) Design/Technological reliability

1) Manufacturing reliability

i Use reliability

« Sincemanufacturing and endfaoew the design

process, they candtdest preserve the design reliability
often the reliability reduces at these stages

 |n other words, thesic design reliabistthen-herent
reliabilitgf the product. Hence, design forms the most
Important part in ensuring the reliability of the product.
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Fundamental Quality Characteristics

« Capability
The gquality of the intended function. Determines the quality
of the product or service .

A Reliability : Performance with time

The ability to perform a required function under stated
conditions during a required period of time.

A Maintainability :
The ease of retaining or restoring a required function In

given time. Determines necessary time and resources for
maintenance.
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Fundamental Quality Characteristics

* Maintenance support :

Resources in manpower, manuals, instruments, tools ,
replacement units , spare parts and commodities available
for maintenance.

A Availability :
The resulting operative ability to perform a required function
when needed

=f r acttiiome onup
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R.A.M. and Operative Results

Equipment Characteristics
Controlled by the producer

Operative and maintenance
controlled by the user

Reliability

© of CBEPL

Operative results




Three Classifications of Reliablility Failure
and Old Remedy

Failure Type

Early (infant mortality) Burnin
Wearou{physical degradatior Maintenance

Chance (overstress) In service testing
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Some Reliability Terms

Failure tim@: Age of the item at which some clearly
defi ned event called nfailwu

Mean Time To Fail(Md Tl for nomepairable systems

Mean Time Between Faiforagpairable systems
(MTBI, valid only for exponentially distributed data

 ReliabilitiProbability (survivaf))

» Failure Probabilitymulative density fungtigit)=1R(t)
 Failure Probability Derfigity

» Failure Rate (hazard)r&t or h(t)

Mean residual I{féR1)
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Some Reliability Terms

 f(t); f(x) In generd&robabillity distribution function, a
mathematical model that relates the value of the variable

with the probability of occurrence of that value in the
population.

* F(t).;The cumulative distribution function for a continuous
distribution represents the population fraction failing by age

0t O
* R(1): Reliability function for a life distribution is the
probability of suklityvi val beyoa
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Some Reliability Terms

 Failure rateNo. of failures per unit of time of operation,
expressed as a proportion of the initial population

It denotes the ratio of number of failures to the total number
of operating hours (or some other unit of time).

This term is normally applied to a component

A Hazard rat@r instantaneous failure rate) : No. of failures
per unit of time , expressed as a proportion of the survival
population.

- MTBF / MTT.HReciprocal of Failure Rate (Hazard Rate).
This term is normally applied to a product
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