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Comparison of Operation Strategies Considering Costs
in a Railway Vehicle Assembly Shop with Flow Line Layout

Dong Ok Kim * Yang Woo Shin - Dug Hee Moon'

Due to the characteristics of the railway system, a fleet consists of multiple railway vehicles, and a project
contract is made by supplying multiple fleets to the customer. If the project fails to meet the due date, the
manufacturer must compensate for the delay to the customer. In this paper, we analyze the operation strategies
of the railway vehicle manufacturing factory using simulation, in which the layout adopts the concept of the flow
lines, and when shortages of parts are considered. If there is a shortage of parts, the subsequent assembly process
cannot proceed due to the nature of the assembly process. Thus, in order to overcome this problem, three strategies
for performing assembly work are presented when the events of shortages are occurred. We also compare the
strategies with respect to reduce the total cost which includes labor costs and compensation costs for delay.
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Table 1. Process time of each station (hour)

Strategies
ST Strategy 1 Strategy?2 Strategy3

ne. Role \?](;:(11(_ Process time Role V;/;lr(ll(— Process time Role V;/;);(ll(- Process time
STl | WST, 16 NORM(16, 2,4) | WST, 12.8 | NORM(12.8, 1.92) | WST, 16 NORM(16, 2.4)
ST2 | WST: 16 NORM(16, 2,4) | WST; 12.8 | NORM(12.8, 1.92) | WST, 16 NORM(16, 2,4)

ST3 BST, 0 WST;s 12.8 | NORM(12.8, 1.92) | BST; RIB,
ST4 | WSTs 16 NORM(16, 2,4) | WSTy 12.8 | NORM(12.8, 1.92) | WST; 16 NORM(16, 2.4)
ST5 | WSTy 16 NORM(16, 2,4) | WSTs 12.8 | NORM(12.8, 1.92) | WST, 16 NORM(16, 2,4)
ST6 | WSTs 16 NORM(16, 2,4) | WSTe 12.8 | NORM(12.8, 1.92) | WST;s 16 NORM(16, 2,4)
ST7 | WSTs 16 NORM(16, 2,4) | WST; 12.8 | NORM(12.8, 1.92) | WST, 16 NORM(16, 2.4)

ST8 | BST, 0 WSTs 12.8 | NORM(12.8, 1.92) | BST, RIB,,
ST9 | WST; 16 NORM(16, 2,4) | WSTy 12.8 | NORM(12.8, 1.92) | WST; 16 NORM(16, 2.4)
ST10 | WST; 16 NORM(16, 2,4) | WSTyo | 12.8 | NORM(12.8, 1.92) | WST; 16 NORM(16, 2.4)

Workin;
waiting
Table 2. Data related to shortage in each station
Strategies
Strategy 1 Strategy?2 Strategy3

Shortage 1 ‘ Shortage 2 | Shortage 1 ‘ Shortage 2 | Shortage 1 ‘ Shortage 2

Process time in WST (=, ;) NORM(16, 2,4) NORM(12.8, 1.92) NORM(16, 2,4)

Shortage probability (pl, ;, p2; ;) 10% 5% 10% 5% 10% 5%
Shortage period (y1; ;, ¥2; ;) EXPO(10) | EXPO(10) | EXPO(10) | EXPO(10) | EXPO(10) EXPO(10)
Process time of shortage parts 01xz, . | 0.05xz, . | 01xz, . | 0.05xz,, | 01xz, . | 0.05xz,.
(a1, %=, ; a2, ;%) - o v v - v
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Table 3. Simulation results of three strategies

522101 YAlo| R NTHIN HISS TaiE 2 Bl

o= =

Strategies
Performance measures Strategy1 Strategy?2 Strategy3 (OST 3teams)
Average | 95% C.I | Average | 95% ClI Average 95% C.I
Vehicle in-house lead time (/L7} ) 165.78 0.3576 157.78 0.2474 160.00 0.0000
Vehicle OST lead time (OLZ} ;) 0 0 0 0 27.22 0.2502
Vehicle operation time in OST (OOT; ,)* 0 0 0 0 26.77 0.1863
Fleet lead time (#L7}) 342.64 0.5572 318.59 0.6102 355.21 0.6786
Vehicle quantities produced 8139.5 10.539 8949.7 20.258 10000.0 0.5935
Fleet quantities produced (Fleet) 814.05 1.1710 894.90 2.0138 1000.0 0.2630
Vehicle tact time ( VZact) 19.66 0.0253 17.88 0.0405 16.00 0.0000
Fleet tact time (F7Zact) 196.57 0.2531 178.78 0.4002 160.00 0.0254
Project makespan (PMakespan) 2111.51 24677 1927.67 4.6174 1794.61 1.3419
Number of vehicles working in OST 0 0 0 0 9285.9 11.043
In-house 8 10 10
Numbetre a(;If1 Sworker OST 0 0 3
Total 8 10 13
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Table 4. Data related to Cost

Labor Cost Delay Penalty Cost
Worker type I&-(l)lr(;{uesre Ous;)rukrecrmg Price per vehicle (m.W¥*) 1,000
Working days per year 240 240 Price per fleet (m. ") 10,000
Annual labor cost per person (m.#) 100 80 Price per project (m.W) 100,000
Annual labor cost per team (m.W) 400 320 Rate of compensation per working day (%) 0.1
Daily labor cost per team (m.W) 1.667 1.333 Daily compensation cost for project delay (m.W) 100
* mW : million Korean Won
Table 5. Results of cost analysis
Strategies
Performance Measures Strategy3
Strategy Strategy?2
OST 3teams | OST 2teams
Quantities per project (vehicle) 100 100 100 100
Number of worker teams 8 10 10 10
Labor costs Tact time of vehicle (hr) 19.66 17.88 16.00 16.00
of In-house Labor cost per vehicle (m.%) 32.76 32.74 33.33 33.33
Labor cost per project (m.W) 3,276 3,274 3,333 3,333
Number of worker teams 0 0 3 2
Probability of vehicles assembled in OST 0 0 0.9286 0.9286
Number of vehicles assembled in OST per a project 0 0 92.86 92.86
Number of vehicles assembled in OST per a team 0 0 30.95 46.43
Laobf"rog‘?ts Mean assembly time per vehicle in OST (hr) 0 0 26.77 26.77
Utilization of work team in OST (%) 0 0 51.79 77.68
Mean worker time per vehicle in OST (hr) 0 0 51.69 34.46
Labor Cost per vehicle (m.%) 0 0 7.99 5.33
Labor Cost per project (m.W) 0 0 799.9 5333
Project due date (hr) 1800 1800 1800 1800
Penalty cost Project makespan (hr) 2,111.51 1,927.67 1,794.61 1,822.56
for project Project mean tardiness (hr) 311.51 127.97 12.90 35.33
delay Project mean tardiness (day) 38.94 16.00 1.62 442
Compensation cost for tardiness (m.W) 3,893.88 1,599.63 161.25 441.63
Total cost (m.%) 7170.04 5324.00 4294.53 4308.27
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