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Abstract. The purpose of this article is to permit the system safety
and reliability analysts to evaluate the criticality or risk associated with
item failure modes. The factors considered in traditional failure mode
and effect analysis (FMEA) for risk assessment are frequency of occur-
rence (O), severity (S) and detectability (D) of an item failure mode.
Because of the subjective, qualitative and dynamic nature of the in-
formation and to make the analysis more consistent and logical, an ap-
proach using fuzzy logic and system dynamics methodology is proposed.
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In the proposed approach, severity is replaced by dependency param-
eter then, these parameters are represented as members of a fuzzy set
fuzzified by using appropriate membership functions and are evaluated
in fuzzy inference engine, which makes use of well-defined rule base and
fuzzy logic operations to determine the value of parameters related to
system’s transfer functions. The fuzzy conclusion is then defuzzified to
get transfer function for risk and failure rate. The applicability of the
proposed approach is investigated with the help of an illustrative case
study from the automotive industry. The results provide an alternate
solution to that obtained by the traditional method. The suggested as-
sessment model was developed using toolbox platform of MATLAB 6.5
R.13.
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1. Introduction

FMEA is an important technique that is used to identify and elimi-
nate known or potential failures to enhance the reliability and safety of
complex systems and is intended to provide information for making risk
management decisions. In order to analyze a specific product or system,
a cross-functional team should be established for carrying out FMEA
first. The first step in FMEA is to identify all possible potential failure
modes of the product or system by a session of systematic brainstorm-
ing. After that, critical analysis is performed on these failure modes
taking into account the risk factors: occurrence (O), severity(S) and
detection (D). The purpose of FMEA is to prioritize the failure modes
of the product or system in order to assign the limited resources to the
most serious risk items.

In general, the prioritization of failure modes for corrective actions is
determined through the risk priority number (RPN), which is obtained
by finding the multiplication of the O, S and D of a failure. That is
RPN= OSD,

Where O is the probability of the failure, S is the severity of the fail-
ure, and D is the probability of not detecting the failure. For obtaining
the RPN of a potential failure mode, the three risk factors are evaluated
using the 10-point scale. The higher the RPN of a failure mode, the
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greater the risk is for product/system reliability. With respect to the
scores of RPNs, the failure modes can be ranked and then proper actions
will be preferentially taken on the high-risk failure modes. RPNs should
be recalculated after the corrections to see whether the risks have gone
down, and to check the efficiency of the corrective action for each fail-
ure mode. However, the conventional RPN method has been criticized
extensively in the literature for a variety of reasons that can be found in
next section. With respect to this review, the innovation of this study
is more released.

2. Literature Review

FMEA, first developed as a formal design methodology in the 1960s by
the aerospace industry (Bowles & pela‘ez, 1995), has proven to be a
useful and powerful tool in assessing potential failures and preventing
them from occurring (Sankar & prabhu, 2001). FMEA is an analysis
technique for defining, identifying and eliminating known and/or poten-
tial failures, problems, errors and so on from system, design, process
and/or service before they reach the customer (Stamatis, 1995). When
it is used for a criticality analysis, it is also referred to as failure mode,
effects and criticality analysis (FMECA). The main objective of FMEA
is to identify potential failure modes, evaluate the causes and effects of
different component failure modes, and determine what could eliminate
or reduce the chance of failure. The results of the analysis can help an-
alysts to identify and correct the failure modes that have a detrimental
effect on the system and improve its performance during the stages of
design and production.

FMEA has been extensively used in a wide range of industries, in-
cluding aerospace, automotive, nuclear, electronics, chemical, mechan-
ical and medical technologies industries (Chang & Cheng, 2011; Chin,
Wang, Poon & Yang, 2009b; Sharma, Kumar & Kumar, 2005).

Traditionally, criticality or risk assessment in FMEA is carried out by
developing a risk priority number (RPN). Nevertheless, the crisp RPN
method shows some important weaknesses when FMEA is applied in the
real-world cases. The major shortcomings of FMEA are:
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1-The relative importance among O, S and D is not taken in to consid-
eration.

2-Different combinations of O, S and D may produce exactly the same
value of RPN, but their hidden risk implications may be totally different.

3-The three risk factors are difficult to be precisely evaluated.

4-The mathematical formula for calculating RPN is questionable and
debatable.

5-The conversion of scores is different for the three risk factors.

6-The RPN cannot be used to measure the effectiveness of corrective
actions.

7-RPNs are not continuous with many holes.

8-Interdependencies among various failure modes and effects are not
taken into account.

9-The mathematical form adopted for calculating the RPN is strongly
sensitive to variations in risk factor evaluations.

10-The RPN elements have many duplicate numbers.

11-The RPN considers only three risk factors mainly in terms of safety.

Therefore, many alternative approaches have been suggested in the liter-
ature to resolve some of the shortcomings of the traditional RPN method
and to implement FMEA into real world situations more efficiently. This
section provides a review of those academic works attempting to deal
with problems in the traditional RPN method and classify the existing
literature by the approaches used. Furthermore, those articles that re-
port on a method or technique that specifically aims at overcoming some
of the drawbacks of the traditional FMEA. This implies that related ar-
ticles merely describing the FMEA process or applying the traditional
FMEA have not been included.

The methods used in the literature is divided into five main cate-
gories that the categories, each with their own related approaches and
references, are reported in table 1. This review not only provides ev-
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6. Conclusions

It is concluded from this study that the uncertainty and static nature in
the risk traditional assessment is solved using fuzzy-dynamic modeling.
The use of fuzzy set approach and system’s thinking confirm that how
the fuzzy-dynamic assessment methodology in this study which makes
use of membership functions, a well- defined fuzzy rule base, an inference
system and convolution principle can enhance and improve the under-
standing of the dynamics of a complex problem in which decisions are
to be made from imprecise, vague, subjective and dynamic information.
Also this study shows that integrating of fuzzy logic-based approach and
system dynamics methodology resolve the limitations associated with
traditional method for RPN evaluation of failure causes in reliability
analysis of system.

References

[1] Ben-Daya, M. and Raouf, a. (1996), A revised failure mode and effects
analysis model. International Journal of Quality & Reliability Manage-
ment, 13(1), 43-47.

[2] Braglia, N., Frosolini, M., and Montanari, R. (2003a), Fuzzy criticality as-
sessment model for failure modes and effects analysis. International Jour-
nal of Quality & Reliability Management, 20(4), 503-524.

[3] Chang, C. L., Wei, C. C., and Lee, Y. H. (1999), Faillute mode and sffects
analysis using fuzzy method and grey theory. Kybernetes, 28, 1072-1080.

[4] Chang, C. L., Liu, P. H., and Wei, C. C. (2001), Faillute mode and sffects
analysis using grey theory. Integrated Manufacturing System, 12(3), 211-
216.

[5] Chin, K. S., Chan, A., and Yang, J. B. (in press), Development of a fuzzy
FMEA based product design system. International Journal if Advanced
Manufacturing Technology, doi: 10.1007/s00170-006-0898-3.

[6] Grosh Doris, L.(1982), “A parallel system of CFR units is IFR”, IEEE
Trans. Reliability, vol. R-31, No. 4(October), p. 403.



30 M. VaziriSarashk, S. KhanMohammadi, M. Alborzi, and S. M. Seyed Hoseini
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