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Management and Design of an Automated Transportation System

in a Seaport Container Terminal Considering the Reliability of Operating Robots

Satoshi HOSHINO* and Jun OTA**

For the design of an automated transportation system in an actual seaport container terminal, it is necessary
to take into consideration an occurrence of a malfunction of an operating robot and maintenance activities, such
as the correction for failed robots and periodic prevention of operating robots. Therefore, these maintenance
activities have to be simulated on the basis of the reliability engineering in the system management. For an
efficient system management, we develop an operation model in which each robot gets into a maintenance mode
while operating according to its reliability. In this paper, we aim to design the robots performance on MTBF
(Mean Time Between Failure) based on the robots reliability in addition to the number of robots (AGV: Au-
tomated Guided Vehicle and ATC: Automated Transfer Crane). In the design process, we derive combinatorial
design parameters for an imposed demand. After that, in order to derive the combinatorial design solution for the
demand, we consider a system management cost which includes a system construction cost and penalty cost. The
systems, that consist of the combinatorial design solutions, are evaluated on the basis of the system management
costs. Finally, we show the effectiveness of the system design in addition to its management, in consideration of

the reliability of the operating robots.

Key Words: Seaport container terminal, automated transportation system, maintenance, reliability, MTBF.
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Table 1 Operation Performance of AGV, ATC, and QCC

AGV loaded / empty
max. transportation speed [m/s] 5.56 / 6.94
acceleration [m/s?] 0.15 / 0.15
deceleration [m/s?] 0.63 / 0.63
ATC
max. moving speed [m/s] 2.5
acceleration [m/s?] 0.1
deceleration [m/s?] 0.4
storing time [s] 30
transferring time [s] 30
QCC
loading/unloading time [s] ‘ 60

0O¥®OoAGVOODODO0ODODODOO0ODO0DO0000D
000000000000000D00000 “loaded” OO
O “empty” 00000000 ATCOOODODOOOOOOO
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Table 2 MTBF of AGV and ATC

Grade MTBF a4, [hour] MTBFatc [hour]
low 50 40
normal 100 80
high 150 120
higher 200 160
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Table 3 m = 2 Combinatorial Design Solutions: Number of
AGVs and ATCs, and MTBF of AGV and ATC

Demand AGVs ATCs MTBF.9v MTBFaie Cm
10 2 4 50 40 8.0
2 4 200 160 20.0
30 4 4 50 40 9.6
4 4 200 160 24.0
50 6 4 50 40 11.2
6 4 200 160 28.0
70 8 4 50 40 14.9
8 8 100 120 33.3
90 11 4 50 40 16.8
10 6 150 160 41.1
110 14 4 50 40 21.0
10 12 150 160 63.0
130 12 4 50 160 25.6
20 16 50 120 82.6

Table 4 m = 3 Combinatorial Design Solutions: Number of
AGVs and ATCs, and MTBF of AGV and ATC

Demand AGVs ATCs MTBFa5 MTBFae Cm
10 2 4 50 40 8.0
2 4 200 160 20.0

30 4 4 50 40 9.6
4 4 200 160 24.0

50 6 4 50 40 11.2
6 4 200 160 28.0

70 8 4 50 40 13.1
8 4 200 160 32.3

90 11 4 50 40 15.2
4 10 50 160 43.2

110 14 4 100 40 20.4
13 12 100 160 65.4

130 13 6 100 80 25.0
21 14 50 160 81.0
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