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Test Study on Four-Track All-Wheel Drive Travel Mechanism and Working Performance of Deep-Sea Mining Vehicle
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Abstract: Aiming at the problem of stable driving of mining rehicle in the complex terrain of submarine cobalt-rich crusts, a
scheme of four-track all-wheel drive travel mechanism for deep-sea mining vehicles and a terrain-adaptive control method were

proposed, and a mechanical model of four-track travel was established. A multi-body dynamics simulation model was built
based on Recurdyn software. The characteristics of the four-track travel mechanism, such as straight-line travel, climbing.

obstacle-crossing and steering, were analyzed, and laboratory tests and marine tests for the travel mechanism were carried out

Marine test

for verification. The results show that the test results are close to the theoretical calculation values, with the calculation error
the travel stability by 2 to 3 times. However, when the travel speed is 0.198 m/s, the control effect is relatively poor. On the

within 10%. The adaptive control method effectively improves the travel effect of the travel mechanism and reduces the

deviation of straight-line travel. When the travel speed is 0.051 m/s, the adoption of vehicle body leveling control can improve
=

whole, as the travel speed increases, the effect of the adaptive control weakens continuously. The research results can provide
references for the research and development of travel technologies and equipment in deep-sea complex terrains.
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Fig.1 Topographic characteristics of submarine

cobalt-rich crust deposit
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Fig.2 Scheme of four-track all-wheel drive traveling

mechanism for deep-sea mining vehicle
Frofplbe 3= 55 ol = A JE A 48 0 ST IR SRR S
B TR SO TR RIS B 2R 2 A, D Al IR A
AOFEARPERE LR 1.
x1 MNMBEFKREEREERSHY

Table 1 Basic performance parameters of four-track chassis
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Fig.3 Force and motion conditions of a single track during travel
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Table 2 Sub-force distribution of total travel driving force
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Fig.4 Control system of four-track chassis travel mechanism
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Fig.5 System architecture of the vehicle

body attitude controller
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Fig.6 Chassis driving control logic
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Fig.8 Driving torque of the travel mechanism

for straight-line travel on flat ground
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Fig.10 Driving force curves of the travel mechanism

climbing on ground with different slopes
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Fig.11 Steering performance simulation curves
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Fig.12 Simulation schematic of four-track

obstacle-crossing performance
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Table 3 Test results of straight-line travel deviation

for the travel mechanism
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7 0.210 10 —0.8
8 0.203 20 —1.8
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Fig.14 Steering test of the four-wheel triangular

track travel mechanism
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Table 4 Data of the travel mechanism steering tests
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2 0.198 0.120 —842.27 1 205.46 11.50
3 0.202 0.151 —639.52 1 069.45 20.20
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Fig.15 Simulation results of the travel

mechanism’s steering driving torque
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Fig.17 The body state of mining rehicle during

operation with or without adaptive control
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Table 5 Test results of vehicle body stability

control parameters
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HEfBiMm  0.051 13.5 +3 —0.21 4 6.82
P 0.051 13.5 +3 1.16 4 13.64
HEfifA o 0.198 12.9 +3 0.38 7 26.47
M 0.198 12.9 +3 1.62 9 32.35

YE R A A KA U

ol B R 0.051 m/s B L 8 O\ A e T i
{ELAY HE 1 4330 S 6.82 %6 1 13.64 %0 5 1 7647 3 3 FF Ky
0.198 m/s B, A A fH A ok 95 52 {8 19 LG 451 )
26.47 %6 H1 32.35%0 A, AH X AT B0 B 0.198 m/s,
FTBEEEE 0.051 m/s P RRMER T T 2~3 f5. A
I, EAT Bl R R 0.198 m/s I, 45 B M B AR R
R B K MAIBE] T 9% Wi AEFTIEE B 0.051 m/s
BF S KA AR 4%, R AT, A B T o AR

5 47 S0 T %) 384 T T 328 9 0 58 A AT B O 0.2
m/s B, BB E LB T BRI .

4 ¥ ERB

AT R R 4, 47 B AL 76 [ B 5 b 45 5 i
X 2 000 m LLF A9 ERAT AR an & 19 Fiw .

19 BERTHEL
Fig.19 Seabed travel and operation
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Table 6 Test results of vehicle body stability control

parameters for seabed travel
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