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Background —Hydrate decomposition and subsea strata exploration
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* In recent years, subsea gas hydrates attracted attention due to broad energy
prospects.

« Exploitation changes the reservoir condition, and it may cause marine geological
disasters.

« Anew tool to explore and monitor the subsea sediment strata has been designed
— deep-sea stratum drilling robot.
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Introduction—Exploration drilling robot
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Mechanical structure design

 The deep-sea stratum drilling robot

Propulsion  Rear support
unit anchor unit

Drill bit  Front support
unit anchor unit

Prototype and 3D structure of the deep-sea drilling robot

Steering unit

It comprises five units: a drill bit, front support-anchor unit, steering unit, propulsion
unit, and a rear supporting-anchor unit.
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Analysis of the drill bit motion process
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bit (a) Drilling process (b) Soil debris transportation propelling screw drill bit
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Comparison of bits by FEM simulation

200mm

Lagrangian
part (drillbit)

1000mm : Fine mesh zone HE

Eulerian part
(soil)

Meshes of S-type bit drilling simulation
used in CEL analysis

Parameter Type
Mass Density
Young’s Modulus

Poisson’s Ratio
Cohesive Yield
Stress
Friction Angle
Mass Density

Young’s Modulus

Penetration

Rotation

1440 kg/m3
5% 105Pa
0.32

5X103Pa

20°
7800 kg/m?
2.1X10°Pa

20 mm/s

60 rpm
120 rpm
180 rpm

Parameter setting in Abaqus
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Comparison of bits by FEM simulation
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Drilling resistance test
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Test procedure for the two types of drill bits The penetration forces and torques of bits
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Conclusions

In this study, the designed self-propelling drill bit has the ability
to convert the soil debris discharging process into propulsive force
while drilling.

1. The range of soil stress response caused by the self-propelling drill
bit is smaller than that of a conventional conical bit.

2. The self-propelling drill bit can reduce penetration resistance by
discharging.

3. The propulsive force of the self-propelling drill bit increases with
the rotation speed.

4. The torque of self-propelling drill bit was greater than that of the
conical drill bit.
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