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A Study on Determining the Optimal Replacement Interval of the
Rolling Stock Signal System Component based on the Field Data

Byoung Noh Park' - Kyeong Hwa Kim? - Jaehoon Kim®'

Abstract : Rolling stock maintenance, which focuses on preventive maintenance, is
typically implemented considering the potential harm that may be inflicted to
passengers in the event of failure. The cost of preventive maintenance throughout the
life cycle of a rolling stock is 60%-75% of the initial purchase cost. Therefore, ensuring
stability and reducing maintenance costs are essential in terms of economy. In
particular, private railroad operators must reduce government support budget by
effectively utilizing railroad resources and reducing maintenance costs. Accordingly,
this study analyzes the reliability characteristics of components using field data.
Moreover, it resolves the problem of determining an economical replacement interval
considering the timing of scrapping railroad vehicles. The procedure for determining
the optimal replacement interval involves five steps. According to the decision model,
the optimal replacement interval for the onboard signal device components of the “A”
line train is calculated using field data, such as failure data, preventive maintenance
cost, and failure maintenance cost. The field data analysis indicates that the mileage
meter is 9 years, which is less than the designed durability of 15 years. Furthermore, a
life cycle in which the phase signal has few failures is found to be the same as the
actual durability of 15 years.
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Table 1. Rolling stock LBS classification system

Level L1 L2 L3 L4 LS L6 L7
Ttems 5 15 78 415 455 147 5
Table 2. Failure classification
Failure classification Definition
Ral!road Failure caused railroad accidents
Dangerous accident
failure ;
POS:knal Failure could have led to a railroad accident
Operation | Delayed train operation for more than 20
Service disorder | minutes (by terminus)
failure Service | Delayed for more than 5 minutes due to a
failure Failure that caused service disruption
Function | Train operation delayed by more than 3 minutes
failure and less than 5 minutes due to functional failure
Logistic Minor A simple failure that does not interfere with
Sl failure | train operation with a minor failure effect
failure
. A failure in which the failure phenomenon is
Extinction . . . R
i automatically extinguished without a failure
ailure action
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1. Selection of items to be analyzed
1 4

2. Information data collection and organization
- Target item basic information, failure/maintenance history

. 4

3. Failure distribution (failure strength function) estimation/test
- Failure data classification (logistic failure, service failure)
- Failure distribution estimation
- distribution fit test

3

4. reliability evaluation
- Reliability characteristic value analysis
- Reliability trend analysis

. 4

5. Calculation of optimal replacement cycle based on total cost
- Selection of replacement cycle candidates

- Calculation of total cost

- Selection of item replacement cycle

Fig. 2. Procedure for determining the optimal replacement
cycle,
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Onboard and others —
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Table 5. CBK board reliability indicators
(Unit: Hour)
Mean Time
Between Failures B5 B10 B20 B50
(MTBF)
57,663 12,452 18,574 28,181 52,896

A4 BAFI)E RS AR

1R L e
T HEE

A A8
175 2

olgtel Aslslct.

Table 6, Corrective maintenance cost information

Material cost Repair Repair cost
(Outsourcing Man-hour (ggr case) Hourly wage
repair cost) (per piece)
1,430 4.02 1,547 29
Thousand Won Man Hour Thousand Won | Thousand Won

Table 7. Preventive maintenance cost information

Number of Replacement Preventive
installations per | time Man-hour Price replacement
vehicle (per piece) cost(per case)
5 4.02 26,021 52,277
Man Hour Thousand Won | Thousand Won

Table 8, Loss of Service Cost Calculation Information

Average Lost cost per hour Average number of
delay time passengers per hour
0.083 Hour 37,561 Won 13,733 people

(OECD, 2020)"®

(A Company, 2019)
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Table 9. Board optimal replacement cycle cost calculation
result
(Unit: Thousand Won)

Ex(.:h- Corrf:ctive Prevention Service  Inventory

anging mainte- replace- loss cost cost Total cost

period nance cost  ment cost
1 11,271 12,546,609 58,089 156,130 12,772,099
2 19,171 6,273,305 142,245 130,108 6,564,829
3 26,156 4,182,203 240,191 130,108 4,578,658
4 32,607 3,136,652 348325 130,108 3,647,692
5 38,687 2,091,102 464,727 130,108 2,724,624
6 44,488 2,091,102 588,172 130,108 2,853,870
7 50,066 1,568,326 717,799 104,086 2,440,277
8 55,460 1,568,326 852,966 104,086 2,580,838
9 60,698 1,045,551 993,170 104,086 2,203,505
10 65,802 1,045,551 1,138,006 104,086 2,353,445
11 70,787 1,045,551 1,287,142 104,086 2,507,566
12 75,668 1,045,551 1,440,294 104,086 2,665,599
13 80,454 522,775 1,597,223 104,086 2,304,538
14 85,155 522,775 1,757,721 104,086 2,469,737
15 89,778 522,775 1,921,605 104,086 2,638,244
16 94,329 522,775 2,088,713 104,086 2,809,903
17 98,815 522,775 2258901 104,086 2,984,577
18 103,239 522,775 2,432,039 104,086 3,162,139
19 107,606 522,775 2,608,011 104,086 3,342,478
20 111,920 522,775 2,786,710 104,086 3,525,491
21 116,183 522,775 2,968,038 104,086 3,711,082
22 120,400 522,775 3,151,906 104,086 3,899,167
23 124,571 522,775 3,338,233 104,086 4,089,665
24 128,701 522,775 3,526,941 78,065 = 4,256,482
25 132,790 0 3,674,591 78,065 3,885,446

12,000,000,000

a4
-
=3
-
)
a
=3
ra
&)
i)
[

¥

)

Fig. 6. Analysis of cost calculation by year,
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