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Numerical Analysis of the Minimum Safe
Distance between Deep-Sea Mining Vehicle
and Movable Storage

WEI Mingzhu'”, KUAI Yanrong', WANG Xu', ZHOU Jifu'”

(1. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
2. School of Engineering Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The exploitation of marine mineral is developing from shallow to deep sea. The conveying pipe is an essential
component of a deep sea mining system and its safety is of crucial importance for the system operation. Taking the 6000m deep
mining system as an example, this paper mainly studies the coordination of the motions of the vehicle and the movable storage.
Firstly, a 3D dynamic model is constructed based on finite element method to simulate the hydrodynamic response of the subsystem
consisted of the mining vehicle, the conveying pipeline, and the movable storage. And the initial configuration of the conveying
pipe is obtained by the catenary theory. Then, the relations between the configuration of the conveying pipe and the stress is
discussed considering the operation of the mining vehicle and the movable storage. The simulation results show that the maximum
Mise stress of the pile increases rapidly when the mining vehicle is close to the movable storage, which threatens the safety of the
mining system. Based on this analysis, the minimum safe distance between the mining vehicle and the movable storage is
concepted. And the influences of the yield stress and wall thickness of the pipe on the minimum safe distance is addressed.

Key words: deep sea mining; mining vehicle; movable storage; minimum safe distance
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Tab.1 Parameters of riser and hydrodynamic coefficients

Parameters Value
Young's modulus £/ GPa 206.8
Shear modulus G/ GPa 103.4
Density ps/ kg'm™ 7900
Outside diameter D/ m 0.405
Wall thickness #/ m 0.0158
Effective diameter d./ m 0.66
Pipe length L/ m 463.3
The height of pipe above water 4/ m 15.2
Pipe weight per unit length w/ N-m’! 2575
fluid density p/ kg-m™ 1021
Drag coefticient Cp 0.7
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SEREARLE, UEB T A SO I A B RO AL A 1

2 S BN TRUS AR IR A
Tab.2 Angle of top and bottom vertices with the vertical

Model Standard example API Model result

Top Angle 1.17° 1.20° 1.20°
Bottom Angle 2.48° 2.55° 2.51°
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Fig. 6 Horizontal displacement envelope during the dynamic excitation
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Tab.3 Pipeline parameters and hydrodynamic parameters

Parameters Value
Young's modulus £/ GPa 210
Shear modulus G/ GPa 81
Yield stress o5/ GPa 0.89
Pipe Density p/ kg'm? 7 850
Outside diameter D/ m 0.3232
Wall thickness #/ m 0.06
Pipe length L/ m 400
Fluid Density p/ kg-m™ 1052
Depth of water / m 6 000
current velocity/ m-s™! 0.15~1.7
Drag coefficient Cp 1.2
Inertia coefficient Cm 2.0
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Fig.9 The maximum stress in the pipeline of different wall thickness
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Tab.4 The minimum safe distance of the pipeline for different wall thickness

Section Inner diameter d/ m Outside diameter D/ m Wall thickness #/ m Safe distance L/ m
1 0.2032 0.4032 0.10 16.9
2 0.2032 0.3632 0.08 159
3 0.2032 0.3232 0.06 14.8
4 0.2032 0.2832 0.04 134
5 0.2032 0.2432 0.02 11.5

Note: The mathematical regression expression of the minimum safe distance for different pipe wall thickness:
L=-375¢ + 111.5¢ + 9.46.
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Tab.5 The minimum safe distance of the material with different steel grades

Material Yield strength o/ MPa Safe distance L/ m
P110 862 22
Q125 689 51
N80 655 57
J55 517 82.5
H40 414 103
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