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Overall design
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Mechanical design

• Mechanical frame from last year

• Top drive 

• Circulation system

• Hoisting motor

• Downhole motor: PDM or electric

• BHA design for directional drilling

• Custom drill bit design
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Instrumentation

Overall diagram
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Wired setup

Hydraulic Swivel

Electrical Swivel

USB

1.

2.

3.

4.

5.
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Downhole measurements

• Downhole sensor card

• Orientation calculation

• Magnetic disturbances / calibration

• Kalman filtering
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Position tracking

• Inertial frame and body frame

• Euler’s equation:
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Next position

Last position

Orientation

Time step

ROP/HM velocity
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Position control vs. Toolface control

Ideal case Our rig


 
 


Magnetic ranging

• Active magnetic ranging

• Position control

• Toolface control

N
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Control
• NI Labview 2018

• Sampling frequency: 50-100 Hz
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Control
• NI Labview 2018

• Sampling frequency: 50-100 Hz

• Control system simulator
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Control

• State machine
– Tag
– Hoist up
– Start pipe and bit rotation
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Control

• State machine
– Vertical drilling

• WOB control

• Discrete time boolean optimization algorithm (SP selector)
– Keeps motor torque within predefined range
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Control

• State machine
– Vertical drilling

• WOB control

• Discrete time boolean optimization algorithm (SP selector)
– Keeps motor torque within predefined range
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Control

• State machine
– Hoist up

– Orient
• Toolface control
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Control

• State machine
– Directional drilling

• WOB controller

• Toolface controller

• SP Selector

• Position tracking
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Control

• State machine
– Safety sequence

• High WOB

• High pump pressure

• High EMM torque

• Low tank level

• High TD torque
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Safety features

• Mechanical

Safety valve
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Safety features

• Instrumentation
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Safety features

• Control

– Safety sequences

• HSE procedures

– PPE

– Minimum people allowed
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Experience

• PDM

4:5 1:2 
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Experience

• Electric motor

– Sealing issues

– Performance constraints

• Downhole sensor

– Built from scratch

– Debugging

– Calibration

• Downhole communication

– Unstable 

– Time consuming
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Budget
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Lessons learned

• Risk, budget and time management

• Detailed design of downhole tools

• Overall system design 

• Drill bit design and manufacturing

• Custom clearance
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Competition configuration

• Vertical section

– Electric motor

– Rotary drilling using servo motor

– WOB controller

• Build-up section

– Electric motor

– Slide drilling 

– WOB controller

– Toolface controller

• Reasons behind the set up
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Summary

• 3D printed PDM (local PDM factory)

• Custom Drill bit

• Two different downhole motors

• Kalman measurement filtering

• Improved control safety and operational uptime

• Azimuth and inclination* control

• Custom sensor card
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Q & A


