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A Study on the Estimation and Verification of the Availability of the
Unmanned Light Railway

*kxT

Sang Don Kwon" - Bo Young Song™ - Hi Sung Lee

'Corresponding Author Abstract : Unattended Train operation(UTO)" requires higher safety target than other
Hi Sung Lee systems, since all train operations are automatic. The system provider to deliver without
Tel : +010-3261-0420 accident or failure, and the operator to transport passengers without accident by putting
E-mail : hslee@seoultech.ac.kr all trains supplied, including them, into service. Safety rates without such failures can be

represented as indicators of RAMS, among which availability is continuously controllable

Received : November 15, 2018 to achieve the target, with a clear target. Availability is often required by the licensee

Revised : December 17, 2018 from the initial stage of the project to demonstrate that the request for proposal (RFP)

Accepted : February 14, 2019 is usually specified and to maintain separate availability targets at the operational stage.

In particular, unlike unmanned operation light rail in complex systems, simple formulas
are often presented to facilitate verification at each stage. This paper presents this
method of usability calculation in an integrated manner at all levels and analyzes the
existing usability values to ensure reliability of the availability formula for integrated use

. . in unmanned light rail systems.
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Table 1. Application examples of availability by route

Route Target Calculation
Yongin Service Availability A= MTBSAF
ever line SA = 99% MTBSAF+ MTTR
Busan-gimhae Service Availability G4 = MTBFs— MTTRs
light rail Transit SA > 98% MTBFs
Copenhagen Service Availability G4 — MTBFs— MTTRs
light rail transit SA > 98% MTBFs
P Inherent Availability L MTBF
LRT sillim line Ai = 99% SA= 3 TBE+ MTTR
Maglev of incheon| Inherent Availability Aim MTBSAF
airport” Al > 98% '~ MTBSAF+ MTTR
Incheon airport | Inherent Availability Ai= MTBF
shuttle train Ai = 99.5%  MTBF+ MTTR
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Table 2. Application examples of availability by route

Availability

type Advantages and disadvantages RFP conditions
- No effect on train operating
conditions - MTBF and MTTR Need

Inherent |- Easy to calculate availability
- Failure to consider mainten- ance
and administrative time

to be clearly presented

- Clearly indicates train status
- Failure to consider actual
downtime during maintenance |- MIBF and MTTR Need

Achieved and administration to be clearly presented
- MTTMa validation takes a lot of
time and money
- Show administrative
- Selection of actual operational | delay of MIBF, MTTR,
Operational availability - Use only when the

- Increased time and cost in
operational utility validation

constructor is respo-
nsible for administra-
tive delays.

- Better to understapd the snnple - New routes should
status of the vehicle in service .
Fleet - Train add and remove times will clearly present train
operating plans to RFP

vary over time

- Easy to understand the quality
of service use - New routes should
Schedule |- In case of non-compliance, the | clearly present train
responsibilities of the operator | operating plans to RFP
and the constructor are unclear
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Table 3. Quantitative availability requirements

Customer Country %F Ava;l::lility
NYCT railway USA 160,900KM
ATTIKO railway GRESE 160,000KM 99%
MTRC railway HONGKONG | 166,666KM 96.5%
Ireland diesel car IRELAND 50,00KM 95%
SEPTA railway USA 160,000KM -
KTX KOREA 121,000KM -
Incheon airport IAT KOREA 98,900KM 99.5%
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Syd— (Sy UPTIME > OpM)

(SyUPTIME> OpM) + (SyDOTIMEX FaM)

SyUPTIME : System operation time of one day(Hours)
SyDOTIME : system downtime(Hours)

OpM : Total operational system quantity

FaM : Total failed system quantity

SyA(Total) = SyA(1) x SyA(2) x --+ SyA(n)
SyA(n) : Total availability of individual system

Fig. 2. Suggestions for system availability calculations,
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Fig. 3. Overview of shuttle tain routes,
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Table 4. Availability target value (construction company)

Availability subsystem Requirement value Target value
Vehicle - 99.991%
Signal - 99.828%
Platform screen door - 99.530%
Total availability (Average) 99.5% 99.780%
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LEVEL 1 LEVEL 2 LEVEL 3 Failure rate | MTTR(hr) | MTBF(hr) | Non Avalability | Availability M | ITEM
Non Availability| Availabiity

Condition 1.27E-06| 017| 7916405  2.15050€-07| 99.9999785%|
Controller 1.00E-05| 0.17| 1.00E+05 1.70000E-06| 1.9150E-06

total 1.13.05| 0.17| 888E+04|  191505E-06| 99.9998085%
Emergency Condition | 2 53E-06| 0.17| 3.95E+05|  4.30100E-07| 99.9999570%)

Normal Condition 1.15E-07| 0.17| 8.70E+06| 1.95500€-08| 99.9999980%|
Brake Controller 7.62456-07 | 99.99992%

Propulsion
Control

Controller 1.84E-06| 0.17| 543405 3.12800E-07| 99.9999687%|

total 4.49E-06| 017 2236405 7.62450E-07| 99.9999238%|

Motor 2.71E-06| 0.17| 3.69E+05|  4.60700E-07| 99.9999539%|

Direction Change 1.38E-06) 0.17| 7.25€+05|  2.34600E-07| 99.9999765%)

Ay Door Operation 2.76E-06| 0.17| 3.62E+05|  4.69200E-07| 99.9999531%)
Other Elec Control Power 1.61E-04 0.17| 6.21E+03] 273700E-05| 99.9972631%| 3.7157€-05 | 99.99628%

HVAC 1.69E-05| 0.17| 5.91E+04|  2.87470E-06| 99.9997125%)

3.38E-05| 0.17 296E+04|  5.74940E-06| 99.9994251%|
total 219E-04) 017 4.576+03(  3.71586E-05| 99.9962843%|
Air Brake 9.08E-06| 0.17| 110E+05|  1.54360F-06| 99.9998456%)
Door 3.60E-07 0.17| 278E+06|  6.12000E-08| 99.9999939%|
Mechanical Equipment 25840606 | 99.99974%
Steering 5.76E-06| 0.17| 1.74E+05| 9.79200€-07| 99.9999021%|
total 1.52£-05| 0.17| 6.58E+04)  2.58400E-06| 99.9997416%|

TOTAL 7.21643E-05| 99.99278%

Fig. 5. Proposal of MTBF and availability by 3rd shuttle train,
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Table 5. Comparison of availability against train failures(1)

Door fail to open MTTR

- MTBF 278,000
F{"{:ﬁ{?m& 'T MTBF+ MTTR ™ 278,000+ 0.17 | 0.17Hr
availability = 99.9999%

MTBM 278,000

Operational | 40= 75, 7 ey = 578,000+ 031 031Hr
availability Ao

Accident type

= 99.9998%
Syd = (SyUPTIMEX OpM)
System VT (G UPTIME = Opld) + (SyDOTIMEX Fudl)
availability | (5.5x5)+(7x10)+(15x5)~(031x1) | 031Hr
SyA A T 55 x5) + (17x10) + (15 x5)
= 99.849%

Table 6. Comparison of availability against train failures(2)

BOGIE Change of A Side Fail MTTR

i MTBE 138,000
F{";ﬁ{?mﬁ U= MTBF+ MTTR ™ 138,000+0.17 | 0.17Hr
availability = 99.9998%

. o MTBM 138,000
O_I;:l';‘}:}"“ali O~ MTBM+ MTTMo 138,000+ 0.62 0 62Hr
availability Aol _ 99 99959,

(Sy UPTIME> OpM)

Accident type
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