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Reliability Design of an Automated Transportation System
in a Seaport Container Terminal System
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Satoshi HOSHINO, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama, Kanagawa, JAPAN
Jun OTA, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, JAPAN

Abstract— For a design of a seaport container terminal, we have to take into account failure and repair
of robots in addition to the robots maintenance. In this paper, we develop an operational model in which
each robot is preventively maintained and repaired while operating on the basis of the reliability engineering.
After that, we design the robots’ reliability, i.e., MTBF (Mean Time Between Failure) in addition to the
number of robots. For this purpose, we propose a design methodology in order to obtain the combinatorial

design solution for a givem demand.
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Fig.1 Horizontal AGV Transportation System
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Table 1 MTBF of AGV and ATC
MTBF 44, [hour] MTBF . [hour]

low 50 40
normal 100 80
high 150 120
higher 200 160
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MTBF = MTBF;n; — 0.1 x hour (7)
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Table 2 Combinatorial Design Solutions

Demand AGVs ATCs MTBF 4, MTBF 4. Cpy Cinga

10 2 4 a0 40 8.0 21.5
20 3 4 100 40 9.4 39.2
30 4 4 100 40 10.4 51.7
40 ) 4 100 40 12.0 63.8
30 6 4 100 40 124 71.7
60 7 4 100 40 16.4 90.3
70 9 4 100 40 16.9113.4
80 9 4 150 80  25.8111.0
90 11 4 100 120 28.5109.8
100 15 4 150 40  32.9124.7
110 15 4 150 40  42.4122.6
120 16 6 150 40  46.7165.3
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Fig.2 System Management Cost for Imposed Demands
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Table 3 Simulation Result with Combinatorial De-

sign Solutions

# of left Ratio of Ratio of
the # of left
penalty containers

Demand # of un-
finished containers the
simulations [TEU]

cost [%] (%]
10 0 0 0 0
20 0 0 0 0
30 0 0 0 0
40 0 0 0 0
o0 0 0 0 0
60 2 60 18.3 1.0
70 2 30 9.0 0.5
80 5) 86 16.7 14
90 2 110 19.4 1.8
100 1 111 16.8 1.9
110 4 269 31.8 4.5
120 2 232 24.8 3.9
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