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The Limitations of Using the MTTF as a Reliability Specification

In order to track and improve the reliability of their products,
manufacturing organizations must utilize an accurate and con-
cise method to specify and measure that reliability. Although
useful to some degree, the mean life function (often denoted as
“MTTF” or “MTBF") is not a good measurement when used as
the sole reliability metric. Instead, the specification of a reliabil-
ity value with an associated time, along with an associated con-
fidence requirement when possible, is a more versatile and pow-
erful metric for describing a product’s reliability.

The Mean Life Function

The mean life function, such as the mean time to failure
(MTTF), is widely used as the measurement of a product’s reli-
ability and performance. This value is often calculated by divid-
ing the total operating time of the units tested by the total num-
ber of failures encountered. This metric, which is valid only when
the data is exponentially distributed (a poor assumption which
implies that the failure rate is constant), is then used as the sole
measure of a product’s reliability.

One problem that arises from the use of this metric stems
from confusion over the differentiation between the “mean” and
the “median” values of a data set. The mean is what would nor-

mally be called the average, or the most likely value to be ex-
pected in a group of data. The mathematical definition is:

E(T) = }T Of (T)dT

where f(T) is the probability distribution function of the data. The
median, on the other hand, is the value that splits the data. Half
of the data will be greater than the median and half will be less
than the median. The mathematical definition of the median in-
volves solving the equation:

}f(T)dTZO.S

for T, where f(T) is the probability distribution function of the
data. If the data in question is from a symmetrical distribution,
such as the normal or Gaussian distribution, the values for the
mean and median are equal. However, when dealing with an
asymmetrical distribution, such as the exponential or Weibull,
there can be a large difference between the mean and median.

To give a discreet example, suppose we have a data set
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Using Reliability Importance Measures to Guide Component Improvement Efforts

The component importance measure is an index of how
much or how little an individual component contributes to the
overall system reliability. It is useful to obtain the reliability im-
portance value of each component in the system prior to invest-
ing resources toward improving specific components. This is
done to determine where to focus resources in order to achieve
the most benefit from the improvement effort. The reliability im-
portance of a component can be determined based on the fail-
ure characteristics of the component and its corresponding po-
sition in the system.

Once the reliability of a system has been determined, engi-
neers are often faced with the task of identifying the least reli-
able components in the system in order to improve the design.
For example, in a series system, the least reliable component
has the biggest effect on the system reliability. If the reliability
of the system needs to be improved, then efforts should first be
concentrated on improving the reliability of the component that
has the largest effect on reliability. (The cost of improving reli-
ability is not considered in this article. However, this can be
done using more complex algorithms available in ReliaSoft's
BlockSim software.) In simple systems such as a series sys-
tem, it is easy to identify the weak components. However, this
becomes more difficult in more complex systems. Therefore, a

mathematical approach is needed to provide the means of iden-
tifying and quantifying the importance of each component in the

system. Please Turn to Page 4
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President’s Corner

It has been just over seven years since
ReliaSoft was founded. Over those years,
our commitment to excellence in products,
services and customer service has remained
strong. Now we are entering the new mil-
lennium as the best and largest commer-
cial provider dedicated to reliability, reliability
engineering software, education, consulting
and related services worldwide. This would
not have been possible without our custom-
ers. Speaking for the entire staff of Relia-
Soft, | thank you.

Our ongoing dedication to the advance-
ment of research and education in reliabil-
ity engineering is a central component of
ReliaSoft’s corporate philosophy and a key
ingredient of our success. In that tradition,
we hope that Reliability Edge will become
another valuable resource for you, the prac-
titioner in the field.

Ultimately, the success of Reliability
Edge will be closely tied to your feedback
and input. We see this two-way flow of in-
formation as essential and will encourage
Reliability Edge to grow and change in di-
rect response. | would like to personally in-
vite you to submit your suggestions on the
kinds of information that would prove help-
ful to you and to others in the field.

Do you have atheoretical question that
you would like to see addressed in Reli-
ability Edge? Do you have some experi-
ence or advice that will be beneficial to your
colleagues? We would like to hear your
suggestions.

We look forward to your feedback!

With my best regards,

Pantelis Vassiliou
President & CEO
ReliaSoft Corporation

Authors

Unless otherwise attributed, the articles
included in Reliability Edge have been

developed by ReliaSoft's R&D staff.

From the Editor's Desk...

Although ReliaSoft has published several
newsletters in the past to note special events,
this edition marks the beginning of a publish-
ing schedule that will be sustained on a quar-
terly basis.

The articles in Reliability Edge, a reliabil-
ity engineering journal for professionals, cover
topics that range from introductory material to
advanced principles and theory. We will main-
tain this balance in future issues to insure
access. Our field is broad, growing rapidly,
and it is important to include newcomers as
well as experienced engineers.

In the realm of Cyberspace, Reliability
Edge is published on our Web site at
http://mww.ReliaSoft.com/newsletter. The
site has changed and expanded tremen-
dously--take a moment to look around
while you are there.

For submissions, queries or comments,
please use the contact information for
ReliaSoft Publishing displayed in the panel
to the left. Our emphasis is on conveying
hard information, and we welcome your con-

tribution. .
--Dale Mattheis
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Optimum Preventive Maintenance Replacement Time for a Single Component

Maintenance experts agree that replacing a component be-
fore it fails (preventively) may, under certain circumstances, make
better economic sense than replacing the component when it
fails (correctively). The key is to determine whether the preven-
tive replacement of a specific component is appropriate and, if
so, to identify the best time to replace the component. This ar-
ticle presents an examination of the simple concept of determin-
ing an optimum replacement time for a single component. (Note
that although the term “component” is used throughout this ar-
ticle, the principles also apply to replacement decisions con-
cerning subassemblies and assemblies.)

Should a Component be Replaced Preventively?

Two requirements must be met in order for the preventive
replacement of a component to be appropriate. First, preventive
maintenance makes sense when the component gets worse with
time. In other words, as the component ages, it becomes more
susceptible to failure or is subject to wearout. In reliability terms,
this means that the component has an increasing failure rate.
The second requirement is that the cost of preventive mainte-
nance must be less than the cost of corrective maintenance. If
both of these requirements are met, then preventive maintenance
is appropriate and an optimum time (minimum cost) at which
the preventive replacement should take place can be computed.

Computing the Optimum Replacement Time

To compute the optimum replacement time for a compo-
nent, the analyst must first have a sense of the behavior of the
failure rate of the component. This can be obtained using stan-
dard life data analysis techniques to determine the life distribu-
tion for the component. In most cases, the Weibull life distribu-
tion can be used and can be easily computed using ReliaSoft's
Weibull++. In the case of the Weibull distribution, if the shape
parameter, £, is greater than one, then the failure rate increases
with time. This satisfies the first requirement for preventive re-
placement. (Note that an exponential distribution cannot be used
in this formulation since the exponential distribution has a con-
stant failure rate). The second requirement to justify preventive
replacement depends on the component and can be satisfied if
the cost of a planned or preventive replacement (C,) is less than
the cost of an unplanned or corrective replacement (C,).

Cost Per Operating Unit of Time

Pr p
Corrective Cost gventive Cost

Operating Time

If both of these requirements are satisfied, then the cost per
operating unit of time vs. operating time can be plotted. In this
plot (shown in Figure 1), it can be seen that the corrective re-
placement costs will increase as time increases (since the
component’s failure rate, and thus likelihood of failure, increases
with time). The preventive replacement costs will decrease as
the time interval increases because the more time passes, the
fewer preventive replacement actions will need to be performed.
The total cost will be the sum of these two costs. At one point
(time ), a minimum cost point exists that determines the opti-
mum preventive replacement time for the component.

The results of the graph are best explained by the following
mathematical formulation:

Total ExpectedReplacemerCost per Cycle
ExpectedCycleLength
Cp * R(t) + Cy * [1- R()]

CPUT(t)

i gR(s)ds

Where C,is the cost for each preventive action, C is the cost
for each unplanned or corrective action, and R(?) is the reliability
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ReliaSoft's R&D team members pre-
sented three papers at the 46th Annual
International Symposium on Product Qual-
ity and Integrity, the Reliability and Maintain-
ability Symposium (RAMS), held in Los An-
geles, California, USA, January 24 - 27, 2000.
The papers included:

“Modeling & Analysis for Multiple Stress-Type
Accelerated Life Data”in which ReliaSoft's
Senior Scientist Adamantios Mettas pre-
sents a model for multiple stress-type ac-
celerated life data and illustrates the use of
the model. The solution to this model provides
engineers with an opportunity to expand their

selection of types of stresses and test con-
ditions when testing products. The theory will
be incorporated in upcoming releases of
ReliaSoft's ALTA software.

“Field Data is Reliability Information:
Implementing an Automated Data Acqui-
sition and Analysis System” in which
ReliaSoft’s President Pantelis Vassiliou
collaborates with James Jauw (Quality
Engineer at Amway Corporation) to de-
scribe the design and development of the
Amway Product Quality Tracking Sys-
tem, an integrated system that allows

On the Web at:

the organization to capture, analyze and
present product quality data in a graphi-
cally rich interface accessible via an
organization’s intranet or the Internet.

“Reliability Allocation and Optimization
for Complex Systems” in which
Adamantios Mettas describes a general
model to estimate the minimum reliabil-
ity requirement for multiple components
within a system that will yield a goal re-
liability value for the system.This
groundbreaking theory has been imple-
mented in ReliaSoft's BlockSim software.

http://www.weibull.com/knowledge/papers.htm
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Life Data Classifications

Life data of a component, product or system can be sepa-
rated into the following categories: complete data, right cen-
sored data, interval censored data, and left censored data. Each
data type requires a modification to the analysis in order to
correctly estimate the underlying lifetime distribution. A good
life data analysis package, like ReliaSoft's Weibull++, must be
able to correctly handle all of these types of data. The charac-
teristics of each data type are presented next.

Complete Data

Complete data, as shown in Figure 1, indicates that all of
the units under the test failed and the time-to-failure for each
unitis known. Therefore, complete information is known regard-
ing the entire sample.

Right Censored Data

Right censored data, also called suspended data, is com-
posed of units that did not fail during the test as shown in Figure
2. For example, suppose that five units are put under test. Three
units fail and their observed times-to-failure (in hours) are 65,
76, and 84. The last two units are still operating when the test is

N

7
4
Z
stop%d at 85 and 100 hours respectively. Therefore, the last
two %its are considered to be suspended or right censored.

Inte %al Censored Data
A//nother type of censored data, shown in Figure 3, is called

intergdl censored data or inspection data. Interval censored data
contgins uncertainty as to when the units actually failed. For
exarpple, if five units under test are inspected every 100 hours,

thenfhe status of each unit (failed or still running) is known only
at thgdime of each inspection. If a unit fails, it is known only that
it fai/d between inspections and the exact time of failure is not
knowd. Instead of an exact time-to-failure, an interval of time
(e.g.&etween 100 and 200 hours) would be recorded.

NN

Left Zensored Data

ft censored data is demonstrated in Figure 4. Left cen-
sor ata is a special case of interval censored data in which
the %e-to-failure for a particular unit is known to occur be-

twee}ftime zero and some inspection time. For example, if the
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Continued from Page 1: “Using Reliability Importance Measures to Guide Component Improvement Efforts”

Calculating Reliability Importance

YL A redibiity Wrbartancs 1 ot compehe it I & By Ster 6t/

ncomponents is given by:

.\ _ ORs(t)
V%R0
where,

*  R,(t)is the system reliability, and
*  R(t)is the component reliability.

Eqgn. (1)

The value of the reliability importance given by this equation
depends both on the reliability of a component and its corre-
sponding position in the system.

Static Reliability Importance

Consider a series system of three components, with
reliabilities of 0.7, 0.8, and 0.9 at a given time, t. Using Eqn. (1),
the reliability importance in terms of a value for each component
can be obtained. The reliability importance values for these com-

I “porientsear becateulated using Retiasoft’s BioekSin. By using ~

the BlockSim plot option and selecting a Static Reliability Im-

portance plot, the graph in Figure 1 (page 1) can be obtained.
The values shown for each component were obtained using
Eqgn. (1). The reliability equation for this series system is given

by:

Rs (1) = R(t) TRy (1) (R (1) Ean. (2)

Taking the partial derivative of Eqn. (2) with respectto R,
yields:
oR,(t)

Thus the reliability importance of Component 1is 0.72. The
reliability importance values for Components 2 and 3 are ob-
tained in a similar manner.

=0.80.9=0.72

Time-Dependent Reliability Importance

The reliability importance of a component can be calculated
at a specific point in time or over a range of time. In the previous
example, time-dependency of the reliability importance was not
considered. However, as demonstrated in Egn. (1), the reliability
importance of a component is a function of time. Another way to

Please Turn to Page 5
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Continued from Page 4: “Using Reliability Importance Measures to Guide Component Improvement Efforts”

look at the reliability importance is to generate a plot of Reliabil-
ity Importance vs. Time. With this plot, the reliability importance
of the component as a result of the behavior of its entire failure
distribution can be observed rather than the importance relating
to just one point on the distribution. For example, Figure 2 illus-
trates the reliability importance vs. time for a four-component
system. In this figure, it can be seen that at 400 hours, Compo-
nent 4 has a higher reliability importance than Component 1 and
at 1200 hours this is reversed. Therefore, the reliability impor-
tance measure will vary depending on the time of interest to the
analyst.

Application to a Complex System

Consider the system shown in Figure 3. All components
have the same reliability of 90% at a given time. The equation for
system reliability obtained from BlockSim is given by Eqn. (3).
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Using Eqn. (1), the reliability importance was calculated
and the results were plotted in Figure 3. Although the compo-
nents are identical, their reliability importance is different. This
is due to their unique positions within the system. When calcu-

lating the reliability importance of a component, its failure prop-
erties as well as its system properties are considered. 2§
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Continued from Page 3: “Optimum Preventive Maintenance Replacement Time for a Single Component”

function of the component. The optimum replacement time can
be easily obtained by solving for tsuch that:

JCPUTY)] _
ot

Example

For example, consider the simple case of a component fol-
lowing a Weibull distribution with a shape parameter (3) of 2.5
and a scale parameter (77) of 1,000 hours. If we assume a correc-
tive replacement cost of $5 and a preventive replacement cost of
$1, the minimum cost (optimum) replacement time for this com-
ponent would be at 493 hours, with a cost per hour of $0.003462.
This is shown graphically in Figure 2.

ReliaSoft’s BlockSim and Weibull++ software applications
include tools for performing this type of analysis. 4
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consisting of five values: (1,2,3,4,100). The mean value of this
data setis (1+2+3+4+100)/5=110/5=22. However, the median
value for this data setis 3, as itis the “middle number” in the set
of five. Clearly, there is a sizable difference in the values of the
mean and the median for this data set.

Reliability is a Function of Time

Because reliability is a function of time, in order to properly
define a reliability goal or test result, the reliability value should
be associated with a time. For example, “the reliability at 50,000
cycles should be 50%" is a more meaningful reliability goal than
“the MTTF should be 50,000 cycles.”

The MTTF is not an appropriate metric because the reliabil-
ity value associated with the MTTF is not always 50% and can
vary widely. The following example illustrates how the actual
reliability can vary with a given MTTF. Suppose we are testing
the reliability of products from three suppliers. We obtain eight
samples from each supplier and test them until they fail. The
next table gives the time-to-failure results for the three test lots.

Test Lot 1 Test Lot 2 Test Lot 3
Failure #1 8664.8 3.1 59857.5
Failure #2 22439.4 74.1 75933.3
Failure #3 38713.4 456.6 87025.1
Failure #4 57981.8 1755.2 96272.5
Failure #5 82098.1 5595.1 105017.6
Failure #6 113631.4 16533.2 113907.9
Failure #7 160445.0 52213.7 124168.3
Failure #8 248891.5 225630.0 138573.9

We determine that these three data sets follow the Weibull
distribution and the probability plot of the data, generated with
ReliaSoft's Weibull++ software, is displayed in Figure 1. For the
Weibull distribution, the MTTF is calculated with the equation:

E(M) =n*T(1+3

where nand Sare the Weibull location and shape parameters and
I'(*) is the Gamma function.

Based on this analysis (utilizing Rank Regression - RRX),
we determine that even though the three Weibull-distributed data
sets are quite different, they have the same MTTF of 100,000.
The actual reliability values, however, are quite different at differ-
enttimes as can be seen in the reliability vs. time plot in Figure
2. Atthe MTTF of 100,000 for data set 2, over 85% of the units
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are expected to fail while for data sets 1 and 3, 63% and 49% of
the units are expected to fail respectively.

This example illustrates the potential pitfalls of using the
MTTF as the sole reliability metric. Attempting to use a single
number to describe an entire lifetime distribution can be mis-
leading and may lead to poor business decisions when a non-
exponential lifetime distribution is assumed. The reliability of
a product should be specified as a percentage value with an
associated time. Ideally, a confidence level should also be
associated, which allows for consideration of the variability of

data being compared to the specification. 2
Reliability vs Time Plot
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Training Seminars

Successful organizations employ the powerful reliability
engineering methods of life data analysis, accelerated life test-
ing, system reliability and other key reliability disciplines to
improve their processes and products and to increase reliabil-
ity and productivity. Product design, reliability, quality assur-
ance, component testing, manufacturing, service, and man-
agement personnel in these organizations use ReliaSoft's suite
of software applications to apply this reliability engineering
theory to their daily operations.

ReliaSoft's “Master the Subject, Master the Tools” semi-
nar series combines an advanced education in the relevant
statistical methods with hands-on instruction in the use of
ReliaSoft's software applications that implement those meth-
ods. Public seminars include course sections devoted to life
data analysis and ReliaSoft's Weibull++, accelerated life test-
ing and ReliaSoft's ALTA, as well as system reliability, main-
tainability and availability and ReliaSoft's BlockSim. ReliaSoft's
applications take care of the math...the restis fun!

Upcoming USA Seminar Dates and Locations:

June 12 - 16, 2000 Minneapolis, Minnesota
August 21 - 25,2000  Virginia Beach, Virginia
October 16 - 20, 2000  Tucson, Arizona
December 4 -8,2000 Reno, Nevada

February 19-23,2001 Tucson, Arizona

On the Web at: http://www.ReliaSoft.com/seminars
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ReliaSoft originally designed
www.weibull.com as a Web site to support
our Weibull++ software. However, with the
goal of providing information to engineers
dealing with real-life challenges, this site is
now being transformed into the premier
source for information, discussion and tools
for reliability engineering.

weibull.com

This site now includes a number of re-
sources including a reliability discussion
group moderated by ReliaSoft, a reliability
jobs forum and a bibliography of recom-
mended books. A feature that allows you to
download three types of probability plotting
paper in *.pdf format (Weibull, lognormal and
normal papers) has generated a tremendous
response with our users. We expect that
some new additions to the site, like our on-
line “Blueprint for Implementing a Compre-
hensive Reliability Engineering Program” and
the free download of software tools for per-
forming reliability analyses, will be just as
popular.

This Web site will continue to evolve in
direct response to the needs of our custom-
ers and the field of reliability engineering as
a whole. When you have a minute, please
take a look at what www.weibull.com offers.
We think you will like what you see.

--Doug Ogden
Vice President, Corporate Relations

Technical Support

ReliaSoft's unparalleled after-sale support in-
cludes free telephone, fax and e-mail support
from 9:00 a.m. - 5:00 p.m. US Mountain Stan-
dard Time Monday through Friday, excluding US
holidays.

Telephone: 520-886-0366

Fax: 520-886-0399

e-mail: Support@ReliaSoft.com

Mail: ReliaSoft Support; ReliaSoft Plaza,
115 S. Sherwood Village Drive; Tucson, AZ,
85710, USA

Sales

Telephone: 888-722-7522

Fax: 952-953-2929

e-mail: Sales@ReliaSoft.com

Mail: ReliaSoft Sales; 1020 E. 146th Street,
Suite 226; Burnsville, MN, 55337, USA
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Seminars

ReliaSoft's upcoming public training seminars in the US are scheduled for June
12-16, 2000 in Minneapolis, MN and August 21-25, 2000 in Virginia Beach, VA.
http://www.ReliaSoft.com/seminars

Products

Product information for ReliaSoft's standard software, including free product up-
dates and free evaluation copies, is available on the Web.

Weibull++

Weibull++ 5.0is designed for life data analysis utilizing multiple life distributions
including all forms of the Weibull distribution.
http://www.weibull.com/home.htm

Reference Book

ReliaSoft's Life Data
Analysis Reference
(1997)

Current Version Available Updates

Weibull++ 5.0.27
(5/31/00)

Service Pack 6
(5/31/00)

ALTA

ALTA 1.0is designed for accelerated life testing analysis utilizing multiple distri-
butions and life stress relationships.

http://www.ReliaSoft.com/ALTA

Reference Book

ReliaSoft's Accelerated
Life Testing Reference
(1998)

Current Version Available Updates

ALTA 1.0.8
(12/20/99)

Service Pack 1
(12/20/99)

BlockSim

BlockSim 1.0 is designed for system reliability, maintainability and availability
analysis using a Reliability Block Diagram approach.
http://www.ReliaSoft.com/BlockSim

Reference Book

ReliaSoft's System
Reliability Reference
(1999)

Current Version Available Updates

BlockSim 1.0.7
(4/7/00)

Service Pack 1
(4/7/00)

RG

RG 1.0is designed for reliability growth analysis utilizing most available/pub-
lished Reliability Growth models.

http://www.ReliaSoft.com/RG

Current Version Available Updates Reference Book
ReliaSoft's Reliability
?1(/31 3/87(; None Growth Reference
(1996)

Do you ever wonder who is on the other end of the line when you call ReliaSoft?

In each issue of Reliability Edge, we’d like to introduce you to a member of our
sales, support and R&D staff so you can put faces and
personalities to the voices on the other end of the line...

Matt Goetten (pronounced “gotten”) has been with Relia-
Soft since 1998. He's the guy you are most likely to speak
with when you call our sales number. Matt registers people
for seminars, takes orders for software and generally helps
customers get connected with the right individual or de-
partment. His efforts make the wheels turn more smoothly.

On the Other End of the Line




ReliaSoft Corporation
1020 E. 146th Street
Suite 226

Burnsville, MN 55337
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