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Table 1 Main physical and mechanical parameters of sediment'*!!

Parameter Wet density, Water content, Liquid limit, Cohesion force, Friction angle, Penetration
p/(tm”) w/% wir/% c/kPa o/(°) resistance, p/kPa
Simulant sediment 1.315 165.6 190.2 6.2 1.72 87
Undisturbed sediment 1.250 246.5 145.2 6.0 3.1 50-90
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Fig. 3 Direct shear creep curves under different constant

shear force (6=5 kPa)
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Table 2 Parameters of compression-shear coupling constitutive model of deep-sea sediment'

E| E; E! E; M, M, E/ E; E; E,
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Table 3 Parameters of Bekker’s compression-displacement

model
Deformation Module of Module of
index, n/cm cohesion, K/kPa  friction, K,/(Pa-m)
0.471 5.715 0.088
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Table 4 Parameters of Janosi-Hanamoto’s shear-displacement

% 4 Janosi-Hanamoto

model
Cohesion, Friction angle, Shearing module,
c/kPa o/(°) K/mm
6.2 1.72 0.00424
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Fig. 6 Four kinds of grounding pressure distribution:

(a) Simplified crawler diagram; (b) Uniformed distribution;
(c) Linear decrement distribution; (d) Linear increment

distribution; (e) Sine distribution
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Fig. 8 Simplified mechanic model of crawler
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Table 5 Main size of deep-sea mining vehicle crawler™”

Length, Breadth, Height, Gross grounding force,
L/m B/m h/mm G/kN
6 1.7 130 110
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Fig. 10 Change of traction force with grounding pressure

distribution and track shoe number (Elastic-plastic model)
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model)
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(Compression- shear coupling rheological model)
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Traction force calculation method for mining vehicle based on
rheological performance of deep-sea sediment and
grounding pressure of crawler

XU Feng', RAO Qiu-hua’, LIU Ze-lin®, MA Wen-bo®

(1. School of Mathematics and Physics, University of South China, Hengyang 421001, China;
2. School of Civil Engineering, Central South University, Changsha 410075, China;
3. College of Civil Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China)

Abstract: The tracked mining vehicle’s walking performance has a great influence on the efficiency of exploiting
deep-sea resources as an important part of the hydro-mechanics lifting deep-sea mining system. Currently, the
calculation of mining vehicle traction force only considers the elastic-plastic performance of deep-sea sediment
instead of its time-dependent mechanical performance (the more obvious rheological performance than land soil)
and different grounding pressure distributions(influenced by a deep-sea mountain, ditch)under the crawler of
mining vehicle. This paper mainly obtained a compression-shear coupling rheological constitutive model based on
the experimental and theoretical analyses of deep-sea simulant sediment, and then established traction force model
based on different constitutive models (rheological models and elastic-plastic model) and different grounding
pressure distributions (uniformed, linear and sine types). Based on the above, the corresponding traction force
models was deduced by work-energy principle and then the influence of traction force was analyzed by considering
the different constitutive models of deep-sea sediment and different grounding pressure distributions. The study can
provide scientific foundation for stability and trafficability when straight walking, turning and crossing obstacles of
tracked mining vehicle. The results show that the magnitude of require traction force under the linear increment
and decrement grounding pressure distributions are greater than the one under the uniformed and sine grounding
pressure distributions when adopting direct shear rheological model and elastic-plastic model. Moreover, the
traction forces vary more obviously under the increment and decrement grounding pressure distributions than those
under the uniformed and sine grounding pressure distributions. The influence of the constitutive models is more
obvious than that of grounding pressure on the traction force of mining vehicle. The required traction force and
sinkage under the compression-shear coupling rheological constitutive mode are the maximum among the different
constitutive models and more close to practical deep-sea mining engineering.

Key words: mining vehicle; traction force calculation; deep-sea sediment; rheological performance; grounding

pressure
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