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FMEA for rotorcraft landing system using Dempster-Shafer evidence
theory
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Abstract The quality assurance activities can detect the factors that affect the quality based on risk
identification in the course of mass production. Risk identification is conducted with risk analysis, and
the risk analysis method for the rotorcraft landing system is selected by failure mode effects analysis
(FMEA). FMEA is a method that detects the factors that can affect the product quality by combining
severity, occurrence, and detectability. The results of FMEA were prioritized using the risk priority
number. On the other hand, these methods have certain shortcomings because the severity, occurrence,
detectability are weighted equally. Dempster-Shafer evidence theory can conduct uncertainty analysis for
the opinions with personal reflections and subjectivity. Based on the theory, the belief function and the
plausibility function can be formed. Moreover, the functions can be utilized to evaluate the belief rate
and credibility. The system is exposed to impact during take-off and landing. Therefore, experts should
manage failure modes in the course of mass production. In this paper, FMEA based on the
Dempster-Shafer evidence theory is discussed to perform risk analysis regarding the failure mode of the
rotorcraft landing system. The failure priority was evaluated depending on the factor values. The results

were derived using belief and plausibility function graphs.
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Fig. 1. Flow chart for D-S FMEA
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Table 1. Criterion for expert selection

Expert 1 Expert 2 Expert 3
Task Quality Quality Quality
assurance assurance assurance
Career 7 5 5
Scholarship Master Master Master
degree degree degree
Grade Research Research Research
lit lit lit
Position Quality Quality Quality
operator operator operator
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2.3 FMEA
FMEA+= A 7hsst 17§33 F3gol oAl o
7¥ots W o R o] gk S4-E BT o A
B3Itk FMEA= 47
HAZ&Z(detectability) =
Number, ©]3} RPN)Z

=(severity), WA =(occurrence),
B0l Y¥=(Risk Priority
H71e 4= Qi

RPN=S5X OX D (1)
Where, S Severity, O Occurrence, D Detectability

AZE, BT HEE= MIL-STD-882E0A A|A|
3 9% EAS Fuste] Qlod RS AT
[0]. Table 2~4= A7 4%, WA=, HAE=0 tigt
53 2 oy E#L vehd Aotk P 4ol
WA A9 Bl AL 3T, PA=E Y 1
% 9ol WY A, FBEE 1Y [0l WA
] ASEE ATE Yepd Aot} AZde W A&

= 58 % dAe=E 29T , A7l <J3h
B

Table 2. Linguistic expressions for severity

Level Category Description
1 Very low Safety
2 Low Not serious injury
S 3 Medium Minor injury
4 High Severe injury
5 Very High Death or system loss
Table 3. Linguistic expressions for occurrence
Level Category Description
1 Very low ~1 cases
2 Low 2~3 cases
) 3 Medium 4~G cases
4 High 7~8 cases
5 Very High 9~ cases
Table 4. Linguistic expressions for detectability
Level Category Description
1 Very low Unlikely
2 Low Remote
D 3 Medium Occasional
4 High Probable
5 Very High Frequent
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Aoltt, A& ZE4 A (nose landing system)= 271<]
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(torque link), E(wheel), Etool(tire), BFo]T AlA
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Table 5. FMEA for landing system

-

B A5 39S 2

No. Component Failure mode
L1 NLG Gas leakage
L2 NLG Pin damage
L3 NLG No shock absorption
L4 NLG-Tire Nitrogen reduction
L5 Break parking mode Component blockage

Fig. 2. Nose landing system for rotorcraft
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FMFAE A& Z&7|o](Nose Landing Gear, ©]5}
NLG), Etolo], Bao]=o] tisiA Mastct. H&
F4A)0) gk 1 {32 57HAE AAste] E4
Folot. AE 2571019 14 772 7kA
A, B4 &5 715 A, Eolole] 1 {32
&, BEo]39 14 82 4 HE &0 R
Act. FMEAE X3¥st7] fsf il g=d 39
719 1% 98 AHA H7HFailure Mode Effects
Criticality Analysis, ©]3} FMECA) 235 st
FMECA= A= B4l thet =4 Wijog Iy 71s
3 S FEotal EA%). FMECAE HAtgolA
T2 &8sty A FI7] MLEA A ARG
FMECA¥ MIL-STD-1629A 720l ol Zgy=]s, 4]
A5t APEE 7§k g $=33ii7]. APE g2 ot
=3 Zo] ALk

Om=axXBxX\, Xt @)
Where, Cm criticality, e failure frequency, B
failure effect probability, Ap equivalent failure

rate, t time

Table 6. FMECA for landing system

No. o 3 A Cm Rank
L1 XX XX 223 36t 2
L2 X.X X.X 223 7t 4
L3 X.X X.X 223 17t 3
L4 X.X X.X 440 176t 1
15 XX X.X 13 4t 5

Table 62 7|t" 2=XFx]9] FMECA Z¥E e}t
W Zoltt. FMECA 23 L4-L1-13-14-15 €02 94
£98 24T 4 ok FMECAE 3% 9% &8, 314
53 ¥, IFES Atelr] YeiA B AFS S35
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2.5 Dempster-Sharfer 71 0|2

D-S &A4 ©|l22 Dempstero] 23 A=
Shafero] 9Jsf LAE olE0 &, EFASH 7Hdo Hhigt
Sl Awrt AEH o g o] 7o g RAEE A
ojtH9]l. D-S ¥4 ol&2 Hlo|= FEo]E(Baye's
probability theory)9] d%tslE HHOZ ThefFst HJH
ZHE =S 579 Al (degree of belief)E 2T
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Where, 0 frame of discernment
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Bel(X)= Y, m(Y) (10)
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Bel(z) =0 11

Bel(©) =1 (12)
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AX)=1-Bel(X)= Y, m(Y)

YNnX=go

(13)
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Fig. 3. Belief and Plausibility function
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m(4)=(m Eij)(A) (14)
0 A=
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A= O
1= viys X) xm,(Y))

(15

80

2.7 D-S FMEA =+

=1

D-S $7 °|&& &% FMEA Wi thaat

© FE Zoju7]

@ 3= A

® 24 $99 $Hey 2%

@ We W, A B Bl

wA, JRE Boldich, WR/N= 1Y $9, 1Y
¥, FMEA 24 23} 5 u}%ﬂ Ang w2 4 9o
o, 2% 430l oigt A2, %, HEES) 57,
48 1351} o8, AR E Zgsi) FMEA &4 ZAx}
L 47w, s, A2 dgos BAdt A4,
WA, AEro] 232 xR BIEY & Al o,
T §99 SHegle A SPEE 1Y 93
SH&olE AT & Ut olg B9 JR=Y A

< skl 57 o2 53 =2E A¥=S} Hlud o
A&3HE D-S FMEAE Excel o|-83to] 3314t

E={RPN> RPN} (16)
Where, E complementary event, RPN* threshold

o2, U g0 AN s At Ue g
9 AAA g v He e} 2t
Bel(E) 17)

= Bel(RPN > RPN*)

=1— P (RPN < RPN*)

PI(E) (18)
= P(RPN > RPN¥)

= 1— Bel(RPN < RPN*)
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Table 10 L1°] thgt 277FA] At oA vepd c12 4 4] B3 4] 2 2] 4 32]
Aot} L2 ~ L5&= 22 4|0 g =g =&Y 13 4 4 2 3] 2 3] [16 36]
AE7} 319 oA A 33=27719] ATrS A5} Ccl4 4 4) 2 31 (12l 8 24]
A}, cis 4 4 2 3] 2 2) [16 24]
Cl16 [4 4] [3 3] [2 3] [24 36]
C1 4 4 12 12 24
Table 7. Expert opinion on severity for landing system / (4 4 B 3] 12 [ ]
C18 [4 4] [3 3] [2 2] [24 24]
No Severlty co | s B 4 2 3l 24 601
' Expert 1 Expert 2 Expert 3
L1 4 5] 4 4] 4 5] C20 [4 5] [3 4 [12] [12 40]
12 2 3] 2 3] 13 3] C21 [4 5] [3 4] [2 2] [24 40]
13 [2 3] [2 2] [12] C22 [4 5] [2 3] [2 3] [16 45]
L4 [12] [2 3] [2 2] C23 [4 5] [2 3] [12] [8 301
L5 2 1)) 2 C24 14 5] 23] 22 [16 301
C25 [4 5] [3 3] [2 3] [24 45]
Table 8. Expert opinion on occurrence for landing €26 4 51 B3 (2 [12 301
system C27 [4 5] 13 3] 221 (24 30]
N Occurrence
O‘ Expert 1 Expert 2 Expert 3 Fig. 4~82 7} 1% -] gt “1’:% e} A
L T
L
13 12 13 4] 4 4] Q'E]"{ﬂ 7}—101—1—, O"“li ‘?L‘]d% /ﬂi].‘.:-_(credlbmty)
14 4 4 [4 4] 3 4] uEbd Aol
L5 [12] [2 3] [3 3] Fig. 4= A& 257]0l9] 14 84 & 714 3+=(L))

Table 9. Expert opinion on detectability for landing

system
Detectability
No.
Expert 1 Expert 2 Expert 3

L1 [2 3] [12] [2 2]
12 [2 3] 111 [12]
L3 [12] [2 3] [3 3]
14 [4 5] [4 4] [4 5]
L5 [12] [12] [11]

Table 10. Combination expert opinion of failure

mode L1
Combination
o S 0 D RPN
Cl [4 5] [3 4] [2 3] [24 60]
C2 [4 5] [3 4] [12] [12 40]
C3 [4 5] 3 4 [2 2] [24 40]
C4 [4 5] [2 3] [2 3] [16 45]
c5 [4 5] [2 3] [12] [8 30
Cc6 [4 5] [2 3] [2 2] [16 301
Cc7 [4 5] [3 3] [2 3] [24 45]
C8 [4 5] 3 3] [12] [12 30]
Cc9 [4 5] 13 3] [2 2] [24 30]
C10 [4 4] [3 4] [2 3] [24 48]
Cl1 [4 4] [3 4] [12] [12 32]

of Hst E={RPN> RPN*}ql W&

o
i, R
gk
2 RPNS A4
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0 10

Fig. 4. Belief and Plausibility curve of L1
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Fig. 5. Belief and Plausibility curve of L2
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Fig. 6. Belief and Plausibility curve of L3

1

—Bel(RPN>RPN*)  —PI(RPN>RPN*)
0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2
0.1

0

0 10 20 30 40 50 60 70

Fig. 7. Belief and Plausibility curve of L4
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Fig. 8. Belief and Plausibility curve of L5

Table 112 A&7t 0.9¢ o, RPV*& Yepd A
olt}, AFR= [4-L1-13-L2-L5 €22 ZAFAt D-S
FMEAE A% A4 ot 35 1% 4= 9lo,
ZEZ RPN*o] UgkE A% U3 47t 2355 94
=8 =A AT 5+ AU

Table 12%= FMEA, D-S FMEA, FMECAS &8 =
£33 $A%Y AAE ung AL YERY Zolch @A
FolAl folHe 5Y ZHE =&Y

Table 11. D-S FMEA for landing system

No. | RPN | RPN' | oo BfIRPN*] RPN flRpN*]
U e | M| 08 '
Bl [ e |
lEa s | e [ e

Table 12. Final ranking for landing system

No. FMEA D-S FMEA FMECA
Rank Rank Rank

L1 2 2 2

12 4 4 4

L3 3 3 3

L4 1 1 1

L5 5 5 5
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