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Weibull++ 7 Training
Guide

1.1 About this Training Guide

This training guide is intended to provide you with many examples to demonstrate the use of the Weibull++
7 software. It begins with step-by-step examples and then proceeds into more advanced examples. At any
time during the training, please feel free to ask the instructor(s) any questions you might have.

NOTE: If you have a demonstration version of Weibull++, you may not be able to create new project files
and enter your own data to perform the examples in this training guide. Therefore, sample files required to
perform these examples are provided in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide). The name of the applicable file is provided at the
beginning of each example in this training guide.

1.2 Other Example Files

In addition to the examples described in this training guide, ReliaSoft provides a large array of example files
to demonstrate various types of analyses and product features. These files are located in the “Examples”
folder in your application directory (e.g. C:\Program Files\ReliaSoft\Weibull7\Examples). The Examples
folder is also accessible by clicking the Open Examples Folder... link in the What do you want to do?
window or by selecting Open Examples Folder... from the Help menu.

1.3 Weibull++ 7 Documentation

Like all of ReliaSoft's standard software products,
Weibull++ 7 is shipped with detailed printed
documentation on the product (Weibull++ 7
User's Guide) and the underlying principles and
theory (ReliaSoft's Life Data Analysis Reference).
This training guide is intended to be a supplement
to those references.

o
Life Data
Analysis Reference

User's Guide
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1.4 Contacting ReliaSoft

ReliaSoft can be reached at:

ReliaSoft Corporation
Worldwide Headquarters
1450 South Eastside Loop

Tucson, AZ 85710-6703 USA
Phone: +1.520.886.0366
Fax: +1.520.886.0399
E-mail: Support@ReliaSoft.com

For up-to-date product information, visit our Web site at:
http://www.ReliaSoft.com
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Features Summary

The examples included in this training guide have been designed to introduce you to the features available in
Weibull++ Version 7. This section presents a brief summary of these features. If you are already familiar
with Weibull++'s features, you can proceed to the examples.

2.1 Intuitive and Flexible Work Environment

The Weibull++ interface is an intuitive, flexible and completely integrated work center designed around the
Data Folio (similar to an Excel® worksheet). In Version 7, the interface has been enhanced to allow you to
manage multiple analysis folios and related information all together in a single file. Using the "Project
Explorer" approach that was first introduced in ReliaSoft’s BlockSim software, Weibull++ now provides an
intuitive, hierarchical (tree) structure to allow you to view and manage one or many standard folios,
specialized folios, plot sheets, reliability block diagrams, spreadsheet reports and/or attached documents per
project. At the same time, the new work environment "stays true to its roots" so that users who are familiar
with previous versions of the software will be able to enter and analyze data in much the same way as
always.

2.2 All the Tools You Need for Standard Life Data Analysis

Weibull++ provides all of the tools that you need for standard life data analysis (Weibull analysis), including
flexible options for data type, lifetime distribution and parameter estimation methods.

2.2.1 Support for All Life Data Types and Multiple Lifetime Distributions

Weibull++’s data entry spreadsheets for standard life data analysis support all life data types and all major
lifetime distributions. You can analyze time-to-failure (complete), right censored (suspension), left censored,
interval censored or free-form data, entered individually or in groups. Available distributions include the 1, 2
and 3 parameter Weibull; 2, 3 and 4 subpopulation Mixed Weibull; 1 and 2 parameter Exponential; Normal;
Lognormal and Generalized Gamma. In addition, Version 7 now supports the Gamma, Logistic, Loglogistic,
Gumbel and Weibull-Bayesian distributions. With the incorporation of the Weibull-Bayesian model, which
considers prior knowledge of the Weibull Beta parameter, Weibull++ now supports methodologies from
both Classical and Bayesian statistics.

The Distribution Wizard automatically performs multiple goodness-of-fit tests on the available lifetime
distributions and recommends the one that best fits your data set. You can use Monte Carlo simulation to
generate sample data sets based on any of the supported lifetime distributions or a user-defined function.
This can include complete data, right censored, interval censored and/or left censored data points, according
to your specifications.

Weibull++ 7 Traning Guide 3



2 Features Summary

2.2.2 Choice of Parameter Estimation Methods

Weibull++ allows you to choose the parameter estimation method that is most appropriate for your data set.
Options include Maximum Likelihood Estimation (MLE), Rank Regression on X or Rank Regression on Y
with Median Ranks, Kaplan-Meier or ReliaSoft ranking methods.

2.3 Results and Plots at the Click of a Button

Always a strength of Weibull++, Versions 7 continues to make it easy to calculate and present your analysis
results in ways that effectively support decision-making.

2.3.1 Quick Calculation Pad

The Quick Calculation Pad (QCP) provides a quick, easy and accurate way for you to obtain results for the
most frequently asked reliability questions. This includes Reliability or Probability of Failure, Failure Rate,
Warranty Time for a given reliability, B(X) Life and Mean Life calculations. The utility also returns the
conditional reliability or probability of failure given the starting age.

2.3.2 Plots and Graphics to Showcase Your Analyses

Weibull++ continues to offer unparalleled plotting capabilities to demonstrate your analyses visually. You
can generate Probability, Reliability vs. Time, Unreliability vs. Time, pdf, Failure Rate vs. Time, Contour
and 3-dimensional Likelihood Function Surface plots with the click of a button. In addition, Version 7 now
includes histogram, pie and timeline charts to display failures/suspensions data. The Plot Setup allows you
to configure the appearance of plot output and the software also provides a Chart Wizard to create your own
custom charts. All plot graphics are metafiles that can be pasted or inserted into other reports and
presentations.

The Multiple Plot Sheet makes it easy to compare analyses by automatically plotting the results for multiple
data sets together in the same plot. The Side-by-Side Plots utility allows you to view (and print) multiple
plots for a given data set side-by-side. For example, you may want to show the Probability, Reliability, pdf
and Failure Rate plots for a given analysis together in the same window. Alternatively, you may wish to
compare the Probability or pdf plots for a given data set when analyzed with different distributions. Simply
select the combination that meets your analysis/reporting needs. You can use RS Draw, ReliaSoft’s
integrated metafile graphics editor, to edit and annotate the plots generated by Weibull++. This utility allows
you to insert text, highlight a point or line, mark the coordinates of a point, and much more!

2.3.3 Confidence Bounds for Parameters and Results

Weibull++ provides confidence bounds for all of the standard life data analysis parameters and results and
also for many of the results from related analyses (such as warranty forecasts, recurrence data analyses, etc.).
In addition to the Fisher Matrix, Likelihood Ratio and Beta Binomial methods, Bayesian confidence bounds
have been added in Version 7. You can choose whether bounds will be displayed and also specify the
confidence level and type of bounds.

2.4 A Complete Array of Related Analyses

In addition to the software’s unparalleled support for all aspects of standard life data analysis, Weibull++
also supports a comprehensive array of related analyses. Whenever applicable, these analyses can be fully
integrated with the standard folio, allowing you to supplement/enhance your basic analysis.

e Warranty Analysis: Perform life data analysis and make warranty projections based on sales and
returns data, entered in a Nevada, Times-to-Failure, Dates of Failure or Usage format.

e Reliability Block Diagrams: Use Reliability Block Diagrams (RBDs) that are integrated with
calculated data folios to analyze competing failure modes and perform other system analyses.
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2.5 Additional Tools and Wizards

e Recurrence Data Analysis: Use parametric or non-parametric methods to analyze events that are
dependent and not identically distributed (such as repairable system data) and/or to model the number of
occurrences of an event over time.

o Degradation Analysis: Use the Linear, Exponential, Power, Logarithmic, Gompertz or Lloyd-Lipow
models to extrapolate the failure times of a product based on its performance (degradation) over a period
of time.

e Non-Parametric Life Data Analysis: Use Kaplan-Meier, Simple Actuarial or Standard Actuarial
techniques for non-parametric life data analysis.

o Event Log Interface: Enter data in an event log format (e.g. equipment downtime log) and convert the
data to times-to-failure and times-to-repair for standard life data analysis or export to BlockSim for
system reliability, maintainability and availability analyses.

e Risk Analysis and Probabilistic Design: Use the Monte Carlo simulation tool to perform relationship-
based simulations. When you specify an equation relating different random variables, you can then
determine the joint pdf for the simulated data set.

e SimuMatic: Automatically perform large quantities of analyses on simulated data sets in order to
investigate various reliability questions, including confidence bounds, testing scenarios, etc.

2.5 Additional Tools and Wizards

Weibull++ also provides many additional tools and wizards designed to streamline, enhance and supplement
your analyses.

2.5.1 Spreadsheets for Custom Analyses

General Spreadsheets, which can be incorporated into any Weibull++ standard folio, are used just like an
Excel® worksheet to perform your own customized analyses. These spreadsheets provide complete in-cell
formula support, cell references, over 140 built-in functions and integration with the Function Wizard and
the Chart Wizard. You can use the Function Wizard to insert a wide array of calculated results based on your
inputs and, when applicable, a referenced data folio. Available results range from basic math/statistical
functions to common reliability analysis results, and much more. In Version 7, this now works more like
Excel® functions, with the ability to type functions directly into cells and results that are updated
automatically when the inputs change. The Chart Wizard leads you through a step-by-step process to create
and configure your own custom charts/plots based on a selected data set.

2.5.2 Template-Based Report Generator

The Report Wizard utility allows you to design print-ready reports to showcase your analyses. The template
feature makes it easy to apply the same report format to different analyses. This utility has been revised and
enhanced in Version 7 and now provides an intuitive spreadsheet-based interface for creating and formatting
reports.

2.5.3 References and Wizards

o Quick Statistical Reference: Frees you from tedious lookups in tables by returning results for common
statistical functions, such as Median Ranks, Chi-Squared values and more at the click of a button.

e Design of Reliability Tests: Determine the appropriate sample size, test duration or other variable for a
reliability demonstration test. Parametric Binomial, Non-Parametric Binomial and Exponential Chi-
Squared methods are available and results are displayed in both tables and plots.

o Tests of Comparison Wizard: Compare two data sets to determine whether items from the first set will
outlast those of the second.
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2 Features Summary

o Stress-Strength Wizard: Compare a data set with strength data against a data set with stress data to
determine probability of failure (i.e. stress exceeds strength).

o Parameter Experimenter: Solve for a parameter of a distribution given the other parameter(s) and one
data point (unreliability at a given time) or solve for all parameters of a distribution given two
unreliability data points.

e Non-Linear Equation Fit Solver: Estimate the parameters of a non-linear equation, given the equation,
the minimum, maximum and initial guess values for its parameters and at least two data points.

e Non-Linear Equation Root Finder: Iteratively solve for a real root of an unconstrained non-linear
function using a variable order improved memory method.

2.6 Data Import and Integration with Other ReliaSoft Software

In addition to providing a variety of data sheet formats designed to fit your particular data and analysis
requirements, Weibull++ makes it easy to import data from outside sources, including: Weibull++ 4, 5, 6 or
MT; ALTA; Excel® and Tab, Comma, Space or Semi-colon delimited files.

Weibull++ is directly integrated within other ReliaSoft software whenever you need to specify a distribution
and parameters based on a calculated data set. Integration is currently available for the following products:
ALTA, BlockSim, RENO, RGA, Xfmea and RCM++.

2.7 Configure the Workspace to Meet Individual Needs

Weibull++ makes it easy to configure the interface and analysis settings to meet your specific preferences
and needs. For example, the User Setup allows you to specify default options for data sheets, analysis
settings, fonts/symbols, etc. The Plot Setup allows you to configure the appearance of the plots that are
automatically generated by the software. In addition, you can customize the toolbars and/or adjust the
appearance of the workspace by hiding/displaying or changing the position of the Project Explorer and other
panels.

2.8 System Requirements

Weibull++ is compiled and designed for Windows NT, 2000 and XP and takes advantage of the features
available in these platforms. Minimum system requirements: 433-MHz Intel Pentium-class processor or
equivalent, with 32MB RAM (64MB or more is recommended), SVGA display and at least SOMB of hard
disk space.
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First Steps

3.1 Starting Weibull++ 7

Weibull++ is a 32-bit application that has been designed to work with Windows NT, 2000 and XP. The
internal screens and commands are identical regardless of which operating system you are using, and this
training guide is equally applicable. To start Weibull++, from Start select Programs, ReliaSoft Office and
then Weibull++ 7.

|
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3 First Steps

3.2 Multiple Document Interface

Every time you begin a new session in Weibull++, the first window you will encounter is the Multiple
Document Interface (MDI). It contains the windows you will use to analyze your data. The MDI serves as
the container for the Project Explorer, Standard Folios, Specialized Folios, Special Plots, Diagrams, Other
Tools, Reports and Attachments and manages the different active windows. The MDI remains open until
you close the program. Closing the MDI has the same effect as terminating the program. The next figure
shows the MDI of Weibull++ 7 and its components. The appearance of the MDI will vary depending on the
windows that are currently open and the configuration settings of the Project Explorer.

MReliaSDﬂ: Weibull ++ ¥Yersion 7.0 =l E3
Menu Bar—— File Wew Project Toolks Window Help

IEE = T R e a = EE R E IR =R
ras| [ASEEEEE 2] E0E 20 0 Sw 2 Aal@ai =

Tahomna - 10 v| B I U ”JIDD v| £ & r\|“>'|)0>ﬂ| ﬂ—b‘ ﬂ| ﬂf§| ._-_Tl_,|

"] Projectl

=-[& Standard Folios
[l Specialized Folios
-l Additional Plots
-l Diagrams

-l Other Tools
-0l Reports

-l Attachments

Project Explorer — Internal Area

Status Bar — Loaded Folios: 0 |nctive Docked Project Explorer |Prn]ect: Project1.rwp Physical Memory Available: 31.76%

3.3 Getting Help in the Weibull++ Environment

ReliaSoft's Weibull++ includes complete on-line help documentation. This help can be obtained at any time
by pressing F1 or by selecting Contents from the Help menu.

3.4 First Steps Example

This section presents you with a very simple example and guides you through the solution. The test case for
this example: Six units were reliability tested and the following times-to-failure were observed: 46, 64, 83,
105, 123 and 150 hr. You will analyze the data with the 2-parameter Weibull distribution and Rank
Regression on X, create the Weibull-Probability plot and estimate the Reliability at 50 hr.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “IstSteps.rwp.”

e C(Create a new project by clicking Create a New Project in the initial window that may appear at startup,
by selecting New... from the File menu or by clicking the New icon.

EI

The Project Wizard will be displayed. This wizard guides you through the steps required to create a new
project that will meet your analysis needs. The steps displayed will vary depending on your selections for
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3.4 First Steps Example

each page. Note that you can click Finish from the first page of the wizard to create another project with the
same settings as the last project you created. You may also choose to create a new project with items
imported from an existing project or based on a saved profile.

e On the first page of the Project Wizard, select to create a new project By following the wizard and click
Next> to proceed to the next step.

%]

This wizard guides you through the steps to specify the contents
i of the new project. Alternatively, you can impart items from an
Step 1 existing project or create the new project based on a saved profile.

Create a Mew Project

' By following the wizard
(o By importing items From an existing project

" By selecting a saved profils

Click Mext= to select the initial Folio you want to add to your project or click Finish to create a
project based on the last used settings,

Weibull++ 7

Cancel | = Back | Mext = | Einish |

e On the second page of the Project Wizard, make sure that Life Data Analysis Folio is selected and click
Next> to proceed to the next step.

%]

m A project can contain different types of Folios to perform different
types of analyses. Select the initial Folio you want to add to this
Step 2 project,

r—Standard Folio

Wi| [ Life Data Analysis Folio

Choose this For standard life data analysis {e.g. times-to-failure  Learn More...
andjor suspension data),

—Special Analysis Folios

ﬂ [ warranty Analysis Folio

Choose this to enter shipments and returns data For warranty Learn More...
analysis,
E [” Degradation Analysis Folio
Choose this For degradation analysis, Learn More...
[~ Non-Parametric LDA Folio
Choose this For non-parametric life data analysis, Learn More...

|3 " Event Log Folio
Choose this to enter data in an equipment downtime log Format, Learn More...

Weibull++ 7

Help | Cancel < Back

Einish
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3 First Steps

e On the third page of the Project Wizard, select Times-to-failure data for the Folio Data Type and make
sure that no other options are selected. Click Next> to proceed to the next step.

x|

Specify the type of data that you will be entering into to Standard
Folio for life data analysis.

Step 3
"FolioD ks T

=

" Free-Form (Probit) data

r— Times-to-Failure data options

[ My data set contains suspensions (right censored data) Learn More. ..
—+ Choose this if wour data set contains units that did not Fail,

[ My data set contains interval and/or left censored data  Learn Mare. ..

»—a Choose this if your data set contains uncertainky as ko exackly when a unit
failed. This will allow you to specify intervals For times-to-Failure.,

[ 1want to enter data in qgroups Learn Mare...

W5 Choose this if you want to specify multiple entries using a single time value,

N i.e. a group of items that have the same time to Failure or suspension,

+

_t —Based on your selections, the data sheet will include these columns:

“5 | Time |
Failed

=

—

£

Help | Cancel | < Back | Mext = | Einish I

e On the last page, click Finish to create the new project according to your specifications. The project will
now include one Standard Folio with a data sheet that has been configured to accept the type of data that
you will be entering for this example. Enter the times-to-failure into the Time Failed column of the data
sheet, as shown next.

[T reliasoft Weibull++ Yersion 7.0 ol x|

File Edit Wiew Project Folio Sheet Data Tools Window Help
FHI LB 7] /s odloaadRA 2% % E 0] 3¢ 2w E B
AssE=agr 20020 B8 SoPREw wd|srm @21 =]

g o
EHa Standard Folios Ml Folia: Folio 1{{Dat IR} ;Iglil
""" 4] Folial ?— IMain | Analysisl Other |
B8 specialized Folios Time Subset ;I ——
g Additional Plots Failed - ]
- Diagrarns
Il Cther Tools 1 48 =
08l Reports 2 54 arameters| Type
------ [l Attachments 3 a3 L] w2z (3
4 105 " Mixed  CFM
5 123
=] 150
7
a8
9
10
11
12 Settings
o RE: [ SRM
w F [ MED
b Edited
16 -
4 r|hDatal

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

e The next step is to select a distribution and parameter estimation method to calculate the parameters.
Select the Weibull distribution from the menu on the Main page of the Control Panel. Note that you can
activate this menu in two ways: by clicking the blue bar or by hovering the mouse over the bar for a
second or two. The Parameters/Type area below the menu will be updated to display the options
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3.4 First Steps Example

available for the selected distribution. Select 2 to perform the analysis with the 2-parameter Weibull
distribution, as shown next.

Distribution

| weibull |

Parameters/Type
= iz {3
£ Mixed © CFM

The other analysis settings are set/displayed in two places within the Control Panel: in the Settings area of
the Main page and on the Analysis page. For this example, you will use the default settings: Rank
Regression on X (RRX) with the Standard Regression Method (SRM) and Median Ranks (MED); and
Fisher Matrix (FM) confidence bounds, as shown next.

| .ﬁ.nal';.-'sisl Okher I Main  Analysis | Other I

=
fim
2

Distribution Analysis Method

m = Fank Rearession o s (R AL

{” Rank Regression on ¥ (RRY)
™ Mazximum Likelihood (MLE)

[T Use RS Regression Method

[

Parameters|Type

(| " 3
i Mived © CFM

Confidence Bounds Method

% Use Fisher Matrix
™ Use Likelihood Ratio
€ lUse Beta Binomial
) lUse Bayesian

ElS[E | EROIORR T

Rank Method
Settings % Median Ranks
AR =M " Kaplan-Meier
e st

[ Sort Before Calculation

e Make sure that the analysis settings for your Folio are set to the defaults. Note that clicking the options
displayed with blue text in the Settings area of the Main page allows you to toggle through the available
settings.

e Calculate the parameters by selecting Calculate from the Data menu or by clicking the Calculate icon.
This icon is displayed in both the Data Analysis Tools toolbar and in the Control Panel.
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3 First Steps

The data sheet with its parameters calculated is shown next. The estimated parameters will appear in the
Results Area, which is located just below the Parameters/Type options.

[l reliasoft Weibull + + Yersion 7.0 ol x|

File Edit Wiew Project Folio Sheet Data Tools Window Help |
A R R =R E I R =
REE R EEEEEEEERE R E R =R

o -lo
- \lig Folio: Foliol {Data 1) O] x
=-{&8F Standard Faolios x|
T ] Foliot B30 I Main | Analysisl Other I
Bl Specialized Folios Tirne Suhset - Distribution
0 o Faled 0 -
[l Ciagrams 1 pr g 1-1] T - 4
El Cther Tools P B
B Reports > 64 arameters/Type
El Attachments 3 a3 i iz O3
4 105 " Mixed ©© CFM
5 123
=] 150 Beta  [2.4381 |
7 Eta _108.42??
g
- =l rho
LK Walue [-29.9551
11
1z Settings
13 RRZ_ | oM
14 FM__ | MED
13 Calculated
16 F=£/5=0
17 Analysis Summary
18 - — R
Flil=.. T
4 r|hDatal —I

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

e Plot the data by selecting Plot from the Data menu or by clicking the Plot icon. This icon is displayed in
both the Data Analysis Tools toolbar and in the Control Panel.
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3.4 First Steps Example

A new sheet called “Plot of Data 1” will be added to the Folio. The Probability-Weibull plot will be
displayed by default, as shown next.!

i
File Edit W¥iew Project Folio Plob Tools Window Help
A R I I Y e == E IR R EE =]
Adsl===g P zaa=0prnese e S el s w2z =
9 b o
&8 Standard Folios Tana T 7w m prababiity - taibal I
@] Fliot robability - Weibul 7 Flat Type
Bl Specialized Folios _ IProbabiIity - Weibull 'l
Bl Additional Plats F P 1=
g g:hg;a.rrnosols = lﬂ v Auto Refresh
B3 Reports / % ¥ Keep Aspect Ratio
[l Attachments / g}g:‘ Target Reliability... |
/ e
g Eta _108.42??
o
v Automatic Scaling
7 y_[io = ~y
w10 [io0a =
¥ Round ¥-Scale
/ - |+ Round ¥-Scale
4|4 Datal APlot of Data 1
|Loaded folios: 1 |Active Falio "Falio1" |

The Plot Sheet provides many options for creating and configuring plots to meet your particular analysis and
presentation needs. You may wish to experiment with some of these options at this time. If the Auto Refresh
command is enabled, the display will be updated automatically to fit your new selections. If not, select
Redraw Plot from the Plot menu or click the Redraw Plot icon to implement your selections.

For example, the Plot Type menu in the Control Panel allows you to create other types of plots.

PdF Piot =]

Probability - Weibull
Reliability w= Time

Llnrelial:uiliti w5 Time

Failure R.ate ws Time
Contour Plok

FI3 Histogram

F/3 Fie

F/5 Timeline

In addition, notice that the analysis settings are displayed in the legend in the top right corner of the plot and
the calculated parameters are displayed in the bottom left corner. You can customize these and other display
settings from the Plot Setup window. To access the Plot Setup, select Plot Setup from the Plot menu or click

the Plot Setup icon.
&

e When you are finished experimenting with the Plot Setup window, return to the data sheet by clicking
the Data 1 tab.

I If necessary, you may wish to re-size the plot by re-sizing the Folio.
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3 First Steps

e Open the Quick Calculation Pad (QCP) by selecting Quick Calculation Pad... from the Data menu or
by clicking the icon. This icon is displayed in both the Data Analysis Tools toolbar and in the Control
Panel.

This tool allows you to obtain commonly requested reliability results based on your analysis and any
required inputs. To estimate the reliability at 50 hr for this example, do the following:
e On the Basic Calculations page, make the following selections/inputs:
o Options for Calculations: Std. Prob. Calculations
o Results Options: Results as Reliability
o Required Input from User: Mission End Time = 50
e Click Calculate to obtain the results, as shown next.

EQuick Calculation Pad =

QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User
Mission End Time Jsa

Folio: Foliol {Data 1)

~Results
N Calculate I
+
EN | Reliahility 0,559 Close |
—
= | Lower 0.6530 B, |
% Confidence 15@09 Help |

e Click Close to close the QCP.

e Save the project by selecting Save from the File menu or by clicking the Save icon.

|

e When prompted to specify the name and location for the file, browse to the directory of your choice and

type “IstSteps” for the File name.’ Accept the default type (*.rwp) and click Save to close the window
and save the file.

e Close the project by selecting Close from the File menu.

2. By default, files will be saved in the “My Documents” directory on your computer. You can select a different
directory, if desired, and Weibull++ will “remember” the directory for the next time that you save a file.
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Step-by-Step Examples

4.1 List of Examples

This chapter provides the following step-by-step examples, which are designed to introduce you to the
features of the Weibull++ software:

e Example 1: Life Data Analysis with Complete and Suspended Data - page 15

e Example 2: Obtain the Unreliability for a Given Operating Time - page 20

e Example 3: Calculate Conditional Reliability and Warranty Time - page 24

e Example 4: 3-Parameter Weibull Analysis - page 27

e Example 5: 2-Parameter Exponential Analysis and Plots - page 30

e Example 6: Normal Probability Plot with Confidence Bounds - page 35

e Example 7: Calculate Reliability and MTTF with Confidence Bounds - page 38
e Example 8: Use the Function Wizard and General Spreadsheet - page 40

e Example 9: Analyze Interval Data - page 44

e Example 10: Analyze Accelerated Test Data - page 47

e Example 11: Degradation Data Analysis - page 56

e Example 12: Warranty Data Analysis - page 60

o Example 13: Competing Failure Modes Analysis - page 65

e Example 14: Weibull-Bayesian Analysis - page 69

e Example 15: Failure Modes RBD Analysis - page 78

e Example 16: Determine Optimum Burn-In Time - page 83

4.2 Example 1: Life Data Analysis with Complete and Suspended Data

Ten identical units were reliability tested at the same application and operation stress levels. Six of these
units failed during the test after operating for the following times, T;: 16, 34, 53, 75, 93 and 120. Four other

units were still operating, i.e. right censored or suspended, after 120 hr. Determine the parameters of the
Weibull pdfthat represents this data set and create the Probability and pdfplots.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Foliol.

Weibull++ 7 Traning Guide 15



4 Step-by-Step Examples

Solution

Create a new project by clicking Create a New Project in the initial window that may appear at startup,
by selecting New... from the File menu or by clicking the New icon.

a

e Sclect By following the wizard on the first page of the Project Wizard and Life Data Analysis Folio on
the second page.
e On the third page, select Times-to-failure data for the Folio Data Type and select My data set contains
suspensions (right censored data), as shown next.
x|
Specify the type of data that you will be entering into to Standard
e Folio for life data analysis.
Step 3
Folio Data Tvpe
’7 ' Times-to-failure data " Free-Form (Probit) data
r— Times-to-Failure data options
Learn More. ..
—+ Choose this if wour data set contains units that did not Fail,
[ My data set contains interval and/or left censored data  Learn Mare. ..
»—a Choose this if your data set contains uncertainky as ko exackly when a unit
failed. This will allow you to specify intervals For times-to-Failure.,
[ 1want to enter data in qgroups Learn Mare...
W5 Choose this if you want to specify multiple entries using a single time value,
N i.e. a group of items that have the same time to Failure or suspension,
+
_i —Based on your selections, the data sheet will include these columns: ———————————————————
"'5 | State Time to |
ForS ForS
& | —
g Help Cancel | < Back | Mext = | Einish
e Click Finish to create the new project with the appropriate Standard Folio. In this type of data sheet, the
first column (“State F or S”) contains an F to indicate that the data point entered in the second column
(“Time to F or S”) is a failure or an S to indicate that the data point is a suspension. Note that if you type
a positive value in the “Time to F or S” column, an F will be assigned automatically by the software and
if you type a negative value, an S will be automatically assigned.
16
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4.2 Example 1: Life Data Analysis with Complete and Suspended Data

e Enter the data for this example, as shown next.

[l reliasoft Weibull + + Yersion 7.0

File Edit Wiew Project Folio Sheet Data Tools Window Help

=lofx|

e R I T nEEEEEEE

|&

=2
B

RN

e E R EEEEE I EE R EE T E =R
) propct =lolx]
T . B2 [4ain | Analysisl Other I
= | Specialized Folios State Tirme to Subset =] Distribution
B Addiional Plots Fors ForS D | Weioul
[l Ciagrams i F 16 —
[l Other Toals 2 F 24 m Parameters|Type
..l Attachments 3 F 53 CP| (ol (Ol 3
4 F 75 E>—| " Mixed O CFM
5 F o3 %
5} F 120
7 5 120 ®
g 5 120 Q
a 5 120 e
10 5 120 o
11 £
12 Settings
13 E RRX | SRM
14 @ F [ MED
15 1] Edied
16 =
Al rinDatal

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

o The 2-parameter Weibull distribution and Rank Regression on X (RRX) will be used to calculate the
parameters. If these are not the default analysis options on your computer, select Weibull from the
Distribution menu and 2 from the Parameters/Type area on the Main page of the Control Panel, as shown

next.

Diskribution

e | |:| ] | |

1

Parameters/Type

f* 2

= Mixed © CFM

i~ 3

e There are two ways to set the Analysis Method: select Rank Regression on X (RRX) from the Analysis
page of the Control Panel or click the Analysis Method box on the Main page of the Control Panel until

RRX is displayed, as shown next.

Setkings

Analysis Method =

—FRx

SRM

Fr

MED

Edited

e Calculate the parameters by selecting Calculate from the Data menu or by clicking the Calculate icon.
This icon is displayed in both the Data Analysis Tools toolbar and in the Control Panel.

Weibull++ 7 Traning Guide
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4 Step-by-Step Examples

The results will appear in the Control Panel, as shown next.

[T refiasoft Weibull++ Yersion 7.0 =1olx|

File Edit Wiew Project Folio Sheet Data Tools Window Help

A E R R R E =R E I R

]

e E R EEEEE I EEE R E T E =R
S i il BT
] Folio1 B2 I Main | Analysisl Other I

-l Sperialized Folios State Time o Subset B Distribution

Bl Additional Flots Ears Fors D | : ]
-l Diagrams _
-l Cther Tools 1 F 18 = Parameters/Type
-l Reports 2 F =4 o} *
-l Attachments 3 F 53 ﬁ o1 £z s
4 F 75 Eﬂ " Mixed  CFM
5 F 93
= ; 120 en)Ee
Eta
7 S 120
a8 S 120 9
H s 120 s |
-35.5145
— B LK Value
1z @ Settings
13 !@ RE: [ SRM
14 F [ MED
15 m Calculated
16 F=6/5=4
17 Analysis Summary
15 hd i |
Fii}=... ooo
4 r|hDatal

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

e Plot the data by selecting Plot from the Data menu or by clicking the Plot icon. This icon is displayed in
both the Data Analysis Tools toolbar and in the Control Panel.

The Weibull Probability plot for this data set is shown next.

o1 (Plot of Data 1) ol x|
++ 7 wa Reliasalt com
Probability - weibull Plat Type

IProbabiIity - Weibull 'l

¥ Auta Refresh
¥ Keep Aspect Ratio

ﬁ Target Reliability. .. |
Beta 1,2097

Eta 144,36351
*|

Rediataft

v Automatic Scaling

/ v_ |t = ~5
w10 [io0a =
¥ Round ¥-Scale
¥ Round #-Scale

=

Urreliability, FY)

Tirne, [F)

Bl 007 rpmldd 3631 pul) 9005

«[ [ Data1 2plot of Data 1
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4.2 Example 1: Life Data Analysis with Complete and Suspended Data

Note that the plotted line represents the unreliability, O(T), which is defined as:

O(T) = 1-R(T)
where R(7) is the reliability. If desired, the 2-parameter Weibull pdf representing this data set can be written
as:

or
T 1.2097
_1.2097 ( T )02097 _(144.3631)
AT) 144.3631\144.3631 ¢

e You can also plot the Weibull pdf by selecting Pdf Plot from the Plot Type menu on the Control Panel.

Pdf Plat |

Probability - weibull
Reliability = Time

Llnrelial:uiliti s Time

Failure Rate vs Time
Contour Plok

F/5 Hiskogram

F/S Pia

FI3 Timeline

e If the Auto Refresh option is selected, the Plot Sheet will be updated automatically to display the new
plot type that you have selected. If the option is not selected, click the Redraw Plot icon or select
Redraw Plot from the Plot menu to update the display.

The pdfplot is shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com N | i
Probability Density Function

0.006 Pdf

Data 1
Weibull-2P

RRX SRM MED FM
F=6/5=4

— Pdf Line

0.005

0.004

f(t)

0.002

0.001

\ Name

\ Company
10/6/2005

8:27:15 AM

0.000
0.000 100.000 200.000 300.000 400.000 500.000

Time, (t)

B=1.2097. n=144.3631. p=0.999%

e Return to the data sheet by clicking the Data 1 tab at the bottom of the Folio.
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Step-by-Step Examples

Save the project by selecting Save from the File menu or by clicking the Save icon.

|

e When prompted to specify the name and location for the file, browse to the directory of your choice and

type “Training Examples” for the File name.! Accept the default type (*.rwp) and click Save to close the
window and save the file.

e Lcave the project and Folio open and proceed to the next example.

4.3 Example 2: Obtain the Unreliability for a Given Operating Time

What is the unreliability of the units in Example 1 for a mission duration of 227 hr, starting the mission at 7
=0?

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Foliol.

Solution

There are several methods of solution for this problem. The first and more laborious method is to extract the
information directly from the plot. It is possible to extract the information from a plot within Weibull++ or
from a printed copy. For this example, let's obtain the information from within the application. This can be

done using ReliaSoft Draw (RS Draw).?

e If Foliol from the “Training Examples.rwp” project file that you created in the first example is not
already active, open the project by selecting Open from the File menu or by clicking the Open icon.

&|

e Browse for the “Training Examples.rwp” file and click Open.

L. By default, files will be saved in the “My Documents” directory on your computer. You can select a different
directory, if desired, and Weibull++ will “remember” the directory for the next time that you save a file.

2. RS Draw is presented in detail in Chapter 28 of the Weibull++ User's Guide.
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4.3 Example 2: Obtain the Unreliability for a Given Operating Time

o Click the “plus” (+) to the left of the Standard Folios branch in the Project Explorer on the left side of the
Weibull++ MDI to display a list of the standard life data analysis folios in the current project. Double-
click Foliol to open it. The MDI will now look like the figure shown next.

_inxi
File Edit Wiew Project Folio Sheet Data Tools Window Help |
A R I a == E I E IR E ]
& > =[= =] ) 5 #2258 Tl =) 0|26 = & S @ B 5l £ A @2 R =
@ Training Examples =
D s _lo/x
W] Foliat B22 Main | Analysisl Other I
Specialized Folios X ;I T
B3 Additional Plats State Time to Subset - Distribution
-l Diagrams Fors Fors b W eibull
-l Other Tools 1 F 16
; Bl Reports 2 F a4 Parameters/Type
..l Attachments 3 F 53 Pl 1 2 3
4 F 75 =L | pixed ) CFM
5 F 93
3 F 120 Beta
7 5 120 Eta
a8 S 120
9 S 120 R
7t
0 s 120 LK Walue |-35.5145
11
12 Settings
13 RRZ_ | oM
14 FM__ | MED
13 Calculated
16 F=£/5=4
1; Analysis Summary
% Fii}=... e
4| *|\Data 1 A Plot of Data 1 _I
|Loaded folios: 1 |Active Falio "Falio1" |

e C(Click the Plot of Data 1 tab at the bottom of the Folio to display the Plot Sheet. Select Probability-
Weibull from the Plot Type menu and refresh the display, if necessary.

e Open RS Draw by selecting Edit Plot with RS Draw... from the Plot menu or by clicking the Edit Plot
with RS Draw icon. This icon is displayed in both the Plot Tools toolbar and in the Control Panel.

|

e RS Draw can automatically track the position of the mouse cursor and translate the coordinates for you.
Obtain the unreliability at 7= 227 hr by placing the cursor at the intersection of the plotted line and 7=
227. The position of the cursor is indicated by the Position Indicator located in the lower right corner of
the RS Draw window. The x-coordinate (time) is displayed on the left and the y-coordinate
(unreliability) is displayed on the right. When the x-coordinate reads approximately 227, read off the
value of the y-coordinate. You may not be able to obtain the value of the unreliability at exactly 227 hr.
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4 Step-by-Step Examples

This is one of the disadvantages of reading the value off the plot. The position of the cursor at the
intersection of the plotted line and approximately 7= 227 is shown next.

[Ed rs-Draw 7 [Folio: Foliol (Plot of Data 1)] _ ol x|
File Edit Wiew Draw Arrange Transform Help |
= = 0 -
I EEE R T T T e N ==
h ReliaSoft Weibull++ 7 - www ReliaSoft.com
7 Probability - weibul
~ A Probability-Weibull
Crata 1
N L -
. 40 Fotjs=d
®  [Data Point:
O B — P::I?abﬁil{‘ysl.ine
(]
] /
L 50 Paosition of the
ol cursor
& o
=1
T /
All =
“ || 2 /,/
T
1 |
2
10,
ad
5,
game
SR
2024 P
B (T 100,000 1000000
Tine, (1)
Fuml 2007 vp144.3631, pul) 9008
Line Fill L —
Color Calor £.iz27,129 Taz.lus? [
i —

Coordinates for the position of the cursor

The value of the y-coordinate from the Position Indicator, the unreliability Q(7), is such that O(T) = 82 %.

Therefore, a good estimate of the probability of failure (unreliability) at 227 hr is 82%. The reliability is
then:

R(T) =1-0(T) = 1-0.82

= 0.18 or 18%

e Close RS Draw and return to the Plot Sheet by selecting Exit from the File menu or by clicking the
Close button (X) in the top right corner of the window.

You can also read the coordinates from within the Plot Sheet. To do this, position the mouse pointer over the
plot line, press Shift and click the plot. The X and Y coordinates for the current position of the mouse on the
line will be displayed in a yellow box. If you continue to hold down the Shift key while moving the mouse,
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4.3 Example 2: Obtain the Unreliability for a Given Operating Time

the pointer will track the plot line, allowing you to read the coordinates for any position on the line. The next
figure shows the Plot Sheet with the coordinates marked at approximately 227 hr.

IY Folio: Folio1 (Plot of Data 1) _ol x|
Reliasolt Waibul++ 7 - wins Reliasoft com

Probability - Wbl Plat Type

IProbab\hty - Weibull 'I

93,000

Frobability-Weibul

Padia ¥ Auto Refresh
90,000 1 EEEISSEJ WED FM [V Keep Aspect Ratia
' — 207,005 ® Data Points
= §2,395 — Probability Line = Target Reliability. .. I
7777777777777777777777777777777777777777 - ]

H Beta 1.2097

: Eta 144,3631
500,000 /./ )

¥ Automatic Scaling
P : v_|i o= [~
: | Ji0 Jiomo =

/ ¥ Round ¥-5cale

¥ Round #-5cale

Urreliatility, F(t)

10,000

£.000

1,000 14024 PM
10,000 100,000 1000.000

Tirng, (t)

Gl 2097, Y] 3631, gud], 399

4 »[\Data 1 Aplot of Data 1/

e Return to the data sheet by clicking the Data 1 tab.
The second method to obtain the unreliability for a given time involves the use of the Quick Calculation Pad

(QCp).?

e Open the Quick Calculation Pad by selecting Quick Calculation Pad... from the Data menu or by

clicking the Quick Calculation Pad icon. This icon is displayed in both the Data Analysis Tools toolbar
and in the Control Panel.

e On the Basic Calculations page, make the following selections/inputs:
o Options for Calculations: Std. Prob. Calculations
o Results Options: Results as Probability of Failure

o Required Input from User: Mission End Time = 227

3 The Quick Calculation Pad is presented in detail in Chapter 8 of the Weibull++ User's Guide.
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e Click Calculate to obtain the results, as shown next.
x

QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

Options For Caloulations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(" Results as Reliability {* Results as Probability of Failure
—Required Input from User
Mission End Time Je27
~Results
N Calculate I
+ '
EN | Frob. of Failure 0.5225 Close |
S |
= | Lower 0.5469 B, |
% Confidence 15@09 Help |
g Folio: Foliol {Data 1)

The QCP returns a result of Q(7) = 0.8225=82%. This agrees with the result found using the plot.
However, using the QCP is more accurate and easier to use.

e Close the QCP, save any changes, leave the project and Folio open and proceed to the next example.

4.4 Example 3: Calculate Conditional Reliability and Warranty Time

Using the analysis from Example 1, what is the reliability for a mission duration of # = 30 hr, starting the
mission at 7= 30 hr? Also, what is the warranty time for a reliability of 85%?

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Foliol.

Solution
e If Foliol from the “Training Examples.rwp” project file that you created in the first example is not
already active, open the project and Folio now.

The functions used to find the reliability are shown next.

R(T,1) = R—%T(;)’)

R(30hr +30hr) _ R(60hr)

R(30h7) R(30h7)

e Open the Quick Calculation Pad by selecting Quick Calculation Pad... from the Data menu or by
clicking the Quick Calculation Pad icon.

R(30hr, 30hr) =

e On the Basic Calculations page, make the following selections/inputs:
o Options for Calculations: Std. Prob. Calculations

o Results Options: Results as Reliability
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4.4 Example 3: Calculate Conditional Reliability and Warranty Time

o Required Input from User: Mission End Time = 60

t =30 hr, as shown next.

(Weibull++ 7

Click Calculate to obtain the results, as shown next.

EQuick Calculation Pad

Basic Calculations | Confidence Bounds I Parameter Bounds I

x|

QCP4

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information
" Conditional Calculations " BX Infarmation

" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User

Mission End Time J6a

~Results
Calculate I
Reliability 0,7077 Close |

Confidence 15@09 Help

Folio: Foliol {Data 1)

N
+
+
=
] | Lower Repart.. |
0
S

R(60hr) = 0.7077

EQuick Calculation Pad

Basic Calculations | Confidence Bounds I Parameter Bounds I

x|

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information
" Conditional Calculations " BX Infarmation

" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User

Mission End Time J30

Still using the QCP, enter a Mission End Time = 30 and click Calculate to obtain the reliability at

~Results
Calculate I
Reliability 0.8612 Close |

Confidence 15@09 Help

Lawer 0.6974 Repart... |

Folio: Foliol {Data 1)

R(30h7) = 0.8612
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e Divide the reliability at 60 hr by the reliability at 30 hr and you will obtain the conditional reliability for
this example.

0.7077
0.8612

R(30hr, 30hr) = 82.18%

I}(30hr, 30hr) = = 0.8218

However, the Quick Calculation Pad can provide this result directly and more efficiently. The Std. Prob.
Calculations are based on a starting mission time, 7, equal to zero. This example had a starting mission time
equal to 7 = 30 hr. A starting mission time greater than zero can be accounted for using Conditional
Calculations.
o Still on the Basic Calculations page of the QCP, make the following selections/inputs:

o Options for Calculations: Conditional Calculations

o Results Options: Results as Reliability

o Required Input from User:

e Mission Start Time = 30
e Mission Additional Time = 30

e Click Calculate to obtain the results, as shown next.
x

QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{~ Std. Prob, Calculations = Warranky (Time) Information

' Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘
—Required Input from User
Mission Start Time J30
Mission Additional Time J30
~Results
N Calculate I
+ L
£Y | Cond. Reliability 0.5215 Close |
S |
= | Lower 0,704 B, |
% Confidence 15@09 Help |
g Folio: Foliol {Data 1)

The second part of this example involves determining the warranty time for a reliability of 85%.

e Still on the Basic Calculations page of the QCP, make the following selections/inputs:
o Options for Calculations: Warranty (Time) Information

o Required Input from User: Required Reliability = 0.85
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4.5 Example 4: 3-Parameter Weibull Analysis

e Click Calculate to obtain the results, as shown next.
x

QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

Options For Caloulations
{~ Std. Prob, Calculations {+ Warranky (Time) Information
" Conditional Calculations " BX Infarmation

" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliahility: " Results as Probakility of Failure

—Required Input from User
Required Reliability Jo.e5

Folio: Foliol {Data 1)

~Results
N Calculate I
+R
LY | Time 32,1482 Close |
—
= | Lower 15,0433 B, |
% Confidence 15@09 Help |

The time required for a reliability of 85% is equal to 32.1482.

e Close the QCP by clicking Close.
e Close the Folio by clicking the Close button (X) in the top right corner.

e Save any changes, leave the project open and proceed to the next example.

4.5 Example 4: 3-Parameter Weibull Analysis

The 3-parameter Weibull analysis option calculates the correct y and adjusts the points by this value, such
that they fall on a straight line, and then plots both the adjusted and the unadjusted points.

Ten identical units, N = 10, were reliability tested at the same application and operation stress levels. Six of
these units failed during the test after operating for the following times, T;: 46, 64, 83, 105, 123 and 150.

The four other units were suspended after operating for 150 hr. Using the 3-parameter Weibull distribution
and Rank Regression on X (RRX), find the parameters of the Weibull pdf'that represents these data points.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio2.

Solution
e With the “Training Examples.rwp” project open, create a new Standard Folio by selecting Add

Standard Folio... from the Project menu or by right-clicking inside the Project Explorer and selecting
Add Standard Folio... from the shortcut menu.
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e In the New Data Sheet Setup window, select Times-to-failure data for the Folio Data Type and select
My data set contains suspensions (right censored data), as shown next.

x

Specify the type of data that you wil be entering into the
Standard Folio for life data analysis.

Step 1

Faolio Data Type
’7 ' Times-to-failure data " Free-Form (Probit) data Leatn More...
r— Times-to-Failure data options
v My A Learn Mare...
—+ Choose this if wour data set contains units that did not Fail,
[ My data set contains interval and/or left censored data Learn More...

»—a Choose this if your data set contains uncertainky as ko exackly when a unit
failed. This will allow you to specify intervals For times-to-Failure.,

[ 1want to enter data in qgroups Learn Mare...

W5 Choose this if you want to specify multiple entries using a single time value,

N i.e. a group of items that have the same time to Failure or suspension,
+
: —Based on your selections, the data sheet will include these columns:
"'5 | State Time to |
Fors Fors
=
—

| el

e Click OK to create the new Standard Folio with the data sheet that you have specified.

e Enter the data in the same way as in Example 1. The MDI with the data entered into the new Folio is
shown next. Note that the Project Explorer now displays two standard data analysis folios, Foliol and

Folio2.*

_injxi
File Edit View Project Folio Sheet Data Tools Window Help |
NaFdd a@| % s & w@dl 9] s a|@|R 222 3] O 6] 25 L B Bl 2 5,
e E R EEEEE I EE R EE T E =R
P g el
E| (B Standard Folias \lig Folio: FolioZ (Data 1) ;Iglil
] Faliol AZ2 I Main | Analysisl Other I
h?pjez:::zj oo State Tirme to Subset ﬂ Distribustion
Bl Additional Plats FErs FErs 1D ull v
[l Ciagrams 1 F 46
Bl Other Tools 2 E 64 Parameters/Type
Ol Reports 3 F 83 (o] @z 3
[l Attachments 4 F 105 " Mixed © CFM
5 F 123
a] F 150
7 S 150
a8 S 150
9 S 150
10 S 150
11
1z Settings
1 RRX | SRM
14 F [ MED
15 Edited
15
17
15 -
4 r|hDatal

Loaded folios: 1 | Active Folio "Folio2"

4. Although the default Folio names have been used for these examples, you can rename Folios to be more descriptive, if
desired. To rename an item in the Project Explorer, right-click the item and select Rename Item from the shortcut
menu or select the item and press F2.
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4.5 Example 4: 3-Parameter Weibull Analysis

e Select Weibull from the Distribution menu and 3 from the Parameters/Type area on the Main page of the
Control Panel, as shown next.

Distribution

N e | tl ] | |

Paramekers/Type

- {2 v 3
£ Mixed © CFM

e Set the Analysis Method to Rank Regression on X (RRX) from the Analysis page of the Control Panel
or by clicking the option in the Settings area of the Main page until RRX is displayed.

e Calculate the parameters by selecting Calculate from the Data menu or by clicking the Calculate icon.

The calculated parameters are shown next.

_injxi
File Edit Wiew Project Folio Sheet Data Tools Window Help |
A EE IS R I I El = E R EIC R E R ]
REE R EEEEEEEERE R E R =R
P g s =l
E‘B standard Falios \lig Folio: FolioZ (Data 1) i [m] il
C L] Foliot a0 Main | Analysisl Other I
-BIEE State Time to Subset = Distribution
B8 specialized Folios Fors Fors D | k
Bl Additional Plots Weibull
Bl Diagrams 1 F 46
B8 Other Taols B F 64 Parameters/Type
Bl Reports 3 F a3 (o] oz 3
[l Attachments 4 F 105 © Mixed © CFM
5 F 123
6 F 150 Beta 1.1794
7 [ 150 Eta 144,7994
8 S 150 Gamma | 30,2200
9 S 150 R
7t
12 s 150 LK Walue |-35.5069
1z Settings
13 RRZ_ | oM
14 FM__ | MED
13 Calculated
16 F=6/5=4
1; Analysis Summary
4 r|hDatal v —I
|Loaded folios: 1 |Active Falio "Falioz" |

e Plot the data by selecting Plot from the Data menu or by clicking the Plot icon.

e Sclect Probability-Weibull from the Plot Type menu (if it is not already selected).

e When the plot has been refreshed, select Show/Hide Items... from the Plot menu or right-click inside the
plot and select the command from the shortcut menu. In the Show/Hide Plot Items window, select to
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4 Step-by-Step Examples

display both the line/points that have been adjusted for Gamma and the line/points that have not been
adjusted for Gamma, as shown next.

m Show/Hide Plot Items x|

QK

L
=]
&

Mame P

S

=]

5

Adjusted Data Poinks Cancel

Unadjusted Data Points Help

OxA

Suspended Poinks
Adjusted Line

Unadjusted Line

KL R e

- Cther
Target Reliability [~ H-Line [ ¥-line [ Paint
Probability Scales [ scales

Legends, Upper & Lower Titles ¥ Legends v Titles

e C(Click OK to close the window and refresh the plot with both the adjusted and unadjusted plot lines
displayed, as shown next.

ReliaSoft Weibull+-+ 7 - www.Reliasoft.com - -
Probability - Weibull
99.000

Probability-Weibull

Data 1
Weibull-3P

RRX SRM MED FM
90.000 F=6/5=4
®  Adj Points
@ Unadj Points
— Adjusted Line
— Unadjusted Line

50.000

Unreliability, F(t)

10.000
Name
Company

5000 //
10/6/2005

1.000 9:02:43 AM
10.000 100.000 1000.000

Time, (t)

P=1.1794. n=144.7994,y=30.9200. p=0.9998

Note that the original data points, plotted along the curved line, were adjusted by y = 30.92 hr to yield the
straight line. Also note that the x-axis for the plot is 7 - y. Therefore, to obtain the time (7) required for a
given unreliability level using the straight line, you must add the value of y to the x-axis value found at (7 -
). Alternatively, you can read the results from the unadjusted line.

e Close the Folio, save any changes, leave the project open and proceed to the next example.

4.6 Example 5: 2-Parameter Exponential Analysis and Plots
Twenty units, N = 20, were reliability tested with the following times-to-failure: seven units failed at 100 hr,

five units failed at 200 hr, three units failed at 300 hr, two units failed at 400 hr, one unit failed at 500 hr and
two units failed at 600 hr.

Do the following:

e Enter the data. Use the 2-parameter exponential distribution and Rank Regression on X as the parameter
estimation method.
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4.6 Example 5: 2-Parameter Exponential Analysis and Plots

e Obtain the Exponential Probability plot.
e Obtain the Reliability vs. Time plot.

e Obtain the pdfplot.

e Obtain the Failure Rate vs. Time plot.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio3.

Solution

e With the “Training Examples.rwp” project open, create a new Standard Folio by selecting Add
Standard Folio... from the Project menu or by right-clicking inside the Project Explorer and selecting
Add Standard Folio... from the shortcut menu.

e In the New Data Sheet Setup window, select Times-to-failure data for the Folio Data Type and select I
want to enter data in groups, as shown next.

gNew Data Sheet Setup =

; Specify the type of data that you wil be entering into the
Standard Folio for life data analysis.

Step 1
Faolio Data Type
’7 ' Times-to-failure data " Free-Form (Probit) data Leatn More...

r— Times-to-Failure data options

[ My data set contains suspensions (right censored data) Learn More...
—+ Choose this if wour data set contains units that did not Fail,

[ My data set contains interval and/or left censored data Learn More...

»—a Choose this if your data set contains uncertainky as ko exackly when a unit
failed. This will allow you to specify intervals For times-to-Failure.,

Learn Mare. ..

W5 Choose this if you want to specify multiple entries using a single time value,

N i.e. a group of items that have the same time to Failure or suspension,

+

_t —Based on your selections, the data sheet will include these columns:

"‘5 | Number State |
in State End Time

=

—

£

| el

e Click OK to create the new Standard Folio with the data sheet that you have specified.

In this type of data sheet, the first column (“Number in State) contains the quantity of units that failed at a
given time and the second column (“State End Time”) contains the time-to-failure.
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e Enter the data into the new Folio and select the 2-parameter exponential distribution with RRX, as
shown next.

[l reliasoft Weibull + + Yersion 7.0 ol x|

File Edit Wiew Project Folio Sheet Data Tools Window Help |

FHI LB 7] /s odloaadRA 2% % E 0] 3¢ 2w E B

AssE=agr 20020 B8 SoPREw wd|srm @21 =]
E‘B ctandard Folivs \lig Folio: Folio3 (Data 1) ;Iglil
] Folio A23 Main | Analysisl Other I
5 Humber State Subset Al Distribution

D?J ':_°:i°3d o in State End Time D _|
8 Specialized Folios 7 o 100
E giﬂ::r:zl Plats 2 5 200 Parameters/Type
B8 other Tools 3 3 300 (el * z 3
Il Reports 4 2 400 © ived © CFM
Ol Attachments S 1 500

4] 2 500

7

g

9

10

11

1z Settings

13 RRX | SRM

b F [ MED

15 Edited

16

17

18

19 -

4 r|hDatal

|Loadedfolios:1 |ActiveFOIi0"FOIi03" |

e Calculate the parameters by selecting Calculate from the Data menu or by clicking the Calculate icon.

The calculated parameters are shown next.

T Folio: Folio3 (Data 1) ol x|
405 Main | Analysisl Other I
Murnber State Subset Distribution
in State End Time D
1 7 100
B 5 200 Parameters/Type
3 3 300 (ol w2z O3
4 2 400  ixed € CFM
5 1 500
65 2 800 Lambda
7 Gamma _?2.6811
=]
= Rho
- LK Walue |-124. 1466
11
1z Settings
13 RRZ_ | oM
14 FM__ | MED
135 Calculated
16 F=20/5=0
17 Analysis Summary
18 - —
Pii)=... e
il |\Data 1/ Y —I
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4.6 Example 5: 2-Parameter Exponential Analysis and Plots

e Plot the data by selecting Plot from the Data menu or by clicking the Plot icon.

e Sclect Probability-Exponential from the Plot Type menu and refresh the display if necessary. The
Exponential Probability plot is shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com

Probability - Exponential
99.000

Probability-Exponential

x7 Data 1
o Exponential-2P
RRX SRM MED FM
F=20/5=0
50.000 @ Data Points

— P lity Li
o robability Line
x3

10.000

Reliability, R(t)

5.000

Name

Company

10/6/2005

1.000 9:15:19 AM
80.000 204.000 328.000 452.000 576.000 700.000

Time, (t)

7=0.0058, y=72.6811, p=—0.9644

Note that this plot is displayed with automatic scaling and rounding on both the Y-Scale (vertical axis) and
X-Scale (horizontal axis). These are the default plot display options in Weibull++. If you de-select the
Round Y-Scale and Round X-Scale options and refresh the display, the scales will be set automatically
based directly on the data. If you de-select the Automatic Scaling option, you can manually set the starting
and ending values for both scales. Finally, the 2Y and |-X buttons allow you to set one scale manually and
the other automatically. Changes to the scaling do not take effect until you refresh the plot display. As an
example, the figures shown next demonstrate manual scaling for both axes, automatic scaling without
rounding and automatic scaling with rounding on the Y axis but manual scaling on the X axis. Other
combinations are possible to meet your specific scaling requirements.

A Aukomatic Scaling ——— v Automatic Scaling ———— (¥ Aukomakic Scaling

v_ |1 99 ~p|| v [5.4063713 7. 204820 [~y || vl ]t a9 Y
w10 650 I || {122 29299 Jeon.oooot [ || [t fio 650 |-
[T Round/¥-Scale [T Round ¥-Scale v Round ¥-Scale

[T Round #-Scale [T Round ¥-Scale [T Round/#-Scale

e After you have finished experimenting with the scaling options, return to the default settings (with
Automatic Scaling, Round Y-Scale and Round X-Scale selected) before creating the rest of the plots.

Weibull++ 7 Traning Guide 33



4 Step-by-Step Examples

e Sclect Reliability vs. Time from the Plot Type menu and refresh the display if necessary. The plot is
shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com - ]
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e Sclect Pdf Plot from the Plot Type menu and refresh the display if necessary. The plot is shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
Probability Density Function
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4.7 Example 6: Normal Probability Plot with Confidence Bounds

e Sclect Failure Rate vs. Time from the Plot Type menu and refresh the display if necessary. The plot is

shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
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e Close the Folio, save any changes, leave the project open and proceed to the next example.

4.7 Example 6: Normal Probability Plot with Confidence Bounds

Six units were tested to failure and the following times-to-failure were observed: 11,260; 12,080; 12,125;
12,825; 13,550 and 14,670 hr. Assume the data are normally distributed.

Do the following:

e Determine the parameters for the data using the normal distribution and Rank Regression on X as the

parameter estimation method.

e Obtain the Normal Probability plot for the data with 90%, 2-sided Time (Type 1) confidence bounds.

e Obtain the pdfplot.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio4.

Solution

e With the “Training Examples.rwp” project open, create a new Standard Folio by selecting Add
Standard Folio... from the Project menu or by right-clicking inside the Project Explorer and selecting
Add Standard Folio... from the shortcut menu.

e Inthe New Data Sheet Setup window, select Times-to-failure data for the Folio Data Type and de-select
all other options. Click OK to create the new Standard Folio with the data sheet that you have specified.
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e Enter the data into the new Folio, select the normal distribution with RRX and calculate the parameters,
as shown next.

_inlx]
File Edit Wiew Project Folio Sheet Data Tools Window Help
FHI LB 7] s onloaadRA 2% % E 0] 5] e 2w E B 5
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1 11260
B 12080 Parameters/Type
El 12125 1 (Ol 3
4 12825 = Wixed € CFM
5 13550
=] 14670 Mean [1.2752E+4 |
7 Skd 13451545
a8
9
Rho
o LK Walue [-50.75861
11
1z Settings
13 RRZ_ | oM
14 FM__ | MED
13 Calculated
16 F=6/5=0
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4| r[\Data1/ _I
|Loaded folios: 1 |Active Falio “Faliod" |

e Create the Normal Probability plot, as shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com —
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4.7 Example 6: Normal Probability Plot with Confidence Bounds

e Sclect Confidence Bounds... from the Plot menu or shortcut menu to open the Confidence Bounds
Setup window. Specify Two-Sided, Time (Type I) and Confidence Level = 90, as shown next.

m Confidence Bounds Setup 5'
—Sides Type
oK
= Mone ¥ Time (Type I} I__

™ Reliability {Type II) Cancel

" Top One-Sided Help |

" Baoth One-Sided

(% | " Bottom One-Sided

b Level

é Confidence level, % IT:’

g —Resolution (30073

g Marmal Fine Ulkra-Fine

e Click OK to close the window and display the confidence bounds on the plot, as shown next.

ReliaSoft Weibull+-+ 7 - www.ReliaSoft.com -
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e
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/ ooy
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0.000 4000.000 8000.000 12000.000 16000.000 20000.000
Time, (t)
u=1.2752E+4, 5=1348.1848, p=0.9798

Note that the plot legend now contains information about the confidence bounds that have been plotted.
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e Plot the pdf plot, as shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
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e Click the Data 1 tab at the bottom of the Folio to return to the data sheet.

e Save the changes, leave the project and Folio open and proceed to the next example.

4.8 Example 7: Calculate Reliability and MTTF with Confidence Bounds

Using the data and analysis from the previous example, do the following:

e Determine the reliability for a mission of 11,000 hr, as well as the two-sided 90% confidence bounds on
this reliability.

e Determine the MTTF, as well as the two-sided 90% confidence bounds on this MTTF.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.

C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio4.

Solution

e If Folio4 from the “Training Examples.rwp” project is not already active, open the project and Folio
now.

e Open the Quick Calculation Pad by selecting Quick Calculation Pad... from the Data menu or by
clicking the Quick Calculation Pad icon.

e On the Basic Calculations page, make the following selections/inputs:
o Options for Calculations: Std. Prob. Calculations
o Results Options: Results as Reliability
o Required Input from User: Mission End Time = 11000
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4.8 Example 7: Calculate Reliability and MTTF with Confidence Bounds

e On the Confidence Bounds page, select Show Confidence Bounds to enable the confidence bounds

options. Select Two Sided and type .90 for the Confidence Level, as shown next.

[T Quick calculation Pad x|

QCP4

Basic Calculations  Confidence Bounds | Parameter Bounds I

v Show Confidence Bounds Confidence Level

& Twa Sided |g,g—
" Upper One-Sided

" Baoth One-Sided

" Lawer One-Sided

Shows Fisher Matrix. .. |

Weibull++ 7

=M - - 4

Results

Upper I— Calculate I
Reliability I— Close
Lower I Repott. ..
Confidence IZS@DQ— Help

olio: Foliod {Data 13

[

e Return to the Basic Calculations page and click Calculate to obtain the result with confidence bounds, as

shown next.

[T Quick calculation Pad x|

QCP4

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User
Mission End Time Jt11000

Weibull++ 7

~Results

Upper |09916— Calculate I
Reeliability fooost Close |
Lawer IDSBSD— Repart... |
Confidence IZS@DQ— Help |

Folio: Foliod {Data 1)
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e To obtain the MTTF, select Mean Life under Options for Calculations on the Basic Calculations page.
Since the confidence bounds options are already set, click Calculate to obtain the results, as shown next.

x|
QCP4

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations

{~ Std. Prob, Calculations = Warranky (Time) Information
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Resulks Options
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~Results

N | Uoper [13e57E+4 Calulate |
+

| Mean Life [ z752E+4 Close |
= = |
3 Lawer 1.1546E+4 Repart...
Q Confid I

a onfidence 25 @ 0.9 Help |
g Folio: Foliod {Data 1)

e Return to the Confidence Bounds page and de-select Show Confidence Bounds.

e Click Close to close the QCP, leave the project and Folio open and proceed to the next example.

4.9 Example 8: Use the Function Wizard and General Spreadsheet

Using the data from Example 6, obtain tabulated values for the failure rate for ten different mission end
times. The mission end times are 1,000 to 10,000 hr, incremented by 1,000 hr.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio4.
Solution

You can easily accomplish this via the use of the Function Wizard within the General Spreadsheet.5 The
General Spreadsheet is very similar to an Excel® spreadsheet. You can input formulas and edit the cells in a
similar manner. The Function Wizard allows you to insert a wide array of calculated results based on your
inputs and, when applicable, a referenced data sheet.

e If Folio4 from the “Training Examples.rwp” project is not already active, open the project and Folio
now.

e Insert a General Spreadsheet by selecting Insert General Spreadsheet from the Folio menu or by
clicking the icon in the Folio Tools toolbar.

>- The General Spreadsheet is presented in detail in Chapter 20 of the Weibull++ User s Guide and the Function Wizard
is presented in Chapter 22.

40 http://Weibull.ReliaSoft.com



4.9 Example 8: Use the Function Wizard and General Spreadsheet

o Type “Time” in cell Al and “Failure Rate” in cell B1. Then enter 1000 through 10000 in cells A2 to
Al11.5 Finally, place the cursor into cell B2, as shown next.

_lolx]
File Edit Wiew Project Folio Sheet Data Tools Window Help |
D@ 2P S8 @] 9] w2208 = ] 6] 2 bl Gl %, ]
Asss=gEr a5 20 pREseeR S e d|ra@2e =]
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%'__;i;”fnﬁjﬁdmﬁ'j;s =lo|x|

B2 |

a | s [ ¢ [ o | e [ F | & [ H [ 1 | 3

1 |Time Failure Rate

2 1000

3 2000

4 3000

B 4000

& 5000

7 £000

g 7000

9 5000

10 9000

11 10000

|Loadedfolios:1 |ActiveFOIi0"FOIio4" |

e Open the Function Wizard by selecting Function Wizard from the Data menu or by clicking the

Function Wizard icon.

o Sclect FAILURERATE from the list of functions. Note that the functions are in alphabetical order and if
you click inside the list and start typing the name of the function, the selection will automatically move
to the first function in the list that matches the letters you have typed. Also note that the menu above the

6 To save time, you could also type the equation “=A2+1000” into cell A3 and then copy/paste the equation through cell
All.
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list allows you to filter the list to display only those functions of a specific type. With the failure rate

function selected, the wizard will look like the figure shown next.

|
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ERRCR.TYPE
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Add ko Equation |

Weibull++ 7

Insert I

Close | Less... |

Help |

The inputs required for the selected function are displayed on the right side of the window. The text box at
the bottom of the window allows you to build the function that will be inserted into the spreadsheet.

e Enter A2 for Time. This indicates that the time input for the equation will be obtained from the specified
cell in the worksheet.

e To specify the existing Weibull++ analysis that the function result will be based on, click Select... to
open the Select Folio/Data Sheet window and then navigate to the desired sheet. If you have been
performing all of the examples in the Training Examples.rwp project as specified in this training guide,
this will be Data 1 in Folio4, as shown next.

i

[-#1] Life Data Analysis Folios
(- Bl Foliol veer ILI
ﬂ Faliaz Cancel |
- El Folios
ﬁv Foline Help |
o) B
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4.9 Example 8: Use the Function Wizard and General Spreadsheet

e Click OK to close the window and return to the Function Wizard. The wizard will look like the figure

shown next.

IAII functions
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Weibull++ 7
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e Click Insert to close the window and insert the function code into the General Spreadsheet. Functions
are inserted into the cell that was active when you opened the Function Wizard.

e Copy the function into cells B3 through B11. One way to do this is to position the mouse over the bottom
right corner of cell B2 and when the cursor turns into a plus symbol (+), click and drag the mouse to cell

B11.

e By selecting one of the cells that you copied the function into, you can see that the cell reference was
updated to match the current row, as shown next with cell B11 selected.

_iolx]
File Edit Wiew Project Folio Sheet Data Tools Window Help |
A EE IS R I I El = E R EIC R E R ]
N E A== L R T Y =R
3| 08| | H| K |j|
ol JRE=IEY

| Falial B11 =FAILURERATE("Folio4!Data 1",411)
a | s [ ¢ [ o | e [ F | & [ H [ 1 | 3
91 Folios 1 |Time Failure Rate
ull[u} |
----- Bl Specialized Folios g ;ggg 3;:5_3?;
:g gid':fn'::' Pots 4 3000/ 1.29E-015
_____ oa o 5 4000 2.00E-013
_____ B Reports 6 5000, 1.96E-011
_____ B Attachments 7 6000 1.06E-009
8 7000 3.3E-008
E 8000 5.94E-007
10 9000 6. 18E-006
11 100003, 76E-0051
12
13
14
15
16
17
18
Loaded folios: 1 | Active Folio "Folio4"
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The table that you have created displays the failure rate for each time in column A, based on the analysis in
the associated data sheet.

e Close the Folio, save any changes, leave the project open and proceed to the next example.

4.10 Example 9: Analyze Interval Data

Consider the interval data given below. The data set contains the inspection times of 167 identical parts in a
machine and the number of them found cracked at the end of each inspection time.

Number in State | Last Inspected State State End Time
5 0 F 6.12
16 6.12 F 19.92
12 19.92 F 29.64
18 29.64 F 35.40
18 35.40 F 39.72
2 39.72 F 45.24
6 45.24 F 52.32
17 52.32 F 63.48
73 63.48 S 63.48

Determine the parameters of the 2-parameter Weibull distribution using Maximum Likelihood Estimation
and obtain the 3D Log-Likelihood Function surface plot.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Training Examples.rwp.” Use Folio5.

Solution
e With the “Training Examples.rwp” project open, create a new Standard Folio by selecting Add

Standard Folio... from the Project menu or by right-clicking inside the Project Explorer and selecting
Add Standard Folio... from the shortcut menu.
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4.10 Example 9: Analyze Interval Data

e In the New Data Sheet Setup window, select Times-to-failure data for the Folio Data Type and select all
of the options under Time-to-failure data options, as shown next.

x
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Learn Mare. ..

W5 Choose this if you want to specify multiple entries using a single time value,

N i.e. a group of items that have the same time to Failure or suspension,
+
bs EBased on your selections, the data sheet will include these columns: ——————————————————
S |
= Number Last State State
g in State Inspected For5S End Time
|

| s |

e Click OK to create the new Standard Folio with the data sheet that you have specified.

e Enter the data and calculate the parameters with the 2-parameter Weibull distribution and MLE, as
shown next.

_ioix]
File Edit Wiew Project Folio Sheet Data Tools Window Help |
B EE IS R Y B N al = E R EI R R
NEEEE R EEEE R R E R E I =R
PR EE
) e el =lol
5B Standard Folios ' Folio: Folio5 {Data 1) ol x|
] Folio A28 I Main | Analysisl Cther I
) F°:f°2 Mumber Last State State Subset |2 Distribution
2] Folo? in State Inspected Fors End Time D
| Foliod _ wieibull W
-] Falios 1 3 0 F 6,12
----- BB specialized Folios 2 16 6.12 F 19,02 Parameters|Type
----- B Additional Flots 3 1z 19.92 F 20.64 C1 @z s
----- [l Diagrams 4 18 29.64 F 35.4 © Mixed © CFM
----- [l cther Taols 5 18 35.4 F 39.72
----- Bl Reports 6 2 :9.72 F 45.24 Beta
----- Bl Attachments 7 & 45,24 F 52,32 Eta
g 17 52.32 F 53.48
9 73 53.48 5 53.48
o LK Yalue [-309.6684
11
1z Settings
1 MLE [ RRM
14 F [ MED
135 Calculated
16 F=04/5=73
1; Analysis Summary
e Flil=.. T
Alr|hDatal —I

|Loadedfolios:1 |ActiveFOIi0"FOIi05" |

e C(Create the 3D Likelihood Function Surface plot by selecting ReliaSoft 3D (LK Function)... from the
Tools menu or by clicking the icon in the Control Panel or the General Tools toolbar.

B
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The plot is shown next.

ES—D : Likelihood Surface (Folio5/Data 1) ;Iglll
File Edit Actions |

& = ﬂgﬂ.jg| 1) Help |Close|

r—Chart Information
Likelihood Function Surface Humber of Foints:

IZD
Elexvation: ISD
|6D

Rotation:

EBeta

Start: ID.?42?
End: I2.2281

Eta

Start: I35.8452
End: IID?.5356

|Scale ETA: Set the high {ending) point for the Eta 4

To rotate the plot, click the plot then press the Ctrl key while holding down the left mouse button and
moving the mouse. Note that the peak of the surface is at the center of the beta-eta plane.

e When you are finished experimenting with the 3D plot utility, close the window by selecting Close from
the File menu or by clicking the Close button in the toolbar.
e Close the Folio and save any changes to the project.

o Close the project by selecting Close from the File menu and proceed to the next example.
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411 Example 10: Analyze Accelerated Test Data

A new product was reliability tested. Since the life of this product under operating conditions is expected to
be more than 15,000 hr, testing under these conditions is not time-wise feasible. For this reason, it was
decided to run an accelerated test for this product. The operating temperature for this product is 323K (50°C)
and temperature is the only acceleration variable. A table of the data obtained from the test for three different
operating stress levels is given below.

Stress Level, K 393K 408K 423K

3850 3300 2750

4340 3720 3100

4760 4080 3400

Times-to-failure, hr 5320 4560 3800

5740 4920 4100

6160 5280 4400

6580 5640 4700

7140 6120 5100

7980 6840 5700

8960 7680 6400

Do the following:

e Determine the parameters of the 2-parameter Weibull distribution at each stress level using Rank
Regression on X.

e Estimate the parameters for the Eyring model.

e What is the reliability of the unit for a mission duration of 9,000 hr, starting the mission at 7= 0 and at
the operating temperature (323K)?

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Accelerated Analysis.rwp.”

Solution

e Create a new project with a new Standard Folio for time-to-failure data.

e The Subset ID column will be used to identify the stress level at which each failure time was observed.
To rename this column, double-click the column header, type “Temperature in K (Use is 323K)” in the
Change Heading window and click OK to update the data sheet. Note that you can edit all column
headings, row headings and tab names in a similar manner.
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e Enter the data and calculate the parameters with the 2-parameter Weibull and RRX, as shown next (with
only the first 18 data points visible in the picture).

_inxi
File Edit Wiew Project Folio Sheet Data Tools Window Help |
A R R A == EE E IR E ]
AssE=EgEr 20520 DREsceR B d|lrm@2e i =]
o[r9re| ¥ +[EH ki H|
@ Project o
]| Folind B31 I Main | Analysisl Other I
-0l Specialized Folios - ; a —
B8 adionalpis Time, Temperatrs K 5 Ditrbutin
Bl Diagrams weibull
B8 other Tools 1 2750 423K
Bl Reports B 3100 423K Parameters/Type
[l Attachments 3 3300 408K 1 w2z 3
4 3400 423K " Mixed © CFM
5 3720 408K
=] 3800 423K Beta  [4.1598 |
7 3850 393K Eta |5713.9959 |
a8 4080 408K
9 4100 423K fho
0 4340 383K LK Walue |-262.9743
11 4400 423K
1z 4560 408k Settings
13 4700 423K RRX__ [ oM
14 4760 393K = I
15 4920 408K Calculated
15 5100 423K F=30/5=0
1; gggg gggi Analysis Summary
4 r|hDatal 0 —I
|Loaded folios: 1 |Active Falio "Falio1" |

The Batch Auto Run feature allows you to break down the original data set into three different data sets
based on the different operating temperatures. The Batch Auto Run uses the Subset IDs to extract the data.”

e Open the AutoRun window by seclecting Batch Auto Run... from the Data menu or by clicking the
Batch Auto Run icon in the Control Panel or Data Analysis Tools toolbar.

|

e C(Click Select All Available> to apply the Batch Auto Run process to all three of the Subset IDs in the
current data set. The window will look like the figure shown next.

[ AutoRun - Subset Extraction and Processing x|
Selection Subsets | Set Action Preferences for Processing I
Available Subset IDs Selected Subset IDs
423K
405k
393K
N
+
+
=
=] 1
0 Select All Available = | % Clear All Selected |
-
g OF Cancel | Help |

7- Batch Auto Run is presented in detail in Chapter 6 of the Weibull++ User s Guide.
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4.11 Example 10: Analyze Accelerated Test Data

e Click the Set Action Preferences for Processing tab to view/set the calculation and sheet name options.
For this example, only the Calculate Parameters for Selected Subsets option will be selected, as
shown next. This indicates that the parameters will be calculated automatically for each extracted data
set.

mnutoRun - Subset Extraction and Processing =

Selection Subsets Set Action Preferences for Processing |

Calculation Options

ters For Selected Subsets:
[ Plot Probability For Selected Subsets

™ Treat all Other Subsets as Suspensions

Sheet Mames Options
™ Replace data in existing sheets
' Inde:x new sheets using space, i.e. Data 1

" Index new sheets using parentheses, i.e. Datal1)

" Index new sheets using dash, i.e. Data-1

OF I Cancel Help

( Weibull++ 7

e Click OK to initiate the Batch Auto Run process.

e When the process is complete, the Folio will look like the one shown next.

[T reliasoft Weibull++ Yersion 7.0 ol x|

File Edit Wiew Project Folio Sheet Data Tools Window Help |

A P R R =R E R

NEEEE R EEEE SRR E I =R
g Projec
T \ig Folio: Foliol (393K} _lolx
=-{&8F Standard Faolios —I—I—I
i) Faliet A2T7 HMain | Analysisl Other I
Bl Specialized Folios Tirne Suhset = Distribution
Bl Additional Plats Failed D _I —
Diagrarns Welbu ¥
g Othger Toals 1 3830 353K
2 4340 293K Parameters| Type
3 4760 393K (o] @z 3
4 5320 393K " Mixed © CFM
5 5740 393K
6 6160 393K et
7 6580 9K Eta
g 7140 393K
- oo o who
1 8960 93K LK Walue |-57.6756
11
12 Settings
13 RRX | SRM
4 F [ MED
Lo Calculated
i F=10/5=0
L Analysis Summary
18 = .
Piii=... e |
Al rinDatal 423K 408K/ 393K

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

You will notice that three new data sheets labeled 423K, 408K and 393K will appear in the Folio. Each data
sheet contains the data that has been extracted for the specified Subset ID (i.e. stress level). You can click
each tab to view the new data sheets. Notice that the parameters have already been calculated for each stress
level.

e Insert a General Spreadsheet by selecting Insert General Spreadsheet from the Folio menu or by
clicking the icon.
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Enter the parameters that have been calculated for each stress level into the spreadsheet. You can type the
parameters or use the PARAMETER function in the Function Wizard. If you use the Function Wizard,
use 1 for the Param Index to return Beta and use 2 for the Param Index to return Eta.

With some additional headings and explanations, the spreadsheet will look like the figure shown next.

EilleliaSoﬂ: Weibull++ 7 - [Folio: Folio1 {General}]

WEiIe Edit View Project Folio Sheet Data Tools ‘Window Help

-loix]
ED

A EEFE R R R e EEE

|65 La ] ) P 5,

e E R EEEEE =P T E =R
“‘Zl Example 10 Acceleration 423 I
T a1 % [ ¢ [5] E T F [ 6 [ n [ 1 ]
.S.pecialized Falins 1 | A Simple Example of Accelerated Analysis Using the Eyring Modef J
Additional Plats 2
Diagrams 3
Cther Tools 4
Reports 5 |From the data, we estimated Beta and Eta at each stress level,
5] Stress Eta Beta
7 393 6668.7828 4.2206 (Mot that Beta remains constant in this exarmple.)
3 408 5716.0996 4.2206
g 423 4763.4163 4.2206
10
11
12
13
14
15
16
17
18
19 -
| | |l v [ Data T A 3936 A 408K /A 423K General T4l | LIJ
|Loaded folios: 1 |Active Falio "Falial" |

The Non-Linear Equation Fit Solver can be used to estimate the parameters of the Eyring model.®

Highlight the cells containing the stress and eta values (it is assumed that beta remains constant at each
stress level, which is the case for this data set). Copy the data to the Clipboard.

8- The Non-Linear Equation Fit Solver is presented in detail in Chapter 17 of the Weibull++ User s Guide.
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4.11 Example 10: Analyze Accelerated Test Data

e Open the Non-Linear Equation Fit Solver by selecting Add Other Tools then Add Equation Fit Solver
from the Project menu or shortcut menu. This window will now be accessible from the Project Explorer
and is currently active within the MDI, as shown next.

[l reliasoft Weibull + + Yersion 7.0 ol x|

File Edit Wiew Project Sheet Equation Tools Window Help |

A E i R R =R E R

Ass==gla?zaaR0pREsee il S e w 2lam22 i =]
EHB atandard Folios Lig Folio: Foliol {General) ;Iglil
) Foliot B7 |93
Bl Specislized Folios E® Non-Linear Equation Fit Solver: NonLinSolver1 =lol x|
B8 Additional Plats 1 )
-8l Diagrams E Al I Iain | Comments I
{&F Other Tools 2 =
: p_\ﬂ MonLinSolver1 —4 X Y F) i _I @Elﬁl
: 8 Reports 5 1 Equation Mame
[l Attachments e | 2
| 7 [ 3 |
g 4
g 5 a*x+b
10 4]
11 7
12 g
13 9
14 10
15 11
16 12 ¥ Auta Fill Parameters
17 13
18 14 | Edited
19 15
[«[>[ ‘4 1':'l\ Data /A _Parameters 7/ ||v
A —

|Loadedfolios:1 |ActiveNonLinSoIver"NonLinSoIverl" |

e Place the cursor into the first cell in the X column and paste the data that you copied from the General
Spreadsheet. Note that if you used the Function Wizard to enter the parameters in the General
Spreadsheet, you will need to select Paste Special then Paste Values from the Edit menu, as formulas
cannot be pasted into the Non-Linear Equation Fit Solver.

e In the Control Panel on the right, type the following equation for the Eyring model:
(1/X)*exp(—((4 - (B/X))))

o Enter Eyring Acceleration Model for the Equation Name

e C(Click the Add to Templates icon to include this equation among the saved equation templates that can
be re-used at a later time in other analyses.
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e Click OK to close the window that confirms that the equation has been saved. The window will now
look like the figure shown next. Notice that the focus was switched automatically to the Parameters sheet
when you typed the parameters to be solved for (A and B) into the equation.

[l reliasoft Weibull + + Yersion 7.0 ol x|

File Edit Wiew Project Sheet Equation Tools Window Help |

A R R A == EE E IR E ]

N EE R EEEEE =GR B =R =R
o =T
[=-{&#F Standard Folios T

EJ Faliol z Non-Linear Equation Fit Solver: NonLinSolverl = IEI Iil

[l Specialized Folios | a1 A Main | RS I
Bl Additional Plats ; = ~ r— =

[ Diagrams | Parameter | 2 oo |5 B8 nia Yalue SDEY @IE'E'
EHB Other Tools — than... than... guess _|

©ed] Menlinsolesrl (] 1 A -100000 200000 2 Equation Mame

| 2 B -100000 200000 2 - -
Bl Attachments - 3 IEyrlng Acceleration Model
— 4
]S (17x)*em(-((A-
| 4]
(R EX))
—[ s
|- 9
—| 10
| 11
| 12 ¥ Auta Fill Parameters ‘
- 13
| 14 | Edited
| 15
—| 16
| 17 -
i[ 4| » [} Data A Parameters / i

|Loadedfolios:1 |ActiveNonLinSoIver"NonLinSoIverl" |

e Enter the following values for the parameter A:
o Is greater than: -100
o Isless than: 1000
o Initial guess: 0.001

e Enter the following values for the parameter B:
o Is greater than: -100
o Isless than: 5000
o Initial guess: 0.001
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e Select Calculate from the Equation menu or click the Calculate icon. The results are shown next.

BdReliasoft weibull++ 7 =10l x|

File Edit Wiew Project Sheet Equation Tools Window Help |

Al R R E =R E I R

Ass=s=glaElr|zaa=20DREse e Swl ki a]s w2 i =
va Project MFolio: Foliol {General) - |EI|1|
[=-{&#F Standard Folios =
-] Folint : Non-Linear Equation Fit Solver: NonLinSolverl 10l =|
-l Specialized Folios | ADS Main | Commernts I
-l Additional Plats : - ~ p— |
B Di B s greater | Is less nitia _l_l_l_l
g O':hg;?;ls | Parameter| =0 ™ than... quEsE Walue SDEY || @ | 48| =
------ rad]| NonLinSolverl 1 A -100 1000 0,001 -11.14406 0.2065424 Equation Mame
-8 Reports | 2 |B -100 5000 0,001 1430.2558 | 124,13859 - -
..l Attachments il IEyrlng Acceleration Model
[ 4
| (1/x) ep(-((A-
5}
e =)
[ 8
[ 9
[ 10
[ 11
| 12 ¥ Auta Fill Parameters ‘
[ 13
Fl 14 | Solved
: 12 Evaluate at ¥
|17 «| ¥l 10 )=

|Loadedfolios:1 |ActiveNonLinSoIver"NonLinSoIverl" | |

The values for A and B are given within the “Value” column.” The standard deviation for each parameter
appears within the “SDEV” column. Using the solution of the parameters for the Eyring model, you can
calculate the value of eta (n ) for any temperature (stress level), particularly in this case for the operating
temperature of 323K.

% Values may vary depending upon decimal places displayed to fit cell and window widths.
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e Copy the solutions for the parameters of the Eyring model and paste them into the General Spreadsheet,
as shown next.

mReliaSOI‘t Weibull++ 7 - [Folio: Foliol {General}] -0 x|
W File Edit Wew Project Folip Sheet Data Tools Window Help _I- _Iﬁl ﬁl|
B e E I B e = e E IR ]
Javie==aar 2 &0 D08 0eYRISw & I cw2E =
“EI Example 10 Accelleration 240
O e e[ 5 [ ¢ [p [ E ] F [ 6 [ o [ 1 -
B .S.pecialized Folins 1 |A Simple Exampie of Accelerated Analysis Using the fyring Model [
B Additional Fiots 2
il Diagrams 3
&8 Other Tools 4
frad] MonLinsakvert 5 |From the data, we estimated Beta and Eta at each stress level:
-l Reports Ja} Stress Eta Beta
[l attachments 7 393 6668.7828 4.2206 (Note that Beta remains constant in this example.)
g 408 5716.0996 4.2206
9 423 4763.4163 4.2206
10
11 A -100 1000 0.001-11.14406 0.306542
12 B -100 5000 0.0011430.2558 124.1386
13
14
15
16
17
15
T i o
1 ] [ Data T A 393 A 408K A 423K General e | v
|Loaded folios: 1 |Active Folio "Folio1" |

To aid in the process of calculating eta at different stress levels, the parameters A and B will be defined as
named variables within the spreadsheet. This allows you to reference these values in a formula without
having to input the actual value.

e Click the cell containing the solution of A, in this case cell E11, and select Define Name... from the
Sheet menu to open the Defined Names window. Type “A” in the first row of the Name column then

click the Active Cell(s) button to associate the specified name with the cell that is currently active in the
spreadsheet.

e Type “B” in the second row of the Name column, go to the spreadsheet and click the cell containing the
solution of B (E12), return to the Define Names window then click the Active Cell(s) button again. The
window will look like the figure shown next.

Defined Names (Foliol) #
Auko-set Definition from
Active Cellis) | Data Source.., I
Narme [ Definition o
A ‘Generall§E$11 [
B ‘General'l$ES12

Weibull++ 7

Help | Close |
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e Click Close to save these variable name definitions and return to the General Spreadsheet.

e Using the Eyring model and the defined parameters, A and B, create a table like the one shown next to
calculate the value of eta for a range of temperatures (323K-443K). For example, for cell C20, enter the
following formula: =(1/B20)*exp(-(A-(B/B20))) and press Enter. Be sure to type the formula as it
applies to the current structure of your General Spreadsheet.

EReliaSoﬂ: Weibull++ 7 - [Folio: Foliol {General}] ;IEILI
Wﬁile Edit Yiew Project Folio Sheet Data Tools Window Help ;Iill“

DF I 0E 7] /) s 9] e e TR0 2] = 0 e =2 ki B Bl 2 5, ]

As[=E=lqalu?]zaaz0newsee ) =w wllacm@ iz
“Zl ;ample 10 Acceleration c20 I=(1..-‘B20)*E)(F'(—(A-(B,’BZD)))
[=-{&8 Standard Folios
e A [ 8 [ ¢ [bo [ & [ F [ & [ n [ 1 [ 3 =
B .S.pecialized Folios 17 |Using A anid 8 as defined names, we can compute different £ta values for each temperature.
Bl Additional Plats 18
@ Diagrams 19 T(C) T(K) Eta
[ Cther Taals 20 S0 323 1?933.84988!
-eud] MonLinSolverl 21 G0 333 15229.36911
: [l Reports 22 70 243 13045.16155 _I
[l Attachments 23 20 353 11263.34733
24 a0 363 0796,268522
25 100 373 8577935712
26 110 383 7538.102113
27 120 303 66598.09983
28 130 403 S5967.875656
29 140 413 5343.854786
30 150 423 4807.383455
31 160 433 4343.581324
32 170 443 3940.487212
2B
34
35 -
1] | [ «[v [ Data1 A 395K A 408K A 422K ) General KN 3

|Loadedfolios:1 |ActiveFOIi0"FoIi01" |

The value of eta at a stress level of 323K is estimated to be approximately 17933.85.

The final part of this example involves estimating the reliability of the product at the operating stress level
(323K) for 9,000 hr of operation. The Weibull distribution was used to calculate the values of the parameters
eta and beta.

The Weibull reliability function is given by:
i

R(T) = e

e Create a table of reliabilities for a range of different end times (1000 - 10000 hr) within the General
Spreadsheet using the Weibull reliability function. When referencing the cells containing the values of
beta and eta within the formula to calculate the reliability, you must refer to these cells as an absolute
reference. This involves inserting a $ in front of the column letter and the row number. In the next figure,
the values of beta and eta are located within cells B36 and B37, respectively. When typing the formula
for the Weibull reliability function, these two cells must be referenced using the following format: $B$36
and $B$37. In cell B41, enter the following formula: =exp(-((A41/$B$37)*$B$36)). Copy the formula
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down to cell B50. The reliability has now been calculated for all of the end times in question, as shown

next.

Breliasoft weibull++ 7

File Edit Wiew Project Folio Sheet Data Tools Window Help

=10l x|

CIEANEEEEE

e R R nEEEEEEE

Ad=[= TREEEEEEE =R B E R =S
-
g-glgfzndard Falins E’jFolio: Foliol {General) - |EI|1|
© L) Foliot B4g =EXP{-{{449/£B£37) " $B$36))
-l Specialized Folios A [ B [ © [ D [ E [ H [ -
E Additional Plats 35 | For the Reliability at the Use Stress Level of 323K
- Diagrams 36 |Beta= 4,2206
& Other Tools 37 |Eta= 17933.8499
r_\ﬂ MonLinSolver 1 B
_____ g itet?:c:;ents 39 | Now we car create a table of Reliabifities for different mission end times:
40 Time Reliability
41 1000 | 0.999994E8862
42 2000 | 0.9999046651
43 3000 | 0.9994723222
44 4000 | 09982241185
45 5000 | 09954519125
46 6000 | 0.99020790S52
47 7000 | 0.9813156888
43 8000 | 0.9674049892
49 9000 [0.94697930931
50 10000 | 0.9185254837
51
)
53
54 =
| » [\ Data 1 A 423K A 408K A 392K A General 3

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

The reliability at 9,000 hr is estimated to be 94.6979%.

e Save the project as “Accelerated Analysis.rwp” then close the project and proceed to the next example.

4.12 Example 11: Degradation Data Analysis

Five turbine blades were tested for crack propagation. The test units were cyclically stressed and inspected
every 100,000 cycles for crack length. Failure is defined as a crack of length 30mm or greater. Following is
a table of the test results:

Cycles Unit A Unit B Unit C Unit D Unit E
(x1000)
100 15mm 10mm 17mm 12mm 10mm
200 20mm 15mm 25mm 16mm 15mm
300 22mm 20mm 26mm 17mm 20mm
400 26mm 25mm 27mm 20mm 26mm
500 29mm 30mm 33mm 26mm 33mm

Using Weibull++'s Degradation Analysis module and the Quick Calculation Pad, determine the B10 life for
the blades using degradation analysis with an exponential model for the extrapolation.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Degradation Analysis.rwp.”
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Solution

e C(Create a new project. On the second page of the Project Wizard, select Degradation Analysis Folio, as
shown next then click Finish. This will add a folio to the new project that has been specially designed for
degradation analysis.

x|

A project can contain different types of Folios to perform different
types of analyses. Select the initial Folio you want to add to this
project.

Step 2
r—Standard Folio

EJ [ Life Data Analysis Folio
Choose this For standard life data analysis {e.g. times-to-failure  Learn More...
andjor suspension data),

—Special Analysis Folios

fﬂ [ warranty Analysis Folio

Choose this to enter shipments and returns data For warranty Learn More...
analysis,
Bd ¥ eara
Choose this For degradation analysis, Learn More...
[~ Non-Parametric LDA Folio
Choose this For non-parametric life data analysis, Learn More...

[:Eﬂ [” Event Log Folio
Choose this to enter data in an equipment downtime log Format, Learn More...

Weibull++ 7

Help | Cancel | < Back | Mext = | Einish I

e Enter the data, select Exponential for the model and enter 30 for the Critical Degradation, as shown
next. There is no suspension time for this example.

_injxi
File Edit Wiew Project Sheet Data Tools Window Help |
B EE IS R I Y B N al = E R E R E R
N EEEE R EEEEE =GR B =R =R
e =lalx
ol B Standard Folios w7 Degradation Analys egradationl i [m] _I
{&8r Specialized Folios B33 Main | Comments I
"] Degradationl " a
B Addtional Plots Insfierﬁ;'m Degradation Unit ID :|| y=b*exp(a*x)
Bl Diagrams Model
B8 other Tools 1 100 13 2
B Reports 2 200 20 a
L] El 300 22 a
[ Attachments 4 400 25 3 Critical Degradation
5 500 29 a Y= ISD
a] 100 10 b
7 200 15 a] [ Suspend After
a8 300 20 b l—
&= |1000
9 400 23 b
11 100 17 C
12 200 23 C
13 300 26 C
14 400 27 C
15 500 33 C
15 100 12 d
17 200 15 d
15 300 17 d
19 400 20 d
20 500 26 d
21 100 10 e
22 200 15 e
23 300 20 e
24 400 26 e
2 500 33 & | DEGRADATION
4[»[\Data / [
Loaded folios: 0 | Active Degradation "Degradationl” |
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e Apply the model to the data set by selecting Calculate from the Data menu or by clicking the Calculate
icon.

e To view the calculated parameters, click the Show Fit Parameters button in the Control Panel. To view
the extrapolated failure times, click the Show Extrapolated Values button.

| Calculated |

I Fit Parameters

|a(i3'=- o, Bii)=... v :|- Show Fit Parameters

| Extrapolated Yalues

|T'ii.".'=- o ve :|— Show Extrapolated Values

The parameter results are shown next.

_lox]
&..‘gﬂ|.j||g|close|
Bl6 |
& | B8 | c D E_ [ 4l
1 |Date: 10-06-2005 [
2 |User: Mame
3 |Company: Company
4
5 UnitID | Parameter a Parameter b
5] a 1.58E-03 |13.59615183
7 b 2.71E-02  8.271973337
=] C 1.40E-03 |16.43545981
9 d 1.77E-03 |10.36101813
10 e 2.94E-03  7.931379271
11
12
13 -
4 | »

e Click Close to close the Results Panel window.

e Plot the results in a new sheet by selecting Plot from the Data menu or by clicking the Plot icon. With all
units selected to be displayed, the plot will look like the one shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
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4.12 Example 11: Degradation Data Analysis

e To transfer the extrapolated failure times to a Standard Folio, return to the Data sheet and select Transfer
Life Data to New Folio from the Data menu or click the icon.

in

e Double-click Foliol in the Project Explorer to open the new Standard Folio that the failure and
suspension times were transferred to. Select the 2-parameter Weibull distribution with MLE and
calculate the parameters. The estimated parameters for this data set are beta = 8.0551 and eta = 519.5554,

as shown next.

B ReliaSoft Weibull++ 7 -10O] x|
File Edit Wiew Project Folio Sheet Data Tools ‘window Help |
DS @[ 9] S s am[o]n = (@213 5] ] 5] @] 5 kol il 1l 2 5, 1
AssE=gar a8 20Dt Bw &l dlscal@ s i =]
g o =lol
E‘ﬁ' atanderd Faios MFolln. Foliol {Data 1) i m| 1'
¢ L] Foliod o] Main I Analysisl Other |
—J-{&l Specialized Folios P ;I o
T - State Time to Subset Distribution
D'E]d_[t’_egfﬁ'tf“ ForS Fors D ]
: tional Plats :
‘I Diagrams 1 F 428.7388566 c =
! [l other Tools 2 F 452,8317444 e @ Parameters/Type
[l Reports 3 F 475,7397018 b g}t}__l:‘ (8] 2z 3
[l Attachments 4 F 500.6217001 a == | " Mixed £ CFM
5 F 600.8097535 d @ —
& Beta
7 % e
g —_—
ﬁ % LK ¥alue |-28.0169
12 @ Settings
13 D ME | oM
14 © FM__ | MED
15 f._’!] Calculated
16 F=5/5=0
7 Analysis Summary
o Pi=._ N
20 =
1 _PI\ML/ IEE Degradationt
(1] 15 e
23 300 20 e
24 400 26 e
e L = ° | DEGRADATION
4| +[\Data A Piot / [
< |

|Lnaded folios: 1 |nctwe Falio "Folio1" |Pro]ect: Project.nup ‘

Physical Memaory Available: 44.49%%

Note that the Specialized Folio that you created for the degradation analysis is now associated with the
Standard Folio that you transferred the life data to. You can click the link at the bottom of the Control Panel
to open the associated Degradation Analysis Folio. In addition, if you change and re-calculate the

degradation analysis, the associated Standard Folio will be updated automatically.

Weibull++ 7 Traning Guide
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4 Step-by-Step Examples

e Open the Quick Calculation Pad. Select BX Information and enter 10 for the percentage. Click
Calculate. The results are shown next.

X
QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{~ Std. Prob, Calculations = Warranky (Time) Information
" Conditional Calculations ' BX Infarmation

" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliahility: " Results as Probakility of Failure ‘

—Required Input from User
B Information At Jio

~Results
Calculate I
Time 592,9179 Close |

Report... |

Help |

Weibull++ 7

Folio: Foliol {Data 1)

Using the Degradation Analysis utility and the QCP, the B10 life is calculated to be 392,918 cycles.

e Close the QCP.

e Save the project as “Degradation Analysis.rwp” then close the project and proceed to the next example.

4.13 Example 12: Warranty Data Analysis

A company keeps track of its shipments and warranty returns on a month-by-month basis. Following is a
table for shipments in June, July and August and the warranty returns through September:

Returns
Months Shipments July Aug. Sept.
June 100 3 3 5
July 140 - 2 4
Aug. 150 - - 4

Do the following:
e Using Weibull++'s Warranty Analysis module, convert this information to life data and determine the
parameters for a 2-parameter Weibull distribution.

e Predict the number of products from each of the three shipment periods that will be returned under
warranty in October.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Warranty Analysis.rwp.”
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4.13 Example 12: Warranty Data Analysis

Solution

e C(Create a new project. On the second page of the Project Wizard, select Warranty Analysis Folio, as
shown next.

x

A project can contain different types of Folios to perform different types of analyses. Select
the initial Folio you want to add to this project.

Step 2
r—Standard Folio

WJ [ Life Data Analysis Folio
Choose this For standard life data analysis {j.e. times-to-failure and/or suspension data), I

@

—Special Analysis Folios

ﬂ [V Warranty Analysis Folio
Choose this to enter shipments and returns data For warranty analysis, i

@

E " Degradation Analysis Folio
Choose this For degradation analysis, [

@

[ Mon-Parametric LDA Folio
Choose this For non-parametric life data analysis, [

@

|5 I Event Log Folio
Choose this to enter data in an equipment downtime log Format, i

@

Weibull++ 7

Ensh |

Help | Cancel | < Back |

e Click Next> to proceed to the next step. Select I want to enter data in “Nevada” format, as shown
next, and then click Next>.

x

Define the data format that you want to utiize for the warranty analysis,

Step 3
—Warranty Analysis Folio Data Type

& Iwant to enter data in "Nevada” format

Choose this to use a classic Nevada chart Format {i.e. bin data into units shipped per period and [
returns per period),

@

" I want to enter data in times-to-failure format
Choose this if you have times-to-Failure for returned units, This is similar to the standard "Life Data |
Analysis" Format,

@

" I want to enter data in dates of failure format
ﬁ] Choose this if you want to enter the exact dates of manufacture/shipment and warranty return, (i

@

" I want to enter data in usage format

Choose this if you want to enter the exact dates of manufacture/shipment and the usage of [
warranty return,

Help | Cancel | < Back

@

Weibull++ 7

Einish

e In the next step:
o Select Months for the unit type.
o Select Allow Returns at Time = 0.
o Type June 2005 for the first month of the sales data and specify 3 periods, incremented by 1.
o Type July 2005 for the first month of returns data and specify 3 periods incremented by 1.
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4 Step-by-Step Examples

The window will look like the figure shown next.

x

A MNevada chart displays returns and sales per time period. Use the options below to define the
time periods you wish to utilize.

Step 4

I want to use the Following unit bype For each period:

" Mumbers e 1, 2,3, 40r 2, 4,6, 8. & Months
" Days  Years

‘ ¥ allow Returns at Time = 0 ‘

—Far sales data

Start |Jun 2005 ﬂ MNumber of Periods IS—:I
Increment |1 ﬂ
—Faor Failure/return data

Start IJuI 2005 ﬂ MNumber of Periods |3 ﬂ
Increment |1 ﬂ

MNumber of Periods ISD ﬂ ‘
Help | Cancel < Back Mext = | Einish I

e Click Finish to create the Warranty Analysis Folio.

"Future Sales

Weibull++ 7

e Enter the shipments data in the Quantity In-Service column on the Sales sheet, as shown next.

w ReliaSoft Weibull++ 7 -0 =
=1al x|
File Edit Wiew Project Sheet Data Tools Window Help
A EE IS IR B N El = EE E R E R
R EEREEREEE =R T E =T
va?-m a— =1l x|
{&F Specialized Falios A21 HMain | Analysisl SPCI Other I
‘ﬁ ‘Warranty 1 a -
Bl Addtional Plots Period IE;ZTE'EE Subset ID :|| [ e Subsets
Bl Diagrams |<AII Datkas j
Il Cther Tools Jun 05 100
Bl Reports Jul 05 140 Distribution
0l Attachments Aug 05 150
Sep 03
Oct 05 Parameters/Type
Maov 05 1 2z (3
Dec 05  Mixed
Jan 06
Feb 06
Mar 06
Apr 06
IMay 06
Jun 06
Jul 06
Aug 06 Settings
Sep 06
ot 06 RRX | SRM
Hoy s d = Edilted =
4| *|% Sales A Returns
|Loaded folios: 0 |Active ‘Warranky "Warranty1" |Pr0ject: Project.rwp | Physical Memory Available: 44.23%

e Enter the returns data in the Returns sheet (where the row represents the shipment month and the column
represents the return month).
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4.13 Example 12: Warranty Data Analysis

e Select the 2-parameter Weibull distribution with MLE and calculate the parameters. The window will
look like the figure shown next.

-i0ix
File Edit Wiew Project Sheet Data Tools Window Help
A& d 42037 y| IR EEEEE EEE I EREEEE Y
2 |JJ;:@@|%| 20ERESee R B & |arm A5 =]
=
43 Main | Analy5|s| SPCI Other I
W05 | Aug0S | Sepos T Use Subsets
Jun 05 3 3 3 LA | =<2 Data -
ulos u] 2 4 I J
Aug 05 0 4 L Distribution
i arsnens 5
g Parameters/Type
% (o] 2 3
qﬂ| 7 Mixed
1 [sere
Eta _6.6951
LK Walue |-55.9092
Settings
MLE [ SRM
F [ MED
Calculated
F=21/5=369
Analysis Summary
Tii}=... e
4| % Sales A Returns _I
|Loaded folios: 0 |Active ‘Warranky "Warranty1" |Pr0ject: Project.rwp | Physical Memory Available: 45,34%

e To transfer the life data to a Standard Folio, select Transfer Life Data to New Folio from the Data

menu or click the icon.
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4 Step-by-Step Examples

e Double-click Foliol in the Project Explorer to open the new Standard Folio that the failure and
suspension times were transferred to. The estimated parameters for this data set are beta = 2.4928 and eta
=6.6951, as shown next.

[l reliasoft Weibull + + Yersion 7.0 ol x|

File Edit Wiew Project Folio Sheet Data Tools Window Help |

A R R =R E I R =

NEEEE R EEEE SRR E I =R
g proec
; \ig Folio: Foliol {Data 1) — ol x| |x
=-{&8F Standard Faolios —I—I
-] Foliol A28 I tain | Analysisl Other I I
= Specialized Folios Mumber State State Subset |2 Distribution
&) warranty1 in State ForS End Tirne D ]
Bl Additional Plats W e
[l Ciagrams 1 9 F 1
Bl Other Tools 2 146 =] 1 Parameters/Type
£ ? F 2 C1 Fz O3
Bl Attachments 4 134 S 2 " Mixed  CFM 2
5 5 F 3
& 89 5 3 Beta
7 era
g -
g |l
= LK Walue |-55.9092
11
1z Settings
13 MLE [ SRM
L F [ MED 1
135 Calculated B
16 F=21/5=369 L
Ly Analysis Summary B
18 - — R ||
Piii=... e
«[»[\Data1/ 0
=3
Results
Tiii=... o |
A v Sales A Returns

|Loadedfolios:1 |ActiveFOIi0"FOIi01" |

e Return the focus to the Warranty Analysis Folio and select Generate Forecast from the Data menu or

click the icon.

e Accept the defaults in the Forecast Setup window, as shown next, and click OK.

m Forecast Setup il
Forecast Range
Start | SHREE ﬂ MNumber of Periods Im—ﬂ
Increment |1 ﬂ IMonths j

' Forecast { UpperBounds ¢ Lower Bounds

"CDnFidence Level, % ‘

[o000 4 @ onesided ¢ TwoSided
g OF I Cancel | Help |

eibull++ 7

A new sheet called “Forecast” will be added to the Folio to display the number of failures that can be
expected from each shipment in upcoming months. As shown next, the predicted number of products that
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4.14 Example 13: Competing Failure Modes Analysis

will be returned in October are 12 from the June shipment, 11 from the July shipment and 6 from the August

shipment for a total of 29 returned units.

Breliasoft weibull++ 7

File Edit Wiew Project Sheet Data Tools Window Help

=10l x|

A eI R N nEEEEEEEE

22 L Bol| )] 2 B 2]

[ A @] 2 84 2] = |

=10l x|

—Shiow
|

& Forecast

" Upper Bounds

7 Lower Bounds

¥ Round Results
[ Show Subset ID

1 Use Warranty Length -
Length |6 ﬂ
Update |

Analysis Summary

Tii=.. |

Failures In Selection:

AssE=EgEr e s 0D RS &
Droms
=- Standard Falios
] Folt BL 11.7623177714867
@ Specialized Folios OctDs | NovDS | Dec0S | JanO6 | FebOs | Mar 06

W, byl

o ﬁ P un 05 1z 14 15 14 1z g

B Diagrams ul 05 11 16 20 21 20 16

B Other Tooks Aug 05 & 12 17 21 2 21
B Reports Total 29 42 52 56 54 16
[l Attachments

4| * [\ Sales A Returns A Forecast /|4 »

1z

|Loadedfolios:1 |ActiveWarranty"Warrantyl" |Pr0ject: Project.rwp |

Physical Memory Available: 43.69%

e Save the project as “Warranty Analysis.rwp” then close the project and proceed to the next example.

4.14 Example 13: Competing Failure Modes Analysis

This example has been abstracted from Example 15.6 from the Meeker and Escobar textbook Statistical

Methods for Reliability Data, published by John Wiley and Sons.

An electrical component has two failure modes. One failure mode is due to random voltage spikes, which
cause failure by overloading the system. This failure mode is denoted by a V in the table. The other failure
mode is due to wear-out failures, which usually happen only after the system has run for many cycles. This
failure mode is denoted by a W in the table. The following table shows time-to-failure data for each mode,

along with suspension data.

Weibull++ 7 Traning Guide
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4 Step-by-Step Examples

Number in Failure Failure Number Failure Failure
State Time* Mode in State Time* Mode
1 2 \Y% 1 147 W
1 10 v 1 173 A%

1 13 A% 1 181 W
2 23 \Y% 1 212 W
1 28 v 1 245 W
1 30 A% 1 247 v
1 65 A% 1 261 v
1 80 \Y% 1 266 W
1 88 A% 1 275 W
1 106 A% 1 293 W
1 143 v 8 300 sus-
pended

*Failure times are given in thousands of cycles.

Do the following:

e Determine the overall reliability for the component at 100,000 cycles.
e Plot the competing failure modes.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Competing Failure Modes.rwp.”

Solution

e Create a new project with a Standard Folio for times-to-failure data with suspensions and grouped data.
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4.14 Example 13: Competing Failure Modes Analysis

e Using the Subset ID column to identify the failure mode, enter the data into the Folio. Select the Weibull
distribution with Competing Failure Modes (CFM) and MLE, as shown next.

_loix
File Edit View Project Folio Sheet Data Tools Window Help |
A EE IS R IR I al = E R R E R =]
AssE=aEr 2B 20 BRSO R Ew kD s @22 =]
Dooez T
-] Foliol [mets] Main | Analysisl Other I
8 Specialized Folios Mumber State State Subset I=| Distribution
08 Additional Plots in State Fars End Time D
Bl Diagrams  weibull  w
Il Cther Tools 1 1 F 2 ki
0 Reports B 1 F 10 W Parameters/Type
[l Attachments 3 1 F 13 Y 1 2 3
4 2 F 23 Y " Mixed * CFM Set...
5 1 F 28 W
5} 1 F a0 W
7 1 F 63 W
=} 1 F a0 W
9 1 F ag W
10 1 F 106 W
11 1 F 142 W
12 1 F 147 Wy
13 1 F 172 W ME | AW
14 1 F 181 Wy = I
15 1 F 212 Wy Edited
16 1 F 243 Wy
17 1 F 247 W
18 1 F 261 W
19 1 F 266 Wy
20 1 F 273 Wy
21 1 F 203 Wy
22 2 S 300 -
4|*[\Data1/ [
|Loaded folios: 1 |Active Falio "Foliol" |

When the CFM option is selected and you click Calculate, the Competing Failure Modes Select Subsets
window will appear. This allows you to identify the competing failure modes, based on Subset ID. Note that
you can also open this window by clicking the Set... link to the right of the CFM option.

e Place the V failure mode into the Mode 1 column and place the W failure mode into the Mode 2 column,
as shown next. To do this, click a subset ID (mode) from the Available panel and select a Mode panel to
place the subset ID into. Click (+) to add the selected Subset ID to the Mode panel. Click (X) to remove
the selected Subset ID from the Mode panel. You can also double-click or drag and drop a Subset ID to
add or remove it from a panel.

[Tl competing Failure Modes Select Subsets ol x|
I II'LI
Available I Mode 1 I Mode 2 I Mode 3 Mode 4
............................................ b fw ]
P«dd Subset ID to Mode 2 Ok Lancel Help
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4 Step-by-Step Examples

e Click OK to close the window and calculate the parameters for both modes. The results displayed in the
Control Panel correspond to the mode currently selected in the menu above the Settings area (Mode
out of ). The next figure shows the parameters for Failure Mode 1, or the V failure mode.

_inxi
File Edit Wiew Project Folio Sheet Data Tools Window Help |
FHI LB 7] /s odloaadRA 2% % E 0] 3¢ 2w E B
REE R EEEEEEEERE R E R =R
E-[&# Standard Folios kad Fokio: Folio [HRRIARE =lalx|
. L] Faliol Dz2a Main | Analysisl Other I
Murnber State State Subset |2l Distribution
in State Fors End Time 1D
1 1 F 2 Y
B 1 F 10 W Parameters/Type
Bl Attachments El 1 F 13 Y (ol oz 3
4 2 F 23 Y " Mixed * CFM Set...
5 1 F 28 Y
6 1 F 0 v Beta
7 1 F &5 W Eta
a8 1 F =] Y
9 1 F a8 Y
0 L F 106 v LK Walue |-101.3642
11 1 F 143 Y
12 1 F 147 Wt Mode [ -] out of 2
13 1 F 173 Y ME | AW
14 1 F 181 W = I
13 1 F 212 W Calculated
1? 1 'E g:? V\‘\,.‘I Analysis Summary
Pii)=...
18 1 F 261 Y Y i
19 1 F 266 W
20 1 F 273 W
21 1 F 293 W
22 2 S 300 -
4|*[\Data1/ [
|Loaded folios: 1 |Active Falio "Foliol" |

e The estimated parameters for Failure Mode 1 (the random voltage spikes failures) are beta = .6711 and
eta = 449.4272. The estimated parameters for Failure Mode 2 (the wear-out failures) are beta = 4.3373
and eta = 340.3842.

e Open the Quick Calculation Pad and determine the overall reliability of the system at 100,000 cycles, as
shown next.

i
QCP4&

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User
Mission End Time |00

~Results
Calculate I
Reliability 0,6909 Close |

Report... |

Help |

Weibull++ 7

Folio: Foliol {Data 1)
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4.15 Example 14: Weibull-Bayesian Analysis

Using the Competing Failure Modes and QCP, the overall reliability for the component at 100,000 cycles is

estimated to be 69.1%.

e Close the QCP.

e Generate the Weibull Probability plot for this analysis, as shown next with labels added (via RS Draw) to
identify the lines for each individual failure mode and for the combined analysis.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com

Probability - Weibull

99.000

90.000

50.000

Unreliability, F(t)

Probability-Weibull

Data 1
Weibull-CFM

MLE SRM MED FM
@ CFM 1 Points

10.000

5.000

Name
Company
10/6/2005
11:57:24 AM

1.000
1.000

10.000
Time, (t)

100.000

1000.000

DIII=0.6711. n[11=449.4272; B2J=4.3373. n[2]=340.3842

e Save the project as “Competing Failure Modes.rwp” then close the project and proceed to the next

example.

4.15 Example 14: Weibull-Bayesian Analysis

A redesign is being reliability tested. Test data from the original design is available. The original cycles-to-

failure data set (in thousands) is as follows:

1.1 66.1 79.6 106.8
43.9 67.3 93.8 109.9
56.4 73.8 93.9 110.8
59.5 74.6 99.6 119.6
60.8 75.9 104.3 160
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The test of the redesign yielded the following data set (in thousands) after 50,000 cycles of testing.

Time F/S

24

34

50

50

50

n|l vl wvn|-™m|m|™m™

50

Do the following:

e Using a Weibull-Bayesian approach, compute the demonstrated reliability for the redesign at 10,000
cycles at a 90% lower 1-sided confidence level.

e Repeat this analysis using a standard 2-parameter Weibull approach with Rank Regression on X.

e Compare the results.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.

C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Weibull-Bayesian.rwp.”

Solution

e C(Create a new project with a Standard Folio for individual times-to-failure data. Rename the Folio to
“Bayesian.”

e Rename the data sheet to “Prior” by double-clicking the tab and typing the new name in the Sheet Name
window.
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e Enter the data and calculate the parameters with the 2-parameter Weibull distribution and Rank
Regression on X, as shown next.

_inxi
File Edit Wiew Project Folio Sheet Data Tools Window Help
B EE IS R I Y B N al = E R E R E R
NNEEE FEREE R EE =R E E = T=RRIE
g o =Iol
EB ctandard Folios g Folio: Bayesian (Prior) =10 5'
. L] Bayesian A20 I Main | Analysisl Other I
Titne Subset =] Distribution
Failed D _|
1 11.1
B 43.9 Parameters/Type
El Attachments 3 36.4 1 Lol ” 5
4 59.5 " Mixed © CFM
5 60.8
=] 66,1 Beta  [2.333¢ |
7 67.3 Eta
a8 738
9 74.6
Rho
0 73.9 LK Walue |-95.5147
11 79.6
1z Q3.8 Settings
13 539 RRZ_ | oM
14 95.6 FM__ | MED
13 104.3 Calculated
15 106.8 F=20/5=0
1; 123: Analysis Summary
. e .
19 119.5 Y —I
20 160
21 -
4] % Prior
|Loaded folios: 1 |Active Folio "Bayesian" |

e Sclect Add Report... from the Project menu to add a Report to the project.

e In the Report Wizard window, select the “Prior” data sheet as the default data source, as shown next, then
click OK.

x

Select the Data Source you want to use in your report. In addition to
creating a blank report you can also create a new report based on a previously
saved template.

~Default Data Source

IBayesian!Prior

I Based on an existing Template

Select & standard template that you want to base your report on, A list of standard
templates appears below,

Standard | User

Look for Templates on ReliaSoft.com OF Cancel Help

Weibull++ 7
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e Build a table like the one shown next, which will contain the Beta parameter values for a range of
confidence levels. Note that the confidence level is entered as a decimal in column D and an equation is
used to convert the decimal to a percentage in column C (e.g. =D6*100).

_inxi
File Edit Wiew Project Report Sheet Data Tools Window Help
A R I a == EE E IR E ]
AviEE=dereE s 20 |HRE PR S ul A [ALIRAHA =
[ Standard Falios el =lalx|
1) Eayesian c6  |=DE*1mD Main | Comments |
Bl Specialized Folios A | B | C | [n] | E | F | G | =
[l Additional Flobs 1 |Distribution of Parameter 1 (Beta if Weibull) [ Elﬁlﬂ ﬁl—_ﬁlil
[l Ciagrams 2 Setti
El Cther Tools 3 AT
Reports 4 I~ Wiew Formulas
Eﬂ Reportl 5 3 ™ Color Code Cell Types
[l Attachments ) 1 0,01
7 10 o1 Default Data Source
=] 20 0.2 Bayesian!Prior
9 30 03
10 40 0.4 Defined Names
11 50 05
12 a0 0.6
13 70 0.7
14 a0 08
15 o0 0.9
15 95 0.95
17
15
19
20 -
4| » [\ Sheet1 / I | ’
21 -
4] % Prior
|Loaded folios: 1 |Active Report "Reporkl” |

e With the first Beta parameter cell selected (i.e. B6), open the Function Wizard by selecting Function
Wizard from the Data menu or by clicking the Function Wizard icon.

2|

e Sclect the PARAMETER function then enter 1 for Param Index and D6 for [Conf Level]. Leave Use
Default selected for the data source. This indicates that the function will return the first parameter for the
analysis in the “Prior” data sheet at the confidence level specified in the referenced cell of the
spreadsheet.

72 http://Weibull.ReliaSoft.com
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The Function Wizard will look like the figure shown next.

mFunction Wizard x|
IA" Functianis j PARAMETER(Data_Src,Param_Index,[Supop_Index],[Conf_Lewvel])
MPER. ;I
MPOPULATIONS Parameter value,

Param Index 1 g
ES?AMNAME [Supop Index] g
PERMUT [Conf Level] D6 ﬁ
EIIWT —I Data Source
POISSON ’7|7 Use Default ‘
PRMT
PROEFAIL . . :

o] |

PRODUICT LI Help on this Function add to Equation

Weibull++ 7

Help | Insert I Close | Less, .. |

e Click Insert to close the Function Wizard and insert the function into the active cell.

e Copy the function from cell B6 to B16 to obtain the Beta values for each confidence level. The table will
look like the one in the figure shown next.

_injxi
File Edit Wiew Project Report Sheet Data Tools Window Help
FHI LB 7] /s odloaadRA 2% % E 0] 3¢ 2w E B
Asss=gEr a0 DREsee RS e el larm @i =]
[ Standard Falios il =lalx|
] Bayesian E26 I Main | Comments I
A 8 [ ¢ | b [ E [ F [ 6xa
1 |Distribution of Parameter 1 (Beta if Weibull) [ Elﬁlﬂ ﬁl'_lﬂlil
2 Settings
El
4 I view Formulas
i 5 ™ Color Code Cell Types
0 Attachments & L5157662] 1 0,01
7 15305377 10 o1 Default Data Source
=] 1.9962332 20 0.2 Bayesian!Prior
9 21171911 30 03
10 22263351 40 0.4 Defined Names
11 2.3334311 50 05
12 2. 4456788 a0 0.6
13 2.5717568 70 0.7
14 272756875 a0 08
15 2.9594451 o0 0.9
15 3.185706 95 0.95
17
15
19
20 -
4| » [\ Sheet1 / I | ’
21 -
4] % Prior
|Loaded folios: 1 |Active Report "Reporkl” |

e Copy the first two columns of data (i.e. the Beta values and the confidence level percentages) and then
return to the Standard Folio.

e Seclect Insert Data Sheet from the Folio menu to insert a new data sheet for Free-Form (Probit) data
called “B Distribution.”
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o Use the Paste Values command to paste the data into the new sheet and calculate the parameters with the

2-parameter Lognormal distribution and Rank Regression on X, as shown next. !0

_ioix]
File Edit View Project Folio Sheet Data Tools Window Help
B EE IS R I Y B N al = E R E R E R
NEEEE EE R EEEEEEFEERE BRI =ER R
4] Project -
é-{;]:;ﬁndard Folios 4 Folio: Bayesian (B Distribution) ;Iglil
o] Bayesian B26 Main | Analysisl Other I
£ spedialized Folios ¥-fris V-is Subset Distribution
[l Additional Plots e value, (%) D
1 151576616 1
B 1.83933774 10 Parameters/Type
3 1996233174 20 o @z i3
"-BR Attachments 4 2,117191052 30 £ Mixed € CFM
5 2.226335141 40
4] 2.333431073 50 Mean
7 2445678762 &0 i
g 2.571756841 70
9 2. 727387439 g0
10 2.95944007 o0 Rho ’W‘
11 3.165705984 o5
12 Settings
13 RRZ_ | oM
14 FM__ | MED
13 Calculated
16 F=11/5=0
1; Analysis Summary
P(i)=...
= @ |
20
21 -
A1 » N Prior Distribution
|Loaded folios: 1 |Active Folio "Bayesian" |

e Generate a probability plot for this analysis, as shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com N
Probability - Lognormal
99000 Probability-Lognormal
B Distribution
Lognormal-2P
RRX SRM MED FM
F=11/5=0
® Data Points
—— Probability Line
g
Z
B 50.000
s
B
£
5
10.000
5.000
Name
Company
10/6/2005
1.000 12:24:06 PM
1.000 10.000
Time, (t)
1u=0.8473, g=0.1854, p=1.0000

e Insert another new data sheet for individual times-to-failure data with suspensions named ‘“New.”

10.The Paste Values command is necessary to paste the confidence level percentage (rather than the formula) copied
from the Report spreadsheet. Select Paste Special then Paste Values from the Edit menu.
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4.15 Example 14: Weibull-Bayesian Analysis

e Enter the data for the redesign (given in the second table of the problem statement) and select the
Weibull-Bayesian distribution with MLE. When you attempt to calculate the parameters, you will be
prompted to enter the distribution/parameters for Beta based on prior information. Enter the results from
the B Distribution data sheet (rounded to three decimal places), as shown next.

[ Folio1 /New x|
Prior Distribution for Beta oK

Weibull++ 7

7 Normal
& Lognormal
" Exponential

7 Uniform
Parameters
Loghean ID.84?
LogSkd Ig, 185

e Click OK. The data sheet with the Weibull-Bayesian parameters calculated is shown next.

[l reliasoft Weibull + + Yersion 7.0

File Edit Wiew Project Folio Sheet Data Tools Window Help

=lofx|

A e R Y == E R

|&

22 L Bol| )] 2 B 2]

A O S E R EE R EE R EERE R RN =R
g o =l
EIB <tandard Falios \lig Folio: Bayesian {New}) i [m] il

: B31 I Main | Analysisl Other I
State Tirme to Subset ﬂ Distribustion
ForS ForS jinj —
W 0| weibull-E
1 F 24
o E 4 m Parameters| Type
3 F 50 EPQ| 1 w2z O3
4 S 50 Eﬂ = Wixed € CR1
5 5 50
5] 5 50 ® Priar Lognarmal
7 Mean |0.86470
Skd 0,1550
g ? Pstied |2.3179
10 s
11 il
12 Settings
13 5 ME | MWD
14 N ESN__ | MED
15 'e._ﬂ Calculated
16 F=3{5=3
1; Analysis Summary
19 PO= ]
20
21 -
1 il Prior E Distribution A Plot of B Distribution

Loaded folios: 1

Active Folio "Bayesian” |
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e Generate a probability plot with 2-sided 90% confidence bounds (Type I), as shown next with the scaling
manually adjusted.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com

Probability - Weibull
99.900

Probability-Weibull
CB@90% 2-Sided [T]

New

Weibull-Bayesian-2p

MLE MED MED BSN
=3/5=3

90.000 @ Data Points

— Probability Line

— TopCBL

— Bottom CB-

50.000

Unreliability, F(t)
(]

10.000

5.000

Name

Company

10/6/2005

1.000 12:27:29 PM
10.000 100.000 1000.000

Time, (t)

11=0.8470, 5=0.1850, PB=2.3179, n=62.9926

e Return to the “New” data sheet and open the Quick Calculation Pad. Calculate the reliability at 10,000
cycles with 90% lower 1-sided confidence bounds (Type I). Since the data points were entered as
thousands of cycles, you will enter 10 for the Mission End Time, as shown next.

x|
QCPs

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘

—Required Input from User
Mission End Time Jio

~Results
Ca_lculatel
Reliability 'DQSE;Q—| Close |

D
g Folio: Bayesian (Mew)

N
+
=
S—
~1
2

e C(Create a new Standard Folio for individual times-to-failure data with suspensions.
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e Enter the redesign data and use the 2-parameter Weibull distribution with Rank Regression on X to
calculate the parameters, as shown next.

_loix
File Edit Wiew Project Folio Sheet Data Tools Window Help
B EE IS R I Y B N al = E R E R E R
e E R EEEEE I EEE R E T E =R
ks =
| Bayesian B30 Main | Analysisl Other I
) Stendard State Time to Subset ] Distrbution
Bl Specialized Folios Forc Forc D
Bl Additional Plats
1 F 24
B F 34 Parameters/Type
3 F 50 L] w2z 3
4 g 50 © Mixed © CFM
[l Attachments 5 S S0
g g 50 Beta
7 Eta _62.9813
a8
9
Rho
o LK Walue |-15.0320
11
12 Settings
13 RRE__ [ oM
14 F [ MED
13 Calculated
16 F=3/5=3
1; Analysis Summary
19 - PO= R
4 r|hDatal

|Loadedfolios:1 |ActiveFOIi0"Standard" |

e Generate a probability plot for the analysis, as shown next.

ReliaSoft Weibull++ 7 - www.ReliaSoft.com — i
Probability - Weibull
99000 Probability-Weibull
Data 1
Weibull-2P
RRX SRM MED FM
F=3/5=3
® Data Points
— Probability Line
90.000 -
=
g
Z
§ 50.000
2
5 L J
L]
Name
Company
® 10/6/2005
10.000 32
10.000 100.000
Time, (t)
B=2.1753, 1=62.9813, p—0.0844
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e Return to the data sheet then use the QCP to calculate the reliability at 10,000 cycles with 90% lower 1-
sided confidence bounds (Type I). Again, enter 10 for the Mission End Time since the data points were
entered as thousands of cycles, as shown next.

x|
QCP4

Basic Calculations | Confidence Bounds I Parameter Bounds I

—Options for Calculations
{* sStd. Prob. Calculations = Warranky (Time) Information

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘
—Required Input from User
Mission End Time Jio
~Results
N Calculate I
+
EN | Reliahility 0,9319 Close |
=
3 Lawer 0.5024 Repart... |
% Confidence 15@09 Help |
g Folio: Standard {Data 13

As you can see, the Weibull-Bayesian analysis estimates a reliability of 98.69% with a lower limit of 96.31%
while the standard Weibull analysis estimates 98.19% with a lower limit of 80.24%.

e Close the QCP, save the project as “Weibull-Bayesian.rwp” then close the project and proceed to the next
example.

4.16 Example 15: Failure Modes RBD Analysis

Assume that a component can fail due to six independent primary failure modes: A, B, C, D, E and F. The
component fails if mode A, B or C occurs. If mode D, E or F occurs alone, the component does not fail;
however, the component will fail if any two (or more) of these modes occur (i.e. D and E; D and F; E and F).
The following tables present the time-to-failure data for these modes (in hr). Use the 2-parameter Weibull
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4.16 Example 15: Failure Modes RBD Analysis

distribution with MLE to analyze each data set and determine the lower 1-sided 90% confidence interval on

the reliability of this component at 100 hr.

Mode A Mode B Mode C
Number State Time Number State Time Number State Time
in Group in Group in Group
1 F 1144 1 F 19 1 F 2221
1 F 1719 1 F 140 1 F 2257
1 F 2129 1 F 292 1 S 2569
1 F 2803 1 F 432 1 F 3029
1 F 3020 1 F 528 1 F 3805
1 F 3082 1 F 552 10 S 5000
1 F 3589 1 F 605
1 F 3973 1 F 734
1 F 4337 1 F 779
1 F 5011 1 F 874
1 F 5029
18 S 5500
Mode D Mode E Mode F
Number State Time Number State Time Number State Time
in Group in Group in Group
1 F 1063 1 F 1290 1 F 605
1 F 1085 1 F 2261 1 F 760
1 F 1399 1 F 2355 1 F 773
1 F 1445 1 F 3209 1 F 854
1 F 1550 1 F 3284 1 F 890
1 F 2056 1 F 3394 1 F 1165
1 F 4384 1 F 3596 1 F 1220
1 F 4863 1 F 4203 1 F 1320
8 S 5000 1 F 4254 1 F 1967
1 F 4294 1 F 2606
1 F 4420 1 F 2834
10 S 5000 15 S 3000
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4 Step-by-Step Examples

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Mode Diagram.rwp.”

Solution

e Create a new project with a Standard Folio for grouped times-to-failure data with suspensions. Rename

the Folio to “Component.”

e Rename the data sheet to “A,” enter the data given for Failure Mode A and use the 2-parameter Weibull
distribution with MLE to calculate the parameters, as shown next.

[0l reliasoft Weibull + + Yersion 7.0

File Edit Wiew Project Folio Sheet Data Tools Window Help

=lofx|

A R Y EEEEEEEE

22 L Bol| )] 2 B 2]

== = g 00 = ET+ H B P Al Z
NEEEEE R EE R EE = ERE B R =R
g e =l
r g = x
2B Standard Falios \lig Folio: Component {Data 1) [m] _I
W | Companent c29 I HMain | Analysisl Other I
E i';‘;_ct'?"zeldp'ri"“ Murrber State State Subset ﬂ Distribution
- itional Plots ] )
in State ForS End Time jin] — q
-l Cther Tools 1 1 F 1144
-0l Reports z 1 F 1719 Parameters/Type
[l Attachments 3 1 F 2129 1 Wz 3
4 1 F 2803 " Mixed  CFM
5 1 F 3020
6 1 F 3082 Beta
7 1 E 3589 Eta
a8 1 F 3973
9 1 F 4337 4
1D L F s011 LK Walue |-112.6110
11 1 F 5029
1z 15 5 5500 Settings
13 MLE [ SRM
14 F [ MED
13 Calculated
16 F=11/5=18
17 Analysis Summary
15 - —
Flil=... T
[ a (i} _l

|Loadedfolios:1 |ActiveFolio"Component" |

e Insert another data sheet of the same type named “B,” enter the data given for Failure Mode B and
calculate the parameters. Repeat the procedure for the remaining failure modes.
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4.16 Example 15: Failure Modes RBD Analysis

e After you have entered and calculated the data for all six failure modes, select Add Diagram from the

Project menu to add a Diagram to the project that contains a template block for each data sheet in the
project, as shown next.

[l reliasoft Weibull + + Yersion 7.0 ol x|
File Edit Wiew Project Diagram Tools Window Help |

A I AR R E=EEEE R E R

NNEEEE L BEEEEE EER R el B ER e
D iro iix
-l Specialized Folios i a
-l Additional Plats —
[=I-{&8 Diagrams 0
71| Diagrarnl
-l Other Tools
-l Reports

L pany
| || Bi1112005 3:56:27 PM
Al ﬂ_‘

[ Diagram I

o [ [ [ [0 |

L Component
.

|Loadedfolios:1 |ActiveDiagram"Diagraml" |

e Build the RBD that describes the reliability-wise configuration of the failure modes.

To add a block representing a calculated data set, drag the block from the template and drop it into the
diagram. To add the node, select Add Node from the Diagram menu or shortcut menu. Double-click the
node to specify the number of paths leading into the node that must succeed (i.e. 2 out of the 3 paths for this
example). To add the relationship lines, select Join Blocks from the Diagram menu or shortcut menu then
drag lines between blocks to connect them. After you are finished connecting blocks, right-click inside the
diagram to return the cursor to the normal mode.
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The diagram will look like the one shown next.

B reliasoft weibull++ 7 - o] x|
File Edit Wiew Project Diagram Tools Window Help |
DEFHIRE 7 7 6 il 9]a @@ 2382 = O[] 22 kel 6] B 22 5, ]
Jlas==== 7 |=62 =20 DR sd e S el &l & Am 253 =
w | Project
g{i Standard Folios [ﬁ Folio: Component (A}
E] Component Di. : Di 1
B8 specialized Folios [~ B Do DS
B8 Additional Plats
& Diagrams

- :E] Diagrami
B8 other Tools
0l Reports

0l Attachments

5
*

=Mode>

LAl

| Component

|Loaded folios: 1 |Active Diagram "Diagram1" |Pr0ject: Project.rwp | Physical Memory Available: 40,97%

e Select Calculate from the Diagram menu or click the Calculate icon to analyze the diagram.

e Select Quick Calculation Pad... from the Diagram menu or click the icon to open the QCP. Calculate
the reliability at 100 hr with the lower 1-sided 90% confidence bound, as shown next.

M' Quick Calculation Pad il

—Options for Calculations

{* sStd. Prob. Calculations = Warranky (Time) Information

Basic Calculations | Confidence Bounds I

" Conditional Calculations " BX Infarmation
" Failure Rate " Mean Life
Resulks Options
’7(3' Results as Reliability " Results as Probability of Failure ‘
—Required Input from User
Mission End Time |00
~Results
N Calculate I
+
EN | Reliahility 0,9390 Close |
—
= | Lower 0.6223 B, |
% Confidence 15@09 Help |
g piagram: Diagrarnl

The lower bound is estimated to be 82.23%.

e Close the QCP, save the project as “Mode Diagram.rwp” then close the project and proceed to the next
example.
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4.17 Example 16: Determine Optimum Burn-In Time

An electronic component is undergoing burn-in testing. During burn-in, the following cumulative percent
failed is observed:

e 5% failed by 10 hr

e 6% failed by 50 hr

o 7% failed by 100 hr

Assume that the cost per hour of burn-in is $10. Additionally, each discovered failure during burn-in costs

$50. If a unit fails in the field, the cost is $4,000. Determine the optimum burn-in time.

The file for this example is located in the “Training Guide” folder in your application directory (e.g.
C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Optimum Burn-in.rwp.”

Solution

e Create a new project with a Standard Folio for free-form data.

e Enter the data and use the 2-parameter Weibull distribution with Rank Regression on X to calculate the
parameters, as shown next.

_loix
File Edit Wiew Project Folio Sheet Data Tools Window Help |
A EE IS R I I El = E R EIC R E R ]
R EE R EE =R B E =R
8 oo =Io
E‘B crandard Folias \lig Folio: Foliol {Data 1) i [m] il
]| Folio B25 I IMain | Analysisl Other I
E Spedaized Folos Hetidis V-iiis Subset I=| Distribution
itional Plots
[l Diagrams vale vale, (%) I : —
El Cther Tools 1 10 S -~ = terfT
[l Reports E 50 6 arameters{Type
..l Attachments 3 100 7 (ol (Ol 3
4 " Mixed  CFM
5
2 Beta
7 Eta
a8
9
0 Rho 00,9540
11
1z Settings
13 RRZ_ | oM
14 I
13 Calculated
16 F=3/5=0
1; Analysis Summary
| *[\Datal/ v —I
Loaded folios: 1 | Active Folio "Foliol" |
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Select Add Report... from the Project menu. In the Report Wizard, specify the calculated data sheet as
the default data source and select to create the report based on the Optimum Burn-in.wrt report
template that is shipped with the software, as shown next.

([ Weibull++ 7

Select the Data Source you want to use in your report. In addition to

creating a blank report you can also create a new report based on a previously

saved template.

~Default Data Source

IFoliol 1Data 1 Select... |

¥ Based on an existing Template
Select a standard template that you want to base your report on, A list of standard
templates appears below,

1) Blank

27 Default 1

31 Default 2

41 CRtimum BUr-in
57 Optirmnum Replacerment

Standard | User

Look for Templates on ReliaSoft.com [8]4 I Cancel

Help

e Click OK to create the report.
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4.17 Example 16: Determine Optimum Burn-In Time

e Enter the costs for this example in the Cost Inputs area at the top of the template (shown in bold blue
text) and accept the other default inputs. The window will look like the figure shown next.

F Report: Reporktl

=1olx|

Main | Comments |

Inputs L
Cost Inputs f_ﬁlﬂﬂ ﬂﬂﬁl
Cost per unit time for burn-in testing: $10.00 T
Cost per failure during burn-in: $50.00 d
Cost per failure in the field: %4,000.00 I~ view Formulas
Other Inputs ™ Color Code Cell Types
Operational Time (or warranty time): 365
Analysis Time Range Default Data Source
Start Time 1 Increase by: 0.1 Ealiol Data 1
Results
Time Cost Defined Mames
1 £202.258 A .
1 o013 Cost s Burm-in Time
1.2 F200.55
1.3 £109,88 +205
1.4 $£199.32
1.5 £198.85
1.6 £198.46
17 | #198.15 =20
1.8 £197.90 |
19 F197.71
2 $197 57 203
2.1 £197.48
2.2 $197.44
2.3 J
2.4 £197.47 202
2.5 £197.53
2.6 £197.63
2.7 £197.76 pe]
28 £107.02 g ot
29 £193.10
3 £108.31
3.1 £198.53 200
3.2 £198.79
3.3 £199.06
34 £199.35
3.5 £199.65 $£199
3.6 F199.95
3.7 £200.32
3.8 £200.68
39 £201.05 128
4 £201.43
4.1 £201.83
4,2 £202.24 £107 1 I 1 1 1 1 1 ]
4.3 202,66 1.0 1.5 2.0 2.5 &0 35 4.0 4.5 5.0
4.4 £203.10 Time
4.5 £203.54
4.6 +£204.00 -
4|+ [*Burn-In Template I

The optimum burn-in time is 2.3 hr.

e Save the project as “Optimum Burn-in.rwp” then close the project.
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Practice Questions

This section contains some additional practice questions. The next section presents solutions to these
examples. The file for these examples is located in the “Training Guide” folder in your application directory
(e.g. C:\Program Files\ReliaSoft\Weibull7\Training Guide) and is named “Practice Questions.rwp.”

5.1 Practice Question 1

Six units were reliability tested and the following times-to-failure were observed: 48, 64, 83, 105, 123 and
150 hr. Do the following:

1. Determine how you would classify this data set, i.e. individual, grouped, suspended, censored, uncen-
sored, etc.

2. Create a new project and Standard Folio for individual times-to-failure data with no censoring, named
“Questionl.”

Enter the data and select Rank Regression on X as the parameter estimation method.

4. Determine the parameters for this data set using the following distributions and plot the data for each
distribution. From the plot, note how well you think each distribution tracks the data, i.e. how well does
the fitted line track the plotted points?

i.  2-parameter Weibull

il. 3-parameter Weibull

iii. Normal

iv. Lognormal

v. l-parameter Exponential
vi. 2-parameter Exponential

5. Use the Distribution Wizard to determine the distribution that best fits your data. Compare with what
you have observed.

7. Save the project as “Practice Questions.rwp.” Close the Folio but leave the project open.

5.2 Practice Question 2

ACME manufacturing implemented a reliability tracking program for a recent product. A total of 96 units
were released in a small test market. 10 units failed sometime between 0 - 68 hr, 10 units failed between 68 -
90 hr, 10 units failed between 90 - 120 hr and 7 failed between 120 - 130 hr. 59 units were still in the field
after successfully operating for 153 hr. Do the following:

1. Create a new Standard Folio for grouped times-to-failure data with suspensions and interval censoring,
named “Question2.”

2. Enter the data and determine the parameters of the 2-parameter Weibull distribution using Rank Regres-
sion on X.
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S kW

8.

Obtain the probability plot for this data set.

Plot the 90%, 2-sided confidence bounds (Type II). Export the plot graphic as MyPlotl.wmf.
Experiment with annotating the plot while in RS Draw.

From the plot, determine:

i.  The reliability of these units for a mission of 50 hr, R(50hr).

ii. The 90%, 2-sided confidence bounds on the reliability for a mission of 50 hr (Type II).

iii. The mission duration for these units if ACME Inc. requires a 90% reliability at the 50% confidence
level.

iv. The mission range if ACME Inc. requires a 90% reliability at the 90% confidence level (Type I).
Using the Quick Calculation Pad, determine:

i.  The reliability of these units for a mission of 50 hr, R(50hr).

ii. The 90%, 2-sided confidence bounds on the reliability for a mission of 50 hr.

iii. The mission duration for these units if ACME Inc. requires a 90% reliability at the 50% confidence
level.

iv. The mission range if ACME Inc. requires a 90% reliability at the 90% confidence level.
v. The 2-sided confidence bounds on the parameters.

Obtain the Reliability vs. Time plot for these units.

Obtain the pdf plot for these units.

Obtain the Failure Rate vs. Time plot for these units. From the plot, what is the failure rate of these units
at 100 hr?

Save your changes to the project and close the Folio.

8.3 Practice Question 3

1. Create a new Standard Folio for individual times-to-failure data with no censoring, named “Question3.”

2. Rename the data sheet to “MLE” then copy and paste the data from “Questionl.” Use the 2-parameter
Weibull distribution and Maximum Likelihood Estimation to calculate the parameters.

3. Insert a new data sheet named “RRX” and paste the data set into the new sheet. Use the 2-parameter
Weibull distribution and Rank Regression on X to calculate the parameters.

4. Plot both data sets individually.
Customize both plots to your liking.

6. Add a Multiple Plot Sheet to the project (named “Question3”) and select both data sets to be displayed.
(Note that both are made up of the same data. Do you see a difference? Why?)

7. Save your changes to the project and close the Folios and Multiple Plot Sheet.
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7.4 Practice Question 4

ACME Manufacturing is preparing to purchase a new component for one of its products. Two competing
manufacturers presented ACME with the following test data. Each manufacturer tested 8 units to failure
with the following results:

4.

Manufacturer A Manufacturer B
Time to failure, hr Time to failure, hr
1900 2000
2600 4250
1400 1300
1300 600
800 3000
2650 6600
1850 9000
2400 12000

Create a new Standard Folio for individual times-to-failure data with no censoring, named “Question4.”

Enter the data for each manufacturer into separate data sheets (named “A” and “B”) and determine the
parameters of the 2-parameter Weibull distribution using Rank Regression on X.

Use the Tests of Comparison utility to calculate the probability that Manufacturer A is better than Man-
ufacturer B. Which design would you choose?

Save your changes to the project, close the Comparison Wizard and close the Folio.

4.5 Practice Question 5

As you may have noticed, plotting the data points and seeing how well the line runs through the points is an
indication of how well the calculated parameters fit the data (or how correct the calculation is). However,
when you use Maximum Likelihood Estimation, the data points do not, in general, track the plotted line. The
reasons lie in the way the parameters are estimated. One way to view this convergence, since MLE
maximizes the Likelihood Function, is to view the 3D plot of the Log-Likelihood Function. Weibull++ lets

you do just that.

1. Duplicate the “Questionl” Folio and name the copy “Question5.”

2. Calculate the parameters using the 2-parameter Weibull distribution and MLE as the parameter estima-
tion method.
Plot the Log-Likelihood Function using 3D Plot.

4. Press Ctrl and click the plot. Move the mouse simultaneously in the direction you would like to rotate
the plot.

5. Rotate the plot and view the maximum beta.

6. Rotate the plot again and view the maximum eta.

7. Close 3D Plot and insert a General Spreadsheet into the Folio.

8. Use the Function Wizard to create a table of Reliabilities with 90% 2-sided confidence bounds for a
time range of 10 to 100, incremented by 5. Note: To get the 2-sided bounds, create one function for the
CL at .05 (lower bound) and a second function for the CL at .95 (upper bound).

9. Save your changes to the project and close the Folio.
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9.6 Practice Question 6

The Monte Carlo Data generation is a useful tool when dealing with simulations. You can use it to generate
values for any distribution or function. This example will take you through such a scenario.

1.
2.

7.
8.

Create a new Standard Folio for times-to-failure data with no censoring, named “Question6.”
Select Generate Monte Carlo Data... from the Tools menu or click the icon.

Generate a data set using the 2-parameter Weibull distribution with beta = 2 and eta = 1500 hr. Select to
put the data points into the current Folio and Sheet.

Calculate the parameters.
Are the parameters equal to the ones used in the Monte Carlo tool? Comments?

Generate another Monte Carlo data set using the same distribution and parameters. Select to put the data
points into the current Folio and a new Sheet.

Compare the two sets. Are they the same?

Save your changes to the project and close the Folio.

8.7 Practice Question 7

Your new manager has to be convinced that product X has an MTBF of 1000 hr with a 95% confidence
level. You know from past experience that the shape parameter for this product is 1.5. Due to time
constraints, you are allowed to test the units for no more than 500 hr. Using ReliaSoft's Design of Reliability
Tests (DRT) utility, find the number of units that have to be tested if:

1.
2.
3.

No failures are allowed.
One failure is allowed.

Experiment with the other cases using the DRT.

3.8 Practice Question 8

The next table presents a data set corresponding to the times-to-failure for two samples of the same product,
samples A and B. Both samples are assumed to be identical, so the times-to-failure were entered together in
the same data sheet, utilizing the Subset ID column to identify each sample.

Time-to-failure, hr Subset ID
49 A
71
80
85
93
100
16
18
30
34
50
201

W W | W " B> > > > >

Using the Batch Auto Run feature, extract two different data sets. Do the following:
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5.9 Practice Question 9

1. Create a new Standard Folio for times-to-failure data with no censoring, named “Question8.”

2. Calculate the parameters for each data set using the 2-parameter Weibull distribution with Rank Regres-
sion on X.

Compare the two sets using the Tests of Comparison utility.
4. Create a Multiple Plot Sheet (named “Question8”) and plot the two data sets together.

Save your changes to the project and close the Folio.

5.9 Practice Question 9

For this example, design a test to demonstrate a reliability of 90% at ¢ = 100 hr, with a 95% confidence.
Assume a Weibull distribution with a shape parameter beta = 1.5. No failures will be allowed on this test, or

f=0.
Using the DRT (Design of Reliability Testing) utility, determine the following:

1. The number of units to test for 48 hr (in integers).

2. The test time for 20 units.
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Answers to Practice
Questions

This section provides answers to the Practice Questions in Chapter 5.

6.1 Practice Question 1

1. Individual times-to-failure (complete)
4. Parameter values for each distribution:
i.  2-parameter Weibull B =2.5147, n =108.5178
ii. 3-parameter Weibull B = 1.8021, n = 86.0358, y =21.2200
iii. Normal p =95.5000, ¢ =42.8050
iv. Lognormal p =4.4876, c =0.4767
v. 1-parameter Exponential A =0.0119
vi. 2-parameter Exponential A =0.0196, y = 48.0000
5. The Distribution Wizard suggests the 3-parameter Weibull distribution.

6.2 Practice Question 2

1. 2-parameter Weibull B = 1.6284, n = 195.4625
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6 Answers to Practice Questions

4. Probability plot with confidence bounds:
ReliaSoft Weibull++ 7 - www.ReliaSoft.com Probablllty - Weibull
e
B
2 50.000
.000 T‘:Z.VO(OtO) 1000.000
6. From the plot:
i.  R(50 hr) @ 89%
ii. Upper CL @ 93.6%, Lower CL @ 83%
iii. Mission Duration @ 50 hr
iv. Requires a mission range of approximately 37-68 hr
7. From the QCP:
i.  R(50hr)=289.71%
ii.  Upper CL =93.58%, Lower CL = 83.71%
iii. Mission Duration = 49.0802 hr
iv. Requires a mission range of 36.1255 - 66.6805 hr
v. For p:1.3039,2.0337
For n: 171.3340, 222.9889
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6.3 Practice Question 3

8. Reliability vs. Time plot:

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
Reliability vs Time Plot
1000 Reliability
Data 1
Weibull-2P
RRX RRM MED FM
F=37/5=59
® Data Points
—+ Intervals
0.800 10 — Reliability Line
x10
x|7
£ 0.600
v
N
&
z
=
s
& 0400
0.200
Name
Company
10/7/2005
0.000 1:01:24 PM
1.000 140.800 280.600 420.400 560.200 700.000
Time, (t)
B=1.6284, n=195.4625, p=0.9996
9. pdfplot:
ReliaSoft Weibull++ 7 - www.ReliaSoft.com
Probability Density Function
0.004 bt
Data 1
Weibull-2P
RRX RRM MED FM
F=37/S=59
— 'PdfLine
0.003
0.002
0.002
8.000E-4
Name
Company
\ 10/7/2005
0.000 1:01:53 PM
0.000 120.000 240.000 360.000 480.000 600.000
Time, (t)
B=1.6284. n=195.4625, p=0.9996

10. Failure Rate at 100 hr = .0055

6.3 Practice Question 3

2. For MLE: B =3.0622, n = 107.2451
3. ForRRX: p =2.5147, 1 = 108.5178
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6 Answers to Practice Questions

6.

MultiPlot for MLE and RRX:

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
Probability - Weibull
59000 Probability-Weibull
Question 3\MLE
Weibull-2P
MLE SRM MED FM
F=6/5=0
® Data Points
90.000 — Probability Line
Question 3\RRX
Weibull-2P
RRX SRM MED FM
F=6/S=0
® Data Points
— Probability Line
T
z
F 50000
=
°
£
=]
-
Name
Company
10/7/2005
10.000 1:09:37 PM
10.000 100.000 1000.000
Time, (t)
Question 3\WMLE:  P=3.0622, q=107.2451
Question 3\RRX: ~ p=2.5147, n=108.5178, p=0.9962

6.4 Practice Question 4

2.

7.

Manufacturer A: p =2.7017, n =2107.2287

Manufacturer B: B = 1.0796, n =5322.1346

Manufacturer B is better with a 73% probability
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7.5 Practice Question 5

7.5 Practice Question 5

2. B =3.0622, n =107.2451

8. Reliability for time increments from 10 to 100 with a 2-sided confidence level at 90%:

Time Lower CL Reliability Upper CL
10 0.9557 0.9993 1.0000
15 0.9217 0.9976 0.9999
20 0.8834 0.9942 0.9997
25 0.8419 0.9885 0.9992
30 0.7982 0.9800 0.9982
35 0.7529 0.9681 0.9963
40 0.7065 0.9524 0.9932
45 0.6596 0.9324 0.9883
50 0.6125 0.9079 0.9811
55 0.5654 0.8786 0.9711
60 0.5187 0.8446 0.9575
65 0.4725 0.8059 0.9398
70 0.4271 0.7628 0.9174
75 0.3825 0.7157 0.8901
80 0.3390 0.6653 0.8576
85 0.2968 0.6122 0.8202
90 0.2559 0.5573 0.7782
95 0.2169 0.5016 0.7325
100 0.1799 0.4461 0.6840

7.6 Practice Question 6

5. The parameters are not equal because the data set was generated via simulation.

7. The two data sets are not the same because they were generated via simulation.

7.7 Practice Question 7

1. 10 units
2. 17 units

2.8 Practice Question 8

2. Product A: B =4.2669, n =87.3813
Product B: B =1.3121, n =55.4934
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6 Answers to Practice Questions

4. Probability plot for both data sets:

ReliaSoft Weibull++ 7 - www.ReliaSoft.com
Probability - Weibull
99.000 Probability-Weibull
Question 8\A
Weibull-2P
RRX SRM MED FM
F=6/5=0
® Data Points
— Probability Line
90.000 < > __ rrovepliy Hne
Question 8\B
Weibull-2P
RRX SRM MED FM
F=6/5=0
® Data Point
P — Probability Line
T -
=
3 50.000
&
e
c L o
=}
- -
Name
Company
P ° 10/7/2005
10,000 1:25:54 PM
10.000 100.000 1000.000
Time, (t)
Question 8\A:  P=4.2669, n=87.3813, p=0.9758
Question 8\B:  B=1.3121, 1=55.4934, p=0.8809

2.9 Practice Question 9

1. 86 units
2. 126 hr
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