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Launching Simulation of Integrated Mining System
for Deep-Seabed Mineral Resources
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ABSTRACT: This paper concerns about coupled dynamic analysis of the deep-seabed mining system in launching operation. The dynamic
behavior of mining system consisting of lifting pipe, buffer station, flexible conduit and self-propelled miner is simulated in time domain. The
launching operation is divided into four critical phases: (1) deployment of miner and flexible conduit, (2) deployment of lifting pipe, flexible
conduit and miner, (3) touch-down of miner, (4) final launching. The dynamic responses of sub-systems - miner, flexible conduit, buffer and
lifting pipe - are analyzed in each launching phase. According to the changing periods of forced excitation at the top, the dynamic responses
of sub-systems are diverse in their characteristics. It has been shownm that the total integrated responses of sub-systems are strongly affected by
the design parameters. Especially, the principal dimensions of flexible conduit seem to be significant in determining of the global response. Based

on the simulation results, safe operation conditions are investigated.
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Table 1 Principal dimensions of flexible pipe system model

Items Data
Flexible Pipe
500
- Length (L) 04 1’?11
- Quter diameter (Do) 0.356
- Inner diameter (Di) 65 kg;?n
- Mass {m)
- Effective weight (we) ?g%(g/&
- Axial stiffness (EA) 18/kN
- Bending stiffness (EI) ) kN-m
- Torsional stiffness {GJ) 1.0 -
- Drag coefficient (Cd) 001
- Friction coefficient (Cf) 2'0
- Inertia coefficient (Cm)
Buoyancy Module 09
- Outer diameter (Db) 1‘0 2
- Length (Lb) : ’
- Density (rb) g K&/
- Quantity (ea) 025 m
- Spacing 08
- Drag coefficient (Cd) 01

- Friction coefficient (Cf)

- Inertia coefficient (Cm) 1.67 (averaged value)
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Table 2 Principal dimensions of lifting pipe model

Items Data
- Length (L) 5000 m
- Outer diameter (Do) 02445 m
- Inner diameter (Di) 0.2005 m
- Mass (m) 120 kg/m
- Effective weight (we) 1,081 N/m
- Axial stiffness (EA) 5.6e5 kKN
- Bending stiffness (EI) 19,800 kKN-m’
- Torsional stiffness (GJ) 15,221 kN-m?
- Drag coefficient (Cd) 1.0
- Friction coefficient (Cf) 0.01
- Inertia coefficient (Cm) 20

Table 3 Principal dimensions of buffer system model

Items Data
- Length (1) 9 m
- Diameter (Do) 3 m
- Mass (m) 75 ton
- Inertia (Lo, Ly, L2) 168, 168, 84 ton-m’
- Drag coefficient (Cy) 20

- Added mass (ma) 75 ton

Fig. 2 Buffer system model
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Fig. 3 Underwater tracked vehicle model

- 316 -



Table 4 Principal dimensions of miner model

Items Data

Mass (m) 50 ton
Total length of miner (LT) 108 m
Contact length of track belt (LC) 90 m
Total breadth of miner (BT) 10.0 m
Width of track belt (DT) 35 m
Height of mass center from bottom (HC) 15 m
Total height of miner (HT) 30m
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X = Y, =7, =10 ton,

Kb:Md =227 ton‘mz, Nr' = 417 ton-m®

X,=7.7 kN-s/m , Y,=7.6 kN-s/m , Z,=27.7 kN-s/m

K,=154 kN-m-s, M_=152 kN-m-s, N, =554 kN-m"s

X = 6.9 kN-(s/m)* , Yy, = TN (s/m)” ,
Zigiw = 2768 kN-(s/m)°
Kipp = 154 kN'm-s’ My, = 152 kN-m-s%,

Ny = 554 kN-m-s”
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4.1 Forced excitation(1)
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Fig. 5 Vertical motions of buffer and miner at Tix=5s and 7s

4.2 Forced excitation(4)
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Fig. 6 Vertical motions of buffer and miner at Tip=6s
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