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Introduction
Abstract

The overall objective of this project is to design, build, and operate a small drilling rig that can hit
three targets located sequentially in a rock sample during the Drillbotics competition while maintaining
borehole quality. The coordinates of the three targets will not be known until competition day and the rig
must include a fully autonomous control architecture to reach the targets. The provided rock sample will be 1
x 2 x 2 ft in size and made of homogenous sandstone. A directional drilling technique must be used to create
a well that starts in a vertical orientation and ends with some amount of an inclination facing the rocks
"north" direction. During these drilling experiments, data must be collected and stored using instrumentation
hardware and visually represented using charts and graphs that indicate how the system is functioning in
real-time. Next, there are mechanical and electrical design constraints that will affect the creation of the
drilling rig. Some of the electrical constraints include a downhole sensor and the use of a closed loop control
algorithm. Some of the mechanical constraints include a specified drill bit size and a safety casing to protect
any personnel near the rig during operation.

Executive Summary

Objectives and Problem Definition
The team’s objective is to directionally bore a well in a provided rock sample while being fully

controlled by a closed-loop, autonomous control system. The drill bit must pass through three targets located

sequentially in the rock sample by using downhole sensors that feed data to the control system in real time

Key Engineering Specifications

The key engineering specifications come from the directional drilling objective of the project. The
first specification is a 30-degree maximum inclination angle restriction Next, there is a 15-degree maximum
azimuth restriction. Finally, there is a displacement specification of 10 inches in the rock. This displacement is
the horizontal distance between vertical lines passing through the target and the vertical well.

Product/System Description
The rig structure will consist of a metal frame broken into three sections. The primary section will be

tall and strong enough to hold the hoisting motor and bottom hole assembly while being wide enough to
hold the competition rock sample. The secondary section will be where the control system is located which
will consist of monitors for data visualization and a hardware instrumentation box to house different
electrical components such as microcontrollers and motor drives. The final section will be a designated
holding area for the circulation system equipment such as the pump and pump drive. For the system to
achieve drilling objectives, there must be a compatibility throughout the entire rig design. This compatibility
includes both mechanical and electrical components of the project. To start, there will be motor drives
connected to each motor to optimize important drilling parameters such as torque, the weight on bit (WOB),
and the fluid flow rate from the pump. These conditions are very important for maintaining borehole quality
and integrity while drilling. During the drilling process, there will be downhole sensors that will provide real-

time data to the surface that will allow a closed-loop control algorithm to make trajectory corrections when



necessary. This will be done by having a pre-set directional outcome reference that will compare the real-
time drill state to the desired outcome and make corrections using instrumentation when needed. To
complete the system, all collected data will be used to create graphs and charts that allows the personnel

operating the rig to monitor system processes.



Safety Considerations

Operational Safety

For the operational safety of this project the team began with the safety requirements provided by
the competition guidelines in section 3.4.5.14 and Appendix A under automation requirements. Section
3.4.5.14 requires a safety casing around the rock sample to contain any flying debris during the drilling
process. Depicted in the team’s final design is a transparent safety casing made of plexiglass that starts below
the rock sample and ends just under the guide plate. Next, in order to comply with the manual override’s
requirement for automation, a digital “STOP” button will be implemented in the GUI where on operator
could press at any time during drilling operation. Along with these considerations, the team performed
calculations in order to properly size rated circuit breakers to comply with NEC sections 210-22(c), 220-3(a),
220-10(b), and 384-16(c) to ensure no overload will occur on each of the four motors. Essentially, these rules
help the electrical engineer calculate overcurrent protection depending on whether the load is continuous or
noncontinuous. These calculations can be found in the Appendix. Finally, proper Personal Protective
Equipment (PPE) will be worn during drilling operation. This includes closed toed shoes, long pants, safety
glasses, hard hats, etc.

Safety During Manufacturing, Assembly, and Testing

During all phases of manufacturing, assembly, and testing, the team will take necessary precautions
to protect personnel as well as enforce personal protection. The main way the team will do this will be to
make sure all team members and any other personnel have on proper PPE. While manufacturing, assembling,
and testing, personnel will be wearing closed toed shoes, pants, eye protection, ear protection, and hand
protection. While welding, personnel will be wearing necessary welding masks, a respirator (if necessary), ear
protection, and fire-retardant clothes. The shaft and the sleeve of the design will both be made of Beryllium
Copper; this material can be very dangerous if inhaled. For this reason, when assembling items with this
material, the proper respiratory equipment must be worn.



Rig Structure Design

Mechanical Design

The drilling rig will be manufactured in the coming semester. It will include a top drive system, actuator
hoisting system, rotary steerable bottom hole assembly, structural assembly, and a circulation system.
Together, these systems have the objective of safely and autonomously drilling directionallyina 2 x 2 x 1 ft
block of homogenous sandstone to coordinates that will be provided at the competition. There will be a
linear actuator attached to a sleeve that goes downhole that will provide the directional thrust to the drill bit

when required.
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Figure##: Overall Design

Top Drive System
The top drive assembly provides the torque on the drill bit required for the drilling operation. The torque is

controlled by the top drive stepper motor, and it can vary depending on the rate of penetration
requirements. The top drive motor is connected to a load cell which measures the weight-on-bit (WOB), and
the hydraulic swivel which transfers the drilling fluid from the circulation system to the shaft. The top drive
assembly is connected to the shaft which is directly connected to the drill bit, allowing the torque to be

directly transferred downhole.
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Actuator Hoisting System
The actuator hoisting provides the weight-on-bit required for the drilling operation. The WOB is the vertical

force applied to the bit, and it can either be increased to increase rate of penetration, or decreased to
decrease rate of penetration. The hoisting mechanism will be a rack and pinion system that will be driven by
a stepper motor which will be bolted on the guide plate allowing the entire drilling system to move vertically.
In this rack and pinion system, the rack will be stationary, and the pinion will move with the drilling assembly.
The final component of the hoisting system is the kick system. The kick system will apply the kick necessary to
drill directionally. The kick system will be made up of a stepper motor and gear system which will be attached
to the sleeve of the bottom hole assembly. The sleeve will orient the bit in order to drill at the desired
azimuth angle. The kick ramp will also be attached to the sleeve, and the kick ramp will be activated via the
kick system from the hoisting system. The kick ramp will be activated by using the linear actuator to apply a
force on the kick system, which will move the sleeve vertically, allowing the kick ramp to engage the kick ring
resulting in the directional kick required for the directional drilling phase.
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Figure ##: Actuator Hoisting System

Bottom Hole Assembly
The bottom hole assembly (BHA) helps perform the function of operating autonomously by drilling the well.

The BHA encompasses everything underground when drilling is underway. This includes the drill string, drill
bit, any stabilizers in the drill pipe, the steering system and all downhole sensors. The drill string will be a
hollow shaft that runs from the top drive all the way to the drill bit at the bottom of the hole. The drill bit will
cut though the rock. In the drill pipe there will be bushing style bearings as well as two special rotary
steerable bearings at the bottom of the assembly to stabilize the system. The steering system will consist of a
Point the Bit Rotary Steerable System. This system will consist of a sleeve that will run down the length of the
drill pipe. At the end of the sleeve will be a ramp. When the control algorithm commands the ramp to be
engage, the ramp and sleeve will be drawn up and engage the shaft, pushing the shaft in the desired
direction. This is how the steering system is configured in the BHA. The downhole sensors consist of a
gyroscope to measure position and inclination, magnetometer to measure azimuth, and accelerometers to

also measure position.
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Bottom Hole Sensor

One important part of the BHA is the downhole sensor that will be housed on the inside of the drill pipe
between the pipe and sleeve. The bottom hole sensor includes a micro processing unit with a 9-axis degree of
freedom. More specifically, this entails a 3-axis gyroscope, 3-axis accelerometer, and a 3-axis magnetometer.
These sensors have the ability to measure inclination and azimuth, vibrations, and angular velocity during the
drilling operation in real time. These measurements will be sent to the control system via a wired
communication method utilizing a universal serial bus (USB) port connected directly to the PC. Finally, the
sensor dimensions are roughly 15 mm x 25 mm x 3 mm which is small enough to fit in the BHA near the drill

bit. A visual of the chip is provided below.

Fig. — 9-axis (acc./gyro./mag.) Downhole Sensor

Structural Assembly
The structural assembly supports all physical components of the drilling rig and helps preform the functions

of protecting personnel by housing the plexiglass safety casing. It includes the derrick, or supportive
structure, and the guide rails which will be used to guide the hoisting system in a vertical direction. The
structural assembly also houses the safety casing, safety measure taken to keep personnel safe during drilling
operations. The safety casing consists of plexiglass bolted to the outside of derrick structure. The safety

casing will block debris and cuttings from hitting personnel operating the machinery.
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Circulation System
The circulation system will perform the function of imitating full-scale machinery while assisting in both

autonomous operation and the protection of personnel. It will consist of mineral oil drilling fluid, a hose, a
centrifugal pump, and a filtration system. The fluid will be pumped from a holding reservoir below the rock
sample up to the swivel, down through the shaft and bit and up through the wellbore. It will then be drawn
through the filtration system back into the reservoir. The circulation provides lubrication for the bit and it has

cooling properties that will keep the temperature of the bit from getting too high

Figure##: Cutting Filtration
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Instrumentation

The surface instrumentation includes all electric devices not incorporated in the BHA. This includes
electric motors, motor drivers, data acquisition devices, linear actuators, and any other microprocessor-
based devices. The discussion of this equipment is broken down into the following three sections: actuators,

transducers and drives, and other.

Actuators

The actuators included in the team’s miniature rig includes four motors and one linear actuator. Each
of these will be discussed individually below.

Top Drive Motor

Since the team is designing a rotary steerable system, the top drive motor will be providing a torque
translated through the drill shaft to the drill bit. Since this motor will be starting and stopping very frequently,
the team has decided to use a DC stepper motor due to its high responsiveness and higher control precision.
The motor selected is a NEMA 34 frame, single shaft stepper motor. This motor has 1288 oz-in holding
torque, 1.8-degree step angles, and 200 steps per revolution.

Fig. — STP-MTRH-34127 NEMA 34 Stepper Motor

Hoisting Motor

The hoisting motor will be controlling the WOB of the system by moving the guide plate up and
down when necessary. Since the hoisting system will be starting and stopping frequently, the position of the
motor must be controlled. Like the top drive, the team decided to use a DC stepper motor due to the position
control and higher stopping accuracy. This motor is also a NEMA 34 framed stepper motor with 1110 oz-in
holding torque, 200 steps per revolution, and is rated for 2.05 amps at full load.

@

Fig. — STP-MTRAC-34115 NEMA 34 Stepper Motor



Sleeve Motor

The sleeve motor will be responsible for controlling the sleeve pipe of the BHA. Since the sleeve pipe
of the BHA is responsible orienting the bit during drilling operation the sleeve motor will be the actuator in
control of this change. Directing the bit to the direction of the next target takes high precision position
control which is why a stepper motor was selected by the team for this function. This motor is a NEMA 17
with a 200 to 25000 steps per revolution speed and a rotor inertia of 5.7 kg*cm”2.

Fig. — Sleeve Motor with integrated driver

Pump Motor

The pump motor will be providing the force to dive the circulation fluid through the circulation
system. The pump motor selected is % HP capable of pumping fluid 90 GPM with a maximum capacity of 36
liters per minute. It also has a 120V input and maximum current rating of 3A.

Fig. — Tooluxe Pump Motor

Linear Actuator

The linear actuator is used to provide the directionality in the BHA by applying a force as discussed
above in the Rig Structure design section under Bottom Hole Assembly The linear actuator selected can
provide a 35 Ib force at a 1 inch stoke. Also, this linear actuator is powered by a 12Vdc motor that will need
to be controlled autonomously by the control system. To do this, the team will use an Arduino Uno for its
Pulse Width Modulation (PWM) functionality and a DC Motor driver board designed by the team. The DC
driver board is depicted and discussed in the transducers and drives section below.



Fig. — 12V Rod Linear Actuator

Transducers and Drives

The performance of the team’s drilling is directly related to the accuracy, reliability, and frequency of
measurements of the drilling parameters. The control system will monitor the data and control the drilling
parameters in real time using the instrumentation provided in this section.

Top Drive - Drive

This motor drive will take RPM and torque values fed into the drive in the form of voltage that
controls the frequency and current for the motor to control the specified values of torque and RPM. The
drive selected was suggested by the supplier for easy integration with the selected NEMA 34 stepper motors.
The drive has a 24-48Vdc input with a velocity and position mode for control. It also includes a RJ11 port to
allow for Modbus communication with the control system.

Fig. — Automation Direct STP-DRV-4850 Microstepping Drive

Hoisting Motor Drive

The hoisting motor drive will also control the current and frequencies for the hoisting motor thus
controlling the motor’s speed and torque. Since similar motors will be used for the hoisting and top drive
motors, the same drive was selected for the hoisting motor (Fig.).

Sleeve Motor Drive

The sleeve motor drive will be integrated with the NEMA 17 sleeve motor. Again, by manipulating
variables such as voltage, current, and frequency the desired position of the sleeve motor can be achieved.
The drive has a 24Vdc power input and Modbus communications port.



Pump Motor Drive
Since the pump motor is an AC motor, a VFD was selected to control the necessary flowrate during
drilling operation. The VFD selected has a 120 Vac single phase input with a Modbus communication port.

Fig. — Automation Direct GS1-10P5 Variable Frequency Drive

Load Cell

The weight on bit (WOB) on the drill string is provided by the hoisting motor and is measured by the
load cell. The load cell is a force transducer that converts the force acted by the hoisting motor into output
voltage. The load cell in the figure below was initially selected; however, the team was informed of a
rotational issue with the placement of the load cell due to the rack and pinion hoisting system. The team is
currently looking into solutions to this issue for Phase 2.

N ,
O

Fig. — Omega S-beam Load cell

Optical Tachometer

In order to measure the RPM of the drill shaft, an optical tachometer will be placed under the top
drive and pointed towards the shaft. The sensor works by detecting a pulse from the reflective tape attached
to the drill shaft. The supply voltage ranges from 3.3 — 15 Vdc.



Fig. — Monarch ROS-W Remote Optical Sensor

Distance
A photoelectric laser sensor has been selected by the team to measure the total distance traveled

during the drilling process. The supply voltage of the sensor ranges from 10-30 Vdc with a sensing range of 0
to 3 meters or 0 to 9.84 feet.

Fig. — Wenglor OPT2010

Other

DC Driver Board
In order to implement the linear actuator into the control system, a DC driver board was created.

The design includes the following connections:

Inputs: For receiving analog or digital signals from an Arduino

Enable: To activate the inputs for the integrated circuit chip. This supply cannot be higher than 7V
Outputs: For the motor connection

12V supply: Where a connected supply voltage will give power to the motors

5V supply: Logic supply voltage for L293D. A voltage regulator was applied to prevent a supply voltage above
5v.
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Power Supplies

Since the motor drives used for the top drive and hoisting motor have a 48Vdc power input, a power
supply recommended by the supplier was chosen. This power supply has a 120/240 Vac input connected to
the grid and a 48Vdc output that will be directly connected to the drive. For the Sleeve motor drive, a
120/240Vac to 32Vdc power supply similar the 48Vdc power supply was selected.

Figs. — 48V and 32V Power Supplies (respectively)

Data Logger

At the core of data acquisition is the National Instruments USB 6009 device. This device is a
multifunction 1/0 device with 8 analog inputs, 2 analog outputs, and 13 digital inputs and outputs with a 32-

bit counter. This device will receive input data from different transducers and output the data in appropriate
formatting for the control system to analyze.
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Fig. — NI USB-6009



Modbus Gateway

For the control system to communicate with the motor drivers via the Modbus protocol, a gateway
will be used as a hub the contains appropriate ports for quality data flow. The gateway contains four RJ12
communication ports with a terminal block output.

Fig. — ZIPLink ZL-CDM-RJ12X4 communication module

Cables

Since there are different port sizes depending on the equipment selected, there needs to be
appropriate cables selected to ensure proper communication flow. Since the drivers used for the top drive
and hoisting motors have a RJ11 output port and the Modbus Gateway has RJ12 input ports, a RJ11 to RJ12
cable has been selected for each of these drivers. Also, since the Modbus Gateway has a terminal block
output, a wire to DB-9 port cable has been connected to transfer communication to the PC from the
Gateway.

Figs. — RJ11-RJ12 and Wire-DB-9 Cables (respectively)

Breakers
Rated circuit breakers will be used to protect motors and drivers from any over current pulled from

the grid during operation. Calculations for the properly rated circuit breakers referencing NEC rules and

regulations have been performed below.

Pump Motor
OCPD = 100% noncontinuous load + 125% continuous load = (1.00 * 04) + (1.25 * 34) = 3.754

Hoisting Motor
OCPD = 100% noncontinuous load + 125% continuous load = (1.00 * 2.054) + (1.25 * 04) = 2.054



Sleeve Motor
OCPD = 100% noncontinuous load + 125% continuous load = (1.00 * 24) + (1.25 * 04) = 24

Top Drive Motor
OCPD = 100% noncontinuous load + 125% continuous load = (1.00 * 24) + (1.25 * 04) = 24
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Figs. — 2A and 4A Circuit Breakers (respectively)



Control System

The control objective for this year’s competition is to drill a directional well, hitting three sequential
targets, while kicking off from a 4" vertically drilled pilot hole along the magnetic “north” center line. Also,
both surface and downhole sensors must be included in the main control loop to achieve full autonomy. The
three main topics the team uses to discuss this system are the following: the main control algorithm, PID

controllers, drill bit position tracking, and control interface.

Overview

The main idea of the control system is to use PID-controllers to correct for the error on
measurements compared with chosen set points. The set points will include torque, weight on bit, and
position. Noise and disturbance will be filtered in the feedback for all appropriate measurements. A state
machine will then observe the output measurements via Boolean logic to decide to either adjust, move to the
next operation mode, or stop the system entirely. The figure below includes a visual of a high-level overview
of the control system.

Initial Phase Start <" - ) » Directional Phase Start

e iy \

woB
Controter’

Fig. — Complete Control Algorithm Overview

Main Control Algorithm
The Control Algorithm was designed using Boolean logic in a state machine. Each state will be

performed sequentially in the two main phases of the operation unless a special even occurs. The two main
phases are the following:

1. Initial Phase
This initial phase is designed to complete the vertical portion of the well. The initial phase will begin
by initializing to ensure all drivers are communicating with the system properly. Next, the system will hoist



down until a WOB measurement is read. At this point the vertical position will be set to 0 and the drilling
process will begin. The rig will drill straight down until the 4”” KOP is reached at which the drilling process will
stop, and the algorithm will proceed to the directional phase.

P B = . o T TR T LL L L Initialize Setacc_z=0
Initial Phase Start <«
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False ‘ wWOB
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Torque
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True
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Fig. — Initial Phase of Control Algorithm

2. Directional Phase

The directional phase will begin by performing all calculations related to the reference trajectory
path and storing the results in the path table. The system will then use a steering phase to orient the tool
face until the azimuth (perpendicular “y” direction) calculation is 0 degrees. This will further simplify the
complexity of the well trajectory to where drilling will only take place on a 2D plane (in the vertical “z”
direction and the horizontal “x” direction). After this, a signal will be sent to the linear actuator to
mechanically bend or “kick” the BHA to provide directionality. The drilling process will start again and will
proceed to drill the build portion of the well. During this drilling, the state machine will be checking for event
detection and errors compared to the calculations performed earlier. If the algorithm calculates a large
enough deviation, the drilling process will shut down and actions will be taken to correct the error using a
steering phase. This will continue until the interpolation point is reached. When this point is reached, the
drilling process will shut down and un-kick the BHA to ensure non-directional drilling. The algorithm will now
prepare to drill the tangential portion of the well by referencing the tangential path calculations from the
path table. After this, the drilling process will start again and will drill the tangential portion of the well until
the first target is reached. The tangential portion will also include event detection and will use a steering
phase to make corrections if necessary. Finally, the drilling phase will iterate three times to account for the
three targets given by the competition. After the third target has been reached, drilling will be complete, and
the system will lift the BHA out of the rock.
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Start/Stop The drilling Process

Start/Stop Drilling Process
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Fig. — Starting and Stopping the Drilling Process

PID Control

The system needs to control the position of the tool face in 3-dimensions, but at the same time
control the torque and WOB for safety consideration. Therefore, the team will design the following 3 PID
controllers:

1. WOB Controller

The purpose of the WOB controller is to eliminate the error between the chosen WOB SP and the
measured WOB from the load cell. To do this, the error is fed into a PID controller which calculates a new SP
for the hoisting motor RPM. The closed loop is complete with a new, filtered measurement from the load cell
being fed back to the controller.

2. Torque Controller

The torque controller will take an RPM SP given to the top drive which will internally measure
torque. An error is calculated from the torque SP and fed into the PID controller, choosing a new RPM SP for
the hoisting motor. The loop is closed by the top drive taking a new internal torque measurement and a new
error is calculated.

3. Position Controller

In order to track the position of the bit in real time, the team used Euler’s equation. This equation
allows the team to calculate the position in discrete time based on the last location, a chosen step length,
and the rate of change. By using the fact that the system is “slow”, this method will provide an adequate
approximation of the bit position in real time. To continue, the position controller will use a Kalman filter to
provide a filtered estimation of the drill bit to mitigate the expected high-frequency noise on the measured
signal. This estimated position is compared with the desired reference path and an error is calculated. This



error will input to the PID controller that will calculate a new input to eliminate the error. This input will be
read by the system to determine if a steering correction is necessary.

Position Tracking

To monitor the position of the bit in real time, the team defined two frames of reference for position
tracking. The two frames are the static frame s and the bit frame b. The static frame is centered on the top of
the rock sample, with the z-axis pointing down and the x-axis pointing in the magnetic north direction. The bit
frame is centered on the downhole sensor, starting with the same orientation and position as the static
frame before drilling. The bit frame can rotate around all axes, represented with the rotation angles
Px—axis: Vy—axis» aNd 0,_qxis. These angles represent the rotation around its respective axis relative to the
static frame.

In order to calculate the position for each time step, the bit frame must be oriented by using the
sensor measurements from downhole. This can be determined by referencing the ROP in the bit frame and
the static frame with respect to one another. The ROP will always move along the z-axis of the bit frame since
the bit frame is fixed to the sensor, and the vertical force applied by the rig is parallel to this axis through the
drill string. The ROP in the static frame; however, will change based on the orientation of the drill bit. This
means rotating the body frame back to the static frame will provide correct readings of the ROP rates in 3

dimensions.

Control Interface

All programing will be completed in National Instrument’s LabVIEW software. This includes data
acquisition, data outputs, and a GUI for easy data visualization. Expected drilling parameters to be displayed
are the following: Target coordinate inputs, RPM, ROP, Inclination, Azimuth, WOB, Depth, and Position
Tracking. Manual Override buttons will also be included on screen to stop the drilling process at any time.



Project Management
Budget

The project budget is displayed in the chart above. Miscellaneous electrical equipment, hoisting
system and manufacturing make up the bulk of the budget. The budget constraint is $10,000, and the team
has budgeted $6,062.01 which allows for a contingency of $3,937.99 to be used for testing and design
changes.

PRELIMARY BUDGET - $10,000
Top Drive,

Manufacturing, $907.00

$1,200.00

Miscellaneous
Electrical,
$1,531.67

Hoisting System,
$1,487.79
BHA, $253.93

Circulation
System, $292.81

Schedule and Milestones

The Gantt chart below shows an overview of the milestones reached this semester, as well as an
overview of allocated dates for phase 2. The critical path items for the future are purchasing material,
finalizing manufacturing, assembly and finalizing test runs. First line of action, it is critical to purchase the
necessary material for manufacturing by 12/11. This allows for enough time to get the material in for the
beginning of the second semester, so manufacturing can begin promptly. Manufacturing must be completed
by 2/21/2020 to allow for enough time to assemble the drilling rig by 3/1/2020 and test it by 4/30/2020.
With the competition being at the end of May or beginning of June, it is crucial that the team leaves a month
between final testing and the competition to allow for time to wrap up any loose ends and add for extra time

in case manufacturing or testing takes longer than expected.

Project Scope 9/6/2019 9/12/2019
Engineering Specification 9/12/2019 9/23/2019
Concept Generation and Selection 9/20/2019 10/11/2019
Engineering Analysis 10/21/2019 11/15/2019
Material Selection 10/11/2019 11/11/2019
Manufacturing Plan Development 10/25/2019 11/25/2019
Testing and Validation Plan Development  11/15/2019 11/28/2019
Safety Considerations Plan 11/11/2019 12/1/2019
Purchase Material 12/2/2019 12/11/2019
Finalize Engineering Analysis 12/2/2019  12/31/2019
Initial Manufacturing 1/12/2020 2/1/2020

Mataerial Testing 1/12/2020 2/1/2020

Finalize Manufacturing 2/1/2020 2/21/2020
Assembly 2/21/2020 3/1/2020
Preliminary Testing 2/21/2020 3/21/2020
Full-scale Drill Testing 3/21/2020 4/15/2020
Design Optimization 3/21/2020 4/30/2020
Finalize Test Runs 4/1/2020 4/30/2020
Re-Test and make final adjustments 5/1/2020 5/14/2020
Final Prototype Complete 5/14/2020
Competition 5/21/2020 6/5/2020




Reference Materials

Codes and Standards

e |ADC DRILLING MANUAL - IADC DRILLING MANUAL

e APISTD 53 - Well Control Equipment Systems for Drilling Wells

e APIRP 4G - Operation, Inspection, Maintenance, and Repair of Drilling and Well Servicing Structures

e API SPEC 16D - Control Systems for Drilling Well Control Equipment and Control Systems for Diverter
Equipment

e NEC OCPD Sizing Rules Sections 210-22(c), 220-3(a), 220-10(a), and 384-16(c)

o Per Drillbotics Guideline 3.15.5, “all design standards will be added to the Drillbotics.com website

when they are published.” The competition requires the use of all of these standards.
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Appendix
Top Drive Assembly

The max torque required by the top drive is given by the following equation:
T =1y * WOB

Where the bit radius is .75”, and the weight on bit is 100.4 Ibf. This gives a maximum required torque of 6.29
ft-Ibs. Using this torque requirement, the motor must then be sized to be able to provide this output torque.
Since a stepper motor is being used, the stepper motor must be able to provide a holding torque of greater
than 6.29 ft-lbs. The motor selected provides a holding torque of 6.7 ft-lbs. The last thing to verify is that this
applied torque won’t exceed the max stresses of the shaft, and it doesn’t per the bottom hole assembly

analysis.

Actuator Hoisting System

Stepper motors, like the one selected for the hoisting system are rated by holding torque. To size the hoisting
motor, the weight of all of the components that will need to be held were summed. Then, the torque
required of the hoisting motor was computed by multiplying that weight by the radius of the pinion of the
rack and pinion system. That torque was then compared with the holding torques of various stepper motors,
and a NEMA-34 stepper motor was selected.

T 708
FhOld = hold = = 158 lb
Tpinion .28

Fhoia = Supportable Weight
Thoia = 708 0z - in - Holding Torque
Tpinion = -28 in = Radius of the Pinion

In order to be certain that the guide plate will not fail while also considering all displacement measurements
from the top drive to the bit, the bending deflection of the guide plate was modelled using a fixed support on

one end with the bending deflection calculated with the formula below
w

Simply Supported 1

L

i, o Y max

M
op = Ty = 600 psi

3

PL ,
Smax = 57 = 000199 in



0, = Bending Stress

M — Bending Moment

y — Distance Between Centroid and Force Site
P - Weight of Load

L = Length from Support to Load

E — Modulous of Elasticity

I - Area Moment of Inertia

To be certain that the angle iron clamp will not bend too much and take too much displacement away from
the sleeve actuation, bending calculations were don on the angle iron to determine the max deflection and
the bending stress. The max bending stress in the angle iron is 2 psi, which is a factor of safety of 18000

under the yield stress of 36000 psi. The max deflection of the angle iron in bending is 0.0023 in.

{ l) I/
W \ . &

Jb=Ty=2psi

PI3 _
8max = @ = 0.0023 in

Bottom Hole Assembly

Stress Analysis
Out of every component of the bottom hole assembly, the shaft undergoes the most stress. The primary

stresses seen in the shaft are burst from the circulation fluid, buckling from compressive forces, bending from
the kick operation, axial loading, and torsion from the top drive. The forces are modeled in the free body

diagram shown below:



| P

Applied Torque

Fig. — Free Body Diagram of the shaft

Beginning with the stresses from the circulation fluid, burst pressure analysis was conducted. The shaft can
be modeled as a pressure vessel; therefore, the hoop stress can be analyzed, which will in turn give the
maximum pressure of the circulation system. The equation used for a thin-walled pressure vessel to find
hoop stress is given below:
Pr o
y

Oy = — = —

Tt TFS
Where the equation can be rearranged, knowing the radius of the shaft being .182 inches, thickness being
.088 inches, the yield stress being 140,000 psi, and a factor of safety of 3. This results in a maximum pressure

of 225 ksi, which is significantly larger than the maximum pressure that the pump can output (60 psi).

In industrial applications, buckling is the most common failure mode of drill pipes, so it is vital to undergo
proper engineering analysis on buckling. Using the buckling equation below:
P m?El 1
= k —
er Lz FS

The effective length results in 2L due to one end being supported, and the other end being free. Using a

conservative effective length of 72 inches, Young’s modulus of 18100 ksi, moment of inertia of .0033 in*,
with a factor of safety of 3. The critical buckling load was calculated to be 379 kips. The hoisting motor is
sized to never achieve this critical buckling load, and the control algorithm will have measures in place to

shutdown the system before this load is reached.

The main stresses seen on the shaft are bending, torsion and axial. Beginning with the axial load, the
equation for axial load is:
o
FS

|



Utilizing a conservative weight of the system weighing down on the shaft is 75 Ibs, and the cross-sectional
area of the shaft as .125 in?, and a factor of safety of 3, the axial stress was calculated to be 1800 psi. The

equation used for bending is below:

op My
FS 1

To calculate bending, the shaft was modeled as a simply supported beam shown in the figure below:

IJ

Yl< L -
tIJ‘ "r
- ) — |- p L
B
A 1B A =
- I, - |

The load comes from the friction from the ramp during the kick operation. This calculation can be seen in the
hoisting system engineering analysis section. The load was calculated to be 10.66 Ibs. The lengths a and b are
calculated based on the placement cantilever bearing, ramp and focal bearing. The moment was calculated
to be the load multiplied by a conservative length between bearings of 6 inches. The distance y of the
bending equation is .27 inches based on the radius of the shaft. The moment of inertia is .0033 in*, and a
factor of safety was selected as 3. This resulted in a bending stress of 15.7 ksi. The torsion was calculated

using the following equation:

Txy TC
FS ]
Using the max specifications of the motor selection as .5 hp and 1800 rpm, and utilizing the equation

converting horsepower to torque, the maximum torque of the top drive on the motor can be found:

T-RPM _ hp - 5252

T =P 751in—
5252 0 L 1800 rpm /o1 s

hp =
Using this torque, cis .27 inches based on the diameter of the shaft, the polar moment of inertia of .0066
in*, and a factor of safety of 3. The torsion is calculated to be 2.15 ksi. These resultant stresses can be

applied to the principal stress formulas below:

(ox + ay) Ox — Oy Oy — Oy
012 = + [C 2 )2 + T)%y' Tmax = [ ( 2 )2 + T:%y
The stress in the x direction is the bending stress, the stress in the y is the axial stress, and shear stress is the
torsion. Using these results, the maximum normal stress is calculated to be 16.1 ksi, which is well below the
yield stress of 140 ksi. The maximum shear stress is calculated to be 7.3 ksi, which is well below the maximum

shear stress of 70 ksi.



Build Rate and Bend Angle
The build rate is the most important metric in order to meet the directional drilling requirements for the

competition. Based on the inclination constraints, the maximum displacement (x,,,4,) that can be reached is
constrained. The maximum displacement based on inclination can be founded using the following equations:
2 2
be +z z
== 6 =sin"(-)
2X max r
In the equations above, ris the radius of curvature based on the directional drilling trajectory path and it is
42.5”, The max vertical displacement (z) is constrained by the competition as 24”, and 8 is the inclination
which is constrained by the competition at 30°. This results in a maximum displacement of 5” displayed in the

figure below.

Z =24"

Xmax = 5

Fig. — Maximum drilling targets based on inclination
Using the inclination and vertical displacement based on the maximum displacement, the build rate required
(BUR) can be calculated using the following equation:

0
BUR = —
z

The build rate required is calculated to be 1.405 %. Using this result, the required bend angle of the bottom

hole assembly can be calculated. The bend angle (8)is the angle between the vertical plane and the bent
portion of the shaft during the directional drilling operation. The bend angle is related to L; which is the



distance between the cantilever bearing and the kick ramp, and L, which is the distance between the kick

ramp and the focal bearing. The relation can be shown in the figure below.

Fig. — Bend angle of the shaft

The required bend angle based on the bend angle can be calculated using the following formula:

BUR = 200 -

L+ L,

Using the calculated BUR as 1.405 diing, L, as3” and L, as 2”, the required bend angle to achieve the build

rate required is 3.5°. This bend angle must be mechanically validated to ensure that it is feasible during
operation. The bottom hole assembly can be modeled as a simply supported beam, with a force (P) from the

kick ramp as 10.66 Ibs. The equations of slope at the end of the simply supported beam are shown below:

_ PLy((Ly + Ly)? — 1)
~ 6EI(Ly+ L)

E is the Young’s modulus of the shaft which is 18100 ksi with a moment of inertia of .0033 in*. This results in
a bend angle (8) of 3.5° which matches the bend angle calculated with the build rate required equation. The
load isn’t limited 10.66 Ibs, and it can increase with the force from the linear actuator. The linear actuator is

sized with a contingency to overcome any unpredicted forces on the shaft.

Material Analysis and Selection
The material selection of the shaft is a standard practice in industry, where two objectives are evaluated:



1. Minimize mass while maintaining high strength (M; = %)

2. Maximize fracture toughness (M, = K; )
For the first objective, the strength requirement is calculated as the maximum principal stress x factor of

safety, which results in a strength requirement to be greater than 225 MPA. There is an industry
recommendation of density to be less than 10 %. The second objective is reached with another industry

recommendation of fracture toughness to be greater than 25 MPA - m'/2. Using these 2 objectives, Ashby
charts were used to narrow the material selection down to Aluminum alloys, Copper alloys, and Nickel alloys.

10000 e ——
Strength - Density | Metals
7 | Metals and polymers: yield strength |
Ceramics and glasses: MOR
1000 7 | Erastomers: tensil tear strength |
JiLConpreestonsle e Polymers and_ Mo aloys
elastomers \ _cfrp
S Natural
s materials
CERT R P— S |
&
(*)]
C
£
7y
0.1
0.01 0.1 10

L
Density, p (Mg/m?3)

Fig. — Ashby chart displaying objective 1 requirements



1000 .

e T —
Fracture toughness - Strength -'*‘s,,,"“ﬁ,,,, = 10
P d B A ,’L’OIIQIO/SIQOB/ Meta|§/’
Yield before | | e #* 1
fracture S o . B
100 — R T S L B —i— ST
1 | for safe design -

-
o

2 i
© ,; Non-technical
e eeramlcs: <

Fracture toughness, K; ¢ (MPa.m1/2)

Ai20s Technical
4 ceram
ok H
E :Polymersandg
o1) _..Slastomers | = |
Fracture
Foams jiokre yiexd
0.01 A S— iz
0.1 1 10 100 1000

Elastic limit, o¢ (MPa)

Fig. — Ashby chart for displaying objective 2 requirements

Looking into commonly used materials in industry, the team decided to analyze Beryllium Copper for Copper
alloys, Inconel 625 for Nickel alloys, and Aluminum 6061 for Aluminum alloys. The material properties are

listed in the chart below:

Yield Stress (psi) 140,000 120,000 40,000
Fracture Toughness 75.7 80 25
(ksiv/in)
Hardness (RbD) 80 88 60
Machinability 20% 20% 50%
Price per Pound Free $8.33 $5

Fig. — Material properties for shaft selection

Beryllium Copper was chosen as the shaft material due to the high yield stress that it provides, along with the
high hardness and affordable price since the sponsor will be donating the material to the team.



Sleeve Analysis
During the directional phase of the drilling operation, the kick system is activated via the linear actuator. The
kick system is design using a ramp system shown in the figure below. The ramp is designed to get the desired

bend angle of the shaft, while being steep enough to where the friction forces aren’t larger than the force
applied by the linear actuator.

17.4

25”7

.08”

Fig. — Kick ramp design
The linear actuator is to be sized according to the following equation:

T =F;+F, +F, +F,

Ff

Fig. — Free body diagram of the shaft during the kick operation

* Fr- friction force
*  Fp=pFy =14 %35 *sin(17.4) = 14.65 Ibf
¢ 35 |bf from the linear actuator



e BeCu has a friction coefficient of 1.4

¢ Angle of therampis 17.4°
* F, - acceleration force =0
* F, -force due to gravity

* F, =Weight =10 lbf

* F, -applied force
e T =24.651bf
The maximum force needed by the linear actuator is 24.65 Ibf, so a linear actuator rated to apply a force of
35 Ibf was selected. This allows for 10 Ibf of forces that might have been unaccounted for.

Drillpipe
The material selected for the drillpipe is Aluminum 6061 due to the elastic bending that it offers, as well as

the price of the Aluminum being low.

Bearings
The thrust bearing will be a tapered-roller bearing providing 550 Ibs of thrust load capacity and 700 lbs of

radial load capacity. The maximum weight on bits that the system will see are roughly 100 Ibs, so the thrust
capacity is more than enough. The cantilever bearing is a ceramic printed bearing to provide stability during
the drilling process. The focal bearing is a spherical bearing with a radial load capacity of 19.85 kips, and a

maximum ball swivel of 19°.

Shaft

Thrust Bearing

Cantilever Bearing

Focal Bearing
—

I
e

Drill Bit

Fig. — Bearing placement on the BHA

Structure Analysis

In order to ensure that the plastic safety casing will be able to withstand the impact of the cuttings, max
cutting size for sandstone was used to calculate the mass of a large cutting size. Next, critical force was
calculated using the flexure stress (bending stress), distance from the centroid to the impact site, and the
area moment of inertia of the plexiglass casing. After critical force was calculated, the expected impact force

of a maximum size cutting was calculated by taking the momentum of the cutting before impact and dividing



by the time that the particle will take to come to a stop. Because attaining a stopping time is not feasible, a
conservative stopping time was assumed (0.01 s). This is the stopping time between a baseball and a baseball
bat. This assumption is justified in that it is lower than many of the known stopping times between two
commonplace items, making it a conservative estimate of the stopping time. The momentum of the cutting
was calculated by multiplying the mass of the cutting by the max velocity of the fluid when it comes out of
the wellbore. Mass of the cutting was calculated by multiplying the density of sandstone by the volume of a
cutting of the max diameter size. An expected force of 3.43 - 1071° [b from one cutting was calculated. A
safety factor of 9.32 - 1013 was obtained for the plexiglass of a quarter inch thickness. This means that the
plexiglass should be able to handle any impact under 9.32 - 102 cuttings hitting the safety casing at the

same time. The plexiglass safety casing has a length of 48 in, a width of 24 in, and a thickness of 0.25 in.

My op -1 .
O'F:T _)Fcrit=?=32klp

F-=£=343-10-1°lb
LAt '

_ Fee 32000

FS = = =932-103
F, ~ 3.43-10-10

or = 16000 — Flexure Strength

M — Bending Moment

h 0.25

y = 5= = 0.125 in — Distance Between Centroid and Impact Site
bh3® 24-0.253 ) )

I = -1 - .03125 in* - Area Moment of Inertia

F..it = Critical Impact Force

F; = Impact Force from Max Cutting Size



AP = mv; — mvy =- Change in Momentum

Mass was calculated by multiplying the density of sandstone by the volume of a maximum sized cutting.
. . lb ) .
Density of sandstone is on average 0.0839 e and the volume of a max sized cutting was calculated by

finding the volume of a sphere with the max cutting size as the diameter. The max cutting size as stated in
the circulation analysis is 1000 microns, which translates to 7.874 - 1075 in.

2

V== =
T 3" 2

4 <d)3_4 (7.874~10‘5
3

3
) = 2.556- 10713 in3

m=pV =.0839-2.556-10"13 =2.14-10""[p
At - Stopping Time

FS — Safety Factor

Circulation Analysis
The circulation system provides fluid to cool the bit as well as clean the cuttings. In order to effectively do
this, the fluid velocity must be high enough to perform this operation. It is industry recommended to have a

velocity of 24 in/sec, but to ensure this assumption is valid, the equation for cuttings slip velocity is used:

dg (ps —7.48
vy =189 |2 (B 200

Where vy is the required fluid slip velocity. d; is the equivalent cuttings diameter, which for sandstone the

maximum cutting size is 2,000 microns, so the cuttings diameter is 2 mm =.0787 in. p; is the cuttings density,
which is the density of sandstone (145 ;bT’;). Py is the fluid density which is 50 ;bT’; for mineral oil. f,, is the

particle friction factor, which is 2.9 for sandstone. This results in a slip velocity of 3 in/sec, so the more
conservative velocity value is the industry recommendation of 24 in/sec which is what the team designed for.

Knowing the cross-sectional area of the shaft, the flowrate can be calculated using the following equation:
T
Q=VA=24- Z('54 —.364)% = 152 gpm

Where Q is the flowrate, V is the velocity, and A is the cross-sectional area. The flowrate was calculated to be
.152 gpm. In order to account for scaling factor, the design flowrate is .5-1 gpm. To find the required pump

head, the system was analyzed at 2 different points

1. Outlet of the pump
2. Highest head loss location (hydraulic swivel)



Fig. — Circulation System Analysis Flowloop

Bernoulli’s equation was used to find what the required pump head needed to be for this system. The
equation was modified to include minor head losses through pipe bends, and major head losses through the

piping length itself.

Py VP (P2 Vi )
—+—=4+z ){=+—=2+2z,)=h; +h
(pg 2g 1) 0g 2g 2 l m
64LV? V2 pvVD
hl = hlm =K— Re = —
2ReD 2 u

It is assumed that the velocity at point 1 and point 2 are equal, and it is assumed that the pressure at point 2
is zero. The remaining variables are z, which is the maximum height of the structure (72 in). The minor head
loss (hyy,) is founded by using the velocity previously found, and a K value of 2*1.5 due to the 2 bends that
are in the hosepipe. The major losses are calculated knowing the length of the pipe needs to be 72 in, the
velocity is previously calculated, and the Reynolds number can be calculated by using the density of the
mineral oil, viscosity of the mineral oil being .000371 Ibf — s — in?, and diameter of the pipe being .364 in.
The major head loss resulted in 12.63 in, and the minor head loss was 2 in. This results in a required pump
head of 30 feet. The pump was sized based on the flowrate as well as the head required. The pump selected
is rated for 10 gpm and 130 feet of head. While the pump will operate at a very low efficiency point, it allows

for the flexibility to operate at a wide range of flowrates.



Instrumentation

Power calculations
25HP = 18642.5 Watts

1 HP = 746 Watts

Top Drive Motor=P =V *x I = 48V * 6.34 = 3024 W
Hoisting Motor=P =V *[ =48V x2A =96 W

Sleeve Motor=P =V x[ = 32V x 24 = 64 W

Pump Motor =P = 3%V %[ * cos(8) = /3 * 120V * 34 % 0.75 = 467.65 W
Top Drive Drive=P =V x [ = 240V * 0.6A = 144 W
Hoisting Motor Drive=P =V x [ = 240V * 0.6A = 144 W
Pump Motor Drive = 400 W (from data sheet)

PC = approx. 700 W

All other equipment = using a conservative approx. of 300 W
Total = 2618.05 Watts

Since the total watts consumed will be much less than the competition constraint, the team can proceed with

the purchase of these items.
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Dimensions
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Fig. — Pinion



Type Code
Rkl Medle  legth FediosGude
GHFH - 20 - 10 - 10
Helical Teeth W= 1= 1 [standesd] B0
Right Hand Helx 30=Mad 3
Finish Milled A0=Madd
Ieduction Hasdened
Specifications

PressureAngle 20" Side/EndFinish  Finish Milled
[Matedial 04 [HeatTreatment  Induction Hardened
Tolerance

o Modde 20 30 40
~ ToothThickness Tolerance (um) 124 124 124

L2 B
i Cc D E D D hﬂ"
|
T |t . ; 7 =
740 h Iﬁ]m <
_Jﬂ "‘Z]g R=19"31'42" . _g; ™
----.--.--.-.-.--.
GHFH-20-10-10 W 85 N M 2 s 15 3T %360 5T
GHFH-30-10-100 3 Ty 00 W3 39 il Ml 5 135 g Ll m 15 9 I s 77
GHFH-40-10-10 4 15 T 138 39 1 /I RS 15 ] 2 m 15 9 133 4 Iy

Fig. — Rack



For the latest prices, please check Auton

SUregtEl’ Stepping System Motors

SureStep® Stepping Motors

Specifications - High Voltage Bipolar Stepping Motors
23044(x) | 23055(x) | 23078(x) | 34075(x) | 34115(x) | 34156(x)"
|NEMA Frame Size 23 23 3 3 3 K
| (Ib-in) ) 931 1419 5131 6948 11506
Torque* Holding (ozin) 75 149 21 @ 1110 1841
(N-m) 083 105 16 58 84 13
(ozin?)| 085 164 282 738 1474 2405
Inertia
|(kg-<m?) 120 aw 480 1350 70 440
Current Series | 071 on on 215 205 255
) Paallel | 141 141 141 43 4 51
Series 124 144 ] B 48 48
s — | 36 45 10 12 1375
Series | W4 512 608 ) Qa2 4“8
mH/phase) Parallel 76 128 152 80 108 12
|Insulation Class 8
|Steps per Revolution 20
le 18°
Runout (in) 0.0 in 0.05 mm]
Shaft Radial Play @ 1Ib load 002 in (051 mm) 0025 in (0635 mm) e
| Max End Piay @ 2.2-1b Axial load 008in [203mm) 005 191 mm) | 0080 1208
|Connectors 8 leads, 24ANG 8 leads, 22806
Rise 80°C [176°F] max
-4°C 1o 70°C [40°F 1o 156°F]
Temperature Range -20°C 10 50°C [-4°F 10 122°F)
5% 10 %% non-condensing
Material Steel motor case; stainless steel shat(s)
Rating P40
wmioan | 1ssion | 2200 | 209 | ssns [ nssisa
s Nore MRy
dual-shaft molors ( o)
The sum of the front and rear Torque Loads, Radial Loads, and Thrust Loads must not exceed the applicable Torgue, Radial, and Thrust
load ratings of the motor.

Fig. — Hoisting Motor
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Fig. — Hoisting Mount Bracket
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Fig. — Shaft Coupling
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Fig. — Linear Actuator




For fhe kaiesd prices. please check AulomationDirect com.

Sureg"t"éb' Integrated Microstepping Motors
and Drives

SureStep® Advanced Integrated Motor/Drives

SureStep Integrated Series Specifications - Advanced

Integrated Motor/Drive STP-MTRD-17030R | STP-MTRD-17038R | STP-MTRD-23042R | STP-MTRD-23065R | STP-MTRD-24075RV
STP-MTRO-17030RE | STP-MTRO-17038RE | STP-MIRD-23042RE | STP-MTRO-23065AE
NEMA Frame Size NEMA 17 MEMA 17 HEMA 73 HEMA 73 MEMA 24
X (lb-in) 1375 425 TE1 12125 725
mﬂ Holding I iy 5 ® 125 210 240
(N-m) 03816 0480189 08827 1480936 2400944
{oz-inf) 0310 0448 1420 2515 4900
—— |(eg-cm?) Q057 ) 0260 0450 D7
Insulation Class Class B (130°C)
Basic Step Angle 1.8 degrees
MW% 0.3 | uE
lioad o
Perpendicularity {mm) .08
Conceatricity (mm) 0%s
'Hm:mu Radial Load &7 19
Thrust Load H B
(1 [kgl)
Storage Temperature Range 0-40°C [32-104°F)
Operating Temperature Range 05T | O-I0°C
Operating Humidity Range 5% max, non-Condensing
Product Material Aluminum, siesd, plastic, FRE, ec
Environmental Raling IP40
weight (0z (g]) 7ol | sem | s | emen | ssnsw
 Agency Approvals E
[low sufficient lime % accelenie the load and st the step mokor with 3 T00% lorque salety Bclor
00 NOT dissassemble Step motors beciuse matar perormance will be reduced and T warrnly will be voided
00 MOT connect or disconnet the sl malor duing operation
Design Tips Icunt the mator £ a surbace with good thermal conductivity, such 25 st or auminum, i aliow het dissipetion
Lk 3 Rl coupling wilh “damp-on” connections o both the malor shatl and M load shal io prevent @dal and hred loading on berings
from manar misalignment and 1 prevent loosening due o vitralion.

* For NEMA 24 molors, an EMI filler (RESTOFD3) is neaded on the power supply for CE compliance.

Fig. — Sleeve Motor
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Fig. — Kick System Clamp

189 eam #11 - Drillbotics

Part: TITLE: A
SSH2-P#3 Kick System
Clamp
SIZE  Author
A Charles Schaub ]
SCALE: 1:8 SHEET 5 OF 8

1
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Part: TITLE:
Guide
SSH2-PH2 Plate
SIZE  Author REV
A Charles Schaub '|
SCALE: 1:8 SHEET 6 OF 8
Fig. — Guide Plate
172"
1" I—— 25/64" —-l
A N
19° Max ~H - — -
Ball Swivel __ |-+ - Lol
Notes: mmn-m.‘e} wouser  63195K71
Steel Housing and Insert hitp:/www. memaster. com Ball Joint
Heat-Treated, Chrome-Plated Bearing Steel Ball | ©2012 McMaster-Cair Supply Compary Swivel Bearing

Fig. — Focal Bearing
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Fig. — Shaft

1®9™Team #11 - Drillbotics
Part: TITLE:

SS#3-P#1 Shaft

SIZE  Author

REV
A Charles Schaub ]

SCALE: 111 SHEET 1 OF 8

1




Fig. — Sleeve

T Team #11 - Drillbotics
Part: TITLE:

SSH#3-P#2 Sleeve

SIZE  Author

REV
Charles Schaub '|

SCALE: 111 SHEET 2 OF 8

1

Fig. — Drillpipe

1€ Team #11 - Drillbotics A

Part: TITLE:

SS#3-P#3 Drillpipe

SIZE  Author

A Charles Schaub R'E|v

SCALE: 1:1 SHEET3 OF 8
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77777

McMASTER-CARR.? |05t 92620A566
Sy High-Strength Grade 8 Steel

Hex Head Screw

Fig. — Bolt

McMASTER-CARR. 4" |.5i: 95462A033
hitp:ifwww. momaster com Hex

© 2015 McMaster-Carr Supply Compary
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Fig. — Frame
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Fig. — Safety Casing

A Charles Schaub R'E|v

SCALE: 1:16.

1

SHEET 4 OF 8

1™ Team #11 - Drillbotics
Part:

A

TITLE:
Safety

SS#4-PH2 ;
Casing

SIZE  Author REV
A Charles Schaub '|

SCALE: 1:16

1
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This 1/2HP Water Pump is a heavy-duty centrifugal pump built from sturdy cast iron. The non-submersible electric operation is designed to transfer water from tanks,
pools, rain barrels, and ground water through hoses connected to the inlet and outlet. Compact and versatile, this 1/2HP Water Pump can be used in commercial
applications as well as residential use.

® |nput Power: 370W

® OQutput Power: 220W

® Carbon Steel Rotor

® Material: Cast Iron

® inlet and outlet threaded
® inlet and outlet 1-1/4" diameter
® Max capacity:36L/min

® Max suct lift:8m

* S50GPM

e 1/2HP

* 110 volt

® 60 Hz

® 3A Motor

This 1/2HP Water Pump is a heavy-duty centrifugal pump built from sturdy cast iron. The non-submersible electric operation is designed to transfer water from tanks,
pools, rain barrels, and ground water through hoses connected to the inlet and outlet. Compact and versatile, this 1/2HP Water Pump can be used in commercial
applications as well as residential use.

Fig. — Pump Specs
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Part: TILE:
SsHs-pH2 Mineral Oil
Storage
SIZE  Author REV

A Charles Schaub ]

SCALE: 1:8 SHEET 7 OF 8
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Fig. — Mineral Qil Storage



Component = Price
Aluminum Pipe
BeCu Pipe
Pinion

Rack

Gear

Shaft Couplings
Focal Bearing
Filter

Hosepipe
Hosepipe fitting
Table

Angle Iran
Frame Steel
Bolts

MNuts

Bushings
Plastic Container
Plexiglass

U Bracket
Bracket
Manufacturing
Mineral Qil
Linear Bearing

= Oty
37
250
30
180
45
a0
10
18.78
2.2
4.98
39.98
15.28
24
5.11
4.88
26.88
7.36
61.6
3.95
13
30
20

Fig. — Mechanical Parts
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37
250
30
180
20
240
10
56.34
22
19.592
35.98
45.84
72
25.55
4.88
1344
36.8
246.4
3.5
13
1200
200



PART PRICE =
NI USB 6009 $300.00
TD Drive $243.00
HM Drive $243.00
SMDrive e -
PM Drive (1-phase) $123.00
TD Motor $174.00
H Motor $245.00
S Motor $239.00
P Motor $34.75
Load Cell $288.00
RPM Sensor $188.70
Arduino Uno $13.98
Linear Actuator $110.00
Downhole Sensor $12.99
stepper to port cable $5.25
communications port $19.50
port to DB cable $8.00
adapter $104.00
usb a-b cable §5.10
PC Tower $242.00
PC Monitor $94.99
PC Mouse / Keyboard 514.99
HDMI Cable $5.87
48V Power Supply (x2) $310.00
32V Power Supply $132
RJ11 to RJ12 Cable $7.00
Battery Pack $5.99
2A Circuit Breaker $10.00
4A Circuit Breaker $12.61
Laser Depth Sensor $263

Fig. — Electrical Parts



