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Risk priority number analysis based on subjective and
objective integrated weighting
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Abstract: In Risk Priority Number(RPN) analysis based on Multi-Criteria Decision Making(MCDM), it
is critically important to determine the weight of each expert in Failure Mode, Effects and Criticality
Analysis(FMECA) of a product. For a widely used type of experts’ opinions, interval number information,
subjective weights are determined by the index system of employment years, working experience and
familiarity degree. Then based on the similarities of each two experts’ opinions, the method to calculate the
objective weight is conducted. The multi-sources experts’ opinions are fused by an integrated weighting on
the basis of above subjective and objective weights. At last, the effectiveness of proposed method is
validated by a criticality analysis of the intrinsically safe power supply applied in mine.
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BE X2 LRPNJT I B B, EIPIAM R 32 11 T — St Oy vk . BAOR UL, XSt vk E B 24 R R
— X RPN AR BAT B IENT . R Z 8 MUk (MCDM)P

RPN 2 S AB IE 1 H & 52 % RPN 35 b A7 e of sl 307 a2 ), 4R B A . Gilehrist2 i 7 —
Fifr 1] 28 451 2K 455 75 (Expected Cost Model) K& IS RPNIT R /A, AR LN . EC=CnP¢Py, HHPECREE
ARG, CRELI A, nh BRI AR, PO RSER, Py JCEE R I Y K A% ; Ben-Daya: ™
&1, Gilchrist i (B UK LAY, PeRIPoAEAE AR AH B ST, FL7E /™ S B BodE LA Z AT e, JEF ik,
P TR PEAE B Von Ahsen®™ 35 I F B R R BB A S ECT LI B A, DRI GilchristiE R AT T 18
1E, NMEALE TANBEZ I, B T R s BRBCTSE VR I T —Fp 38 T 20 0 B R R R 0 1k 5
EHEE G RPN M, FH T 2EED T2 A0 33 A2 2 okt =8 & U5 S 43 #7 (Process Failure Modes and Effects Analysis,
PFMEA); 5 5 25 I 7 5 500 FHLO8 0 Bl ML AR o) S VBB 7 5, WHG RPN A b AT T akcik, 2 X TR
K 1l BE ¥ (Risk Possibility Number, RPON) M HES FITH 07 vk 5 5 RS 25 LI T4 2% 2 el tE 17 KU A 2 i 20 i ot
B2, IR T XA RS HET .
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HEAT 2 SRR A e . Wang e POE RPN B B v 5 LA T ORI ARUL AT - 2 3k, 7 T OB XU 1 56 % (Fuzzy
RPN, FRPN)H# 28 3 F13188 77 % ; Chang%: MR J 8 i/ B AH %+ )5 12 (Technique for Order Preference by Similarity
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ST MCDM 19 RNP AL 7 ik, Z 1T 15 B A CEE X il e X i e R P e AR Ko E T A ik,
B EAHEITEM AN R, BN R TR E, HFRER T IR0 G B B S . B BOm 5 | IE 4 25
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B S,0,D PP M &R iR B, Wk 1R, severity level(S)
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Table2 Evaluation index and standard of subject weight
code evaluating indicator evaluation criterion index weight
ai length of service 20 years max W,
1 point for undertaking one project,0.5 point for participating
in one project,10 points max
a3 familiarity on a 5-point scale,1 point min,5 points max W3

REVEA ST 4 145 65 B b o an 2k 2 B
M 2 T, 3 ASTEG SRR IR AR TE IR — RUBE L, PR 5 R JL 0 — b 2
a, = a, / min(max{a,,},20)
3, = a, / min(max{a,,},10) )
a, = a,; / max{a,;}
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aip work experience W,
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Table3 Information about the ability of experts

code role duration of service/year work experience familiarity
system designer A 8 undertaking 3 projects, participating in 1 project 4

1

2 reliability engineer B 8 undertaking? projects
3 product designer C-1 5 undertaking 2 projects
4 product designer C-2 2 undertaking 1 project

5 component engineer D 6 participating in 5 projects

NWwN

WG 5 A B RS HEFMLIN, BIIEMIERGERWR IR . RIELRMINL, TAFER, TIAEZE . X
B Xk G 9 G E 3 A PEA 45 b AL 2399 O 0.2,0.3,0.5.

e R 3 IR 15 K (3) AT I — AL AL B, Nk 4 R .

VP41 B Ny
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1 1 1
1 1 050

C=|063 057 0.75 (19)
025 029 0.75
075 0.71 050

R 4 BRESIVFN AR BRI — Ak B

Table4 Normalized information about the ability of experts

code role duration of service/year  work experience  familiarity
1 system designer A 1.00 1.00 1.00
2 reliability engineer B 1.00 1.00 0.50
3 product designer C-1 0.63 0.57 0.75
4 product designer C-2 0.25 0.29 0.75
5 component engineer D 0.75 0.71 0.50
BEIT A A5 L K BE H 252 PP
1 1 1 1.00
1 1 05002 0.75
w=063 057 0.75|-|0.3|=]|0.67 (20)
025 0.29 0.75| (0.5 0.51
0.75 0.71 0.0 0.61

Ba, H— RS2 L K FMAER

0.28
0.21

@=|0.19 (21)
0.15
0.17

5 44 L X 3 A B RS 2 ORUBS: DR 36 A B 15 8 DX TR B el PR A5 B, 3T 0 25 2R ANk 5 s .
XA o et B 22 7, SR P IR I B 2 Of B o Y T & X 8 bR S 4={S, 0, DI M H Z M i B g, iF
LM B, 2R

#5 LHRIMER

Table5 Evaluation information of experts

failure i evaluation information
mode risk factor system designer A reliability engineer B product designer C-1  product designer C-2  component engineer D
insulation severity level(S) (5,6) (6,7) 5 (5,6) 4
resistance occurrence probability grade(O) (3,4) 5 5 5 7
o or difficulty level(D) 5 (4.6) 4 5 3.4)
overcurrent severity level(S) 4 (3,4) 5 (4,5) 3
protection occurrence probability grade(O) 1,2) 2 2 (2,3) 2
failure difficulty level(D) (6,7) 6 7 6 8
overvoltage severity level (S) (4,5) 4 2 (2,3) 5
protection occurrence probability grade(O) 2 2,3) 1 2 3
failure difficulty level(D) 7 (7,8) 6 7 7
0 (1.22,1.73) (1.22,1.58) (0.70,1.41) (2.64,3.24)
(1.22,1.73) 0 (1.41,1.58) 1 (212,291
D'=| (1.22,1.58) (1.41,1.58) 0 (0.71,1.0) (2.12,2.64) (22)
(0.70,1.41) 1 (0.71,1.0) 0 2.12
(2.64,3.24) (2.12,2.91) (2.12,2.64)  2.12 0

FANE M, 3158 ZEFAN 3 I A4 A AL T B
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1 (0.22,0.73) (0.22,0.58) (0.3,0.41) (1.64,2.24)
(0.22,073) 1 (041,058 0  (1.12,1.91)

$'=|(0.22,0.58) (0.41,0.58) 1 (0,0.29) (1.12,1.64) (23)
(0.3,0.41) 0 (0,0.29) 1 1.12
(1.64,2.24) (1.12,1.91) (1.12,1.64) 1.12 1

$5 St H K AT R, 45 A A 5N 45 b7 SR A={S, 0, D} ST HEFE z1=[(3'38'4'96) (3.43,3.59) (2'76’4'10)}

(2.41,2.82) (6.80,7.12)
H— b5 L KA % WALE . w'=[02001 01704 0.1642 0.1268 0.3385], 44 LK EMAE, 115 bk b
X AR EREAMEEMLGAMNER: w'=[02816 01798 01551 0.0911 0.2925], ##E=(18)
TR ARA RN L FIENE R N € =[5.16415.16314.406 7], H 4 30 (19) 7] 14 g RaAi =l “4a Sk A BB 227 RPN
HITH 45 R R Rapy =117.49 .

FIRERY T 3L, Al fS s sl AR k3" B R BAM ER WL AR E N w’=[0.2471 0.1900 0.1739
0.1413 0.2477] , RPN fH N R, =51.61 ., Bl “H AP KRB EXREAMERFMWE AT R -
w°=[0.2202 0.2668 0.1295 0.2003 0.1832] , RPN {#} RS, =57.20 .

A BRI A L R ACE AR ] (G AL %), WA A I — . G R AR i B 3 A IR Y
RPN fE, W15% 6 fim. 3 6 ik ih 1A SO A 2 i g 21

F 6 AIOTESENEITET LR L
Table6 Results of proposed method and equal weight method

failure mode RPN of proposed method RPN of equal weight method  sorting in proposed method  sorting in equal weight method
insulation resistance out of tolerance 117.49 121.64 1
overcurrent protection failure 51.61 53.60 3 2
overvoltage protection failure 57.20 52.16 2 3

M 6 AL, ARSI ik AT 7 645 ) RPN S5 SR HEF AN TR, AR SOO7 IR 4 R b S 50 i I AR 4 e 2
(1 RPN /& Tl R s ORI 0 28, RPN HEZR 58 2 1 S8 A F O vk U A B, et i IR AR 97 2R 20 RPN
EHEZ S 3. BT R 5 ATA, X TRCRRRG s R AR R, 4Lt C-1 45 Hh BT 15 B 5 HAR PR A
N BRME BAR L 22 S e, PO (B /0y, DR 2 T B AR A A B Oy 5 B Xk, A EI A9 RPN (L
LSRRG RPN fH s . BT RIS R 536 6 TFELURMYI G, Uil T A SO7 i 005 BRI

5 #it

7E3ET MCDM ) RPN 34 75 i v, 2244 L 0T M 15 A BUEE 23 X il B B8 X i) 1 35 PR kPP ™ AR ORI o AR
SCHIEE T TAESERR . TAEZ S . XA 3t R KB 3 N IFM e br . XL KA Je g s 1 b A7 E B4, T s
LRI IACE ; B0 XRIBOT O 5 B, AR5 S0 AR LEE , $2 i T 2 WAL A 0 1 U5k o SR A A 3R
TR T A, S5 RPN T LA L, REAF 21T 5 BEAIT M 45 3R o A SCE Sihe T IXEEOT I E R T
255 WACHT RPN PRANT7 1%, X T 2 XML | A58 (5 EAR I D0 i R 5 18, n] LR A s S 58 07 1wl .
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