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Total Dynamic Analysis of Deep-Seabed Integrated Mining System

HYUNG-WOO KIM*, SUP HONG*, JONG-SU CHOI* AND TAE-KYEONG YEU*
*Maritime & Ocean Engineering Research Institute, KORDI
Dagjeon, Korea

- KEY WORDS: Integrated mining system =l|33A]2:¥l, Tracked vehicle $-3- %%}

TAE3 A, Soft soil HAekAut, Time domain simulation A7+l A Edo}A

%, Flexible pipe 4%, Total dynamic analysis %

ABSTRACT: This paper concerns about total dynamic analysis of integrated mining system. This system consists of vertical steel pipe,
intermediate buffer station, flexible pipe and self-propelled miner. The self-propelled miner and buffer are assumed as rigid-body of 6-dof. Discrete
models of vertical steel pipe and flexible pipe are adopted, which are obtained by means of lumped-parameter method. The motion of mining
vessel is not considered. Instead, the motion of mining vessel is taken into account in form of various boundary conditions (eg. forced
excitation in slow motion andfor fast oscillation and so on). A terramechanics model of extremely soft cohesive soil is applied to the
self-propelled miner. The hydrodynamic forces and moments are included in the dynamic models of vehicle and lifting pipe system. Hinged and
fixed constraints are used to define the conmections between sub-systems (vertical steel pipe, buffer, flexible pipe, miner). Equations of motion of
the coupled model are derived with respect to the each local coordinates system. Four Euler parameters are used to express the orientations of
the sub-systems. To solve the equations of motion of the total dynamic model, an incremental-iterative formulation is employed. Newmark-b
method is used for time-domain integration. The total dynamic responses of integrated mining system are investigated,
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Fig. 1 Concept of Commercial Deep-Ocean Mining System

2. TX[oljla] 2

2.1 SHR| MTE shA 2

A4 PRY A2BE 58 JRBSEY fABNAHL
2 F45ol glov), F ALY Al 33 ARga W
7k 9Agol gtk #aB As9e fABd BeEge 7

gsjo] glom, FYaael AREA 24U + ATE, #
ol +AR G offarchnt SHE BAek] 19 ¥
dugo] AEHo] Atk fAW] BYREL ARAIY, &

Awsl Pt geo] F7k80 Hrk
2 EROlAE 5000me] FHYUT 500me] FATE AL
908, 156749 RS Agete] G| SHo| PET

AABE SlA AFwat Ao g 549X Table 13}
20 vERLE Sl
Table 1 Principal dimensions of flexible pipe system model
Items Data
Flexible Pipe
- Length (L) 500 m
- Outer diameter (Do) 04 m
- Inner diameter (Dy) 0356 m
- Mass (m) 65 kg/m
- Effective weight (we) 520 N/m
- Axial stiffness (EA) 18,000 kN
- Bending stiffness (EI) 18 KN-m’
- Torsional stiffness (G]) %0 KN-m’
- Drag coefficient (Cy) 1.0
- Friction coefficient (C3) 001
- Inertia coefficient (Cy) 20
Buoyancy Module
- Outer diameter (Dy) 09 m
- Length (L) 10 m
- Density () 650 kg/m’
- Quantity (ea)
- Spacing 0.25 m
- Drag coefficient (Cj) 038
- Friction coefficient (C) 01

- Inertia coefficient (Cy) 1.67 (averaged value)

Table 2 Principal dimensions of lifting pipe model

Items Data
- Length (L) 5000 m
- Outer diameter (Do) 02445 m
- Inner diameter (D) 02005 m
- Mass (m) 120 kg/m
- Effective weight (we) 1,081 N/m
- Axial stiffness (EA) 5.6e5 kN
- Bending stiffness (EI) 19,800 kN- m
- Torsional stiffness (GJ) 15,221 kN-m’
- Drag coefficient (Ca) 1.0
- Friction coefficient (Cy) 0.01
- Inertia coefficient (Gy) 20
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Fig. 2 Buffer system model
Table 3 Principal dimensions of buffer system model

ltems Data
- Length (1) 9 m
- Diameter (D) 3m
- Mass (m) 75 ton

- Inertia (I Ly, 1)
- Drag coefficient (Ca)
- Added mass (ma)

Faxt oY

168, 168, 84 ton-m’
29

75 ton

Fig. 3& 1459 A% 2de Yl stk £ £2elA
€ dAFPAFL shie AR 7AYo, sAFYPRF
o] EAAE Table 49 veh} gich

Table 4 Principal dimensions of miner model

Items Data

Mass (m) 50 ton

Total length of miner (Lx) 108 m

Contact length of track belt (Lc) 90 m

Total breadth of miner (Br) 100 m

Width of track belt (Dr) 35 m

Height of mass center from bottom (Hc) 15m

Total height of miner (Hy) 3.0 m
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Fig. 3 Underwater tracked vehicle model
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X, = Y;= 2,=10 ton, K,=M,=22.7 ton-m’,
N.=417ton'm”> X,=7.7 kN-s/m, Y,=7.6 kN-s/m,
2,=27.7 kN-s/m, K,=154 kN-m-s, M,=152 kN-m"s,
N,=55.4 kN-m-s, X,,,=Y,,,=769 kN (s/m)’,
Z,,=276.8 KN-(s/m)’ K, = 154 kN-m's%,

My, = 152 kN-m-s®, N, = 554 kN-m-s’
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4.1 Initial stationary positioning(ISP)
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4.2 Tandem positioning(TP)
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Comparision of Maximum Shear displacement

Fig. 7 Max. shear displacement Fig. 8 Tension of end node
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