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Continued from Page 16: “Reliability Prediction Methods for Electronic Products”

Discussion of the Life Testing Method

The life testing method can provide more information
about the product than the empirical prediction standards.
Therefore, the prediction is usually more accurate, given that
enough samples are used in the testing.

The life testing method may also be preferred over both
the empirical and physics of failure methods when it is
necessary to obtain realistic predictions at the system (rather
than component) level. This is because the empirical and
physics of failure methods calculate the system failure rate
based on the predictions for the components (e.g. using the
sum of the component failure rates if the system is considered
to be a serial configuration). This assumes that there are no
interaction failures between the components but, in reality,
due to the design or manufacturing, components are not
independent. (For example, if the fan is broken in your laptop,
the CPU will fail faster because of the high temperature.)
Therefore, in order to consider the complexity of the entire
system, life tests can be conducted at the system level,
treating the system as a “black box,” and the system reliability
can be predicted based on the obtained failure data.

Conclusions

In this article, we discussed three approaches for
electronic reliability prediction. The empirical (or standards
based) methods can be used in the design stage to quickly
obtain a rough estimation of product reliability. The physics of
failure and life testing methods can be used in both design
and production stages. In physics of failure approaches, the
model parameters can be determined from design specs or
from test data. On the other hand, with the life testing method,
since the failure data from your own particular products are
obtained, the prediction results usually are more accurate
than those from a general standard or model.
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Figure 6: Data and analysis results in Weibull++

with the Weibull distribution
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Location—Scale Family

Vasiliy V. Krivtsov
Ford Motor Company

In most reliability-related publications on the Non-
Homogeneous Poisson Process (NHPP), authors discuss
various NHPP models by specifying a parametric form of the
rate of occurrence of failures (ROCOF). An alternative (often
forgotten) way of defining an NHPP is by specifying its
underlying distribution. In this article, we consider this latter
method with the underlying distribution belonging to the
location-scale family. Using the fact that NHPP's ROCOF
numerically coincides with the hazard function of the
underlying distribution, parameter estimation of such an
NHPP model reduces to the estimation of the cumulative
hazard function of the underlying distribution. We use
ReliaSoft's data analysis toolset to illustrate the point.

Introduction

The Non-Homogeneous Poisson Process (NHPP) is
widely used to model the failure process of repairable
systems. An overwhelming majority of publications on the
reliability applications of the NHPP — including Ascher and
Feingold (1984), Crowder et al. (1991) and Rausand and
Hoyland (1994) — discuss various NHPP models by
specifying a parametric form of ROCOF. With that, they
mainly consider two monotonic forms of the NHPP ROCOF.
The first one is the log-linear model due to Cox and Lewis
(1966) and the other one is the power law model due to Crow
(1974).

However, there is an alternative way of defining an NHPP,
that is, by specifying its underlying distribution, which is also
referred to as time-to-first-failure (TTFF) distribution. This is to
say that the TTFF distribution fully defines all subsequent
failures under the NHPP model.

Indeed, if F(¢) is the cumulative distribution function
(CDF) of the TTFF distribution and R(¢) is the respective
reliability function, then the distribution of the time to the
second failure (and all successive failures) is introduced in
terms of conditional distributions. For example, the CDF of the
time to the second failure distribution is given by:

F(t,|t)=1-R(t,+1) /R(})

In this respect, Thompson (1981) remarks, “it is a non-
intuitive fact that is casting doubt on the NHPP as a realistic
model for repairable systems. Use of an NHPP model implies
that if we are able to estimate the failure rate of the time to the
first failure, such as for a specific types of automobiles, we at
the same time have an estimate of the ROCOF of the entire
life of the automobile.”

Treating NHPP as a particular case of the Generalized
Renewal Process, Krivtsov (2007) proves Thompson's point
as to formal correspondence between ROCOF and the
hazard function of the time-to-first-failure distribution and

On the NHPP with Underlying Distributions of the

shows that a variety of traditional lifetime distributions besides
Weibull (i.e., Lognormal, Normal, Log-Logistic, etc.) can be
used to specify the respective NHPP models. Clearly, a
Weibull-distributed TTFF corresponds to the popular power-
law NHPP.

In this article, we consider an NHPP estimation procedure
for the case when its TTFF distribution belongs to the family
of location-scale distributions. The proposed procedure can
be easily executed using ReliaSoft's data analysis toolset.

Statistical Estimation of NHPP with Underlying
Distributions of the Location-Scale Family

Let the number of repairs, N(t), to occur in (0, ¢ | be given
by N(t) = max{k |T, <= t} for k = 1, 2, .... The Cumulative
Intensity Function (CIF) in (0, ¢ ] is then given by:

A(t) = E[N(1)]
Crowder et al. (1991) give a natural estimator of A(¢):

A@=%ZNN)

where N is a number of systems, and the total observed
number of repairs in (0, ¢ ] is:

N
>N 0
J=1
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Continued from Page 20: “On the NHPP with Underlying Distributions of the Location—Scale Family”

It can be shown (Krivtsov, 2007) that the above
nonparametric estimator could be used both for the CIF of the
point process and the cumulative hazard function (CHF) of the
underlying distribution:

. 1
Al) = H(t) = N; N ,(t) @)

Once the nonparametric estimate of the CHF has been
obtained, one can use standard statistical procedures, e.g.,
hazard papers or probability papers (Nelson, 1982), for the
estimation of the underlying distribution (and the respective
NHPP) parameters. It must be stressed that the failure data
used in Eqgn. 1 includes all failures, not only first ones.

In Figure 1 (on page 20), consider the CIF of a point
process related to arrival times (in seconds) of the demands
upon a computer-aided engineering server. Evidently, the
traditional power-law NHPP does not seem to fit the data well.

Keeping in mind Eqgn.
transformation:

1, we use the following

F(t) = 1 - exp(-H(1))
to plot the data in the lognormal probability paper, which
seems to show a reasonable fit — see Figure 2.
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Having obtained the estimates of the lognormal
distribution parameters, we now use the inverse
transformation to return to the CIF domain and compare the
NHPP with the lognormal underlying distribution versus that
with the Weibull underlying distribution — see Figure 3.
Evidently, the former exhibits a better fit.

It is easy to see that the described procedure can be
extended to any distribution of the location-scale family,
i.e., whose CDF can be estimated using the probability paper
method.
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Xfmea.ReliaSoft.com

Xfmea facilitates Failure Mode and Effects Analysis (FMEA) and Failure Modes, Effects and
Criticality Analysis (FMECA) and provides flexible data management and reporting capabilities.

e Supports the major industry standards, such as SAE J1739, AIAG FMEA-3 and MIL-STD-1629A, for all
types of FMEA/FMECA.

« Provides extensive capabilities to customize the interface and reports.
« Supports Risk Priority Numbers (RPNs) and Criticality Analysis for risk assessment.

« Provides a complete set of print-ready reports generated in Microsoft Word® or Excel®, a variety of
pareto (bar), pie and matrix charts and a flexible query utility.

« Allows multiple users to work cooperatively on the analysis and provides numerous ways to leverage the
lessons learned from previous analyses, including copy/paste, import/export, etc.

« And much more...
http://Xfmea.ReliaSoft.com

Jump-start your FMEA or RCM initiatives!
' {'ﬂlgpéfgr FMEA Accelerator® is your key to accessing an

outstanding collection of FMEA templates for a wide
variety of components — making it easy to search for and import selected data into your own

analyses performed in ReliaSoft's Xfmea Standard, Xfmea Enterprise or RCM++ software.
The “MRG Physical Asset FMEA Template Collection,” which offers over 230 templates for
components ranging from Blowers, Boilers and Conveyors to Pumps, Tanks, Valves and
much more, is currently available and additional collections are planned for the future.

http://Accelerator.ReliaSoft.com

Putting the Reliability back into Reliability Centered Maintenance®™"

RCM++ facilitates analysis, data management and reporting for Reliability Centered
Maintenance (RCM) analysis.

« Supports the Equipment Selection, Failure Effect Categorization and Maintenance Task Selection logic
from the major RCM standards and allows you to customize the logic to meet specific needs.

« Provides simulation-based calculations to compare maintenance strategies based on cost and average
availability over the life of the equipment and to calculate the optimum interval for preventive
maintenance tasks.

- Provides a complete set of print-ready reports generated in Microsoft Word® or Excel®, a variety of
pareto (bar), pie and matrix charts and a flexible query utility.

« Allows multiple users to work cooperatively on the analysis and
provides numerous ways to leverage the lessons learned from
previous analyses, including copy/paste, import/export, etc.

« Incorporates FMEA/FMECA capabilities, including Risk Priority
Numbers (RPNSs), Criticality Analysis, recommended actions
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For Your Information

At the 2008 Applied Reliability Symposium,
we are pleased to present the Reliability
Leadership Award to two companies, Seagate
Technology and Delphi Thermal, in order to
recognize their efforts in the area of Design for
Reliability. Both companies understood the need
for knowledgeable engineers to drive the DFR
process and implemented corporate-wide
training programs to accomplish this goal.

In 2006, Seagate Technology partnered with
ReliaSoft to develop a customized, in-depth
DFR training curriculum, which has been rolled
out globally to hundreds of Seagate engineers
as part of an overall corporate Business
Excellence strategy. The curriculum has been
very well received within Seagate, recently
winning the award for "Best Training Program or
Strategy" at the 2007 Business Excellence
Seminar in San Francisco.

Delphi Thermal has always been a leader in
the advancement of reliability methods and has
continually embraced the DFR process to
ensure product reliability. Part of their overall
effort includes the certification of a number of
engineers in various reliability methods, which
will ensure that the DFR process goes beyond

Seminars

uIIetin Board

The next Master the Subject, Master the Tools Foundations Series training
seminar is scheduled for August in San Diego, California. More seminar dates
are posted on the Web at http://Seminars.ReliaSoft.com/dates.htm.

ReliaSoft’s Standard Software Products

Weibull++
Version 7.5.4, Built 3/12/08
Weibull++ DE (Developer Edition)

Life Data Analysis
http://Weibull.ReliaSoft.com
http://Weibull.ReliaSoft.com/deved

ALTA and ALTA PRO
Version 7.5.4, Built 3/12/08

Accelerated Life Test Data Analysis
http://ALTA.ReliaSoft.com

DOE++
Version 1.0.1, Built 3/12/08

Experiment Design and Analysis
http://DOE.ReliaSoft.com

BlockSim
Version 7.0.3, Built 11/12/07

System Reliability, Maintainability and
Availability Analysis
http://BlockSim.ReliaSoft.com

RGA and RGA PRO
Version 6.5.4, Built 8/8/07

Reliability Growth Analysis
http://RGA.ReliaSoft.com

Xfmea Standard and Enterprise
Version 4.0.5, Built 4/17/08

Failure Mode and Effects Analysis
http://Xfmea.ReliaSoft.com

Version 1.0.10, Built 3/25/08

RCM++ Reliability Centered Maintenance
Version 4.0.5, Built 4/17/08 http://RCM.ReliaSoft.com
RENO Visual Stochastic Event Simulation

http://RENO.ReliaSoft.com

ideas and becomes part of the “DNA” of the
product development cycle.

We would like to thank
both companies for setting a
examples of world-class DFR
strategies for others to follow.

--Doug Ogden
VP Customer Services

MSG-3 Compliant Maintenance Program Creator

ReliaSoft's MPC 3 software is an MSG-3 compliant maintenance
program creator designed for the aerospace industry. From the

Lambda Predict
Version 2.0.0, Built 11/21/06

Standards Based Reliability Prediction
http://Predict.ReliaSoft.com

Technical Support

Phone: +1.520.886.0366 Fax: +1.520.886.0399 E-mail: Support@ReliaSoft.com

ReliaSoft Sales

Toll Free: 1.888.886.0410 (U.S. and Canada) Phone: +1.520.886.0410
Fax: +1.520.886.0399 E-mail: Sales@ReliaSoft.com

identification of maintenance significant items (MSIs) through the
analysis of functions, failures, effects, causes and tasks, to the

automatic generation of the final Maintenance Review Board
(MRB) report, MPC 3 guides you through the entire MSG-3
process for Aircraft Systems and Powerplant Analysis.

. Data storage and management in relational databases with

support for use in team environments.

« Integration with Microsoft Word for automatic report

generation.

o Time-saving capabilities to re-use text descriptions and
portions of the analysis within and among projects.

« And much more...
http://MPC.ReliaSoft.com
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