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Total Dynamic Analysis of Deep-Seabed Integrated Mining System

Hyung-Woo Kinv - Sup Hong** - Chang—Ho Lee*** - Jong-Su Choi=++* - Tae Kyeong Yeust

w ok sk ok sk Maritime and Ocean Engineering Research Institute, KORDI, Daejeon, Korea

8 o B ERe FRAYALAY SY5 HNS dRn Jrk BHABALNE ABH, FHAFBE, F0 AT FA 0¥, FAR,
AR 2 FA el ek AP vH e 6 BAZ S on, FAGRRN fAne FAAE A4 9 9%
A% Y ol 8@ ol BuS Agatdh Aol $FE LIANA SAAW AARAL Bote] AR YL B
Seleh AR ARG FASE AT AN 43} HAL AGAAT. FAGR-0, W3- AW, FAT-AGFNYY7I A7
A AATES B TEEAS AT A4 B walol SEPANS FE] A FLAEAS ASsgon, 449 odd )
AsE AHgate] 4 Azgle) AAE AR BF AP 2 25 94 AE P g FR-nEYE Aggon, Az
o ARI)E newmark-pE AHESHATE BF AYA 2 BA AF A4S FANNS Fa 2AsRG

AYgo 1 AYA 2T, AFHNY), FHGL, FAT, FEABN, Aok, ANGY A Bl A

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-daof
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 (e.g. forced excitation in slow motion and/or fast oscillation and so on). A terramechanics model of extremely cohesive soft
soil is applied to the self-propelled miner. Hinged and ball constraints are used to define the connections between sub-systems (vertical
steel pipe, buffer, flexible pipe, self-propelled 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-[ method is used for time—domain integration.
The total dynamic responses of integrated mining system are investigated.

Key words : Integrated mining system, Self-propelled miner, Flexible pipe, Total dynamic analysis, Soft soil, Time domain simulation
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Fig. 1 Concept of commercial deep-ocean mining system
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Table 3 Principal dimensions of lifting pipe model

Items Data
- Length (L) 5000 m
- Outer diameter (D,) 0.2445 m
— Inner diameter (D;) 0.2005 m
- Mass (m) 120 kg/m
- Effective weight (we) 1,081 N/m
- Axial stiffness (EA) 5.6eb kN
- Bending stiffness (EI) 19,800 kN-mm’
~ Torsional stiffness (GJ) 15,221 kN-m’
- Drag coefficient (Cq) 1.0
- Friction coefficient (Cy) 0.01
— Inertia coefficient (Cy) 2.0

Table 4 Principal dimensions of flexible pipe model

Items Data

Flexible pipe

- Length (L) 500 m

- Outer diameter (D,) 04 m

— Inner diameter (D;) 0.356 m

- Mass (m) 65 kg/m

- Effective weight (w.) 520 N/m

- Axial stiffness (EA) 18,000 kKN

- Bending stiffness (EI) 18 kN-m’

- Torsional stiffness (GJ) 90 kN-m’

- Drag coefficient (Cq) 1.0

- Friction coefficient (Cy) 0.01

— Inertia coefficient (Cy) 2.0
Buoyancy module

- Outer Dimeter (Dy) 09 m

- Length (Iyp) 1.0m

- Density (1) 650kg/m”

- Quanty (ea) 156

- Spacing 025 m

— Drag coefficient (Cy) 0.8

- Friction coefficient (Cy) 0.1

— Inertia coefficient (Cy)

1.67(Average value)
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Fig. 2 Buffer system model

Table 5 Principal dimensions of buffer system model

Items Data
- Length (L) 9m
- Diameter (D,) 3m
- Mass (m) 75 ton
- Inertia (o, Ly, 1) 168, 168, 84 ton-m’
- Drag coefficient (Cq) 2.0
- Added mass (ma) 75 ton
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Fig. 3 Underwater tracked vehicle model

A4 Fagwe] LEUAAe T 2ol e Puw

FAEHKim et al.;2003).

~mV e -maV . +AT(B—W) +FstFy=0 .
~Ji— @I+ My + M+ Mg _ 0 @
714, m¥} T a4 Fazge] g pyuue 3

2 e, Vst ot A Faage FAFA 9%

Sob HASEE tehith At 4 FAREe] RAFA

Hel AA AL

S e Wel B a4 e i
wele vehye F sk M, & %

Al
A gkl oA 2peFol] 2§

s

]"E‘ _‘;5:1“’]' EO]‘:]’ F 19’]' MHl— ‘I'l’zﬂoﬂ ‘/lsﬂ HL}‘gO}’E ?:r
3 RHES e, My s el o) washs maEs

- 197 -



LERHTE
= (tilde,”) 914FAH(operator)= 3XH FIHAS] dojel |
Hag a=[a,.a,,a,]"2 T 49 d= Axa ak o

&3} zre] AeolHr,

0 — az ay
a=1| a 0 —a (3)
—a, a, 0

® =AM AREE aiA FAAEe] B A= Table 40

Table 6 Principal dimensions of miner model

Items Data

Mass (m) 50 ton

Total length of miner (Lt) 108 m

Contact length of track belt (L¢) 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 (Hr) 30 m
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5.1 Initial stationary positioning(ISP)
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3. ,
mIZ%an = Ky T Rogy Tweag + [ (A8)
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