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Abstract

Failure modes and effects analysis (FMEA) is a widely used engineering tool in the fields of the
design of a product or a process to improve its quality or performance by prioritizing potential failure
modes in terms of three risk factors—severity, occurrence, and detection. In a classical FMEA, the risk
priority number is obtained by multiplying the three values in 10 score scales which are evaluated for
the three risk factors. However, the drawbacks of the classical FMEA have been mentioned by many
previous researchers. As a way to overcome these difficulties, this paper suggests the ELECTRE III
that is a representative technique among outranking models. Furthermore, fuzzy linguistic variables are
included to deal with ambiguous and imperfect evaluation process. In addition, when the importances for
the three risk factors are obtained, the entropy method is applied. The numerical example which was
previously studied by Kutlu and Ekmeklioglu(2012), who suggested the fuzzy TOPSIS method along
with fuzzy AHP, is also adopted so as to be compared with the results of their research. Finally, after
comparing the results of this study with that of Kutlu and EkmekOioglu(2012), further possible
researches are mentioned.
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3.2 H7 Ak

H =Fox dEZY 71X ¥HA ELECTRE III
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<Table 1> Fuzzy linguistic expressions for PFMs
and the scores used by Kutlu & Ekmekioglu(2012)

Linguistic terms Fuzzy score
Very poor (VP) ©, 0, D
Poor (P) 1,3
Medium poor (MP) 1, 3,5
Fair (F) 3,5 7
Medium good (MQG) 5,7,9
Good (G) (7, 9, 10)
Very good (VG) (9, 10, 10)

3.3 AR TAS Y dEZIHY

Ao Foixl Af-olli= Saaty7}t ARk &
tinla Y Eths dEZIHolt LINMAP (linear
programming technique for multi—dimensional
analysis of preference)< ©J]&3l] 75XE Eol
T-ekaL T4 1988).
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b. PFMs
c. experts

N
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number

~
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decision matrix

~

Determination of
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~

Computation of

Weight of risk factors

by entropy method

concordance and
discordance index

~
Computation of overall E

concordance relation

~

Computation of credit
degree index

~

Determination of the

ranking relation of
each PFM

[Figure 1] Procedure of fuzzy ELECTRE III
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Q] rk]—Ft
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A, Yy, yes y3 2] B> Liu & Zhang (2011)©] A}
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. ; Il ANt
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(1 %) > ocli, k)
otherwise
18)

=Rl Kutlu & Ekmeklioglu(2012) 7} A=
o] pARTITR || AL3) Algle] FHrpdy

o] g3t} ) Kutlu & Ekmeklioglu(2012) =
A] ﬂ- H#] TOPSISE #8310t i ke
Ae ok Aol Aokt 1% ELECTRE IIE #2315
< o, ARl Aol ofd et Ql=A] A &
Asl ¥ 1A} S,

_>|~1_g
;ﬁ b

EL m{m



234 AE 293} Fuzzy ELECTRE IS

ol &% WFR=FFE FA 5

Uk <Table 2>+ Kutlu & Ekmek[ioglu(2012) 7}
<Table 1>014 Aol 9lo}d W45& olgdlo] 3
7k wA|gkEel

<Table 2> Evaluation in linguistic variables for
risk factors with respect to the PFMs by Kutlu
& Ekmeklioglu(2012)

Potential failure modes S 0 D
A Non— i ] 3 T 3 5 G
(A) . on—conforming P E. MP F, MG, MG G, MG, C
material P MP. MP VG, G, VG MP, MP, P
(B) Wrong die I\&P P, MP VG, G, G VP, MP, P
(©) Wrong program I\/JPY FY VP F, MG, MG G, MG, G
(D) Excessive cycle time P F MP MG, MG, G G, VG, G
(E) Wrong process M(‘ YMG . MG, G, MG MP, MP, F
(F) Damaged goods P JI\/[P VP VGVG, VG VP, MP, P
(G Wrong part ’ ' VP, VP, VP, VP,
VP, VP, P
(H) Incorrect forms VP VP
<Table 3>& == A10=

lgatel BT e AT F A1) S o)
sfol ulw5he Asjolth

<Table 3> Evaluation matrix after defuzzification

<Table 5>+ A $188<%1e s 21(15)E& o]&s}
o WAl YRE T E AADE olgdlel n
3 e9ls vHsHE 4 #EAFS AKX Aufolct
<Table 5> Aggregated concordance relation

matrix

(A) ® © (D) B ) @ (H)

A 1.00 079 079 1.00 095 0.72 079 1.00
B) 021 1.00 100 031 021 064 1.00 1.00
© 021 089 100 031 021 026 100 1.00
O 098 079 079 100 093 072 079 1.00
B) 1.00 090 094 1.00 1.00 0.75 0.86 1.00
® 046 090 094 046 046 1.00 0.86 1.00
(& 021 1.00 100 021 021 046 1.00 1.00
(H) 0.00 0.14 053 0.00 0.00 0.00 042 1.00

<Table 6> 2](16)= °]&alA 1821l gt
%ou]g] AES 73 F, 2(18)& olgsl] A1¥H
TASFE e AzwE HEHos 9 dy
|t}

<Table 6> Fuzzy outranking relation matrix

A ®) © () ® ® @ 5y

Potential failure modes S 0 D
(A) 4.33 6.33 8.22
B 2,39 9.50 2.39
© 2.39 9.17 1.11
D) 3,67 6.33 8.22
(E) 4.33 7.61 9.17
(F) 6.33 7.61 3.67
@ 1.78 9.83 1.78
(H) 0.50 0.17 0.17

kA, 919 FrHEIES ofgsle] Al 9138e]l S, O
Dol th3t Q%5 Kutlu & Ekmeklioglu(2012)+= 3
Al AHPE o]&slo] a3 ot 2 Aqelr= dEZY]
e o] gste] itk A(6) ~(9) S A8 Ao Al &
Q5= (wy, wy, wy) =(0.247, 0.214, 0.539) = AWt
Holry, FuE, Kutlu & Ekmeklioglu(2012) 2] 73-9-¢]
FO%E (w,, wy, wy) = (0.468, 0.201, 0.331)°]3ith.

<Table 4> 21(12), 21(13), 21(14)E o]&3slo] F=}
o)z oJuws] 9-Ysk 1% 7|7t dx= 3k Anjoluk

<Table 4> Undifferentiated, strict superior, and
rejection thresholds for the risk factors

Thresholds S O D
U
l; 0.58 0.97 0.90
tf 1.75 2.90 2.70
tf 17.50 29.00 27.00

(A) .00 079 079 100 095 072 079 1.00
B) 021 1.00 100 031 021 064 1.00 1.00
© 021 089 100 031 021 02 1.00 1.00
D) 098 079 079 1.00 093 072 079 1.00
(E) 1.00 090 094 1.00 100 0.75 086 1.00
(D) 046 090 094 046 046 1.00 0.86 1.00
@ 021 1.00 100 021 021 046 1.00 1.00
(H) 0.00 013 053 0.00 0.00 0.00 042 1.00

mpAEkO 2 <Table 7>& 2]1(19) ol oJ&) -3t
Azke] Ayjolrt. 8719 AR EFS] e
, A, D, F, B G C HY o= vepr) o] 2
Kutlu & Ekmeklioglu(2012)e4+= E, A, F, D,
B, G, C, He olglon), o5 B +9] 3% 49] 4
7t vk RE E 4 Qloh

2 AP A 90l Qv E JEZIH
& o] g3+, Kutlu & Ekmeklioglu(2012) 7} 9
A] = ol gdlA Fet TAEE WkYgskal # AT
o] W% ELECTRE [IIE AL3lo] 13+ 4= 997k
<Table 8>3} Zt} A¥E By $A45:9=F E, A,
D, B, G, C, HZ Kutlu & Ekmeklioglu(2012) 2] 2
o= Al WA =ARE FrE 7P 28 959
Zh= 2108 Yeh} Aafel] okgre] Aozt Q= A
& 4 Stk

e

s

H>

i

fifo mlm



J. Korea Saf. Manag. Sci. Vol. 16 No. 4 December 2014
http://dx.doi.org/10.12812/ksms.2014.16.4.229

ISSN 1229-6783(Print) 235
ISSN 2288-1484 (Online)

<Table 7> The net advantage value

A ®B) © D) ® ) (©) (H)

2.95 -1.00 —-210 2.70 3.46 154 -1.63 —592

<Table 8 The net advantage value when AHP was
applied to obtain the weights of the risk factors

(A ®B) © D) ® ®) @ (H)

2.62 -115 -1.86 215 3.09 3.15 -1.79  —6.22

5. 4&

2 ATeM e 2R EGTR ] FAE ] ¢
3 e A7 s EEe] glaEsel
Wl ELECTRE IIE #A¢] /go=z el
NS psla ©]E Kutlu & Ekmeklioglu(2012) 7}
ARERE LSt EAle] Agste] AljkeE W] A4
7FsA9 1 A= Kutlu & Ekmekfioglu(2012) ]
Al HlwE AESGth 1 Ay AR EEo)
FAAERlelA =9 33 49] oo AE T vRekst
)E PRHEA7HES U2 Axle| ouS zky
M=t 1A o5 WHES] Mgl lojA] 94
olv} Aol tisll &3 18-S Hl = ofHE o
| F7PS AEsiAY Adeks AL ol A
o] Abglol] Yy Qlar QAFAA ] ete] Folgtar &
T UTE AR EIHEA 0] Al o] vl A

= & FAARJ NAS dhdke Hdsks Al
2 AtellA] A|eksi= ELECTRE 1119] W
Ho] 2 Sojutogjaly delsit,

5 Kutlu & EkmekDioglu(2012)7} A& s151%
o, ikt thE AV INES A8sis W 4
e AZ v AESHAY thekst F7t skl
: A= AT 77 s AO

iy

S
=]

<
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