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Study on Force Characteristics of Cutting and Crushing of Spiral Cutting Picks for Deep—Sea Cobalt-Rich Crusts
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Abstract : Based on the spiral cutting pick cutting and crushing method, the cutting and crushing behavior of spiral drum cutting
picks on the ore body and the cutting and crushing process were analyzed, and a dynamic model for ore body cutting and
crushing based on pick cutting had been constructed. Based on the HMB contact model in EDEM, a simulation model of cutting
picks cutting cobalt-rich crust ore bodies was established, a test platform for simulating ore body crushing was prepared, and
verification tests on the cutting and crushing force characteristics of single-tooth and full-tooth cutting were carried out. Test
and simulation results are basically consistent in overall trends. In the single-tooth spiral drum test, when the cutting speed
increases from 0.05 m/s to 0.1 m/s, the cutting resistance increases by 12.2%. In the full-tooth spiral drum test, when the
cutting depth increases from 10 mm to 30 mm. the cutting resistance increases by 110% , and the load fluctuation coefficient
increases by 43.4%. With the vibration excitation-assisted crushing method, when the cutting depth is 20 mm and 30 mm, the
cutting resistance decreases by 16% and 10% respectively. When the cutting depth is 30 mm, the load fluctuation coefficient
increases by 16.7%. Test results show that compared with cutting speed, cutting resistance is more sensitive to cutting depth.
The greater the cutting depth or the faster the cutting speed, the greater the load fluctuation. The adoption of the vibration
excitation-assisted crushing method helps reduce the required cutting force, but the cutting vibration intensifies. The research
results can provide technical support for the study on operating parameters of the cutting and crushing technology for deep-sea
cobalt-rich crusts and the development of crushing heads.
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Fig.1 Deep-sea mining system
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Fig.2 Cutting and crushing movement process of

cutting picks for cobalt-rich crusts
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Table 1 Particle parameters and bonding parameters of the simulation model of cobalt-rich crust ore body
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Fig.7 Cutting force conditions of cutting picks at a cutting speed of 0.8 m/s with different cutting depths
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Fig.14 Comparison of cutting resistance with and without vibration excitation at different cutting depths
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Table 4 Average drive motor hydraulic pressure and
load fluctuation coefficient with and without

vibration excitation at different cutting depths
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