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Figure 8: Field stress distribution

the bending stress is a function of two variables: the bending
moment, M, and the diameter, d. Both of these variables can
be distributed. 

The manufacturer is able to obtain the distribution for the
bending moment based on the data collected for the previous
crankshaft design. Usually such data are collected by
attaching appropriate sensors to a few units and recording
observations over the component's life. The distribution of the
bending moment for the present case is found to be the three-
parameter Weibull distribution with parameters of 
β = 2.6145, η = 616.4701 and γ = 997.7.

The distribution for the diameter is obtained using the
tolerance achieved during manufacturing. The tolerance for
the diameter section of interest is 1 ± 0.015 inch. Assuming
that the diameters are normally distributed, the parameters of
the corresponding normal distribution can be determined from
the given base dimension and tolerance value. Thus the
mean of the assumed normal distribution, which is taken to be
the base dimension, is 1 inch. The standard deviation, which
is taken to be a sixth of the total tolerance, is 0.005 inch. 

Once the distributions of all the variables in the stress
equation are known, the distribution of the stress can be
obtained using Monte Carlo simulation in Weibull++.
Weibull++ generates a number of random values for the
bending moment and diameter based on their respective
distributions. Then using Eqn. (4) from page 19, each pair of
these random values is used to obtain a value of the bending
stress and a distribution is fitted to all such values. (For details
see [Ref. 2].) Figure 8 shows the stress distribution obtained
in this way. 

RENO Model
To accurately predict the reliability of the crankshafts after

one year of service, an advanced model is required that takes
into account the S-N-P distribution for the fatigue failure of the
crankshafts, the usage distribution for the crankshafts and the

distribution of the field stress experienced by the crankshafts.
Such a model can be created easily in ReliaSoft's RENO
software, as shown next. 

The basis of the RENO flowchart simulation (presented in
Figure 9) is the fact that any crankshaft will not fail in a year
as long as the cycles used do not exceed the critical cycles at
the field stress level.

The RENO model can be used to run a number of
simulations to predict the required reliability. During each
simulation, the RENO model generates a random bending
moment value, M, and diameter value, d, based on the
respective distributions to calculate a value of the field stress.
Based on this value of the field stress, the ALTA model 
(S-N-P curve) is used to obtain the corresponding critical
cycles to failure. A random value for cycles used is also
obtained based on the usage distribution. If the simulated
value of the cycles used exceeds the critical cycles to failure
then this will result in a failure and is counted as one fatigue
failure of the crankshaft. If the simulated value of the cycles
used is less than the value of the critical cycles then there will
be no failure of the crankshaft. A number of such simulations
are run and the count of the total number of failures out of all
the simulations is used to arrive at the probability of failure of
the crankshafts at the end of one year of service. As shown in
Figure 9, this unreliability value is estimated to be 0.0042.
Thus the reliability of the crankshafts at the end of one year of
service is estimated to be 99.58%. (Note that the increase in
the reliability value from the previously obtained value of
96.83% is expected since Figure 8 shows that the majority of
field stress values are lower than 20 ksi.)

Figure 9: RENO flowchart and simulation settings
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The results from the RENO model can be extended to
obtain a plot of unreliability at the end of each year of service
for a desired time period. This is done by using the option of
sensitivity analysis shown in Figure 10. The RENO model
applies the usage distribution for one year of service to other
periods by simply multiplying the random usage cycles
generated by the time period. For example, while calculating
the probability of failure of the crankshafts at the end of two
years, the generated random value of the cycles used is
multiplied by a factor of two.

Conclusion
In this article we have shown how principles of

mechanical design, reliability and customer usage data can
be combined effectively to obtain accurate reliability
predictions and to design reliability directly into components
that are subject to complex failure mechanisms. The
combined use of different software tools offered by ReliaSoft
makes such analyses easy and efficient.
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Figure 10: Sensitivity analysis in RENO

RENO employs a visual and intuitive flowcharting
approach to allow you to build models to analyze
even the most complex probabilistic scenarios via
simulation. You can use RENO for Risk Analysis,

Complex Reliability Modeling, Maintenance Planning,
Optimization, Operational Research, Financial

Analysis, and much more...

Easy to Build Flowchart Models: RENO provides a full array of definitions and constructs required to build
flowchart models, including constants, random variables, equation variables, conditionals, logic gates,
result storage, flag markers and more.

Flexible Array of Results with Multiple Display Options: RENO’s simulation engine can generate a wide
variety of results for your analyses, including averages, sums, arrays, min/max values and last values.
Results can be displayed during the simulation, in spreadsheets, in the flowchart and/or in graphical plots.

Sensitivity Analysis and Optimizations: RENO allows you to vary one or two constants across simulation
runs based on the starting, ending and increment values that you specify. In addition, the software can
automatically perform multiple simulation runs to determine the value that minimizes or maximizes a
specific result.

http://RENO.ReliaSoft.com

If you can flowchart it, you can simulate it! 



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 (RPNs), Criticality Analysis, recommended actions
tracking, etc.

http://RCM.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.

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

EEXPERTXPERT SSUPPORTUPPORT FORFOR AALLLL TTYPESYPES
OFOF FMEAFMEA ANDAND FMECAFMECASMSM

Putting the Reliability back into Reliability Centered MaintenancePutting the Reliability back into Reliability Centered MaintenanceSMSM

Jump-start your FMEA or RCM initiatives!
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
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For Your Information Bulletin Board
Seminars
The next Master the Subject, Master the Tools Foundations Series training
seminars are scheduled for February 2008 in Frankfurt, Germany and Tucson,
Arizona. On the Web at http://Seminars.ReliaSoft.com. 

We are excited to announce ReliaSoft's
recent donation to the Department of Industrial
Engineering at the University of Arkansas,
Fayetteville, which will help the university to
establish the ReliaSoft Risk, Reliability and
Maintainability Research Alliance.

Through the alliance, students and
researchers will be able to utilize ReliaSoft’s
extensive suite of software tools for both
educational and research purposes. The cash
and software donation presented by ReliaSoft
will provide computer equipment, software and
renovated research space, as well as financial
support for a graduate student who will work for
the new research center. We hope that the
alliance will contribute to the growth of the
university’s reliability program and lead to new
theoretical advances that can be effectively
applied by practitioners in the field.

This new partnership with the University of
Arkansas is in line with ReliaSoft’s corporate
philosophy of working closely with educational
institutions to provide resources and to promote
research that will advance the future of
reliability engineering. As a company, we are
firmly committed to enhancing the effectiveness
and reputation of the reliability
discipline and we look forward
to the continued development
of this and other initiatives in
years to come.

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

--Doug Ogden
VP Customer Services

ReliaSoft’s Standard Software Products

Weibull++
Version 7.5.3, Built 11/16/07

Weibull++ DE (Developer Edition)

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

http://Weibull.ReliaSoft.com/deved

ALTA and ALTA PRO
Version 7.5.3, Built 11/16/07

Accelerated Life Test Data Analysis
http://ALTA.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 4.0.4, Built 11/16/07

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

RCM++
Version 4.0.4, Built 11/16/07

Reliability Centered Maintenance 
http://RCM.ReliaSoft.com

MPC 3
Version 3.0.14, Built 6/15/05

Maintenance Program Creator
http://MPC.ReliaSoft.com

RENO
Version 1.0.9, Built 4/5/07

Visual Stochastic Event Simulation
http://RENO.ReliaSoft.com

Lambda Predict
Version 2.0.0, Built 11/21/06

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

XFRACAS provides all of the tools that your organization will need to troubleshoot issues as they occur in the lab
or in the field; capture the data required for important reliability, quality, safety and other analyses; work as a team
to resolve underlying problems and build a “knowledge base” of lessons learned that will be instrumental to future
troubleshooting and development efforts.  

XFRACAS is configurable, flexible and scalable to fit your organization's particular products or processes and to
grow with your needs. The system’s Web-based user interface allows for easy access, collaboration and
deployment for multiple sites, suppliers and dealers. Powerful configuration utilities allow you to control the look
and feel of user interfaces, establish specific access permissions, and much more. All with no custom
programming required!

http://XFRACAS.ReliaSoft.com

TTHEHE ONLONLYY TRULTRULYY WWEBEB--BASEDBASED, , CLOSEDCLOSED--LOOPLOOP, , 
USERUSER--CONFIGURABLECONFIGURABLE, , ENTERPRISEENTERPRISE--WIDEWIDE

FRACAS FRACAS ININ AA BOXBOX!!SMSM
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