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Major reliability distributions 

Time to failure is a random event →Probability distribution 

Discrete or Continuous ?? 

Constant failure rate models

• Exponential Reliability function (cont.)

• Poisson process (discrete)

Time dependent failure rate models

• Weibull distribution (cont.)

• Normal distribution (cont.)

• Lognormal distribution (cont.)
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Discrete

RVs can take discrete 

values, countable, …

Ex: 

• number of demands 

of failure,

• Analyze one-shot 

systems 

• Number of successful 

launches of a missile 

out of ‘n’ launches.   

Continuous

RVs can take continuous values, 

not constrained to distinct 

discrete values, 

Ex:

• time to failure over an interval

• Successful launch of missile 

depends on 

• Age,

• Time spent in storage…

Problem has to be treated as 

continuous one. 



Constant rate : Exponential reliability Function

• Constant failure rate (CFR) → exponential probability 

distribution

• Most common failure model :  
• failure due to random events, 

• Prevalent during ‘useful’ life of component. 

Assume :  

• Implies: variability of failure times increases as MTTF decreases.
• often , observed in practice. 

• Also, 

• implies: component having CFR has slightly more than ‘one-third ’

of chance to survive its MTTF.  
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Some properties:  

• Memory lessness: T (time to failure) is independent of 

how long the component has operated !! 

• probability that component operates for next 1000 Hrs is same

if component is new, aged, or already operated for 1000 Hrs !!

• CFR  does not take into account age, degradation, wear etc. 

• complete random failure nature. 

• T depends on length of operating time not current age. 

Exponential reliability Function
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Two parameter exponential distribution

• If failure never occurs before time t0, then t0 

is minimum time = guaranteed lifetime.

• then , t0 shifts the distribution on right of x axis. 
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Constant rate:  Poisson Process

If,

• component having constant failure rate     is immediately repaired,

• replaced upon failing, 

then, number of failures observed over time interval (0,t) -→ Poison distribution

• Posisson distribution is discrete distribution (not continuous like before! )

• Consider       as  random variable , time between failure i-1 and i , with exponential distribution 
with failure rate     . 

• Then, time of kth failure,      is sum of k exponential random variables:

• → Gamma Distribution (see Probability course) , 

then CDF: (kth failure will occur by time t )  
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Remarks: 

• What is the probability of having no failure in time t ??

• Poisson process used in inventory analysis to determine 

number of spare components when time between failures 

is exponential. 
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Time dependent Failure models :  Weibull distribution

• used to model : increasing failure rate as well as decreasing failure rates. 

• Characterized by hazard (failure) rate function as:

• Mathematical convenience:   
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Weibull distribution

→ shape parameter. 

For :  

• for            PDF shape is similar to Exponential 

• for larger values , Ex:              symmetrical shape like 

Normal Distribution. 

• For                     PDF is skewed.  

• For            ,                  , a constant , distribution →exponential. 
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Weibull distribution

→ shape parameter. 

When           : 

• 63.2% of Weibull failures occur by time

regardless of the value of shape parameter  
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Weibull distribution

→ scale parameter :  influences both mean and spread of 

distribution.

As      increases, reliability increases at a given point in time. 

Slope of failure rate decreases as         increases.  

: characteristic life. 
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Weibull :  Design life and Median

• Given a desired  reliability R,

design life is found from: 

Remarks:  When R=0.99, 

• t0.99 is referred B1 life → time at which 1% of population has failed! 

• t0.999 is referred B.1 life → time at which 0.1% of population has failed! 

Median gives good central measure of skewed distribution. 

For small              : median is better than mean for central tendency. 

Median time to failure: 

JHA Mayank , Email:  mayank-shekhar.jha [at] univ-lorraine.fr 13

( / )( ) tR t e R−= =


1/( ln )Rt R= − 

3

1/ 1/

0.5 ( ln 0.5) (0.69)medt t= = − =  



Weibull distribution:  Conditional Reliability

• Consider a burn-in period      , then conditional probability : 
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Weibull distribution:  Three parameter Weibull

• Consider a minimum life    ,                  → three parameter Weibull assumes no failure takes place 
before t0.
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Normal distribution

• Used mostly to model :  fatigue, wear-out phenomena. 

• Bell shaped curve. 

• No closed form solution to above. Must be solved  numerically.

• Normal → not a true representation of failure distribution. 

Why? RV ranges as  

• reasonable approximation of failure process. 
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Normal distribution

Consider transformation:                      mean =0, variance=1
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Log normal distribution
• Normal distribution has RV range as:

• Modification to constrain RV in non-negative real domain. 

• Like Weibull, it takes many shapes. 

• Usually, data that fits Weibull , it fits Log normal. 
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Sources of Failure Data 

Organisations: 

• Reliability Analysis Center (RAC) : Nonelectronic Parts Reliability Data (NPRD) reports by US Airforce.

• Defense Technical Information Center : Reliability data for defense equipment.  

• Parts Reliability Information Center (PRINCE):  Reliability of systems related to space

• Institute of Electrical and Electronics Engineers (IEEE) : failure data concerning various electrical related 
items.

Data Banks: 

• Nuclear Plant Reliability Data System (NPRDS):Failure data on equipment used in nuclear power plants. 

• Equipment Reliability Information System (ERIS): failure data on equipment used in electric power 
generation.

• SYREL: Reliability Data Bank: failure data on equipment used in power generation (UK).

• OREDA (Offshore Reliability Data) - version 4 (2002) : recueil européen concernant  les matériels des 
compagnies pétrolières. 

• IEEE Standard 500 - 1984 (États-Unis) - Guide to the Collection and  Presentation of Electrical, 
Electronic, Sensing Component, and Mechanical  Equipment Reliability Data for Nuclear Power 
Generating Stations 
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Guide : Fides (reliability)

• reliability calculation for electronic components and systems. 

• Fides is a DGA (French armament industry supervision agency) study conducted by a European 
consortium :

Airbus France – Eurocopter – GIAT Industries – MBDA Missile systems – THALES Airborne

Systems – THALES Avionics – THALES Research & Technology – THALES Underwater Systems
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Annex :  Student t distribution Chart
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