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Executive Summary 
 Due to time and budget limitations TAMU Drillbotics team did not finish the rig 

manufacturing. The new challenges required a major redesign of the previous rig and 
unfortunately we were not able to acquire enough funding to make it happen.

In this Presentation:
• Drilling automation is important to the future of the industry for both safety and performance 

reasons. Drillbotics hopes to stimulate interest in drilling automation through student teams 
and small scale drilling. We will demonstrate the design that we attempted to build, including 
the components, control system, and theory behind our ideas. We will still work to implement 
this design for the team going forward.
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TAMU Drilling Rig Safety Moment 

3oshasafetyconference.org



TAMU Drilling Rig Design
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TAMU Drilling Rig Design
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TAMU Drilling Rig Design

6



TAMU Drilling Rig Safety Hazards
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Expected Safety Hazards:
1. Damage to Rig

a) Motor Failure
b) String Buckling
c) Bit Damage
d) Software and Communication Errors

2. Damage to Personnel
a) Struck by Object
b) Electric Shock

3. Incident of Fire
a) Overload of Motor
b) Overheating of Battery or Electronics
c) Insufficient Cooling
d) Ignition Sources and Fuel



TAMU Drilling Rig Safety Features
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Safety features that will be added to the 
rig include:
1. Emergency shutoff button

2. Shielding surrounding the rig protecting users and 
onlookers from detached parts during rotation

3. Electrical grounding and proper wiring

4. Temperature sensors

5. Top drive containment in case of drawworks failure

6. Remote and wireless operation

7. Cooling fans

8. Proper PPE including gloves and safety glasses

Emergency Shut-Off



Upgraded Hosting Motor To Mitigate Motor 
Failures

IronHorse Gearmotor, 12
VDC, 1/16 HP, 50 in-lb full load torque

IronHorse Gearmotor, 12
VDC, 1/5 HP, 280 in-lb full 

load torque

Increase in load torque at the same voltage mitigated the 
requirement for a new controller
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Futek S-Beam Load Cell For WOB Measurement 
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Depth and ROP are Measured Using a 
Linear Variable Differential Transformer

11



Upgraded Top Drive to 3-Phase AC Motor

VFD adjusts frequency and voltage supplied to the motor and directly 
controls and records RPM and torque.

IronHorse 3-Phase AC Motor
208-230/460 VAC, 2 HP*

Variable Frequency Drive (VFD)* 

+

*Generously donated by Automation Direct, valued at $500+.12



Use Top Stabilizer to Bend the Drill String

Top Stabilizer

Lower Stabilizer

Bit

1. Apply a moment to bend the 
drill string. 

2. Bit points in the opposite 
direction of the applied 
forces. 
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NEMA 23 Stepper Motor and Linear Assembly to 
Move Top Stabilizer 

SureMotion Linear Motion Products Guide

SureStep NEMA 23 stepper motors 
with 286 oz-in holding torque

14



Lack of Azimuth Control in the Original Design

Bit 

Non-rotating sleeve

Bending actuator 

Sensor holes 

Drill string 
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Estimate Inclination Using Historical Build Rate Data

Equations are from Drillingformulas.com

Step 1: 
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Calculating Required Build Rate for the Competition 
Sample

𝑹𝒃 = 𝟐. 𝟓 + 𝑹𝒃 ∗ 𝒄𝒐𝒔 𝜽

By the figure:

2.5 = 𝑅𝑏 1 − cos 𝜃
20 = 𝑅𝑏 ∗ sin 𝜃

2.5

20
=

𝑅𝑏 1 − cos 𝜃

𝑅𝑏 ∗ sin 𝜃

sin (𝜃)ଶ

64
= 1 − 2 cos 𝜃 + cos 𝜃 ଶ

sin (𝜃)ଶ = 64 − 128 cos 𝜃 + 64 cos 𝜃 ଶ

𝑺𝒊𝒏𝒄𝒆, 𝑠𝑖𝑛(𝜃)ଶ+𝑐𝑜𝑠(𝜃)ଶ= 1
1 − 𝑐𝑜𝑠 𝜃 ଶ = 64 − 128 cos 𝜃 + 64 cos 𝜃 ଶ

Step 2: 
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Required Build Rate is 0.706 degree/inch

𝟏 − 𝒄𝒐𝒔 𝜽 𝟐 = 𝟔𝟒 − 𝟏𝟐𝟖 𝒄𝒐𝒔 𝜽 + 𝟔𝟒 𝒄𝒐𝒔 𝜽 𝟐

0 = 65𝑐𝑜𝑠 𝜃 ଶ − 128 cos 𝜃 + 63
0 = cos 𝜃 − 1 65 cos 𝜃 − 63

Disregard 𝐜𝐨𝐬 𝜽 − 𝟏 = 𝟎, as this would give 𝛳 = 
0, which is not possible.

65 cos 𝜃 − 63 = 0

cos 𝜃 =
63

65

𝜃 = cosିଵ(
63

65
) = 14.26°

Radius of build:
2.5 = 𝑅𝑏 1 − cos 𝜃

2.5 = 𝑅𝑏 1 −
63

65

𝑅𝑏 = 81.17 𝑖𝑛.

Length of build section:

𝐿 =
𝜋

180
81.17 14.26 = 20.202 𝑖𝑛.

Build rate (q):

𝑅𝑏 =  
180

𝜋

1

𝑞

81.17 =
180

𝜋

1

𝑞

Step 2 continued : Step 3: 
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Air Provides Necessary Hole Cleaning and Cooling 
while Decreasing Hydraulic Head 

Block and Jin, 2009 − SPE 124870 19



Bottom Hole Assembly Contains Accelerometers

Adafruit triple axis 
accelerometer

Non-magnetic 
stainless steel BHA:

Length – 4 inches
Diameter – 1 inch 
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Control System Records Mechanical Specific Energy 
for Drilling Efficiency 

If bit is 100% efficient, Mechanical Specific Energy (MSE) should be 
equal to rock strength:

ଶ ଶ

Teale, 1965 21
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Deviation from the Linear Relationship between ROP 
and WOB Indicates Bit Dysfunction

Dupriest, 2010 – SPE 102210



Whirl is the Most Likely Dysfunction in TAMU Rig 
Design 

23TAMU PETE 406/639 Whirl Notes



Increase WOB to Suppress Whirl
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Whirl Diagnostics

1. MSE Decreases with 
Increasing WOB

2. Downhole Vibration 
Sensors Indicate Whirl

3. Spiraling Borehole Patterns
4. Damage to Outside Cutters

Responses to Whirl

1. Increase WOB to 
increase depth of cut

2. Quickly apply WOB on 
connections

3. Extend gauge length 
of bit

4. Minimize bend angle 
when drilling with a 
motor



Likelihood of Stickslip Increases in Deviated 
Wellbores

ଶ ଵ

ଶ ଵ

ଶ

Downhole angular acceleration (α) data can be used to find angular 
velocity (ω) and RPM to detect speed oscillations:

25SoftSchools.com



WOB Must be Limited to Avoid Buckling

6061 T6 Aluminum Round Tube, 3 feet long, 0.049” (0.0095 m) 
thickness, 3/8” (0.00125 m) diameter

Step 1: 

௢
ସ

௜
ସ

௜ ௢

ସ ସ ିଵ଴ ସ

Engineering Toolbox 26



Euler’s Critical Load Formula Determines Max WOB

ଶ

ଶ

Where F = allowable load, E = modulus of elasticity, I = moment of inertia, L = length, k = 
ଵ

௡

ଵ/ଶ

n = factor based on ends of column = 0.25

ଶ ଽ ିଵ

ଵ
ଶ

ଶ

Engineering Tool Box 27



Control Loop Minimizes Downhole Vibration

Set WOB and 
RPM

Record MSE
Run RPM and 

WOB Step 
Tests

Set to values 
with lowest 

MSE

Does downhole 
sensor show 

minimal vibrations?

Yes: Drill ahead 
until MSE or 
vibration reading 
increases

No: Rerun 
step tests
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NVIDIA Jetson Allows for Motor Control and Remote 
Operation

1. Bluetooth and wifi capabilities 
allow for plug–and–play and 
wireless control.

2. Driller does not need to be present 
at the rig – increases safety 
control. 

3. MATLAB used to communicate 
with controllers and adjust drilling 
parameters.

NVIDIA Jetson TX 2 – Full Linux Computer 
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Sensor Data is Recorded & Displayed through 
LabVIEW
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NIDaq Data Acquisition Device LabView Front Panel with Sensor Readings 



TAMU Drillbotics Intends to Compete Next Year with 
the Described Design 

Although we were not successful this year, we’ve established a 
foundation for a new rig design that will require minimal modification 
in the future and have acquired many new motors, actuators, and 
controllers. We’ve established industry connections going forward 
and now that we’re aware of what problems the team will encounter 
going forward, we have a plan to alleviate them and help the team 
become more successful in future years.
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