
Subject-ReliabilityEngineering

DEFINITIONOFRELIABILITY

“Reliabilityistheabilityofanitem toperform itsintendedfunctionunderstated
operationconditionsforagivenperiodoftime.”

Thedefinitionstressesonfoursignificantelements:

1.Probability

2.IntendedFunction

3.Time

4.OperatingConditions.

1.Probability

Considerationofvariationmakesreliabilityaprobability.Itispossibletoidentifythe
frequencydistributionofanitem,whichpermitspredictionoflifeoftheitem.e.g.,the
probabilityofanitem functioningis0.85for60hoursindicatesthatonly85timesoutof
100,wewouldexpecttheitem tobefunctioningforaperiodof60hours.

2.IntendedFunction

Foranitem tobereliable,itmustperform acertainfunctionssatisfactorywhencalled
upontodo,whileconsideringthereliabilityofanitem,thecriteriaofwhatisconsidered
astherequiredfunctionhavetobeexactlyspelledoutinadvance.Thus,criteriamust
beestablishedinallcases,whichclearlyspecifyanddefinewhatisconsideredas
intendedfunction.

3.Time
Timeisthemostimportantfactorintheassessmentofreliability,sinceitrepresentsa
measureoftheperiodduringwhichonecanexpectacertaindegreeofperformance
from anitem.

4.StatedConditions

Theapplicationandoperatingcircumstancesunderwhichanitem isputtouseisan
importantcomponentofreliability.Astheoperatingconditions,changethereliabilityof
anitem alsochanges.Operatingconditionssuchastemperature,humidity,torque,and
corrosiveatmosphereallhaveadefiniteeffectonperformance.

Thus,reliabilitycanbestatedasfollows:
“Thereliabilityofa60wattsincandescentbulbhasbeenestimatedtobe0.95for1200
hoursproviding20candlesoutputunder180-230voltsandatnormalenvironmental
conditions.”

Failureofanitem representsunreliability.Thus,tocomputethereliabilityofanitem,itis
necessarytounderstandtheconceptoffailure.Adeviationinthepropertiesofanitem
from theprescribedconditionsisconsideredasfault.Astateofthefaultisdenotedas
“Failure.”
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Anitem isconsideredtohavefailedunderoneofthefollowingconditions:

1.Whenitbecomescompletelyinoperable.

2.Whenitisstilloperable,butnolongerabletoperform arequiredfunction.
3.Whenaseriousdeteriorationmakestheitem unsafeforitscontinueduse.

CausesofFailures:

Therearemanyspecificcausesoffailuresofcomponentsandsystems.Duetothe
complexityofthesystem,someareknownandsomeareunknown.Someofthecauses
offailuresare:

•Deficienciesindesign.

•Improperselectionofprocessandmanufacturingtechnique.

•Lackofknowledgeandexperience.

•Errorsofassembly.

•Improperserviceconditions.

•Inadequatemaintenance.

•Variationinenvironmentalandoperatingconditions.

•Humanerrors.

NatureofFailures:

Anitem mayfailinmanyways.Anunderstandingofthesefailureshelpintaking
appropriatecorrectivemeasuresforachievingbetterreliability.Thedifferentmodesof
failureare:

1.CatastrophicFailures:Inthiscase,anormallyoperatingitem suddenlybecomes
inoperative.Example:Blowingofafuseorelectricbulb.

2.Degradation(Creeping)Failures:Thesefailuresoccurgraduallybecauseof
changeinsomeparameterwithtime.Example,changeinresistancewillaffect
theperformanceofaresistor.

3.IndependentFailures:Thesearethefailures,whichoccurindependentlyand
doesnotdependonfailureoftheother.

4.SecondaryFailures:Asecondaryfailureoccursasaresultofsomeprimary
failure.

5.FailureduetoImproperHandlingandMisuse:e.g.,overloading(stressing
beyondthecapacity).
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PhasesofFailures(BathTubCurve):

Analysisoffailuredatahasshownthatfailuresingeneralcanbegroupedintodifferent
modesdependinguponthenatureofthefailure.Whenalargenumberofunitsareput
intooperation,itislikelythatthereislargenumberoffailuresinitially.Thesefailuresare
calledInitialFailuresorInfantMortality.Aftertheinitialfailures,foralongperiodoftime
ofoperationfewerfailuresarereportedbutitisdifficulttodeterminetheircause.The
failuresduringthisperiodareoftencalledrandom failuresorcatastrophicfailures.
Thisistheperiodofnormaloperation.Asthetimepasses,theunitsgetwornoutdueto
wearandtearandbegintodeteriorate.Hereinthisperiod,thefailuresareduetowear
andtearandduetoageing.Thisregioniscalledthewearoutregion.

Thesethreephasesoffailuresarerepresentedinbelowfigureandthecharacteristics
ofeachphaseareshownintablebelow

Fig:BathTubCurve
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Table:CharacteristicsofVariousPhasesofBathTubCurve
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MEASURESOFRELIABILITY:

1.FailureRate

Failurerateisexpressedintermsoffailuresperunittime,i.e.,asfailuresperhour,or
failuresper100or1000hours.Failurerateistheratioofnumberoffailures(f)duringa
specifiedtestintervaltothetotaltesttimeofitemsundergoingtest.

2.MeanTimeBetweenFailures(MTBF)

MTBFisreferredtoastheaveragetimeofsatisfactoryoperationofthesystem.Larger
theMTBF,higheristhereliabilityofthesystem.Itisapplicabletorepairablesystems
andisexpressedinhours,e.g.Ifanitem fails8timesoveraperiodof40,000hoursof
operationtheMTBFwouldbe500hrs.Duringtheoperatingperiod,thefailurerateis
fairlyconstantMTBFisthereciprocaloftheconstantfailurerateortheratiooftest
timetonumberoffailures.

3.MeanTimeToFailure(MTTF)

Thisisapplicabletonon-repairsystems.Themeantimetofailureisexpressedasthe
averagetimeanitem isexpectedtofunctionbeforefailure.Ifwehavethelifetest
informationon‘n’itemswithfailuretimest1,t2,...tn,thenthemeantimetofailureis
definedas


