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Abstract This study reflects the ease of improvement in P-FMEA implementation, which was carried out
to identify the key failure modes in the manufacturing process. The existing FMEA RPN (Risk Priority
Number) was determined by simply multiplying the three evaluation criteria of severity, occurrence, and
detectability with the same importance. This paper proposes an IPN (Improvement Priority Number),
which is a revised form of RPN, because the weight of the criteria can vary, and the ease of
improvement needs to be added as an evaluation criterion. The weight of each of the four evaluation
criteria was calculated using the AHP (Analytic Hierarchy Process) method, and the core failure mode
was derived by calculating the overall score, which reflects the characteristics of the process and the
easiness of improvement. The validity of this study was examined by applying the IPN-based P-FMEA
to an aircraft parts machining process. This study compared the core failure modes driven by the RPN
and IPN methods. The IPN method was evaluated higher than the RPN method in terms of the

improvement effect efficiency of the process and satisfaction with improvement activities.
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1.1 A7 HHE

ZIAA 1% P
WollA 2A8et 4= Qs BE
lo] thgt si2 Wetke A
29] AFE B35 gt AAHR] SHEA EA
3 7o zA Az FAo B st 14, AT E
£ A digh AP HES S Ale-=d Aglst
ZEA ol AAZQA HIrolct

v A4 9] g AFAES W7t 7180 1
Aol 7} Ay WhAlo] HEsithe gHAIR o] ok
Brlstdon, T3t RPN BH7F BHolA 55 3 dAo
2 Qlste] A9 ALY E wekelr] ook 5t
Aotk (BAELL 2019) [10. 4 Q12], Ling 23], o1
3] 9|[4]+= RPN B77} H8= 14} sk Ao 2§st
A Z3t B7F w4Alo] H8d 4= gloy, Wt Ve B
S/4o= Rlsto] B7EA 2k, BrHATNY BEUAE 7HA
£ 2= itk 2stydtt. 183 Gilchrists RPNQ] A
7] EAS Bedt FOo8 AESH= 247 Qi 3
ZSFATHGilchrist W, 1993)[5].
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571 A Aol A= Al A S
A QT AT AAAEZL AL F
I 87 FA(Requirements for Advanced
Product Quality Planning and Production Part
Approval Process, AS9145)& W22 Fg=0o] Q]
om, o] Aol P-FMEAE AAsleE HESHEo]
Urt.

Iy 7]&9] P-FMEA A4
2|9 o|gy &= Al7]ol et Hg 9 FAA
E4& 1EsHA] g it} & AFolM= g
Al Hofl 7hAo] Fagt w2 1R 9 dlse
5] A|A= o] HAAHQI AHdolA9] A ZIE =0]7
st BH o2 7]29] RPN H717|&0| 7ol dE A
Fo| F7fstal, 7+ B77]1Ee] AHPYE &H&st 58
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1.3 0|28 1& & gy
1.3.1 FMEA ¥ P-FMEA
FMEA 278382 19499 11¥ 9% A%H

MIL-P-1629, ‘Procedure for performing a failure
mode effect and critical analysis’ & w54Fgof A
HIREATHEQ14], 2014)[6].

1900¢dthe]l A8 2 S 8ot T =5
A Q] AAMPEZES] oz NAEom(HE 9,
2010)(7), = AsA I8 SRloMe 20169
AS91455 7078-FH3IaL, T o]F thafgt AbgdEofo]
Al A= gleH, 196749 Tzt - AYEE H|Fsto]
19704 Ford it Pinto AFAE AZ|Z FAE 44 &
AIE £017] flsh A DAolA12] FMEASE 37 TAol
A19] FMEAS E=Y5taict.

20199°l= ml=te] AIAGSF Y9 VDAZF
55t o9 Zxskal Risk TAE A EESH
B4Rl "ATAG-VDA &3 WiwE & AESHL FMEA
DEAAE 85t ZF FFA] I3 e AR
7ho|E5 Algstalon, i 499l RPNY ¢4
&5 ‘Action Priority 2 HZsl= 502 WA o
S B2 BiSke o] FojRA] gttt

o= =g 9] A1g)d 24 AlE Q] RAC (Reliability
Analysis Center)olA] A%st FMECA #HZA oA+ 14
8 2 9F 24 IIHE 7 st=oly ofeldES
EE3SE §, 7Me T R3S E45ke stede] J
o9, LE AE 2 BE2 1179 7|50l At
ygstal 7]so] ¢ He AsAl o
oW, 283 o]gt T 7HA A
ok AR,
AEA FEEL
< 7|§9to 2 st

99

-LI\‘

ISO/TS16949, AIAG, VDA & Z&

FE9] OEM it Wird2 71538
= EAEAE Algretar Qi

ESH AIAG-VDA FMEA =2 FMEA 794 w4
22 AASFAY (Tzvetelin Gueorguiev 2], 2020)(8].
oj2fgt A0S A%, YL, AEEL} 22 RPN
37F 7 MIL-STD-1629% 7IHFe=2  QS9000,
IATF16949, AS9145, AIAG - VDA 5% tfFgol o]
2I7HR] A&H o2 WHAE WA gkoH, At/
F37) AXZI4E BIRT B2 7|dE2 ol A=A
gHo g4 9o g Aestar o}, o]giof w2 of
Ha= 1 slom gt v a9E AFA X9
= AHEIZH 2= Sl
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1.3.2 AHP

AHP7|HL2 AFA o] off Rolo] AEA S
A3 JAragAe] ks 23t 9 A A St 7HEA
E A%k JAREA7IHOITKHT.L. Saaty, 1990)[9]
1970t Saatyoll 2J5] 1QHE AHP7|HL W] H5%
oA B&HQ1 oAbaAo] o|RoRA =S 11QtH A
7o g A A thadt Zo] & SEAR o]FolA
Atk 19A41= JAEA ZAIE ASsele A2 ARt
| A 22 gakads B¥E 7hsAdo] e 8RlE
< ERIske= IHolH, 284+ 2 81E 7] Ay
E B9 AdHln FEES 5k DAl & AS
T27} RFEolA W ZF ASE 2%1E0] H|I 7HETtES
Adulr PFS sk, 18F HH(Eigenvalue
Method)5-& AH&Sto] 715 thd 4GRS =53
THH.LAhn, 2007)[10]. 39A= vl FEE 71%

ial

ASS
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o% 7} 8919 4E AFXE At WAl 4
WAL 42 A 7HEA ] QRae A5sH W

ojtt. A F8 =7} AFAFE 2] YAl & oA W
of AtiH|ie] wto] Yol [FA|Eolop SRR
(.C.Lee &, 2014)[11] (K.W.Song &, 2013)[12], 7}
FA| wto] Fou|RE ERlst] s ;A A
(Consistency Index, CD2} 934 H|-& (Consistency
Ratio, CR)}& AF&stoiof gith. AHPZI™ellA /g0l
A7 A= R 8% TS of7] ol du
AZo] 97FEZ CIE 749 A4(Random Index,
RDE e CR#E AFESto] HFFTHK.W.Song 2,

2013121 4714 CRo] 0.1%t+ % 39, 972
weto] WYL - Folet BT % ek vhAjzto
2 S 2 A4S A0 18NS Berlaiu

= i
=2

ol-&3f Fok= TAZ oI5 E3f i &9
skl 244 ﬂ]%‘ﬂ 3F 5HS 245] Asf sk A
Z0] Q959 AtA Q& Tk, ZF tiote] &
&5 H7RHKT.L. Saaty, 1980)[13], (T.L. Saaty,
1989)[14].

AHP7|®H2 H&710] A3 Ao] 23 4~ 32
9k ofe}, ARg3lo] oJ%t dlojg 4% 7hssto] A
B7to] AT AALS FshA o= Hrjsl HiHo] =
= Yom(B.W.Kim, 2015)[15], AHP®HS &-83}17] ¢

3 Az AEAQl Ado] 9= o] Fr A

?_H E/o] 54HY of 10 F o A0 HE 2
ZE31tHC.H.Lee, 2019)[16].
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Table 1. Rating scale of improvement easiness

Description Definition Rating
Very Within 1 day or under $100 10
easy Within 3 days or within $300 9

Within 1 week or within $1,000 8

Easy
Within 2 weeks or within $1,000 7
Within 1 month or Within $5,000 6

Moderate

Within 60 days or Within $10,000 5
Within 3 months or Within $30,000 4

Hard
Within 6 months or Within $50,000 3
Very Within 9 months or Within $100,000 2
Hard Over 9 months or Over $100,000 1

2.1.2

HAgol gL TET Wt A4l "IPN'Y] AtAle
of#fe] Bq. (1) Zom, o714 sk 4Z4%E, O& LA

T, De AL, = Md8ol8E sk, Wy, W,
Wp, W= Z42E s, O, D, 19] 7IA1E Qulgict.
IPN= SW¢x OWy X DWy < IW, (1)
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Fig. 1. AHP hierarchy structure
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Table 2. Questionnaire format

~—Extreme importance Equivalent Extreme importance—
SEV |l @ 3@ @ Ol @ ® @ ®| OCC
SEV G|l O @l @ Ol @ @ 6 DET
SEV ®|l@ @O 0|2 @ ® LE
0ocCC ®l @ ® @ 0| @ ®| @| ®| DET
OCC (O OO NONNONNONNONNONN6) LE
DET (O OO NONNONNONNONNONNO) LE

HAERA 23 F ShE Aivie FE=2 UEiid
Table 33 Zow o]E EZES} FPH(standardized
matrix)& &-85t0] 75X Aot Table 49 Zth.
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Table 3. Pair wise comparison matrix result

SEV OCC DET LE
Severity 1 0.33 2.00 3.00
Occurrence 3.00 1 4.00 5.00
Detection 0.50 0.25 1 2.00
Improvement Easiness 0.33 0.20 0.50 1
Total 4.83 1.78 7.50 11.00

Table 4. Normal matrix and weight calculation result

SEV OCC DET LE Weight
Severity 0.21 0.19 0.27 0.27 0.232
Occurrence 0.62 0.56 0.53 0.45 0.543
Detection 0.10 0.14 0.13 0.18 0.140
Improvement | ' o7 | o011 | 007 | 0.09 | 0.085
easiness
Total 1.00 1.00 1.00 1.00 1.00

71EA = 4 71X 2O HHEEO 2 Table 49} Zo]
HAEO] 7RSA]7E 0.548 718 =%oH, 4Zke 0.23,
AEE 0.14, 748014 0.08 9= Hrislelod, 7t
A9 9T Sk= Table 49] Hlolglo] of9]

Eq. (2), Eq. 3y HiYst] 7+ = St
Weighted Y ,= SWg+ OW,+ DW,+1W, (2)
weightedE
Consistencymeasurement = ——————— (3)

weight
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stlen, AFHow gol &= CRY 7IES 0.2
ofstold de/do] Attal WIsH7|= sHAoH, Table

39 v R PE S oz AASH Avk= oh3a) Aot

Eq. @°ll YAzt FH-A4] (maximum eigenvalue)
= 4.052 AAEAY, IdFJA4A Cl(Confidence
Index)3> Eq. (5)°l 2JAste] 0.016, L&l A4
H|-&<?1 CR(Confidence Ratio)gt= Eq. (6)°] AT
0.0172 A= Eq. (6)°14 RI(Random index)
= T2 Ae2A, AdE|a 5 ()l wEbA RIgE
2 Table 5% 2t}
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All factorsof consistencymeasurement E

@

max = vmber of factor (n)

o (/\max - TL)
e
CR= Vi ©

Table 5. Random index value

n 2 3 4 5 6 7

RI 0 0.58 0.9 1.12 1.24 1.32
2.2 WME0|4S 12{et P-FMEA ZEX}

A ] Fe) B B Slotel ANEE

of £8%= A Bl&-Z ARl AESHoF gt o]
£ 95t 71€ P-FMEA EARol= tE dAE AXD
o7} ok M=ol AAEe dake ot Z
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4-8 Undersized holes Drill wear
5-1 Burr, sharp edge Workmanship error
Configuration/ . .
Table 6. Flow process chart 6-1 dimension error Misreading of DWG
6-2 Angle/Radius error Mis-using of tool
Process flow
- 7-1 Hardness error Temperature set up miss
No. [z |z|E|&|w Process description 7-2 Configuration/ Improper heat distribution
S|o|vw |8 |¢% dimension error
e 8 =1 ° Configuration/
=] 8-1 ) R Lack of workmanship
dlmensmn error
1 o Material release 11-1 Contamination Packing error
2 O Material inspection 13-1 Contamination Handling error
3 O Material cutting 13-2 Coating thickness error Lack of skill
4 o) Machining 14-1 Contamination Improper packing material
5 o Break sharp edge 15-1 Appearance error FOD control error
. o - 15-2 Adhesive error Dry/cure error
orming 15-3 Coverage error Lack of skill
7 @) Heat Treatment 17-1 ID error Typo
8 O Check & straightening 19-1 Part damage Lack of workmanship
9 O Dimension inspection
10 0 Temper inspection 7k 3AolA BEAE 1 53 2 4Rl Table 72
n| |- More 2ol Uehton], 1440) gere e yHges
12 O Penetrant inspection _[‘5‘___{!1\_ %r_;g ;ﬂf—,g %ﬂ'ﬁ %}E)Q?il, Table 7oﬂj\iﬂ th—;;]_
13 O Chemical process = = =
P HEE 14990 AUHEs e, ol% ot o
14 = Move - —
=15 . Aste E7]1€
ainting _ =
Table 8& ZF 1Rl et &4 349 o= A
16 O Painting inspection _ _ _ B
B2 o]% 7} R-adol thigk ZiA i =1 Alof o] &
17 @] Part marking
—=3lodo} B
18 O Final inspection 'I‘—qu Oq ]: 9_}1:}
19 = \Y Packing & Save

Table 8. Current status for process control

233 1FE Y I Ol FAut & 2| HEY No. Current process control
P-FMEAE ;37H—8]'7] “CI)'J—SH/‘ 7—]’ :ol‘;ﬁ)oﬂ/‘i ‘:]E]'}\J)4 7]'%' 1-1 Material inspection
o AAA 14 83t 1 1 AEsty EAIgH} 3-1 Self inspection
4-1 Checking of tool No.
4-2 Checking of tool condition
Table 7. Failure mode and Cause &
4-3 Checking of tool's setting
No. Failure mode Cause 4-4 Checking of material setting condition
4-5 Matching check of PGM No. to work order
1-1 Material discrepancy Handling error 46 Cutting oil check
3-1 Cutting size error Handling error 47 Checking of drill size
4 Configuration/ | &
-1 dimension error Incorrect  tool use 4-8 Checking of drill size
4-2 df;zgf;?t:i/)r Use of damaged tool 51 Self inspection
- - 6-1 Layout before working
i3 Configuration/ Tool X
dimension error ool set up miss 6-2 Checking of tool
4-4 d?;zgsgil:)rr?me[;zr Material set up miss 7-1 TUS/ISC control
Confi ton/ 7-2 TUS/ISC control
c onfiguration, .
45 dimension error Mis-using of PGM 8-1 Self inspection
4-6 Roughness error Drill vibration 11-1 Checking before working
4-7 Oversized holes Chip 13-1 Checking before working
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13-2 Coating thickness test 8-1 5 1 1 5 15
14-1 Checking before working 11-1 3 1 1 3 22
15-1 Periodic education 13-1 3 1 1 3 22
15-2 Adhesive test 13-2 5 1 1 5 15
15-3 Visual inspection 14-1 3 1 1 3 22
17-1 ID inspection 15-1 5 2 1 10 10
19-1 Checking before shipment. 15-2 5 1 1 5 15
15-3 5 2 1 10 10

23.4 RPN T} 17-1 10 2 4 80 1
e i 19-1 4 1 1 4 21

RPN B7l= AZtz, He, A&kl 93 ¥71E
I5ke] FMEA ¥4Hd 37} 7] Agst3lom, RPN
BrpPHo 2= o9 Eq. ()T 2, Akgd dike
Table 103} 21, H47}t 2 0= A3/t & A2
2 EAH

RPN=S8X0OXD

= O
=

)

gutH o= At A FMEAE Z7iskd A4,
I, HEL ZHZolA 78 ool He 1ARET
RPN 47} 1253 ol 14 /3, 183 1AALefA
A5t FREXX(Key characteristic) E+= Critical
itemsol thafiA] 7R A ALES FHstL P

Table 99] RPN B7} Fe= | 80014 387K &
BriERlon, AZ4E, s, HEE] 7t Hr7|ed
A 7R ol IAAREE 1-1, 5-1, 7-1, 17-19 ¥ 4
71A] FEg UEst). ol= oid 349 o3l 7|t &
A Azx7& o= st 37 50| diyor
=] Q7] HER] Ao wekEr

o
Sl

Table 9. RPN assessment result

No. SEV OcCC DET RPN RANK
1-1 10 1 1 10 10
3-1 5 1 1 5 15
4-1 5 1 3 15 5
4-2 5 1 1 5 15
4-3 5 1 3 15 5
4-4 5 1 2 10 10
4-5 5 1 3 15 5
4-6 3 1 1 3 22
4-7 5 1 4 20 4
4-8 5 3 3 45 3
5-1 3 9 2 54 2
6-1 5 1 3 15 5
6-2 5 1 3 15 5
7-1 10 1 1 10 10
7-2 5 1 1 5 15

2.3.5 IPN &7}

W&ol g2 Aol &85 AlREY vl-go] AA
of, & 71z Wl /I &3t vetdA H= =0l
A B7FE= B2t 71l 71&9] RPN 37} 713
o] 3t 1404 i 10387142 F7H=EH, F7HE2
7§4go]4do] tiste] Table 101 ZA3te] Table 79] 3L
FRES HIeHA.

W7kt A= Table 107+ 2t

g

T

N

Table 10. Improvement easiness assessment result

No. Rating No. Rating No. Rating
1-1 3 4-8 6 13-2 8
3-1 6 5-1 7 14-1 7
4-1 6 6-1 7 15-1 8
4-2 6 6-2 7 15-2 8
4-3 6 7-1 8 15-3 8
4-4 7 7-2 8 17-1 4
4-5 7 8-1 7 19-1 7
4-6 6 11-1 7

4-7 6 13-1 8

650

Table 112 RPN %7170 Table 109] 7H4l-80]
4 B7HELE Skl 7] AEE TSRS HESH
7 JEER TSRS T, Eq. (Dol tHSdste] IPN
< Akt dijoltt. dlg I 5 -1 AL
T 103, P= 13, , 7Hd8old 38
xeH, 7+ 7BAE HAECHEA) Hee
230, HYECIEA)E 0.54, AEECFEA)E 0.14,
N80l 0.247F Hrt.

%3 Eq. (Dol YAst 7HsA]7F FE5E Wl 7149
371 7% AE F5PH IPN A5 0.042 AAteH,
B7HE IPN H47t =8 407 v S A &
AE ZAHsto] A AE gt
Table 119] IPNO] oI5t <92} Table 92] RPN

= I3

9

ro

o o
e
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Oﬂﬁ 18912, IR 3-12 1591914 1892, I4H
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o S5} A Sie
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IPNYHAle] B7hs 72
sholgt 4 9.
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Table 11. IPN by Failure mode

Weight & Evaluation
No. | sgv | occ | per | 1E | IPN Rank
023 | 054 | 0.14 | 0.08

1-1 | 230 | 054 | 014 | 024 | 0.04 18
3-1 | 115 | 054 | 0.14 | 048 | 0.04 18
4-1 | 115 | 054 | 042 | 048 | 0.13 8
42 | 115 | 054 | 0.14 | 048 | 0.04 18
4-3 1.15 0.54 0.42 0.48 0.13 8
4-4 | 115 | 054 | 028 | 056 | 0.10 13
4-5 | 115 | 054 | 042 | 056 | 0.15 5
46 | 069 | 054 | 0.14 | 048 | 0.03 25
47 | 115 | 054 | 056 | 048 | 0.17 4
48 | 115 | 1.62 | 042 | 048 | 038 3
5-1 | 069 | 48 | 028 | 056 | 0.53 1
6-1 | 115 | 054 | 042 | 056 | 0.15 5
6-2 | 115 | 054 | 042 | 056 | 0.15 5
7-1 | 230 | 054 | 0.14 | 064 | 0.11 10
7-2 | 115 | 054 | 0.14 | 0.64 | 0.06 14
81 | 115 | 054 | 0.14 | 056 | 0.05 17
11-1 | 069 | 054 | 0.14 | 056 | 0.03 23
13-1 | 069 | 054 | 014 | 064 | 0.03 2
13-2 | 115 | 054 | 014 | 064 | 0.06 14
14-1 | 069 | 054 | 0.14 | 056 | 0.03 23
15-1 | 115 | 1.08 | 0.14 | 064 | 0.11 10
15-2 | 115 | 054 | 0.14 | 064 | 0.06 14
15-3 | 115 | 1.08 | 0.14 | 064 | 0.11 10
17-1 | 230 | 1.08 | 056 | 032 | 0.45 2
19-1 | 092 | 054 | 014 | 056 | 0.04 21
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Table 12. Effect duration of RPN (Unit : day)
Effect
No. Priority Prti;eess Corgg tl:ted dllj{ieti;n accumu'lated
duration
17-1 1 90 90 565 565
5-1 2 14 104 551 1,116
4-8 3 30 134 521 1,637
4-7 4 30 164 491 2,128
4-1 5 30 194 461 2,589
4-3 5 30 224 431 3,020
4-5 5 14 238 417 3,437
6-1 5 14 252 403 3,840
6-2 5 14 266 389 4,229
1-1 10 180 446 209 4,438
15-1 10 7 474 181 5,002
15-3 10 7 481 174 5,176
4-4 10 14 460 195 4,633
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7-1 10 7 467 188 4,821 4-2 18 30 576 79 7,546
13-2 15 7 569 86 5,720 19-1 21 14 590 65 7,611
15-2 15 7 576 79 5,799 13-1 22 7 597 58 7,669
3-1 15 30 511 144 5,320 11-1 23 14 611 44 7,713
4-2 15 30 541 114 5,434 14-1 23 14 625 30 7,743
7-2 15 7 548 107 5,541 4-6 25 30 655 - 7,743
8-1 15 14 562 93 5,634
19-1 21 14 590 65 5.864 Table 14. Satisfaction survey result
13-1 22 7 641 14 5,934
46 22 30 620 35 5,899 No. Description Satisifaction
1-1 | 22 14 634 21 5.934 rare
14-1 22 14 655 _ 5934 1 Satisfaction for Process easiness 75%
2 Satisfaction for effectiveness 100%
237 7Hﬂs‘é}% I:I|_|-_7_.|<_E 3 Satisfaction comi)har(ejd to the RPN 85%
metho:
2 A79 7WdEoldE 1Eg P-FMEA A84%Y
o tet B ARG WSES Horsh] Ssto] 34
AR} AL iRt 208 Ao R 71EA T 3. HE @ &5 o4
o] ghEw u@ AEZAE AAIS9IT) Table 149 2 FEEEeTE
o = o A
A 1=12.3e) Ao L0 FHA|Z 17 Al g3
U RAS R S AEALL A BT o) eiet mAom s pRMEA 2 33l
3t o g8 Aolgt= kS 519 Z7/EkAlo] Yo _ N
EUH BEAOE SRS ST WA O pigele 271 wiagsh, Tl FMEAS] RPN 4

S 7@ 8 Aol glont AHTE] 2ass
AzE 9 Elgel The AFAEACR el Bol4ol
et §YOEE 75%7h WEATH: § 2k ko,
D2, B d7dne @o] A8t ANTEY uE
%7} B8 obd Aol 4t

Table 13. Effect duration of IPN (Unit : day)

Effect

No. | Priority Pi?nizss Con;g tl:ted difietit)n accumu.lated
duration

5-1 1 14 14 641 641
17-1 2 90 104 551 1,192
4-8 3 30 134 521 1,713
4-7 4 30 164 491 2,204
4-5 5 14 178 477 2,681
6-1 5 14 192 463 3,144
6-2 5 14 206 449 3,593
4-1 8 30 236 419 4,012
4-3 8 30 266 389 4,401
15-1 10 7 280 375 5,158
15-3 10 7 287 368 5,526
7-1 10 7 273 382 4,783
4-4 13 14 301 354 5,880
13-2 14 7 315 340 6,567
15-2 14 7 322 333 6,900
7-2 14 7 308 347 6,227
8-1 17 14 336 319 7,219
1-1 18 180 516 139 7,358
3-1 18 30 546 109 7,467
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