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Abstract Munitions must be analyzed to identify any risks for quality assurance in development and mass
production. Risk identification for parts, compositions, and systems is carried out through failure mode
effects analysis (FMEA) as one of the most reliable methods. FMEA is a design tool for the failure mode
of risk identification and relies on the RPN (risk priority number). FMEA has disadvantages because its
severity, occurrence, and detectability are rated at the same level. Fuzzy FMEA applies fuzzy logic to
compensate for the shortcomings of FMEA. The fuzzy logic of Fuzzy FMEA is to express uncertainties
about the phenomenon and provides quantitative values. In this paper, Fuzzy FMEA is applied to the
failure mode of a rotorcraft landing system. The Fuzzy rule and membership functions were conducted
in the Fuzzy model to study the RPN in the failure mode of a landing system. This method was selected
to demonstrate crisp values of severity, occurrence, and detectability. In addition, the RPN was obtained.
The results of Fuzzy FMEA for the landing system were analyzed for the RPN and ranking by fuzzy logic.

Finally, Fuzzy FMEA confirmed that it could use the data in quality assurance activities for rotorcraft.

Keywords : Rotorcraft landing system, FMEA, Fuzzy rule, Fuzzy FMEA, RPN

*Corresponding Author : Seong-Hyeon Na(Defense Agency for Technology and Quality)
email: coolnac@naver.com

Received August 25, 2020 Revised September 14, 2020

Accepted January 8, 2021 Published January 31, 2021

751



SHARSH| &8k =2R] A223 Al1E, 2021

1. M2

F2gol TR 9% APEL A 9 opbeA BN
% 259 gREA AGRA, 94 FIRFADA, A
TR, B Akl Hu, 14 Bt 2 Acw
A% 52 o) AE, meAls, AR S 24k
A oge FAHOE seksi BEolTHIl. 91F 4
Mo Sge dopshl £5% 4 qlom, A8 44 3
F WA TR AT 918 9T A% SEROR HRY
S Qe w3, 9 M) 53 FYSE A8 24
R 98 9% 1, 5 A SFoR 74 =Y
Amatrix)}E Fo 1@l dhat wel ke 59 4
9Ick. 918 APEO] WL AUAA Sl Aot
9% 5 ool oie B e 5o ols) Ay

M fo 1N

4 O

o, 98 AEe 7% e 4% BA(Failure Mode,
Effect and Analysis, ©|3} FMEA) &= 74 R = 9
9 XY= EX4(Failure Mode, Effects and Criticality
Analysis, °]3} FMECA)Z &3t 4124 7|HE& o|&st
of AL A|aLskar ek o714, 1 BEE 7|50
gt A%S 71&t Ao 2 f3olEta: st 2
ol tisto] F FaE mAE I B HE iy
< A9 Aol ek, A2FHY] B7Rt ke
37} 5olA &82 4 Qo FMEAE YAs|AS 95t
AAA 7IHog 19509t AlAFS 53 EAIE <
F317] Yste] JigE Aolok 19609 NASACA of
E2 TS vIRS 5ol &8st 2 ZAE
Ak GAF 8oi°l FMECAE MIL-STD-1629AS &
| 2] 22351l o2l FMECAE 27] AASHA
oA AA dikS A & 1, APEE 2 1
HEQ] ke 12T 4 Slrh FMEASH FMECA« 415
= 9 7HEE BE4S 93t 7| % dlojeE AlgoliH, ¥
I EA g AP RA0) gigt 4e9E AFE S Q.
FMEAS} FMECAE H#] o2& Z-&sto] tfakel £
ool A B85l Q). Renjith 5 LNG 39| 114
Ae91E A5 fIste] HA] FMECAE o]8-sk3itt
[3]. Chanamool 52 &3 FAA 2% 13 &
5171 Q) HA FMEAS £3 94%9=
[4]. Yazdi 5 FMEAS} A FMEA H]1 &4
=)

Sl
2
_O|L
2
o o1x

< &3
2547 7]olo] gigk 1 A& BAsIgTHS]
Park 52 H%| FMFAS o]&3lo] 27 &9 93 1

7} 2Z& AASFCHG).
Table 12 FMEA?} FMECAQ] AeHdS v)w st Zo|ck

Table 1. Comparison of FMEA and FMECA

Advantage Disadvantage Results
FMEA Predominant |Depends c?n'subjective
results opinion
Priority
Criticality Depends on
FMECA analysis probability of failure
2] FMEA® FMEAS] A=7} e 3% &8 &
ek §H, FMECA % 7] FMECA= 3 &8 A=

7} = A AAEe} AP Y59 AR EEA A
A 283 5 ook 3179 g7 FEFRE 1]
g T AE0] B2 AARA g, HAE, HE
£ 59l 2¥E TEol= FMEAS B9 1 4e9E
Rleke A7 "asit.

B =Roxe 379 a7] A5
(Fuzzy)el&2 2830 FMEA 248 $3519ich

2. 28

2.1 0L

Fig. 12 949} §57] 2549 HA| FMEA 48
gt AE YERd 2ol 4] FMEA= HA] ol &,
A gl o] diek o], #A] FMEA &4, 3
F57] A5G FMEA, A3t 2dl 282 &
=29 +ME 7RI

= 4o qfo
Eﬂﬂ'.i

=
iy -
k=)

Landing system Fuzzy model

«— Linguistic expression
Part—. Risk matrix— 9 P
Function—\  Membership function—\ «— Fuzzy rule

Risk analysi

+— Occurrence
«— Detectability

Failure effect

—
il i —p.
Failure mode— Severity

Failure data FMEA

Fig. 1. Procedure of Fuzzy FMEA for the landing system
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Table 2. Failure functions of landing system

Function Failure

Loss of ground mode

Loss of emergency mode

Landing Defective part

Loss of crashworthiness
system

Oil leak

Damage of tire Wear and tear
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Table 3. Linguistic expressions for severity

Table 6. FMEA for landing system

Function S|1O0|D RPN
Loss of ground mode 3 1 6
Loss of emergency mode 3 1 1 3
Landing Loss of crashworthiness 5111 4 20
system
Oil leak 212 4 16
Damage of tire 1 4 | 4 16
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Table 4. Linguistic expressions for occurrence VI Low 50
Level Category Description R Vi Medium 625
A% Moderate 75
1 Very low ~1 cases
v High 87.5
2 Low 2~3 cases I Very High 100
¢} 3 Medium 4~G cases I Necessary 112.5
4 High 7~8 cases I Absolute Necessary 125
5 Very High 9~ cases
Table 82 1257)2 748 587 @] tet o
Table 5. Linguistic expressions for detectability 2l 7F3& Yerd Aojt} 5THA mX] 3L 24
Level Category Description 7;];( ‘g. HOH F‘—E(’]’ E]'
1 Very low Unlikely
2 Low Remote Table 8. Linguistic expressions for risk(5 stage)
D 3 Medium Occasional Level Category Score
4 High Probable v Minor 1
5 Very High Frequent v Low 2
R ilg Medium 3
A )i High 4
Table 62 2= tisiA] FMEA AiE UEhd
Ao, FMEA Al Y2k AL Elolo] 24 - I Necessary >
. AR A, H]‘J’—‘}E A o R Ao tigh ¢
AE =5 4 Atk 72t Elojo] &4l tigt
RPN Z-2 3& 7W71 2ol F7HA<l 7“E7} Z8

3 ARgolct.

755



3=8A] A227A A1ZE, 2021

S}
o

gl

pil

ke

S S S S schy S S S 14 0Ly S S S € SOy ¥ S S [4 05y 14 S S L ST
S 14 S S [4X] S |4 S 14 664 ¥ v S € 2] |4 ¥ S [ (] € ¥ S L o
S € S S £y 14 € S 14 264 14 € S € €0 ¥ € S [4 Gig] € £ S L £
14 4 S S 4% 14 4 S 14 L64 ¥ < S € oy € < S [4 iy € [ S L [44]
14 L S S LeLy 3 L S 14 964 £ L S 3 x] 3 L S [4 Iy < L S L 54:]
S S 14 S 0Ly S S 14 [ S64 ¥ S [4 € 0L [4 S 14 [4 ShY € S 14 L (2]
S 14 [ S 611y [ [4 [4 v 64 14 v [4 € 69y € 14 [ [4 vy 3 4 4 L 6LY
[4 € [ S 8LLY [4 € 14 v £64 € € [4 € 8%y € € v [4 £ € £ 4 L 8Ly
14 4 14 S LLLY € 4 ¥ 14 264 € < |4 € LY € < 14 [4 [g] Z 4 14 L LLY
3 L 14 S OLLY € L ¥ 14 L6Y 3 ] |4 € 9%y [4 L 14 [4 i< < L 14 L 9Ly
S S € S SLLY 14 S € 14 064 14 S € £ Sy 4 S € [4 [Ug] € S 3 L SLY
14 )4 £ S PLLY ¥ ¥ € 14 684 € v € £ oy € ¥ € [4 684 £ ¥ € L 2]
14 £ 3 S ELLY € £ 13 14 984 € € 13 3 £9Y £ 3 € 4 96y < £ 13 L €LY
[ 4 € S cLLy € 4 € ¥ L84 € < € € <y 4 < € [4 L8¥ Z 4 € L [y
3 L € S LLLY € L € [ 984 < ] € € 19y [4 L € [ 96y L L € L LY
[4 S < S OLLY 14 S < [ S84 14 S 4 € 0%y 3 S < [4 &Y € S < L oLy
14 14 < S 60LY € 14 [ 14 784 € v [4 € 65y € ¥ < [4 ey < ¥ < L 6y
14 £ < S 80LY € 3 < 14 £84 3 € 4 £ 85y [4 3 < 4 £8Y < £ 4 L 8y
€ < < S 0Ly € 4 < 14 84 Z < [4 € LSy 4 < < [4 (43 L < 4 L Xl
€ L < S 0Ly < L [ 14 18y Z L [4 € 95y L L < [4 2] L 3 4 L EL]
[4 S L S SOLY € S L v 084 € S L € SSY € S ] [4 (3] < S ] L Sy
€ 14 L S POLY € 4 L 14 6.4 € ¥ L € oY 4 ¥ L [4 604 < ¥ ] L ]
€ £ L S £0LY 3 € L [4 8 < € L € £6Y [4 3 L [ 8y L £ ] L £
€ < L S 0Ly < 4 L 4 LY Z < L € <5y L < L [4 L L 4 ] L [l
< L L S LOLY < 1 L 14 9y L 1 L € 16y L L L [4 9y L L ] L 1]
Lkl a O S ¥ a O S d a O S L] a (0] 5 Y a O S
N3HL di B N3HL di ELL N3HL di e N3HL El B £l .
00L S S S (4% 001 S S t 001y 06 S S £ Sy 08 S S 4 05y S S 1 Sy
00L [ S S rely 06 L4 S t 664 08 v S € (%] 0L i S Z 674 v S i ey
06 € S S €21y 02 € S t 264 0L £ S € €24 [3 £ S 4 Eig] € S 3 £y
08 Z S S [44%:] 0L 2 S L4 64 0L Z S € <Ly 09 4 S Z Ly 4 S L 144}
0L L S S Lehy 09 L S i4 964 09 I S € 5] 05 L S 4 B L S 3 12y
00L S [ S 0zLy 06 S t t S6Y 08 S [ € [%] 0L S ¥ Z SHy S t 1 [£]
06 [ [ S 6LLY 08 t t t 6d 0L [ [ € 694 09 i v Z ] [ v L 6Ly
08 € [ S gLLY 0L € t t €64 09 € [ € 894 0S € v Z £y € t 1 2Ly
0L 2 14 S LLLY 09 2 t t 264 0S Z 14 £ 194 0S 4 14 Z [42:] Z + L LY
03 3 [ S gLLY 0S L t t 16d 0S I [ € 994 [ L v Z Ly 3 t 1 EIX]
06 S € S SLLY 02 S £ t 064 0L S £ £ Sy [ S € 4 (L] S £ 1 Sk
08 [ € S rLLY 0L L4 € t 624 09 v € € (L] 0S i € Z 654 v € i iy
0L € € S ELLY 09 € £ t 224 0S £ £ € €94 0S € £ 4 8cY € £ 3 €1y
0L Z € S ZLiY 0S 2 £ L4 84 0S Z £ € 29y o 4 £ 14 LEY 4 3 L [
03 L € S LLLY 0S L € 4 98y o 3 £ € 194 0f L € 4 9EY L 3 3 LiY
08 S [ S OLLY 0L S Z t S8y 0L S 3 € 094 09 S 4 Z SEY S Z 1 0Ly
0L [ 2 S 60LY 09 t < t 24 0S [ 3 € 654 0S i 3 Z ey [ Z 1 64
0L € Z S 20LY 0S € Z t €24 0S € 3 € 85y [ € 3 Z (53] € [4 1 L]
09 Z Z S 0Ly 0S 2 Z t 284 o Z 4 £ LS4 0¢ 4 4 14 [43:] Z Z L Iz}
0S 3 Z S 90LY (3 3 < t 184 0f 1 3 € 95y 0z L 3 Z LEY 3 [4 1 9
0L S L S SOLY 09 S 3 t 024 09 S L £ SSY 0S S L 4 0£Y S i 1 SY
03 [4 L S oLy 0S t L t 6.4 05 [ L € Sy o 4 L Z 624 ¥ i L i
03 € L S £0LY 0S € L t 244 o £ L £ €54 [ £ L 4 82y € i 3 £
0S Z L S 2oLy oF 2 L L4 LY [ Z L € 2sy 0 4 L Z Loy 4 i L 14
[ L L S LoLy [ L L 4 944 0C I L € LSY [ L L Z £ 3 i L ]
o a o S Y a o S d a O S ¥ a ) S a O S
N3HL ELl Sy N3HL ELl S N3HL Ell —— N3HL dl Ly Ell oI

Fig. 5. Fuzzy rule(5 stage)

756

Fig. 4. Fuzzy rule(10 stage)



S0 tiek =% FMEA

SI”E ot

F1g 6~82 747+

— T

£4 = ExcelS 0]86to] =&013l
Table 9~10& 77+ 1094 % 594 9¥=g
F-RPNZ E=&sto] gt Aol

RPNL 593t 7+ 7Hith F-RPNS =31} Eholo]

E4o] 3ol 27] wheo] SueslE BA AHT 4
t}. gfolo] &40 tigt F-RPNo| *=3of tidt F-RPN
Ho} =4 UL o] 8= 25329 1% BA A] ¥3bag=4
Hoh 3AE 9 HEEY 7MSAE =4 971 "iol

A2 AT ASTo Ot §X] | .,\
5 UeRd Aoltt, x&2 AF F(score), yE2 & osf f

:‘,—E(degree of membership)E& UEFATE HZ] 4=

=3
fo} Efojo] &4
o] A= v|w EASHH, AZe, Yyl f=xgk

& A

Degree of Membership

A

Score

Fig. 8. Membership functions for detectability

th 7lERE ALE TAA] SIS & 9t} A%E T Table 9. Fuzzy FMEA for landing system(10 stage)
/\é% /‘K:]Z}-EQ— 1?_:_]-/\35,] _‘j_EHu.oﬂ/ﬂ 1~37g7]]—;(] %%_}6]- Function S | O | D | F-RPN
T, 4~57F0) A Fol7} YeERGS 3Holgt 4= it} Loss of ground mode 3121 40
Loss of emergency mode 311 1 393
i Landing Loss of crashworthiness 5 1 4 85
) I\ T system
\ f/ \ Oil leak 22| 4] 667
\ /A
s ‘a.\ / \\ Damage of tire 14| 4 75
\ / \
g |\ [
[ A / \ /
é“" /‘/ \/ Table 10. Fuzzy FMEA for landing system(5 stage)
z ;‘f .\-\ Function s|o]|D|rreN
Loa / 3
%—; / \ Loss of ground mode 3121 2.22
/ \
\ /-‘/ \ Loss of emergency mode 3 1 1 1.86
0.2 4 / \ .
\ o/ \ Landing Loss of crashworthiness 5111 4 3.8
\ /-‘ \ system
\ \ Oil leak 2|24 3
° 2 Score : N 5 Damage of tire 1 4 | 4 3.18
Fig. 6. Membership functions for severity
AEZAE 22 TN E A1, o2 AA 9L 1]
. : 2 e S IS 5 9 3 sl
\ /) WS ABES] £ B EATE B T
b\ - Axjolcy,
% \ / )
R / |
[5] f 1
2 ) .
Eaa \ / I" 3. 7E:'E
a \ \ | _ _ _
WA\ S1209] 9371 7149 Ane awsiEe] wet A
| \ / '«. 2 PURANA A S 918 WY 2HS A
| AV VAR R YAR Qesfor ek, B LBAML WX FMEAS Eol 4%
o 2 3 4 5
Score

A9 1A HEE BA519 T

944915 Agsect
olo] w2 8- thewt Pt

Fig. 7. Membership functions for occurrence

757



SHARSH| &8k =2R] A223 Al1E, 2021

1) HA 0|2 Exsly thofst Ao gigjA] =g
23l Aol P g Fgoks oot HA| o=
o83t HA] FMEAE 2l 3 53 17
Aof gt SAEAE =&3 4 ik
Ao oist 1 Bel Azt HTE ST
£50] ¥ wol vt 1A FMEAE W&
to] o HAE, HERY] TSRS B4 A
A g AT S+ Sk
3) FAFGAY FQ 57K 1 ZEo] tis)A
F-RPN& &3l 498 =&519H. F-RPN

FY3 RPN thoh 4912 21zt 4 9)

2)

oY, N A o

N

4) M7 o]2& 53 FMEAE 3]49] 5719
] 24 53

5) FF BH F719] & AAef Hiet FMECA %
pil

References

[1] B. C. Shin, W. Y. Hwang, N. S. Ahn, D. H. Kim, G. L.
Lee, B. K. Jang, J. H. Byun, "Suggestions on enhancing
the effectiveness of government quality Assurance
Activities for military supplies in production stage”,
Journal of Society Quality Management, Vol.44, No.1,
pp.153-166, March. 2016.

DOI: http://dx.doi.org/10.7469/JKSQM.2016.44.1.153

[2] Depart of Defense, MIL-STD-1629A Procedures for
performing a failure mode, effects and criticality
analysis, 1980.

[3] V. R. Renjith, M. J. kalathil, P. H. Kumar, D. Madhavan,
“Fuzzy FMECA(failure mode effect and criticality
analysis) of LNG storage facility”, Journal of Loss
Prevention in the Process Industries, Vol.56,
pp.537-547, Jan. 2018.

DOI: http://doi.org/10.1016/.ilp.2018.01.002

[4] N. Chanamool, T. Naenna, “Fuzzy FMEA application to
improve decision-making process in an emergency
department”, Applied Soft Computing, Vol.43,
pp.441-453, Jan. 2016.

DOI: http://dx.doi.org/10.1016/j.as0¢.2016.01.007

[5] M. Yazdi, S. Daneshvar, H. Setareh, “An extension to
fuzzy  developed failure mode and effects
analysis(FDFMEA) application for aircraft landing
system’, Safety Science, Vol.98, pp.113-123, June.
2017.

DOI: http://dx.doi.org/10.1016/j.ss¢i.2017.06.009

[6] J. H. Park, C. S. Park, S. E. Ahn, “Aircraft operational

758

risk assessment model using Fuzzy-FMEA", Journal of
the Korean Institute of Plant Engineering, Vol.21,
No.1, pp.67-75, March. 2016.

[71 L. A. Zadeh, “Fuzzy sets’, Information and control,
Vol.8, pp.338-353 Nov. 1965.
DOI: http://dx.doi.org/10.1109/2.53

[8] Department  of  Defense  Standard  Practice,
MIL-STD-882E System Safety, 2012.

Lt A 3(Seong-Hyeon Na) (X312

+ 20179 29 : FHEOist gy
9 7|AZE T (FSHAAD
20179 9¢¥ ~ 20194d 1294 : =
Wkl tA A

20199 129 ~ &4 . Y7 |&E
A A7

.

(FAER
29749, 714, FuTh A9zt
0] & 2(Gwang-Eun Lee) EER)

+ 20199 29 © A4 71A%
BN PTFTL (B

+ 201849 12¢¥€ ~ &4 : S |&E
Ad AT1d

(TAEoR
4749, F33% FBUFE, B3R



