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1.1 Introduction

As the oil and gas industry continues evolve with the ever-changing times, it is
important that we as engineers remain a step ahead of that evolution, and lead the way to
making these changes. With automated operations likely to dominate the industry’s future,
discovering how to be at the fore front of that change before it happens could mean great
success for any engineer. With this, the focus of this project is to construct and operate a small-
scale automated drilling rig with capabilities of directional drilling with live data recording.

1.2 The Team

Jake Anderson Cole Bailey

Petroleum Engineering Petroleum Engineering

Electrical Specialist Mechanical Specialist

Expected Graduation Spring 2022 Expected Graduation Spring 2023
Nick Mascari Tyler Voisin

Petroleum Engineering Petroleum Engineering
Operations and Safety Computer Systems

Expected Graduation Spring 2022 Expected Graduation Spring 2022
2.1 Safety

In the oilfield safety is the number one priority due to numerous hazards. Ways to
regulate safety on rigs regulated by the government are Occupational Safety and Health
Administration (OSHA), and the Bureau of Safety and Environment Enforcement (BSEE). These
government administrations set safety procedures and laws. To stay safe while completing this
project we will follow OSHA and BSEE guidelines to ensure the safety of all of our team
members in areas where the guidelines are applicable. Due to this project being on such a
smaller scale some hazards that one could expect in the field are not concerns while working on
this project. The main areas of safety are personnel, environment, and equipment.

2.1.1 Safety of Personnel

For the safety of team members proper (PPE) will be worn to protect our eyes, ears,
skin, heads, and toes. PPE worn as a standard in the field is a hard hat, safety glasses, steel toe
boots, earplugs, and gloves.



Some hazards we can expect while working on this project are flying objects, pinch
points, slips, trips, falls, electric shock, and fire. To protect our team and others at the
competition there will be Plexiglas walls that surround our rig to prevent any flying objects due
to equipment failure. Our team will wear gloves to protect our hands from any pinch points
while putting the rig together and connecting drill pipe or bottom-hole assembly. Slips, trips,
and falls are commonly due to scattered hoses, extension cords running everywhere, and
spilling of fluids. To minimize this from happening we have wire sleeves that we will run all
wires through, so they do not cause tripping hazards. To ensure no electric shock happens all
wires will be properly installed without any exposed wires that can cause potential shock. With
any motorized equipment, there is a possible failure that can result in fires. On our rig, there
will be a fire extinguisher that is easily accessible as a precaution.

2.1.2 Equipment Safety

Team members all have an understanding of how all the equipment functions on our rig.
Understanding of how the equipment operates is crucial on a rig because of all the moving
components that cause hazards such as pinch points, rotating equipment that can catch loose
clothing or gloves, and overhead hazards. Automating a rig takes away most of these dangers
due to man not being inside the “machine”.

2.1.3 Environmental Safety

One of the biggest dangers to our environment in the oil and gas industry is spills. All of
our drilling fluids will be contained in a closed system to ensure no fluids or cuttings spill and
cause any environmental hazards. Any fluids used in this project that can’t be reused will be
disposed of according to OSHA standards.

3.1 Design/Architecture

Standing at 8 feet tall, Le Couillion Cayenne consists of a dual mast derrick system
supported with TIG welded 2x4” and 2x2” aluminum square tubing. Equipped with guide tracks
to allow for smooth hoisting operations, ball bearings allow the friction free motion of the
traveling block, limiting drill string motion to only the z-direction. Chosen for its low weight and
high yield stress, the aluminum surface of the rig allows for increased durability as well as
mobility to and from any drilling location. Designed for the easy application and removal of
downhole tools, the tall masts of the derrick allow for the clearance of tools above the rig floor.
This is a key design feature in Le Couillion Cayenne as the rig allows for minimal connection and
trip times.



Figure 3.1: Rig Design

3.2 Hoisting System

Consisting of the derrick, draw works, travelling block, crown block, fast-line, and dead-
line, the hoisting system of Le Couillion Cayenne compares directly to that on any life-sized rig
you might see in operation today. Driven by an Automation Direct Ironhorse 24V PM DC gear
motor, the 110:1 gear ratio of this motor allows for highly calculated and more precise speed
adjustments. Coupled to the drum via a KTR Rotex GS coupling, the implementation of this
motor is key to the functionality of Le Couillion Cayenne as it allows the rig to record applied
weight on bit (WOB) with precision. A SparkFun S-type Load Cell is found on the rig to
accurately measure weight on bit (WOB). With this, determining and maintaining a desired rate
of penetration (ROP) can be easily executed using the rig. The low maintenance and extended
useful life of this motor also allows the rig to operate more safely and efficiently, limiting down
time to a minimum.

Engineered from a traditional boat trailer winch, the draw works drum is spooled with
1/8” stainless steel cable chosen for its high tensile strength and extended useful life. The
rotation of this drum in either direction allows the travelling block to move up and down
allowing for the application or reduction of weight applied at the bit. Achieving optimal load
efficiency through a six-line system, this design not only increases load efficiency but also
smoothens travelling block movements, in turn decreasing rig vibrations. Compact in design,



the drum not only allows for smooth operations, but also aids in conserving rig floor space,
playing a key role in rig mobility and functionality.

The electric design of Le Couillion Cayenne’s hoisting system means reliability,
compactness, safety, and efficiency. Engineered mechanically to reduce vibration and increase
efficiency, this rig can control even the most erratic variables encountered in drilling
operations.

Figure 3.2: Ironhorse 24V DC Gear motor

SN

Figure 3.3: Travelling Block

3.3 Rotary System

Providing rotation to Le Couillion Cayenne, an Oriental Motor % HP Brushless DC Gear
motor mounted to the travelling block formulates the rig’s top drive. Engineered to be compact
yet high performing, this motor provides the rig a lightweight means to a highly powered top
drive. Receiving communication through Modbus (RTU) and CANopen, the top drive is able to
receive inputs through the driver included with it at purchase, further automating the rig.
Allowing a maximum thrust load of 180 Ibs., the hollow shaft design of this motor allows the rig
to drill more aggressively at various RPM. Although lightweight, the weight added to the
travelling block by this motor also aids in early drilling, such as in pilot hole drilling, when the
weight of the drill string applied at the bit is limited.



Shown to be more cost effective as well as requiring little to no maintenance, the
Oriental Motor % HP Brushless motor was a sure fit in the design of Le Couillion Cayenne as the
motor is built for durability and long operational periods. Its enclosed design is also beneficial
as the drilling environment may not always be optimal for exposed electrical systems.
Additionally, the ability for this motor to be modified to allow for fluid flow through the drill
string during rotation makes it the ideal top drive motor for the rig’s design.

Figure 3.4: Oriental Motor % HP Brushless DC Gearmotor

3.4 Circulatory System

The guidelines do not state that a circulation system is required but our team believed
that a circulation system is one of the most important parts of a drilling rig. Without a
circulation system, a rig cannot send fluids from the mud tank, up the standpipe, down the
tubing, up through the annulus, and return the drilling mud to the mud tank. The circulation
system brings cuttings to the surface, keeps the bit cool and lubricated, and keeps hydrostatic
pressure. Drilling fluid is the first line of defense against kicks. Our goal of having this circulation
system is to maximize hole cleaning and minimize the amount of drilling fluid needed.

3.4.1 Circulatory System Design

Our fluid will be held in a 45-gallon aluminum rectangular tank that will be located on a
cart along with the priming pump and true triplex pump. Our mud tank has an aluminum wall
that travels up 2/3 of the tank so we can isolate our cuttings in the catch basin. This allows a
barrier for the drilling cuttings to settle in an isolated portion of the mud tank and the clean
fluid to travel over the top of the wall and back through the circulation system. The fluid will
exit the mud tank and enter the priming pump which ensures that our triplex pump never
loosed prime and cause cavitation. The triplex pump pushes the fluid through a half-inch hose



to our standpipe. Our stand has two valves to control the direction of fluid flow in our
circulation system. One valve controls fluid flow going through our top drive sending fluids
down the tubing into the formation. The other valve allows us to keep our fluids circulating
while we are not drilling which does not allow the materials in our drilling mud to sink to the
bottom of our mud tank. Once the fluid comes out the bit and up the annulus, a custom-made
bell nipple will be placed on top of the rock sample which allows our fluid to return to the catch
basin part of our mud tank. A flow rate of 5 GPM through the bit was calculated with a
stopwatch and 5 gallon bucket.

Figure 3.6: Circulatory System Diagram
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Figure 3.7: Circulatory System Diagram

Legend

1. Triplex priming pump

2. Triplex pump

3. Dc motor to power triplex pump

4. Mud tank

5. Inlet hose to standpipe from triplex pump

6. Open/ close valve to control drilling fluid flow to bit

7. Standpipe

8. Open/ close valve to control circulation while not
drilling

9. Return hose to mud tank while circulating

10. Hose to transport drilling fluid to the top drive

11. Drill pipe where fluid travels to bit

Table 3.1: Legend for Figures 3.5-3.7

Figure 3.8: Cat 340 Pump with DC Motor
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Figure 3.9: Variable Frequency Drive (SCR)

3.4.2 Drilling Fluids

The drilling fluid we chose to use will be freshwater mixed with hydroxyethyl cellulose
(HEC). HEC is used to increase the viscosity of the fluid so cuttings can be carried to the surface.
Due to no actual hydrostatic pressure, because we are drilling into a box, we do not have to
design this fluid to a specific PPG. HEC allows the thickening of fluid without a large effect on
mud weight and is good at suspending cuttings. Once HEC is added to water it does not change
the color of the fluid which allows us to visually see our cuttings come back into our mud tank.
This will allow us to make sure no cuttings are getting pumped back through the circulation
system causing damage to our pumps.

4.1 Measurable Parameters

As all data must be recorded and processed on the rig in real time, various sensors
recording various parameters can be found all over Le Couillion Cayenne. Vital to proper rig
operation and algorithm functionality, the communication of these sensors with rig control
systems forms the foundation for the rigs automation. Several parameters will be considered
and measured to achieve efficiency and functionality.

4.1.1 Weight on Bit

A highly important piece of any successful drilling operation is the measurement of
weight applied at the bit (WOB). By partially suspending the drill string while drilling, in efforts
to increase the rate at which the formation is being penetrated, one can apply a calculated
amount of force downward on the bit. As drill bits require both compressive and shearing
forces acting in unison to function properly, taking one of these forces away could lead to
complete failure of the drill bit.



Implementing a Futek S Beam Load Cell transducer into the design of Le Couillion
Cayenne, precisely recording this parameter is made simple. By suspending the drill string just
above bottom and recording its weight, the rig controls system automatically calculates the
difference in this value and one calculated at any point while drilling. As the difference in these
values is the equivalent of the weight applied to the bit by the drill string, the rig is able to
display these reading providing an accurate WOB measurement.

Figure 4.1: Futek S Beam Load Cell
4.1.2 Rotary Speed

Another important piece of information tying into penetration rate is rotary speed.
Measured in RPM, a Monarch Optical Sensor will be utilized to provide rotary speed data to rig
control systems. Mounted to the travelling block this sensor will take readings from the joint of
drill pipe closest to the travelling block.

Figure 4.2: Monarch Optical Sensor
4.1.3 Rate of Penetration

Often referred to as ROP, rate of penetration is a method of calculating efficiency and
speed during a drilling operation. Mounted to the top of the rig and facing toward the travelling
block on Le Couillion Cayenne, the Adafruit IR Distance Sensor allows the rig to keep tabs on the
displacement of the drill string. A laser displacement sensor by design, this sensor will provide
controls systems with the distance travelled by the bit to be divided by the time taken to travel
as far.

Figure 4.3: Adafruit IR Distance Sensor



4.1.6 Flow Rate

During any operation where fluid is pumped down hole, it is important that one
stays mindful of pump rate as well as return rate. In the real world of drilling, flow rates
and return rates can provide us with valuable information of how the formation is
behaving, and can give clues to the formulation of an issue to be solved before the issue
arises. The implementation of a flow meter will allow the team to monitor this flow rate.
Additionally, the implementation of a strap chart to assist the team in calculating the
rig’s return rate will be attached to the mud tank itself.

Gallons\Barrels Gained

Flow Rate = -
Time

Equation 1 : Flow Rate

4.1.7 Vibrations
Vibration measurements are important when involving drilling operations. Excessive
vibrations can cause equipment to fail prematurely. To measure vibrations a Sparkfun 9
Degrees Freedom Stick will be used. This sensor is useful due to its Bluetooth compatibility
and wireless tracking. This sensor can tell us if excessive vibrations are happening, and we
can engineer/ manufacture solutions to reduce vibrations. This sensor contains a three-axis
gyroscope and accelerometer which will also monitor verticality and inclination.

Figure 4.4: SparkFun 9 DOF Stick

5.1 Control Systems

Rig power is supplied by an AC/DC converted which supplied power to the entire rig
system. The visual interface will be powered by a standard AC power outlet separate from the
rig systems. Power will be stepped to specification to initiate the rig motors. The visual
interface will be viewed through the computer monitor, with capabilities of Bluetooth
monitoring from a cell phone powered by LabView.

10



5.2 Algorithms

The rig algorithm is a defined process by which the rig will self-calculate operable
parameters for optimum efficiency. This rig will consider torque limitations, proportionality of
weight on bit (WOB) to rate of penetration (ROP), bit whirling, torque oscillations, bit balling,
and target depths. These parameters will be defined in the coding process to tell the rig how to
“think,” or calculate these values. The goal is to allow the rig to perform without the
interference of the Drillbotics team. This should imitate a fully automated rig, and in order to
complete this, it is important that the rig edits top drive speed, draw-works depth, weight on
bit, and pump speeds with precision. This process begins by lowering the drill string and
beginning drilling. The rig should calculate proportionality of WOB to ROP. If these values are
proportional, the rig will continue increasing WOB to drill faster. Torque should remain within
the defined limit of drill string failure, and the rig will continue checking torque to ensure that
this value is never exceeded. The rig will also operate within the defined target depth until the
depth is reached. During the proportionality of WOB and ROP check if the rig calculates a
greater value of ROP to WOB then it will identify this as bit whirling. The rig will default to
increasing the WOB and reduce RPM to remedy this error. After this correction, the rig will
restart the proportionality check and begin its process. If the rig calculates less proportionate
ROP to WOB then it will either diagnose torque oscillations of ROP declination with increasing
WOB. If it is torque oscillations, the rig will identify stick and slip. This will default the rig to
reduce WOB and increase RPM. If the rig identifies ROP declination with excess WOB, it will
diagnose bit balling, and the solution would be to increase flow rate and RPM. After each of
these solutions the rig will cycle back to the proportionality check and proceed until target
depth. These motions should be instantaneous to allow for smooth transitions of optimization.
The ultimate goal is to decrease rig time, and increase rate of penetration.

11
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Figure 5.1: Control System Block Diagram
5.3 Visual Interface

All system programming and coding will be done using Arduino software and Arduino
interfaces. These systems are user friendly and versatile applications to machine learning.
Arduino will engage all motors, pumps, and sensors in the rig systems. In agreement with the
2019 team, our 2021 model design will include a pulse width modulation port, which will allow
our system to fluctuate voltage input to optimize efficiency. LabView program will be used to
create a controlling interface for all the rig sensors, which will provide real time, “Big Data.”
Having real-time data stored will allow for the rig to be optimized by analyzing areas of

12



importance like vibrations, centralization, torque, and drag. This design will instantaneously
calculate parameters and make corrections. In theory, the rig will be totally autonomous.

5.4 Alarm Systems

Safety factors to consider for an automatic rig are motor overloading, pump failure,
circulation loss, sensor failure, vibrations, torque, strain on drill-string, and fire hazards. These
variables will be closely monitored by the rig systems. Maximum values for these mechanical
hazards will be inputted into the algorithm. When these inputs are exceeded, an alarm will
sound. This would give the rig crew time to resolve the issue, stop drilling, or continue drilling.
The rig will have an emergency stop button. The emergency stop will cut the circuit of power to
the Arduino interface which will immediately shut down operations. Note: the emergency stop
button should only be used in the case of an emergency because it will instantly stop drilling
which could cause equipment strain.

Figure 5.2: Emergency Stop Controller

Figure 5.3: Alarm System

6.1 Testing Phase

The testing phase will be a series of trial-and-error drilling tests on various rock
formations. WOB and RPMs will be tested based in the algorithm. The rig will have different
drilling parameters for each formation. This will test the algorithm’s capability to optimize

13



drilling under variable conditions. These tests should challenge the rig for worst case scenarios

of loads on the string and vibrations. This will give the team an idea of the operating limitations
of the rig, and performance expectations. The coding system will be fine-tuned in this phase of
project development.

6.2 System Calibration

All sensors will be calibrated prior to operation. These sensors should provide accurate,
live data to be able to construct well to specifications. Comparison of calibrated devices to non-
calibrated devices will allow the team to compare the data and recognize functionality. For
example, measured depth will be calculated by measuring the distance between the crown
block and the laser. Zero feet will be denoted by the crown block lowered to a position where
the drill bit is touching the surface of the formation. Similarly, all other sensors will be
calibrated to a baseline of operating conditions before entering the formation to conditions
while drilling. These values will be comparable to interpret data once drilling has begun.

6.3 Rock Samples

Rock samples used in the testing phase will be randomized. The drilling parameters will
start at a baseline. Once contact between formations and bit has been made, the algorithm will
engage and optimize the drilling. The rock samples will vary in porosity, permeability,
compressive strength, and density. This will allow the rig systems to identify fluctuations in
WOB and ROP. Putting the rig through this phase of drilling tests will allow us to mock the
DSATS competition, in that it will be an unknown formation and target. The goal of this test is to
develop standards and procedures for familiar formations, decrease rig time to reach
optimization, and an inclined target.

6.4 Drill String

Two drill string designs will be implemented in the testing phase to compare parameters
of operation. Seamless aluminum and stainless steel, 3/8-inch OD, and 0.277-inch ID. Each
string provides its own benefits. Aluminum string will allow for more flexibility for higher angle
well plans, but the aluminum string will also allow more vibration and less stability. Stainless
steel will provide more strength and less vibrations, but the stainless will be less flexible. The
plan of action is to test each string under strenuous weight on bit, and rotation speeds to find
failure points. Finding these string limitations will allow the team to fine tune the computer
algorithm, which will be less likely to fail during competition. Failure data will allow the team to
decide on a safety margin of operation as well as the best string material to utilize.

14



6.5 Directional Plan

To construct a deviated well, the 2021 team has design a bottom-hole assembly with a
directional motor consisting of a bent housing, a brushless-downhole motor- and a MWD tool
made from non-magnetic monel. After drilling a vertical pilot hole, the team will trip out of the
hole to swap the BHA. The directional motor discussed above will be attached. The rig will begin
its automated process of building an angle specified by the competition. In theory, the entire
well can be drilling with the brushless motor, but depending on operating parameters, it may
only be used to build the desired inclination and swapped. Bent housings ranging from 0.5
degrees to 5 degrees will be machined. The team will be able to select the severity of building
rate and interchange the bent housings for effectiveness. After the well has been inclined, the
team will swap assemblies to a straight-packed BHA for a hold section. This is where the rig will
be able to optimize speed to drill to target depth.

Extensive testing will need to be implemented for this design to be effective. This will
require the help of mechanical engineering calculations on torque limitations of the bent
housings. Implementing a downhole motor with wireless connectivity will be a challenge as
well, but it will be possible through the same wireless method as the LabView control interface.

6.7 Bottom Hole Assembly

A key design feature to the successful execution of any drilling operation is tool choice.
Understanding that well designs have become more and more complex over the years, it is
crucial that we as engineers understand the tools with which we work and find ways to
improve their performance. In an attempt to redesign a more efficient tool string than
previous operators of Le Couillion Cayenne, the team is considering the new design of a
bent housing used to build inclination rather than the previously proposed whipstock. With
this design the implementation of a positive displacement “mud motor” will be designed
and machined to allow the drill string to drill while sliding free of rotation.

The design of a new and improved MWD tool is also underway in an attempt to
communicate with the tool string free of magnetic interference. A previously designed
prototype is being closely followed to allow for improvements to be made to the device.
Once completed, automated rig controls systems will have access to data such as azimuth,
tool face, inclination, etc. allowing the rig to perform with precision and accuracy when
kicking from the vertical.

15



0.75" to 1.5" Union

O-ring Seal

Arduino MWD
Bluetooth Connectivity
Inclination

Vibration

Measured Depth

..

O-ring Seal

Brushless Motor

Bent Housing (5°)

1.5" PDC

Figure 6.1: Bottom Hole Assembly Proposal
7.1 Optimizing Drilling Efficiency

The maximum rate of penetration (ROP) allowed without causing rig equipment damage
is sustained by regulating drilling efficiency. ROP can be increased by increasing weight on bit
(WOB) and rotations per minute (RPM), where the bit is the efficient and no dysfunction exists.
ROP, WOB, and RPM all have a proportionate relationship with one another without drilling
dysfunctions. When drilling dysfunctions are present, the drill string can be damaged if WOB
and RPM are increased above operating limits. Such dysfunctions can be controlled by
monitoring RPM, WOB, flow rate and vibrations. Efficiency of the rig’s drilling process is
governed by the mechanical specific energy (MSE), which is composed of the RPM, WOB, flow
rates and vibrations.

7.1.1 Mechanical Specific Energy

Proposed by Teale in 1965, MSE is a measure of the energy required to drill a fixed
volume of rock. It is defined as the ratio of the rate of penetration to the rate of energy used.
MSE is equal to the rock’s strength in a perfectly efficient system. MSE is dependent upon the
change in ROP, WOB & RPM.
High MSE: Drilling efficiency and ROP are Low  Low MSE: Drilling Efficiency and ROP are high

This relationship is expressed in the equation:

16
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MSE =E, x

Equation 2: Mechanical Specific Energy

Drilling procedures can be engineered to maximize ROP by using MSE to determine the
contributing factors. As designed in the fast-acting algorithm, the purpose of our drilling system
is to monitor all the dependent variables based on MSE and execute the corrective action to
maximize drilling efficiency.

8.1 Drilling Dysfunctions

8.1.1 Bit Balling

Occurs when a buildup of cuttings begin to appear on the surface of the bit. Changes in
RPM and drilling fluid flow rates can be made to account for this dysfunction when it is
encountered. Increasing the pump rate and RPM can elevate the WOB and improve cleaning
the cuttings on the bit’s surface. Our system is designed to recognize the parameters and make
corrections by reducing WOB and increasing RPM & flow rates when bit balling is encountered
(IADC DP-5).

8.1.2 Bottom Hole Balling

Occurs when the cuttings, held down from differential pressures at the bottom hole,
form a filter cake at the bottom of a hole. This is a popular scenario in wells with a high
hydrostatic head. A lower WOB and ROP is established due to the differential pressure on the
cuttings that develops from this layer’s resistance to shear. Hydraulic power is the only variable
applicable to address this dysfunction. This scenario will not be a problem during the
Drillbotics™ competition since we will not be dealing with a required hydrostatic head and
minimal differential pressures. If bottom hole balling is encountered the MSE response will be
extremely high, as though you have encountered a diamond formation (IADC DP-7).
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9.1 Nomenclature

DSATS — Drilling Systems Automation Technical Section
BSEE — Bureau of Safety and Environmental Enforcement
OSHA — Occupational Safety and Health Association

TIG — Tungsten Inert Gas

ROP - Rate of penetration

WOB - Weight on big

RPM - Revolutions per minute

MSE - Mechanical Specific Energy

PPG — Pounds per Gallon

“—Inches
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10.1 Resources

2019 Team, Drillbotics. PP. 1-36, 2019ULLDrillbotics.
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