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A Case Study on Determining Doors Maintenance Intervals through
Running Fault Data Analysis for Metro EMU

oY . YFL* . 0JDjadws

Duk Gyu Lee : Jong Woon Kim « Hi Sung Lee

.AbStrzict Recently raﬂway corporatlons have buﬂt mamtenance 1nf0rmat10n systems and

a8 oA A= So) 2 AT $ANRTE FANS A0 AAUE FRH 17 ﬂ?...
Gh:} I ﬂ aﬂizﬁ EEHA T A E EFANSMRT)ONA = x%%x}/’ﬂwl&‘f«*‘(EMU IS)*H %
A 8%3?—‘6% EAZ 07 /\}ﬁc’ A& T B =l Hi—ﬁ SMRT &2 w?woéﬂ

= ¥

w), 14 HlolHE BAste] AREE Wrlekn BT ARk AHEE

| 53}9’}%30}0] Eé]roﬂ fﬂ H ﬂ)‘% = f’\] 7 ‘”—1‘1713}1 57] o7 _zﬂ7}0},3ﬂ E}ﬂﬁl :4-'-

'“ < ;%au3%-ﬁE%P%éﬂf”ﬂ~9ﬂﬁ:

1. M E ol gl EHE AT o] Qs AAG
] Fagkelds w2o] Q7T SEARE ujollA] -8
1.1 973 & S5 She Al AAAeA AR A=de AR
AR ZA|, izl A=EA], 073, Aol @A, A MANNGES Aeshe ARAQl 70| vy dell A&
YA, ZoAAE Fol AFH, 714, drREeE 4714 ¥ Zlo] tiHtoltt,
o7 FAE] Sl THAIAHFO RN 7} AAEISEe] o b, Aehbas Y9k ZF el ArlE
ol & Jets F=Sahd AA AIAEC] 71Ee] 100% 2 ARl 2AS Bl £V S ghA] g7
el Fetal SFAsE AElE v A dot o]est A T2 AAsle] edskal gl
Al g 8 Ads pdele] AAAES il o sle AehEE ZrH|go] o] Tt wehA Blgo] Hol
o, A e} e AR REx|Io R Qlstod 2ol xlabdS AAGoR 9] ek 4 A
_________ A uldo) Q= REAEFE HAN|ECo® SHlstn HAs
CMQIRA BER MSEAMTEA 2 Mecemen sems ) FESRs 2lo] desk sk SErleE Ha
e SiAuhe salr) ek WAk Au7Pie] aEn
E-maitldg0115@hanmail.net
Tel (02)6311-2841 Fax: (02)6311-2150 o ue)l Askd 2937|HolA] AEER= AEF Ar|7]E

© FBIR BIRATIS0TY, Mo )
AR Mel, MENS e AERSHEE, T4 2 19744 AskE 1540 Hx Jied B4 =¥ TBM



>,\1

(Time-Base-Maintenance) " -0 Z it} o]
WIS )20R Ho ARAe A U, €
Ik Aldehs 713N AEE 7TeE ge
g, PPRRE tideR Adshe AEEEd, 19
Qo) wet Aoz AAsh= 5844, njAIEAR] ¢
W2 Tl ARsn o AFAe] Aale
o] AsHEA FulF7|e doAs FARNE 8] W
AA7E ek AL ofct, 72y I 5o 74 297#
S mfel s AR AAEE TEeel 1% 2 §
Aus BolelE 445t ok 1 @ AzA AEEEA
EAIAEFAHSMRT : Seoul Metropolitan Rapid Transit
Corporation-* 2781 5~85 A= 19953 114
159 534 AeT3 AT Beo] AFARYRALE
(EMU-IS : Electric Motor Unit-Information System)=-
d A= NEsl 199745 H AlRGAE AM 634
ol & JiEet 20008 8EFH FAHoE ARG AF
Bgict.

& =20 SMRT AFAkE +9°% EMU-ISO] &
oAl F3Y, 7%]3\, g dlolHE sl AFEE Bris)
T $ARFFINE B Al BEg 1 AlleA
1:0.])\])\1-31_4 =qQ o]_o]a]oﬂ ]:H‘sH A];])\-]O }\]7]- = Zag
Agl 712 Bkl eHE FIE éﬂ"}- AE ‘:}
29tk oME F7le LAY Asnge X3R5
Zles ArT ok 7S AR

10
1

F

N

Ol
¢
.ZLHLEOLFEHO

H

Table 1. Standard of RCM

TERE 4718 AA =
RCM [1} ] HEA] 1978
MIL-STD-2173 [2] o] HEA] 1986
OPNAVINST 4790.16 [3] ) 3 1988
Technique PM-4 [4] NASA 1994
RCM 1[5} v| = 1997
NAVAIRINST 4790.20 [6] o) af< 1999

IEC60300-3-11 [7]
SAE JA1011 [8]

A A7V 1493 1999
H) XKz 2} 22 8} 1999

SAE JA1012 [9] | AN X} 285 2002
NAVAIR 00-25-403 [10] )3 2003
TM-5-698-2 [11] ol ke e 2003

QHE FTo| WE FEFTMIGEARS U8 +7A]
BEAEN)E BT AEold B4 o) At
on, A& AEHOIA =71 Availability Workbench®]
AvSim EE& °|83ISiT.

EAQ FO CONAE QREAZT 1Y N 917
. R32 200849 241

1.2 J|I= 934

AT AAE B8k 7oz A 7 g At
453 e AL AHAY 4 FPI(RCM: Reliability
Centered Maintenance) 75|t} A AAIAS 2 RCMel o)
§ QTe BTRORE ARoT AEal dxjERek s
Hol7hs FAlolth HE IRl = RCM Vss AT
317] $13F Wkle = RAIL (Reliability centered Approach
for the Infrastructure and Logistics of raillway opera-
tion)°|¥ o]F= 7K ZRAEJ} AIZHIY. 3] EU
(European Union)= (FAsH @9 HGA|AH th=4
AE FA LS Tt Qlo] B3k AYAIAR0)
o) ATAAECS RAMS (Reliability, Availability,
Maintainability and Safety) 7739 IEC 622789M%
4 4 fXES G RCM 7S A8 AL A
3kl ST,

RCM| Azt g2 7]5el tfsiM= Table 12] ZF #A 7t
Aol 2 NeHogitH1~11]. T3 RCMS Z} ojolel o
£ AREE fAES AR FRE 2] A 2
b 2 71l M ApAs] Aot AT, F18 R
AR G5l digk 7715 dAstr] s 7ol thiaiA
= A 2 7S ARt AEA BEE AfsiaL it

CONDITIONAL

PROBABILITY
OF FAILURE

SAFE LIXE
LIE%!!T

AGE
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Table 2. SMRT EMU Maintenance Task Classification

T 5T i Al $
397 | T2ARE ol |- 3 W Vs

A 38 R 7lE

7} | 388T | NE@Tkm) |- 85 24, A%, I

3 - URRY- 2

T 397 | 3340%km) |- FoF FHAAL, FA L AP
63T | 63(80%km) |- AAbQl FaiEAF A Bl AT

T
27t & opgu] S os ANkAQl 28 AAE 3t
ot 3o FRlshs eHE 719 A
A2 AIAES] AHE AR R whE F e AR #4
Ry @ Uik 75 AP RoE, AAARS] A%
AR AR RAE M & /A B (Perfect
Maintenance)&-z0] HQ3hy, o] FojA|AEL] ¢bH 4]

R F718 AAshs SHelA 919 7L Adtei

2.3 BHIOIE =&

Loz, FAPAH, JEIFAYA Y] WS AeAR
Al 2AE 534 AEE ZARKSITE 20004 olHE
A7 FHE doly Fold A edzt dAg
ZFollM SASoA APK T BRHS 3 B 23
2 AeElslgivt, 1 A7 Table 33 7o) 30709 &4
ol HHIE AUt Table 39 FAE] W AR A
A 288 3 & A A gl dhalsk T3Ag]
LA Edl)=

2.4 LE|T 24

A, olB2E, g, theZALETEs
- BENTY W7 ot F Aeaks 7] wiEell ARE
2 FEAe gt %= ATtV e AEsiSiv

THE RS EES] TAARK N RS
FRtsel tidt ¥40] 7Fsst A2 EolE ]88l XY
gE (1, F0)) e ATEE, dISTE, e
Z, grEXaY e SEEAE ARsl] BHe A
gt Ajef iy SEEAVI AdBAE FHEA Tt
HEE 2R Ad £XE uevha 24 & ¢ Qv

FAEAY AZEL Rl Minitaber ©1-831 APE AF
£ Tt Fig. 5 ARHhour)ell thdt 5 Aol

Table 3. Failure data of door

or ‘?i(ﬁ? RO agme |2
1 450,506 | 16,560 AR B w3}
2 697,554 | 24,870 zolold Bt i)
3 172,471 6350 | QEEANX B | wE
4 573,073 | 21,320 | QIg}&A9x B2 | e
5 559,522 | 19,660 | QE|E&A2x] B2k | w3
6 139,927 | 4,740 Toiddl BE wE
7 423,176 | 16,880 TolglR B w3
8 542,915 | 17,940 TololA Bef w3k
9 496,174 | 17,590 | QE|EA%] Eek w3
10 70,564 | 17,160 vojolA Bk i,
11 187,030 | 6,460 | QIE|EA9x] Eak Bk
12 215,185 | 6,770 | QlE{E29]x] Ea; .8
13 124,748 4,360 | QE|EAYH B w3
14 559,541 | 18,600 | QIE|EA9x] B2 | wd
15 671,701 | 23,820 AzpH Bk w3
16 346,425 | 12,460 | wojulx ek w3
17 562,824 | 19,610 Tojalzl B A,
18 554,458 | 19,710 ARpH Bk .8
19 359387 | 12,770 | gl A% Bk | w3
20 318,089 | 13,470 Tojeln B W
21 461,940 | 16,040 TolalR B g
22 437,440 | 14,570 AR Bk g
23 458,981 | 16,690 TolelRl Bk w3}
24 291,694 | 9,750 | <lg|E2 A9z 2k wgk
25 219,112 | 6,780 Az Bk .3
26 100,370 | 3,330 | QE2A9]x] 2k s,
27 164,028 | 5,180 AR B =
28 275,809 | 10400 | QEEAYA B | wd
29 120,488 | 4,900 TololA Bk w8
30 499,158 | 17,140 TojdllR Bk w3
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Table 6. Preventive maintenance time and cost
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Table 7. Simulation results for time

GRS SR

oug 3| WF [ABITEAS ] L,
d 174,000 281 1,658 175,939
%) 87,000 735 4,332 92,067
33 58,000 1,346 7,934 67,280
4 43,500 2,122 12,510 58,132
543 29,000 2,684 15,820 47,504
64l 29,000 3,588 21,150 53,738
7 21,750 3,940 23,230 48,920
8 21,750 4,933 29,080 55,763
o 14,500 5,664 33,390 53,554
109 14,500 6,238 36,770 57,508
11d 14,500 7,434 43,820 65,754
12 14,500 8,828 52,050 75,378
134 7,250 9,829 57,950 75,029

LHZE Y= 0 25,004 147,400 172,404

Table 8. Simulation results for distance

A8 He)

e R
(km) k) Es or
100,000 188,500 457 2,696 191,653
200,000 94,250 945 5,569 100,764
300,000 65,250 1,679 9,902 76,831
400,000 43,500 2,231 13,150 58,881
500,000 36,250 2,733 16,110 55,093
600,000 29,000 3,501 20,640 53,141
700,000 21,750 4,270 25,170 51,190
800,000 21,750 4,757 28,040 54,547
900,000 21,750 5,769 34,010 61,529
1,000,000 14,500 6,141 36,200 56,841
1,100,000 14,500 6,755 39,820 61,075
1,200,000 14,500 7,434 43,820 65,754
1,300,000 14,500 8,813 51,960 75,273
1,400,000 7,250 9,451 55,710 72,411
oHE g & 0 21,844 | 128,800 | 150,644
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