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Validation of Availability, Maintainability and Safety for
Subway Elevating Equipment

Hwan-Deok Lee + Won Jung*
Department of Industrial and Management Engineering, Daegu University

Purpose: In order to fulfill the RAMS (Reliability Availability Maintainability and Safety)
requirements in Korean railway systems, specific target metrics should be measured and met the
requirements when ordering a new system. This paper presents a procedure to predict and
demonstrate the availability, maintainability and safety of subway elevators, escalators and PSD
(platform screen doors) systems.

Methods: The system manufacturer predicts availability and maintainability with lab and field
tested data. After installation, availability and maintainability are demonstrated based on the
actual operational data. The data was collected from the FRACAS (Failure Report and Corrective
Action System).

Results: Methods and process of assessing and analyzing the availability, maintainability and
safety are presented for elevating services and PSD systems. The data obtained through the actual
operation of the equipment is analyzed and maintained to predict the RAMS based on the
component and system level failure data acquired.

Conclusion: This study presented an application using IEC 62278 and operational data which
can be used in the design and development stage to achieve the RAMS target value of the
subway elevators, escalators and PSD systems.
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Table 1 Availability target for elevator services
and screen door

Equipment Availability target

Elevator services 99%

Platform screen door 99.5%
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Table 2 MTTR target for elevator services and
screen door

Equipment MTTR target
Elevator services 1.5 hour
Platform screen door 0.5 hour
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Table 3 Total maintenance time: Elevator

Item It Frequency of | Total time of
em
No. maintenance maintenance
Elevat
30000 | o o 238 118.524
system

Table 4 Total maintenance time: Escalator

Item It Frequency of | Total time of
em
No. maintenance maintenance
Escalat
40000 | T 217 158.535 hr
system

Table 5 Total maintenance time: Platform
screen door

Item It Frequency of | Total time of
em
No. maintenance maintenance
PSD
50000 427 173.105 hr
system
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Table 6 MTTR of elevator items

Item item number of MTTR (hr)
No. parts
30000 | Elevator system 87 0.4980
31000 | Traction machine 11 0.1898
32000 Control panel 24 0.0807
33000 Cage 26 0.1323
34000 Hoist weigh 16 0.0580
35000 landing door 10 0.0372
Table 7 MTTR of escalator items
Item No. Ttem number of | TR (hr)
parts
40000 | Escalator system 139 0.585
41000 Drive unit 8 0.098
42000 Bedplate 65 0.267
assembly
43000 Control panel 66 0.220
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Table 8 Relevant failure analysis for elevator services

Relevant failure Number of failures Failure mode
Inverter 152 fault, burn out, error
Comb plate switch 111 error, noise, foreign object
Step up switch 95 error
Hand rail 52 speed mismatch
Multi beam 11 malfunction
Others 288 noise, connection error
Total 709 Toral delay time 312.2 hrs
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Table 9 PHA for escalator (example in part)

New
Hazard C Incident Assess
azat Hazard ?use peren Corrective action assess
No. /Trigger /Effect
S|F|R F| R
) Walk or run . Put sticker for riding in
Bump into or fell . Be slightly :
PHA when get into |, | two lines
down on the injured by fell| 2 | C | RI : D | R2
-01 and out of Put sticker for not
escalator down .
escalator running on the step
Attention is drawn in
P ’ 11 k th
assenger’s When boarding yellow mark on the
PHA clothes or shoes th lat The clothes are edge of the escalator
e escalator,
are caught ; torn or the foot| 4 | C | R2 |step so that you do not F | R3
-03 tide close to the|. . . . .
between step and i is injured ride on the side.
side
skirt panel Install a safety brush on
the skirt panel.
Table 10 PHA for elevator (example in part)
A New
Hazard C Incident 88€s8
azat Hazard a.luse nereen Corrective action assess
No. [Trigger /Effect
S| F|R F | R
PHA The car starts or |Sudden Physical and Make sure
301 stops all of a acceleration or |mental shock 3 | F | R3 |adjustment and F | R4
sudden stop Minor wound setting
The car moves
in the hatch Training of
PHA door jumper maintenance crew
300 state and the |Death 6 | F | R2 [Applying door-line H | R4
’ person is jumper detection
looking into function
The car moves | hoistway
while the door is
open Double check by
installing the door
The car .
closing end sensor
PHA departs when |Death due to L
) 6 | F | R2 |Application of H | R4
-303 the passenger |stenosis )
. prevention system
goes in . .
from starting with
door open
BeluolEl o] FTA 4014 H49 AP Eveny e 2 FEDA, $ATELLOR TSI 57
dejulolele] Aol YA= EGA vl 17, F FELFE e o2 o8 9] FTAS Atdl=

=
hdl(Main control panel) 17, Alo|A| F+-EILH, 74
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FT 3.1
Inverter fault

‘ 0.000032

1
FT311 FI:3id:2 FT313
Control board failure SMPS failure IPM failure

. 0.0000127
0.000112 ‘ 0.00000711

Fig. 3 Part of escalator FTA
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