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Fuzzy Linear Opinion Pool& O|8°% FMECA TEJIAAH
(FMECA Expert System Using Fuzzy Linear Opinion Pool)
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Abstract

Failure Mode Effects and Criticality Analysis (FMECA) is one of most widely used methods in modemn
engineering system to investigate potential failure modes and its severity upon the system. FMECA evaluates
criticality and severity of each failure mode and visualize the risk level matrix putting those indices to colunn
and row variable respectably. Generally, those indices are determined subjectively by experts and operators.
However, this process has no choice but to include uncertainty. In this paper, a method for eliciting expert
opinions considering its uncertainty is proposed to evaluate the criticality and severity. In addition, a fuzzy
expert system is constructed in order to determine the crisp value of risk level for each failure mode. Finally,
an illustrative exarmple system is analyzed in the case study. The results are worth considering while deciding
the proper policies for each component of the system.
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Table 1. Personal data of experts
e e FE e Jol 57 grade
1 Professor more than 20 Doctor 50's 20 1.00
2 Professor 16-20 Doctor 50's 19 095
3 Professor more than 20 Master 50's 19 0.95
4 Professor 16-20 Doctor 40's 18 0.90
5 Vice-professor 11-16 Doctor 50's 17 0.85
6 Vice-professor | more than 20 Master 30's 16 0.80
7 Instructor more than 20 Bachelor 50's 16 0.80
8 Instructor 16-20 Master 40's 15 0.75
9 Instructor 11-16 Master 40’s 14 0.70
10 Primary 16-20 Master 30’'s 13 0.65
1% A= 2N 237 122, 20094 22 O
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Table 2. Weighting score and Constitutions
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Professor

Vice-Professor
29 Instructor
Primary
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more than 20
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6-11

less than 5

Doctor
Master
=] Bachelor
Junior college level
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40's
1}o] 30's
20's
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Table 3. Rule Base

. Po Oc Av Fq In

Ng I II Jits I v
Mn i I I v v
Mj 1N III v v \
Cr v v A% Vv VI
Ct v v A\ VI VI

* Po : Poor * Oc : Occasional * Av : Average
* Fq : Frequent * In ! Incessant

* Ng @ Neglibigle * Mn : Minor * Mj @ Major
* Cr : Critical * Ct : Catastrophic
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Fig. 5. Membership function for Risk level
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Table 4. Expert Opinion

MT AT COS DS
no. |Cr Sv|CriSv|CrSv|Cr| Sy
1 [Oc| Ct{Av| Ct|Av | Mn| In {Mn
2 JAv|{Cr ! Oc|Mj!|Fq |!Mn|Fq|Ng
3 |Po|Cr|Po|Cr|Av|Mn| In |Ng
4 [ OciCr{Oc|{Cr{AviMj|Fq|Ng
5 |Oc{Cr|Oc|Cr|OciMn|In|{Mn
6 {OciCr{Po| Ct{Av |Mn| Fq | Mj
7 [Oclt CrtPol CriFalMj|Fqg|Mj
8 {Po|Ct|Po|Cr|Av|Mn|Fq|Ng
9 [Av| Cr | Oc | Ct | Fqg|MjlOc|Mn
10 1 Fq i Cr | Oc) Cr | FqiMniAv | Mj

*

MT : Main Transformer(F¥ ¢ 7))

AT : Auto Transformer(&+@¥i71)
COS : Cut Out Switch{(x}g7])

DS : Disconnecting Switch(¥+&7])

*

*

*
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Table 5. Logical Process for Risk level

Cr Sv Rl
dd | 3y | Ad gy | Aad | 3y

3

4 Po | 095 Cr | 095 | IV | 095

5 Po | 095 | C {100} IV | 095

9 Oc {100 Cr {085 | IV | 095

100 O 100} Ct | 100 ] IV | 1.00

141 Av 085 | Cr 095 | V | 095

151 Av {085 C | 100 V | 095

19| Fgq | 0656 Cr [ 095 | V | 065

20| Fq [ 065 ] Ct | 100 | VI | 065
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Table 6. Final Result

MT AT COS DS

Cr 4.0990 | 32805 | 52165 | 6.1038
Sv 8.2298 | 677027 | 39813 | 32113
Rl 73036 | 60195 | 4.0455 | 50765

% 69 AWE 3 HA A0 7 dAIA Q) 7
olgl & 4 gl St A HA S FEgS VA=
TS} TRy At A S gt
= 2719 g2 710 )] ddid oz 2 dEx
& 7t s E91E  dn

4. 8 B

E =FoAe ARV 97 =E&T AE7) AlE
of Hz|o]2E Tt Wetks Aetsigtt Hxo
& HA-slA o oA ARIES oA
FEd A &5 JlE EFAFl oI XeyE A
Alg Bk olye} ke AAEE FHHes
H7Rsle HE7T AlaEo] AL AARY] T AL
el fdskA A28 = UEE s vk Akl
o A B g Ee] dvbe A W AR
ool Wigk 75438 HoFa Qi

References

(1) Billinton, R, and R N. Allen. Reliability Evaluation of
Engineering  Systems:  Concepts and  Techniques, 2nd
Edition. Essex, England; LLongman Scientific & Technical.
1983.

(2) Marvin Rausand, and Arnljot Hoyland. System Reliability
Theory: Models, Statistical Methods, and Applications,
2nd Edition. Hoboken, New Jersey, USA; Wiley & Sons,
Inc. 2004.

(3] EElLewis. Introduction to Reliability Engineering, 2nd
Edition. Wiley & Sons, Inc, 1995.

(4) John Moubray. Reliability-Centered Maintenance, 2Rev
Edition. Butterworth-Heinemann. 1999,

Y- TEEIRE=RN M237 M2, 20093 2¥

HEH - Hed - 2L

(5) Andrews, J. D. and Beeson, S. “Birmbaum’s Measure of
Corrponent Importance for Noncoherent Systems.” |EE
Trans. on Reliability, vol. 52, No. 2, pp.213-219, June
2003,

(6) Hwang, F. K. “A hierarchy of importance indices.” IEEE
Trans. on Reliability, vol. 54, No. 1, pp.169-172, March
2006.

(7) Chauchuri, G., Hu, K. and Afshar, N. “A new approach to
system reliability.” IEEE Trans. on Reliability, vol. 50, No.
1, pp.75-84, March 2001.

(8) F. C. Meng “Relationships of Fussell-Vesely and
Birmbaum importance to  structural  importance  in
coherent  systems.” Reliability Engineering &  System
Safety, vol. 72, No. 3, pp.241-245, June 2001.

GRS P |

HEE (rpez)

19589 69 1994, srdristw gigtl Ar)Fett
HEA} 3}

E-mail @ srbyt619@naver.com

AT (2xB)

1984 49 21948, 2007d ShFuienl MAbH 7R E
FTohp 29 5 Wt 4713 AR,
E-mail : gentlebug@hanyang.ac.kr

TR (ewmE)

1956 19 1794, 19809 A& A7)Fsa &4
1983 & sty AZ|FEd ZF(AAD. 19909
Texas A&M University A71F 83 EYGD. 19874
~@A o) ArFe Fug

Tel : (02)2220-0347

E-malil : jokim@hanyang.ac.kr



