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Introduction
We, the University of Houston student chapter of the Society of Petroleum Engineers (SPE), aim
to deliver a robotic, miniature drilling rig that will compete in the international Drillbotics
competition. Our rig will be electrically driven as its goal is to drill downwards and deviated at a
determined angle to optimally reach an unknown target given by the competition. Our team of
six University of Houston students will research, design, build, and learn from each other over
the course of the 2022-2023 school year to develop a compatible robotic drilling rig.

Safety
Safety is paramount and the single-most important aspect of any project, task or job. Its focus
allows the personal to successfully achieve an intended goal by cautiously and collectively
keeping the workplace a safe environment. On an every-day drill site, this goal is crucial as
there are many moving parts, some hazardous chemicals, and flammable components that can
cause severe harm to workers. For our project, the same mindset will apply, although most of
the dangerous risks are not applicable due to the micro-sizing of the rig. Also, our rig does not
require personnel to drill the well because the set up is robotically and remotely digital.

Damage to Rig
The rig has many mechanical moving parts and electrical components. An uncertainty is the
possibility that the rig becomes damaged due to overstress, overheating, and/or an electrical
problem. While the rig is electrically turned on and in movement, if there is to be any noticeable
damage to the rig the personnel must quickly judge the severity of the damage and decide if
work should be immediately stopped.

Damage to Personnel
Note: All Personnel near the working robotics rig must be wearing personal protection
equipment (PPE) and be fully aware of procedures, production, and communication.

In the case that personnel is hurt, an immediate stop-work protocol is enforced. Aid must be
given carefully, quickly, and, if needed, an emergency responder request must be made.

Incident of Fire
Any occurrence of fire must result in an immediate stop-work protocol. This includes a complete
shut off and power down from the controller. If the fire is not put out by stopping work, then a fire
extinguisher must be utilized to control the fire. In a worst-case scenario with a continued fire,
evacuate the premise and all personnel to a controlled location and wait for emergency
responders to arrive.



Rig Design
The Rig will be designed to provide a stable platform for all operations that will be conducted.
Parts will include a top drive motor with a pulley system drawworks. There will be several power
systems that need to be integrated into the rig to complete the control process. The water
circulation system will be fed through the drill string and exit at the bottom of the bit, carrying out
debris to the surface. In order to achieve a change in direction, the BHA will consist of a push
the bit rotary steerable system assembly. And a bit modeled after industry standard PDC bits will
be used to achieve the desired ROP.

The design is organized into five (5) systems:

● an Electrical System
● a Pulley System
● a Water Circulation System
● a Drilling System, and
● Software System

This section will discuss each system to be completed. The Pulley and Electrical Systems are
currently functioning although construction is not finalized. The rig with the two functioning
systems are shown Figure 1 below:

(a)                                               (b)                                              (c)
Figure 1. The rig with the Pulley and Electrical Systems functioning. The front (a), side (b), and
(c) rear views are shown. The electronics for the Pulley System are visible in (b). The winch for
the Pulley System is visible in (c). The load suspended by the Pulley System is a 50 lb AC motor
for the drill string.



Electrical System
The rig will be powered using a 240 V, 30 amp, 3 phase ac power receptacle. When 120 V AC
voltage is needed for electronics, a 240y to 120 V transformer will be used to provide this
voltage.

Figure 1 shows the Pulley System and the AC motor for the drill string. The Pulley System uses
single-phase, 120 V AC for input voltage and the AC motor uses 3-Phase, 240V AC voltage for
input voltage.

Pulley System
The rig will use a Pulley System that can lift a load of 150 lbs or greater where the load will
consist of an AC motor, Drill String and BHA. The load is estimated to be less than 100 lbs. The
system will be driven by a stepper motor with a 60 V DC power supply that uses an input power
of 120 V AC.

The Pulley System is currently functioning. The system is driven by a 34HS46-5204S stepper
motor with a holding torque of 8 N-m (75 lb-in) and a shaft diameter of 14 mm (0.55 in). The
Pulley System is designed with a mechanical advantage of 6:1. A diagram of the system is
shown in Figure 2 below:

Figure 2. A pulley system with a mechanical advantage of 6 to 1. If the load is L = 100 lbs then
the forces needed to keep the system static or not moving is F = L / 6. The small square
element at the top left represents an anchor point for the line. The seven small circles represent
pulleys. The larger square element represents the load. The pulley attached to the stepper
motor is not shown.

If the stepper motor used a pulley with a 1 inch radius, then the maximum load (Ls) the Pulley
System can support while in static equilibrium is

𝐿
𝑠
 =  75/𝑟 *  𝑀𝐴 =  75/1 *  6 =  450 𝑙𝑏𝑠



where
r is the pulley radius in inches
MA is the mechanical advantage of the pulley system

The stepper motor currently uses a 3 inch diameter or 1.5 inch radius pulley so the maximum
load the pulley system can support while in static equilibrium is

𝐿
𝑠
 =  75/𝑟 *  𝑀𝐴 =  75/1. 5 *  6 =  300 𝑙𝑏𝑠

The stepper motor has been tested with a 100 lb load and can only lift the load to half the
maximum height allowed by the system. To increase the lift height the stepper motor’s power
supply will be upgraded from 30 V DC to 60 V DC.

Water Circulation System
The rig will use a Water Circulation System that consists of six (6) components:

● a coolant container
● a mechanical water pump
● an AC motor for driving the water pump
● a driver for the AC motor
● a drill sample container large enough to hold the drilling sample and water ejected from

the drill bit, and
● an electric siphon pump to transfer water from the drill sample container to the coolant

container

The components are described in the six following sections.

Coolant Container
The coolant container will hold at least two gallons of coolant for the drill bit where the coolant is
water. The two gallon capacity is explained in the drill sample container section.

Mechanical Water Pump
The mechanical water pump is a Delavan Cast Iron 8-Roller Pump - 24 GPM, 150 psi, 1000
RPM, Model 8900C.

A Hydromaster B07S77STRM 0-160 psi, brass, water pressure regulator will be used to
regulate the output pressure of the water pump. The pressure regulator connections use 3/4
inch NH threads.



The water pump was selected because it is predicted to have an output pressure that can push
a column of water out from a hole drilled 3 feet deep. The prediction, which is based on the
diameter of the BHA and the drill string, will be explained.

The drill bit of the BHA is 1.5 inches in diameter so the hole it creates will be the same diameter.
The drill string is 3 feet in length and is 3/8 inches in diameter. The water ejected from the drill
string is expected to fill the hole. If a 3 foot or 36 inch hole were drilled, the column of water
above the BHA would weigh (W):

𝑊 =  (π × 𝑎2 − π × 𝑏2) × ℎ × 𝑑 = 2. 15 𝑙𝑏𝑠
where

and is the radius of the hole𝑎 =  0. 5 × 1. 5 = 0. 75 𝑖𝑛
and is the radius of the hole𝑏 =  0. 5 × 3

8  = 0. 1875 𝑖𝑛

and is the radius of the holeℎ = 36 𝑖𝑛
and is the density of the water𝑑 = 0. 0361 𝑙𝑏𝑠

𝑖𝑛3

The pressure exerted by the column of water pc is

𝑝
𝑐
 =  (π × 𝑎2 − π × 𝑏2) × 𝑊 = 3. 56 𝑝𝑠𝑖

In order for the column of water to be pushed out of the hole, a pump with an output pressure
greater than should be selected. The Hydromaster pump’s output pressure of 160𝑝

𝑐
= 3. 56 𝑝𝑠𝑖

psi exceeds this pressure.

The high pressure is useful for creating a piston based steering system the rig will use where a
piston is used to push the drill bit to a particular direction. If a piston had an input pressure (p) of
100 psi and the contact area (A) is 1 inch then the force (F) the piston can exert is

𝐹 = 𝑝 × 𝐴 = 100 × 1 = 100 𝑙𝑏𝑠

AC Motor for Driving the Water Pump
The AC motor for driving the water pump is a General Electric 5K42DG2664, 3-Phase, 240 V
AC motor. The motor has 1/4 hp and a maximum speed of 1725 rpm.

This motor will use the same 3-Phase, 240 V power supply as another motor that will drive the
drill string.



Driver for the AC Motor
The driver for the AC motor or controller is a Schneider Electric Altivar ATV320U02M3C AC
variable speed drive. The drive uses 3-phase, 220V AC input voltage and has a rated load of
1/4 hp.

The choice for a 1/4 hp is based on the power calculator in the Electric Siphon Pump section.

Drill Sample Container
The drill sample container will hold a drilling sample and water ejected from the drill string. The
dimensions of the sample are 12”W x 24”L x 24”H.

The container should have a width (W) and a length (L) large enough so that there is a 4” gap
between the walls of the container and the sample to be drilled. The gap allows a 0.5 inch tube
from the electric pump to sit in the container. The container must fit under the rig.

To fill the container holding a drill sample with 1” of water requires a water volume (V) of

𝑉 =  (12 +  𝑔 × 2) * (24 +  𝑔 × 2) −  12 × 24 =  352 𝑖𝑛𝑐ℎ𝑒𝑠 𝑐𝑢𝑏𝑒𝑑

where g = 4 in3 and is the gap between the sample and container.

Since a gallon is 231 cubic inches and the 0.5 inch tube from the electric pump must be
immersed in water, a coolant container with capacity of 2 gallons or greater (462+ inches cubed)
should be selected.

Electric Siphon Pump
The electric siphon pump is a SEAFLO 33-Series 115v general purpose water pump. The pump
is rated for 3.3 gpm at 45 psi. The pump inlet and outlet ports are 0.5 inches in diameter and are
MNTP threaded.

The water ejected from the drill string must not exceed the 3.3 gpm rated output of the electric
siphon pump otherwise the coolant container will run out of water.

The water circulation system will be using solenoid valves rated at 100 psi. Using this pressure
and the 3.3 gpm flow rate, the maximum power (P) that can be applied to the water pump’s
shaft without causing the coolant container is:

𝑃 =  𝑝 × 𝑄 ÷ 1714 = 100 × 3. 3 = 0. 192 ℎ𝑝

The driver for the AC motor will be used to regulate the output power of the AC motor which has
a maximum output of 0.25 hp.



Drilling System
The rig will use a drilling system that involves three (3) components:

● a top drive
● a drill string, and
● a bottom hole assembly or BHA

The three components are described in the next three sections.

Top Drive
The top drive will be used to rotate the drill string and transfer water through the string to the drill
bit of the BHA at the same time. The top drive consists of four (4) components:

● an AC motor
● a rotary union for water connections
● a slip ring for electrical connections, and a
● water manifold assembly

The components are described in the next two sections.

AC Motor
The AC motor is a Marathon 56T17D3309D 1800 RPM, 2 HP, 3-Phase, 240 V AC motor which
will be used to rotate the shaft of the rotary union, which in turn, will rotate the drill string.

The driver for the AC motor is Schneider Electric Altivar ATV320U55M3C variable speed drive.
The drive uses 3-phase, 220V AC input voltage and has a rated load of 7.5 hp.

Rotary Union
The rotary union is a Mosmatic 41.920 150 RPM, 150-300 PSI rotary union which will be used
to rotate the drill string while transmitting water through it. The water output of the rotary union is
the input for the water manifold assembly.

Slip Ring
The slip ring is a Moflon GT1235-S12, 1800 RPM slip ring which will be used to make electrical
connections between rotating and non rotating wires. The slip ring will provide power and
control signals to electronics in the water manifold assembly and the BHA.

The slip ring has an inner diameter of 0.5 inches and has 12 wires for signals. The wires are
rated for 5 amps.

The role of the first six wires are documented in the table below:



Wire Role

1 5V. Powers the IMU sensor.

2 Ground

3 I2C Clock

4 I2C Data

5 24V. Powers the solenoid valves.

6 Solenoid Valve Control Signal 1. Energizes the piston.

7 Solenoid Valve Control Signal 2. De-energizes the piston.

The remaining five wires are reserved for future changes in the rig’s design.

Water Manifold Assembly
The water manifold assembly consists of four (4) major components:

● A water manifold
● An aluminum plate on both sides of the manifold, and
● solenoid valves

The water manifold is a Manastrip 1000-9, 6-port manifold modified with four (4) additional
ports. The largest ports of the manifold are 3/8 or 0.375 inches in diameter and are located at
opposite faces of the manifold. The manifold is oriented so the “top” 3/8 inch port connects to
the rotary union and the “bottom” 3/8 port connects to the BHA. The remaining ports are 1/4 or
0.25 inches in diameter and are “side” ports of the manifold.

An aluminum plate is fastened onto both sides of the manifold to provide a surface for mounting
solenoid valves that implement a piston-based steering system. The steering system involves
using a piston to push the drill bit to a particular direction.

There are two solenoid valves where each valve is on a separate plate. One valve is used to
pressurize the piston and another is used to depressurize the piston. The solenoid valves
receive power and control signal connections from the slip ring above.

The water manifold assembly is illustrated using top, front and side view diagrams.

The top view of the water manifold assembly is shown below:



Water Manifold Assembly Top View. Measurements are in inches.

The front view of the water manifold assembly is shown below:



Water Manifold Assembly Front View. Measurements are in inches.

The side view of the water manifold assembly is shown below:



Water Manifold Assembly Side View. Measurements are in inches.

Drill String
The drill string is a 3/8 inch, 6063 Alloy T-6 aluminum tube with a wall thickness of 0.050”. The
drill string will be used to rotate the drill bit which is part of the BHA and transfer water from the
water manifold assembly to the drill bit for cooling.

Bottom Hole Assembly
The Bottom Hole Assembly or BHA consists of three components:

● A piston-based steering system
● An IMU sensor, and



● a drill bit
The BHA is illustrated using top, front and side view diagrams.

The top view of the BHA is shown below:

BHA Top view. Measurements are in inches.



The front view of the BHA is shown below:

BHA Front view. Measurements are in inches.



The side view of the BHA is shown below:

BHA Side View. Measurements are in inches.

The components of the BHA will be described in the following three sections.



Piston-Based Steering System
The piston-based steering system involves using a piston to push the drill bit to a particular
direction. The surface the piston pushes against is expected to be the side wall of the hole being
drilled.

The piston’s push is controlled using water pressure. The piston is hydraulically linked to two
solenoid valves in the water manifold assembly that control the piston’s push. One valve
pressurizes the piston for a period of time and the other valve depressurizes the piston for a
period of time. The solenoid valves are electronically operated by software running on a
computer.

The a block diagram of the steering system’s hydraulic connections is shown below:

Hydraulic connections of the piston-based steering system

The piston’s force (F) against the side wall of the hole being drilled is predicted to be:

𝐹 =  𝑝 ×  𝐴 = 100 × (𝑙 × 𝑤) ≈ 100 × (1 × 0. 375) = 37. 5 𝑙𝑏𝑠

where



p = 100 psi and is the water pressure
A = l x w and is the piston surface area the water is pushing against in in2

l is the approximate length
w is the approximate width

The piston surface’s area is approximated above so the calculation for force is simple.

Software System
The electronics of the drill rig will be controlled by software running on a computer which the
operator will interact with. The operator of the drill rig will use a web interface to enter
coordinates the drill bit needs to reach. The software will use the coordinates to calculate the
path the bit must travel and begin drilling. While drilling, the software will use sensors to
measure the rig’s state and send control signals to keep the drill bit on the desired path.

Sensors and motors will be electrically connected to an Arduino-compatible microcontroller. The
microcontroller will be connected to the computer using an ethernet cable. The computer will be
able to send commands to the microcontroller to read sensor data and manage the state of the
motors. The code for communicating with the microcontroller and managing the drilling
operation will be done in Python.

Work has started on creating a web interface for the rig operator. The interface currently shows
IMU and acceleration measurements and allows for manual control of the stepper motor for the
pulley system. The interface and features are shown below:

Web interface for the rig operator. The interface is made with vue.js.



Control System Design and Implementation

ROP Optimization
[To be determined in further research and implementation in Spring 2023 semester]

Instrumentation
[To be determined in further research and implementation in Spring 2023 semester]

Data Analytics

Auto-Driller Control System
[To be determined in further research and implementation in Spring 2023 semester]

Data Visualization
[To be determined in further research and implementation in Spring 2023 semester]

Cost Estimates
[To be determined in further research and implementation in Spring 2023 semester]


