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Expert System for FMECA Using Minimal Cut Set and Fuzzy Theory

Y5y’ . guer . Pyue
Dong-jin Kim - Jin-O Kim - Hyung-Chul Kim

Abstract Failure Mode Effects and Criticality Analysis (FMECA) is one of most widely used methods in modern
engineering system to investigate potential failure modes and its severity upon the system. While performing FMECA,
the experts evaluates criticality and severity of each failure mode and visualize the risk level matrix putting those
indices to column and row variable respectably. Which results uncertainty in the result. In order to handle the
uncertainty and conclude risk level matrix, this paper proposes a new FMECA procedure using minimal cut set (MCS)
and fuzzy theory, Severity is calculated by proposed structural importance while criticality is defermined by typical
equipment failure rate data from IEEE Std 493. Finally, the risk level is compounded of these indices.
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Table 1. Criticality Table

CATEGORY RANK FAILURE RATE
Extremely Unlike 0-2 0.0001 < A < 0.00t
Remote 2-4 0.001 < A < 0.01
Occasional 4-6 0.01 < A <01
Reasonably Probable 6-8 01 <A <10
Frequent 8- 10 1.0 < A

2,3 IX| FMECA TEJt A28
AW ol2el 7o B L A FE %
Ae Bd¥she 7IHoRA EAH ok HA A&7
]A%}P— IF-THEN 7122 0|83t A28l o2 HE7Le)
oot =2 R goldh Aol Aok B =2ollA Agtst
+= FMECA H27F M&Ele] 71249 142 19 1] 4
B ATHI].

Variable

Inferring
Engine

Qutput
Variable

2 ERANE FMECAS) 37kA5el A2met AYs
& QSR o] 2GR Bekeof ek Hulel 9
YES DU A AR} M%—% A 0}04 FMECA



%
o
344 UIFBLYYERE H12Y K32 20099

3¢

Z7]¥Hg Table 29} Zro] Ao =9 5
4 3748 Fig. 49 Zrol ARagct

Table 2. Rule Base
v 1 I I
Ng Ng Lo Av
Ng Lo Av Hi
Lo Av Hi Sv
Av Hi Sv Dg
Hi Sv Dg Dg

WO T m

Minor Marginal Critical Catastrophic
(V) () (II) (1)

Anmpaog

N N + + +
T ¥ T LB T T ¥ T

6 1 2 3 4 5 6 1T 8 9 10
Fig. 2. Membership function for Severity

[Extremely ~ Remote Occasional Reasonably Frequent
Unlike(E) ) © Probable(B) A)

nXiX?‘v:ijs:?
o 1 2 3 4 5 6 7 & 9

10

Appeotuy

Fig. 3. Membership function for Criticality

egligible Low
Ng) (o)

Average High Severe Danger
(Aav) Hi (sv) (D9

124977 SN

' v 4 ¥ ¥ T L E— —

0 1 2 3 4 S 6 7 8 9 10

Fig. 4. Membership function for Risk Level
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Table 3. PSI of Group
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Table 5. Logical Process for Risk level (MT)

Severity Criticality Risk Level Aggregate
level | grade | level | grade | level | grade | level | grade
II {02861 D 03822 Av |[0.2861| Av |0.2861
II |02861| C |0.6178| Hi |[0.2861| Hi [0.3822
I 107139 D 03822 Hi |03822] Sv |0.6178
I (07139 C (0.6178| Sv |0.6178

Table 6. Final Result

MT AT CB DS PR

Severity 82139 | 7.3208 | 7.8080 | 6.3044 | 7.7177
Criticality | 4.1178 | 4.1178 | 4.1689 | 3.1333 | 2.2578
Risk Level | 6.4838 | 52107 | 4.6530 | 4.0000 | 3.9575
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