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ABSTRACT

Title : Improvement of Dependability of Metro System by Maintenance Activity
By : Mr. Pradit Kaewsarn
Degree : Master of Engineering

Major Field  : Engineering Management

: 7 -
Thesis Advisor: AJU é‘f‘”’“‘%&“‘ Co-Advisor-. 3. C &W(L’r’ml(,lfl{“

(Asst. Prof. Dr. Arthit Sode-Yome) (Asst.Prof.Dr.Chalermkiat Wongvanichtawee)
RN s, T SO | N .. . S ROUOO: JOVOOV AN, SO SUUT 5 SV

Reliability was evaluated for improvement to conform with the design for mass
transportation service. This study aims to present the Metro System Reliability Improvement by
maintenance planning which is appropriated with real equipment usage.

The Metro System reliability will increase when the maintenance planning for equipment
under reliability risk is improved by comparing the maintenance data during the service-testing
period with the producer’s maintenance data. The maintenance report will be adjusted
theoretically according to the risk of the equipment failure during the testing period. By ranking
the important equipment that may affect the Metro System reliability so that the maintenance
plan can be set before failure. Meanwhile, the Metro System reliability can be evaluated before
and after the maintenance improvement to assure the result of the study.

The study found that the frequency of planned maintenance task in accordance with the
conditions of use. Availability of the system increased from 99.75% to 100 % , the emergency
workload is reduced from 52 works which can be completed just 96.23% to only 12 works which
can be completed, all from such results can make an estimation that the system had a higher
reliability mean while unavailability of the service is reduced as a directly resulted in the electric
system has more dependability.
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Time During Canceled Train Trip
TSUc, TSDc = Roundup( ) (2.18)

Average Headway

[

AUANHULIAWIZYDINS IFUTMIszusa TWih

Indicator Value
Peak Hour Headway (min:sec) 03:52 [232 seconds]
Average Headway (min:sec) 05:33 [333 seconds]
Operating Fleet (trains in peak hour) 18
Operating Fleet (cars in peak hour) 54
Total Number of Trains 21
Total Number of Cars 63
Annual Train-km 3,099,049
Annual Car-km 9,297,147
Scheduled Train Trips (per year) 145,920
Operating Hours (per day) 18.5
Operating Hours (per year) 6,753
Calendar Hours (per year) 8,760
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o anylindeulduimssalnih (Train Service Unavailability, TSU)

o anylinssenavedmsliuinsse Wi (Train Service Delay, TSD)
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TSDc = Roundup( ) = 1 train trip
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TSD = ( > X 100% = 0.008%
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MTBF | Failure Rate
Name
[hr] [1/hr]

High Voltage — Gas Insulated Switchgear

GAS Circuit Breaker 6.42E+04 1.56E-05
Disconnector 2.17E+04 4.60E-05
Earthing Switch 2.17E+04 4.60E-05
Disconnecting Device 2.17E+04 4.60E-05
Voltage Transformer 6.65E+06 1.50E-07
Current Transformer 5.85E+05 1.71E-06
Voltmeter 4.28E+04 2.34E-05
Ammeter 5.37E+05 1.86E-06
Watthour Meter 6.42E+04 1.56E-05
Function Indicator 2.93E+04 3.41E-05
Gas Density Monitor 7.15E+04 1.40E-05
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MTBF
Name Failure Rate [1/hr]
[hr]

Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Control and Protection Panel

Protection Relay 2.15E+07 4.66E-08
Multi Meter 4.54E+05 2.20E-06
I/O Box 4.07E+06 2.46E-07
Miniature Current Breaker 4.42E+05 2.26E-06
Auxiliary Relay 4.77E+05 2.10E-06
LED Lamp 1.69E+05 5.93E-06
Optical Repeater 1.69E+05 2.14E-06
Main Transformer

Transformer Tank 2.63E+05 3.81E-06
Insulating Oil 5.99E+05 1.67E-06
On-Load Tap Changer 1.71E+04 5.84E-05
Tap Position Indicator 2.33E+05 4.29E-06
Oil Level Gauge 2.33E+05 4.29E-06
Buchholz Relay 2.13E+06 4.69E-07
Temperature Meter 4.28E+04 2.34E-05
Lightning Arrester 2.14E+04 4.67E-05
Cooling Fan 8.63E+04 1.16E-05
Dehydrating Breather 1.80E+06 5.57E-07
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07

36



d‘ 1 d’ A a
A1 NN 3.3 ANUUUFDDDUBIUT

o 4

anszuu Wi (@)

MTBF
Name Failure Rate [1/hr]
[hr]

LED Lamp 1.10E+06 9.12E-07
Main Transformer AVR Panel
Voltage Regulating Relay 1.71E+04 5.84E-05
Voltmeter 4.28E+04 2.34E-05
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Neutral Grounding Resistor
Resistor 1.15E+08 8.70E-09
Current Transformer 5.85E+05 1.71E-06
115kV Disconnector and Earthing Switch
Disconnector 2.17E+04 4.60E-05
Earthing Switch 2.17E+04 4.60E-05
Miniature Current Breaker 6.89E+05 1.45E-06
24kV Gas Insulated Switchgear
Vacuum Circuit Breaker (for loop main

6.89E+05 1.45E-06
feed)
3-Position Disconnector 1.83E+05 5.47E-06
Voltage Transformer 6.65E+06 1.50E-07
Current Transformer 5.85E+05 1.71E-06
Multi-Function Protection Relay 2.13E+06 4.69E-07
Transducer 1.21E+06 8.26E-07
Voltage Indicator 2.14E+04 4.67E-05
Gas Density monitor 7.15E+04 1.40E-05
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MTBF
Name Failure Rate [1/hr]
[hr]

Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Vacuum Circuit Breaker (for incoming

6.89E+05 1.45E-06
feeder and associated assembly)
Vacuum Circuit Breaker (for Rectifier

6.89E+05 1.45E-06
transformer and trackside)
Vacuum Circuit Breaker (for Service

6.89E+05 1.45E-06
transformer)
Vacuum Circuit Breaker (for Generator) 6.89E+05 1.45E-06
Vacuum Circuit Breaker (at TSS09) 6.89E+05 1.45E-06
Battery Charger for 125V DC
Isolated Transformer 1.00E+06 1.00E-06
Lightning Arrestor 5.00E+04 2.00E-05
Circuit Breaker 1.00E+05 1.00E-05
Thyristor 1.00E+05 1.00E-05
Surge Suppressor 1.08E+05 9.26E-06
Alarm & Relay Board 5.00E+04 2.00E-05
Control Board 5.00E+04 2.00E-05
Ammeter 1.00E+05 1.00E-05
Voltmeter 1.00E+05 1.00E-05
LED Lamp 2.00E+05 5.00E-06
Miniature Current Breakers (in Distribution

2.00E+08 5.00E-09
Board)
Steps Dropper 2.00E+08 5.00E-09

38



a A A Ao o 9 '
M3197 3.3 AN vedLTAamszuL 1ih ()

MTBF
Name Failure Rate [1/hr]
[hr]

Ground Detector 2.13E+06 4.69E-07
Battery for 125V DC
Battery 4.72E+05 2.12E-06
Battery Charger for 110V DC
Isolated Transformer 1.00E+06 1.00E-06
Lightning Arrestor 5.00E+04 2.00E-05
Circuit Breaker 1.00E+05 1.00E-05
Thyristor 1.00E+05 1.00E-05
Surge Suppressor 1.08E+05 9.26E-06
Alarm & Relay Board 5.00E+04 2.00E-05
Control Board 5.00E+04 2.00E-05
Ammeter 1.00E+05 1.00E-05
Voltmeter 1.00E+05 1.00E-05
LED Lamp 2.00E+05 5.00E-06
Miniature Current Breakers (in Distribution

2.00E+08 5.00E-09
Board)
Step Dropper 2.00E+08 5.00E-09
Low Battery Cutoff 2.13E+06 4.69E-07
Battery for 110V DC
Battery Block 7.39E+04 1.35E-05
RMU
Vacuum Circuit Breaker 6.89E+05 1.45E-06
3-Position Loadbreak Switch 2.17E+04 4.60E-05
3-Position Disconnector 2.17E+04 4.60E-05
Power Fuse 7.82E+05 1.28E-06
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MTBF
Name Failure Rate [1/hr]
[hr]
Earthing Switch 2.17E+04 4.60E-05
Voltage Transformer 6.65E+06 1.50E-07
Current Transformer 5.85E+05 1.71E-06
Protection Relay 2.13E+06 4.69E-07
Voltage Indicator 2.93E+04 3.41E-05
Ground Fault Indicator 2.14E+04 4.67E-05
Gas Density Monitor 7.15E+04 1.40E-05
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Service Transformer
Auxiliary Transformer 1.99E+05 5.02E-06
Temperature Meter 8.65E+04 1.16E-05
AC & DC Distribution Panel
Voltmeter 4.28E+04 2.34E-05
Ammeter 5.37E+05 1.86E-06
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Fuse 7.82E+05 1.28E-06
Emergency Generator
Generator 1.89E+04 5.30E-05
Engine 1.95E+04 5.14E-05
Diesel Tank (Fuel System) 2.63E+05 3.81E-06
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MTBF
Name Failure Rate [1/hr]
[hr]

Air Inlet Sound Attenuator 1.89E+04 5.30E-05
Air Outlet Sound Attenuator 1.89E+04 5.30E-05
Radiator 9.62E+04 1.04E-05
Control Panel 1.52E+04 6.56E-05
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Fuse 7.82E+05 1.28E-06
Lube Oil System 2.14E+04 4.67E-05
Chemical Dosing Unit 7.15E+04 1.40E-05
Uninterruptible Power Supply
Auxiliary Contact 9.43E+05 1.06E-06
MCB 6.89E+05 1.45E-06
Isolate Switch 2.17E+04 4.60E-05
Manual Bypass Switch 6.67E+06 1.50E-07
Automatic Bypass Switch (static Bypass

8.77E+04 1.14E-05
switch)
Invertor 1.28E+05 7.78E-06
Rectifier 2.06E+06 4.85E-07
MCCB 6.89E+05 1.45E-06
Battery 7.39E+04 1.35E-05
Fuse 7.82E+05 1.28E-06
LED Lamp 1.10E+06 9.12E-07
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MTBF
Name Failure Rate [1/hr]
[hr]
Step Up Transformer
Dry Transformer 1.99E+05 5.02E-06
Temperature Meter 8.65E+04 1.16E-05
Interface Terminal Board
Terminal Board 5.14E+05 1.95E-06
PLC Automatic Change Over System
PLC Panel 1.23E+05 8.13E-06
Rectifier Transformer
Dry Transformer 9.49E+07 1.05E-08
Temperature Meter 8.65E+04 1.16E-05
Rectifier
Diode 5.00E+06 2.00E-07
Diode Fuse 7.82E+05 1.28E-06
Lightning Arrester 2.14E+04 4.67E-05
Frame Leakage 2.14E+04 4.67E-05
Miniature Current Breaker 6.89E+05 1.45E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Thermostat 8.65E+04 1.16E-05
Base Load Resistor 1.15E+08 8.70E-09
750V DC Switchgear
High Speed Circuit Breaker 6.89E+05 1.45E-06
Shunt 7.15E+04 1.40E-05
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MTBF
Name Failure Rate [1/hr]
[hr]

Lightning Arrester 2.14E+04 4.67E-05
DC Protection relay 2.13E+06 4.69E-07
Circuit Breaker Control Module (CBCM) 6.42E+04 1.56E-05
Fuse 7.82E+05 1.28E-06
Flame Leakage 2.14E+04 4.67E-05
DC Voltage meter 2.93E+04 3.41E-05
Transducer 1.21E+06 8.26E-07
Miniature Current Breaker 6.89E+05 1.45E-06
DC/DC Converter 1.54E+04 6.50E-05
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Bypass panel

Load Break Switch 5.10E+05 1.96E-06
Lightning Arrester 1.00E+08 1.00E-08
Miniature Current Breaker 1.00E+08 1.00E-08
DC/DC Converter 1.54E+04 6.50E-05
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Negative Return Panel

Disconnector 8.33E+06 1.20E-07
Shunt 7.15E+04 1.40E-05
Lightning Arrester 1.00E+08 1.00E-08
Transducer 8.26E+05 1.21E-06
Ammeter 5.00E+05 2.00E-06
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MTBF
Name Failure Rate [1/hr]
[hr]

Miniature Current Breaker 1.00E+08 1.00E-08
DC/DC Converter 1.54E+04 6.50E-05
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Voltage Limiting Device

Contactor 5.95E+05 1.68E-06
Shunt 7.15E+04 1.40E-05
Transducer 8.26E+05 1.21E-06
Control and Protection Unit 1.92E+05 5.21E-06
Miniature Current Breaker 1.00E+06 1.00E-06
DC/DC Converter 1.54E+04 6.50E-05
Auxiliary Relay 2.13E+06 4.69E-07
LCD Display 3.00E+04 3.33E-05
Load Break Switch

Load Break Switch 6.89E+05 1.45E-06
Lightning Arrester 2.14E+04 4.67E-05
Miniature Current Breaker 6.89E+05 1.45E-06
DC/DC Converter 1.54E+04 6.50E-05
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Disconnect Switch

Disconnector 8.33E+06 1.20E-07
Lightning Arrester 1.00E+08 1.00E-08
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MTBF
Name Failure Rate [1/hr]
[hr]
Voltage Relay 5.00E+05 2.00E-06
Miniature Current Breaker 1.00E+08 1.00E-08
DC/DC Converter 1.21E+06 8.26E-07
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Stinger Panel
Load Break Switch 6.89E+05 1.45E-06
Disconnector Switch 6.89E+05 1.45E-06
Fuse 7.82E+05 1.28E-06
Lightning Arrester 2.14E+04 4.67E-05
Miniature Circuit Breaker 6.89E+05 1.45E-06
LED Lamp 1.10E+06 9.12E-07
Emergency Trip Switch for Emergency Trip
System
Push Button 2.19E+05 4.57E-06
Lamp Test Button 2.33E+05 4.29E-06
Relay Panel for Emergency Trip System
Miniature Circuit Breaker 1.00E+06 1.00E-06
Auxiliary Relay 2.13E+06 4.69E-07
LED Lamp 1.10E+06 9.12E-07
Stray Current Monitoring System
Multi-Function Protection Relay 2.13E+06 4.69E-07
Central Evaluation Unit 2.14E+04 4.67E-05
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Monthly Yearly Unit
Operating Hours = 555.0 6,660.0 hrs
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Average Headway = 333.0 333.0 sec
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Trian Service Delay (TSD) = | 0.008% 0.003%
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Availability 99.64%
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Revenue Services
RAM [342k]
(3-Months)

TSUs 36,480

TSU = (TSUc/TSUs)x100% 0.047%
TSUc 17

Reliability

TSDs 36,480

TSD=(TSDc/TSDs)x100% 0.025%
TSDc 9




62

372 dsziiuanundenlvvesszuvsa lnihlugelviusms

a o 1 a

Usziiuanundouldauvesginsal T lusraldusmsTaelddoyannudumaives

A a 3 1 [ 1 a a ] { 4
gunsalinaduua lidsma ldszuusa Ivih hignsa1dusms 18 Tasiinsangranaride liiie

o a 2 { a 1
gunsal luszunlWilufanudumaniulasmaes (Mean Down Time, MDT) 91A013 1903115 lugaa

1A 9 e’g o H 1 Y a Y a 9
WUIUAANMNANIAIVRIQUNTRlYUT LAY 46 AT TuuAazasudenainslduimsszunse Tilih

1 o X Y J A a A a Y o2 =
uANAIAUIUBGRUANFUIT RISl atide lliemanudumaivesginsaivumae

Y Q

MR 3.83 2 Tug

919 3.16 UsziuanundoulFuesszuuso i luga ¥ mg

Revenue Services
RAM af3
(3-Months)
MUT 1,688
Availability A=MUT/(MUT+MDT) 99.77%
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Revenue Services
RAM [3(2F]
(3-Months)

PMt-1 0

PME=PMI{/(PMt-1+PMt) PMt 210 100.0%
Maintainability PMf 210
CMt-1 2

CME=CM{/(CMt-1+CMt)x100% 100.0%
CMt 12
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(3-Months)

CMf 14
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1 DC Charger & Battery Intolerable
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3 24kV Switchgear Intolerable
4 Power Transformer Intolerable
5 DC Charger & Battery Intolerable
6 24kV Switchgear Intolerable
7 24kV Switchgear Intolerable
8 P Protection Relays Intolerable
9 B Protection Relays Intolerable
10 Power Transformer Intolerable
11 Traction Substation Intolerable
12 Traction Substation Intolerable
13 M Power Transformer Intolerable
14 Relay Intolerable
15 Short Circuit Device

Undesirable
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Diode module 3.44E-07 2.5 Engineering Experience | 3.5
Thermostat 1.57E-05 1.5 Engineering Experience | 2.5
Earth Fault Protection Replay | 3.00E-07 1.5 Engineering Experience | 2.5
Micro Switch 1.54E-06 1.5 Engineering Experience | 2.5
Surge Arrestor 9.26E-06 2 Engineering Experience 3
HSCB 2.00E-08 1.5 Engineering Experience | 2.5
Contactor 1.06E-06 2.5 Engineering Experience | 3.5
Protect and Control Panel 4.17E-06 3 Engineering Experience 4
Control Fuse 1.28E-06 1 Engineering Experience 2
Battery 7.01E-06 3 Engineering Experience 4
Switch 7.00E-08 1 Engineering Experience 2
Rectifier 4.85E-07 2.5 Engineering Experience | 3.5
Inverter 7.78E-06 2.5 Engineering Experience | 3.5
MCCB 3.31E-09 1 Engineering Experience 2
Insulation Transformer 3.00E-08 3 Engineering Experience 4
Circuit Breaker 5.26E-06 3 Engineering Experience 4
BSS1 Genset 5.30E-05 6 Engineering Experience 7




Switchgear 3.47E-06 Engineering Experience
Control Panel 1.73E-05 Engineering Experience
Transformer 5.02E-07 Engineering Experience
Metering Device 2.23E-07 Engineering Experience
HSCB 2.00E-08 Engineering Experience
Thermal Relay 1.57E-05 Engineering Experience
Load Break Switch 9.94E-09 Engineering Experience
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Reliability Block Diagram
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UPS-SW1

Switch

MTTF=1.42857e+007
Qm=1.18e-7, W=0.014

Y

Reliability Block Diagram

UPS-REC1

UPS-SW5

UPS-BAT1

UPS-INV1

Rectifier

Switch

Battery

Inverter

MTTF=2.06e+006
QMm=1.606e-6, W=0.115

MTTF=1.42857e+007
Qm=2.01e-7, W=0.026

MTTF=143000
Qm=2.687e-5, W=1.787

MTTF=128461
Qm=2.746e-5, W=2.061

UPS-SW2

Automatic
bypass switch

A

MTTF=1.42857e+007
Qm=1.835e-7, W=0.018

UPS-SW4

Switch

MTTF=1.42857e+007
Qm=1.396e-7, W=0.021
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RALWAY RAMS
[ ]
SAFETY AVALABILITY
[ I
| 1 |
SYSTEM CONDITIONS OPERATING CONDITIONS MANTENANCE CONDITIONS
| I
I | [ | I I l [ l
PRPRP Technical Environmental Human > - . W Human Maintenance -
Maintainability Characteristics Conditions Factors Procedures Mission Profile Logistics Factors Procedures Logistics
I I s [ |
Internal External Human Human Corr. Change in Preventive Corrective
Disturbances Disturbances Errors Actions Mission Profile Malntenance Maintenance
| |
| |
Systematic Failure Random Failure e Scheduled Conditional
| meg L Maintenance Maintenance
- Errors in
requirements - Operating modes
- Design & realisat'n - Environment Diagnostics . )
inadequacies Stress d . > Diagnostics
i - Stress degradation -Manual - Internal
- Manufacturing - Wear out - Automatic -External
deficiencies
- Ower siress
- Inherent weaknesses
- Efc.
- Software errors
- Operat'ng instructn
deficiencies
- Inst'n inadequacies
- Human errors

- Etc.
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