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Abstract : Domestic railway operating organizations require RAMS (reliability, availability, maintainability
and safety) analysis results as a necessity when developing new vehicles or parts according to the railway
safety management system technical standards under the Railway Safety Act. Based on the international
standards IEC 62278 and 62279, the purpose is to find the optimal maintenance management plan by
applying RAM and safety activities according to the system life cycle. In this study, life cycle cost
analysis based on RAM analysis was performed on the modular box and main parts of the module-type
main circuit breaker system for high-speed electric multiple unit (EMU) rail vehicle, which is currently
being developed for localization. For the life cycle cost analysis method, a cost evaluation model
applicable to railway vehicles was used, and corrective maintenance costs and preventive maintenance costs
were presented by applying the failure rate calculation results of major parts, maintenance manuals, and
detailed maintenance rules.
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Fig. 1 Main circuit breaker system for EMU
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Table 1 Prediction result of main circuit breaker

Item Failure rate
(Failures/hour)
Module-type Main circuit breaker
Main circuit breaker 6.32E-06
Disconnect Switch 1.34E-06
Potential Transformer Ass’y 2.37E-07
Current Transformer Ass’y 1.49E-07
Surge Arrester Ass’y 1.04E-07
Transient inductor 3.37E-09
Control connector 4.98E-08
Module box 2.92E-08
Diagnostic monitoring device 7.26E-06
Phase Control Ass'y 1.81E-07
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Module-type

"
Main circuit breaker Phase Control Ass'y

Module-type

p o)
Main circuit breaker Phase Control Ass'y

Fig. 5 Reliability block diagram for module type
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Table 2 Failure mode and effect analysis result of module type Main circuit breaker system

Corrective
Item Failure mode Effect Maintenance task MTTR
: (Hour)
(Basically)
Module-type Main
P 1.60
circuit breaker
Unblockable, Unable to apply vehicle
S Impossible to input starting current,
Main circuit breaker . ’ Equipment damage due 2.30
Insulation breakdown, to accidental current
Earthing switch failure fl
ow
. . Switch failure, Unable to open and
Disconnect switch Unblockable close the disconnector 1.00
. Unable to operate
i(;tsffnual Transformer Shorted, Opened vehicle due to 1.00
y unavailability of C.I. 1. Check failure
Current Over current detection | records
Transformer Ass’y Shorted, Opened impossible 2. Try to recover 1.50
Surge Arrester . High-voltage equipment | Dy restarting
Ass’y Unable to discharge burnout and failure 3. Disassemble 1.00
. 4. Replace broken
Transient inductor Deterioration, Fracture ngh-frequency Surge parts 1.00
reduction not possible )
T : 5. Functional test
Main circuit breaking
. | i 6. Check for
Control connector Cannot transmit contro system not working, abnormalities 1.00
signal Unable to apply vehicle )
starting current
Module box Crack, Fracture Expose the system to 3.00
the external environment
Diagnostic . Unable to diagnose, Unknown vacuum status 1.50
monitoring device Cannot transmit signal
Phase control Ass'y Out of contr.ol, Inability Phase controller 0.70
to process signals disabled
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FMEA #4 A3, F3=2 A 2" =8 Inspection Inspection
- o < - Distance (km) pe
IRREE AHESY B A, Aoz period
A Br} AR 29% 13 HzEAd dE T 3} Examination
= ) ° Service (ES) 5,000 (max.) 5 days
R AW Thpsl Uehgom, ol g3 g v
ajor
A#RZ = sHE A9 Xﬂ°‘]€7]' A FrAfaL E“j}}\g, Inspectign (MI) 25,000 (max.) 20 days
A7 71 54T A7F BV, g7l AE T A Systematic
o £qol YL F& FEEo| ZARG. ol Works on 225000 -
g a1 2AEY T AN ET P w2 1A (SWT)
o A HF O 3 5 B H| EE Zol= u} Limited 150,000
= A S %?‘3}0:] AR EE Fole o Inspection (LI) ~165.000 4.5 months
Foz AAste ok k. General 300,000 9 month
SAREE QTHE %S 2Hd = 9= Inspection (GI) ~330,000 months
- _ - Full General
) o © =k 3
B otolH e RASAY VAN AT Taspoction 1200000 3 yoars
7 &< 233 BE Ve PFH 5 = (FGI) i
slo o P AE o 2= ur Half Life Operation 15
golth. FARFE A AAE FARSF o Operation ) years
FAELTE FEL 7 U (HLO) (£20%)
AR FARF(CM)E o] dojd & A est
T AoE «“Ag A Jo ofolHlo] a7V|5 S & RA7eE HIstu ot FARSFA EAS
TFHL F s FEHVE HES 7] S8 FAE 9d MTTR A3 oo F2& 835tk
Table 4 Preventive maintenance of main circuit breaker and disconnect switch
It Preventive maintenance Inspection Maintenance
em Ll ]
activities ES MI LI GI FGI etc. time (h)
Check from TCMS display| O (0] (0] (0] o 0.16
Module-type Inspection counter (0] (0] (6] 0.50
Main circuit - - -
breaker Visual inspection (0] (0] (0] 0.33
Cleaning module box (0] 1.00
Functional test(MCB) (0] (0] (0] 0.33
Functional test (0] (0] o 0.50
Mai Measurement Vacuum
cirggilt interrupter stroke 0 0.50
breaker Replace part (0] 2.00
Replace capacitor 10y 1.00
Replace vacuum interrupter 10y 1.00
Functional test (0] (0] o 0.50
. Withstand test o 0.33
Disconnect -
Switch Measurement operating 0 0,50
characteristics ’
Replace part (6] 2.00
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Table 5 Required information for LCC analysis

Phase Information
PBS PBS
Prediction Failure rate
Maintenance cycle,
Preventive Number of operations,
Maintenance Maintenance time,
Number of workers,
Required item
MTTR,
Corrective Number of workers
Maintenance Required item,
Spare part cost
Labor Cost Labor Cost (per hour)
Total Life
Cycle 30 year
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