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Reliability Analysis

Problem Description

A dimension of the quality of a product’s design is reliability. Reliability refers to the probability that the product will be functional when used. For example, reliability of a product being 95% means that 95 out of 100 products produced will perform as intended for a stated period of time, under specified operating conditions.

Failure rate is a measure used to ascertain reliability of a product or a process. For products that must be replaced because they are dysfunctional, a relevant measure of interest is the mean time to failure (MTTF), and for products that may be repaired and put to service again, a relevant measure of interest is mean time between failures (MTBF). In order to calculate MTTF and MTBF, ideally, we would consider a large number of products to be operated and tested until failure and record the time of the failure for each. The information about MTTF and MTBF helps ascertain reliability. However, it is time consuming and costly to collect enough data to build a probability distribution and cumulative distribution curve of time to failure or time between failures. One way we can deal with this problem is by analyzing a smaller set of data and identifying a distribution that approximates the distribution of time to failure, such as the Exponential, Weibull, or Gamma distributions. Once we have identified a distribution, we can easily calculate failure rate, MTTF, etc.  

The aim of this project is to build a decision support system that would enable the user to estimate the reliability of products/processes. For the purpose of this project, we use a simple example and describe a number of statistical analysis tools that can be used. 

Example

A company that produces electric bulbs is concerned about the reliability of this product. The inspection team has already collected data about bulb failures. We use statistical analysis tools to calculate the reliability of this product. Below we present a model to use for this purpose. 

Model

The following notation is used:

f(t)
probability of failure at time t
F(t)
probability of failure up to time t
R(t)
probability of surviving up to time t (
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In the case that the distribution function of failure is approximated by the Exponential distribution: 
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 is the mean and standard deviation of the exponential distribution. Note that if the mean and standard deviation for a data set are not equal, the corresponding distribution is not exponential. In the context of our problem, ( is the failure rate and 
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is the mean time between failures. Note that the failure rate is constant.

In the case that the distribution function of failure is approximated by the Weibull distribution: 
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Parameters ( and ( define the scale and shape of this distribution. The expected value for Weibull distribution is 
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To learn more about Exponential and Weibull distributions, we refer the students to Mood et al. (1974).

Excel Spreadsheet

Build a spreadsheet that presents the data collected about each bulb investigated: the time the bulb was set on operation and failure time. Calculate time to failure.

User Interface

1. Build a welcome form.

2. Build a data entry form. The following are suggestions to help you design this form. In this form insert two option buttons. These option buttons allow the user to select whether to read the data from a file or manually enter the data. Include a command button that, when clicked on, performs these actions: 
a. If the user chose to read the data from a file, a text box should appear where the user types in the name of the file.

b. If the user chose to enter the data manually, a text box appears where the user types in the total number of observations (n). Upon submission of this information, a table appears. The user types in this table the start time and failure time of the bulbs observed.   

3. Build a data analysis form. The following are suggestions to help you design this form. 

a. Insert a command button that, when clicked –on, creates a histogram using the data collected and calculates and presents the corresponding mean, standard deviation, etc.  This information helps the user to identify a distribution for time to failure. 

b. Insert a combo box that enables the user to select a distribution of failure time (e.g., Exponential, Weibull, Gamma, etc). 

c. Insert a command button that, when clicked –on, performs a goodness-of-fit test (e.g., the Chi-square test) and presents the corresponding results. This test indicates whether the distribution selected by the user approximates the real distribution of time to failure. To learn more about the Chi-square test, we refer the students to Winston (1994).   

d. Insert a frame titled “Reliability Analysis.” The frame includes the following:

i. Insert a combo box that enables the user to select a distribution (e.g., Exponential, Weibull, or Gamma) to approximate the distribution of time to failure. Upon the selection of a distribution, text boxes appear where the user types in the parameters of the selected distribution. For example, if Exponential distribution is chosen, a single text box appears where the user types in the value of  (. 

ii. Insert a command button that, when clicked –on, takes as input the information provided by the user and calculates MTTF.

iii. Insert a text box where the user can type in a time period, t. 

iv. Insert a command button that, when clicked on, returns the following: the probability of failure at time t, the survival rate at time t, the total number of failures up to time t, the failure rate at time t, etc.       

4. Build a form that allows the user to access the reports created. 

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Plot a histogram of time to failure.

2. Plot the cumulative distribution function of time to failure.

3. Plot the failure rate function.

4. Plot the cumulative distribution function of survival (R(t)).

5. Report the results from the data analyses (e.g., mean and standard deviation of the observations, the results of the Chi-square test, etc.)

6. Report the results from reliability analysis.

Reference
Mood, A.M., Graybill, F.A., Boes, D.C., “Introduction to the Theory of Statistics.” McGraw Hill, 3rd Ed., 1974.

Winston, L.W., “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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� EMBED Equation.3  ���
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