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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 directionally in a 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.  

 

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. 



 

Figure##: Top Drive Assembly 

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. 



 

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. 



  

Figure##: Bottom Hole Assembly with directional steering 

 

Figure##: Bottom Hole Assembly exploded view 



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. 



 

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 



 

Figure##: Circulation loop 

 

 

 

 

 

 

 

 

 



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 ½ 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 lb 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.  

 

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.  



 

Figs.  – DC Driver Schematic and Board Designs 

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 I/O 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.  

 

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 ∗ 0𝐴) + (1.25 ∗ 3𝐴) = 3.75𝐴 

Hoisting Motor  

𝑂𝐶𝑃𝐷 = 100% 𝑛𝑜𝑛𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 + 125% 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 = (1.00 ∗ 2.05𝐴) + (1.25 ∗ 0𝐴) = 2.05𝐴 



Sleeve Motor   

𝑂𝐶𝑃𝐷 = 100% 𝑛𝑜𝑛𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 + 125% 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 = (1.00 ∗ 2𝐴) + (1.25 ∗ 0𝐴) = 2𝐴 

Top Drive Motor  

𝑂𝐶𝑃𝐷 = 100% 𝑛𝑜𝑛𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 + 125% 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑜𝑢𝑠 𝑙𝑜𝑎𝑑 = (1.00 ∗ 2𝐴) + (1.25 ∗ 0𝐴) = 2𝐴 

 

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.      

 

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.  

 

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.  



 

Fig. – Directional Phase of Control Algorithm 



Start/Stop The drilling Process 

 

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 

𝜑𝑥−𝑎𝑥𝑖𝑠, 𝛾𝑦−𝑎𝑥𝑖𝑠, and 𝜃𝑧−𝑎𝑥𝑖𝑠. 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. 

 

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. 

 

Top Drive, 
$907.00 

Hoisting System, 
$1,487.79

BHA, $253.93 

Circulation 
System, $292.81 

Structural 
Assembly, 

$388.81 

Miscellaneous 
Electrical, 
$1,531.67

Manufacturing, 
$1,200.00 

PRELIMARY BUDGET - $10,000



Reference Materials  

Codes and Standards  

• IADC DRILLING MANUAL - IADC DRILLING MANUAL 

• API STD 53 - Well Control Equipment Systems for Drilling Wells 

• API RP 4G - Operation, Inspection, Maintenance, and Repair of Drilling and Well Servicing Structures 

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

Equipment 

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

• 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 = 𝑟𝑏𝑖𝑡 ∗ 𝑊𝑂𝐵 

Where the bit radius is .75”, and the weight on bit is 100.4 lbf. This gives a maximum required torque of 6.29 

ft-lbs. 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. 

𝐹ℎ𝑜𝑙𝑑 =
Τhold

𝑟𝑝𝑖𝑛𝑖𝑜𝑛
=

708

. 28
= 158 𝑙𝑏 

𝐹ℎ𝑜𝑙𝑑 → 𝑆𝑢𝑝𝑝𝑜𝑟𝑡𝑎𝑏𝑙𝑒 𝑊𝑒𝑖𝑔ℎ𝑡 

Τℎ𝑜𝑙𝑑 = 708 𝑜𝑧 ⋅ 𝑖𝑛 → 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝑇𝑜𝑟𝑞𝑢𝑒 

𝑟𝑝𝑖𝑛𝑖𝑜𝑛 = .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 

 

𝜎𝑏 =
𝑀𝑦

𝐼
= 600 𝑝𝑠𝑖 

𝛿𝑚𝑎𝑥 =
𝑃𝐿3

3𝐸𝐼
= 0.00199 𝑖𝑛 



𝜎𝑏 → 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. 

 

𝜎𝑏 =
𝑀𝑦

𝐼
= 2 𝑝𝑠𝑖 

𝛿𝑚𝑎𝑥 =
𝑃𝐿3

3𝐸𝐼
= 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:  



 

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: 

𝜎ℎ =
𝑃𝑟

𝑡
=

𝜎𝑦

𝐹𝑆
 

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:  

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

𝐿𝑒
2

∗
1

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 𝑖𝑛4, 

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:  

𝜎

𝐹𝑆
=

𝐹

𝐴
 



Utilizing a conservative weight of the system weighing down on the shaft is 75 lbs, and the cross-sectional 

area of the shaft as .125 𝑖𝑛2, and a factor of safety of 3, the axial stress was calculated to be 1800 psi. The 

equation used for bending is below:  

𝜎𝑏  

𝐹𝑆
=

𝑀𝑦

𝐼
 

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

 

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 lbs. 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 𝑖𝑛4, 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:  

𝜏𝑥𝑦

𝐹𝑆
=

𝑇𝑐

𝐽
 

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:  

ℎ𝑝 =
𝑇 ⋅ 𝑅𝑃𝑀

5252
=> 𝑇 =

ℎ𝑝 ⋅ 5252

1800 𝑟𝑝𝑚
= 17.51 𝑖𝑛 − 𝑙𝑏𝑠 

Using this torque, c is .27 inches based on the diameter of the shaft, the polar moment of inertia of .0066 

𝑖𝑛4, 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:  

𝜎1,2 =
(𝜎𝑥 + 𝜎𝑦)

2
± √(

𝜎𝑥 − 𝜎𝑦

2
)2 + 𝜏𝑥𝑦

2 , 𝜏𝑚𝑎𝑥 = √(
𝜎𝑥 − 𝜎𝑦

2
)2 + 𝜏𝑥𝑦

2  

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 (𝑥𝑚𝑎𝑥) that can be reached is 

constrained. The maximum displacement based on inclination can be founded using the following equations:  

𝑟 =
𝑥𝑚𝑎𝑥

2 + 𝑧2

2𝑥𝑚𝑎𝑥
             𝜃 = sin−1( 

𝑧

𝑟
 ) 

In the equations above, r is 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 𝜃 is the inclination 

which is constrained by the competition at 30°. This results in a maximum displacement of 5” displayed in the 

figure below.  

 

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:  

𝐵𝑈𝑅 =
𝜃

𝑧
 

The build rate required is calculated to be 1.405 
𝑑𝑒𝑔

𝑖𝑛
. Using this result, the required bend angle of the bottom 

hole assembly can be calculated. The bend angle (𝜃)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 𝐿1 which is the 



distance between the cantilever bearing and the kick ramp, and 𝐿2 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 ⋅
𝜃

𝐿1 + 𝐿2
 

Using the calculated BUR as 1.405 
𝑑𝑒𝑔

𝑖𝑛
, 𝐿1 as 3” and 𝐿2 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 lbs. The equations of slope at the end of the simply supported beam are shown below:  

𝜃 =
𝑃𝐿2((𝐿2 + 𝐿1)2 − 𝐿2

2 )

6𝐸𝐼(𝐿2 + 𝐿1)
 

E is the Young’s modulus of the shaft which is 18100 ksi with a moment of inertia of .0033 𝑖𝑛4. This results in 

a bend angle (𝜃) of 3.5° which matches the bend angle calculated with the build rate required equation. The 

load isn’t limited 10.66 lbs, 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 (𝑀1 =
𝜎𝑓

𝜌
) 

2. Maximize fracture toughness (𝑀2 = 𝐾1𝐶) 
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 
𝑀𝑔

𝑚3. The second objective is reached with another industry 

recommendation of fracture toughness to be greater than 25 𝑀𝑃𝐴 ⋅ 𝑚1/2. Using these 2 objectives, Ashby 

charts were used to narrow the material selection down to Aluminum alloys, Copper alloys, and Nickel alloys. 

 

Fig. – Ashby chart displaying objective 1 requirements  



 

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: 

 

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. 

 

Fig. – Kick ramp design  

The linear actuator is to be sized according to the following equation: 

𝑇 = 𝐹𝑓 + 𝐹𝑎 + 𝐹𝑔 + 𝐹𝑝 

 

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

• 𝐹𝑓 - friction force 
• 𝐹𝑓 = µ𝐹𝑁 = 1.4 ∗ 35 ∗ sin(17.4) = 14.65 lbf 

• 35 lbf from the linear actuator 



• BeCu has a friction coefficient of 1.4 
• Angle of the ramp is 17.4° 

• 𝐹𝑎 - acceleration force = 0 
• 𝐹𝑔 - force due to gravity 

• 𝐹𝑔 = 𝑊𝑒𝑖𝑔ℎ𝑡 = 10 𝑙𝑏𝑓 
• 𝐹𝑝 - applied force 
• 𝑇 = 24.65 𝑙𝑏𝑓   
The maximum force needed by the linear actuator is 24.65 lbf, so a linear actuator rated to apply a force of 
35 lbf was selected. This allows for 10 lbf 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 lbs of thrust load capacity and 700 lbs of 

radial load capacity. The maximum weight on bits that the system will see are roughly 100 lbs, 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°. 

 

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 ⋅ 10−10 𝑙𝑏 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 ⋅ 1013 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. 

 

𝜎𝐹 =
𝑀𝑦

𝐼
 → 𝐹𝑐𝑟𝑖𝑡 =

𝜎𝐹 ⋅ 𝐼

𝑦2
= 32 𝑘𝑖𝑝 

𝐹𝑖 =
Δ𝑃

Δ𝑡
= 3.43 ⋅ 10−10 𝑙𝑏 

𝐹𝑆 =
𝐹𝑐𝑟𝑖𝑡

𝐹𝑖
=

32000

3.43 ⋅ 10−10
= 9.32 ⋅ 1013 

𝜎𝐹 = 16000 → 𝐹𝑙𝑒𝑥𝑢𝑟𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

𝑀 → 𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑀𝑜𝑚𝑒𝑛𝑡 

𝑦 =
ℎ

2
=

0.25

2
= 0.125 𝑖𝑛 → 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝐵𝑒𝑡𝑤𝑒𝑒𝑛 𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑎𝑛𝑑 𝐼𝑚𝑝𝑎𝑐𝑡 𝑆𝑖𝑡𝑒 

𝐼 =
𝑏ℎ3

12
=

24 ⋅ 0.253

12
= .03125 𝑖𝑛4 → 𝐴𝑟𝑒𝑎 𝑀𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑒𝑟𝑡𝑖𝑎 

𝐹𝑐𝑟𝑖𝑡 → 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝐼𝑚𝑝𝑎𝑐𝑡 𝐹𝑜𝑟𝑐𝑒 

𝐹𝑖 → 𝐼𝑚𝑝𝑎𝑐𝑡 𝐹𝑜𝑟𝑐𝑒 𝑓𝑟𝑜𝑚 𝑀𝑎𝑥 𝐶𝑢𝑡𝑡𝑖𝑛𝑔 𝑆𝑖𝑧𝑒 



Δ𝑃 = 𝑚𝑣𝑖 − 𝑚𝑣𝑓 =→ 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑀𝑜𝑚𝑒𝑛𝑡𝑢𝑚 

Mass was calculated by multiplying the density of sandstone by the volume of a maximum sized cutting. 

Density of sandstone is on average 0.0839
𝑙𝑏

𝑖𝑛3 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 ⋅ 10−5 𝑖𝑛.  

𝑉 =
4

3
𝜋 (

𝑑

2
)

3

=
4

3
𝜋 (

7.874 ⋅ 10−5

2
)

3

= 2.556 ⋅ 10−13 𝑖𝑛3 

𝑚 = 𝜌𝑉 = .0839 ⋅ 2.556 ⋅ 10−13 = 2.14 ⋅ 10−14 𝑙𝑏 

Δ𝑡 → 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: 

𝑣𝑠𝑙 = 1.89√
𝑑𝑠

𝑓𝑝
(

𝜌𝑠 − 7.48𝜌𝑓

7.48𝜌𝑓
) 

Where 𝑣𝑠𝑙 is the required fluid slip velocity. 𝑑𝑠 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. 𝜌𝑠 is the cuttings density, 

which is the density of sandstone (145 
𝑙𝑏𝑓

𝑓𝑡3). 𝜌𝑓 is the fluid density which is 50 
𝑙𝑏𝑓

𝑓𝑡3 for mineral oil. 𝑓𝑝 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: 

𝑄 = 𝑉𝐴 = 24 ⋅
𝜋

4
(. 54 − .364)2 = .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.  

(
𝑃1

𝜌𝑔
+

𝛼1𝑉1
2

2𝑔
+ 𝑧1)-(

𝑃2

𝜌𝑔
+

𝛼2𝑉2
2

2𝑔
+ 𝑧2) = ℎ𝑙 + ℎ𝑙𝑚 

ℎ𝑙 =
64𝐿𝑉2

2𝑅𝑒𝐷
       ℎ𝑙𝑚 = 𝐾

𝑉2

2
       𝑅𝑒 =

𝜌𝑉𝐷

𝜇
 

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 𝑧2 which is the maximum height of the structure (72 in). The minor head 

loss (ℎ𝑙𝑚) 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 𝑙𝑏𝑓 − 𝑠 − 𝑖𝑛2, 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 ∗ 𝐼 = 48𝑉 ∗ 6.3𝐴 = 302.4 𝑊  

Hoisting Motor = 𝑃 = 𝑉 ∗ 𝐼 = 48𝑉 ∗ 2𝐴 = 96 𝑊 

Sleeve Motor = 𝑃 = 𝑉 ∗ 𝐼 = 32𝑉 ∗ 2𝐴 = 64 𝑊 

Pump Motor = 𝑃 =  √3 ∗ 𝑉 ∗ 𝐼 ∗ cos(𝜃) =  √3 ∗ 120𝑉 ∗ 3𝐴 ∗ 0.75 = 467.65 𝑊 

Top Drive Drive = 𝑃 = 𝑉 ∗ 𝐼 = 240𝑉 ∗ 0.6𝐴 = 144 𝑊 

Hoisting Motor Drive = 𝑃 = 𝑉 ∗ 𝐼 = 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. 

 

 

 

 

 

 

 

 

 

 

 



Part Specifications  

 

Fig. – Top Drive Motor  



 

Fig. – Hydraulic Swivel  



 

Fig. – Load Cell  



 

Fig. – Pinion  



 

Fig. – Rack  



 

Fig. – Hoisting Motor  



 

Fig. – Hoisting Mount Bracket  

 

Fig. – Shaft Coupling  



 

Fig. – Linear Actuator  



 

Fig. – Sleeve Motor  



 

Fig. – Sleeve Gears  

 

Fig. – Kick System Clamp 



 

Fig. – Guide Plate  

 

Fig. – Focal Bearing  



 

Fig. – Cantilever Bearing  

 

Fig. – Shaft  



 

Fig. – Sleeve  

 

Fig. – Drillpipe  



 

Fig. – Bolt  

 

Fig. – Hex Nut  



 

Fig. – Frame  

 

Fig. – Safety Casing  



 

Fig. – Pump Specs  

 

Fig. – Mineral Oil Storage  



 

Fig. – Mechanical Parts  



 

Fig. – Electrical Parts  


