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A study on Determining Maintenance Intervals Considering the
Maintenance Effect for the PDS in Metro EMU
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Duk Gyu Lee - Young Jin Son - Hi Sung Lee

Abstract An important problem in reliability analysis for repairable systems is to model the maintenance effect. The
most of researches have assumed two extreme cases; one is perfect maintenance and the other is minimal maintenance.
However, many of maintenances performed by domestic subway operators are imperfect maintenances which have the
effect between both of two extreme cases. This article deals with the problem determining the imperfect preventive mainte-
nance intervals based on failure data in units of the PDS(passenger door system) in Metro EMU. This paper deals with a
case study on determining imperfect maintenance interval by using the level of maintenance effect through reliability anal-
ysis of PDS.

Keywords : PDS, Maintenance Effect, Perfect Maintenance, Minimal Maintenance, Imperfect Maintenance
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Table 1 EMU Maintenance intervals by subway operators

Name of Institution Light Maintenance(Inspection) Heavy Maintenance(Overhaul)
Daily Inspection Monthly Inspection Yearly Inspection
Seoul Metropolitan Rapid Transit Corp. 3 3 3 6
Seoul Metro 3 2 2 4
Busan Transportation Corp. 2or3 2or3 2or3 4 or6
Daegu Metropolitan Transit Corp. 3 3 3 6
Incheon Metro 7 3 3 6
Gwangju Metropolitan Rapid Transit Corp. 3 3 3 6
Daejeon Metropolitan Express Transit Corp. 2000km 30000km 3 6
Korea Railroad Corp. 20r3 1,3,60r3 1.50r3 3or6
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Fig. 1 Component of PDS
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Table 2 BOM of PDS

Table 3. Fault analysis of PDS

Broad Classification Detailed classification Number of fault
Main head cylinder, Cylinder, Piston, Fault Classification corrective actions
Piston rod, Rod open, Adjust screw, Belt, Section] | Section2 | Section3
Door engine Belt pulle.y, Packing, SI.Jemal washer, C- Door engine - Assembly 35 175 66
type special washer, Joint rubber, Space 5 - = Rod p T p
pipe, Belt bracket, Interlock switch oor engine - Piston Ro
bracket, Belt guide, etc. Door engine - Joint Rubber 106 20 2
Inside-Outside panel, Frame, Glass fixture, Door engine - Adjusting screw 24 42 4
Glazing rubber, Roller, Liner, Weather Door engine - Packing 125 50 5
Door strip molding, Weather strip rubber, Door Door engine - Belt 540 735 170
cushion, Guide rail, Door glass, Door - -
roller assembly, etc Door - Guide rail 17 67 16
" . | Magnetic, Sub plate, Filter, O-ring, Fixed Magnetic valve - Assembly 148 1,613 258
agnetic valve -
g valve, Silencer, Gasket, etc. Door switch - Assembly 32 31 9
Interlock switch box, Limit switch, Toggle Door switch - Limit switch 20 14 5
Door Switch switch, Receptacle connector, Connector Door switch - Interlock switch box 11 14 2
plug, Terminal plug, etc. Door switch - Toggle switch 17 40 23
Special bolt, Spri Shaft, Lock nut
Push rod Sp e.c1a . © ; pring, alt, Lock ndt, Push rod - Assembly 263 1,315 342
pring pin, etc.
Others 36 81 14
- The total of th ber of fault
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Parameter n g P
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Table 5 Reliability prediction by imperfect maintenance intervals
(0=0.49)

Imperfect 3year
P lyear | 2year Y

. . 4year | Syear | 6year
maintenance intervals 4 Y 4

The no. of faults 190 [310.3]407.5|494.3| 571 | 634
Average fault

(now)

14,400| 8,823 | 6,718 | 5,538 [ 4,794 | 4,316

distance (km)

Table 6 Reliability Prediction by Maintenance Development
Effect (3-Year Maintenance Interval)

Maintenance
development effect | 0.5 0.6 0.7 0.8 0.9 1.0

(0)
The no. of faults | 407.4 | 387.6 | 367.7 | 347.4 | 326.6 | 297

Average fault

6,720 | 7,063 | 7,446 | 7,881 | 8,381 | 9,217

distance (km)

Table 7. Reliability Prediction by Perfect Maintenance Intervals
(o=1)

Perfect maintenance

. lyear | 2year |3year |4year | Syear | 6year
intervals Y Y 4 Y Y Y

The no. of faults 141.1 | 226 | 297 |362.2|439.3|477.7

Average fault
distance (km)

19,400 | 12,110 [9,217( 7,558 | 6,232 5,731
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