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Abstract: Railway transit is one of the most common modes of public transportation
for people nowadays. Therefore, when developing public rail transit, one of the most
critical considerations is safety. Automatic Platform Gate (APG) and Platform Screen
Door (PSD) is one of the precautionary measures that has been implement by railway
services in railway station to improve the safety. It is a system that separates the
platform from the train track to prevent the passenger from accidently fall into the
track. However, the issue that arises here is that failure of component happened during
installation and testing procedure. Hence, the objective of this project is to investigate
the failure and root causes during installation and testing procedure of APG/PSD. The
design of APG/PSD system is discussed in the literature review chapter of this project.
While doing the testing procedure the faulty component will be recorded. Result of
investigation shows that the limit switch is one of the failures that always happened.
Therefore, a new model of limit switch will be used to replace the previous one.
Before the new model can be implement at stations, it needs to be tested first. Only
after it pass the requirement needed, the new model can be used at stations.
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Today, public transportation is extremely important in both urban and rural areas, and the quaIit){n Formatted: Indent: First line: 0.25", Line spacing:
availability, and accessibility of public transportation services affects most people directly or Multiple 1.08 li

indirectly[1][2]. It is now well acknowledged that reliance on automobiles is a very detrimental trend
that has resulted in traffic congestion, environmental issues, noise, accidents, and air pollution in most
places across the world[2]. As a result, providing good public transportation systems that provide a
high-quality and inexpensive option for citizens and reduce the usage of private vehicles is one of the
most important stages in maintaining sustainability[3]. By offering low-cost public transportation that
meets the capacity needs of travellers, the number of traffic accidents would be minimised[4]. Therefore,
safety is one of the most important things to look at when developing public rail transportation[3]. To
address such legitimate concerns, rail service providers would be prudent to implement preventative
measures that make both rail trains and train stations safer for customers, which is installing the
Automatic Platform Gate (APG) and Platform Screen Door (PSD) at stations. APG and PSD is
subsystem in a railway station, for safety reason, mainly to prevent passenger accidently fell to track
from platform[5][6][7]. APG is often use on the elevated station while PSD is used in underground
station. The purpose of this research is to study the testing and commissioning procedure for both APG
and PSD. There are 4 part of testing and commissioning which are the Post Installation Test (PIT),
Partial Acceptance Test (PAT), System Acceptance Test (SAT) and System Integration Test (SIT).

1. To study how APG and PSD works as a subsystem in a station.

2. To investigate the failure and root causes during installation, testing and commissioning
procedure of APG and PSD.

——To develop new precedure-or-model to solve the failure that occurred during installation, testing,
and commissioning.

The scope of this project is research of APG and PSD of Project Mass Rapid Transit Line 2 which
is KVMRT Putrajaya Line starting from Kwasa Damansara until Putrajaya. Figure 1-% shows the map
routing of KVMRT Putrajaya Line. APG is used on the elevated station while PSD is used at
underground station. This project will focus more on investigation of one of the faulty equipment or
components of APG and PSD while doing the installation and testing procedure for APG and PSD. The
data then will be analysedanalyzed and investigate to find the causes of the failure. ‘

2. Materials and Methodology
2.1 IntroductionMaterials L

APG or PSD is a subsystem in railway station which are used to divide the platform from the trai
tracks at some train, rapid transit, and light rail systems[8]. They are primarily utilised to ensure the
safety of passengers[9]. They are a recent addition to several metro systems across the world, with some
being adapted into existing systems[5].PSD can apply to both full-height and half-height barriers, while
the names are typically used interchangeably[10]. In Malaysia, half-height platform screen doors are
referred to as APG since they do not reach the ceiling and hence do not constitute a total barrier. Full-
height platform screen doors are total barriers between the station floor and ceiling[11]. APG are
normally half the height of full-screen doors, but they might occasionally approach the train's height[12].
These two varieties of platform screen doors are the most common in the world right now[13].PSD,
which require more iron framework for support, are more expensive to install than APG. As a result,
some train operators may-prefer APG to improve platform safety while keeping expenses low and nod-
air-conditioned platforms naturally ventilated[14]. APG, on the other hand, are less effective than full
PSD at preventing persons from jumping onto the tracks on purpose[15][16].

Benefit of APG/PSD: ‘
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1. Effectively improves the safety on the platform and prevent passenger from falling off the
track[5][7].

2. Prevent or lessen the amount of wind felt by passengers as a result of the piston effect, which
can cause people to lose their balance in particular situations[17][18].

3. Prevent the air from being polluted by fumes produced by train wheels grinding against the
tracks on underground or indoor platforms[19].

4. Reduce train noise and provide passenger with a comfortable environment[20][21].

Their disadvantages are that they restrict the types of rolling stock that can be used on a line by
requiring train doors to be the same width as platform doors[22]. The doors themselves also are a safety
hazard[23]. The main danger is that individuals will become stuck between the platform doors and the
train carriage and will be crushed as the train moves[24]. This is an uncommon occurrence that may be
due to door design.

2.2 Methodology

Start of the Test I

Repeat the Test atter
re-adjusting the necessary

Test meets Specification?

End of Test

Figure 11 : General Flow chart of Testing and Commissioning

Figure 3-2 shows the general flow chart of testing and cmmissioing procedure.While doing the
Partial Acceptance Test (PAT), System Acceptance Test (SAT) and System Intergration Test (SIT).
Master Monitoring System(MMS) software is used to monitored APG/PSD. Figure 3-3 shows the
interface of MMS. Each time any failure of equipment occurred, it will be recorded. The data then will
be analyze to check which failure most frequeny happened.
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Figure 22 : Master Monitoring System (MMS)

2.2 PAT PAT-Funtion Test of ASG/ASD

The function test will observe the status of ASG, GOIL, LED strip and Buzzer during operationall.
During this procedure, all faulty equipment will be recorded. Table -3:1 shows the test instruction and

expected result for ASG/ASD function test.

Table 11: -PAT Function Test of ASD

[ Formatted: Left

Test No Test Instruction Expected Result
1 Operate Local Control Key Switch (LCKS) to GOIL, LED strip and Buzzer:
"ISOLATE" mode: 1. GOIL is ON (Red).
Turn the LCKS to "ISOLATE" position. Check 2. LED strip is OFF.
GOIL, LED strip and Buzzer 3. The buzzer is mute
2 Operate Local Control Panel (LCP) to Open/Close  All ASG will not response
platform doors LCP door open/close
command
3 Operate LCKS to open ASG: ASG:
Turn the LCKS to "MAINTENANCE" position 1. ASG starts to open until
and push "DOOR OPEN" button. Check ASG, fully opened. GOIL, LED
GOIL, LED strip and Buzzer during ASG opening  strip and Buzzer (ASG
opening):
2. GOIL is ON (Blue).
3. LED strip is ON.
4. The buzzer chimes on.
GOIL, LED strip and Buzzer
(ASG fully opened):
5. GOIL is ON (Blue).
6. LED strip is ON.
7. The buzzer is mute
4 Operate LCKS to close ASG: ASG:

819

Turn the LCKS to "MAINTENANCE" Push
"DOOR CLOSE" button. Check ASG, GOIL, LED
strip and Buzzer during ASG closing

1. ASG starts to close until
fully closed and locked.
GOIL/LED strip and Buzzer
(ASG closing): 2. GOIL is
Flashing (Blue).

3.LED strip is Flashing.

4. The buzzer chimes on
GOIL, LED strip and Buzzer
(ASG closed & locked): 5.
GOIL is ON (Red).

6. LED strip is OFF.

7. The buzzer is mute

[ Formatted Table
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5 Operate LCKS to "AUTO” mode: GOIL, LED strip and Buzzer:
Turn the LCKS to "AUTO position. Set ASG in 1. GOIL is OFF.
closed & locked. Check GOIL, LED strip and 2. LED strip is OFF.
Buzzer 3. The buzzer is mute.
6 Use LCP to open ASG. Check GOIL, LED strip ASG:
and buzzer performance during ASG opening 1. ASG starts to open until

fully opened. GOIL, LED
strip and Buzzer (ASG
opening):
2. GOIL is ON (Blue).
3. LED strip is ON.
4. The buzzer chimes on.
GOIL, LED strip and Buzzer
(ASG fully opened):
5. GOIL is ON (Blue). 6.
LED strip is ON. 7. The
buzzer is mute.
7 Use LCP to close ASG. Check GOIL, LED strip ASG:

and buzzer performance during ASG opening 1. ASG starts to close until
fully closed and locked.
GOIL/LED strip and Buzzer
(ASG closing):
2. GOIL is Flashing (Blue).

2.3 PAT and SAT Cyclic Test

The ASG will be set the cycle data of the doorways for minimum 2 hours at 2 cycles per minute.« “ormatted; Justified, Indent: First line: 0.25"

Table 3:2 shows instruction for Pat Cyclic test. PAT is considered pass if the door cycle 240 times
without failure. SAT is considered pass if the door cycle 1000 times without failure. During this
procedure, all faulty equipment will be recorded

.Table 22: Test Instruction PAT and SAT Cyclic Test ( Formatted: Font: 10 pt, Bold
Test Test Instruction Expected Result { Formatted: Font: 10 pt, Bold
no Test item Test Procedure ( Formatted: Font: 10 pt, Bold
1 ASG 101 1000 times ‘
2 ASG 102 1000 times
3 ASG 103 1000 times
4 ASG 104 set the cycle data of the doorways 1000 times
5 ASG 105 for minimum 2 hours at 2 cycles 1000 times
6 ASG 106 per minute 1000 times
7 ASG 107 1000 times
8 ASG 108 1000 times
9 ASG 109 1000 times
10 ASG 110 1000 times
11 ASG 111 1000 times
12 ASG 112 1000 times
13 ASG 113 1000 times
14  ASG114 1000 times
15 ASG 115 1000 times
16 ASG 116 1000 times

3. Results and Discussion
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During testing procedure, we record all the faulty and equipment happened and found out that onp
of the main problems during the testing procedure of APG is limit switch. Appendix B shows the data
of faulty equipment from 1st March. When doing 240 open and close cycle doors for PAT and 1000
cyclic for SAT, limit switch failure always happened. Also, during test run for phase 1 of MRT Line 2
which is from Kwasa Damansara Station until Kampung Batu Station, we often found out that that we
need to replace limit switch and adjust the ELD. Figure 4.1 shows the frequency of limit switch failurg.

Table 33: Data of Faulty Equipment From 1st March

Date Item reported  Details Qty
1/3/2022 EOIL Faulty lights 2
1/3/2022 Limit Switch Faulty limit switch 1
4/3/2022 ELDL ELD not push back, 2
5/3/2022 ELDR ELD not push back 1
5/3/2022 Limit Switch Not functioning 1

FS2 right top
6/3/2022 hood Visual defect, 1
9/3/2022 EML EML not receiving power 1
9/3/2022 ELDR Faulty limit switch 2
13/3/2022 Limit switch Faulty limit switch 5
15/3/2022 IPC Software issue, returned to rectify 1
15/3/2022  GCU Port 2 power fault - 2pcs, Port 4 power fault - 1pcs 3
16/3/2022 POIL Not functioning 1
17/3/2022 EOIL Not functioning 1
18/3/2022  Limit switch Faulty limit switch 1
19/3/2022 EOIL Not receiving input power 2
20/3/2022  GOIL Right GOIL LED different design 1
20/3/2022  POIL Not receiving input power 1
21/3/2022 Limit Switch Faulty limit switch 2
22/3/2022 ELDR ELD not push back 1
25/3/2022  GCU Cannot receive input power 2
25/3/2022  Limit Switch Faulty limit switch 2
27/3/2022 Motor right Hall fault 1
29/3/2022  GCU J4 port no power 2
29/3/2022  Limit Switch Faulty Limit switch 1
2/4/2022 Limit switch Faulty Limit switch 1
4/4/2022 JB JB board damaged by glue 1
6/4/2022 Limit switch Faulty Limit switch 1
6/4/2022 ELD ELD intermittent lost contact 4
10/4/2022  GCU Port J2-J no input 1
ELD limit
14/4/2022  switch Intermittent signal fault 2
18/4/2022 Limit switch Faulty Limit switch 1
22/4/2022  GOIL Left GOIL not lighting up 1
26/4/2022  POIL POIL cap lost 2
28/4/2022  Limit switch No continuity 1
30/04/2022  Limit switch Faulty Limit switch 1
4/5/2022 ELDL Solenoid not operating 2
8/5/2022 Motor right Suspected motor drive fault 1
10/5/2022 Motor right Cable bitten by rat 1
10/5/2022 Limit switch Faulty Limit switch 1
12/5/2022  GCU J4 port no power 1
14/5/2022  ELDR Pin stuck 1
ASG stopper
14/5/2022 bracket Bracket damaged and broken 1
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16/5/2022 Limit switch Faulty Limit switch 1
18/5/2022  Limit switch Faulty Limit switch 1

Limit Switch failure since 1 March 2022
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JFigure 33: Limit Switch Failurge,

3.1 Reliability Test of New Limit Switches

After received the fault feedback of the limit switch, the supplier company recommended another
model of limit switch for replacement, which is fully compatible and has at least an equivalent
performance to the old limit switch. The design of limit switch includes the Electrical Locking Device
(ELD) which serves to lock the doors in place after it has been fully closed. This is part of a safety
measure on the system and forms part of the All Doors Closed and Locked (ADCL) loop. Before the
new limit switch model can be replace, it must be tested first. The test is performed to demonstrate the
reliability of the new limit switch during open and close cycle operation.

The testing scope involves proving the reliability of the new model limit switch over the over 1
million open and close cycle operation. The test includes dimension inspection of mechanical parts of
limit switch, limit switch contact resistance and limit switch contact operation count. The diagram setup
for the test is shown in Appendix B. The testing procedure as following:

1. 6 units of limit switches are installed on 3 separate ELDs.

2. The ELDs are placed on a test bed and cycled for 1 million cycles. Each cycle intervals 3
seconds. After every 2 seconds, the ELD is activated for 0.3 seconds, the switches are released
and actuated again at the same time.

3. The limit switches are looped by 2 loops segregated by the normally open (NO) contacts and
normally closed (NC) groups. Each loop is attached to a counter which is counted once when
the ELD are cycled.

4. Every 80,000 cycles, the limit switches are taken out and inspected to ensure they meet the
required test specifications as follows
i) Contact resistance: Less than 100mQ
ii) Distance Roller to body: 18.4+0.5(mm)

Table below show the result of reliability test for each of the new limit switches model after 1
million cycles.-

822«
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Table 44: Result of Limit Switch Reliability Test after 1 million cycles ‘

Limit NO contact <100 NC contact <100 Distance Roller to Result

Switch (mQ) (mQ) body 18.4+0.5(mm)
1 18.91 4.08 18.5 Pass
2 8.83 4.18 18.7 Pass
3 51.78 11.23 184 Pass
4 9.43 3.67 18.7 Pass
5 10.38 8.61 184 Pass
6 8.83 4.12 18.7 Pass

Overall, all the limit switches met the requirement and pass the reliability test. After 1 million cycIeFf
the resistance value of NC and NO for all limit switch is below 100 m€, and the distance between roller
and body is 18.4+0.5 mm. All the limit switches are now ready to be implement at stations.

3.2 Implementation of new limit switch «

After the new limit switch has passed the criteria and the requirement needed, the old limit switch<
now can be replaced with the new limit and tested at station. We begin replacing the new limit switch
at 1 station which is Cyberjaya City Centre Station (CCCS), and rerun SAT open and close cycle 1000
times with the new limit switch. The result of SAT shows that all doors cycle 1000 times without any
failure. After that we replace all limit switch at elevated station and rerun SAT to make sure there is no
fault limit switch. Figure 4-2 shows that there is no more failure of limit switch for Phase 1 stations after
replacing with the new model for over 420 days.

823 | <
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Limit Switch failure since 1 March 2022
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Figure 44: Frequency of limit switch failure after replacement

of the rellabllltv test shows that the new model I|m|t switch met the requirement needed, therefore it
can used at statlons y

for MRT I|ne 2 from Kwasa Damansara Station until Putrajaya Sentral Station is now using the new
model limit switch. When doing the test run of MRT line 2 for Phase 1, limit switch failure has not

The suggestion and recommendation that can be made to improve this project is to develop a new
model of limit switch instead of getting it from the supplier company. Other failure that can also be
found during the testing procedure is faulty ELD. Therefore, ELD also ca.n be investigated to find out
if it also needs to be replaced and increase the performance of APG/PSD.

The authors would like to express their gratitude to Global Rail Sdn Bhd,_and Gamuda Bhd for
cooperating on this research. This study was conducted as part of a project sponsored by the Universiti
Tun Hussein Onn Malaysia.

References

[1] P. H. Zhifei WANG, Tingming KAN, Yu WANG, Yanfang Zuo, Dechun XIA, Dong Chen,« [Formatted: Indent: Left: 0", Hanging: 0.5"

Ansheng SUN, “A study on structural Deformation Platform Screen Door Based on Artificial

Neural Netwrok.”

[2] M. N. Borhan, A. N. Hakimi Ibrahim, D. Syamsunur, and R. A. Rahmat, “Why public bus is a
less attractive mode of transport: A case study of Putrajaya, Malaysia,” Period. Polytech.

Transp. Eng., vol. 47, no. 1, pp. 82-90, 2019, doi: 10.3311/PPtr.9228.

[ Formatted: Right

824+«



AuthertHasnan et al., Progress in Engineering Application and Technology Vol. 32 No. 2 (20226) p. 8163-8255 <

A. N. H. Ibrahim, M. N. Borhan, N. I. M. Yusoff, and A. Ismail, “Rail-based public transpo

T—+

service quality and user satisfaction — a literature review,” Promet - Traffic - Traffico, vol. 33,
no. 3, pp. 423-435, 2020, doi: 10.7307/ptt.v32i3.3270.

[4] S. Soehodho, “Public transportation development and traffic accident prevention in Indonesia, |’
IATSS Res., vol. 40, no. 2, pp. 76-80, 2017, doi: 10.1016/j.iatssr.2016.05.001.

[5] U. T. Abdurrahman, A. Jack, and F. Schmid, “Effects of platform screen doors on the overall
railway system,” IET Conf. Publ., vol. 2018, no. CP742, 2018, doi: 10.1049/cp.2018.0053.

6 Y. Xing, J. Lu, and S. Chen, “Evaluating the effectiveness of platform screen doors fqr
preventing metro suicides in China,” Journal of Affective Disorders, vol. 253. pp. 6368, 2019.
doi: 10.1016/j.jad.2019.04.014.

[7] Y. W. Chung, S. J. Kang, T. Matsubayashi, Y. Sawada, and M. Ueda, ‘“The effectiveness df
platform screen doors for the prevention of subway suicides in South Korea,” Journal o

Affective Disorders, vol. 194. pp. 80-83, 2016. doi: 10.1016/j.jad.2016.01.026.

[8] Q. Wei, X. Yu, and Y. Liu, “Design of monitoring management system of Platform Scree
Doors for urban transit,” Proceeding of 2012 International Conference on Informatio

Management, Innovation Management and Industrial Engineering, ICI11 2012, vol. 1. pp. 166
169, 2012. doi: 10.1109/ICI11.2012.6339758.

[9] X.Li,Z.Wu,J. Yang, L. Zhang, D. Zhou, and T. Hu, “Experimental study on transient pressur|
induced by high-speed train passing through an underground station with adjoining tunnels,
Journal of Wind Engineering and Industrial Aerodynamics, vol. 224. 2022. doi:
10.1016/j.jweia.2022.104984.

[10] L. Min, C. Zhaoyong, and Z. Jin, “Study on PSD system control strategy for safety,” 2012 3r;
International Conference on System Science, Engineering Design and Manufacturin
Informatization, ICSEM 2012, vol. 1. pp. 154-159, 2012. doi: 10.1109/ICSSEM.2012.634078

11 J. Ren et al., “A field study of CO2 and particulate matter characteristics during the transitiop

season in the subway system in Tianjin, China,” Energy and Buildings, vol. 254. 2022. doi:
10.1016/j.enbuild.2021.111620.

=2)

T =T

e

[T

[12]  G. Li et al., “An innovative ventilation system using piston wind for the thermal environment
in Shanghai subway station,” Journal of Building Engineering, vol. 32. 2020. dof:

10.1016/j.jobe.2020.101276.

13 7. Wang, “Comparative Study of Rail Transit’s Platform Screen Door System Simulation and

Test Based on the Finite Element Method,” Procedia CIRP, vol. 56. pp. 481-484, 2016. doi:
10.1016/j.procir.2016.10.094.

[14] S. Ziyi, L. Xiaofeng, and Z. Yue, “Study on the Performance of Adjustable Platform Screep
Door in Subway Stations,” E3S Web Conf., vol. 172, pp. 4-10, 2020, dof:
10.1051/e3sconf/202017224008.

15 . Cao and J. Li, “Correlation analysis of platform intelligent electric screen doors angl
accidents in urban rail transit,” J. Phys. Conf. Ser., vol. 2033, no. 1, 2021, doi: 10.1088/1742-
6596/2033/1/012076.

[16] M. Ueda, Y. Sawada, and T. Matsubayashi, “The effectiveness of installing physical barrie

for preventing railway suicides and accidents: Evidence from Japan,” Journal of Affectiv
Disorders, vol. 178. pp. 1-4, 2015. doi: 10.1016/j.jad.2015.02.017.

[N

825 | <

[ Formatted: Left

[ Formatted: Left




AwutherHasnant et al., Progress in Engineering Application and Technology Vol. 32 No. 2 (20226) p. 8163-8255«

[17] A. M. Dunn, O. S. Hofmann, B. Waters, and E. Witchel, “Cloaking malware with the trusted
platform module,” Proceedings of the 20th USENIX Security Symposium. pp. 395-410, 2011.

18 X. Li and Y. Wang, “Simulation study on air leakage of platform screen doors in subwa:

stations,”  Sustainable Cities and Society, vol. 43. pp. 350-356, 2018. doi:
10.1016/j.5¢s.2018.08.035.

19 W. Wang, T. He, W. Huang, R. Shen, and Q. Wang, “Optimization of switch modes of full

enclosed platform screen doors during emergency platform fires in underground metro station,”
Tunnelling and Underground Space Technology, vol. 81. pp. 277-288, 2018. doi:
10.1016/j.tust.2018.07.015.

20 J. Yang, M. Liu, H. Zhang, W. Zheng, S. You, and T. Cui, “Ventilation and energy performance

study on platform screen doors with adjustable vents in a subway station,” Tunnelling and
Underground Space Technology, vol. 120. 2022. doi: 10.1016/j.tust.2021.104291.

21 Y. Soeta and R. Shimokura, “Change of acoustic characteristics caused by platform screen
doors in train stations,” Applied Acoustics, vol. 73, no. 5. pp. 535-542, 2012. doi:

10.1016/j.apacoust.2011.12.012.

22 Y. H. Kim and Y. Soeta, “Acoustic effects of platform screen doors in underground stations,”
no. February, 2014.

23 J.T. Yang, Y. Yang, H. L. Wang, and L. Shi, “Effect of the open ways of screen doors on fire

smoke in a subway platform,” Procedia Engineering, vol. 11. pp. 416-423, 2011. doi:
10.1016/j.proeng.2011.04.677.

[24]  T. Feigang, Y. Zhili, L. Kaiyuan, and L. Ting, “Detection and positioning system for foreign

body between subway doors and PSD,” Proceedings - 2021 6th International Conference on

Smart Grid and Electrical Automation, ICSGEA 2021. pp. 296-298, 2021. doi:
10.1109/ICSGEA53208.2021.00072. (412t Zhifei WANG_ T iRgmRing— ANV WAN :

Mant Ze Deehun XIA_1), Ol Anch CIINL €A gpoad truetural Deformation
ELH6s HH > g > =S t

Mﬁc inY B d AA-'ﬁ'lT\Tg]\Ta 1. 22

826+

[ Formatted: Right

[ Formatted: Right




