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GOALS

After finishing this course you should ....

• know the most common concepts and distributions from
lifetime modeling

• be able to use graphical methods for description and
comparison of lifetime data

• be able to use statistical methods for statistical inference
(estimation, confidence interval, hypothesis testing) of
lifetime data

• be able to analyze lifetime data by using computer soft-
ware (MINITAB)
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PRELIMINARY CURRICULUM AND LECTURE PLAN
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RELIABILITY

Common technical definition of reliability:

The probability that a system or a component will perform its

intended task, under given operational conditions, for a specified

time period.

LIFE TIMES (SURVIVAL DATA)

• Time to failure of a component or a system

• Number of cycles to failure (fatigue testing)

• Time to next epileptic seizure for patient

• Times of failure and repair of a machine

7



WHY COLLECT AND ANALYZE
LIFETIME/SURVIVAL/RELIABILITY DATA?

• Assess reliability of a system/component/product

• Compare two or more products with respect to reliability

• Predict product reliability in the design phase

• Predict warranty claims for a product in the market
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SPECIAL ASPECTS OF
LIFETIME ANALYSIS

• Definition of starting time and failure time are difficult

• Definition of time scale (operation time, calendar time,
number of cycles)

• Censored data (what do we do with units that have not
failed within the observation period?)

• Effect of environmental conditions

• What if a unit fails of another cause than the one we
would like to study? (”competing risks”)

• Recurrent events – what if the system can fail several
times; how to analyze recurring stages of a disease?
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BALL BEARINGS FAILURE DATA

Data: Millions of revolutions to fatigue failure for 23 units

17,88 28,92 33,00 41,52 42,12 45,60 48,40 51,84
51,96 54,12 55,56 67,80 68,64 68,64 68,88 84,12
93,12 98,64 105,12 105,84 127,92 128,04 173,40
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TYPICAL PROBLEMS:

• How to estimate the distribution of the failure time when
there are censored observations?

• Probability of failure before 100 hours?

• Failure rate by 100 hours?

• Proportion failed after 10
5 hours?
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RECURRENT EVENTS/REPAIRABLE SYS-
TEMS
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WEIBULL-DENSITIES (α = γ, λ = 1 in terminology of
book)
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WEIBULL-HAZARDS (α = γ, λ = 1 in terminology of book)
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LOGNORMAL DENSITIES (τ = σ, ν = 0 in terminology of
book)

25



LOGNORMAL HAZARDS (τ = σ, ν = 0 in terminology of
book)
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RECALL BALL BEARINGS FAILURE DATA

Data: Millions of revolutions to fatigue failure for 23 units

17,88 28,92 33,00 41,52 42,12 45,60 48,40 51,84
51,96 54,12 55,56 67,80 68,64 68,64 68,88 84,12
93,12 98,64 105,12 105,84 127,92 128,04 173,40
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AIRCONDITION FAILURES ON BOEING AIRPLANES
(PROSCHAN, 1963)
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Motivation for the exponential distribution

• Simplest distribution used in the analysis of reliability
data.

• Has the important characteristic that its hazard function
is constant (does not depend on time t).

• Popular distribution for some kinds of electronic compo-
nents (e.g., capacitors or robust, high-quality integrated
circuits).

• This distribution would not be appropriate for a pop-
ulation of electronic components having failure-causing
quality-defects.

• Might be useful to describe failure times for components
that exhibit physical wearout only after expected techno-
logical life of the system in which the component would
be installed.
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Motivation for the Weibull distribution

• The theory of extreme values shows that the Weibull
distribution can be used to model the minimum of a
large number of independent positive random variables
from a certain class of distributions.

– Failure of the weakest link in a chain with many links
with failure mechanisms (e.g. fatigue) in each link
acting approximately independent.

– Failure of a system with a large number of compo-
nents in series and with approximately independent
failure mechanisms in each component.

• The more common justification for its use is empirical:
the Weibull distribution can be used to model failure-
time data with a decreasing or an increasing hazard func-
tion.
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Motivation for lognormal distribution

• The lognormal distribution is a common model for failure
times.

• It can be justified for a random variable that arises from
the product of a number of identically distributed inde-
pendent positive random quantities (remember central
limit theorem for sum of normals).

• It has been suggested as an appropriate model for failure
time caused by a degradation process with combinations
of random rates that combine multiplicatively.

• Widely used to describe time to fracture from fatigue
crack growth in metals.

• Useful in modeling failure time of a population electronic
components with a decreasing hazard function (due to
a small proportion of defects in the population).

• Useful for describing the failure-time distribution of cer-
tain degradation processes.
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STANDARD GUMBEL AND NORMAL DISTRIBUTIONS
(µ = 0, σ = 1)
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STANDARD LOGISTIC AND NORMAL DISTRIBUTIONS
(µ = 0, σ = 1)
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