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Abstract :

Over the past twenty years, the maintenance system has been developed and its importance has been

increased. For the effective maintenance of the urban transit, we have developed the maintenance system based on the
concept of RCM(Reliability Centered Maintenance). RCM analysis is a systematic approach to developing a
cost-effective maintenance strategy based on the various components's reliability of the system in question. It is

performed according to process that includes the following steps; definition of function and functional failures of the
systems, construction of RBD(Reliability Block Diagram), performance of FMEA(Failure Modes & Effects Analysis)
and calculation of the reliability index. The final process of RCM is to determine appropriate failure maintenance
strategies. This paper aims to define the procedure of maintenace based on the concept of RCM for urban transit. The
key for a successful maintenance system is an automated scheduling to the maximum extent possible and timely
executions. The developed system issues maintenance plan and repair request based on analyzed data and maintenance

experience.
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Fig. 1 Construction of the failure code
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Table 1 Parts list of friction brake & pneumatic system
Units & Parts

Brake control

Brake

- Brake disc

- Brake pad

Compressed air supply

Reservoir

Pneumatic hotn

Subsystem

Friction brake &
Pneumatic system

(ROt BE BB B ®BE
Baecmd_,_ Bdes _,_OmmsadAr_,_ Resandr _,,F?ammrhr

Fig. 3 Friction Brake & Pneumatic System reliability block
diagram
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Fig. 2 Friction brake & pneumatic system functional block diagram
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Table 2 Reliability estimate of Friction Brake and Pneumatic

system

Subsystem Failure rate MTBF' MDBF.
(x10-6hour) | (hour-Unit) | (km-Unit)

Brake control 202.2 4,946 148,368

Valves 106.9 9,355 280,636

(Friction) Brake 122.6 8,157 244,698
Air compressor 8 125,000 3,750,000
Reservoirs 20.6 48,544 1,456,411
Pneumatic horn 25.6 39,063 1,171,875

Total (unit) 485.9 2,058 61,741

Table 3 Desired reliability of vehicle

ltem Desired reliability per vehicle
MTBF 115 hour/vehicle
MDBF 3,450 Km/vehicle
MTBSF 400 hour/vehicle
MDBSF 12,000 Km/vehicle

Table 4 Result of urban transit reliability estimate

Desired Result
Subsystem . | MTBF | Ratio |MTBF | Ratio F::t‘:e
0, 0,
(hours) | (%) |[(hours)| (%) (x1 0,4)
Vehicle cabling/Piping - - - - -
Carbody and gangway | 46,000 { 0.25 - - -
interior & facility 767 | 15.0 - - -
Door & door control 719 | 16.0 | 719 |[28.92] 13.91
Air comport system
54 . 6. A
(HVAC) 1,5 74 3,133 64 1 3.19
Power distribution |, 5 | g 1317 | 647 | 3.12
& aux. equipments
Propulsion & electric |\ 53| 56 14931 | 491 | 237
braking system
Truck (bogie) 3,710 | 3.1 - - -
Friction brake 808 | 12.8 | 1,020 |2021] 9.72
& pneumatic system
Coupler and draft gear | 14,375 | 0.8 |16,667} 125 | 0.6
Lighting (system) - - - - -
Frain controland 1 5 oo | 33 1 4472 | 4.65 | 224
monitoring system
Information & 685 | 168 | 973 | 214 | 10.28
communication
Signal (ATC/ATO) 1,608 | 7.15 | 3,811 | 5.45 | 2.63
Total(unit) 115 100 | 208 | 100 | 48.06
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Table 5 Severity classification

Level]  Severity Definition Cl

Major system damage/loss -
impossibility of attainment of
mission

Catastrophic

Partial system damage -
interruption of attainment of
mission - measures impossibility
by using supplementary means

Critical

Minor system damage -
impossibility of attainment of
minor mission - measures
impossibility by using
supplementary means

Marginal

Minor failure - have no effect on
mission

Negligible

FRRSAID SIS =2 M3 F5S, 2005
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Table 6 Occurence frequency classification

Level| Frequency Definition C2
17 | Frequent Frequent occurrence 10
Several occurrence possibility
2 Probable | during item's operating free time 7
interval
‘ Sometimes occurrence possibility
3 | Occasional | during item's operating free time 5
interval
Unlikely to occur but the
4 Remote pro.bab.lhtyyof occu1trence CX{S[S 3
during item's operating free time
interval
5 |Improbable | Assume failure does not occur 1
Table 7 Relation between Cs and failure rank
Failure class |Failure marks(Cs) Failure classification
I 7~10 Critical failure -
o 4~7 Major failure
m 2~4 Minor failure
I\ below 2 Negligible failure
Ak gtk olE@ P os oY NFFFLS
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Table 8 FMEA of friction brake

& B A zE, ] Al d, AR Al

o
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Mode Result of FMEA 2 5]0] sit}, )ﬂ;]/\g 7] 18ke] %ZIE‘F }\]/RED TA
C C inati .
E:;se 5 ont?rlnma 10n = Flg 401] L}E]—LHO']E}- /\],/:5“94 7H al- ﬂ%%
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o - 7l8kol L, W er 7f 2732 JSP =1
sticking | Severity 1 Occurence 2 Web 7]Fe] 1, Web Ti e IsP<t Java®
Cs 8.366 Grade AHEBFR o, HlolE o)~ e Qe 9iE AME-3)
Cause Contamination Aot
Cylinder air]  Effect Output of low pressure Fig. 58 23] 2154 719re] BAAE §A B
leakage i _ o =
M TR e Azgl g 98] & ATlA F AT 2
$ . rade
— oo AshA eI B7EE A Aol 9
. - b 2l A EL =) [e]
fSprtmg/ Effect Poor pressure adjustment Bt} g PR o] A= grlste] of
Tacture -
Weakening Severity 3 Occurence 2 gk whabA] Abay/ g A1 A S Fdtke] Hg A
Cs 5.291 Grade B E 3 4l 9o, BE aAE-S o] 83 AlF
Cause Contamination 3 :
Bleeder : R A EE Al URE B B 4 YRS A2
Effect Exhaust of unsuitable gas
valve - -2 LA T
. Severity 4 Occurence 2
sticking
Cs 2.645 Grade m
Cause Aging/Heat 7
. Poor contact between exposed steels DZ":IL":: d:a:‘:m . Sys:m
Lining | Effect , - , Remttramon
: reducing of arresting capacity Fatlure Management * Defiiin of the ke ULy
weakenin g N . ) o 3 and the conumuication amework [-
everity ccurence Sevekpment of Raike Ma'laoement Syatam * DB access, modification, update
Cs 7 Grade 1 P sy
Cause Lack of oil supply  falkure symptomm management modkule Expert Management
Pade B 1 )
Bearing Effect Low rotation mmmtéfExpm Maringertient System
, - Fanre o RAE plemston « fallure keyword searchmodyle
abrasion | Severity 3 Occurence 3 raen - WRERISI | e based rezsoning agoriten
~ gase based reasoning aigorithm
Cs 3.464 Grade m Preventing Maintanance (3. k& cos arigerent o
Cause : Aging of Peventig Mo s,;mmma
Seal Effect External air leakage * RAMS analysts mockile : BOM
. - + falkre mode ang effect analysis rodle &
abrasion Severi[y 2 Occurence 4 « fursction and mh&:{l&ybiod( diagram module - Pailure
« mainteiance reguesst module Tawabase
Cs 4.582 Grade
ibration/fati . . _—
Cause Vlbl‘ﬁ[lOI? atigue Fig. 4 Architecture of maintenance system
Housing Effect External air leakage
fracture Severity 4 Occurence 3 [ Srstem ) nchvamauonnooux} ROM evaluation ol complex)
Cs 1732 Grade v | Soiimian | cinalosystom _Systom 10 sdorevsiom
P ™ |
* A A|AED JidE
3. EAIE |5 Al ik | syson Grssmanangcorors | |
Loe sraom funcion analyeis | |
FARE A 2ge AEae) wyolHS Ny | ——%——J
WHE E8 AEE MIBFZF e A Fola | | S | S, |
ARE 50 22 A E 4 /s A 5
_ - . ) i 3
Bl G A F 1Y S5E S AP A [ i, | [P o] [Soueopeton|
got PG R A¥g ddole wrt o] | i ’
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i Pt H i
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