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Introduction

5

Design and build a portable 
drilling rig solution to be 

transported to Houston, TX

Design a BHA capable of 
directionally drilling through a 

sandstone rock

Implement sensors and BHA to 
automate drilling process using a 

closed-loop control system



Final 
Mechanical Design

• Mechanical – Rig features
• Redesigned frame for 

increased mobility and 
modularity

• Addition of rock stabilizer 
mechanism

• Redesigned wellhead to 
limit azimuthal variations 
and increase stability of 
BHA

• New BHA designed for 
directional drilling 
capabilities



Rock Stabilizer

• Utilizes swivel mounts 
and tapped L-brackets

• Swivel mounts hold both 
wellhead and rock in place 
while drilling

• Redesign of rock 
stabilizer to rectify point of 
failure in previous rig design



Wellhead

• Redesign of wellhead to 
accommodate new BHA 
directional tool and 
increased travel 
requirements

• NPT threads provide 
effective seal

• Height of square aluminum 
tube is adjustable via a 
square tubing collar



Bottom-Hole 
Assembly

• Rigid aluminum pipe sleeve 
remains stationary 
and delivers weight-on-bit

• Rotating shaft consists of U-
joints in series to provide 
rotation to bit

• BHA stays vertical while in 
wellhead, deviates due to 
WOB when each pipe 
segment travels below the 
wellhead



Bottom-Hole Assembly

• Bottom and top connections utilize ball 
bearings to prevent outer pipe from rotating

• Shaft seals prevent premature bearing failure
• Square top connection locks with square 

tubing in wellhead to limit azimuthal variations
• Sensor housing custom machined to fit battery 

and sensor, using a Teflon tube cover and O-
rings to seal
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Final Design –
Control System
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Gyroscope
&

Accelerometer 

• Bluetooth sensor transmits accelerometer and 
gyroscope data

• Raspberry pi will adapt the wireless sensor to 
Simulink box

• Python scripts use Mbientlab API to continuously 
stream data

• Data will be streamed to the Simulink box using 
pulse width modulation (PWM) via GPIO pins
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Final Design – Control System
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Design 
Changes from 

Phase I
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A single wireless sensing 
package was added to 

the control system 
instead of using 

multiple wired sensors

A raspberry pi module 
was added to the 
control system to 

interface between the 
wireless sensor and 

Simulink box

Vibration sensors were 
removed from rig 

structure due to design 
changes to increase drill 
string stabilization and 

mitigate resonance

Limit switch was added 
to top of the rig to 

prevent the top drive 
from colliding with the 

top of the mast



Design 
Changes from 

Phase I
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The maximum allowable WOB was 
increased by adding a drill string stabilizer

Drilling fluid was changed to water due to 
BHA design changes and safety concerns 

for airborne particulate matter

BHA design was changed after a 
feasibility/cost analysis of the push-the-bit 

mechanism

Rig frame redesigned for increased 
portability, reduced set-up time and 

increased modularity



Lessons 
Learned
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• Eliminating concepts based on feasibility 
assessments will drastically reduce the concept 
selection phase of the project

Mechanical

• Ensure proper version control of programs when 
collaborating between team members

• Integrate data acquisition with control system 
platform

Controls

• Accurate estimation and compensation for lead 
times is crucial

Project Management



2019 Budget
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Category Subcategory Cost (USD)

Mechanical Rig Frame $5442.41

BHA $3294.60

Wellhead $120.40

Electrical MetaMotionR Sensor $79.99

Raspberry Pi 3 B+ Bundle $132.37

Lab Supplies $21.93

Electrical Relays $69.71

Total $9,161.41



Thank you to 
our sponsors!
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Questions?
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