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Table 1  Triaxial compression test data of subsea

polymetallic sulfide

Lateral Maximum Axial peak
Sample . . .

No confining failure load/ compressive

' pressure/MPa kN stress/MPa
1-1-1 2 21.32 42.61
1-1-2 2 20.08 40.39
1-2-1 5 27.73 55.60
1-2-2 5 21.08 42.94
1-3-1 8 25.53 51.68
1-3-2 8 32.87 66.22
1-4-1 10 41.03 82.54
1-4-2 10 26.52 53.94
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wmE 3 s, BRI R G ih Z&A
y=3.2952x+33.895, R?=0.9855 W& R RELS .
THEAS A R AR 0, =32.30°, W] ¢,=9.34 MPa,
[F B AT SRAF S R 5 P D 33.895 MPa. i i
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Fig.4 Rock breaking simulation schematic model of hob
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Table 2 Mechanical characteristic properties parameters of natural SMS samples

Dry density/ Wet density/ Uniaxial compressive Cohesion/ Internal friction Porosity/
(grem™) (grem™) strength/MPa MPa angle/(°) %
3.050 3.262 33.895 9.34 32.30 20.94
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Fig. 6 Rock breaking simulation schematic model of pick
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Table 3 Water jet equation of state parameters
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Table 4 Intuitive analysis table of crushing performance indexes of different crushing methods

Crushing method Mean cutting Peak cutting Cutting sp.eciﬁc energy [.Jr#t L Load ﬂuct.uation
force/kN force/kN consumption/(MJ'm )  productivity/(th ) coefficient
Hob 4.89-47.49 11.65-88.57 17.23-179.36 1.13-4.35 0.39-0.81
Cutting tool (pick) ~ 2.79-37.18 10.16—66.14 2.83-33.21 10.51-30.71 0.40—0.88
Water jet - - 118.03—1315.15 16.17-180.18 -
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Table 5 Model parameters of spiral drum excavating head

Parameter Value

Roller width, L/ mm 1000

Drum diameter, D/ mm 1000
Cutting depth, H/ mm 200
Traction speed, v,/(m's ') 0.1
Rotating speed of drum #/ (rrmin ") 40
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Fig. 8 Propulsion method research model
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Table 6 Three-way resistance statistics of excavating head drum with different propelling modes

Cutting resistance

Feed resistance

Lateral resistance

Propulsion
method Average Maximum Average Maximum Average Maximum
value/kN value/kN value/kN value/kN value/kN value/kN
Slotted 212.58 721.64 211.26 1105.38 38.60 304.34
Straight 174.22 678.93 42.66 356.68 1.10 128.08
Horizontal 59.42 247.24 55.02 236.82 18.90 98.13

T T ANAHERE T3 R SRR AU H A e

Table 7 Cutting and crushing performance of excavating head drum with different propelling modes

Propulsion  Cutting resistance ~ Feed resistance =~ Lateral resistance Unit Specific energy
method volatility volatility volatility productivity/(th™")  consumption/(MJ-m )
Slotted 0.92 1.13 1.97 471.78 15.16
Straight 1.01 241 2.60 187.25 19.14
Horizontal 2.14 1.88 2.75 85.94 22.24
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Table 8 The three resistances and crushing performance statistics of transverse axis roller and the cutting arm

Horizontal Average cutting  Average value of feed  Average lateral Acquisition Specific energy
axis resistance/kN resistance/kN resistance/kN rate/(th™") consumption/(MJ-m )
Roller 109.19 147.21 66.53 - -
Cutting arm 214.21 308.33 0.34 414.95 27.62

RO WHHAT IR A Sk 2 2 =T ) S R St

Table 9 The three resistances and crushing performance statistics of the longitudinal axis roller and the cutting arm

Vertical Average cutting Average value of feed  Average lateral Acquisition Specific energy
axis resistance/kN resistance/kN resistance/kN rate/(th™") consumption/ (MJ-m )
Roller 106.32 186.56 66.53 - -
Cutting arm 6.72 357.00 105.38 335.53 17.82
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Fig. 12 Schematic diagram of 3D model of reamer gathering head
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Fig. 15 Integral mesh model of spiral drum
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Table 10 Basic performance indicators for SMS mining

car design

Parameter Value

Overall dimensions

(ength X width X height)/m ~10x6x4
Total mass/t < 50
Walking speed/(m's ") 0.02"-0.5”
Obstacle clearance height/mm 500
Ditch width/mm 600
Slope angle/(°) =20

1) During homework; 2) Maximum walking
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Table 11  Overall technical parameters of spiral drum

Nautilus master mining Roller model used

Parameter Eickhoff CM series machine in this article

Drum diameter/mm 1100 1300 1000

Cutting width of single drum/mm 1200 2000 2000

Drum cutting depth/mm 0-1200 500 400
Numberand arrangement of aram 111, (TRt e O ol

Rotating speed of drum/(r-min ") 42 35 35
Drum traction speed/(m-s ') 0.08-0.3 0.017 0.02
Pick - - Ug4-20D

Rocker arm structure
(adjust working height of
cutting part and install
cutting part transmission
system)

Three spiral p

drums are : ’
Mass reduction

arranged on Mining
horizontal axis pipeline gvrslvlz,ilr?; buoyancy box
to form cutting part inéchini

B 16 R MM EARTT %

Fig. 16 Overall scheme of mining vehicle
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Mining technology of deep-sea polymetallic sulfide

LI Yan"?, LIANG Ke-sen', LI Hao'

(1. School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China;
2. National Key Laboratory of Deep-Sea Mineral Researches Development and Utilization Technology,
Changsha 410012, China)

Abstract: The seafloor massive sulfide (SMS) mostly distributes in the form of three-dimensional orebodies at
water depth of 1500—3000 m, and its exploitation and collection methods are key technologies for the exploitation
and utilization of deep-sea polymetallic sulfide resources. Firstly, the triaxial compression test under confining
pressure was carried out on the submarine polymetallic sulfide sample to obtain various physical and mechanical
properties of the sulfide. A comparative analysis was carried out for different crushing methods, such as mechanical
tools and water jets, and it was determined that the spiral drum mining head cutting method should be used to break
the rock. Further research on the drum propulsion mode and arrangement mode was carried out, and the mining
head design scheme under the conditions of high seawater confining pressure was proposed. At the same time, with
the goal of green and efficient collection, the research on the polymetallic sulfide collection technology was carried
out, and the advantages and disadvantages of different mining methods were compared and analyzed. Finally, an
overall design scheme of a mining vehicle integrating deep-sea polymetallic sulfide mining and collection was
proposed, which provides a technical reference for the design of future seabed polymetallic sulfide mining
machines.
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