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Design and Test of Underwater Feeder for Deep-Sea Mining
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Abstract; The working principle and structural design method of the underwater feeder for deep-sea mining is presented
in the paper. The discrete element method ( DEM) is adopted to conduct a full-process simulation analysis of the
dynamic feeding process of the feeder, which has been verified by land-based tests and water tank tests. It is found that
at the rated rotational speed of 35 r/min, the actual feeding rate of the designed feeder reaches 11.1 t/h, which satisfies
the design index of greater than 10 t/h; an eccentric feed inlet design can effectively reduce the resistance torque; and
the error between the DEM simulation results and the land-based test results is controlled within 2%. A water tank test
shows that the overall mineral collection rate exceeds 90% , which further verifies the reliability of the device under
continuous underwater operation.
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Fig.1 Installation position of underwater feeder

in mineral conveying system
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Fig.2  Overall schematic diagram of feeder
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Fig.3 Exploded view of feeder
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Fig.4 Asymmetric design of feed inlet
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Fig.5 Forces on impeller
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Table 1  Selection of OMR series cycloidal motor
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Fig.6 Installation schematic diagram of rotational speed sensor
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Fig.7 High-level pulse waveform output by rotational speed sensor
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Table 2 Electrical parameters and wiring definitions of

rotational speed sensor
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Fig.8 Overall model of underwater feeding device
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Table 3  Particle property parameters and wall material properties
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Fig.9 Particle accumulation schematic diagram of feeder prototype

SRR EREHUBORLIZ S AN 10 FroR Bk AE
5 PR B AR L N 1128 Sl B0 1 B 3 1 i L MEAR -5
A I 9 = B Besh J1eA R, AR TR X
Sk, AR UL 52 BE 1] S 55 BT AR T, R s
I T O FY e AT B R 3 U7 52 3 IS A P Wi 4 B
2 S A2 5| P e R ki A, I 21 4R T 2 0.4 ~
0.8 m/s, LR ELRIAEE AL, HFRIE A F Y
Ve R A dvE B S B R T, S
Il % 22 R DX [, 92 452 45 T I 5 10 20 e e HEA T 5
iz, BEE MR RT3, BUR B ML 2 A A
FOTRHE AR AR ROKRIR A O 2D A v
PR , R S T MR AT A 2.0 m/s, e i)
T A 52 2R B B RERE IO 1) P

R/ (mes)
2.00

1.60 v
1.20
&

0.80 '

0.40 L

z
i
X oommin « mat SN o
B 10 ZEREEERVUBRNIE S HIT
Fig. 10  Particle motion trajectory of feeder prototype
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Table 4 Comparison of feeding rates at different

impeller rotation speed
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Fig. 13 Overall model of pool test device for

feeding performance
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Table 5 Testing record of underwater operation of feeder
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