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A Study on the Criticality Analysis using Correlation
Coefficient in Reliability Centered Maintenance

Duksu Yun' + Kwangwoo Chungﬁ
'Korea Airport Railroad Co., *Korea National University of Transportation

Purpose: The occurrence ranks of failure modes can come from the real failure but the severity
ranks of failure modes require a highly subjective point of view of users. The severity ranks have
to find more objective and scientific values.

Methods: We found the optimal values by using the correlation analysis between failure mode
effects and the criticality number like RPN (Risk Priority Number) in RCM.

Result: This paper shows the result that verified whether the weighted values on each failure
effect in criticality number calculation is suitable to the actual failures or not. To get the
verification, it used the 5 year data and correlation analysis. Based on the analyzed result, We
proposed the more suitable values.

Conclusion: This correlation analysis approach can provide guidance of RCM analysis across
many industries and situations.

Keywords: RCM, Failure Mode, Correlation Analysis, Critical Analysis
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Table 1 Allocation of the unit criticality weights

Failure mode Sign Weight
DF(Dangerous Failure) a 20
SD(Service Delay) B 10
FD(Functional Disorder) Y 5
SF(Simple Failure) 6 1
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| Does the failure of the equipment seriously affect train safety?

RCM analysis subject |

v

| Does the failure of the equipment seriously affect train operation?

RCM analysis subject |

N

| Does the failure of the equipment seriously affect passenger service?

N

| Does the failure of the equipment difficult to detect?

RCM analysis subject |

N

| Does the failure of the equipment affect other equipment?

-
o
}—Y—’| RCM analysis subject |
—
—

RCM analysis subject |

v |

| Does the failure of the equipment cause a large cost ?

}——’I RCM analysis subject |

N

| RCM not subject : RTF(Run To Failure)

Fig. 3 Selection logic of the RCM analysis subject
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Criticality value
325
169
147
145
144
112

89
88
80
78

SF
115
139
37
85
144
27
29
88
70
18

FD
34
14
17
10

SD

DF
0

(C_D/Control Unit

Brake Operating Unit(BOU)/Electronic Control Unit(ECU)

Center Pivot Unit(CPU)/Lateral Damper

system/sub-system/unit
Tread Brake Unit(TBU)/Cylinder Unit

Train Door/Door Control Unit(DCU)

Table 2 Five—vyear Criticality value(Top 10 Unit)

Air Conditioning Unit(ACU)/Air Conditioner
Broadcast System(BS)/Center Operation Box(COB)

Train Control Computer(TC)/TC

Switchboard/Switchboard
Operation Facilities(OF)/Cabin Switchboard

Converter Inverter Unit
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Table 3 Correlation coefficient between failure
mode and criticality value

. Correlation
Classification Remarks

coefficient

high

SD vs Criticality value 0.646 .
correlation

L very high

FD vs Criticality value 0.823 .
correlation
o very high

SF vs Criticality value 0.848 .
correlation

4
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Table 5 Approximate value of the criticality weight

Approximate value of
SF compare Average o .
criticality weight

Average of SD

¢ 3.3% 30
occurrence rate
Average of FD

16.8% 6
occurrence rate
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Table 4 Percentage of failure mode compared to SF(Top 10)

. Criticality SF compare
system/sub-system/unit DF SD FD SF
value SD rate | FD rate

Train Door/DCU 0 4 34 115 325 3.5% 29.6%
ACU/Air Conditioner 0 0 6 139 169 0.0% 4.3%
TC/TC 0 4 14 37 147 10.8% 37.8%
Switchboard/Switchboard 0 3 6 85 145 3.5% 7.1%
BS/COB 0 0 0 144 144 0.0% 0.0%
C_I/Control Unit 0 0 17 27 112 0.00% 63.0%
BOU/ECU 0 1 10 29 89 3.5% 34.5%
CPU/Lateral Damper 0 0 0 88 88 0.0% 0.0%
TBU/Cylinder Unit 0 1 0 70 80 1.4% 0.0%
OF/Cabin Switchboard 0 4 4 18 78 22.2% 22.2%
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Table 6 Change in correlation coefficient after adjusting criticality weight

Correlation coefficient
Classification Remarks
Existing Adjustment
SD vs Criticality value 0.646 0.800 very high correlation
FD vs Criticality value 0.823 0.847 very high correlation
SF vs Criticality value 0.848 0.736 high correlation

Table 7 Correlation coefficient by criticality weight

Adjusting criticality weight Classification Correlation coefficient

SD vs Criticality value 0.740

SD: 20 T
ED: 5 FD vs Criticality value 0.831
’ SF vs Criticality value 0.798
SD vs Criticality value 0.819

SD: 35 T
FD: 7 FD vs Criticality value 0.859
. SF vs Criticality value 0.705
SD vs Criticality value 0.838

SD: 40 T
FD: 7 FD vs Criticality value 0.853
’ SF vs Criticality value 0.688

Table 8 Correlation coefficient change after adjustment of criticality weights

) ) Correlation coefficient
Classification Remarks
B =30, v=6 B =35 =17
SD vs Criticality value 0.800 0.819 very high correlation
FD vs Criticality value 0.847 0.859 very high correlation
SF vs Criticality value 0.736 0.705 high correlation
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Table 9 Failure statistics and Criticality Value(2011)

Existing criticality weight Correlation-based criticality weghts
Priority system/sub-system/units criticality Priority system/sub-system/units criticality
value value
1 Train Door/Door ASSY 54 1 Train Door/Door ASSY 110
2 CPU/Lateral Damper 52 2 CPU/Lateral Damper 52
3 ACU/Air Conditioner 42 3 C_I/Control Unit 49
4 BS/COB 40 4 TBU/Cylinder Unit 49
5 Static InVerter(SIV)/ 38 5 OF/Cabin Switchboard 49
Auxiliary Rectifier(ARF)
6 C_I/Control unit 37 6 BOU/ECU 43
7 Train Door/DCU 35 7 ACU/Air Conditioner 42
8 BOU/ECU 33 8 Jumper Coupler/74P 42
9 Switchboard/Switchboard 25 9 Train Door/Door Panel 41
10 TBU/Cylinder Unit 24 10 BS/COB 40

Table 10 Failure statistics and Criticality Value(2012)

Existing criticality weight Correlation-based criticality weights

Priority system/sub-system/units criticality Priority system/sub-system/units criticality

value value
| Train Door/DCU 60 1 TBU/Break Shoe 140
2 TBU/Break Shoe 55 2 Train Door/DCU 78
3 Switchboard/Switchboard 31 3 BOU/ECU 6l
4 BOU/ECU 30 4 Switchboard/Switchboard 60
5 BS/COB 30 5 TC/TC 36
6 TC/TC 28 6 Train Door/Door Engine 35
7 CPU/Lateral Damper 26 7 BS/COB 30
8 TBU/Cylinder unit 25 8 CPU/Lateral Damper 26
9 ACU/Air conditioner 22 9 C_I/Control unit 26
10 C_I/Control unit 20 10 TBU/Cylinder unit 25




Duksu Yun + Kwangwoo Chung 19

<Table 10>9]4 B% FZIA)ZA 9] AloJAA] Be @4s Btk old <9 S Aund W
= 20119 RCM £4 23 A B 74 3 8A = Y AR E dghel B AME ST €4
AAste] 52 FARS BE7t JAPHo 7]E Tqol o A #Ho] e BASAAM woAE
O AW = S-S A &3 FeoA =97 10 Ae AEed 494 o2E & 0 834 S 2o
A 2 dobth 20128 2ol 3 F AA & “AARE At} &, ollofA 3 542 9 B¢ sAMR 2 31
o stegold AAMNH «Ld A71AFA 7% dAE FLAAT FA LY FHANE T AR
WA AugEs F7PgoeA A=g 7 fA R 7t A o2 oA, wiH FIAE HeHH A
FANE At on, 1 A3 o sfol A L 2Hlo M A7]3 2o} A7 E ek AoE A
1R ARET} B 754N 14E FaNE F g FHA wARb R A FAA Y Beo]A 77F
A FAEATF Fob A AL BYS W, ol $A¢919

<Table 10> F#AAE 133 AW T Hsto] o3k A3l B S Aol oA A
of e} AEE AW E $AEHE =3 Ve Q) =Y A Aol e e Aot
o 2012959 A 71 E A E Edgtel uhe ¢

20 b ) = 5 % 3 =
Sl Sl EAN I YL SRR EEEE SRR EE
TRl a L ow—"1, T— 1T L
HEd AsA Y AT Al FaH ¢l MdE AR 7hEAd e A E A
T ¢ ot A E st e A S AL ol AR E A

<Table 11>l 53] A 1457 HolH of Hlsto] WA H A=t HEHo] ot Aot
A& AHE $AE9 9 WsS dE AT 2011 29A HE 2719 ElolHE Y ngol

<Table 11> B% 7]E AW = Sgholl A 2% Bo] BT etste] Ae)sta, A
A FAeRY oo AA = daBAS 1EF TH #Es B o] AHEY A ER A ®
AR e dEFME SHAR, sHA $A=HRY = 7 AR A FAZE ) Zfol7F YL T
WERA Y FEAATE oHA FAEAE WY BAROREHSTAYE gho] ZxHS L 53
Zhom o]d AWER [0MA SAEAE &4 o o] A2 BAUT FAE stol 5 AH o TAE
AR S sHA FAEAE, B FAE BAAA 7HAE & ok AR E g Aol7t £ A ke
G A FAEANE HHAE Ao By Ae A= 18 1Y 84| FAsi L ded
ola & WAH AHWEAA 6HA FHEHE U A7) wEoltt, v, AN AW = 9, WA A

Table 11 5—year failure statistics and criticality value

Existing criticality weight Correlation-based criticality weights
Priority system/sub-system/units criticality Priority system/sub-system/units criticality

value value
1 Train Door/DCU 325 1 Train Door/DCU 493
2 ACU/Air Conditioner 169 2 TC/TC 275
3 TC/TC 147 3 Switchboard/Switchboard 232
4 Switchboard/Switchboard 145 4 OF/Cabin Switchboard 186
5 BS/COB 144 5 ACU/Air Conditioner 181
6 C_I/Control Unit 112 6 TBU/Brake Shoe 162
7 BOU/ECU 89 7 Train Door/Door ASSY 148
8 CPB/Lateral Damper 88 8 C_I/Control Unit 146
9 TBU/Cylinder Unit 80 9 BS/COB 144
10 OF/Cabin switch board 78 10 BOU/EP100 135
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36
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2013
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35
32
27
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18
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31
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22
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4
4
41
40
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27
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110

2011
Priority |Before(B)| After(A)

54
52
42
40
38
37
35
33
25
24
23
2
19
17
16
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11
12
13
14

Table 12 Before and after change of criticality value by year
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