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ABSTRACT

Purpose: Failure Mode and Effect Analysis (FMEA) is a widely utilized technique to measure product reliability
by identifying potential failure modes. Even though FMEA techniques have been studied, the form of Risk
Priority Number (RPN) used to evaluate risk priority in FMEA is still questionable because of its shortcomings.
In this study, we suggest common RPN(cRPN) to resolve shortcomings of the traditional RPN and show the
extensibility of cRPN.

Methods: We suggest cRPN which is based on Cobb—-Douglas production function, and represent the various
application on weighting risk factors, weighted RPN in a mathematical way, and show the possibility of stat-
istical approach. We also conduct numerical study to examine the difference of the traditional RPN and cRPN
as well as the potential application from the analysis on marginal effects of each risk factor.

Results: cRPN successfully integrates previously suggested approaches especially on the relative importance
of risk factors and weighting RPN. Moreover, we analyze the effect of corrective actions in terms of econo—
metric analysis using cRPN. Since cRPN is rely on the reliable mathematical model, there would be numerous
applications using cRPN such as smart factory based on A.L. techniques.

Conclusion: We propose a reliable mathematical model of RPN based on Cobb-Douglas production function.
Our suggested model, cRPN, resolves various shortcomings such as consideration of the relative importance,

the effect of combinations among risk factors. In addition, by adopting a reliable mathematical model, quantita—
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tive approaches are expected to be applied using cRPN. We find that cRPN can be utilized to the field of

industry because it is able to be applied without modifying the entire systems or the conventional actions.

Key Words: FMEA, RPN, cRPN, Cobb-Douglas Production Function
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Figure 1: The process of FMEA

RPN = Occurrence(O)x Severity(S)x Detection(D) (D
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FMEA= A28l A7, E404 118 B QF{E dishs T83 ZAZ o] AkglEokl A A 9lat AHs
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Table 1. The important shortcomings of the traditional RPN (Liu et al. 2013)

No Shortcoming Reference

Kutlu and Ekmekcioglu (2012), Liu et al.
(2012), Gargama and Chaturvedi
(2011), Abdelgawad and Fayek (2010)

The relative importance among O, S, and D is not taken into
consideration.

Different combinations of O, S, and D may produce exactly the
2 | same value of RPN, but their hidden risk implications may be
totally different.

Sharma and Sharma (2012), Liu (2016),
Kutlu and Ekmekcioglu (2012)

Liu et al. (2012), Kutlu and Ekmekg¢ioglu

3 | The three risk factors are difficult to be precisely evaluated. (2012), Yang et al. (2008)

Kutlu and Ekmekcioglu (2012),
Gargama and Chaturvedi (2011),
Liu et al. (2011)

4 The mathematical formula for calculating RPN is questionable and
debatable.

Liu et al. (2011), Chin et al. (2009),

5 | The conversion of scores is different for the three risk factors. Carmignani (2009)

6 The RPN cannot be used to measure the effectiveness of

. . Carmignani (2009), Yang et al. (2008)
corrective actions.

7 | RPNs are not continuous with many holes. Liu et al. (2012), Carmignani (2009)

Interdependencies among various failure modes and effects on the
8 | same level and different levels of hierarchical structure of an
engineering system are not taken into account.

Carmignani (2009),
Zammori and Gabbrielli (2012)

9 The mathematical form adopted for calculating the RPN is strongly Chin et al. (2009),
sensitive to variations in risk factor evaluations. Gargama and Chaturvedi (2011)
10 The RPN considers only three risk factors mainly in terms of Liu et al. (2011), Carmignani (2009)

safety.

2

mlo l‘

AEAA RPNO AFle] 3 & &3 =3u 1 ol& =37 A ArbA Aol At AT
]
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EAE Agslr] 98 2348 273 54 tE7)E W (extended qualitative flexible multiple criteria method)<&

ARESHE A 2e 98 A9 BES gt o] 9= FMEA § 37EAE9] 37F Aue] B4 34}

=0 7199381599t Yazdi et al.(2020)2 &37] 25 A|x®(aircraft landing system)o] 2851l Q= o] W=
|

r= AE7Te] 2 71X (linguistic variables or importance weights of experts)E X35 BE 1o 71743k
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(sensitive) 4] 7 (fuzzy environment) dtoll A 15 o] JAMAAS aefgre 2 549 FMEA HW4&
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(occurrence: 0), A& E(detection; D)&] FALZ o]Fo0]Zl RPN F24 £AHS BE3} FAd RPNE] &
A7V sAS sk W o]t (Mohanty, 2014; Wilder and Wilder, 2017; Filz et al., 2021). ©]& ¢3 ¢cRPNY]
TE2= vk A S JEE AREskelth
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(Cheng and Han, 2014).

“2ees A% F4E RPN AR o2 B89 A@)9 do] YE 4 gl
¢RPN=A - 0"§"p" (3)

291 & RPNkl tih 3] axp7} Ak cRPNS A =1, () = f, = ; = 1°]" RPN} &
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Figure 2. The impact of risk factors on cRPN
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o7 AhgE 4= 9t} Xiao et al.(2011)2 A]2=®] RPN AAHel7] 13 Fussell(1972)9] &ard]Eol wje} 24 ¢
5 FESE FH A F¥Y el Minimum cut set(MCS)E E3}a, 21(7)3} Zro] ©he'H RPNo| HAXE Zg3=
WRPN=S- A oF3FSitt.
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nlEt) pE T HA B9RE g LA gEe] A9SES vehith
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HFH o2 R 725 2L ) % Xiao et al.(2011)ollA #|qtat
Wl 7gkete] e W] g RPN&* S v ‘f']ﬂﬁL -? UA Fr}, Her Mi‘r adjusted cRPN< &4 9|
HEHIE 1e2dS v 249 AT 0 s Bt $98 + 9}% Zi 7€t 718, 39 28 ¢
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)
i,
o
=
[y
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[aN
%
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Z,
o
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4. A& AH

B2 Zo A= AZAQ RPN B Ao A] A|Qkels cRPNS Hlwdla, cRPNY 2 717 dA|E A B 1%} sk},
Z+ 37t o A, B, C, D, E, F, G& Adst gtoz AAPS o 542 RPN W29 A4k Table 294 2t}
olf HF A FMEAE O, S, DY wo2 PR P9 H-H(RPN)E 243K Wang et al., 2009).

Table 2. Example of the traditional RPN

Instances 0 S D Derivation Traditional RPN Rank
A 3 1 1 3xX1x1 3 6
B 5 6 5 5X6X5 150 2
C 1 3 1 1x3x1 3 6
D 10 2 1 10x2x1 20 5
E 4 8 6>X4x8 192 1
F 10 1 8§x10x1 80 4
G 7 2 6XTx2 84 3
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AEAQ RPNTES 7eo® Heks o), 4 37 2 E B, G, F, D, 183l A B Co] o= 4kt
4d 84 O, S, DO Hdid To%=rF 247 05, 0.3, 0.2zk & wi(X 3, =1, ZLE]I 247y 1.5, 1.3, 1.28}aL &
w(33;>1) cRPN #HA = 1)< Table 33} it}

Table 3. Example of cRPN in accordance with the constraints on weights
cRPN | Rank | CcRPN | Rank Rank
Instances 0 S D Derivation 2.6, =1 2.6, )1 (Traditional

BT=(05 03 02) | B7=(1.51.3 1.2) RPN)
A 3 1 1 31 1™ 1.73 6 5.19 6 6
B 5 6 5 57 6% x 57 5.28 3 6 2 2
C 1 3 1 1" % 3% 1™ 1.39 7 2 7 6
D 10 2 1 107 % 2% % 1™ 3.89 5 6 5 5
E 6 4 8 67 x 4™ < 8% 5.62 2 5 1 1
F 8 10 1 87 < 10™ =< 1™ 5.64 1 1 3 4
G 6 7 2 67 < 7% 5 o 5.04 4 4 4 3

cRPN9| Ztol] m2™ 315, = 15 W58 o 4597} F E, B, G, D, A, C7} ®1th. o] Zheng(2015)¢] A
A 7k A A8 U dAg i X6,) 185 S W $Aed= E B F, G D, A O "4 5, A9
2210, S, D7F AAA R H& B97F 54T A3 aQwt 52 AvHeh o A3 F slvke 7Pgol AHES
g1 = vk 2 BE 7hAE Fojshs Wl wel 99 51{19] Zgto] cRPNgkell MAl= 32 248 &
ATk vobrb ZF JrF i 8 A4 @9 MCSE 78 1 &55 =S cRPNe® AlMbe gk 82 W
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