ISE 427 Course Notes on the Mathematics of Reliability

(using examples from Benbow and Broome text)
Example 2.1    Ten randomly selected nonrepairable products are tested to failure and their failure times in hours are listed below. Determine the appropriate mean life. 
	132  140  148  150  157  158  159  163  163  168

	MTTF  = Sum of times to failure / number of items tested = 153.8 hours


Example 2.2    One hundred repairable items are tested for 1000 hours each. Failed items are promptly repaired and returned to the test. A total of 25 failures occurred during the test. Determine the appropriate mean life. 

	

	MTBF  = 
(Number of items tested)*(Number of hours in the test)/ Number of failures = 
100 items * 1000 hours / 25 items = 4000 hours


Example 4.11    The exponential distribution is used to model time to failure for a product assuming a constant failure rate. 
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b) Find the probability of failure at 1000 hours if the failure rate (λ) = .00053 per hour. 

Solution:  Use the PDF to find the probability of failure at a certain time.      f(1000) = .00053 e -.00053*1000 = .00031

The probability of failure at 1000 hours is about .031%.
c) Find the probability of failure during the first 1000 hours if the failure rate (λ) = .00053 per hour. 

Solution:  Use the CDF to find the probability of failure up to a certain time.    failure (upto1000hours) =  1 - e -.00053*1000 = .41
We expect that 41% of the units will have failed by 1000 hours.

Example 4.12    The exponential distribution is used to model reliability for a product assuming a constant failure rate. 

Use the CDF to find the reliability at a certain time. 
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Find the reliability at 1000 hours if the failure rate (λ) = .00053 per hour. 

Solution:  Reliability (1000hours) =  e -.00053*1000 = .59

We expect that 59% of the units are still operating after 1000 hours.
Example 4.13    The Weibull distribution may be used to model reliability for a product that does not have a constant failure rate (λ). The shape parameter (β) and the scale parameter (η) can be varied to approximate empirical data. 
A product’s time to failure has a Weibull distribution with the shape parameter (β) equal to .72 and the scale parameter (η) equal to 10.000.  Find the reliability at 200 hours. 

Solution: The CDF of the Weibull distribution is 
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Reliability for a product that is modeled using the Weibull function is
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We expect that 94% of the units are still operating after 200 hours.

*** NOTE ABOUT USING THE WEIBULL FUNCTION IN EXCEL ***
Excel defines Weibull PDF as
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Excel defines Weibull CDF as
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The function syntax is:
WEIBULL(x,alpha,beta,cumulative)

X   is the value at which to evaluate the function.

Alpha   is a parameter to the distribution.

Beta   is a parameter to the distribution.

Cumulative   determines the form of the function.

To calculate Reliability based on the cumulative Weibull function in Excel,   enter the shape parameter as alpha, enter the scale parameter as beta, and enter TRUE for cumulative.
Reliability for Example 4.13 in Benbow   

=1-WEIBULL(200,.72,10000,TRUE) 

= 0.941947663

*** HOW TO USE THE WEIBULL FUNCTION IN MINITAB ***

Minitab asks for the shape parameter, the scale parameter and the input constant (time).
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