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A Study on Reliability Analysis & Determination of
Replacement Cycle of the Railway Vehicle Contactor

Minheung Park' - Sehun Rhee’"

'Graduate School of Hanyang University

*School of Mechanical Engineering, Hanyang University

Purpose: The purpose of this study is to determine the replacement cycle applied age replacement
policy by reliability analysis based on railway vehicle contactor’s failure history data.

Method: We performed reliability analysis based on railway vehicle contactor’s failure history data.
We found a suitable distribution by goodness of fit test and predicted the reliability through
estimation of scale & shape parameter. Considering cost information we determined the replacement
cycle that minimize the opportunity cost.

Result: Suitable distribution was the Weibull and scale parameter & shape parameter are
estimated by reliability analysis. The replacement cycle was predicted and MTTF, B, percentile
life were suggested additionally.

Conclusion: We confirmed that failure rate type of railway vehicle contactor is degradation
model having a time dependent characteristic and examined the replacement cycle in our
country’s operating environment. We expect that this study result contribute to railway operation
agency for maintenance policy decision.

Keywords: Reliability Analysis, Replacement Cycle, Age Replacement Policy, Railway Vehicle
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2 A4S 1F REg mAUSS BT AH  ste dQE0] ABFEE o FaL lou Al A
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Retainer Lever & Spring
I |
1. Retainer H[Y’\]/}Z}éil(l)::nb Magne[.Coi]
2. Honeycomb Module 1 1
3Eals Cylinder &
4. Spring Pale Moving Module
5. Contact Point | | |
Jd S.keves Contact Point Fixed Bracket
® 7. Cylinder & Operation module
\ 8. Magnet coil L
[ * | 9. Fixed Bracket
(a) Structure (b) Series structure of system
Fig. 1 Structure of railway vehicle contactor
Table 1 Specification of railway vehicle contactor
Characteristics Values
System temperature operating limits(C) -25~60
Temperature in use condition(C) 35
Number of poles(EA) 2 independents
Standard supply control voltage(V) 72
Primary contacts(EA) 2
Auxiliary contacts(EA) 4
Magnet coil resistance range(&2) 120~141
Mechanical life(Cycle) 500 Mil.
Table 2 Failure mode/mechanisms analysis for railway vehicle contactor
Primary Function Failure mode Failure mechanism
components
Contacts Connecting other system & Deformation,

(Primary/Auxiliary) | Delivery current

Arcing & Breakage Fracture & Degradation

Cylinder &

. tacti
Operation module Contacting

Degradation, Fatigue & Decrease
Leakage lubrication characteristic by
temperature

Magnetization of coil &

Magnet coil .
& Occurrence of electromotive force

Thermal expansion &

Short/Open Degradation by temperature
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A}E(Censored data)

le::i;bvce:"de NEII:: :11;1 ee Q?g:;t) Failure/Censored | Failure date Mau;taetl;ance Smﬁg::_zis‘l;m Remark
~ 1AA0001 1,819,664 1 f A day A' day Failure on A day
After replacement
1AA0001 299.475 1 c X day on A' day
Operating on X day
1AA0001 2,022,136 1 f B day B' day Failure on B day
1AA0001 Railway After replacement
vehicle 1 1AA0001 97,003 1 c X day onB' day
Failure logging data & Operating on X day
Total milage 1AA0001 | 2,025,634 1 £ C day C' day Failure on C day
After replacement
1AA0001 93,505 1 c X day on C' day
Operating on X day
33EA
L 1AA0001 2,119.139 33 (] X day (Operating on X day)
= 1AA0002 837.309 1 f D day D' day Failure on D day
After replacement
1AA0002 1,254,053 1 ® Y day onD' day
1AA0002 Railway Operating on Y day
vehicle B 1AA0002 1,562,725 1 f E day E' day Failure on E day
Failure logging data & After replacement
Total milage 1AA0002 528,637 1 c Y day on E' day
Operating on Y day
34 EA
L 1AA0002 2,091,362 34 c Y day (@i )

Fig. 2 Example of failure history data for reliability analysis
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Fig. 3 Goodness of fit test in Weibull distribution based on failure history data
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Table 3 The estimation result of parameter in weibull distribution

Parameter Value Remark
Scale parameter (1) 4.055x10° km Weibull
Shape parameter (3) 6.155 Distribution
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Characteristics estimated in weibull distribution(Milage_km)
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Fig. 4 Characteristics estimated in Weibull distribution
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Table 4 Example of calculation of cost information

Division . q . G .
Failure maintenance Preventive maintenance

Opportunity cost in unavailable time(won/hr) 0, 728,875 o, -
Unavailable time(hr) ty 6 t, -
Material cost(won) 720,000 720,000
Labor cost/hr(won/hr) 18,750 18,750
Number of workers " 4 i 2
Working hour(hr) 6 1
Cost(won) 5,543,250 757,500
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Cost-efficiency curve of minimum cost and replacement cycle

5 T T T T

Cost(won/km)

T T T T T T T T T T T

Minimum Cost(Won/km) : 0.3930
At this point Mileage : 2.306 X 10%km |

Milage(km)

Fig. 5 Cost—efficiency curve of minimum cost and replacement cycle
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Table 5 Result of replacement cycle & comparison with manufacturer

- Replacement cycle MTTF Percentile life(B;)
Division
(km) (km)
Manufacturer 3.0x10°
Predicted value based on failure history data 2.306 %< 10° 3.767 % 10° 2.580 %< 10°
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