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Weibull++/ALTA 10
Quick Start Guide

Thank you for your interest in ReliaSoft's Weibull++ and ALTA software tools. This quick start guide has
been designed to help you explore many of the software's key features by working through step-by-step
instructions for some practical application examples.

In order to demonstrate a variety of different applications for the tools available in Weibull++ and ALTA,
this guide asks you to imagine that you are a reliability engineer working for a large company with many
different product lines, then walks you through the steps you might take to answer a variety of questions
from different design groups and customers. Please note that the sample data sets provided are fictional
and intended for demonstration purposes. Furthermore, note that although this guide attempts to introduce
you to some of the most frequently used tools in the software, Weibull++ and ALTA support many other
reliability engineering methods and applications. Within the software, you can choose File > Help to
access a wide array of resources that will help you explore other software capabilities.

In addition to this introduction, the following chapters are presented in this guide. Note that the examples
in chapters 2 through 10 require Weibull++, chapters 11 and 14 can use either ALTA Standard or ALTA
PRO and chapters 12 and 13 require ALTA PRO.

Chapter 2: Life Data ANALYSIS.......ccceeireiereriierieeiesiietestteieseeestesseetesseeaesseessessaesessaensensaessesssensesseenss page 3
Chapter 3: Degradation ANALYSIS ........ccocereeierieieiere ettt e e eseesae e sseenaesneas page 27
Chapter 4: Design of ReHabIlity TESES .....ccviivieriiriieieriieiiie ettt ettt ae e eseeseesaeeeeessesssesaeas page 35
Chapter 5: Warranty Data ANaLYSIS........cccccveruiriierierieiieieie et eeeseestesaesee e saesessaesesseesesssessensens page 49
Chapter 6: Target Reliability EStIMAtion .........cccooieiiiiieiieniieiiieese e page 59
Chapter 7: Stress-Strength COMPATISON ......ovueiieriirieriiiierieetieie ettt sttt saeeee e eae e page 65
Chapter 8: Competing Failure Modes ANAlLYSiS .........cccerierieriieiienieieeiieieeieie et sae e sae e page 73
Chapter 9: Parametric Recurrent Event Data Analysis .........cocceoivieiinieninieeeeec e page 83
Chapter 10: Event Log Data ANalySis .....ccceoeiieriiiiiieienieeieicee et page 89
Chapter 11: ALTA With ONeE SEIESS ....eccveriieieiieieieeiieiietesteetessestesreseaesseetesseessesseessesseessesseensessens page 99
Chapter 12: ALTA With TWO SIIESSES ... .eerueeuieeeriieieeiieieeitesieeeteteeteeseeeteeeessee e sreensesseen e sseeneeeseenes page 107
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Chapter 13: ALTA with Time-Dependent Stress Profiles..........cocvevveeiiicieniieniienieeieeie e page 117
Chapter 14: Accelerated Degradation ANALySiS..........cceevieieriieierierieniieiesieeeesieeeeseeeesseessesseeeens page 125

The quick start  repository  that is installed  with  the software (called
“Weibull ALTA10_QuickStart Revl.rsgz10”) contains a sample project with completed analyses for all
of the examples. To access this file, choose File > Help, click Open Examples Folder, then browse for
the file in the Weibull or ALTA sub-folder.

Examples

: Open Examples Folder

Quick Start Guide

9

Tip: To preserve the integrity of the shipped example files, the software creates a copy of the file each time you
access a repository in the Examples folder. The copy has the same name as the original file and is saved in the
default documents folder for your computer (e.g., My Documents\ReliaSoft\Files). Use the copy to work on the
example projects and save your changes. Any changes you make in the copy will not affect the original file.

All of the folios, plots and other analyses described in this guide are stored in the “Completed Examples -
- Weibull++ and ALTA Quick Start” project in the quick start database.When applicable, the instructions
in this guide will refer to a completed folio in the quick start project using a notation such as (“Bulb A4 -
Supplier Data” in the sample project). While reading any example in this guide, you have the choice to:

e Examine how it was completed in the sample project.
e Follow the instructions to complete the analyses “from scratch.”

e Copy data/analyses from the sample project to help you complete the analyses.

IMPORTANT: Note that it may sometimes be necessary to modify the data in the quick start repository to fit
updated instructions or new examples in the latest printing of this quick start guide. This printing of the guide was
designed for use with Weibull_ALTA10_QuickStart_Rev1.rsgz10 (where _RevX indicates the database revision). If
you try to use a different database revision, the sample projects may not exactly match the instructions printed
here. 1) If this guide is older than the latest database revision installed on your computer, you can choose File >
Help > Quick Start Guide to download the latest printing. 2) If this guide is newer than the latest database
revision installed on your computer, you can choose File > Help > Check for Update to download the latest
software service release.

2 Weibull++/ALTA 10 Quick Start Guide



Life Data Analysis

In life data analysis, the goal is to model and understand the failure rate
: : : : In this chapter J

behavior of a particular item, process or product. The models are built by

taking the observed “life” data, which can be obtained either from the field

or from in-house testing. Because time is a common measure of product life,

the life data points are often called times-to-failure data. There are two v Complete and

general types of times-to-failure data: complete and censored. censored data

v Standard folios

v Confidence

In this chapter, you will work with these types of data and use the Weibull++ intervals

standard folio to perform life data analysis.
v QCP, plots and

2.1 Complete Data reports

You receive a request from a team of product engineers who are working on the design of a projector that
your company manufactures. You are asked to quantify the life characteristics of the projector bulb in
order to understand its reliability. You are given a data set for 10 bulbs that were all tested to failure by the
bulb’s supplier. The test included shutdown and cooldown periods that were intended to simulate normal
use conditions. The failure times were 513, 649, 740, 814, 880, 944, 1009, 1078, 1161 and 1282 hours.

These failure times are called complete data.

A

Complete Data: The simplest case of life data is a data set where the failure time of each specimen
in the sample is known. This type of data set is referred to as complete data, and is obtained by
recording the exact times when each unit failed.

Weibull++/ALTA 10 Quick Start Guide 3



2 Life Data Analysis

Objectives
e Estimate the average life of the bulb (i.e., MTTF or mean life).

e Estimate the B10 life of the bulbs (i.e., the time by which 10% of the bulbs will be failed, or the
time by which there is a 10% probability that a bulb will fail).

e Estimate the reliability of the bulbs after 200 hours of operation.
e Assuming 1,000 bulbs will be fielded, estimate how many would fail after 200 hours.

e Estimate the warranty time for the bulb if you do not want failures during the warranty period to
exceed 2%.

A

MTTF and MTBF: The terms MTBF (mean time between failures) and MTTF (mean time to failure)
have often been interchangeably used to describe the average time to failure. The truth is, these
two metrics are not the same and should not be used interchangeably.

When dealing with non-repairable components (as in the case of life data analysis) the metric
sought is the mean time to failure or MTTF. It is only when dealing with repairable components
(where the component may fail and be repaired multiple times during its operational life) that you
calculate the mean time between failures or MTBF. The only time that the MTTF and MTBF are the
same is when the failure rate is constant (i.e., when the underlying model is an exponential

distribution).

Solution

To answer the questions of interest to the design team, you will perform life data analysis on the complete
data set provided by the supplier.

First, you create a new Weibull++ standard folio (“Bulb A - Supplier Data” in the sample project) by
choosing Insert > Folios > Weibull++ Standard Folio.

|
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2.1 Complete Data

When prompted to specify the data type, you select Times-to-failure data and clear all the other options.
You also use the Units drop-down list to indicate that the time values in the data sheet will be entered in
hours.

Data Sheet Setup

| Specify the type of data that you will be entering into the standard folio for life data analysis.

Data Type

Times-to-failure data) () Free-form (probit) data

for the Times-to-Failure Data Type

["] My data set i ions (right 1 data)

Select this if your data set contains units that did not fail.

["] My data set contains interval and/or left censored data

Select this if your data set contains uncertainty as to exactly when a unit failed or was suspended. This will allow you to specify the
interval in which each failure or suspension occurred.

"] 1 want to enter data in groups

Select this if your data set contains one or more groups of units that have the same failure or suspension time.

B e ST thedatasheet willindodett P — jon ti .

Time
Failed

m © WEBULL++ < ALTA
2

J |

Note: By clearing all the other options, you limit the number of columns that require data entry. In this example,
there is no need to select any of the other options because your data set contains only complete data.

Weibull++/ALTA 10 Quick Start Guide



2 Life Data Analysis

Once the data folio is created, you enter the data given by the bulb supplier.

= Bulb A - supplier Data

Time STANDARD FOLIO
Failed (Hr) o
513 E }] |_Distribution 0=
649 | 2P-Weibull
740 ,(
814 “:EZ| Analysis Settings
880 .
i RRX SEM
944 lak
1009 i FM MED
1078 =
[
1161 =
1282 [ -
‘ﬂ Main
‘H Analysis
4 ||
| e =

Note: The new folio starts with a single data sheet by default. You can add multiple data sheets to the folio as
needed. Think of the data folio as an Excel® workbook that can contain multiple worksheets.

Once the data set is entered, the next step is to set up the analysis. The analysis options are available in the
Analysis Settings area of the control panel. This area provides a quick summary of the settings that will be
used to fit a distribution to the data set. The current settings on the Main page of the control panel are as
follows:

e Rank Regression on X (RRX)

e Standard Ranking Method (SRM)

e Median Ranks (MED)

e Fisher Matrix Confidence Bounds (FM)

6 Weibull++/ALTA 10 Quick Start Guide



2.1 Complete Data

These settings are also available on the Analysis page of the control panel, which can be accessed by
clicking the Analysis button, as shown next.

Analysis 1
Analysis Method
Rank Regression on X - (RRX) e
Rank Method
Median Ranks =

Use RS Regression Method
Confidence Bounds Method

Fisher Matrix =

Sort

| Sort before calculation

[ -

‘ﬂ Main

Tip: Instead of switching between control panel pages, you can click the blue text in the Analysis Settings area on
the Main page as a quick method for switching between available analysis options.

The next step is to set the distribution that you want to fit to the data. In order to determine which
distribution will work best with your data, you click the Distribution Wizard icon on the Main page of
the control panel.

You select to consider all the distributions and then click Analyze to see which of the selected

distributions best fits the data set, based on the selected analysis method (in this case, it is for the RRX
analysis method).

Note: The Distribution Wizard serves only as a guide. You should compare its results with your own engineering
knowledge about the product being modeled before making the final decision on which distribution to use for
your data set.

Weibull++/ALTA 10 Quick Start Guide 7



2 Life Data Analysis

The G-Gamma distribution receives the highest ranking, but you know enough about the properties of that
distribution to conclude that it is not the best choice for the type of analysis you are performing. You
decide to use the 2P-Weibull distribution, which received the second highest ranking. You close the
Wizard and then select 2P-Weibull from the distribution drop-down list on the control panel.

To analyze the data (i.e., fit the selected distribution based on the selected analysis settings), you click the
Calculate icon on the control panel.
mn
A
Once the distribution is fitted, the Analysis Summary area of the control panel displays the parameters of

the distribution and other relevant information. In this case, based on the 2P-Weibull distribution setting,
the results are as shown next.

Parameters E]
Beta 4.002068

Eta (Hr) 999,913420
Other

Rho 0.999999

LK value -68.428760
Failures/Suspensions

F/s 10f0

Comments

This result includes the Rho, which is the correlation coefficient, and the LK Value, which is the value of
the log-likelihood function based on the current parameter solution.

You can now access additional information, obtain metrics and/or view plots. To create a probability plot,
you click the Plot icon on the control panel.

A

Probability Plots: The Weibull probability plot is drawn on a “Weibull probability plotting paper”
that displays time on the x-axis using a logarithmic scale and the probability of failure on the y-axis
using a double log reciprocal scale. From the plot, you can obtain the probability of failure at a given
time or vice versa.

8 Weibull++/ALTA 10 Quick Start Guide



2.1 Complete Data

To obtain the results from the plot, you click the plot line. This displays crosshairs that show the current
location on the line. You can move the mouse pointer to track the coordinates from any position on the
line. You click the plot again to return to normal mode.

The following example shows the Weibull probability plot with the approximate B10 life of the bulbs
(where the x-axis value corresponds to y=10%).

Probability - Weibull

99.000

Probability
Datal
2P-Weibull
RRX SRM FM MED
F=10/S=0

o Data Points

— Probability Line

50.000

100-R(t) (%)

10.000

Unreliability, F(t)

5.000

571.777

1'0?80.000 1000.000 10000.000
Time (t) (Hr)

To add a label that displays the coordinates on the plot, you simultaneously press CTRL and ALT, then
click a point on the plot.

(572.230,10.160)

You find that one of the disadvantages of reading results off the plot is that it may be difficult to position
the pointer at exact values. To get more precise results, you open the Quick Calculation Pad (QCP) by
clicking the icon on the control panel.

CP
2|

Weibull++/ALTA 10 Quick Start Guide 9



2 Life Data Analysis

The QCP provides quick access to a set of commonly needed results. To estimate the MTTF, you select to
calculate the Mean Life and use the Units drop-down list to make sure that the results will be returned in

hours. You click Calculate. The average time to failure for the bulbs is about 906 hours.

Weibu'l'l-o—t— Standard Folio: Bulb A - Supplier Data‘Datal

MTTF 906.348778 Hr

Click to ct
time units

4

mean Life Hr Mo Bounds Captions On
gcpl QUICK CALCULATION PAD Units - Bounds < Options <
Calculate Input
Reliakility
Prob, of Failure
Probability
Cond. Reliakility
Cond. Prob. of Faiure
Reliable Life
Life BX% Life
Mean Life =
Rate Failure Rate Repart:
Calculate
Close

Note: The picture shows the QCP without the optional “Calculation Log” on the right side of the window. To hide
or display this log on your computer, click the Options button and then toggle the Show Calculation Log option.

Similarly, you use the QCP to answer the remaining questions:

e To estimate the B10 life, you select to calculate the BX% Life and enter 10 for the BX% Life At
input. The result is about 570 hours. A B10 of approximately 570 hours means that 10% of the
population will be failed by 570 hours of operation.

e You select Reliability to calculate the reliability at 200 hours. The result is 0.998406 or 99.84%.

e To determine the number of bulbs out of 1,000 that would fail after 200 hours of operation, you
first find the probability of failure at 200 hours by selecting Prob. of Failure and entering 200 for

10 Weibull++/ALTA 10 Quick Start Guide



2.2 Censored Data

the time. The probability of failure is 0.001594 or 0.16%. You multiply this by the total number of
bulbs (1,000). The number of bulbs that would fail is 1.6 or approximately 2.

e To estimate the warranty time during which no more than 2% of the bulbs will fail, you select to
calculate the Reliable Life and enter 0.98 for the Required Reliability input. The result is about
377 hours. (Alternatively, the same result could have been obtained by calculating the B2 life.)

2.2 Censored Data

After analyzing the supplier’s data, you decide that you would feel a lot more comfortable if you could
validate the results yourself by performing an in-house test.

After putting in the appropriate requests, you are allocated 15 bulbs for testing purposes and have approval
to use the lab facilities for a maximum of 40 days. Unfortunately, only five pieces of equipment that are
capable of detecting bulb failures are available for you to use. Given this constraint, you decide to test 5
bulbs using the available automated equipment and test the remaining 10 bulbs via manual inspection.
You stop by the lab on your way to your office every morning at 8:00 am (except on weekends and
holidays) to check the status of the 10 bulbs. When you find that one of the bulbs has failed, the only
information you have is that it failed sometime after you last checked on the bulbs (the last inspection) and
before now (the current inspection). This information is called interval censored data.

A

Censored Data: Censored data means data with missing information. When a unit has failed
between observations and the exact time to failure is unknown, the time intervals in which the
failures occurred are referred to as interval censored data. On the other hand, for non-failed units
that continue to operate after the observation period has ended, the observed operating times of
the units are referred to as right censored data or suspensions.

Once the test is completed (after 40 days or 960 hours), you have the following data:
e For the automated equipment, bulbs 1, 2 and 3 failed at 425, 730 and 870 hours respectively, while
bulbs 4 and 5 continued to operate after 960 hours.

e For the manual inspections, you have the log shown on the following page, where v indicates a
working bulb and x indicates a failed bulb.

Weibull++/ALTA 10 Quick Start Guide 11



2 Life Data Analysis
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2.2 Censored Data

Objectives

Use a Failure Rate vs. Time plot to ascertain the failure rate behavior of the bulbs. Your
expectation is that the bulbs should have an increasing failure rate. Basically, an increasing failure
rate implies an underlying degradation mechanism with time, or in other words, the older the bulb
the more likely it is to fail.

Estimate the average bulb life.

Estimate the B10 life of the bulbs.

Estimate the reliability of the bulbs for 200 hours of operation.

Assuming 1,000 bulbs will be fielded, estimate how many would fail after 200 hours.

Estimate the warranty time for the bulb if you do not want failures during the warranty period to
exceed 2%.

Solution

To answer the questions of interest, you will perform life data analysis on the censored data set that you
obtained from both parts of the in-house test (automated equipment and manual inspection).

First, you create a new Weibull++ standard folio (“Bulb A - In-House Data” in the sample project). When
prompted to specify the data type, you select Times-to-failure data and the following check boxes:

My data set contains suspensions (right-censored data)

My data set contains interval and/or left censored data

Weibull++/ALTA 10 Quick Start Guide 13



2 Life Data Analysis

Once the folio is created, you enter the data obtained from both parts of the test in the data sheet. On the
control panel, you choose the 2P-Weibull distribution and the MLE parameter estimation method. The
resulting data sheet is shown next.

= Bulb A -TIn-House Data

Last State Time to Subset
Inspected (Hr) | ForS ‘ For S (Hr) D
425 F 425 Bulb 1
600 F 624 Bulb 13
624 F 696 Bulb 8
730 F 730 Bulb 2
744 F 768 Bulb 14
792 F 864 Bulb 12
870 F 870 Bulb 3
888 F 912 Bulb 15
936 F 960 Bulb 7
960 S 960 Bulb 4
960 S 960 Bulb 5
960 S 960 Bulb 6
960 S 960 Bulb 9
960 S 960 Bulb 10
960 S 960 Bulb 11

‘ﬂ Main

STANDARD FOLIO

Ana

lysis Settings

e

D RRM

FM

MED

Comments

o |5 E|$ =

I / I

L

Maximum Likelihood Estimation (MLE): As a rule of thumb, analysts often use the MLE analysis
method when dealing with heavily censored data, as in this example. This is because the MLE
method is based on the likelihood function, which considers the time-to-suspension data points in
the estimate of the parameters, whereas in rank regression (RRX and RRY) the solution is based on
the plotting positions of the times-to-failure data.

Next, you click Calculate to analyze the data set, and then click Plot to create a probability plot.

J

14
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2.2 Censored Data

On the control panel of the plot sheet, you use the Plot Type drop-down list to choose the Failure Rate
vs. Time plot. This displays the failure rate behavior of the bulbs over time. The plot shows an increasing
failure rate.

Failure Rate vs. Time
0.300 Failure Rate
Datal
2P-Weibull
MLE RRM FM MED
F=9/5=6
— Failure Rate Line

0.240

0.180

Failure Rate, f(t)/R(t)

0.120

0.060

0 600.000 1200.000 1800.000 2400.000 3000.000
Time (t) (Hr)

Using the QCP as before, you again answer the rest of the questions:

e Mean Life = 893 hours.
e BI10 Life = 593 hours.
e Reliability at 200 hours = 0.999194 or 99.92%.

e Probability of failure at 200 hours = 0.000806 or 0.08%. Therefore, when multiplied by 1,000
bulbs, the number of bulbs that would fail is 0.8 or about 1 bulb.

e Warranty time = 410 hours.

Weibull++/ALTA 10 Quick Start Guide 15



2 Life Data Analysis

2.3 Confidence Intervals

Before you submit the results of the in-house test for the projector bulbs, you want to quantify the error
that may be associated with your predictions. After all, the results were based on a sample of only 15

bu
ob

confidence bounds), which may be viewed as the range of probable values that you are likely to obtain if

yo

Ibs. If you were to repeat the same experiment with another set of 15 bulbs, you would, in all likelihood,
tain different results. To quantify the error due to sampling, you will use confidence intervals (or

u were to keep repeating the same experiment with different samples of 15 bulbs, all belonging to the

same homogeneous population.

A

One-Sided or Two-Sided Confidence Bounds: Confidence bounds may be one-sided or two-
sided. They are usually around a computed metric, such as the reliability at a given time. Two-
sided bounds are used to indicate that the metric of interest is contained within these bounds with a
probability equal to the chosen confidence value. For example, 90% two-sided confidence bounds
indicate that the metric of interest will be between the bounds 90% of the time, and that 5% of the
time it may be above the upper bound and 5% of the time it may be below the lower bound.
Another way to express this is to say that the metric of interest will lie between the bounds with a
90% probability.

One-sided bounds, on the other hand, are used to indicate that the metric of interest is above the
lower bound with a probability equal to the chosen confidence value. For example, a 90% lower
one-sided confidence bound indicates that the metric of interest will be higher than the lower bound
with a 90% probability.

> -« —> «

90% / 90% 90%
% & 10% M

XLy Y XL p X

2-sided confidence bounds Lower 1-sided confidence bounds Upper 1-sided confidence bounds

An estimated metric that is obtained without the use of confidence bounds is said to be at the 50%
confidence level, or the error is equal on both sides.

16
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2.3 Confidence Intervals

You use the QCP to calculate the MTTF of the bulb. To obtain the desired confidence bounds, you choose
Two-Sided from the Bounds drop-down list and enter 0.90 for the Confidence Level input. The

calculated results are shown next.

++

andard Folio: Bulb & -

pper Bound (0.95)

MTTF

In-Houze Data‘Datal

1009.911121

893.342570 H

ower Bound (0.05) 790.2288
Click to cl
n Life Hr 25-Both | Captiu_j confidence bounds
gl:ri ch& CaLcuLaTion Pap | Units |al Bounds AN Options i
Calculate - Input -
Reliability Confidence Level | 0.90
Prob. of Fail
Probability rof. ov Pallire
Cond, Reliahilty
Cond, Prob. of Falure
Reliable Life
Lfe | |u BX% Lifiz
Mean Life =
Rate . Failure Rate Report...
Calculate
Bounds Parameter Bounds e

Therefore, with a 90% probability, the true value of the MTTF is estimated to be between 790 and 1,010
hours. While unlikely, there is still a 5% probability that the MTTF is less than 790 hours and a 5%

probability that it is greater than 1,010 hours.

Weibull++/ALTA 10 Quick Start Guide
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2 Life Data Analysis

To visualize the confidence bounds, you create a Weibull probability plot. To show the bounds, you right-
click the plot sheet and select Confidence Bounds. You then select to display the Two-sided bounds. The
following plot shows the 90% two-sided confidence bounds on the Weibull probability plot (with the
scaling adjusted to Y = 0.1 to 99 and X = 100 to 10,000).

Probability - Weibull

99.000 Probability
CB@90% 2-Sided [R
Datal

2P-Weibull

MLE RRM FM MED
F=9/S=6

e Data Points
—— Intervals

— Probability Line
— Top CB-1L

— Bottom CB-II

50.000

100-R(t) (%)

10.000

5.000 -

Unreliability, F(t)

1.000

0.500

0'1%)0.000 1000.000 10000.000
Time (t) (Hr)

2.4 Comparing Data Sets

After analyzing the data from the bulb supplier and the in-house test, a reasonable question would be, how
do they compare? Specifically, you want to understand how the data and analysis from the in-house test
compare to the data and analysis provided by the bulb supplier. One way to do this is to use an overlay plot
that displays both data sets and analyses on the same plot.

You create the overlay plot (“Bulb A - Supplier vs. In-House” in the sample project) by choosing Insert >
Reports and Plots > Overlay Plot.
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2.4 Comparing Data Sets

When prompted to select which data sets to plot, you select the folio containing the data set from the
supplier and the folio containing the data set from the in-house test. (“Bulb A - Supplier Data’ and “Bulb
A - In-House Data” in the sample project.)

The following overlay plot shows the two data sets plotted on the same Weibull probability plot (and both
with 90% two-sided confidence bounds):

Probability - Weibull

99.000 Probability

CB@90% 2-Sided [R]

Bulb A - In-House Data\Datal
2P-Weibull

MLE RRM FM MED

F=9/S=6

e Data Points
—— Intervals
— Probability Line

— Top CB-1

— Bottom CB-II

Bulb A - Supplier Data\Datal
50.000 2P-Weibull

RRX SRM FM MED
F=10/5=0

4 Data Points
— Probability Line

CB-I

100-R(t) (%)

— Top CB-

m — Bottom CB-II
e
w
Z
a
.© 10.000
o
2
c
=)

5.000 °

1.0/

?[90.000 1000.000 10000.000

Time (t) (Hr)

The overlay plot shows that the probability lines of the two data sets have similar slopes. Furthermore,
there is a significant overlap in the confidence bounds of both sets, which suggests that both data sets
exhibit the same reliability characteristics.

Another way to determine whether there is a statistically significant difference between the two data sets
at a given confidence level (say 90% confidence level for this example), is to switch the plot type to a
Contour Plot. When prompted to specify the contour lines, you select the 2nd Level, 90% check box.

Tip: To add contour lines (confidence levels) to the plot or change the confidence level associated with a contour
line, click the Contours Setup link on the control panel of the plot sheet.
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2 Life Data Analysis

You add labels to the plot by holding down the CTRL key and then clicking in the plot. You then edit the
text by double-clicking the labels. To position the text on the plot, you click the label and then drag it by
its handle (i.e., the small box on the upper left corner of the label).

Default!

The annotated plot is displayed next (with the scaling adjusted to Y = 0 to 9 and X = 0 to 1,500). The
contour plot shows that the two data sets overlap at the 90% confidence level; therefore, they do not show

a statistically significant difference at that confidence level.

Contour Plot
9.000 Contour
Bulb A - In-House Data\Datal
2P-Weibull
MLE RRM FM MED
F=9/S=6

In-house

Bulb A - Supplier Data\Datal
2P-Weibull
RRX SRM FM MED
F=10/S=0

90%

7.200

‘\‘\\ Supplier

5.400

Beta

3.600

1.800

0 300.000 600.000 900.000 1200.000 1500.000
Eta (Hr)

Tip: For more extensive annotations you can use the RS Draw utility, which is a metafile graphics editor that
allows you to insert text, draw objects, paste another picture into the plot and rearrange the objects in the
plot. You can open the utility by clicking the RS Draw icon on the control panel.

>

20 Weibull++/ALTA 10 Quick Start Guide
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2.5 Reports

For presentation to the rest of the team, you will prepare a report that summarizes the results of your
analyses. Weibull++’s built-in reporting tool, the Synthesis Workbook, combines two reporting modules:
spreadsheet and word processing.

Objectives
e Use the spreadsheet module to calculate all of the results that you obtained individually from the
QCP.

e Use the word processing module to create a document that presents the key results, along with a
plot of the failure rate vs. time.

2.5.1 Spreadsheet Module

You create a Synthesis Workbook (“Synthesis Workbook - Bulb A” in the sample project) by choosing
Insert > Reports and Plots > Synthesis Workbook.

3

When prompted to specify a default data source, you choose the folio containing the bulb supplier’s data
(“Bulb A - Supplier Data” in the sample project) and click OK to create a blank workbook.

In the workbook, you click the Spreadsheet button in the Modules panel and build a worksheet like the
one shown next. You use the Function Wizard to build functions that automatically insert calculated
results based on the specified data source.

Modules  41][B5 | % v %] [ =AMEAN(Default1) v
pat A A B C D
222 1 Analysis Summary £

Spreadsheet 2
3

= 4 Calculated Rounded
5 MTTF 906.348778 906
Word Processing | & g1 Life 569.8467853 570
7 |R(200) 0.998406035 0.998
8 Expected Failures (200) 1.593965353 2
3 B2 Life 377.1669832 377
10
11, e
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2 Life Data Analysis

For example, to build the function that is highlighted in the picture, you open the Function Wizard by
choosing Home > Report > Function Wizard.

7e

You select the AMEAN function from the list.

Function Wizard

(]

I

| All Functions

ACCELERATIONFACTOR ~| | AMEAN(Data_Src, [Confidence Level])

ACT_ENERGY
AMEAN | Returns the value of the MTTF {mean time to failure).

AMEAN_S

s [Confidence Level] | E

COMNDPROBFAIL_S
CONDRELIABILITY S
COSTPERUNITTIME

D_COUNT Data Source

DATAENTRY
L
DATARANK [w] Use Default |

DISTR
Data Source Index |1 |
DTYPE —

EFAILURES
EFAILURESS
FAILURERATE

e O

< | Help on This Function...

Insert || Close |

The confidence level input is optional (as indicated by the brackets that enclose the label) and not
applicable in this example. So you simply specify the data source by selecting the Use Default check box.
From the Data Source Index drop-down list, you select the number 1 (i.e., the first default data source,
which you selected when you created the workbook), then you click Insert.

The MTTF for the specified data set will be automatically computed and displayed in the workbook. You
continue to use the Function Wizard to build the rest of the report:

e To calculate the B10 life, you select the TIMEATPF function and enter 0.1 for the Unreliability
input.

e To calculate the reliability at 200 hours, you select the RELIABILITY function and enter 200 for
the Age input.
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e To calculate the expected number of failures after 200 hours of operation, you first calculate the
probability of failure and then multiply that number by the total number of bulbs (1,000 bulbs in
this example). To do this, you enter the following formula directly into the appropriate cell: =(1 -
B7)* 1000, where B7 is the cell reference of the reliability at 200 hours, as shown in the picture on
page 21.

e To calculate the B2 life (which is equivalent to the warranty time during which no more than 2% of
the bulbs will fail), you select the TIMEATPF function and enter 0.02 for the Unreliability input.

To round the numbers to the nearest integer, you use a math function. You choose Formulas > Function
Library > Insert Function.
Sx

You select ROUND from the list and click OK. When prompted to define the function arguments, you
enter BS, which is the cell reference to the first calculated result; and 0 (zero), which indicates that you
will be rounding the number to the nearest integer.

ROUND

Number |B5 H 906. 348777964571

Num_digits |0 H = o

In the worksheet, you copy this formula by clicking inside cell C5 and then dragging the fill handle (small
black square on the lower right of the cell) down the column of cells.

You review the resulting worksheet and notice that the value in cell C7 appears to be equal to 1. To change
its rounding precision, you double-click the cell and edit its function to use three decimal places:
=ROUND(B7,3). You press ENTER to save the changes.
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2 Life Data Analysis

2.5.2 Word Processing Module

Next, you click the Word Processing button in the Modules panel and build a report template like the one
shown next. You use the Function Wizard and Plot Wizard to insert functions into the desired locations.

Analysis Summary
Created by: [USERNAME]
Report Generated: [CURDATE] [CURTIME]

[DATASOURCENAME(1)]
[TBLSSREF(Sheet11A4:Ca]

Plot Holder
Failure Rate vs. Time
Data Source: 1

For example, to insert the display name of the person who generates the report, you open the Function
Wizard and select the User Name function from the list. You continue to use the Function Wizard to build
the rest of the report:

e To insert the date and time that the report is generated, you select the Current Date and Current
Time functions.

e To insert the name of the standard folio and data sheet that the results will be pulled from, you
select the Data Source Name function. You also select the number 1 for the data source index.

e To insert the results that you created in the spreadsheet module, you select the Spreadsheet
Reference function. You then click the Select button next to the Cell Reference field and, when
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prompted to select cells, you highlight the table that contains the calculated results (cells A4 to C9)

and click OK.

Rounded
906

570

0.998

377

|t A B
| 1 Analysis Summary
==
(=N
| Calculated
|5 |MTTF 906.348778
6" B10 Life 569.8467853
M] |7 |r(200) 0.998406035
M] |8 [Expected Failures (200) 1.593965353
% 9" |B2 Life 377.1660832
- Qe
Z B
> m sheett [ |l&]
)]
o

oK || Cancel |

Tip: You can also access the Spreadsheet Reference function from the ribbon while in the word processing
module by choosing Home > Report > Spreadsheet Reference.

To insert the Failure Rate vs. Time plot, you open the Plot Wizard by choosing Home > Report > Plot

Wizard.

<,

A

You select the Failure Rate vs. Time plot from the list. You also select the number 1 for the data source

index. You then click Insert to add a placeholder for the plot.

To resize the plot, you select its placeholder, and then click and drag the resize handles (i.e., the small
circles that appear within the corners of the selected placeholder).
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2 Life Data Analysis

When you have finished building the report template, you click the Review tab at the bottom of the
window. This generates a preview of the report, with all the data and plots inserted.

Analysis Summary
Created by: Joe_Reliability
Report Generated: 4/1/2015 2:31 PM

Weibull!Bulb A - Supplier Data!Data1
Calculated Rounded

MTTF 906.348778 906
B10 Life 560.8467853 570
R(200) 0.998406035 0.998
Expected Failures (200) 1.593965353 2
B2 Life 377.1669832 377

Failure Rate vs. Time
0200

Falure Rate
Datal
2F-eiouil
FAUCSEM P MED
F=10/5=0
Faslyre Rate Line

Failure Rate, fE}/R{t)

] 500,000 100,000 1800000 2900.000 300,000
Time (t) (Hr}

You generate the final report in Microsoft Word by returning to the design view and choosing Home >
Report > Send to Word.

e

Tip: If you want to create the same reports for the bulb’s in-house data set, you could simply change the first
default data source assigned to the workbook (Home > Report > Associate Data Sources). Alternatively, if you
want to compare both data sets in the same report, you can add a second default date source and then duplicate/
modify the functions. For example, use =RELIABILITY(Defaultl, 200) to return the reliability from the supplier

data set and create a new function =RELIABILITY(Default2, 200) to return the reliability from the in-house data
set.
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Degradation Analysis

Degradation analysis is useful for tests performed on highly reliable -
products that (a) cannot feasibly be tested to complete failure under normal Rtz chapter J
operating conditions, (b) are associated with a measurable performance

characteristic (e.g., the wear in brake pads) and (c) are not destroyed upon v Degradation

inspection. This analysis consists of two steps. First, the failure times of the folios

units on test are extrapolated using measurements of their degradation over v Analyzing
time. (A unit is considered failed when its degradation reaches a specified extrapolated
critical level.) Second, once these failure times are obtained, life data failure times

analysis is used to estimate the reliability of the product. ~ QCP and plots

In this chapter, you will use a degradation analysis folio to analyze the measurements of an LED lamp’s
decreasing light output.

3.1 Simple Degradation Analysis Using Luminosity Measurements

After completing the life data analysis for the projector’s incandescent bulb, you learn that the R&D group
is working on perfecting an LED lamp to replace the bulb. The product engineers would like to obtain
reliability information for the new lamp. However, while it is relatively easy to test incandescent bulbs to
failure (given their low life in hours), testing LEDs to failure is not feasible given their long life
characteristics. Based on the failure mode under consideration for the LEDs, you know that the failure is
gradual and preceded by a decrease in light output of the lamp over time. As a result, the R&D group
concludes that in lieu of a long failure test, it is preferable to perform a degradation analysis where they
will monitor the decrease of light output over time and use this information to extrapolate failure times.

According to the formal test plan, the light intensity of 10 lamps will be recorded at 400, 600, 800 and
1,000 hours of operation. This data set will be used to predict the lamp’s life. Furthermore, the engineers
agree that the lamp should be considered failed when its output reaches 50% of its design output of 1,000
lumens.
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3 Degradation Analysis

The following measurements were obtained in the test:

Luminosity Measurements (in Lumens) of 10 LED Lamps

Inspection | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp
Time (Hr) 01 02 03 04 05 06 07 08 09 10

400 960 950 990 840 880 800 930 870 870 910
600 890 900 890 730 760 770 890 810 800 850
800 850 860 830 670 710 730 840 760 730 800
1,000 810 820 780 615 670 700 820 730 690 770

A

Degradation Analysis Assumptions: Degradation analysis can be used for analyzing this data set
because, according to the underlying physics, the luminosity will continue to decrease with time.
The main assumption in this kind of analysis is that the degradation mechanism and observed
measurements will continue the same behavior throughout operation. In other words, this analysis
assumes that the measurements will monotonically decrease (or increase) with time.

Objectives

e Use a Degradation vs. Time plot to see how the luminosity of the lamps degrades over time.
e Estimate the following metrics:

o The average lamp life (i.e., MTTF or mean life)

o The B10 life (i.e., the time by which 10% of the lamps will be failed)

o The reliability for 200 hours of operation

o The number of lamps (out of 1,000) that can be expected to fail after 200 hours

o The warranty time on the lamp if you do not want failures during the warranty period to exceed
2%
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3.1 Simple Degradation Analysis Using Luminosity Measurements

Solution

You start by choosing Insert > Folios > Weibull++ Degradation ( “Degradation - LED Lamp” in the
sample project) to create a new degradation analysis folio.

k=]

Then, you enter degradation measurements into the folio’s data sheet and enter 500 for the lamp’s Critical
Degradation (i.e., the luminosity level at which a lamp is considered failed).

First, you need to specify how failure times will be extrapolated from the luminosity measurements. The
failure mode under consideration is metal fatigue, and you know the underlying degradation model for
this failure mode is the power model, so you select Power from the drop-down list in the Degradation
Model area. Next, you need to specify how the extrapolated failure times will be analyzed. Based on your
engineering knowledge, you select 2P-Weibull from the Life Data Model area.

In the Settings area of the control panel, you click the blue text to switch between the available analysis
options. (Note that these settings are also displayed on the Analysis page.) You select the following:

e Rank Regression on X (RRX)

e Standard Ranking Method (SRM)

e Median Ranks (MED)

e Fisher Matrix Confidence Bounds (FM)

Next, you click the Calculate icon to analyze the data.

pm
ol
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3 Degradation Analysis

The folio appears as shown next.

&% Degradation - LED Lamp e

1 400 960 Lamp 01
2 600 890 Lamp 01
3 800 850 Lamp 01
4 1000 810 Lamp 01
g 400 950 Lamp 02
6 600 900 Lamp 02
7 800 860 Lamp 02
8 1000 820 Lamp 02
9 400 990 Lamp 03
10 600 890 Lamp 03
11 800 830 Lamp 03
12 1000 780 Lamp 03
13 400 840 Lamp 04
14 600 730 Lamp 04
15 800 670 Lamp 04
16 1000 615 Lamp 04
17 400 880 Lamp 05
18 600 760 Lamp 05
19 800 710 Lamp 05
20 1000 670 Lamp 05
21 4 ul QO | aman (&
22 53 Note: Complete data set is not shown.
Data

o=
==

=]
s

BB E

i
or Model [T
Power
Critical Degradation
[ suspend After (Hr) _
Life Data Model [T
2P-Weibull
RRX SEM
FM MED

[ Use extrapolated intervals

Degradation Results

Click to view results l_li_

Life Data Results

Click to view
analysis results

| Beta=1.220858; Eta=11920.809... |21}

Before you continue, you decide to quickly review the results of the software’s calculations. To see how
the failure times were extrapolated, you click the Degradation Results (...) button. You look at the

30
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3.1 Simple Degradation Analysis Using Luminosity Measurements

Degradation Fit Results tab (shown next) to see the parameters of the degradation model that was fitted to

each lamp.

I

1 Quick Results Report

2 | Report Type Degradation Fit Results

B User Info

4 User User Mame

5 Company Company

5] Date 1/10/2012

7 Parameters

g UnitID| Parareter 3 Std-a Parameter b Std-hb

] Lamp 01 -0.182355 0.00562 2866,4606503 104.077144
10 Lamp 02 -0.158157 0.011351 2461.520201 180.685318
bl Lamp 03 -0.258343 0.003351 4653.594599 106.457896
12 Lamp 04 -0.335837 0.008354 52580.23279 337.010266
13 Lamp 05 -0.205512 0.021983 5119.722842 724.00894
14 Lamp 06 -0.146287 0.017749 1937091734 222.432063
15 Lamp 07 -0.142483 0.013085 2192,350814 185.342243
16 Lamp 08 -0.19376 0.006374 27583.542844 114577357
17 Lamp 09 -0.25603 0.01676 4082.717809 440863834
18 Lamp 10 -0,154505 0.005984 2754.010633 106.462114
19 End of Quick Results Report

* [\, Degradation Fit Results 4 Extrapolated FailureSuspension Times 7/ -

Then you look at the Extrapolated Failure/Suspension Times tab to see the failure times that were

extrapolated.

LnRiRRN B (R ) R SRR TR S R

e =
CuRi i R (R R SRR TR SR ]

3

Report Type Extrapolated Failure/Suspension Times
User Info
User User Mame
Company Company
Date 1/10/2012
Times
F/S Tirne o F/S Unit ID

F 14263.89034 Lamp 01

E 23816.04609 Lamp 02

E 5623.124839 Lamp 03

E 1872566206 Lamp 04

E 2622568123 Lamp 03

F 10488.91173 Lamp 06

E 3201732383 Lamp 07

E 7050.276817 Lamp 08

F 3544.275369 Lamp 09

E 10378.51885 Lamp 10

k R

ck Results Report

Degradation Fit Results 4,  Extrapolated Failure /Suspension Times ,||n.-
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3 Degradation Analysis

To see the results of the life data analysis that was performed on the extrapolated failure times, you return
to the control panel and click the Life Data Results (...) button.

1 Quick Results Report

2 Report Type Degradation Results

B User Info

4 User User Mame

5 Company Company

5] Date 1/10/2012

7 Parameters

g Distribution: weibull-2P

9 Analysis: RRX

10 CB Method: Fr

il Ranking: MED

12 Beta 1.220858

13 Eta (H) 11920.80918

14 LK Yalue -102.832699

15 Rho 0.930981

16 Fail & Susp 10

17 LOCAL ¥AR/COY MATRIX

18 | War-Beta=0.039871 |CV Eta Beta=321.098905

19 CY Eta Beta=321.098905| “ar-Eta=1.043820E+07
End of Quick Results Report

Next, to view a plot that shows how the luminosity for each unit on test degraded over time, you click the
Plot icon on the control panel and select the Degradation vs. Time (Linear) plot. This shows you the
degradation lines for each LED lamp.

To improve the appearance of the plot, you clear the check boxes in the Scaling area and enter the
following ranges:

e Y-axis: 450 to 1,000 lumens
e X-axis: 300 to 3,000 hours
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The resulting plot is shown next. The horizontal line towards the bottom of the plot marks the luminosity
level at which the lamp is considered failed.

Degradation vs. Time
1000.000

Degradation
LamS 01

e Data Points
— Degradation
Lamp 02

4 Data Points
— Degradation
Lamp 03

v Data Points
— Degradation
Lamp 04

¢ Data Points
— Degradation
Lamp 05

o Data Points

Degradation

Lamp 06

o Data Points
— Degradation
Lamp 07

o Data Points
— Degradation
Lamp 08

e Data Points
— Degradation
Lamp 09

e Data Points
— Degradation

890.000

780.000

Measurement

670.000

Lamg 10
560.000 o Data Points
Degradation
— Critical
"\"\,,\
—
450'0280.000 840.000 1380.000 1920.000 2460.000 3000.000

Time (Hr)

Next, to solve for the requested reliability metrics, you open the Quick Calculation Pad by clicking the
QCP icon on the control panel.

CP
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3 Degradation Analysis

You select to calculate the Mean Life and use the Units drop-down list to make sure the results will be
returned in hours. The mean life of the lamp is estimated to be about 11,145 hours.

eibull++ Degradation Analyzis: Degradation - LED Lamp

MTTF 11145.076154 Hr

(Mean Life Hr Mo Bounds Captions On
ch| QUICK CALCULATION PAD Units i Bounds i Options >
Calculate Input

Reliability
Prob, of Failure
Probability
Cond. Religbility
Cond. Prob. of Faiure
Reliable Life
Life EX% Life
Mean Life =
Rate Failure Rate Report...
Calculate
Bounds Pararneter Bounds Close

You continue to use the QCP to solve for the remaining reliability metrics:

e You select BX% Life to calculate the time by which 10% of the lamps will be failed. The result is
about 1,913 hours.

e You select Reliability to obtain the reliability at 200 hours of operation. The result is 0.993465, or
99.3465%.

e To solve for the upper bound on the number of LED lamps (out of 1,000) that would fail after 200
hours, follow these steps:

o Select Prob. of Failure and enter 200 for the mission end time to calculate the probability of
failure at 200 hours.

o The probability of failure at 200 hours is estimated to be 0.006535 or 0.65%. Now multiply this
by the total number of lamps (1,000). The number of lamps that will fail is 6.5, or
approximately 7.

e To estimate the warranty time during which no more than 2% of the lamps will fail, you select to
calculate the Reliable Life, and then enter 0.98 for the Required Reliability input. The result is
about 499 hours. Alternatively, the same result could have been obtained by calculating the B2
life.
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Design of Reliability Tests

Weibull++ includes a number of test design tools that provide ways to
design reliability tests and evaluate/compare proposed test designs. In this
chapter, you will work with the three tools available in the Test Design folio,
starting with the Reliability Demonstration Test tool, which you will use to
design a zero-failure test intended to demonstrate a specified reliability for
bulb A.

Afterwards, you’ll examine ways to compare the reliability of bulb A and a
less expensive bulb B. To do this, you’ll use the Difference Detection Matrix
to determine what test times are required to demonstrate a difference in
reliability between the two bulbs. Then you’ll use the Expected Failure Time
Plot to compare the failure times that are expected from a design with a
specified reliability to the actual failure times that are observed during a test.

4.1 Combining the Test Data for Bulb A

In this chapter J

v Zero-failure
demonstration
test

v Detecting
differences in
reliability

v Predicting
expected failure
times

Before you can use the test design folio, you need to estimate the life distribution followed by bulb A. You
already have data from two tests for the bulb, and you established previously that there is no significant
difference between the two data sets (see Chapter 2). You decide to combine the data sets and analyze
them in a separate standard folio (“Bulb A - Combined Data’ in the sample project).

The analysis shows that the failure behavior of bulb A follows a 2-parameter Weibull distribution with
beta = 4.219615. Using the Quick Calculation Pad, you also see that the estimated B10 life of the bulb is

about 581 hours.
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4.2 Reliability Demonstration Test Design

Based on your experience with analyses for bulb A, which is currently being used in the projector, you are
asked to design a demonstration/validation test to show that the bulb has the required B10 life.

More specifically, your objective is to demonstrate that bulb A has a B10 life of at least 500 hours with
80% confidence. You are allocated 10 bulbs for the test and decide on a zero-failure reliability
demonstration test. In other words, you decide to design a test that uses the available sample size of 10 and
will demonstrate the target metric if no failures occur before a certain time (i.e., you design a test where

the number of “allowable” failures is zero).
£

Zero-Failure Tests: A zero-failure test is appropriate in this case because you only want to know,
with a given confidence level, whether the life metric is greater than the specified requirement. This
sort of test provides a quick and efficient way of accomplishing this. Note, however, that zero-failure
tests generally cannot be used to determine the actual value of a product’s life metric. (In some
special cases, the 1-parameter Weibull or 1-parameter exponential distribution can be suitable for
analyzing a data set containing few or no failures.)

Objectives

e Determine the test time for a zero-failure test that would demonstrate the target metric with a
sample size of 10.

o Compare the test times that would be required given different sample sizes and different numbers
of “allowable” failures.

Solution
To create a new test design folio (“Zero-Failure Test - Bulb A” in the sample project), you choose Insert
> Tools > Test Design.

e

In the Test Design Assistant window, you select Reliability Demonstration Test Design. Since you are
able to make reasonable assumptions about the life distribution that describes bulb A’s failure rate
behavior, you select the Parametric Binomial test design method on the control panel of the folio. To
specify the metric that you wish to demonstrate, you choose Reliability value at a specific time from the
Metric drop-down list on the RDT sheet. Then you enter 90 for the reliability and 80 for the confidence
level. (The B10 life is equivalent to the time at which reliability reaches 90%.)
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Next, you click the Get Distribution icon and select the standard folio that analyzed the combined data
sets for bulb A (“Bulb A - Combined Data” in the sample project).

This copies the life distribution from the standard folio into the Distribution and With this Beta fields of
the tool, and it calculates the time at which bulb A would reach the specified reliability with the specified
confidence level (i.e., the B10 life). The calculated time is about 581 hours, and it appears in the At this
time field.

You check to make sure the B10 life is equal to or greater than the B10 life you wish to demonstrate (i.e.,
500 hours). Since it is greater, you know a demonstration test is possible, and so you continue planning the
test by changing the value in the At this time field to 500.

In the Solve for this value area, you select to solve for the Required test time for a test with a sample
size of 10. To specify that this will be a zero-failure test, you enter 0 for the maximum number of failures.
Finally, you click the Calculate icon. The inputs and results appear as shown next.

Design a reliability demonstration test Reliability Demonstration Test 4
= ‘What metric would you like to demonsiraie? TEST DESIGN

Metric| Reliability value at aspecifictime w

Demonstrate this reliability (%) 30 g'-ﬂ JestDesign tethml 0H
With this confidence level (%) 30 Rll'_l_'] Parametric Binomial B
At this time (Hr) 500
L Input
l',__1_,Jf\m;umethefiiilureriite" havior is o 1 by this distributi 31 Units Hour (Hr) |
Distribution 2P-Weibull hdl| 2 Acceleration Factor 1
With this Beta 4.21961520573695 ‘;l
Display Options
+*4 Solve for this value
Value Required test time -
With this sample size 10
‘With a maximum of this many 0
failures
o] Results

Notes

Test time per unit {(Hr) 552 808878

This is based on both the assumed failure rate behavior given the specified
distribution and the specified accelerationfactor.

ROT 1

Based on this calculated result, you need to test the 10 bulbs for at least 553 hours each. If no failures
occur during that time, you will have demonstrated that the bulb has a B10 life of at least 500 hours with
80% confidence (i.e., if no failures occur before about 553 hours, then there is an 80% probability that the
B10 life is greater than 500 hours).
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4 Design of Reliability Tests

You would also like to explore the possibility of using a different sample size and examining the sample
size’s effect on test time. This may allow you to find a better combination of sample size and test time. So
you click the Show RDT Table icon on the control panel.

RET

A sheet called “Table of RDT” is added to the folio. You select to solve for the Test time for given
sample size and specify that you want to see the required test times for sample sizes that range from 5 to
20, using an increment of 1. Then, because you want to view test times for zero-failure and 1-failure tests,
you specify that you want to consider numbers of failures that range from 0 to 1. Finally, you click
Calculate and see the results shown next.

Sample ‘Tesl Time for [Test Time for |[+| Test Design Table .
RN RN TESTO=sioN |

1 5 651.501824 | 776.120517 TEST.DESIGN

2 6 623.95116 = 739.341868 | | Solve for =
3 7 ((601.568354) 710.264553 | | °

4 8 582.820548 | 686.314843 | | (©) Test time for given sample size

5 9 566.785857  666.089808 | - _ _ _

6 10 552.808878 ( 648.672507 p | [£*5 | () Sample size for given test time

7 11 540.46232  633.384864

8 12 520.431734 | 619.83007 Sample Size Range

9 13 510.483493 | 607.65982 B 5

10 14 510.439594 | 596.644849

11 15 502.161505 | 586.599902 To 20

12 16 494.539441 | 577.383797 R .

13 17 487.485026 | 568.873454

14 18 480.926134 | 560.982446 Number of Failures Range

15 19 474.803191 | 553.62523

16 20 460.066461 | 546.763851 From 0

To 1
- Increment 1

RDT 1 Table of ROT 1 [ - |

This table uses the target metric and life distribution information you provided earlier to calculate the test
times needed under many different scenarios. For example, the first highlighted cell shows that you could
reduce the sample size to 7 and test to 602 hours instead of 553 (with zero failures). The second
highlighted cell shows that if you were to stay with your current sample size of 10, you could demonstrate
the target metric even if 1 failure occurred. However, the required test time in that case would increase to
649 hours.
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4.3 Difference Detection Matrix

To more easily see how sample size, test time and number of failures are related, you generate a plot of
this information by clicking the Plot icon.

Test Time vs. Test Units
800.000 -+ 0 Failures
——1 Failures
£40.000
—  480.000
o
<
@
£
[
i
F 320,000
160.000
0 6.000 12.000 18.000 24.000 30.000
Number of Test Units

4.3 Difference Detection Matrix

The Reliability Demonstration Test tool is used to plan a test that is intended to demonstrate that a
product’s reliability exceeds a specified target. Sometimes, however, tests will be performed just for
comparative purposes (e.g., to show that one product’s B10 life is greater than another product’s). The
Difference Detection Matrix calculates how much test time is required before it is possible to detect a
statistically significant difference in a reliability metric (e.g., mean life) of two product designs by
analyzing the data from a reliability life test.

The purchasing group has located a less expensive bulb B from another manufacturer. Based on the
extremely attractive pricing of bulb B, you are asked to evaluate and propose plans to compare the B10
life of bulb B to the life of bulb A. You are also informed that you only have 5 units of bulb B available for
testing. The goal of the comparison is to determine if there is a significant difference between the B10
lives of the bulbs at a specified confidence level. Because of the smaller sample size, you decide to use a
confidence level of 70%.
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4 Design of Reliability Tests

You realize that you could simply test bulb B and compare the results to the results obtained from testing
bulb A. However, given that only 5 units of bulb B are available for testing, you decide to first explore the
capability of a test (and the available sample sizes) to show any difference. In other words, you will be
evaluating various test durations to determine which durations are capable of demonstrating a difference
in B10 life between the two bulbs.

Objective

e Determine how long you must test the 5 units of bulb B to be able to detect a difference in the B10
life of the two designs.

Solution

You start by choosing Insert > Tools > Test Design and then selecting Difference Detection Matrix in
the Test Design Assistant. The new matrix (“Difference Detection - Bulb A vs. Bulb B”) will allow you to
see what test times will be required to show a difference between the bulbs, given a range of different B10
life values.

On the control panel of the new folio, you specify that you will be comparing the B10 life by choosing
BX% Life and entering 10 in the Metric to Compare area. You enter 70 for the confidence level and
choose Hour (Hr) for the time units.

Metric ko Compare .
Mean Life
Bx%s Life 10
Confidence (%) 70
Units Haur (Hr) -

You provide information about the sample size and life distribution of bulb A in the Design 1 area, and
you provide this information for bulb B in the Design 2 area. The results from combining and analyzing
the 25 data points from the in-house test and the supplier’s data (“Bulb A - Combined Data” in the sample
project) show that bulb A has a 2P-Weibull distribution with a beta of about 4.2. Since you will be testing
the assumption that bulb A and bulb B have a similar reliability, you assume the same life distribution
information for both products.

Design 1
Sample Size 25
Distribution 2P-weibull =
Beta 4.2

Design 2
Sample Size 5
Distribution 2P-weibull =
Beta 4.2
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4.3 Difference Detection Matrix

The fields in the Reliability Metric Setup area define the range of reliability metric values in which you
want to see the results. Given that bulb A has a B10 life of about 600 hours, a reasonable range may be
from 0 to 1,000, so you enter 1000 in the Max Metric Time field. To specify that you would like to see
the results spread out over 50-hour increments, you enter 50 in the Metric Increment field.

Reliability Metric Setup
IMax Metric Time (Hr) 1000
Metric Increment (Hr) 50

The inputs in the Test Time Matrix Setup area define the test durations that you want to explore. After
reviewing the analyses of bulb A, you set the range to have a maximum of 2,000 hours of test time and
decide to have the software give you results at 9 other intervals. You do so by entering 10 in the Number
of Test Times field, and then you clear the Calculate Test Times check box and enter the specific test
times shown next.

Test Time Matrix Setup
Mumber of Test Times

Calculate Test Times
Test Times (Hr) 2000, 1500,.4.

Test Time [=
Test Number (Hr)

2000
1500
1000
800
600
500
400
300
200
100

[r - R Y. R R N

=

With these settings, the software will evaluate test plans with ten different durations: 2,000 hours, 1,500
hours, and so forth.
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4 Design of Reliability Tests

With all the inputs provided, you click the Calculate icon to generate the matrix. Part of the matrix is
shown and explained next.

Design 1 BX% Life
550

50 10

100
150
200
250
300
350
400
450
S00
550
&00
650
700
750
g0
850
Q00
950 4

1000
Since the B10 life of Design 1 (bulb A) was estimated to be 581 hours, you can focus on either the 550
column or the 600 column. You choose to focus on the 550 column, as shown above. (You decide not to
change to a 10-hour increment to view the 581 hours column, since that would make the matrix quite
large.)

Legend

Difference cannot be detected using current setup,
existing sample size, and test time of <= 2000 {Hr).

Difference can be detected with 2000 {Hr) of testing.
E Difference can be detected with 1500 {Hr) of testing.
H Difference can be detected with 1000 {Hr) of testing.
Difference can be detected with 800 {Hr) of testing,
E Difference can be detected with 600 {Hr) of testing,
Difference can be detected with 500 {Hr) of testing,
ﬂ Difference can be detected with 400 {Hr) of testing,
E Difference can be detected with 300 {Hr) of testing,
Difference can be detected with 200 {Hr) of testing,
Difference can be detected with 100 {Hr) of testing,

Design 2 BX% Life

You do not know what the life of Design 2 is; thus, you are interested in the range of life values that you
specified on the control panel. The legend assigns an index number to each of the 10 test durations you
specified in the Test Time Matrix Setup area. In this case, the index number represents the test time that
would be needed to detect a difference in B10 life with 70% confidence.

For example, suppose Design 2 has a B10 life of 350 hours. The index number in row 350 is 5, which
corresponds to a test time of 600 hours. According to this result, if Design 2 has a B10 life that is equal to
or less than 350 hours (and failure rate behavior that is similar to Design 1; in other words, behavior that
follows a Weibull distribution with beta = 4.2), then if you tested 5 bulbs from Design 2 using the
indicated test time, you would detect a difference between the designs 70% of the time (i.e., the difference
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4.4 Expected Failure Time Plot

would be demonstrated with 70% confidence). You click the cell to view the required test time and the
confidence bounds that were used to determine that the test time demonstrate a difference.
[s | e [6]o|
| £ [ 5 [ 5 |
] At 600 (Hr) Test Time
Design 1 - Bx% Life
Lower CL: 504620510
B¥% Life; 574.620035
a Upper CL: 654,329313
Py Design 2 - BX% Life
Py Lower CL: 295310618

B¥% Life: 378, 144725
Upper CL: 484.213660

Similarly, if Design 2 has a B10 life of 700 hours, then the index number is 4, which means that testing 5
of the bulbs for 800 hours would demonstrate a difference in B10 life with 70% confidence.

Furthermore, if the B10 life of Design 2 is greater than 350 hours but less than 700 hours, then the index
assigned is 0, which means that even a test of 2,000 hours is incapable of demonstrating, at the specified
confidence level, a statistically significant difference between the two designs.

Tip: The granularity of the results is based on the test times specified in the Test Time Matrix Setup area. If
needed, you can iteratively adjust the test times and recreate the matrix in order to arrive at an optimal
granularity.

4.4 Expected Failure Time Plot

Before performing a reliability life test, you can use the Expected Failure Time Plot to provide an overall
expected timeline and sequence of events for the test. This in turn can be used during the actual test to
monitor its progress for any early warnings that indicate a deviation from the original assumptions or
expectations.

After a discussion with management, you are asked to go ahead and run the life test on the five bulbs.

Objectives
o Use the Expected Failure Time Plot to determine what range of failure times you can expect to
observe on each unit of bulb B during this test. Assume that bulb A and bulb B have the same
reliability.
e As the units of bulb B fail during the test, compare the failure times to the expected times. If the
bulbs appear to differ in reliability, determine which has a greater B10 life.
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4 Design of Reliability Tests

Solution

To create the plot, you choose Insert > Tools > Test Design and select Expected Failure Time Plot in the
Test Design Assistant. In the Plot Setup area on the control panel, you enter 5 for the sample size and 70
to specify that you wish to see 70% two-sided confidence bounds for each expected failure time. You enter
1 for the acceleration factor because the units will be tested under normal stress conditions.

You need to associate the plot with the combined data for bulb A. To do this, you click the Get Failure
Model icon on the control panel and select the calculated data sheet that contains the combined data from
the manufacturer (“Bulb A - Combined Data” in the sample project).

The information in the Expected Failure Model area of the control panel is now updated with the
distribution and parameters that were calculated from the selected data sheet. You click the Redraw Plot
icon to display the ranges of expected failure times ( “Expected Failure Times - Bulb B” in the sample
project), and then you adjust the x-axis range so the maximum value is 1,500.

Units vs. Time
6.000

Expected Failure Times
2P-Weibull

CL=70

AF=1

—— Expected Failure

5.000 ‘—’—¢>
4.000 ‘—’—‘»

3.000 ‘_._‘,
e

1.000 ‘4’—‘>

Unit

0 300.000 600.000 900.000 1200.000 1500.000
Time (Hr)

eta=4.219615, Eta=991.137955
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4.4 Expected Failure Time Plot

This plot uses the failure number on the y-axis (1 = the first failure, and so on) and time on the x-axis.
Based on the plot, you expect the first failure to occur sometime between 440 and 787 hours of testing, the
second between 635 and 928 hours, and so forth. You view the actual time bounds by pointing to the first
or last tick mark on a line, as shown next for the first failure.

#3
X = 787.756

‘_’_ ¥ = 1.000

&

B00.000

Time (Hr)

A

500.000

The Expected Failure Time Plot: In general, this plot tells you that, based on the assumed
distribution, you can expect the observed failure times to be within the ranges shown. If any
sequential observed time is outside this range, then the distribution (and thus the reliability) of the
observed units should no longer be assumed. (The plots results are only valid, however, for the
confidence level chosen.) Moreover, if any of the observed failure times is earlier than its predicted
interval, then you can infer that the reliability will be less than what was assumed. Similarly, if any of
the actual failure times is greater than its predicted interval, then you can infer that the reliability is
greater than what was assumed (at the specified confidence level).

As the test progresses, you observe the first failure at 300 hours, which is earlier than the associated
starting interval. You conclude that, at the specified confidence level, bulb B’s reliability is less than what
was assumed. In order to estimate the bulb’s B10 life, you continue the test to collect more data. The next
2 failures are observed at 440 and 495 hours. As these failures occur, you display them on the plot by
clicking inside the Actual Failures field on the control panel and entering them into the table that appears.
After recording these 3 failures, the table appears as shown next.

Plot Setup
Sample Size 5
Two-Sided Confidence (%) |70
Acceleration Fackar 1

Actual Failures

300, 4. ()

Expected Failure Mode ;
Failure

WEZ (4.219615, 991,1379!

Plot Options

+| Keep Aspect Ratio

+| Auka Refresh

L R

X-Axis Scaling

Linear

Longarmrmmmes——

Time (Hr})

300

440

495
o
o
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The plot appears as shown next. With three failure times observed, you end the test at 500 hours and
calculate the data.

Units vs. Time
6.000

Expected Failure Times
2P-Weibull

CL=70

AF=1

—— Expected Failure

® Actual Failure
5.000 ‘—’—¢>
—
3.000 Y ‘_H
-
1.000 ® ‘4H

Unit

0 300.000 600.000 900.000 1200.000 1500.000
Time (Hr)

Beta=4.219615, Eta=991.137955
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You create a standard folio for the bulb B data (“Bulb B - In-House Data” in the sample project) and use
the QCP to calculate the B10 life.

= BUlyB'- In-House Data

Subset
j(n]

Options
21 Calculate Input
22
= I Reliability J Bx% Life At n
| Prob, of Failure J
Datal Probability | : =

Cond. Reliability
Cond. Prob. of Faiure

Reliable Life
Life BX% Life =
Mean Life
Rate | | Failure Rate J Repart, ..

| Calculate

Bounds Pararneter Bounds J
abl I Close

The estimated B10 life for bulb B is about 280 hours, which is clearly less than the 575-hour B10 life that
was calculated for bulb A using the combined data.

You decide to perform further analysis to determine whether this is a statistically significant difference. To
do this, you choose Insert > Reports and Plots > Overlay Plot (“Bulb A vs. Bulb B” in the sample
project) and select to compare the data sheets for the two bulbs. On the control panel of the overlay plot,
you click Confidence Bounds and then select to view the 70% two-sided bounds on reliability. Finally,
you click Target Reliability on the control panel and select to display the target reliability value of 90%.
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This will mark the time at which reliability equals 90%, which is equivalent to the B10 life. The plot
appears as shown next (with annotations added via RS Draw to make the plot easier to interpret).

Probability - Weibull
99.000

Probability

CB@70% 2-Sided [R]

Bulb A - Combined Data\Datal
2P-Weibull

F=19/S=

e Data Points
—— Intervals
— Probability Line
— Toj -

— Bottom CB-II

50.000
Bulb B

Bulb B - In-House Data\Datal
2P-Weibull
RRX SRM FM MED
F=3/S=2
. F’atta’ Fl;)('lli'ntSL'
Target Reliability (90% — Probabili ine
¢ iRt " Top CB-1
— Bottom CB-II

— Target Reliability

100-R(t) (%)

10.000

5.000

Unreliability, F(t)

1.000

0.500

0'1{](?0.000 1000.000 10000.000
Time (t) (Hr)

The horizontal line marks the target metric, and you can see that bulb B’s B10 life is lower than that of
bulb A, and that the confidence bounds on the B10 life for both products do not overlap. Thus, you
conclude that bulb B indeed has a lower B10 life. You show the plot to the design team and recommend
that they use bulb A in the projector.

Note: In the difference detection matrix you created in Section 4.3, you can see that if the B10 life of bulb B is
300 hours and the B10 life of bulb A is approximately 550 hours, then a 500-hour test with a sample size of 5
would be sufficient to detect a difference (at a 70% confidence level) between the designs. Notice that the results
in this section are consistent with the prior results and that a difference was detected on this 500-hour test.
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Warranty Analysis

Development testing allows you to uncover and correct reliability problems
before a product is deployed; however, there are instances when a problem
is not discovered until the product is in the customer’s hands. Data obtained
from field failures can provide valuable information about how a product
actually performs in the real world.

In this chapter, you will extract life data from warranty returns records, and
then compare the results obtained from the field data to the results obtained

from an in-house reliability test.

5.1 Warranty Data Analysis

In this chapter

v

Warranty data
analysis

Nevada chart
format

Forecasting
product returns

Based on your prior analyses, you recommended bulb A because of its higher reliability; however, bulb B
is lower-priced, and so a decision was reached by management to use bulb B for production. The

projectors with bulb B were then released to market with a 12-month warranty.

Soon after the product introduction, due to excessive returns (as you predicted), management decided to
discontinue the use of bulb B and return to bulb A, which you originally recommended. Specifically, bulb
B was used in production for twelve months. After that, any projectors released in the 13th month and
beyond were modified to use bulb A. Six months after this change, you are asked to forecast the warranty
returns due to bulb failures for the next six months. The returns data are available and shown in the
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following table. The data set is organized in Nevada chart format and it includes all 18 months of service
(12 with bulb B and 6 with bulb A).

Returns Period
2 (3 [a[s 6789 w1314 151617 18
6 13 20 32 38 62 82 97 |78 112 113 76 0 0 0 O
ES 76 64 76 114 112 83 77 0 0 0O
S8 S6 | 77 |94 687 114 93 76 0O O
31 39 | 70 69 104 81 104 108 112 O
22 39 48 S5 68 89 97 109 92 88 O
12 22 3 54 | 61 S2 88 101 97 89 94
23 35 53 S8 65 68 76 107 78
25 38 33 S0 57 79 | 100 105
22 20 40 41 | 75 75 | 80
11 17 | 29 48 | &7 67
&7

o]
o]
o]
o]

Sales Period

In this format, the columns represent the warranty returns periods and the rows represent the sales periods.
This chart indicates, for example, that a total of 18 units were returned during the 3rd month (column 3),
and that 13 of those units were sold in the first month (row 1) while 5 units were sold in the 2nd month
(row 2). The rest of the chart can be read in a similar manner.

Objectives
e Assuming an average sales of 1,000 projectors per month, estimate the number of warranty returns
due to bulb failures that will occur in the next six months (i.e., months 19 to 24).

e As a side analysis, verify whether an assumption of a usage rate of 50 hours/month per projector
holds true for bulb B. Do this by comparing the record of warranty failures to the data from the in-
house test of the bulb. See page 43 in Chapter 4.

Solution
You create a warranty analysis folio (“Warranty - Bulbs” in sample project) by choosing Insert > Folios

> Warranty.
d

When prompted to specify the data format, you select I want to enter data in the Nevada chart format,
and then click Next.
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Currently, there are 18 sales periods (i.e., the projectors with bulb B were sold in the first 12 months and
the projectors with bulb A were sold in the following 6 months) and 18 returns periods. You are asked to
forecast the returns for the next 6 months, so you include the forecasted future sales for the next 6 months.
Note that because all new projectors have bulb A in them, the future sales will be of projectors with this
type of bulb. You set up your Nevada chart with the following settings:

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

I want to label the periods in terms of:
- —~
(\E&:J Numbers (e.g., 1, 2, 3, 40r 2, 4,6, 8 D () Months

() Days

() Years

.Re“."ns. ‘ [] Allow returns at time = 0 ‘
1 [ 2 a4

(Numbe, of periods

E

Increment |1 I

I

Sa_les_

I

Increment |1

Number ofperods [1B 5 )

I

(homberofperos )

o) © WeEBULL++ < ALTA

Note: In the Warranty Folio Setup window, you could select to label the periods in terms of months instead of
numbers; however, the setup will require you to specify the calendar year. This example does not analyze several

years of data, so we will simplify the data entry process by labeling the periods in terms of numbers instead of
months.
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Once the folio is created, you click the Change Units icon on the control panel.

e
—

You then specify that the time units of the sales and returns periods will be in terms of months.
Next, you enter data in the Sales data sheet. You use the assumption of a constant rate of sales of 1,000

projectors per month, and use the subset ID column to specify the type of bulb that was used in the
projectors that were sold that month.

Note: Subset IDs allow you to separate the full data into different homogeneous data sets. In this example, there
are two products, bulb A and bulb B. Separating the data by product will allow you to fit different models
(distribution and parameters) to each one.

The resulting Sales data sheet is shown next.

) Quantity Subset
et (e In-Service jin]
1 1000 Bulb B
2 1000 Bulb B
3 1000 Bulb B
4 1000 Bulb B
5 1000 Bulb B
[&] 1000 Bulb B
7 1000 Bulb B
g 1000 Bulb B
9 1000 Bulb B
10 1000 Bulb B
11 1000 Bulb B
12 1000 Bulb B
13 1000 Bulb A
14 1000 Bulb A
15 1000 Bulb A
16 1000 Bulb A
17 1000 Bulb A
18 1000 Bulb A
19 1000 Bulb A
20 1000 Bulb A
21 1000 Bulb A
22 1000 Bulb A
23 1000 Bulb A
24 1000 Bulb &

You then enter the data from the Nevada chart on page 50 to the Returns data sheet of the folio.
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On the control panel, you select the Use Subsets check box, as shown next.

Life Data Model =

+| Use Subsets

Bulb & =

MLE SRM
FI MED

+| Suspend After
12 || Periods

This setting tells the software to look at the information in the subset ID column and separately analyze
the data based on their subset IDs. In addition, it allows you to use the drop-down list to switch between
subset IDs and alter the analysis settings for each one, if appropriate. As a general rule, however, the
recommendation is to use the same analysis settings for all subsets. You select the following analysis
settings for each subset ID:

e 2P-Weibull

e Maximum Likelihood Estimation (MLE)

e Standard Ranking Method (SRM)

e Median Ranks (MED)

e Fisher Matrix Confidence Bounds (FM)

Next, you select the Suspend After check box and enter 12 periods.

Note: In many cases, data after the warranty period are incomplete or unreliable. The Suspend After setting
allows you to ignore any failure times after the specified period and treat them as suspensions (i.e., all we know is
that the units had not failed by that time).

Once the settings are finalized, you analyze the data sheet by clicking the Calculate icon on the control
panel.

Weibull++/ALTA 10 Quick Start Guide 53



5 Warranty Analysis

The Analysis Summary area of the control panel will display two sets of parameters (because the data
sheet contains two subsets IDs). You view the parameters of each set by choosing the subset ID from the
drop-down list, as shown next. The following picture shows the 2P-Weibull parameters of bulb B.

Life Data Model (T

v| Use Subsets

Bub B O

2P-Weibull

MLE SRM
FM MED

v Suspend After

12 || Periods

Analysis Summary
Parameters E]
Beta 3.119371
Eta (Mon) 11.361391
Other
LK value -20211.453058
Failures/Suspensions
Fis 6292/5708

The following picture shows the 2P-Weibull parameters of bulb A.

Analysis Summary
Parameters E]
Beta 6.753242
Eta (Mon) 9,951487
Other
LK value -78.122676
Failures/Suspensions
Fis 12/4988

54 Weibull++/ALTA 10 Quick Start Guide



5.1 Warranty Data Analysis

With the analysis completed, the next step is to generate the forecast. You do so by clicking the Forecast

icon on the control panel.

i

In the setup window, you set the forecast to start on the 19th month and show 6 periods.

‘W Forecast Setup

Forecast Range
Start 19

Increment

Show

f : ! Forecask

=
1

MNumber of Periods

() Upper Bounds

@ Confidence Level, %

(©) one-Sided

() Lower Bounds

() Two-Sided

QK

Cancel

The forecast is then generated within the folio and displayed in the data sheet called “Forecast.”

On the control panel of the Forecast sheet, you select the Show Subset ID check box in order to identify
which type of bulb the expected failure will be. You also select the Use Warranty Length check box,

enter 12 periods and click Update.

Note: By default, the software assumes an infinite warranty period. The Use Warranty Length check box allows
you to limit the length of the warranty period. In this example, the warranty length is 12, which means that any
units that fail after 12 months of operation are not counted in the returns as they are assumed to be out of

warranty.

Weibull++/ALTA 10 Quick Start Guide

55



5 Warranty Analysis

The following Forecast sheet shows the results of your analysis, with the Show Subset ID and Use
Warranty Length options selected.

4 Warranty - Bulbs

Forecast 14

SubsetID‘ 19 ‘ 20 ‘ 21 ‘ 22 ‘ 23 ‘ 20 |4 WARRANTY
Bulb B e | Show

Bulb B | | (©) Forecast

Bulb B ~

() Upper Bounds
Bulb B

Bulb B
Bulb B v| Round Results

BubB | 104

BubB | 103 | o7
BubB | 108 | 109 | 102

BubB | 103 | 110 | 110 | 103

Bulb B a6 =] 105 105 99 Length 125
Bulb B 30 =] 112 120 120 112

Bulb & 23 57 116 194 | 247 | 216

() Lower Bounds

Update

Buba | 7 | 23 se | 116 193 | 246 -
Buba | 2 7 23 s6 116 193 fnalysis Summary,
Bubs O 2 7 23 s 16 Thj=..
Bubs | O 0 2 7z | =%

Bubs | O 0 0 2 7 =z

Bulb 4 0 ) ) 2 7

Bulb 4 0 ) ) 2

Bulb 4 0 ) )

Bulb & 0 0

Bulb 4 0

Bulb A

616 600 633 726 863 973 |+
LIJ | Failures in selection:

32

Sales | Returns| Forecast

The columns represent the warranty returns periods and the rows represent the sales periods. The results
indicate, for example, that you would expect to see a total of 616 bulb failures in the 19th month (column
19), and that 32 of those failures will be from bulb A (as shown in rows 13 to 15), while the remaining
failures will be from bulb B. The rest of the forecast can be read in a similar manner.

As a side analysis, you want check whether the assumption of a usage rate of 50 hours/month is valid. The
data from the in-house test of bulb B are in terms of hours, so you first convert the data for bulb B
according to the hour-to-month ratio (by dividing the failure and suspension times by 50).

You create a new Weibull++ standard folio (“Bulb B - In-House Data - Months” in sample project) and
manually enter the converted data. You analyze the data sheet using the same analysis settings that were
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5.1 Warranty Data Analysis

used on the in-house test data (i.e., 2P-Weibull and RRX). The following picture shows the result of the
analysis (for reference, the subset ID column shows the failure times in terms of hours).

= Bulb B - In-House Data - Months

State Time to Subset

ForS |For S (Mon) D
F 6 300
F 8.8 440
F 9.9 495
S 10 500
S 10 500

RN

=]
=

SRzl

4

& |E Qs

‘ﬂ Main 3
STANDARD FOLIO

[T

-

Distributi

Ana

lysis Settings

RRX

SRM

FM

MED

Parameters
Beta

Eta (Mon)
Other

Rho

LK Value

F/s
Comments

Analysis Summary

3.142382
11.454431

0.987549
-8.648287

Failures/Suspensions

32

ol | B E|$) =

B

You can now compare the results from the warranty analysis to the results from the in-house test and
verify the assumption of the usage rate. One way to do this is to display the contour plot of both data sets

and analyses on the same plot.

You create an overlay plot (“Bulb B - Warranty vs. In-House” in sample project) by choosing Insert >
Reports and Plots > Overlay Plot.

- Bulbs” in the sample project).

7

When prompted to select which data sets to plot, you select the converted data set from the in-house test
and the data set from the warranty analysis of bulb B (“Bulb B - In-House Data - Months” and “Warranty

On the control panel of the plot sheet, you switch the plot type to a Contour Plot. When prompted to
specify the contour lines, you select the 2nd Level, 90% and the S5th Level 75% check boxes.
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5 Warranty Analysis

The following overlay plot shows that all the contours overlap; therefore, the two data sets do not show a
statistically significant difference in the life, and the 50 hour/month assumption is valid. (This assumes
that the only factor is the hour-to-month ratio and that there is no differentiation between the test and use
conditions.)

Contour Plot

20.000 Contour
Bulb B - In-House Data - Months\Datal
2P-Weibull
RRX SRM FM MED
F=3/S=2
— 90%
— 75%

16.000 Warranty - Bulbs\Bulb B
2P-Weibull
MLE SRM FM MED
F=6292/S=5708
—90%
—75%

12.000

o
o
8.000
4.000
% 6.000 12.000 18.000 24.000 30.000
Eta (Mon)
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Target Reliability
Estimation

Deciding on a reliability goal/target involves trade-offs. This is because
higher reliability typically correlates with higher production costs, lower
warranty costs and higher market share. With Weibull++'s Target Reliability

In this chapter J

tool, you can generate plots that help you visualize and estimate a target Y ESt,'m?Fmg target
e . . .. .. reliability
reliability that will minimize cost, maximize profit and/or maximize your
return on an investment in improving the product’s reliability. v Calculating the
return on an
In this chapter, you will use cost factors to estimate the target reliability for a investment in
product and calculate the return on an investment intended to reach that reliability

reliability.

6.1 Reliability and Return on Investment

Based on their benchmarking and market research, the marketing group believes the company will
become the market share leader if it offers a highly reliable projector coupled with a one-year warranty
period. Specifically, their research shows that if the company maintained the current sale price of $1,500
per unit, used a one-year (600 hours) warranty and managed to provide a projector with a 99% reliability
over the warranty period, its current 20% market share would increase to 45%. On the other hand, a highly
unreliable product (more than 50% returns under warranty) would virtually eliminate the company’s
market share (i.e., reduce it to about 1%).

The projector bulb is covered under the warranty and is the projector’s primary cause of failure. Based on
the prior in-house analyses of bulb A and bulb B (see Chapter 2 and Chapter 4), if the company were to
use bulb A, it is expected that 12% of the projectors would fail during the warranty period. Furthermore, if
the company decided to use the lower priced bulb, bulb B, it is expected that 67% of the projectors would
fail under warranty. Moreover, after looking at additional manufacturers, you learn that more reliable
bulbs are available, but at a higher cost. You identify one manufacturer that offers a highly reliable bulb
(1% failures during the warranty period).
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6 Target Reliability Estimation

The cost of producing a projector without a bulb is $400. The additional cost for the bulb varies depending
on which bulb is used.

e The least expensive bulb (bulb B): $50 each.

e The moderately reliable bulb (bulb A): $175 each.

e The bulb with the highest reliability: $450 each.
Finally, each warranty claim costs $200 to process in addition to the replacement cost of the bulb, and the

maximum market potential is estimated to be 120,000.

Objectives
e Estimate the target reliability for the projector bulb based on the one-year warranty period.
e Assume that a redesign is required to achieve the target reliability and that such a redesign effort is

estimated to require an initial investment of $10 million. Estimate the return on this investment.

Solution

You open the Target Reliability tool (“Bulb B - Target Reliability” in sample project) by choosing Insert
> Tools > Target Reliability.

In the Target Estimation Inputs area, you use the information given above to describe the following
three scenarios, all of which assume a one-year warranty:

e Best Case: Purchase the most expensive, most reliable bulb.
e Mostly Likely: Purchase bulb A, the modestly reliable bulb.

e Worst Case: Purchase bulb B, the least expensive and least reliable bulb.
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6.1 Reliability and Return on Investment

The following picture shows your inputs:

Target Estimation Inputs

Estimate each scenario with the below factors: Best Most likely Worst
Expected failuresfreturns per period {as % of sales) 1 1z 67
% of market share you expect to capture 45 20 1
Average unit sales price 1500 1500 1500
Average cost per unit ko produce 850 575 450
Other costs per Failure {in addition to replacement cost) 200 200 200

Here is a more detailed breakdown of the inputs:

o Expected failures/returns per period (as % of sales): With the most expensive bulb, 1% of the
projectors would be returned during the warranty period. With bulb A, 12% of the projectors would
be returned. With bulb B, 67% would be returned.

o % of market share you expect to capture: Your market share in the projector market is 20% with
bulb A. This could be increased to 45% with the most reliable bulb or reduced to 1% with bulb B.

e Average unit sales price: The sales price of the projector will be fixed at $1,500, regardless of the
type of bulb used.

e Average cost per unit to produce: Each projector costs $400 to produce, plus $450 for the most
expensive bulb, $175 for bulb A and $50 for bulb B.

e Other costs per failure: Additional costs are assumed to be fixed at $200, regardless of which
bulb is used.

Finally, to specify the maximum market potential, you enter 120,000 in the Max. Market Potential
(Units) field on the control panel.

As reliability increases, your production costs will increase, but your unreliability cost will decrease. The
Cost vs. Reliability plot allows you to visualize the relationship between reliability and cost, as well as
estimate the reliability that minimizes total cost (i.e., production cost + cost due to unreliability). After
you enter all the inputs specified above, you select the Cost vs. Reliability plot in the Plot Setting area
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6 Target Reliability Estimation

and click the Redraw Plot icon on the control panel. The plot appears as shown next (with annotations
added via RS Draw to make the plot easier to interpret).

Cost vs. Reliability
2.000E+08 Cost Curves
— Production Cost
—— Unreliability Cost
— Total Cost
Total Cost —— Minimum Cost @ 0.966967
1.600E+08
Unreliability Cost
1.200E+08
g ]
S Minimum Cost
8.000E+07
4.000E+07
Production Cost
(?.230 0.384 0.538 0.691 0.845 0.999
Reliability

As the legend in this plot shows, the reliability that is estimated to minimize cost is 96.7% at the end of the
warranty period.

Next, you select to view the R30I vs. Reliability plot so you can estimate the reliability target that has the
highest ROI using ReliaSoft’s Reliability Return on Investment (R30I) equation.

According to the legend of this plot, if your goal is to maximize the return on investment, then your target
reliability should be about 96.6% at the end of the warranty period (which is obviously very close to the
96.7% reliability needed to maximize cost). With this reliability for maximizing ROI, you can expect
3.4% of the units sold to be returned under warranty.

R30I Curve

301
— Maximum R30I @ 0.965966
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6.1 Reliability and Return on Investment

Lastly, you wish to determine the return on a $10 million investment to reach the target reliability. So you
enter 10,000,000 in the Initial Investment field and click the Redraw Plot icon. After the plot refreshes,
you point to the vertical green line to display the expected return on investment at the target reliability.

R30I Curve
— R30I
\ =— Maximum R30I @ 0.965966

Maximum R30I @ 0.965966
276.656%

Y

This calculation indicates that the return rate on a $10 million reliability investment would be about
276.7%
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Stress-Strength
Comparison

Generally, the reliability of a product is calculated based on its ability to -
perform without failure for a specified period of time. In some cases, Rtz chapter J
however, you may need to obtain the reliability of a product based on its

ability to withstand an applied stress without failure, rather than the length v Stress-Strength

of time it continues to operate. In this chapter, you will estimate the tool
reliability of a product based on the strength of the material and the stress it v Reliability
will experience. Demonstration

Test (RDT) tool
7.1 Stress-Strength Analysis

A different design group in the company needs your assistance in selecting and qualifying a steel
component for a new product. Their main concern is the ability of the component to withstand the tensile
stresses in its intended application. The estimated median (50th percentile) tensile stress is 75
megapascals (Mpa). The worst case load (defined as the 99th percentile case) is estimated to be 150 Mpa.
The reliability requirement for the component is a probability of failure of 1 in 100,000 due to tensile
loads (or a reliability of 99.999%).

The group had previously conducted a test on six specimens. They send you the following data set, which
shows the stress values at which each of the specimens failed: 212, 236, 248, 254, 271 and 287 Mpa. They
have 10 more specimens available for testing if the current information is not sufficient to demonstrate the
reliability target.
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7 Stress-Strength Comparison

Objectives

Determine whether it is possible to demonstrate the required reliability with the information
provided.

If not, design a test for 10 specimens that will demonstrate that the component meets the required
reliability if all specimens pass the test.

Solution

The first step is to obtain a distribution for the tensile stress that the component will experience in the
field. You create a Weibull++ standard folio (“Steel Component Data” in the sample project) by choosing
Insert > Folios > Weibull++ Standard Folio.

yal

When prompted to specify the data type, you select Free-form (Probit) data.

Note: Because the data set you are analyzing is in terms of stress rather than time, you have two choices. You can
set the units for the data sheet to “Hours” and then remember throughout the analysis that any inputs and
results given in “Hours” really means Mpa. Alternatively, if you have administrative permissions in the Synthesis
repository (File > Manage Repository > Manage Units), you can define a new unit for Mpa that will then be
available in the Units drop-down list for any analysis performed within the database. For the purposes of this
analysis, it is not necessary for the software to be able to convert Mpa to some other unit so we will use the
simpler approach of interpreting “Hours” as “Mpa.”

Once the folio is created, you double-click the name of the data sheet (located at the bottom of the
window) and rename “Datal” to “Stress.” You then enter the estimates for the tensile stress in the data
sheet. On the control panel, you choose the following analysis settings:

2P-Weibull

Rank Regression on X (RRX)
Standard Ranking Method (SRM)
Median Ranks (MED)

You click the Calculate icon on the control panel to analyze the data set.

66
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7.1 Stress-Strength Analysis

The following picture shows the result of your analysis. It shows that the stress distribution is a 2P-
Weibull distribution with beta = 2.732021 and eta = 85.767713 Mpa.

= Steel Component Data
I ‘ﬂ Main

X-Axis Y-Axis ‘ Subset ;I STANDARD FoOLIO

value (Hr) | value,(%) D Distribution 0 =

75 50 median stress =
-

150 a9 maximum stress
Analysis Settings

RRX SRM
MED

Analysis Summary

Parameters E]
Beta 2732021

Eta (Hr) 85.767713

Other

Rho 1.000000
Failures/Suspensions

Ffs 2f0

Comments

RN

]
g

4
|

I | i

& |E Qulis

ol | B E|$) =

Tip: Because you have two probability points (i.e., the unreliability is estimated to be 50% at 75 Mpa and 99% at
150 Mpa), you could also use the Quick Parameter Estimator (QPE) to obtain the parameters of the distribution.
To access the utility, choose Home > Tools > Quick Parameter Estimator (W++).

el

In the QPE, select the Two Unreliability Points option and the 2P-Weibull distribution. Enter the stress values
(Mpa entered as time) and unreliability values (percentile), and click Calculate. You will obtain the same
estimates for the parameters.

The next step is to obtain the strength distribution. You create a second data sheet in the folio by right-
clicking the data sheet tab area (the area at the bottom of the window that shows the name of the data
sheets) and choosing Insert Data Sheet on the shortcut menu. This time, you select Times-to-Failure
data as the format and clear all the other options.
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7 Stress-Strength Comparison

You rename the second data sheet to “Strength,” and then enter the failure “times” from the test (i.e., the

stress value at which each specimen failed).

On the control panel, you select the same analysis settings, and then click Calculate to analyze the data.
The following picture shows the result of your analysis. It shows that the strength distribution is a 2P-

Weibull with beta = 10.056225 and eta = 262.950892 Mpa.

= Steel Component Data
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Stress| Strength
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£y Analysis Summary
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Failures/Suspensions
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10.056225
262.850892
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-27.768616

5/0

The next step is to compare the stress and strength distributions. You open the Stress-Strength tool
(“Stress-Strength - Steel Component” in the sample project) by choosing Insert > Tools > Stress-

Strength Comparison.

o

You select the “Stress” and “Strength” data sheets, and click OK.
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7.1 Stress-Strength Analysis

The Stress-Strength tool shows the following plot (with annotations added via RS Draw to make the plot
easier to interpret).

Probability Density Function
0.020 Pdf

Steel Component Data!Strength
2P-Weibull

RRX SRM FM MED

F=6/S=0

— Strength Line

Steel Component Data!Stress
0.016 2P-Weibull

RRX SRM FM MED

F=2/S=0

Strength — Stress Line

Stress

0.012

ft)

0.008

0.004

0 160.000 320.000 480.000 640.000 800.000
Time (t)

In addition, the result on the plot’s control panel tells you that the reliability of the component is estimated
to be 99.980787%. This value is close to the target reliability, but not close enough.

You know that the design group has 10 more specimens that they could use to test against the tensile loads.
You want to use a zero-failure test (also called reliability demonstration test or RDT), which will
demonstrate that the component meets the required reliability if all specimens pass the test. To design the
test, first you need to determine how “strong” the component needs to be in order to meet a reliability
target of at least 99.999%. This means that you need to determine the parameters for the strength
distribution that, when compared against the stress distribution in the Stress-Strength tool, would result in
the required reliability.
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7 Stress-Strength Comparison

To find out, you click the Target Reliability Parameter Estimator icon on the control panel.

©

You select to estimate a new eta parameter for the strength distribution, and then you enter the target
reliability, which is 99.999%. When you click Calculate, the result tells you that in order to meet the
reliability target, the value of eta needs to be 356.417171.

‘w Target Reliability Parameter Estimator

Please select the parameter you want to calculate. For Mormal and Lognormal distributions, parameters can be
calculated based on the Coefficent of Variation (CV).

| Stress Parameters
' : | Beta:
O Eta:
Strength Parameters Target Reliability %
) Beta:

~ i Result

@, Variable Eta: 356.417171

Calculate Update Close

Based on this result, you can now design a zero-failure test plan. To do this, you click Update to transfer
the new eta value to the Stress-Strength tool. You can see that in the control panel, the parameters of the
strength data set are now labeled “(Altered).”

You click the Reliability Demonstration Test icon of the strength data set.

Stress 3 ﬁ = -
Parameters

Beta 2.732021

Eta (Hr) §5.707713

Steel Component DatalStress

Strength (Altered) 3 25 2 Y
Parameters
Beta 10.056225
Eta (Hr) 356417171
Steel Component Data!Strength

Click to create
RDT folio.
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This automatically creates a new RDT folio (“7est Design Folio - Steel Component” in the sample
project) and populates the test plan with the MTTF of the strength distribution that you want to be able to
demonstrate. The software also automatically populates all of the Parametric Binomial test plan inputs,
including the company’s standard 90% confidence level for demonstration tests, so you just need to
choose the following settings in the Solve for this value area:

e Value: Required test time
e Sample size: 10

e Maximum number of failures: 0

In this analysis, the required test “time” is the tensile stress that the specimens must experience without
failure. You compute the results and it shows a “test time” (i.e., tensile stress) of 307.990114 Mpa.

Design a reliability demonstration test Reliability Demonstration Test 1

) 1 i 7
..__.I_,Whatmetrlcwuldyou like to demonsiraie? TEST DESIGN
Metric Mean time to failure (MTTF) -
Demanstrate this MTTF (Hr) 339.157294779181 £ | TestDesign Method o=
With this confidence level (%) 30 lmﬂ Parametric Binomial e
e Assume the failure rate behavior is g 1 by this distributi oS dnput,
Distribution 2P-Weibull - || B |Units Hour (Hr) |~
With this Beta 10.056225 Acceleration Factor 1
4 Solvefor this value Display, Ontions
Value Required test time -
With this sample size 10
‘With a maximum of this many 0
failures
ol Results
Test time per unit {(Hr) 307.990114
. Notes
This is based on both the assumed failure rate behavior giventhe
specified distributionand thespecified acceleration factor.
RDT 1

You inform the group of your findings and show them the test plan you created. You explain that if they
test 10 specimens at a tensile stress of 307.990114 Mpa and there are no failures, then this will
demonstrate that the component meets the required reliability with a 90% probability.
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Competing Failure Modes
Analysis

Competing failure modes analysis is a method of analyzing the reliability of
a product that has more than one cause of failure. The analysis uses the
following assumptions: a) the failure modes are independent, meaning that
the occurrence of one mode does not affect the probability of occurrence of
the other modes, b) the system will fail if any of the modes occur (i.e., series
configuration) and c) the failure rate behavior for each failure mode is v Batch auto run
known and can be described with a life distribution and parameters.

In this chapter J

v Competing failure
modes analysis

v Reliability block

diagrams
In this chapter, you will work with a product that experiences multiple &

failure modes and explore two ways to perform the analysis.

8.1 Competing Failure Modes

Based on your prior work, your reputation for reliability analysis work has reached other divisions within
the company. Another division requests your assistance on a classified project, but because you do not
have the required security clearance to access classified information, you have no specific knowledge
about the product. The only information that can be shared with you is that the product has three failure
modes (A1, A2 and A3), and that it would fail if any one failure mode occurs.
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8 Competing Failure Modes Analysis

Thirty identical units were tested. The failure times (in hours) for the test units, along with the failure
mode responsible for the failure, are given next.

Titne Subset

Failed (Hr) jin]

1 17 A2

2 74 A2

3 107 A2

4 164 A2

5 246 A2

[&] 263 Al

7 345 A2

g 395 A2

9 402 Al

10 425 Al
11 465 Al
12 466 Al
13 514 A2
14 525 Al
15 571 Al
16 590 Al
17 594 Al
18 G540 Al
19 G653 Al
20 571 Al
21 726 Al
22 747 Al
23 730 Al
24 817 Al
23 836 Al
26 879 A2
27 Q03 Al
28 Q05 A3
29 1010 A3
30 1223 A3

Objectives
e Use the built-in Competing Failure Modes (CFM) analysis method in the Weibull++ standard folio
to perform the analysis and estimate the median time to failure of the product (i.e., B50 life).

e Perform the analysis again using a reliability block diagram (RBD), and estimate the B50 life again
to show that the results are the same.

e Determine whether the product can meet a required B10 life of 350 hours. If it cannot be achieved,
determine which failure mode will need to be addressed in order to meet the requirement.

Solution

First, you create a new Weibull++ standard folio (“Competing Failure Modes” in the sample project) by
choosing Insert > Folios > Weibull++ Standard Folio.

yial
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8.1 Competing Failure Modes

When prompted to specify the data type, you select Times-to-failure data and clear all the other options
because your data set only contains complete data. You also use the Units drop-down list to indicate that
the time values in the data sheet will be entered in hours.

Once the folio is created, you enter the failure times and the associated subset IDs that identify the failure
modes. On the control panel, you choose Competing Failure Modes > CFM-Weibull.

You select the following analysis settings on the control panel:

e Rank Regression on X (RRX)

e Standard Ranking Method (SRM)

e Median Ranks (MED)

e Fisher Matrix Confidence Bounds (FM)

Next, you analyze the data (fit the selected distribution to each failure mode) by clicking the Calculate
icon on the control panel.

.f"'l
oK

When you select to use CFM analysis, the software prompts you to define up to four failure modes for the
analysis. Each “mode” can be associated with one or more of the subset IDs of the data sheet. You move
each subset ID (on the left) under a different mode (on the right).

w Competing Faillure Modes = Select Subsets

Move subset IDs from available subsets to the appropriate mode,
Available Subset IDs Modes
Mode 1
a1
<= | |Mode 2
Az
Mode 3
A3
- Mode 4
@') [no subsets]
I oK Cancel
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8 Competing Failure Modes Analysis

You click OK to begin the analysis. When the data set has been analyzed, the Analysis Summary area of
the control panel displays the estimated parameters of the failure distribution for each mode.

Analysis Summary

Parameters
Beta[1]
Eta[1] (Hr)
Beta[2]
Eta[2] (Hr)
Beta[3]
Eta[3] (Hr)
Other

Rhao [1]

Rho [2]

Rhao [3]
Comments

B

3.484255
762.644611
0.785394
2330.987042
5444704
1123.507536

0.992106
0.996776
0.974761

Next, you open the QCP by clicking the icon on the control panel.

CP

To calculate the B50 life, you select BX% Life and use the Units drop-down list to make sure that the
results will be returned in hours. You enter 50 for the BX% Life At input and click Calculate.

The result shows a B50 life of approximately 561 hours. This means that 50% of the population will have

failed by 561 hours of operation.

eibull++ Standard Folio: Competing Failure ModeshD atal
% Lif 561.212826 H
B50% Life :

LBX% Life Hr Ne Bounds i On
gcpi Quil_:l( CALCULATION PAD Units i Bounds | Options >
Calculate Input

Reliability B% Life At 0
Prob, of Fail
Probability 108, O FalLre
Cond. Reliakility
Cond. Prob. of Faiure
Reliable Life
Life BX% Life =
Mean Life
Rate | Failure Rate Repart:
Calculate
Close
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8.1 Competing Failure Modes

Because some members of the design team are not familiar with the built-in CFM analysis method
available in Weibull++ standard folios, your next step is to perform the analysis again using the more
familiar RBD approach to demonstrate that both methods return identical results when all of the settings
and assumptions are the same.

Before you create a diagram, you first need to segregate the data sets of the failure modes so that each

mode can be represented by a single block in the diagram. You click the Batch Auto Run icon on the
Main page of the control panel.

When prompted to select the subset IDs, you select them all.

You click the Processing Preferences tab. In the Extraction Options area, you select the option shown
next.

Subset Selection.  Processing Preferences

Extraction Options

(") Each sheet contains only the data points for a selected subset ID

(=, Each sheet contains the original data points for a selected subset ID plus all the
~ other data points as suspensions (5)

Calculation Options

Calculate the parameters based on settings from original data sheet(Mote: If
CFM-Weibull, for example, new sheets will use Weibull.)

Create the probability plot

Sheet Name Options
() When a sheet for the subset already exists, replace the data
(©) Always place data in a new sheet
5 (2) Index sheet names with parentheses, e.g., Data(1)
@ () Index sheet names with a dash, e.g., Data-1

a () Index sheet names with a space, e.q., Data 1

I oK Cancel

This option allows you to extract the data sets that are required for the CFM analysis. For example, when
you extract the data points of mode Al, the Batch Auto Run utility will retain all the data points due to
mode Al as failures but mark all other data points due to modes A2 and A3 as suspensions. They are
suspensions because the units in the sample would have continued to operate for some unknown amount
of time if they had not been removed from the test when they failed due to those modes.
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8 Competing Failure Modes Analysis

In the Calculation Options area, you select to calculate the parameters of each data set based on the
selected distribution, which is the 2P-Weibull for this analysis. When you click OK, the data sets are
extracted to separate data sheets in the folio and automatically calculated.

You then create a diagram ( “Competing Failure Modes - RBD " in the sample project) by choosing Insert
> Tools > Diagram.

Once the diagram is created, you add a block by right-clicking the diagram and choosing Add Block on
the shortcut menu. When prompted to select the data sheet of the failure mode that the block will
represent, you select the data sheet for mode Al. You use the same approach to add the blocks that will
represent failure modes A2 and A3.

Next, you connect the blocks in an appropriate configuration to describe the relationships between the
failure modes. You add a connector by right-clicking the diagram sheet and choosing Connect Blocks on
the shortcut menu. You click the source block, hold down the left mouse button and then drag a line from
the source block to the destination block. When the crosshairs are located above the destination block, you
release the mouse button to create a connector.

The following diagram shows the modes connected in a series configuration. This indicates that the
product will fail if any of the modes occurs.

Kt Competing Failure Modes - RBD

A4 E Main G
DIAGRAM
| g_'ﬂ . Analytical =
/ | Results valid as of
Hl : 3/26/2015 3:46:48 PM
Al A2 A3 -
RBD e
Number of Blocks 3 LI
E Main
5| Data Sheets
R S |
Diagram

To analyze the diagram and calculate the product’s overall reliability, you click the Calculate icon on the
diagram’s control panel.
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8.1 Competing Failure Modes

To estimate the B50 life of the product, you use the QCP. The result is about 561 hours, which is identical
to the result you obtained when you performed the CFM-Weibull analysis in the Weibull++ standard folio.

Tip: The RBD approach can also be used for more complex analyses that are not supported by the CFM analysis
methods built into the Weibull++ standard folio. Specifically, you will need to use the RBD approach if: a) the
analysis involves more than four failure modes, b) the failure modes are described by different life distribution
and/or c) the relationships between the modes do not follow a series configuration.

You return to the CFM-Weibull analysis in the Weibull++ standard folio (“Competing Failure Modes” in
the sample project), and use the QCP to calculate the B10 life of the product.

The required B10 life is 350 hours, but the result is about 129 hours.

Wmabul ++ Standard Folio: Competing Failure Modes\D atal

B10% Life 129.461814 Hr

ABXX Life Hr Mo Bounds Captions On
Units e Options e
Calculate Input
Reliability B% Life At 10
Prob, of Fail
Probability 108, O FalLre
Cond. Reliakility
Cond. Prob. of Faiure
Reliable Life
Life BX% Life =
Mean Life
Rate Failure Rate

Report
Calculate

Close

To visualize how each of the failure modes contribute to the overall reliability of the product, you click the
Plot icon on the control panel.
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8 Competing Failure Modes Analysis

The following probability plot shows the results (with annotations added via RS Draw to make the plot
easier to interpret).

Probability - Weibull

99.000 Probability

Datal
CFM-Weibull

RRX SRM FM MED
e CFM 1 Points

e CFM 2 Points

e CFM 3 Points
— CFM 1 Line
— CFM 2 Line
— CFM 3 Line
— Probability Line

Probability line Mode A2

50.000

100-R(t) (%)

10.000

Unreliability, F(t)

5.000
Mode A3

1093 500 100.000 1000.000 10000.000
Time (t) (Hr)

The plot tells you that mode A2 has a strong influence on the overall probability of failure of the product.

You decide to perform a “what-if” analysis to see what the B10 life of the product would be if the failures
due to mode A2 did not occur. To do this, you create a copy of the data sheet in the folio by right-clicking
the data sheet tab area (the area at the bottom of the window that shows the name of the data sheets) and
choosing Move/Copy Sheet on the shortcut menu. You select the “Datal” data sheet and the Create a
Copy check box, and then click OK.
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8.1 Competing Failure Modes

Once the new data sheet is created, you rename it to “Two Modes.” You then click the Calculate icon on
the control panel to redo the CFM analysis with only two modes. When prompted to select the subset IDs,
you remove mode A2 from the list of modes.

w' Competing Failure Modes - Select Subsets

Move subset IDs from available subsets to the appropriate mode,

Available Subset IDs Modes

AZ Mode 1
a1
<= | |Mode 2

A3
Mode 3

[ro subsets]
Mode 4
- [ro subsets]

After performing the CFM analysis again for only modes Al and A3, you use the QCP to calculate the
B10 life. This time, the result shows 396 hours, which indicates that the product would be likely to meet
the requirement if the designers were able to address the A2 failure mode (best case scenario).

Cancel
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Parametric Recurrent
Event Data Analysis

In life data analysis, it is assumed that the components being analyzed are
non-repairable; that is, they are either discarded or replaced upon failure.
However, for complex systems such as automobiles, computers, aircraft,
etc., it is likely that the system will be repaired (not discarded) upon failure.
Failures are recurring events in the life of a repairable system, and data from
such a system are known as recurrent event data. Weibull++ includes a v Parametric RDA
choice of two methods for analyzing recurrent event data: parametric and folios
non-parametric analysis.

In this chapter J
v Recurrent event
data analysis

In this chapter, you will perform parametric recurrent event data analysis in order to estimate the number
of spare parts that will be needed to maintain a repairable system.

9.1 Parametric Recurrent Event Data Analysis (RDA)

You are performing consulting work for a customer who uses a piece of equipment that your company
manufactures. The customer has 200 such systems, with each system using five bulbs. If any one of the
bulbs in a given system fails, the system is considered failed. The customer’s maintenance department
restores the system by replacing the failed bulb. When maintenance personnel go out to repair a system,
the only information recorded is the “use time” of the system as indicated by the Hobbs meter on the
equipment. The table on the next page shows the failure logs for 28 of those systems, all recorded between
0 to 1,500 hours of operation. Each log includes the operating hours of the system at the time when each
failure occurred (indicated by an F) and the time when the observation period ended (indicated by an E).

A

Recurrent Event Data: In recurrent event data, the failure time that is recorded is not the
observation time when the failure occurred, but rather the age of the system when the failure
occurred. System age may be measured in terms of the number of operating hours accumulated, or
in terms of accumulated mileage, distance, etc.
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1 2 3 4 5 6 7
F 467 F 543 F 826 F 326 F 322 F 796 F 197
F 792 F 755 F 978 F 571 F 548 F 829 F 624
F 1111 F 1310 F 1003 F 1016 F 641 F 952 F 909
F 1177 F 1369 F 1019 F 1025 F 648 F 1053 F 975
F 1190 F 1388 F 1162 F 1085 F 826 F 1140 F 1012
F 1333 E 1500 E 1500 F 1104 F 1087 F 1375 F 1176
F 1383 F 1119 F 1350 F 1447 F 1370
E 1500 F 1420 F 1482 E 1500 E 1500
E 1500 F 1489
E 1500
8 9 10 11 12 13 14
F 825 F 547 F 659 F 343 F 589 F 375 F 714
F 847 F 686 F 913 F 659 F 877 F 413 F 794
F 939 F 820 F 916 F 806 F 912 F 912 F 977
F 995 F 825 F 1309 F 810 F 1051 F 1032 F 1237
F 1209 F 1276 F 1319 F 936 F 1218 F 1182 F 1279
E 1500 F 1368 E 1500 F 1111 F 1343 F 1287 F 1453
E 1500 F 1262 E 1500 E 1500 E 1500
E 1500
15 16 17 18 19 20 21
F 449 F 370 F 614 F 421 F 564 F 627 F 141
F 582 F 531 F 784 F 721 F 1195 F 734 F 545
F 898 F 547 F 921 F 1169 F 1370 F 971 F 804
F 1101 F 1045 F 1100 F 1212 F 1420 F 978 F 967
F 1154 F 1052 F 1298 F 1279 E 1500 F 1395 F 1096
F 1334 F 1077 F 1475 F 1489 F 1401 F 1154
E 1500 F 1283 E 1500 E 1500 E 1500 F 1199
F 1394 E 1500
F 1452
E 1500
22 23 24 25 26 27 28
F 616 F 657 F 310 F 415 F 578 F 832 F 156
F 791 F 717 F 726 F 559 F 816 F 917 F 505
F 792 F 762 F 868 F 847 F 874 F 1024 F 717
F 923 F 909 F 1009 F 982 F 1082 F 1048 F 764
F 1413 F 1041 F 1017 F 986 F 1148 F 1463 F 855
E 1500 F 1277 F 1292 F 1378 F 1434 E 1500 F 903
F 1444 F 1310 E 1500 F 1483 F 1299
E 1500 E 1500 E 1500 F 1371
F 1493
E 1500
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9.1 Parametric Recurrent Event Data Analysis (RDA)

Objectives
e Estimate the number of bulbs that are expected to fail per system over the next 100 hours.

e Estimate the number of spare parts that the maintenance department will need to cover repairs for
all 28 systems in the next 100 hours of operation.

Solution

For this data set, you know that you cannot use life data analysis (e.g., fit a Weibull distribution to the data
set) because the failure times of each system are dependent on that system’s history of repairs. In other
words, all you know is that when a system failed, one of its five bulbs was replaced, but you do not know
which one.

In this case, from a system perspective, you are dealing with a repairable system (with the repair being the
replacement of one of the five bulbs). Each time a system is repaired, the system is returned to service, but
it is no longer in an as good-as-new condition nor as bad-as-old, but at some stage in between. To analyze
the data and answer the questions of interest to the customer, you will perform parametric recurrent event
data analysis using the general renewal process (GRP) model.

You create a new Parametric RDA folio (“Hobbs Readings Data” in the sample project) by choosing
Insert > Folios > Parametric RDA.

e

T

Once the folio is created, you enter the data from the table on page 84 in the data sheet.

After entering the data, the next step is to select the settings that will be used to fit the GRP model to the
data. On the control panel, you select 3 parameters and the Type II virtual age model.

A

Virtual Age: The general renewal process model uses the concept of virtual age to mathematically
capture the effect of the repairs on the subsequent rate of occurrence of failure. The Type | model
assumes that the repairs will remove some portion of the damage that has accumulated since the
last repair, while the Type Il model assumes that the repairs will remove a portion of all the damage
that has accumulated since the system was new.
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9 Parametric Recurrent Event Data Analysis

The setting for virtual age is also available on the Analysis page of the control panel, which can be
accessed by clicking the Analysis button.

Analysis 4
PARAMETRIC RDA
Virtual Age Model

") Onlly since last repair (Type I)
=) From the beginning (Type II)

Simulation Settings

Mumber of Simulations: 500 =
| Use Fixed Seed 10 <
Parameterization

| Use Eta and RF parameterization

i:j Main

)&=

On the Analysis page, you make sure that the Use Eta and RF parameterization check box is selected.

To fit the general renewal process (GRP) model to the data set, you click the Calculate icon on the Main
page of the control panel.

B

b b
Once the model is fitted, the Analysis Summary area of the control panel displays the parameters of the
GRP model (beta, eta and RF), as well as the LK Value.

Analysis Summary
Parameters E]
Beta 2.258572
Eta (Hr) 495,260706
RF 0.231669
LK value -1109.630979
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9.1 Parametric Recurrent Event Data Analysis (RDA)

I / I

KA
Restoration Factor (RF): The RF parameter provides an indication of the effectiveness of the
repairs as reflected by the data set. An RF = 1 indicates that the system will be “as good as new”
after the repair. This is known as a perfect repair. An RF value between 0 and 1 indicates that the
system will be “better than old but worse than new” after the repair. This is known as an imperfect
repair. An RF = 0 indicates that the system will be “as bad as old” (i.e., no improvement) after the

repair. This is known as a minimal repair.

To solve for the number of bulbs that are expected to fail, you open the QCP by clicking the icon on the

control panel.

CP

To calculate the number of bulbs that are expected to fail per system over the next 100 hours, you select
Cum. Number of Failures and use the Units drop-down list to make sure that the results will be returned
in hours. You enter 1,500 for the Mission Start Time, and 100 for the Mission Additional Time.

The calculated result shows that 0.696 or about 1 bulb per system will fail in the next 100 hours.

Readings Data

Num. Failu...

0.696000

Cum_ Number of Failures Hr Ne Bounds ions On
ch| QUICK CALCULATION PAD Units - Bounds i Options i
Calculate Input
Cum. Failure Intens jssii
et i .rt&' Mission Start Time (Hr) 1500
Inst. Failure Intensity Mission Additional Time (Hr) 100
Cumulative MTBF
MTBF
Instantaneous MTBF
Failures Cum. Mumber of Faillures =
Failures by System
Cond. Reliabili
Probability iy
Cond. Prob. of Failure Report
Calculate
Close

Weibull++/ALTA 10 Quick Start Guide

87



9 Parametric Recurrent Event Data Analysis

To estimate the number of spare parts that the customer would need to repair all 28 systems in the next 100
hours, you select Failures by System and enter 100 for the Mission Additional Time. This calculates the
number of failures from the time when the observation period for the system ended (which is 1,500 hours

as indicated by an E in the folio data sheet).

You click Calculate to open the Results window, which shows a detailed report on the number of failures
per system. The result indicates that there will be a total of about 20 failures in the next 100 hours.

Therefore, the customer will need 20 spare parts.

Quick Results Report

Report Type Failures by System
User Info
User User Name
Company Company
Date 2/3/2012
User Inputs
Mission Additional Time (Hr)] 100
Individual System Result
System ID| Current Age™ (Hr) [End Age (Hr)| Cum. Number of Failures
1 1500 1600 0.696
2 1500 1600 0.696
3 1500 1600 0.696
5 1500 1600 0.696
5 1500 1600 0.696
6 1500 1600 0.696
7 1500 1600 0.696
8 1500 1600 0.696
9 1500 1600 0.696
10 1500 1600 0.696
11 1500 1600 0.696
12 1500 1600 0.696
13 1500 1600 0.696
14 1500 1600 0.696
15 1500 1600 0.696
16 1500 1600 0.696
17 1500 1600 0.696
18 1500 1600 0.696
19 1500 1600 0.696
20 1500 1600 0.696
21 1500 1600 0.696
22 1500 1600 0.696
23 1500 1600 0.696
24 1500 1600 0.696
25 1500 1600 0.696
26 1500 1600 0.696
27 1500 1600 0.696
28 1500 1600 0.696
o Il System Result
Total Number of Failures] 19.488
Total (in full units 20
End of Quick Results Report
* - The current age is equivalent to the time when the observation period for the system
ended (indicated by an E in the folio data sheet). If you did not enter an end time for a
system, then the current age is assumed to be equal to the last failure time for that system.

Total number of
failures for all 28
systems
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Event Log Data Analysis 10

Event logs, or maintenance logs, capture information about a piece of
equipment's failures and repairs, such as the date/time the equipment failed
and the date/time the equipment was restored. This information is useful for
helping companies achieve productivity goals by giving insight about the
failure modes, frequency of outages, repair duration, uptime/downtime and v Overlay plots
availability of the equipment.

[ In this chapter J

v Event log folios

In this chapter, you will learn how to use Weibull++’s event log folio to convert maintenance logs into
times-to-failure data, and then perform basic life data analysis.

10.1 Event Log Data

While working with the manufacturing division of your company, you are given the task of analyzing the
failure behavior of a critical piece of equipment that operates for 24 hours a day, 7 days a week. The
equipment has five different subsystems (subsystems 1, 2, 3, 4 and 5). Furthermore, you learn that:

e When any one of the subsystems fails, the equipment stops operating until the failed subsystem is
repaired (thus the remaining subsystems do not age and cannot fail during the repair action).
e A repair action involves replacing the failed subsystem with a new (similar) subsystem.

e An automated data logger automatically captures the equipment failure events and the subsystem
responsible for the failure, as well as the date and time when the equipment was restored to
operating condition.

e The equipment started operating on January 2, 2013 at 1:00 AM. The log was downloaded on
September 16, 2018 at 8:00 PM.
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Objectives
e Obtain the times-to-failure and times-to-repair distributions of each subsystem.

e Use overlay plots to compare the failure behaviors and the repair behaviors of the subsystems.

Solution

To obtain the failure distribution and repair distribution of each subsystem, you will use the event log folio
to analyze the information downloaded from the data logger.

You create a new event log folio (“Auto Data Event Log” in the sample project) by choosing Insert >
Folios > Event Log.

Once the folio is created, the next step is to configure the data sheet.
You click the Other page button on the control panel, and then select the following settings:

e In the Time to Failure/Repair In area, you select Hours so that when the software converts the
maintenance logs to failure and repair data, the unit of time will be hours.

e You clear the Use OTSF column check box because all of the subsystems will stop accumulating
age if the equipment fails for any reason. If this check box were selected, the OTSF (operates
through system failures) column would be displayed in the data sheet and you would have the
option to specify which subsystem(s) will continue to accumulate age when the system is down
due to the failure of another subsystem.

e You also clear the Use System column check box because you will be analyzing only one piece of
equipment. If this check box were selected, the System column would be displayed in the data
sheet and you would have the option to enter events for multiple systems.

Time to Failure/Repair In
Days Hours Minutes

Time Format

12 Hour 24 Hour
Date Format

Jan-31-05 1/31/05

31-Jan-05 31/1/05

2005-1-31 05-1-31
Other

Use OTSF column
Use System column
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You then click the Analysis page button on the control panel. For both the failure and repair distributions,
you select the Prefer RRX if sufficient data option and the 2P-Weibull distribution. These will be the
settings that the software will use to automatically analyze the failure and repair data that are extracted

from the event log.

Next, you enter the information from the data logger into the data sheet.

F=Failure,
E=Event

-

L i 1

Failure Distribution

Use quick defaults
Prefer RRX if suffident data
Always use MLE
Distributions to Consider
| 2P-Weibull
1P-Exponential
Lognormal

Repair Distribution
Use quick defaults

Prefer RRX if suffident data

Always use MLE
Distributions to Consider
| 2P-Weibull

1P-Exponential

Lognormal

Date Time Date Time
Occurred Occurred Restored Restored
Jan-22-13 | 44500 PM | Jan-23-13 5:15:00 AM
Jan-23-13  |10:19:00 &M Jan-24-13 12:01:00 PM
Feb-09-13 | 9:53:00 &M | Feb-10-13 5:21:00 AM
Feb-19-13 | 7:05:00 PM | Feb-20-13 9:41:00 PM
Mar-01-13 4:58:00 &M | Mar-02-13 | 10:35:00 &M
Mar-07-13 3:48:00 PM | Mar-08-13 | 11:22:00 &M
Mar-17-13  2:02:00 PM | Mar-18-13 8:17:00 AM
Mar-28-13  10:57:00 PM Mar-30-13 2:22:00 AM
Apr-10-13 | 3:08:00 &M | Apr-11-13 12:46:00 aM
Apr-11-13 1:14:00 &M | Apr-11-13 2:46:00 PM
Apr-26-13 | 9:04:00 &M | Apr-27-13 G5:48:00 AM
May-03-13 | 7:13:00 &M May-04-13 7:17:00 AM
May-06-13 | 1:36:00 PM | May-07-13 | 10:52:00 AM
May-23-13  10:00:00 &M May-24-13 2:38:00 AM
May-24-13  |11:32:00 PM May-26-13 | 12:38:00 AM
Jun-16-13 | 6:06:00 AM | Jun-17-13 3:48:00 AM
Jun-18-13 | 31100 PM 0 Jun-19-13 12:50:00 PM
Jun-20-13  |10:17:00 &M Jun-21-13 1:30:00 AM
Jul-01. *

Al
ka7 Note: Complete data set is not shown. P

Level 1

Subsystem 2
Subsystem 4
Subsystem 3
Subsystem 1
Subsystem 4
Subsystem 1
Subsystem 1
Subsystem 3
Subsystem 1
Subsystem 4
Subsystem 3
Subsystem 1
Subsystem 2
Subsystem 3
Subsystem 4
Subsystem 1
Subsystem 4
Subsystem 1
Subsystem 3
Subsystem 2
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A

Event Log Data Entry: In the event log folio, the “F=Failure/E=Event” column indicates whether
the occurrence was a failure event (F) or a general event (E). A general event represents an activity
that brings the system down but is not directly relevant to the reliability of the equipment, such as
preventive maintenance, routine inspections and the like.

The Level 1, 2, 3 and 4 columns indicate the subsystem or component that was responsible for the
event. The level numbers represent the hierarchy of the subsystems, where Level 1 is the highest
level in the system configuration at which you might want to perform the analysis.

Once data entry is complete, you click the Main page button on the control panel and select the following
settings:

In the Levels to Analyze area, you select the Level 1 check box because only one level was
recorded in the data set.

In the Analyze Failures and Events area, you select the Separately option. This setting tells the
software to fit a separate distribution to the E events (if any), instead of combining both types of
events together in the same analysis. Because this data set contains only failure events (F), this
setting will not affect the analysis results, but it will provide more appropriate labeling for the
extracted life data (i.e., will show [F] for failures instead of [C] for combined events).

In the System area, you enter the dates/times when the observation period started and ended. For
the start date/time, you enter January 2, 2013 at 1:00 AM. For the end date/time, you enter
September 16, 2018 at 8:00 PM.

Because the start date/time is also the exact calendar date that the equipment started operating, you
select the System is new on start date check box.

A

System is New on Start Date: The dates/times that you provide in the System area of the control
panel are used to determine whether the first event time is recorded as complete or censored data.
If the system started operating on the same calendar date as the start date of the observation
period (i.e., If the system was new when you started recording data), then the data point is
complete (F) because the exact time-to-event is known. If the system was not new, then the data
point is censored (S) because you don't know the amount of time that the system operated before
the observation period began.

92
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The following picture shows the current settings on the Main page of the control panel.

Levels to Anah [T

Level 1 [Level 3
| [ Level 2 [ Level 4

Analyze Failures and Events

(©) Separately

(_) Combined

| _(}"I BEJ Ii'! Q' He |

StartDate  [Jan-02-13 ™)
&

StartTme | 1:00:00 AM

End Date |sep-16-18 ™)

End Time [8:00:00 PM 2]

System is new on start date

To specify the shift schedule of the equipment, you click the Shift Pattern icon on the control panel.

The equipment operates for 24 hours a day, 7 days a week, so you set up the shift schedule as shown next.

shift Murnber Monday Tussday Wednesday Thursday Friday Saturday Sunday

/ |

: /|
Shift Schedules: In the case of equipment that does not run on a 24/7 basis, the Shift Pattern
feature allows the analysis to take into consideration the periods when your system is not in use.
This ensures accurate calculations for the failure and repair times.

Once the settings are finalized, you analyze the data (i.e., convert the logs into failure and repair data, and
fit distributions to the data sets) by clicking the Calculate icon on the control panel.
—
il
Lo 1
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After the folio is calculated, you click the Show Analysis Summary (...) button on the Main page of the
control panel.

Results

Analysis Summary

Report
Siii=... Ii)=...

The following report shows the parameters of the failure and repair distributions for each subsystem, as
well as the calculated uptime and downtime of each subsystem.

Results
Failure Results Repair Results

ID| Analysis ID* Distribution | Parameterl |Parameter2 | Distribution | Parameterl |[Parameter2
Subsystem 1 F Weibull 2-RRX 1.42987 789.302899 |Weibull 2-RRX 4.759071 21.06895
Subsystem 2 F Weibull 2-RRX 1.118264 1204.681946 | Weibull 2-RRX 4.181058 20.587052
Subsystem 3 F Weibull 2-RRX 2.794741 735.393126 |Weibull 2-RRX 5.300379 22.820928
Subsystem 4 F Weibull 2-RRX 4.120462 1004.606124 |Weibull 2-RRX 5.694511 21.145348
Subsystem 5 F Weibull 2-RRX 2.185914 1920.738598 |Weibull 2-RRX 4.268986 22.052636

Level 1D Uptime Downtime

1| F-Subsystem 1 | 45207.3775 1276.133333

1| F-Subsystem 2 | 45207.3775 711.516667

1| F-Subsystem 3 | 45207.3775 1452.783333

1| F-Subsystem 4 | 45207.3775 961

1| F-Subsystem 5 | 45207.3775 401.666667

To compare the probability plots for all subsystems, you transfer the data from the event log folio to a
Weibull++ standard folio (“Event Log - Extracted Data” in the sample project) by choosing
Event Log > Transfer Life Data > Transfer Life Data to New Folio.

bl

This creates a new folio that contains separate data sheets for the failure and repair data of each
subsystem.
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You then calculate each data sheet using the 2P-Weibull distribution and the RRX parameter estimation
method. The following data sheet shows the analysis of the failure data for subsystem 1.

= Event Log - Extracted Data

‘ﬂ Main 3
For S (Hr) D1
F 15.21638889 [F] Subsystem 1 [FD] 5| (miistilmtion 0 =
F 46.21638889 [F] Subsystem 1 [FD] T
F 53.23277778 [F] Subsystem 1 [FD]
F 56.83277778 [F] Subsystem 1 [FD] = Analysis Settings A
S 106.5488889 [F] Subsystem 1 [FD] -
F 133.3483333 [F] Subsystem 1 [FD] ad RRX SR
F 155.7147222 [F] Subsystem 1 [FD] i M MED__J
F 192.9477778 [F] Subsystem 1 [FD] Py
F 193.6977778 [F] Subsystem 1 [FD] &n
F 218.6641667 [F] Subsystem 1 [FD] g | Farameters )
F 235.0072222 [F] Subsystem 1 [FD] Beta 1.429870
F 246.0302778 [F] Subsystem 1 [FD] & | Eta (Hr) 789.302898
F 280.9633333 [F] Subsystem 1 [FD] ~ |Other
F 308.7207222 [F] Subsystem 1 [FD] =1 | rho 0.974200
F 324.4961111 [F] Subsystem 1 [FD] E LK Value -486.838504
F 360.9122222 [F] Subsystem 1 [FD] 22 | railures/Suspensions
F 369.9955556 [F] Subsystem 1 [FD] B rss 661
F 400.5786111 [F] Subsystem 1 [FD] s
F 400.6952778 [F] Subsystem 1 [FD]
F 418.3610444 [F] Subsystem 1 [FD]
F 490.1775 [F] Subsystem 1 [FD] 1| Main
F 512.7105556 [F] Subsystem 1 [FD]
F 519.4275 [F] Subsystem 1 [FD] & analysis
F 533.5260444 [F] Subsystem 1 [FD] =
[F] Subsystem 3 [RD](_[F] Subsystem 1 [FD]@] Subsystem 1 [RD] 1/ [F] St < || > @ i =

Tip: In the data sheet names, the [F] tag indicates an analysis of the failures, while [E] indicates an analysis of the
general events (note that a combined analysis of the F and E events would display [C]). The [FD] tag indicates that
the data set is for the failure distribution, while [RD] indicates that the data set is for the repair distribution.

Once all the data sets are calculated, you create an overlay plot (“Event Log - Failures” in the sample
project) by choosing Insert > Report and Plots > Overlay Plot.

>
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10 Event Log Data Analysis

When prompted to select which data sets to plot, you select all the data sheets that contain the failure data
of the subsystems (i.e., all the data sheets that have the [FD] tag). The following overlay plot shows the
failure distributions plotted on the same Weibull probability plot.

Probability - Weibull
99.000
A
50.000
g
e
g
o
S 10.000
é
w 5.000
Z
a
.8
[
c
> 1.000
0.500
0.10Q
10.000 100.000 1000.000 10000.000
Time (t) (Hr)
- Extracted Data ubsystem T Beta=1. , Eta=789. , Rho=0.
Event Log - Extracted Data\[F] Subsystem 2 [FD] 1: Beta=1.118264, Eta=1204.681946, Rho=0.986128
Event Log - Extracted Data\[F] Subsystem 3 [FD] 1: Beta=2.794741, Eta=735.393126, Rho=0.994937
Event Log - Extracted Data\[F] Subsystem 4 [FD] 1: Beta=4.120462, Eta=1004.606124, Rho=0.972252
[Event Log - Extracted Data\[F] Subsystem 5 [FD] 1: Beta=2.185914, Eta=1920.738598, Rho=0.773077
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10.1 Event Log Data

You then create a second overlay plot (“Event Log - Repairs” in the sample project) that displays all the
repair distributions on the same plot (i.e., all the data sheets that have the [RD] tag). The following overlay
plot shows the repair distributions plotted on the same Weibull probability plot.

Probability - Weibull
99.900
50.000
g
e
g
=}
=}
~—
o 10.000
R
e
~ 5.000
Z
8
8
©
=4
c
>
1.000
0.500
O'IOF.COO 10.000 100.000
Time (t) (Hr)
vent Log - Extracted Data ubsystem . Beta=4. , Eta=21.068950, Rho=0.987615
Event Log - Extracted Data\[F] Subsystem 2 [RD] 1: Beta=4.181058, Eta=20.587052, Rho=0.978751
Event Log - Extracted Data\[F] Subsystem 3 [RD] 1: Beta=5.300379, Eta=22.820928, Rho=0.981757
Event Log - Extracted Data\[F] Subsystem 4 [RD] 1: Beta=5.694511, Eta=21.145348, Rho=0.975511
Event Log - Extracted Data\[F] Subsystem 5 [RD] 1: Beta=4.268986, Eta=22.052636, Rho=0.975259
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ALTA with One Stress

ReliaSoft’s ALTA software provides a comprehensive toolset for accelerated
life test planning and quantitative accelerated life testing data analysis, plots
and reporting. In this chapter, you will use the ALTA standard folio to
perform the simplest kind of accelerated life testing data analysis. One
accelerated stress will be applied during the test, and you will extrapolate
the product's failure behavior at normal conditions from the life data
obtained at the accelerated levels.

After the failure times are fitted to an ALTA model (i.e., a life-stress
relationship combined with a lifetime distribution), you will use the model

In this chapter

v

v

ALTA with one
stress type

ALTA Quick
Calculation Pad
(Qcp)

Overlay plots

to calculate a variety of reliability metrics (i.e., mean time to failure, B2 life and acceleration factor) and
create an overlay plot to compare a product that was tested at the use stress level to a product that was

tested at accelerated levels.

11.1 Accelerated Life Testing Data Analysis - One Stress Type

While your company was evaluating bulb A (see Chapter 2), the purchasing group found a new supplier
that provides a less expensive bulb C. The new supplier claims that the bulb is more reliable, and to
support this claim, they have provided data from an accelerated life test using increased temperature.
According to the supplier, the tests were done at 40 and 55 degrees Celsius (i.e., 313 and 328 kelvins) and

resulted in the failure/suspension times shown in the following table.
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11 ALTA with One Stress

Sta;:s(:::::::;nd Time (Hr) Temperature (K)
F 105 313
F 170 313
F 224 313
F 278 313
S 350 313
S 350 313
S 350 313
F 38 328
F 62 328
F 82 328
F 103 328
F 128 328
F 165 328

You are asked to use this data set to compare bulb C to bulb A, assuming a normal operating temperature
of 25 degrees Celsius (i.e., 298 K).

Objectives
e Calculate the mean time to failure and B2 life of the new supplier’s bulb.

e Estimate the acceleration factor at 313 K.

e Generate an overlay plot that compares the unreliability vs. time for bulb A and bulb C.

100
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11.1 Accelerated Life Testing Data Analysis - One Stress Type

Solution

You create a new ALTA standard folio (“Bulb C - Supplier Data” in the sample project) by choosing
Insert > Folios > ALTA Standard Folio.
ol

When prompted to specify the data type, you select My data set contains suspensions. You also use the
Units drop-down list to indicate that the time values in the data sheet will be entered in hours.

Folio Data Sheet Setup

Times-to-failure data Free-form (probit) data

N
z
2

™

&

Options for the Times-to-Failure Data Type

-

(( [ My data set i pensions (right 'data})
o,

Select this if your data set contains units that did not fail.

5 ["] My data set contains interval and/or left censored data
Select this if your data set contains uncertainty as to exactly when a unit failed or was suspended. This will allow you to specify the
interval in which each failure or suspension occurred.
~
i "] 1 want to enter data in groups
i Select this if your data set contains one or more groups of units that have the same failure or suspension time.
J
i
2
@ Based on your selecti the data sheet will include these failu time
State Time to
[ t Fors Fors
< < Back | MNext=> | oK || Cancel
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11 ALTA with One Stress

You click Next. On the second page of the setup window, you select Temperature as the stress type and
enter 298 for the use level temperature. The setup is shown next.

w ALTA Folio Data Sheet Setup

Define the stress columns that will appear in the data sheet, and specify the use stress level(s). The following
table contains some commonly used stress types, but you can change any of the labels (e.g., if your vibration
values use meters per second squared instead of hertz, you can change Hz to m/s"2).

O|

tress Stress
Stress Name Stress Units Use Level
( Temperature ) | | K | | ( ) |
N e —
[] |voltage || v || 120 |
[ | Humidity || RH || 50 |
Il |\c"|brah'on | | Hz | | 25 |
4 O |Temperamre | | R | | 580 |
E O |Med’13nial | | kips | | 25 |
| |<Shess name | | <5iress units > | | 10 |
~
= ] |<Shess name = | | <Stress units=> | | 10 |
T
3
J
a
w
s
@ ‘ Temperature
L K
< < Back Nexta2a) | OK | | Cancel |

After the folio is created, you enter the failure/suspension times and the stress levels at which those times
were obtained.
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11.1 Accelerated Life Testing Data Analysis - One Stress Type

For example, rows 5 through 7 in the data sheet shown next are units that were still operating after 350
hours at a test temperature of 313 K, while row 13 shows the last failure recorded at 165 hours for the
units tested at 328 K.

2 Bulb C - supplier Data

State Timeto [Temperature| Subset |=| | STANDARD,FEoLIS |
ForS | ForS(Hr) K [v D1 [
F 105 313 £l | Model 0=
F 170 313 1| L Weibu =
F 224 313
F 278 313 gﬂl Select Stress Columns...
5 350 313
5 350 313 L& set Use Stress...
5 350 313 p=
F 38 328
F 62 328
F 82 328
F 103 328
F 128 328
F 165 328 | =
ﬁj Main
‘H Analysis

=
%
n

Tip: Temperature values must always be entered in absolute units (e.g., kelvins or degrees Rankine). To convert
temperature values in the data sheet that were entered in Celsius or Fahrenheit to absolute units, choose ALTA >
Options > Convert Stress Values.

An ALTA model is a combination of a life-stress relationship and life distribution. From the Model drop-
down list, you select to use the Inverse Power Law relationship because the failure mode under
consideration is filament burnout. In the submenu that appears, you select IPL-Weibull to use the Weibull
distribution with the selected relationship.

To fit the selected model to the data, you click the Calculate icon on the control panel.

'fr"l
ol
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11 ALTA with One Stress

Once the model is fitted, the Analysis Summary area of the control panel displays its parameters and
other relevant information.

Analysis Summary

Parameters E]
Beta 2.282545

K (Hr) 1.657267E-67
n 25.736616
Scale Parameter (at Use Stress)
Eta (Hr) 1266.644442
Other

LK value -58.425859
Use Stress

Temperature 298
Failures/Suspensions

F/s 10/3
Comments

To create a probability plot to visualize the analysis results, you click the Plot icon on the control panel.
On the control panel of the plot sheet, you choose the Probability - Weibull plot, as shown next (with
annotations added via RS Draw to make the plot easier to interpret).

Probability - Weibull
99.000 Probability
Datal
Inverse Power Law
313K 298 K Weibull
29
— Use Level Line
313
F=4 | S=3
e Stress Level 313 Points

— Stress Level 313 Line
328
F=6 | S=0 .

< 50.000 ) ® Stress Level 328 Points

s — Stress Level 328 Line

g

S

o

—

o

=

Z

8

.S 10.000

®

c

=]

5.000
1.
0%%.000 100.000 1000.000 10000.000
Time (t) (Hr)
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11.1 Accelerated Life Testing Data Analysis - One Stress Type

The line to the left on this plot shows the unreliability calculated for the data obtained at 328 K. The line in
the center shows the unreliability at 313 K, and the line to the right shows the extrapolated unreliability at
the specified use stress level (i.e., 298 K).

To calculate the specific results of interest, you open the Quick Calculation Pad (QCP) by clicking the
icon on the control panel.

CP
g

You select to calculate the Mean Life and use the Units drop-down list to make sure the results will be
returned in hours. You also make sure that the correct stress is defined in the Stress field.

QCP 3
rﬁLTA Standard Folio: Bulb C - Supplier Data\D atal
Mean Life 1122.045193 Hr
Click to chang
\Mean Life Hr Mo Bounds Captions On___ inetun it
ch| OUI“:E CALCULATION PAD Units b Bounds i Options ™
Calculate Input
Reliakility Stress 208 =
- Prob, of Failure
R Cond, Reliability
Cond. Prob. of Faiure
Reliable Life
Life BX% Life
Mean Life =
Rate Failure Rate
Acceleration Acceleration Factor Repart
Bounds Pararneter Bounds Lol =

Bulb C’s mean life is approximately 1,122 hours, which is higher than the 906-hour mean life you
calculated for bulb A. (See page 10 in Chapter 2.) You use the QCP to solve the remaining metrics:

e To estimate the B2 life of bulb C, you select to calculate BX% Life and enter 2 for the BX% Life
At input. The result is approximately 229 hours, which is lower than the 377-hour B2 life of bulb
A.

e To estimate the ratio between the life of the bulb at an accelerated stress level to its life at the
normal stress level, you select to calculate the Acceleration Factor. In the Stress field, you enter
298, while in the Accelerated Stress field, you enter 313. The result is an acceleration factor of
3.539260 or about 3.5. This means that bulb C’s life is about 3.5 times longer at the use stress level
than it is at a higher stress level of 313 K.
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11 ALTA with One Stress

Finally, to compare the unreliability vs. time for bulb A and bulb C, you create an overlay plot ( “Bulb A
vs. Bulb C” in the example project) by choosing Insert > Reports and Plots > Overlay Plot.

L

In the Select Data Sheets window, you select the Weibull++ data sheet with the combined data for bulb A
and the ALTA data sheet with the supplier data for bulb C (“Bulb A - Combined Data” and “Bulb C -
Supplier Data” in the sample project).

In the overlay plot, you switch the plot type to a Use Level Probability Weibull, as shown next (with
annotations added via RS Draw to make the plot easier to interpret).

Use Level Probability Weibull
99.000 Use Level
ALTA: Bulb C - Supplier Data\Datal
Inverse Power Law
Weibull
298
F=10 | S=3
e Data Points
— Use Level Line
Weibull++: Bulb A - Combined Data\Datal
2P-Weibull
RRX RRM FM MED
F=19/S=6
4 Data Points
50.000 —+— Intervals
— Probability Line
Z
o
.o
e
c
=}
10.000
5.000
1.0
?80.000 1000.000 10000.000
Time (t) (Hr)

As you can see, the slopes of the two lines are different, and they intersect near the middle of the plot. This
shows that at earlier times bulb A has a higher reliability than bulb C, but at later times bulb C’s reliability
is higher.
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ALTA with Two Stresses 1 2

In many practical applications, the life of a product is a function of two or

more variables. To support this type of analysis, ALTA PRO includes two-

stress models and multivariable models that allow you to analyze multiple

accelerating stresses. In this chapter, you will perform a test with two

accelerated stresses and use the ALTA standard folio to analyze the resulting

data. v ALTA QCP and
plots

In this chapter J

ALTA with two
stress types

12.1 Accelerated Life Testing Data Analysis - Two Stresses

After analyzing the accelerated life test data provided by the supplier of the new bulb, you begin to
investigate further and discover that the primary cause of the bulb failures, which is filament burnout, may
be influenced by both temperature and voltage. Therefore, you request permission to perform an in-house
accelerated life test for the bulbs, which considers both stress factors.

You are allocated 40 bulbs for testing purposes and have permission to use the lab facilities for a
maximum of 400 hours (any failures after 400 hours will be suspended). After studying the design limits
of the bulb, you create the following plan:

e 11 bulbs will be tested at 318 K and 120 V

e 10 bulbs will be tested at 318 K and 125 V

e 9 bulb will be tested at 333 K and 120 V

e 10 bulbs will be tested at 333 K and 125 V

Weibull++/ALTA 10 Quick Start Guide 107



12 ALTA with Two Stresses

You obtain the following data from the test:

Number State StateEnd | Temperature Voltage
of Units | (F - Failure/S - Suspension) | Time (Hr) (K) (V)
1 F 205
1 F 256
1 F 259
1 F 296
1 F 326 318
1 F 352
1 F 378
4 S 400
1 F 103 120
1 F 130
1 F 148
1 F 163
1 F 176 333
1 F 189
1 F 202
1 F 216
1 F 232
1 F 77
1 F 97
1 F 111
1 F 122
1 F 132
1 F 142 318
1 F 151
1 F 162
1 F 174
1 F 192 125
1 F 33
1 F 42
1 F 48
1 F 53
1 F 57
1 F 61 333
1 F 66
1 F 70
1 F 75
1 F 83
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12.1 Accelerated Life Testing Data Analysis - Two Stresses

Objectives

e (Calculate the mean time to failure and B2 life of the bulb.

e Estimate the acceleration factor at 318 K and 125 V.

e Generate an overlay plot that compares the use level probability plots of three data sets: combined
data on bulb A, supplier data on bulb C and in-house test data on bulb C.

Solution

You start by choosing Insert > Folios > ALTA Standard Folio to create a new folio (“Bulb C - In-House
Data” in the sample project).
3|

When prompted to specify the data type, you select the following check boxes:

e My data set contains suspensions (right-censored data)

e [ want to enter data in groups

You use the Units drop-down list to indicate that the time values in the data sheet will be entered in hours.

W ALTA Folio Data Sheet Setup

Specify the type of data that you will be entering into the standard folio for accelerated life data analysis. /A

Units

Times-to-failure data Free-form (probit) data ( Hour (Hr) i i)
e

for the Times-to-Failure Data Type

—

|
[v] My data set i pensions (right 1 data)
I

Select this if your data set contains units that did not fail.

["] My data set contains interval and/or left censored data

Select this if your data set contains uncertainty as to exactly when a unit failed or was suspended. This will allow you to specify the
interval in which each failure or suspension occurred.

-
Iwant to enter data in groups )
™
ele is it your data set contains one or more groups of units that have the same failure or suspension time.,

Based on your selecti the data sheet will include these failure/. ion time
Number State State
in State Fors End Time

ﬁ © WEBULL++ < ALTA

| MNext=> | oK | Cancel
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12 ALTA with Two Stresses

You click Next. On the second page of the setup window, you select Temperature and Voltage as the

stress types. You enter 298 for the use level temperature and 120 for the use level voltage. The setup is
shown next.

Sheet Setup

Define the stress columns that will appear in the data sheet, and specify the use stress level(s). The following

table contains some commonly used stress types, but you can change any of the labels (e.g., if your vibration ( 4 >

values use meters per second squared instead of hertz, you can change Hz to m/s"2).

—— Stress Name Stress Units Use Level
() [remperature ) [ « [T
1 1 i
\ Y [voltage ] || v || 120 ) |
Mo - — -
[ | Humidity || RH || 50 |
Il |\c"|brah'on | | Hz | | 25 |
4 O |Temperamre | | R | | 580 |
E O |Med’13nial | | kips | | 25 |
| |<Shess name | | <5iress units > | | 10 |
~
o ] |<Shess name | | <Stress units> | | 10 |
T
:
a
w
s
@ ‘ Temperature Voltage
L K v
< < Back Nexta2a) | OK | | Cancel |
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12.1 Accelerated Life Testing Data Analysis - Two Stresses

Once the folio is created, you enter the data from the test into the folio data sheet.

‘&l Bulb C - In House Data

F55

Number State State  [Temperature
in State Fors ‘ End Time K v D1
1 1 F 205 318 120 5| (bladel 0 =
2 1 F 256 318 120 7 | Neibu ’I‘
3 1 F 259 318 120
4 1 E 296 318 120 J:': Select Stress Columns. ..
5 1 F 326 318 120 .. Stress Transformation...
6 1 F 352 318 120 &} set Use stress...
7 1 F 378 318 120 ==
8 4 s 400 318 120 - IR ek
9 1 F 77 318 125 te
10 1 F 97 318 125 7
11 1 F 111 318 125 —
12 1 F 122 318 125 b 4
13 1 F 132 318 125 | - — i
14 1 F 142 318 125
15 1 F 151 318 125 &) Main
16 1 F 162 318 125
17 1 F 174 219 195 5] Analysis
18 1 E 194 Note: Complete data set is not st
Datal | E &l:n

The next step is to select the analysis settings. On the control panel, you select the General Log-Linear
model. In the submenu that appears, you select GLL-Weibull to use the Weibull distribution with the

selected model.

To specify which stress types will be considered in the analysis, you click the Select Stress Columns link
on the control panel. In the Select Stress Columns window, you select the check boxes for temperature and

voltage.

To specify the transformations for the GLL model, you click the Stress Transformation link. In the Stress
Transformation window, you choose the logarithmic transformation for both temperature and voltage
(because the failure mode under consideration is filament burnout).

W Stress Transformation

Stress Name

Transformation

Temperature

Voltage

|L0garithmic ¥=In[¥] {Power LSR)

|L0garithmic ¥=In[¥] {Power LSR)
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12 ALTA with Two Stresses

A

Stress Transformation: The general log-linear (GLL) model is a multivariable relationship model
that supports cases where more than two accelerated stresses need to be simultaneously analyzed.
In ALTA, the GLL model can analyze life as a function of up to 8 stress types and, if desired, the
relationship may be modified through the use of stress transformations. You have the option to
choose one transformation for each stress type that is selected to be used in the analysis. This
allows you to modify the GLL model in terms of a life-stress relationship that is appropriate for the

stress type.

To fit the selected model to the data, you click the Calculate icon on the control panel.

pm
ol

Once the model is fitted, the Analysis Summary area of the control panel displays its parameters and

other relevant information.

Analysis Summary

Parameters E]
Beta 4.557880
Alpha

Alpha(0) (Hr) 224,908261
Alpha(1) -17.239771
Alpha(2) -24,975493
Scale Parameter (at Use Stress)
Eta (Hr) 1238.567948
Other

LK value -181.701772
Use Stress

Temperature 298

Voltage 120
Failures/Suspensions

F/s 36/4
Comments

To create a probability plot to visualize the analysis results, you click the Plot icon on the control panel.

<
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12.1 Accelerated Life Testing Data Analysis - Two Stresses

On the control panel of the plot sheet, you choose the Probability-Weibull plot. The resulting plot shows
the lines for the accelerated stress levels and the line for the use stress level. The lines are parallel,
indicating a common beta, as shown next (with annotations added via RS Draw to make the plot easier to

interpret).

99.000

Probability - Weibull

50.000

100-R(t) (%)

10.000

Unreliability, F(t)

5.000

318K
120V

Use Level

1.0 L
q%.OOO 100.000 1000.000

Time (t) (Hr)

Probability

Datal

General Log-Linear

Weibull

298|120

— Use Level Line
20

F=7 | S=4

e Stress Level 318|120 Points
— Stress Level 318|120 Line
318[125

F=10 | S=0

e Stress Level 318|125 Points
— Stress Level 318|125 Line
g33||120
e Stress Level 333|120 Points
— Stress Level 333|120 Line
333[12
F=10 | S=0

e Stress Level 333|125 Points
— Stress Level 333|125 Line

10000.000

To solve for the requested reliability metrics, you open the Quick Calculation Pad by clicking the QCP

icon on the control panel.

CP
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12 ALTA with Two Stresses

You select to calculate the Mean Life and use the Units drop-down list to make sure the results will be
returned in hours. The mean life of the bulb is estimated to be 1,131 hours.

EE E gtanaara Eoﬁo: Bulb C - In House DatatD atal

Life:

Acceleration

Rate

(Mean Life Hr No Bounds Captions On
' gcpi Quil_:l( CaLcuLaTion Pap | Units [~ Bounds AR Options i
Calculate Input
Egliahilty Stress | 298120 v
Prob, of Faiure '
Probability Ty -

Cond. Reliability
Cond. Prob. of Faiure
Reliable Life
BX% Life

Mean Life
Failure Rate
Acceleration Factor

Report
Calculate

Close

You use the QCP to solve the remaining metrics:

e To estimate the B2 life, you select to calculate the BX% Life and enter 2 for the BX% Life At
input. The result is about 526 hours.

e To estimate the ratio between the life of the bulb at accelerated stress levels to its life at the normal
stress level, you select to calculate the Acceleration Factor. In the Accelerated Stress field, you
enter 318 for the temperature and 125 for the voltage. The result is a ratio of about 8.494413.

Input

Stress

Accelerated Stress

208 120 |
318125 |
Accel. Stress Yalue

Accel, Temperature 318
Accel, Yolkage 125
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12.1 Accelerated Life Testing Data Analysis - Two Stresses

Next, you compare the current analysis to two other analyses. You create an overlay plot (“Bulb A vs. Bulb
C (In-House and Supplier)” in the sample project) by choosing Insert > Reports and Plots > Overlay

Plot.
Vs

When prompted to select which data sets to plot, you choose the following:

e The ALTA folio data sheet containing the data set for bulb C from the in-house test. (“Bul/b C - In-
House Data” in the sample project.)

e The ALTA folio data sheet containing the data set for bulb C from the supplier. (“Bulb C - Supplier
Data’ in the sample project.)

e The Weibull++ folio data sheet containing the combined data set for bulb A. (“Bulb A - Combined
Data’ in the sample project.)

The following overlay plot shows the analyses plotted on the same Use Level Probability Weibull plot
(with annotations added via RS Draw to make the plot easier to interpret).

Use Level Probability Weibull
99.000

Use Level

ALTA: Bulb C - In House Data\Datal
General Log-Linear

Weibull

e Data Points
— Use Level Line
ALTA: Bulb C - Supplier Data\Datal
Inverse Power Law
Weibull

298

F=10]S=3

A Data Points
— Use Level Line
Weibull++: Bulb A - Combined Data\Datal
2P-Weibull
RRX RRM FM MED
F=19/5=6

v Data Points
—v- Intervals

— Probability Line

50.000

Unreliability

10.000

5.000

Bulb C supplier Bulb C in-house

1'0980.000 1000.000 10000.000
Time (t) (Hr)

As you can see, the lines for bulb C based on the in-house test and bulb A are parallel, while the line for
bulb C based on the supplier’s data has a different slope.

Weibull++/ALTA 10 Quick Start Guide 115



12 ALTA with Two Stresses

To show the confidence bounds, you right-click the plot sheet and select Confidence Bounds. You then
select Two-Sided bounds and enter 90 for the confidence level. The result shows that the bounds on the
supplier’s analysis are much wider compared to the bounds on the in-house analysis.

Use Level Probability Weibull
99.000

Use Level

CB@90% 2-Sided

ALTA: Bulb C - In House Data\Datal
General Log-Linear

Weibull

e Data Points
— Use Level Line
— Top CB-II
— Bottom CB-II
ALTA: Bulb C - Supplier Data\Datal
Inverse Power Law
Weibull
EQ%O | S=3
Bottom CB 4 Data Points
supplier data — Use Level Line
— Top CB-II
— Bottom CB-II
Weibull++: Bulb A - Combined Data\Datal
2P-Weibull
RRX RRM FM MED
F=19/S=6

v Data Points
—v Intervals
— Probability Line

Top CB-1
Bottom CB-II

~Top CB
50.000 supplier data

100-R(t) (%)

10.000

Unreliability, F(t)

5.000

1008000 1000.000 10000.000
Time (t) (Hr)

This indicates that the results of the in-house analysis may provide more precise estimates, allowing you
to perform a better assessment of bulb C’s reliability against bulb A.
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ALTA with Time-
Dependent Stress Profiles

With ALTA PRO, you can analyze data obtained from products whose stress
levels vary with time. The software allows you to define stress profiles that
describe how stress levels increase/decrease with time. When you select to
use the Cumulative Damage (CD) life-stress relationship, which takes into
account the cumulative effect of the applied stresses, the profiles you've dependent stress
defined become available for use in your analysis. In this chapter, you will types

perform accelerated life testing data analysis on a product with time- v Stress profiles
dependent use stress conditions.

[ In this chapter J

v ALTA with time-

13.1 Time-Dependent Stress

Thus far, your analysis of the accelerated life test data for the new bulb C has assumed a constant stress
level under normal use conditions. (See Chapter 11 and Chapter 12.) You later learn from the design team
that the actual usage conditions are more likely to vary with time. You record the actual operating
conditions of the bulb for a period of 72 hours. Specifically, you notice the following patterns:

e The temperature alternates between 290 K and 305 K every 12 hours.

e The voltage switches between 119 V and 123 V in the following pattern:

Operating Hours Voltage
0 to 10th hour 119V
10th to 12th hour 123V
12th to 22nd hour 119V
22nd to 25th hour 123V
At 25th hour until end of observation period 123V
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13 ALTA with Time-Dependent Stress Profiles

Objectives

e Calculate the mean time to failure and B2 life of the bulb, when the analysis considers the time-
dependent use stress conditions.

e Use the B2 life of the bulb to estimate the acceleration factor at 318 K and 125 V.

e Generate an overlay plot that compares the new analysis (time-dependent use stress levels) versus
the previous analysis (constant stress levels).

Solution
The first step is to create stress profiles in ALTA that reflect the time-dependent operating conditions that

the bulb will experience.
£

Stress Profiles: A stress profile describes how stress levels vary with time. It consists of a series of
time segments, each with a specified constant or time-dependent stress level. Stress profiles are
used with the cumulative damage life-stress model to perform an analysis that takes into account
time-dependent stress levels under testing and/or during normal use.

You create a stress profile (“Use Temperature” in the sample project) by choosing Insert > Tools >
ALTA Stress Profile.

Once the profile is created, you change its default name to “Use Temperature” by right-clicking the new
profile in the current project explorer and choosing Rename on the shortcut menu. This will make the
profile easier to recognize when you need to select it within the analysis.

In the data sheet of the stress profile folio, the start time for the first segment is always set to zero. The
start times for subsequent segments are calculated automatically by the software. Thus, you will enter only
the segment end times and corresponding temperature values. After entering the data, you select the
Repeat cycle option on the control panel. This tells the software to treat the entire pattern of segments as a
repeating cycle.
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13.1 Time-Dependent Stress

The following picture shows the completed setup.

MM Use Temperature = X

ES)
1

Segment | Segment Stress
Start End S(t)

0 12 200 @ After Last 5 b =
12 24 305

7‘ () Continue with last stress

() Repeat cycle

@ Main

ff] Carmments

Prafile

To save your changes and validate the profile, you click the Validate Stress Profile icon on the control

panel.
e

To generate a plot that shows the pattern of the segments, you click the Plot icon on the control panel.

e
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13 ALTA with Time-Dependent Stress Profiles

The following plot shows the stress profile for temperature (with the scaling adjusted to Y = 0 to 400 and
X =0 to 100). It illustrates how the normal usage temperature varies with time.

Stress vs. Time
400.000 Use Temperature
Cyclical
— Stress Profile Line
320.000
240.000
a
[
=]
[
160.000
80.000
0 0 20.000 40.000 60.000 80.000 100.000
Time

Next, you create a second stress profile for voltage (“Use Voltage” in the sample project) and rename it to
“Use Voltage.”

In the data sheet of the new stress profile, you enter the segment end times and corresponding voltage
values. After entering the data, you select the Continue with last stress option on the control panel. This
tells the software that all the times after the last segment will use the stress value defined in the last
segment. In other words, once the projector reaches 123 V for the second time, it stays at that value for as
long as the projector continues to operate.
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13.1 Time-Dependent Stress

The completed setup is shown next.

¥ Use Voltage

Segment
Start

Segment

End

Stress

o]
10
12
22

10
12
22
25

S
110 E After Last 5 b f_}
123 | Continue with last stress
119 /
123 () Repeat cycle
| v | |
E Main
ﬂ Carmments

Prafile

As before, you click the Validate Stress Profile icon on the control panel to validate the data sheet entries
and save your changes.

You also generate a plot to show how the normal usage voltage varies with time, as shown next (with the
scaling adjusted to Y =0 to 150 and X = 0 to 30).

Stress vs. Time
150.000 Use Voltage
Continues
— Stress Profile Line
120.000
90.000
1%]
0
[
=]
(2]
60.000
30.000
0 6.000 12.000 18.000 24.000 30.000
Time
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13 ALTA with Time-Dependent Stress Profiles

Next, you duplicate the folio that contains the in-house data for Bulb C (“Bulb C - In House Data” in the
sample project). You do this by right-clicking the folio in the current project explorer and choosing
Duplicate on the shortcut menu. Once the duplicate folio is created, you rename it to distinguish it from
the original folio (“Bulb C - In House Data - Stress Profiles” in the sample project).

For this analysis, you change the ALTA model to the cumulative damage model in order to use the time-
dependent stress profiles to analyze the data. On the control panel, you choose Cumulative Damage >
CD-Weibull. You then click the Select Stress Columns link and make sure that the check boxes for
temperature and voltage are still selected.

As with the general log-linear model in ALTA, the cumulative damage model allows you to define the
transformation that will be used for each stress type. You click the Stress Transformation link and make
sure that the transformations are still set to logarithmic for both stress types (because the failure mode
under consideration is filament burnout).

wStress Transtormation

Stress Name Transformation
@’ Temperature Logarithmic x=In[%] {(Power LSR) e
Voltage Logarithmic x=In[%] {(Power LSR) e

Cancel

To change the constant values that were defined in the previous analysis to the time-dependent stress
profiles, you click the Set Use Stress link. In the Level window, you select the Profile check box next to
each stress and choose the corresponding stress profile from each drop-down list.

Bulb C - In House Data - Stress Profiles\Datal

i Stress Level Profile
@ Temp. Use Temperature - W
Voltage Use Voltage £ v

You click the Calculate icon on the control panel to analyze the data.
B
A
To solve for the requested reliability metrics, you open the Quick Calculation Pad by clicking the QCP

icon on the control panel.
cp

122 Weibull++/ALTA 10 Quick Start Guide



13.1 Time-Dependent Stress

You select to calculate the Mean Life and use the Units drop-down list to make sure the results will be
returned in hours. In the Stress field, you make sure that the use stress is obtained from the stress profiles.

The mean life of the bulb is then estimated to be 424 hours.

%LTK Standard Folio: Bulb C - In House D ata - Stress Profiles\D atal

Mean Life 424.049630 H

(Mean Life Hr Mo Bounds Captions On
ch| QUICK CALCULATION PAD Units - Bounds < Options <
Calculate Input

Reliability Stress |Use Temperat,., |
- Prob, of Failure
ALY Cond, Reliability
Cond. Prob. of Faiure
Reliable Life
Life BX% Life
Mean Life =
Rate Failure Rate
Acceleration Acceleration Factor Repart
Calculate
Close

You continue using the QCP to solve the remaining metrics:

e To estimate the B2 life, you select to calculate the BX% Life. In the Stress field, you select the
Profile check box next to each stress and select the corresponding stress profile from each drop-
down list. Next, you enter 2 for the BX% Life At input. The result is about 205 hours.

e You select to calculate the Acceleration Factor.
o In the Stress field, you make sure that the Profile check box next to each stress is selected.

o In the Accelerated Stress field, you clear the Profile check boxes because the accelerated
stress values are constant. You then enter 318 for the temperature and 125 for the voltage.

o In the Mission End Time field, you enter 205.

The result is a ratio of 7.328811. This means that bulb C’s life is about 7.33 times longer at the use
stress level than it is at higher stress levels of 318 K and 125 V.
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13 ALTA with Time-Dependent Stress Profiles

Next, you compare the new analysis with the previous analysis. You create an overlay plot (“Time-
Dependent Stress vs. Constant Stress” in the sample project) by choosing Insert > Reports and Plots >
Overlay Plot.

When prompted to select which data sets to plot, you choose the data sheet with the time-dependent
stresses and the data sheet with the constant stresses (“Bulb C - In House Data - Stress Profiles” and
“Bulb C - In House Data” in the sample project).

On the control panel of the plot sheet, you select the Unreliability vs. Time plot. The following overlay
plot shows the result of the assumption of a constant stress against time-dependent stress (with annotations
added via RS Draw to make the plot easier to interpret).

Unreliability vs. Time

1.000 Unreliability

Bulb C - In House Data\Datal
General Log-Linear
Weibull

e Data Points
— Unreliability Line
Constant stresses Bulb C - In House Data - Stress Profiles\Datal
Cumulative Damage
Weibull
Use Temperature|Use Voltage
F=36 | S=4

0.800 "
Time-dependent stresses

4 Data Points
— Unreliability Line

0.600

1-R(t)

0.400

Unreliability, F(t)

0.200
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Time (t) (Hr)

If the usage conditions of the bulb vary with time, then the assumption of a constant stress over-estimates
the life of the bulb. In this case, the analysis with the time-dependent stress profiles provides a more
accurate model of the operating conditions of the bulb and, therefore, more precise estimates.
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Accelerated Degradation
Analysis 14

In Chapter 3, we illustrated how degradation analysis can reduce the time
required to obtain a product’s life data. To reduce testing time even further,
the degradation can be measured at accelerated stress levels. This type of
approach is known as accelerated degradation analysis. In this chapter, you
will work with degradation measurements obtained at accelerated stress
levels and use the ALTA degradation folio to estimate the product’s life v Overlay plots
characteristics under normal stress conditions.

In this chapter J

v ALTA Degradation
folios

14.1 Accelerated Degradation Analysis

The LED lamp designers that you worked with before (Chapter 3) want to perform another test to capture
data about the degradation in the light output over time. But this time, instead of 2 months, they can
reserve the lab for only 2 weeks (336 hours) so they decide to use an accelerated test. For reference, they
give you the following information:

e The normal stress level of the lamp is 120 volts, but higher voltage levels are known to accelerate
the progression of the same failure modes that occur under normal use conditions.

e The degradation of the lamp is measured in terms of how the light output decreases over time.

e The lamp is considered failed when its light output reaches 50% of its design output of 1,000
lumens.

The plan is to test 10 lamps at 128 volts and another 10 at 138 volts. The highest voltage level is expected
to accelerate the degradation in the light output without introducing “foolish failures” (i.e., failures that
would never occur under normal use conditions). The light intensity of the lamps will be recorded at 100,
150, 200 and 250 hours.
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14 Accelerated Degradation Analysis

You obtain the following measurements from the test.

Luminosity Measurements at 128 Volts

Inspection | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp

Time (Hr) 01 02 03 04 05 06 07 08 09 10
100 979 969 1010 857 898 816 949 887 887 928
150 908 918 908 745 775 785 908 826 816 867
200 867 877 847 683 724 745 857 775 745 816
250 826 836 796 627 683 714 836 745 704 785

Luminosity Measurements at 138 Volts

Inspection | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp | Lamp
Time (Hr) 11 12 13 14 15 16 17 18 19 20
100 768 760 792 672 704 640 744 696 696 728
150 712 720 712 584 608 616 712 648 640 680
200 680 688 664 536 568 584 672 608 584 640
250 648 656 624 492 536 560 656 584 552 616
Objectives

e Use a Degradation vs. Time plot to see how the luminosity of the lamps degrades over time.

e Generate an overlay plot that compares the probability plots for the accelerated degradation
analysis and the standard degradation analysis in Chapter 3.

Solution

You create an ALTA degradation folio ( “Accelerated Degradation - LED Lamp " in the sample project) by
choosing Insert > Folios > ALTA Degradation.
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14.1 Accelerated Degradation Analysis

When prompted to define the stress, you select Voltage and then enter 120 for the use stress level.

Degradation Folio Setup

Define the stress columns that will appear in the data sheet, and specify the use stress level(s). The following
table contains some commonly used stress types, but you can change any of the labels (e.g., if your vibration \
values use meters per second squared instead of hertz, you can change Hz to m/s"2). ')
Stress Name Stress Units Use Level
|:| |Temperamre | | K | | 298 |
(2 |vottage ) || v || (o) |
[ | Humidity || RH || 50 |
Il |\c"|brah'on | | Hz | | 25 |
4 O |Temperamre | | R | | 580 |
E O |Med’13nial | | kips | | 25 |
|:| |<Shess name = | | <Stress units > | | 10 |
o ] |<Shess name = | | <Stress units=> | | 10 |
T
.|
J
o
w
@ Vi
‘ oltage
E v
I (oK | |Cancel |

Once the folio is created, you enter the degradation measurements into the folio’s data sheet.

The next step is to specify how the failure times will be extrapolated from the luminosity measurements.
Based on your engineering knowledge, you select Power from the drop-down list in the Degradation
Model area. For the lamp’s Critical Degradation (i.e., the luminosity level at which a lamp is considered
failed), you enter 500 lumens.
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14 Accelerated Degradation Analysis

Next, you need to specify how the extrapolated failure times will be analyzed. In the ALTA Model area,
you choose Inverse Power Law > IPL-Weibull. The following picture shows the completed setup.

=2 Accelerated Degradation - LED Lamp

?isrﬁscot;?r; Measurement Vol\t?ge unito || BRSNS, |
1 100 070 128 Lamp 01 g_'ﬂ Degradation Model 0=
2 150 a0z 128 Lamp 01 / l l
3 200 267 128 Lamp 01
4 250 e 125 Lamp 01 gl:lz'l Critical Degradation 500
3 100 963 123 Larnp 02 i Suspend After (Hr
5} 150 o182 128 Lamp 02 g |5 o I:I
7 200 a77 128 Lamp 02 A\ ALTA Model 0=
=} 230 836 128 Lamp 02 o |l 1
9 100 1010 128 Lamp 03 == L '
10 150 a0z 128 Lamp 03 7y | elect Stress Columns...
11 200 847 128 Lamp 03 -
12 230 796 128 Lamp 03 MLE
13 100 837 128 Lamp 04 =
14 150 743 128 Lamp 04
15 200 623 128 Lamp 04 Set Use Stress.,
16 230 67 128 Larnp 04 [use extrapola[ﬁl intervals
17 100 298 128 Lamp 05
18 150 773 128 Lamp 05
19 2DD A 130 L =een OF
20 250 | Note: Complete data set is not shown. |,
| EEEE

To analyze the data set, you click the Calculate icon.
B
o B
The software will first extrapolate the times at which the degradation measurements will reach the point of

critical degradation at the accelerated levels, and then it will perform a separate accelerated life testing
data analysis on the extrapolated data.

To view a plot that shows how the luminosity for each unit in the sample degrades over time, you click the
Plot icon on the control panel and select the Degradation vs. Time (Linear) plot. The resulting plot is
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14.1 Accelerated Degradation Analysis

shown next (with the scaling adjusted to Y =450 to 1,000 lumens). The horizontal line near the bottom of
the plot marks the luminosity level at which the lamp is considered failed.
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You know that in accelerated life testing data analysis, the farther the accelerated stress level is from the
normal stress level, the greater the uncertainty in the extrapolation. To compare the results obtained from
the accelerated degradation test to the results obtained from the standard degradation test, you generate an
overlay plot (“Degradation Analysis Comparison” in the sample project) by choosing Insert > Reports
and Plots > Overlay Plot.

ZI

When prompted to select which data sets to plot, you select the data sheet containing the ALTA
degradation analysis and the data sheet containing the Weibull++ degradation analysis (“Accelerated
Degradation - LED Lamp” and “Degradation - LED Lamp” in the sample project).
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14 Accelerated Degradation Analysis

On the control panel of the plot sheet, you switch the plot type to a Use Level Probability Weibull plot.
The following overlay plot shows the results of the two analyses on the same plot (with 90% two-sided
confidence bounds on reliability).
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The overlay plot shows that the probability lines have similar slopes; however, the bounds on the
accelerated degradation analysis are much wider compared to the bounds on the standard degradation
analysis. Nevertheless, you were able to obtain reasonable results within the allotted test time.
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Click Wrap License only -Software Maintenance provisions dealt with in separate agreement.

End User License Agreement
Click Wrap Agreement at time of product installation

BY INSTALLING THIS SOFTWARE OR BY CLICKING THE “I ACCEPT” BUTTON
AND ACCEPTING THIS LICENSE IN ACCORDANCE WITH SOFTWARE
INSTALLATION AND LICENSE ACCEPTANCE PROCEDURE YOU AGREE TO THE
TERMS OF THIS LICENSE WHICH WILL BIND YOU, THE COMPANY ON WHO'S
BEHALF YOU ARE ENTERING INTO THIS LICENSE AGREEMENT, AND ITS
EMPLOYEES, ASAPPLICABLE.

THISLICENSE AGREEMENT ISA LEGAL AGREEMENT BETWEEN HBM UNITED
KINGDOM LTD A COMPANY INCORPORATED IN UNITED KINGDOM WHOSE
REGISTERED NUMBER IS 1589921 AND WHOSE REGISTERED OFFICE IS AT
TECHNOLOGY CENTRE, ADVANCED MANUFACTURING PARK, BRUNEL WAY,
CATCLIFFE, ROTHERHAM S60 5WG (THE ‘LICENSOR’) AND THE END USER
LICENSEE OR ITS REPRESENTATIVE/AGENT AUTHORISED TO BIND THE END
USER LICENSEE (‘YOU’).

PLEASE READ THIS CAREFULLY BEFORE USING THE SOFTWARE
PRODUCTS

A: BACKGROUND

THIS LICENSE AGREEMENT SHALL BE BETWEEN YOU AND THE
LICENSOR REGARDLESS OF WHETHER YOU HAVE PURCHASED THE
SOFTWARE PRODUCTS DIRECTLY FROM THE LICENSOR OR AN
AUTHORISED RESELLER AS SET OUT BELOW.

THE LICENSOR APPOINTS EXPERIENCED PROVIDERS OF SOFTWARE
RESALE SERVICES WHO DISTRIBUTE THE SOFTWARE PRODUCTS TO
END USERS (‘AUTHORISED RESELLER’). IF YOU HAVE PURCHASED
THE SOFTWARE PRODUCTS AND ANY ASSOCIATED SUPPORT AND
MAINTENANCE SERVICES FROM AN AUTHORISED RESELLER, SUCH
PRODUCTS AND SERVICES WILL BE PROVIDED DIRECTLY TO YOU BY
THE RELEVANT AUTHORISED RESELLER AND ALL PAYMENTS SHALL
BE MADE TO THE AUTHORISED RESELLER ON THE AUTHORISED
RESELLER'STERMS AND PRICES.



IF YOU HAVE PURCHASED THE SOFTWARE PRODUCT AND SUPPORT
AND MAINTENANCE SERVICES DIRECTLY FROM THE LICENSOR, SUCH
SUPPORT AND MAINTENANCE SERVICES WILL BE DEALT WITH IN A
SEPARATE AGREEMENT BETWEEN YOU AND THE LICENSOR AND ALL
PAYMENTS WILL BE MADE TO THE LICENSOR AND GOVERNED BY
THE LICENSOR’'S TERMS OF SALE.

PROPERTY OF LICENSOR

THE LICENSOR, OR, WHERE APPLICABLE, THE RELEVANT MEMBER OF
THE LICENSOR'S CORPORATE GROUP, IS THE ENTIRE LEGAL AND
BENEFICIAL OWNER OF CERTAIN SOFTWARE PRODUCT(S) (‘THE
SOFTWARE PRODUCT’) AS SET OUT IN THE QUOTATION OF
INFORMATION, WHICH SHALL ALSO INCLUDE YOUR LICENSE KEY,
SENT TO YOU BY EMAIL EITHER BY THE LICENSOR OR, IF YOU HAVE
PURCHASED THE SOFTWARE PRODUCTS FROM AN AUTHORISED
RESELLER, BY THE AUTHORISED RESELLER (‘QUOTATION’). THE
LICENSOR IS WILLING TO GRANT YOU A LICENSE TO USE THE
SOFTWARE PRODUCT ONLY IF YOU ACCEPT ALL THE TERMS AND
CONDITIONS SET OUT BELOW.

LICENSE TO BE GRANTED

THE LICENSOR IS PROPOSING TO GRANT YOU ONE OF THE FOUR
FORMS OF LICENSE IN RESPECT OF THE SOFTWARE PRODUCT.
DETAILS OF EACH FORM OF LICENSE ARE SET OUT IN CLAUSES 2.1
AND 3 BELOW. THE FORM OF LICENSE THAT IS PROPOSED TO BE
GRANTED TO YOU IS SET OUT IN THE QUOTATION. THE QUOTATION
FORMS PART OF THE LICENSE AGREEMENT AND BY ACCEPTING THE
TERMS OF THE LICENSE YOU ARE ACCEPTING THOSE TERMS IN THE
QUOTATION. IF YOU HAVE NOT RECEIVED THE QUOTATION FROM
EITHER THE LICENSOR OR FROM THE AUTHORISED RESELLER (IF YOU
HAVE PURCHASED THE SOFTWARE PRODUCTS FROM AN
AUTHORISED RESELLER) AT THE DATE HEREOF OR IF ANY DETAILS
WITHIN THE QUOTATION ARE INCORRECT THEN YOU SHOULD
FOLLOW THE ‘LICENSE REJECTION PROCEDURES SET OUT AT
PARAGRAPH E BELOW AND IMMEDIATELY CONTACT THE LICENSOR
OR THE AUTHORISED RESELLER (AS APPLICABLE).



LICENSE ACCEPTANCE PROCEDURE

BY CLICKING ON THE ACCEPTANCE BUTTON WHICH FOLLOWS THIS
LICENSE AGREEMENT (MARKED 'DO YOU ACCEPT THESE TERMS AND
CONDITIONS?), YOU INDICATE ACCEPTANCE OF THIS LICENSE
AGREEMENT AND THE LIMITED WARRANTY AND LIMITATION OF
LIABILITY SET OUT IN THIS LICENSE AGREEMENT. SUCH
ACCEPTANCE IS ON YOUR OWN BEHALF, IF YOU ARE AN INDIVIDUAL
AND ON BEHALF OF ANY CORPORATE ENTITY WHICH EMPLOYS YOU
OR WHICH YOU REPRESENT (‘CORPORATE LICENSEE’) IN ENTERING
INTO THIS LICENSE AND YOU WARRANT THAT YOU HAVE THE
NECESSARY AUTHORITY TO BIND THE CORPORATE ENTITY IN THIS
RESPECT OR THAT THE AUTHORISED REPRESENTATIVES OF THE
CORPORATE ENTITY ARE AWARE OF YOUR ACCEPTANCE OF THIS
AGREEMENT ON ITS BEHALF. IN THIS LICENSE AGREEMENT, ‘YOU’
REFERS TO THE LICENSEE, ANY SUCH CORPORATE LICENSEE, OR
BOTH, AS A COMMON SENSE INTERPRETATION OF THE RELEVANT
SECTION DICTATES.

LICENSE REJECTION PROCEDURE

IF YOU DO NOT ACCEPT THESE TERMS AND CONDITIONS, YOU
SHOULD CLICK ON THE “I DO NOT ACCEPT” BUTTON, DELETE THE
SOFTWARE PRODUCTS FROM YOUR COMPUTER AND PROMPTLY (AND
IN ANY EVENT, WITHIN 14 DAYS OF RECEIPT) RETURN TO THE
RESELLER (A) ANY MEDIA; AND (B) ANY OTHER ITEMS PROVIDED,
THAT ARE PART OF THIS PRODUCT.

OTHER AGREEMENTS

IF THE LICENSOR HAS EXPRESSLY AGREED WITH YOU IN WRITING
THAT YOUR USE OF THE SOFTWARE PRODUCTS IS GOVERNED BY A
PRIOR EXECUTED LICENSE AGREEMENT WITH THE LICENSOR, SUCH
AGREEMENT SHALL APPLY INSTEAD OF THE FOLLOWING TERMS AND
CONDITIONS TO THE EXTENT THAT THEY CONFLICT.

YOU SHOULD PRINT A COPY OF THIS LICENSE AGREEMENT FOR
FUTURE REFERENCE.



LICENSE AGREEMENT

1
11

Owner ship of Software Products and Copies

The Software Products and any printed materials or electronic documentation
accompanying the Software Products (‘Documentation’) are copyrighted works of
authorship, and are also protected under applicable database laws. The Licensor, or,
where applicable, the relevant member of the Licensor’'s corporate group, retains
ownership of the Software Products and all subsequent copies of the Software
Products, regardless of the form in which the copies may exist. This License
Agreement is not a sale of the original Software Products or any copies.

Commercial License

In consideration of you agreeing to abide by the terms of this License Agreement and
payment of the applicable license fees either to the Licensor or, if you have purchased
the Software Products from an Authorised Reseller, to the Authorised Reseller (as
specified in the Quotation), the Licensor hereby grants to you a personal, non-
exclusive, and (unless expressly agreed otherwise by the Licensor in accordance with
clause 5.1) non-transferable license to use the Software Products and the
Documentation on the terms of this License Agreement. The license shall take one of
the following forms, (and shall be set out in the Quotation):

(@ Annual License:

(i)  Duration —this License shall continue for a period of 12 months (*Initial
Period’) from the date of delivery of the Quotation (“the Delivery Date”)
and, provided that you have paid all applicable renewal fees, from year
to year thereafter unless terminated in accordance with any provision of
clause 10 below or any other clause of this License Agreement.

(i)  Termination — you must give the Licensor 90 day’s written naotice prior
to the anniversary of the Delivery Date, such notice not to expire before
such anniversary date.

(b) Paid Up License:

(i)  Duration — this License shall continue for a period of 25 years from the
Delivery Date unless terminated in accordance with any provision of
clause 10 below or any other clause of this License Agreement.

(i)  Conversion - this License may be converted to a CDS (this may include
CRS and CDRS which are specific variations of CDS and collectively
known as CDS) License, upon application to either the Licensor or the
Authorised Resdller (if you have purchased the Software Products from



an Authorised Reseller), and payment of an additional fee to the
Licensor or the Authorised Resdller (as applicable), which shall be
additional to the fees paid or payable in respect of any maintenance and
support services provided by either the Licensor or the Authorised
Reseller (if you have purchased the Software Products from an
Authorised Reseller). You may reverse this conversion to the same terms
as agreed in the Paid Up License at the anniversary of the conversion by
giving the Licensor 90 days written notice prior to the anniversary of the
Delivery Date, such notice not to expire before the anniversary of the
Delivery Date.

() CDS/CRS/CDRSLicense:

(i)

(i)

Access — subject to the terms and conditions of this License Agreement,
you may access any of the Software Products in the Quotation at any one
time and in any combination up to the number of subscriptions granting
you access to the Software Products for simultaneous use by you and
purchased by you pursuant to this Agreement (* Access Credits'). In the
event the number of Access Credits reaches the number of Access
Credits duly paid for by you (‘Access Limit’), you may add additional
Access Credits (or, aternatively, at any time during the Term) which
shall be charged in accordance with either the Licensor’s prices or the
Authorised Reseller's prices (if you have purchased the Software
Products from an Authorised Reseller). Such increase in Access Credits
shall apply to the following 12 month period, unless you give the
Licensor or the Authorised Reseller (as applicable) written notice at least
90 days in advance of the expiry of the Initial Period, that you do not
wish to sustain such increase in Access Credits. You may opt to reduce
the number of Access Credits with 90 days written notice in advance of
the 12 month period following from the anniversary of the Delivery
Date, provided that the total number of Access Credits does not fall
below the minimum threshold set by the Licensor or the Authorised
Resdller (as applicable) or below the initial number of Access Credits
calculated at the time of conversion of any Paid Up License.

Duration - this License shall continue for the Initial Period and, provided
that you have paid for the applicable Access Credits, from year to year
thereafter unless terminated in accordance with any provision of clause
10 below or any other clause of this License Agreement.

(iii) Reporting — in order to serve our customers better, the Licensor needs to



2.2

3.2

3.3

be able to understand how its customers use the CDS system. As a
condition of your continued access to the system, you are asked to
provide to the Licensor on a quarterly basis, the CDS log file. You will
be provided with easy-to-follow instructions on how to do this.

(iv) Termination — you must give the Licensor 90 days written notice in
advance of the expiry of the Initia Period of your intention to
discontinue the CDS License, such notice not to expire before the
anniversary of the Delivery Date, and you must have submitted all
reports required of you in clause 2.1(c)(iii) above. Failure to provide
such notice and reports will mean that the license shall automatically
continue on the same terms until terminated in accordance with this
clause.

As an end user licensee of the Software Products, you may, subject to the following
conditions and any conditions specified in the Quotation:

@

(b)

(©

use and copy the Software Products only for use on any computer system that
is detailed in the release notes of the respective Software Product and which is
licensed, leased and/or controlled by you (the Corporate Licensee) or any
member of your corporate group, which expression includes the Corporate
Licensee's magjority-owned subsidiaries, any parent company having a
majority-owned interest in the Corporate Licensee, and such parent's mgjority-
owned subsidiaries;

load the Software Products into and use it only on computers at the locations
specified in the Quotation and which are under your control;

copy the Software Products only for back-up and archival purposes and make
up to three copies of the Documentation, provided that the original and each
copy is kept in your possession and that your installation and use of the
Software Products does not exceed any restrictions contained in the Quotation.

Demonstration License

If the Licensor has provided you with the Software Products free of charge for
evaluation purposes, this clause 3 shall apply to your use of the Software Products.

You may use the Software Product on a computer solely for the purposes of
evaluating the Software Product.

The Software Product is provided to you free of charge and on an “AS IS’ basis,
without any technical support or warranty of any kind from us including, without



34

35

3.6

limitation, a warranty of satisfactory quality, fithess for purpose and non-
infringement.

This License shall continue for a period of 30 days from the Delivery Date unless
terminated in accordance with any provision of clause 10 below or any other
applicable clause of this License Agreement or until such License is converted into
an Annual License, Paid Up License or CDS Licensg, if earlier.

As part of the Licensor’ s testing and evaluation of the Software Products, you shall
share with the Licensor the input and views received and any reports and analysis
produced promptly upon receipt of such feedback.

Clauses 4, 5.1(a), 6.1(b), 6.1(f), 8.1, 8.2, 8.5, 10.1(a) of this License Agreement shall
not apply to a Demonstration License.

Delivery and Risk

The Software Products shall consist of one copy of the object code of the Software
Products on machine-readable form only, on the disk, dongle or other media on
which the Software Product is delivered as described in the Quotation (the
“Medid’). Risk in the Media shall pass to you on ddlivery. If any part of the Media
shall thereafter be lost, damaged or destroyed, you must contact either the Licensor or
the Authorised Reseller from whom you have purchased the Software Products who
will arrange for a repair or replacement of such Media at a cost (if any) determined
by the Licensor or the Authorised Reseller (as applicable).

License Restrictions
Y ou may not nor permit othersto:

(@ transfer the Software Products from one location to another, without the
express written consent of the Licensor and provided such transfers do not
exceed two in any twelve month period. It will be a condition of the grant of
any such consent that the Software Products held on hard drives at the current
location must be erased and you must enter into a new license agreement with
the Licensor before a Software Products license key is provided to you. The
administration charge (currently US $1,500) will be payable by you in respect
of such transfer. This charge is only applicable to end user licensees who do
not have a support and maintenance services agreement with the Licensor or
Authorised Reseller;

(b)  exceed the number of concurrent users specified in the Quotation, if any;

(c) sub-license, sell, assign, rent, pledge, lease, transfer or otherwise dispose of the



(d)

()

()

()
(h)

(i)

Software Products, on a temporary or permanent basis, without the prior
written consent of the Licensor;

trangdlate, reverse engineer, decompile, disassemble, modify or create derivative
works based on the Software Products except as permitted by law;

make copies of the Software Products, in whole or part, except for back-up or
archival purposes as permitted in this License Agreement;

use any back-up copy of the Software Products for any purpose other than to
replace the original copy in the event that it is destroyed or becomes defective;

copy the Documentation (except as provided by this License Agreement);

adapt, modify, delete or trandate the Documentation in any way for any
purpose whatsoever;

vary, delete or obscure any notices of proprietary rights or any product
identification or restrictions on or in the Software Products.

Undertakings

Y ou undertake:

@

(b)

(©

(d)

(€)

to ensure that, prior to use of the Software Products by your employees or
agents, al such parties are notified of this License and the terms of this License
Agreement and that any such use as aforesaid is in accordance with the terms
of this License Agreement;

to replace the current version of the Software Product with any updated or
upgraded version or new release provided by the Licensor or the Authorised
Reseller (if applicable) under the terms of this License Agreement immediately
on receipt of such version or release;

to use the Software Products only as described in the Documentation and
subject to the restrictions as set out in clause 5 (License Restrictions above);

to reproduce and include the Licensor’ s copyright notice (or such other party’s
copyright notice as specified on the Software Products) on al and any copies
of the Software Products, including any partial copies of the Software Products
as permitted to be made under the terms of this License Agreement;

to hold al drawings, specifications, data (including object and source codes),
Software Products listings and all other information relating to the Software
Products confidential and not at any time, during this License or after its
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expiry, disclose the same, whether directly or indirectly, to any third party
without the Licensor’s consent, and

(f)  to effect and maintain adequate security measures to safeguard the Software
Product from access or use by any unauthorised person and indemnify the
Licensor for losses flowing from your failure to do so.

Intellectual Property Rights

Y ou acknowledge that all intellectual property rights in the Software Product and the
Documentation throughout the world belong to the Licensor, that rights in the
Software Product are licensed (not sold) to you, and that you have no rightsin, or to,
the Software Product or the Documentation other than the right to use them in
accordance with the terms of this License Agreement.

Y ou acknowledge that you have no right to have access to the Software Product in
source code form or in unlocked coding or with comments.

The integrity of this Software Product is protected by technical protection measures
(“TPM™) so that the intellectua property rights, including copyright, in the software
of the Licensor are not misappropriated. Y ou must not attempt in any way to remove
or circumvent any such TPM, nor to apply, manufacture for sale, hire, import,
distribute, sell, nor let, offer, advertise or expose for sale or hire, nor have in your
possession for private or commercial purposes, any means whose sole intended
purpose isto facilitate the unauthorised removal or circumvention of such TPM.

Limited Warranty

Subject to the limitations and exclusions of liability below and providing the
Software is used in accordance with the Documentation and on an operating system
or computer for which it was designed, the Licensor warrants that (a) the Media on
which the Software Products is furnished will be free from material defects under
normal use for a period of 90 days from the date of delivery (the “Warranty Period”);
and that (b) during the Warranty Period, the Software Product will, when properly
used, perform substantially in accordance with the functions described in the
Documentation; and (c) that the Documentation correctly describes the operation of
the Software Product in all material respects.

If, within the Warranty Period, you notify the Licensor in writing of any defect or
fault in the Software Product in consequence of which it fails to perform substantially
in accordance with the Documentation, and such defect or fault does not result from
you having amended the Software Product or used it in contravention of the terms of
this License Agreement, the Licensor will, at its sole option, i) repair or replace the
Software Product, provided that you make available all information that may be
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necessary to assist the Licensor in resolving the defect or fault, including sufficient
information to enable the Licensor to recreate the defect or fault, or ii) terminate this
License Agreement immediately by notice in writing to you and the Licensor will
refund or if the Software Products have been purchased from an Authorised Reseller
will procure that the Authorised Reseller shall refund; any of the fees paid as at the
date of termination (less a reasonable sum in respect of your use of the Software
Product to the date of termination) on return of the Software Product and all copies
thereof. The Licensor’s obligation under this clause 8.2 is subject to your compliance
with clause 6.1(b).

You acknowledge that the Software Product has not been developed to meet your
individual requirements and that it is therefore your responsibility to ensure that the
facilities and functions of the Software Product as described in the Documentation
meet your reguirements.

You acknowledge that the Software Product may not be free of bugs or errors and
you agree that the existence of any minor errors shall not constitute a breach of this
License Agreement.

The Licensor shall not be liable under the said warranty above if the Software
Product fails to operate in accordance with the said warranty as a result of any
modification, variation or addition to the Software Products not performed by the
Licensor or caused by any abuse, corruption or incorrect use of the Software
Products, including use of the Software Products with equipment or other software
which isincompatible.

All other conditions, warranties or other terms which might have effect or be implied
or incorporated into this License Agreement or any collateral contract, whether by
statute, common law or otherwise, are hereby excluded, including, without limitation,
the implied conditions, warranties or other terms as to satisfactory quality, fitness for
purpose or the use of reasonable skill and care.

Exclusion of Liability

Nothing in this License Agreement shall limit or exclude the liability of either party
for death or personal injury resulting from negligence, for fraud or for fraudulent
mi srepresentation.
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Subject to clause 9.1, the Licensor shall have no liability for any losses or damages
which may be suffered by you (or any person claiming under or through you),
whether the same are suffered directly or indirectly or are immediate or
consequential, and whether the same arise in contract, tort (including negligence) or
otherwise howsoever, which fall within any of the following:

(& lossof income;

(b) lossof business profits or contracts;

(c) businessinterruption;

(d) lossof the use of money or anticipated savings;
(e) lossof information;

(f)  lossof opportunity, goodwill or reputation;

(9) lossof, damageto or corruption of data; or

(h) any indirect or consequential loss or damage of any kind howsoever arising
and whether caused by tort (including negligence), breach of contract or
otherwise;

provided that this clause 9.2 shall not prevent claims for loss of or damage to your
tangible property that fall within the terms of clause 8 or a claim for a refund of the
license fees paid to the Licensor or the Authorised Reseller (as applicable) for the
license of the Software Products.

Subject to clause 9.1 and clause 9.2, the Licensor's maximum aggregate liability
under or in connection with this License Agreement, or any collateral contract,
whether in contract, tort (including negligence) or otherwise, shall be limited to a
sum equal to the fees paid by you to the Licensor or the Authorised Reseller (as
applicable) for the license of the Software Products.

Subject to clause 9.1, clause 9.2 and clause 9.3, the Licensor's liability for
infringement of third party intellectual property rights shall be limited to breaches of
third party rights subsisting in the UK and USA.

This License Agreement sets out the full extent of the Licensor's obligations and
liabilities in respect of the supply of the Software Products and Documentation. In
particular, there are no conditions, warranties, representations or other terms, express
or implied, that are binding on the Licensor except as specifically stated in this
License Agreement. Any condition, warranty, representation or other term
concerning the supply of the Software Products and Documentation which might
otherwise be implied into, or incorporated in, this License Agreement, or any
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collateral contract, whether by statute, common law or otherwise, is hereby excluded
to the fullest extent permitted by law.

Term and Termination

This License Agreement is effective for the period referred to clause 2.1 or until
otherwise terminated in accordance with that clause. The Licensor may terminate this
License Agreement immediately by written notice to you if:

(@) savein respect of a Paid Up License, if you purchase the Software Products
directly from the Licensor, you fail to pay any renewal or other fees due by you
to the Licensor in respect of this License Agreement;

(b)  you fail to comply with any provisions of this License Agreement;

(c) you commit a material or persistent breach of this License Agreement which
you fail to remedy (if remediable) within 14 days after the service on you of
written notice requiring you to do so; or

(d) apetition for a bankruptcy order to be made against you has been presented to
the court; or

(e)  where you, as the Corporate Licensee, become insolvent or unable to pay its
(the company’s) debts, enters into liquidation, whether voluntary or
compulsory (other than for reasons of bona fide amalgamation or
reconstruction), passes a resolution for its winding-up, has a receiver or
administrator manager, trustee, liquidator or similar officer appointed over the
whole or any part of its assets, makes any composition or arrangement with its
creditors or takes or suffers any similar action in consequence of its debt, or
becomes unable to pay its debts or ceases to trade.

In the event of termination in accordance with clause 10.1 you must immediately pay
to the Licensor any sums due to the Licensor under the License Agreement and (at
the Licensor's sole option) you must return, destroy or delete all copies of the
Software Products from all storage media in your control and, in the case of
destruction, certify to usthat you have done so.

Export

You will comply with all applicable laws, rules, and regulations governing export of
goods and information, including the laws of the countries in which the Software
Products was created. In particular, you will not export or re-export, directly or
indirectly, separately or as a part of a system, the Software Products or other
information relating thereto to any country for which an export license or other
approval is required, without first obtaining such license or other approval.
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General

You agree that the Licensor shall have the right, after supplying undertakings as to
confidentiality, to audit any computer system on which the Software Products are
installed in order to verify compliance with this License Agreement.

Y ou agree that the Licensor may use your company name in Licensor’s customer lists
and other promotional materials describing your company as a customer or user of
Licensor’s software or services, as applicable, unless it receives written notice from
you objecting to such use.

This License Agreement, its subject matter or its formation (including non-
contractual disputes or claims) shall be governed by and construed in accordance
with English law and submitted to the non-exclusive jurisdiction of the English
courts.

This License Agreement constitutes the complete and exclusive statement of the
agreement between the Licensor and you with respect to the subject matter of this
License and supersedes all proposals, representations, understandings and prior
agreements, whether oral or written, and al other communications between us
relating to that subject matter except for those expressly referred to in this License
Aqgreement.

Any clause in this License Agreement that is found to be invalid or unenforceable
shall be deemed deleted and the remainder of this License Agreement shall not be
affected by that deletion.

Failure or neglect by either party to exercise any of its rights or remedies under this
License Agreement will not be construed as a waiver of that party’s rights nor in any
way affect the validity of the whole or part of this License Agreement nor prejudice
that party’ s right to take subsequent action.

This License Agreement is personal to you and you may not assign, transfer, sub-
contract or otherwise part with this License or any right or obligation under it without
the Licensor’s prior written consent.
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