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Abstract: A deep seabed integrated mining system consists of a mining vessel, a lifting pipe, a buffer station, a flexible
pipe, and a mining robot for collecting manganese nodules. Recently, the concept of multiple mining robots was
introduced to enhance to mining productivity. In this paper, the subsystem synthesis method was applied to the deep
seabed integrated mining system in order to improve the efficiency of system analysis and to facilitate its extension to
the system of multiple mining robots. Large deflections of the lifting and flexible pipe were considered by dividing a
flexible pipe into several substructures, and applying flexible multibody dynamics to each substructure. Theoretical
study has been carried out for the efficiency of the subsystem synthesis method for the integrated mining system, by
comparing the arithmetic operational counts of the subsystem synthesis method with those of the conventional method.
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Fig. 2 A typical flexible beam model

Fig. 1 Multi-robot integrated mining system
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Fig. 4 Substructure method for a flexible pipe system

Comparison of experimental and simulation data : r=0.5mm, m0=20g
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Fig. 3 A lumped mass element model the cantilevered beam
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Table 2 Properties of lifting pipe module

Properties Value
Length 12 m
Outer radius 0.10955 m
Inner radius 0.10005 m
Area moment of inertia 0.00003 m*
Young’s modulus 200 GPa
Mass 49.1 kg/m
Density 7,849 kg/m’
Poisson’s ratio 0.3
Buoyancy 758.24 N

Table 3 Properties of buffer

Properties Value
Length 6.3 m
Radius 1.5m
Volume 1.38 m*
Moment of inertia 30,960 kgm®
Mass 8,000 kg
Buoyancy 18,338.44 N
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Table 4 Properties of flexible pipe module

Properties Value
Length 10 m
Outer radius 0.1250 m
Inner radius 0.1015m
Area moment of inertia 0.00011 m*
Young’s modulus 0.245 GPa(experiment) (13
Mass 35 kg/m
Density 2,093 kg/m’
Poisson’s ratio 0.3
Buoyancy 1,689.06 N

Table 5 Properties of buoyancy module

Properties Value
Length 12m
Outer radius 0.5150 m
Inner radius 0.1250 m

Mass 532.7kg
Buoyancy 2,177.08 N
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Fig. 8 Position of buoyancy modules
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for the single robot integrated mining system
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Table 6 Computational complexity with conventional
and subsystem synthesis method

Number of subsystem
Lifting pipe 1 1 1
Flexible pipe 1 2 3
Conventional | o0 109 | 2.65¢+09 | 6.72¢+09
method
Subsystem 0.20e+09 | 0.33¢+09 | 0.47+09
synthesis method
Ratio
2.27:1 7.97:1 14.31:1
(Con : Sub)
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Fig. 11 Initial stationary positioning and tandem positioning
simulation results for the double robot integrated
mining system
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Fig. 12 X-axis position of the vessel, the buffer and the
mining robot of ISP and TP simulation results
for the double robot integrated mining system
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