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1. INTRODUCTION 

With the ever-increasing demand for petroleum products and human/economic 

growth dependence on these products continue to remain. The petroleum industry 

continuously researches innovative ways to improve technology which will help 

maintain and improve production and also increase recovery and this is where 

automation in drilling operations comes into your play. 

The main objective/aim of the Drillbotics competition is “to design a drilling rig and 

related equipment to autonomously drill a vertical well as quickly as possible while 

maintaining borehole quality and integrity of the drilling rig and drill string.” and this 

objective coincides with the objectives of today’s drillers which is to efficiently drill a 

well safely at a much lesser time and at a reduced cost that exhibits accurate 

execution. 

Automation is now being adopted into the drilling industry due to the advancements 

in research and technology which has helped overcome certain concerns surrounding 

automation and drilling. Automation applied to the drilling process is perceived to 

offer improvements in safety during drilling, more precise and reliable drilling, less 

drilling time, cost reduction, better quality and well placement, increased accuracy in 

acquired data.  

The objective of this project is to come up with an Autonomous automated drilling 

system that can achieve drilling optimization with features that are usually 

encountered in the field integrated into the system and all within the given constraints 

without human interference. Given constraints include the amount of available power, 

specified drill strings, BHA limitations, and a specified drill bit. Our automated 

drilling rig will have a test run to drill 2-ft of a block of sandstone and successfully 

deviate from vertical to reach a specified target. By optimizing the drilling efficiency 

in this controlled environment, we believe that what we learn in this research could be 

applicable in the real drilling operations. The goal is to enable the drilling process to 

be more productive by managing various risks, preventing human intervention while 

keeping a safe operational practice in place. The focus of the project is on maximizing 

Rate of Penetration (ROP) while also maintaining the required trajectory to drill 

through the target, thereby optimizing performance.   
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The main objective of our automated drilling system for this year is to drill a wellbore 

to hit multiple targets at varying vertical depths and X/Y coordinates. As this is our 

first time participating in this competition, we will be designing an automated drilling 

system taking into consideration all the mechanical and electrical systems of the rig.  

This report defines the scope and structure of the mechanical and electrical systems of 

the rig which includes the rig structure, the hoisting system, the rotary, and the 

circulating system, the BHA design, measurements, the drill string, the control 

system, all the sensors used, algorithms and instrumentation and safety considerations 

and risk analysis. 

 

2. SAFETY 

The number one priority of any drilling operation has and would always be the safety 

of the personnel, because of personnel’s exposure to hazardous substances and 

situations, high-pressure operations, heavy machinery, and so many others. By 

implementing automation into the drilling process, we are thereby minimizing and 

advertently removing the physical involvement of humans during the operation 

keeping them from any hazardous situations. 

Physical or manual labor which is only required during transportation, rig up and 

installation of machinery, is not required during the drilling operation as the 

automated drilling system which has been developed operates automatically for most 

of its operations. 

Although the Phase I of this project was mainly focused on designing the mechanical 

system of the rig, during the design process some risks and hazards were identified 

and analyzed by each member of the team That’s called a cold during the Phase II 

process as it will involve handling of equipment and machinery, working in the 

laboratory possibly without supervision, and test drilling. To ensure that each of the 

team members emulates a safe and healthy mindset for themselves, fellow team 

members and the environment, safety guidelines and risk analysis have been made. 
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2.1 RISK ANALYSIS AND SAFETY CONSIDERATION  

 

Electrical Risk 

RISK DESCRIPTION CONTROL ANALYSIS 

Electrical 

cables 

Reckless placement of cables 

on the ground could lead to 

trip and fall hazard and this 

could cause injury to the 

personnel and damage of the 

equipment. 

Cable covers for electric cables will 

be laid and visible warning signs will 

be put up to create awareness for the 

possible hazard. 

Short 

circuit 

and/or 

electrical 

hazard 

This risk could be due to 

water leakage or is associated 

with the electrical cable. 

Ensure that all electrical systems that 

have been set up to be properly 

soldered, installed and carefully 

connected to the power source and 

properly contained in a safe place to 

avoid contact with water especially 

which must all be carried out wearing 

the maximum required PPE.  

 

Mechanical Risk 

 

RISK DESCRIPTION CONTROL ANALYSIS 
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Construction of rig While rigging up and/or 

testing, there is a risk of 

pinching, cuts/injuries, 

lacerations, cutting 

debris, etc. that could 

lead to injury. 

It is necessary to put on the maximum 

required PPE while handling materials 

and equipment during rig up and/or 

testing. Proper connection of all the 

joints and rig parts will be double-

checked to ensure the structure is solid. 

String 

Wobbling/buckling 

This occurs due to the 

excessive vibration on 

the string. 

 

Software and 

communication 

error 

Data acquisition failure 

due to sensor error and 

instrumentation failure. 

Testing of sensors will be carried 

out before and after testing, then 

maintenance will be carried out 

to ensure the continuous 

functionality. In the situation of a 

communication system failure, 

there will be a system restart or 

shutdown depending on the 

gravity of the failure. 

Bit walking/damage Due to excessive 

deviation from the 

trajected path/interfacial 

severity. 

A sensor is installed downhole, 

that integrates the data with 

algorithm to self-control the 

drilling trajectory. To prevent 

damage, the algorithm ensures 

that the RPM is reduced. 

 

Areas of Concentration 

After analysis of the rig design and control processes, we decided to implement 

effective controls to ensure personnel and project safety. The following controls were 

determined and will be implemented in the design: 

- Label all the electrical components on the rig 

- Ensure proper insulations of the wires 
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- A closed tank to contain drilling fluids and cuttings 

- Install safety LED lights on the rig 

- Pressure washer hose will be used instead of a Kelly hose, the pressure washer 

hose is enough to safely transfer the high flow rates to the rig floor. It’s thick 

cross-sectional area, coupled with the increased flexibly make it ideal for 

running it over the black rubber guide rails above the top drive to the swivel. 

This design is meant to keep cable/hoses out of the path of rotating equipment, 

thus improving safety.  

- An alarm system will be set in place to signal when the rig is in use so at to 

warn personnel to stay area from the working area. 

- An emergency shut down button that would be remotely controlled using 

sensors. This button instructs anyone who will operate the rig on how to shut 

off operations, and it has proven to greatly reduce danger if the rig continues 

to automatically operate in an unsafe condition. There is already a soft switch 

installed in the control interface, which is being kept as well, but the physical 

switch is more visual, and can be identified more readily by people unfamiliar 

with the rig who may be in the area 

- Proper handling of system by personnel 

            

Figure 1 – Master Safety Shutoff Button 
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OBJECTIVE: 

Design a rig and related equipment to autonomously drill a well, using downhole 

sensors, that is able to hit multiple directional targets, as quickly as possible while 

maintaining borehole quality and integrity of the drilling rig and drillstring. 

 

3. Rig Design Concept 

3.1 Mechanical Design 

The concept of the rig design is based on the 2019-2020 competition guidelines and to 

come up with a suitable rig structure to meet drilling requirements and applications. 

Our main objectives while designing the rig is stability, functionality, safety and 

scalability. This section briefly the different systems of our drilling system. 

Drilling Rig 

The important structural parts of the rig are as follows: 

- Drawworks motor with a pulley system mechanism to control the top drives 

movement. 

- BHA sensors to real-time monitoring and to improve the drilling process. 

- Base and aluminum support pipes. 

- Locking casters used to support the aluminum pipes and to provide the rig 

mobility. Separate plates to anchor the locking casters to the ground will be 

used for rig stability. 
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Figure 2- Showing the wireframe design of the drilling rig 

We decided to use rotary drilling for this rig and would be using a top drive system.   

We have opted for stainless steel as the construction material for the rig body as it is 

cost efficient, easily accessible and attain the rigidity we require. The drilling rig is 

designed to be easily moved around and easily fit through doors. We have designed 

our drilling rig with the following functionalities for mobility and rock stability; 

- Caster tyre on each leg so that the rig can effortlessly be moved around. 

- A jack-up rock stabilizer. Since, during drilling vibration of the rock sample 

could occur this is to hold the rock sample in position throughout the drilling 

process. The scissor lift can either be jacked up or down as required, so as to 
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accommodate varying rock sample sizes provides by DSATS and ensure there 

is enough clearance. 

 

                                                 

 

Figure 3 - Showing the caster tyres that helps enable mobility of the rig from one 

location to another and the scissor lift. 

 

 

 Hoisting System 

The Hoisting System is an important part of the drilling rig. It is used on the drilling 

rig to perform activities involving lowering and lifting of necessary equipment such as 

drill string, casing in and out of the hole. In our hoisting design, making multiple 

connections and trips is not required. 

- Linear threaded rod is attached to the vertical beams of the rig and held in 

place to frame. The clock-wise or anti clock-wise rotation of the threaded rod 

allows rotation to be transferred to vertical motion in the top drive. The 

threaded rod is horizontally fixed in place. 

Caster 

tyre 

Hydraulic 

scissor lift 
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-  Our hoisting system comprises of a 12V DC motor which is connected via a 

pulley to the threaded rod which holds in place the topdrive. The vertical 

motion of the topdrive provides torque and rotation of the drillstring and 

drillbit. 

- The topdrive comprise of a 2hp 220V AC motor which moves at about 

4900RPM. The DC motor is housed in a frame of the rig.  

- The swivel is placed between the topdrive and drillpipe and allows flow of 

drilling fluid from the hydraulic pump into the drillstring during drilling. 

 

From our research, connection to and from the drillpipe has always been a 

limiting factor in terms of maximum deliverable torque. Different types of 

connectors and methods of connection are currently being investigated. In 

order to reduce the vibrational phenomenon of the drillpipe while working, we 

are looking at using a Coupling Connection and this exerts a pressure on the 

drillpipe also. We would need to calculate the maximum allowable pressure of 

the drillpipe and select the coupling connection from the result. 

 

 

𝑃𝑚 =
𝑅𝑝,0.2

2𝐶3
(1 − (

𝐼𝐷

𝑂𝐷
)

2

) 

Where: 

𝑅𝑝,0.2 ∶ 𝐸𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝐴𝑙𝑢 6061 𝑇6 = 240 𝑀𝑃𝑎 

𝐶3 ∶ 𝑆ℎ𝑎𝑝𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 = 0.8 

𝑂𝐷 ∶ 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 9.525𝑚𝑚 = 0.375𝑖𝑛 

𝐼𝐷 ∶ 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =   7.0358𝑚𝑚 = 0.277𝑖𝑛 

 

                               𝑃𝑚 = 68.07𝑀𝑃𝑎 

From the result, an adequate locking assembly that would ensure safety and integrity 

of the drillpipe is required. The maximum pressure exerted by the coupling is 38Mpa 

and this agrees with our result. Therefore, the drillpipe can endure the pressure 

exerted or applied by the coupler. 
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Stabilizers 

In our design there are two stabilizers mounted along the drill string. Also, a roller 

bearing on Inner diameter (ID) equal to the outer diameter (OD) of the drill pipe is 

located on the drill floor. Buckling was expected to be one of the main causes of pipe 

failure based on reports from the previous contests. Buckling occurs when too much 

weight is applied at the top of the drillstring and puts it in a state of compression 

where it becomes prone to increased metal fatigue failure. The stabilizers mitigate 

lateral vibrations and reduces the risk of buckling by limiting the maximum length of 

the free pipe. The stabilizers are separated at a certain distance to allow for handling 

of pipe and BHA during operation. 

 

Power System 

According to the 2019-2020 guidelines the drilling rig is designed to use power not 

exceeding 25hp. Power is going to be utilized throughout the rig system in the rotary, 

hoisting and circulatory systems mainly. Most of the power will be utilized in the 

rotary system to maximize the efficient rotation of the drillstring during the drilling 

process. Minimal power will be required for the circulation system due to atmospheric 

conditions during drilling. Minimal power will also be utilized in the hoisting system 

as we do not have to lift heavy drillstrings. 

 

Swivel and Hydraulic pump 

Our design includes a hydraulic system consisting of a triplex pump, swivel hoses 

allows for circulation of the drilling fluid. The drilling fluid is beneficial for transport 

of cuttings out of the hole and cooling of the drill bit. The motor, water swivel, load 

cells, torque sensors and RPM sensors are attached to the travelling block. The torque 

transducer will be placed between the swivel and drive because the torque sensor does 

not allow drilling fluid to be passed through its shaft for circulation to the drillstring. 

To reduce friction, the swivel will be used with shaft seals this will also aid the torque 

transducer in picking up per minute changes in torque while drilling. 
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Circulation System 

In the field of drilling, the drilling fluid has a significant role in carrying out drilling 

operations, such as the transfer of sludge from the green surface to the drill bit. 

Causes a pressure drop at the level of the drilling tool that increases the penetration 

rate. Part of the fluid energy issued in the face of the drill bit and prevent clogging of 

the drill bit by the cuttings so that the drilling fluid can perform its functions 

(transporting cuttings to the surface of the well of the hole), it is necessary that the 

sludge pumps be able to prevail the pressure of the channel and, consequently, to 

transport the cuttings out of the hole. Load in the annulus depends on the pressure 

exerted at the bottom of the well. Our system must provide adequate fluid pressures 

and flows. The automated machine will be equipped with a circulation system to 

lubricate and cool the drill and machinery, to remove cuttings from the borehole and 

to provide additional pressure in the pipe to prevent buckling. As cuttings are 

produced, the bit can grind the trenches repeatedly (grinding or cutting particles 

causes high friction and heat that can degrade machine performance), resulting in a 

low RDP as well as a loss of energy and time. Both problems can be solved by 

installing a circulation system. 

Because the platform design does not have a closed loop fluid circulation system, we 

have designed a separate tank with 2-layers of sieves to act as a shale-shaker for 

cuttings separation from the drilling fluid is included to collect circulating fluid and 

guide it to a drainage area or to storage to prevent slips and problems of electrical 

circuits due to wet ground. We will then see in the phase II if the cost threshold will 

not be exceeded, the possibility of making a closed circulation system. We decided to 

keep the flow rate maintained constant during the drilling operation. 

For reasons of cost, availability and efficiency we chose water as a mud fluid. His 

density is taken at 25 C (ambient temperature) and it is equal to 997.13 (kg/m3) and 

its dynamic viscosity is equal to 0.000891 (kg/m.s). It still remains the most 

convenient and easily to apply in the case of open circulation. Secondly, the 

difference in pressure drops is not enormous to consider shifting from tap water to 

either aerated or air fluid system. Furthermore, with aerated or air fluid system the 

wellbore will be exposed to higher instability risk than the tap water. Moreover, the 

entire set up is based on utilizing water as the circulation fluid.  
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Figure 4 – Mud tank 

 

Bottom Hole Assembly  

A bottom hole assembly (BHA) is a component of a drilling rig. It is the lowest part 

of the drill string, extending from the bit to the drill pipe. The assembly can consist of 

drill collars, subs such as stabilizers, reamers, shocks, hole-openers, and the bit sub 

and bit. The characteristics of the BHA help to determine the borehole shape, 

direction and other geometric characteristics. The BHA is used to help the drilling 

process; the proper selection of the right BHA would go a long way in ensuring high 

rate of penetration (ROP) and thus help drill quickly and efficiently. In this 

competition we will choose an BHA of an outer diameter of 22 mm and since it 

should not be long so the vibrations won‘t be dangerous so we have to mitigate them. 

We have also chosen the length of the BHA to be roughly around 3 ½ ―(90 mm) 

where we decided that the stabilizer will have a length of 60 mm while the diameters 

are announced in the table shown after: 

 

Characteristics Dimension 

BHA Outer Diameter 22mm 

BHA Inside Diameter 15mm 

BHA Length 90mm 

Stabilizer OD (with blades) 27mm 

Stabilizer ID 23mm 

Stabilizer wall thickness 2mm 
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Stabilizer length 60mm 

 

Table 1 – Bottom Hole Parameters 

Assumptions; 

- Drillpipe ID = 7.75mm 

- Drillpipe OD = 9.525mm 

- Drillpipe Length = 912mm 

Calculation of the power of the pump is given by: 

  𝑃𝑝𝑢𝑚𝑝 =  ∆𝑝𝑡
𝑄

∩
 

Where: 

∆𝑝𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑟𝑖𝑙𝑙𝑖𝑛𝑔 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 

𝑄 𝑖𝑠 𝑡ℎ𝑒 𝑣𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑙𝑜𝑤 𝑖𝑛 
𝑚3

𝑠
 

∩ 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑓𝑓𝑖𝑐𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑢𝑚𝑝 = 0.8 

𝑃𝑝𝑢𝑚𝑝 = 5.5385 𝑥 
0.0002

0.8
 𝑥 100 = 𝐾𝑊 

 

 

Through the following calculations, the magnitude of Fc will be determined to be able 

to estimate how much weight can be applied through the top drive without putting the 

drill pipe in a state of compression. 

 

Directional drilling design 

We’ve started by researching and discussing techniques that are commonly used in 

the industry today. We discussed positive displacement motors (PDM) and rotary 

steerable motors as both have been proven to be efficient for directional drilling in the 

industry. 

Positive displacement motors are versatile and used in all sections of directional wells 

including kicking off, building angle, drilling tangent sections and trajectory control. 

With a PDM assembly, a bent sub or bent housing is used which utilizes bit tilt, the 
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misalignment of the bit away from the drillstring axis, bit side force to change the 

hole direction and inclination. 

When it comes to deviating the well in a desired location using a bent housing or bent 

sub and PDM, a combination of rotate and slide sequences are used. 

 

Figure 5 – (a) Bottom-hole assembly component (i)sliding mode (ii) rotating mode 

 

Sliding occurs when the drilling rig ceases rotation of the drillstring and uses the 

circulating fluid in the drill string to rotate the bit. The purpose of the bend is to 

facilitate the sliding portion. Since the bend orients the bit in a particular direction, the 

drilling occurs at an angle away from the drillstring axis. Drillstring rotation must 

cease at this stage, otherwise the bent sub will have little effect on the direction of the 

well as force is evenly distributed around the sidewall. Correct orientation of the bend 

is determined by measurement-while-drilling (MWD) tools containing the 

accelerometer and magnetometer housed in the motor in the Bottom Hole Assembly 

(BHA). When the necessary angle as required is produced from the sliding, the 

‘rotating’ sequence resumes. The drillstring rotation resumes and the Bottom Hole 
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Assembly will continue in the same direction at which it was last pointed. The drill 

pipe will be sliding, so the WOB value could increase significantly. 

 

Figure 6 – Downhole motor and bent sub 

This efficiency of this process will be monitored and improved using the BHA 

sensors. 

There were a few considerations for the material to be used. The preferred material is 

aluminum since it is strong enough for the expected stresses on the rig, and is easily 

machined. However, the main issue apart from the stresses was corrosion. Beryllium-

copper proved to have desirable mechanical properties, but was however 

uneconomical. Thus, the team went with stainless steel, chiefly due to its corrosion 

resistance and high yield strength. Even though it is a little harder to machine, the 

benefit of 20% increased yield strength and extreme corrosion resistance makes it a 

worthwhile material for our directional tool assembly. 

 

 

 

3.2 Electric Systems 

DC and AC motor drivers capable of handling analog control signals are used to 

provide power to both the top drive and drawworks motors. An H-Bridge is used to 

reverse the direction of the electrical system used in conjunction with an Arduino as a 

codifier and the DAQ as the source of the control signal the project is depicted as 

follows in the Figure below depicts the motor control schematic. Water pumps, 

motors, and sensors use 12 VDC which is supplied by a switch-mode power AC/DC 

converter rated for a maximum of 10A of current draw. 
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Figure 7 – Motor control system drive and control schematics 

Reason for choosing these motors 

- Highest torque density rating in the industry  

- High torque-to-inertia for faster start and stop   

- Rugged design and long-life bearings   

- High power, cooler running, rare-earth magnet design  

- Facilities for encoders, double shaft, different shaft types, etc. 

 

 

4. Control System Design and Instrumentation 

Drilling automation is the control of drilling processes via computer instead of 

humans. Therefore, designing control system for the processes is key in 

automation. For automatic control of the rig, we have designed a few control 

systems in this application. The most important one is the control system for 

ROP optimization. The Rate of Penetration (ROP) depends on several factors 

such as WOB (which creates rock indentation – higher WOB implies deeper 

indentation), motor RPM (which creates cutting length on the rock – higher 

RPM implies more sliding distance), bit aggressiveness and rock strength 

among other non-linear effects. For a given bit type and a given formation, 

ROP can be optimized using WOB and RPM. The equation for calculating 

ROP as suggested by William et al in 2004 is as follows: 
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where: 

ROP = Rate of penetration by a bit (ft/hr); 

µ = bit-specific coefficient of sliding friction; 

N = rotational speed of drill bit (revolutions per minute (RPM)); 

DB = diameter of bit (inches); 

CCS = confined compressive strength (apparent 

strength of the rock to the bit (psi)); 

EFFM = mechanical efficiency of the bit (percent); 

WOB = weight on bit (pounds); and 

AB = area of bit (square inches). 

We also looked at an algorithm developed based on the concept of Mechanical 

Specific Energy (MSE). According to Teale, there is a distinctive correlation between 

the MSE and the strength of the rock. Not only is there is a positive correlation, but 

the MSE should equal to the rock strength if the drilling system is hundred percent 

efficient in just cutting the rock volume. 

 

𝑀𝑆𝐸 =  
𝐸𝑛𝑒𝑟𝑔𝑦 𝐼𝑛𝑝𝑢𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑜𝑐𝑘 𝑑𝑟𝑖𝑙𝑙𝑒𝑑
 

Using the parameters WOB & RPM, the system is designed to minimize MSE and 

thus improve ROP. The parameters are adjusted as long as the MSE value decreases 

or remains constant. The ROP should increase proportionately to increase in WOB 

and RPM. If the increase is not proportionate, it is an indication that the bit is 

performing inefficiently and that a dysfunction is present in the system. 
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Figure 8-The bit is considered performing efficiently if ROP increase is proportional 

to WOB 

Beyond Point 2 (the founder point), the bit is performing inefficiently. In our 

application, we have the control algorithm, based on the surveillance program, to 

automatically change variables to minimize the MSE in real time by eliminating 

possible dysfunctions. There are several types of dysfunctions that can occur down-

hole, to the drill-string or to the drill-bit namely  

- Bit balling 

- Bottom-hole balling 

- Interfacial severity 

- Whirl 

- Stick-slip (torsional vibrations) 

- Axial Vibrations 

Torque Sensor 

Omega TQ513 is a shaft-to-shaft in line torque sensor with an excitation voltage 

maximum of 20 V. The torque sensor can measure between 0-3 to 0-2000 in-lb (0-

0.35 to 0-226 N-m) at a maximum operating speed of 5000 RPM. The model has a 3/8 

in shaft and a 1/32 in flat key. Slip rings made from heavy-duty silver allow secure 

power and signal transmission to the operating code. It is used to measure 

performance of the motor and the torque it applies on the drill 

77 pipe. The sensor is installed so the active end faces the place where torque is 

measured, in this case, the drill pipe. 

               

Figure 9 – Omega TQ513  
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BHA Downhole Sensors  

Accelerometer 

Vibrations in the drill pipe is the performance limiter of ROP optimization thus it‘s a 

required parameter to measure. In order to measure vibrations in the BHA we will be 

using a tri-axial accelerometer that works on the principle of the piezoelectric effect. 

Its main use is to monitor the amplitude of vibrations, also the data obtained from the 

accelerometer will be used to measure the drilling performance of the rig and 

determine if it is experiencing abnormal downhole vibrations. 

3-Axis Gyroscope  

The gyroscope on the other hand will provide estimates of inclination and azimuth by 

measuring the angle of defection from the vertical. Since the verticality of the 

borehole is a very important factor during the competition, the use of the gyroscope is 

essential. 

Load Cell 

Measurement and control of the applied weight on bit is crucial for efficient and safe 

drilling. The rig is equipped with a load cell that provides real time measurement of 

weight on bit to the control system. Drilling with a high weight on bit up to a certain 

point is beneficial for drilling efficiency, performance and speed. However, it is 

limited by the buckling limit of the aluminum pipe, as is discussed above. In order to 

maximize drilling efficiency without buckling, a precise and responsive control 

system is required. This in turn, is dependent on precise measurement and frequent 

sampling of WOB, and the speed in which the rig can mechanically react to signals. 

The original rig design comprises a load cell mounted between the guide frame and a 

steel beam that connects the ball nut on the ball screw to the guide frame. Rotational 

movement in the ball screw is transferred to translational motion in the ball nut, steel 

beam, guide frame and, consequently, to the drill string as weight on bit. The 

transferred weight is measured by the load cell. Mounting the load cell in this position 

has proven to cause several drilling related issues. Primarily, the joint consisting of 

the load cell and steel beam is flexible due to lack of stiffening in the joint between 

the load cell and guide frame, absence of vertical support and flexing in the ball 
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screw. As a result, there is a mechanical delay in movement between the hoisting 

motor and drill bit. The control system becomes unresponsive, slow and unreliable. 

                

Figure 10- Load Cell 

 

 

Hydraulic Sensors 

Flow meter 

We would be using the YF-S201 hall effect base flow sensor is mounted in line with 

the circulating system fluid and contains a pinwheel sensor to measure how much 

liquid has moved through it. There's an integrated magnetic hall effect sensor that 

outputs an electrical pulse with every revolution. The hall effect sensor is sealed from 

the water pipe and allows the sensor to stay safe. 

Data Acquisition 

Sensors and transducers measure physical phenomenon such as temperature, tension, 

pressure, etc. and converts them into a measurable electrical signal like voltage, 

current, etc. These signals are transferred in to a computer by means of a Data 

Acquisition (DAQ) device. A DAQ device contains several components such as 

Analog-Digital Converter (ADC, to manipulate the signal to a form readable by 

computer), Signal Conditioner (to filter out noise and amplify the signal if required), 

and a Bus (computer bus which is the communication interface). There are several 

commercial DAQ devices that are available in the market. Each sensor (or each 
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measurement) requires a DAQ system to transfer the signals to computer and each 

actuator requires DAQ to receive signals from the computer. We’re utilizing a 

National Instruments DAQ system, as there are several advantages of using NI DAQ 

devices: 1. Rugged design, accurate measurements with integrated signal 

conditioning. 2. A single instrument can interpret measurements from various sensors. 

3. Multiple timing engines so that data rates from multiple systems are not a problem. 

4. LabVIEW for better data handling and data visualization. We are using NI 

CompactDAQ 2-slot Chassis (Model number: NI cDAQ-9174) along with Universal 

Analog Input 4 Ch Module (NI 9219) for the Data Acquisition Purposes. 

 

          

         Figure 11 – Data acquisition modules 

 

5. DATA ANALYTICS 

The parameters that will be controlled are RPM and WOB. In a sample with varying 

lithologies, these would be altered for different rock strengths. The sample this year 

will have one single compressive strength, but we would expect inclination to cause 

us to change parameters. While drilling vertical part, lateral vibration is expected. 

This why it is recommended to start drilling with high WOB and less RPM. Then we 

are going to increase RPM gradually and monitor MSE reading. Then based on MSE 

reading we are going to optimize drilling parameters. On the other hand, when well 

inclination increase and in horizontal section, weight transfer and stick-slip vibration 

are expected to be the main challenges. We intended to use maximum RPM and WOB 

to achieve maximum ROP. Besides that, MSE and torque reading will be monitored 

to detect any wasted energy or severe vibration encountered. Based on these reading, 

we are expecting to increase RPM and sometimes decrease WOB to damp stick-slip 
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vibration, ensure effective WOB transfer to bottom better ROP, and effective hole 

cleaning in horizontal section. 

As drilling proceeds, several dysfunctions (bit and non-bit) can limit the bit’s 

performance and ultimately hinder the quality of the borehole and the rate of 

penetration. These dysfunctions are mitigated either by engineering redesign or by 

adjusting the drilling parameters. The algorithm is developed for real-time corrective 

action using drilling parameters based on MSE curve response. The objective of the 

algorithm is to minimize MSE and thus optimize Rate of Penetration (ROP). We have 

learned the importance of accurately and constantly measuring vibrations through all 

the procedure. Thus, improving the controller close loop time and delay is of great 

importance for this phase. Several steps are taken into consideration, new stand-alone 

motors controllers will be used to accurate control the response for a given reference 

input. We’ll be using Arduino Due which runs at 84 MHz as a discrete stand-alone 

controller for certain rig’s element, e.g. speed controller’s reference followers and 

high-speed data loggers. 

We would be considering an approach will allow us to properly simulate and develop 

an accurate and reliable digital controller. As well as monitoring MSE and adjusting 

WOB and RPM accordingly, a control loop will also be used to correct trajectory to 

achieve our target zone. The algorithm will activate the actuator to build more if we 

are not on the correct trajectory. 

 

 

Data Visualization 

The data gotten from our sensors will be sent to our programmable logic processor. 

This data is sent to a micro-processor, well be making use of a raspberry pi as our 

microprocessor. The data gotten from the sensors is stored in the microprocessor and 

hosts a local server. We would be creating an interface in which people connected to 

the server would have access to the data gotten and be able to visualize the data in 

real-time. On the back-end we would be creating an administrative access to control 

parameters such as WOB, ROP, shutting down the rig. Real-time visualization of the 
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data would help in improving drilling efficiency and productivity. As information 

gotten from the data can be used to make better informed decisions. 

 

 

CONTROL ALGORITHM 

 

 

 

 

 

 

  

 

                   

                                                                   RPM < 70%(RPM_)                                    70%(RPM_) <= RPM 

 

 

 

 

 

 

 

RPM < 70%(RPM_)                      70%(RPM_) <= RPM 

 

 

  

• Maximum structure/drill string vibration 

• Maximum WOB reached 

• Mechanical Failure 

• Stop button 

• System shutdown signal 

• Depth of interest reached 

 

 

                  AUTONOMOUS OPERATING POINT CONTROL 

START DRILLING 

Measure RPM as RPM_ 

 

Increase WOB by 10% 

Decrease WOB by 5% 

Increase RPM by 10% 

Measure RPM as RPM_ 

Increase WOB by 10% 

Measure RPM 

Increase WOB by 5% 

DRILLING PROCESS 

END 

Measure RPM as RPM_ 

Measure RPM 

Measure RPM as RPM_ 
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SYSTEM ARCHITECTURE 
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6. Cost Estimates 

The following is an estimation of the costs, associated with building the rig and its 

control system. Any unforeseen costs (new ideas, part failures, etc.) that are 

experienced in the coming months will be addressed in an updated spreadsheet 

attached to the corresponding monthly report. 

 

Item Amount (naira) 

Arduino Owned 

Bit Materials  $500 

Downhole sensors $50 

Tools Owned 

Connections and Coupling $100 

BHA materials $1000 

Drill Pipe $300 

Welding equipment Owned 

Stainless Steel (rig frame) $500 

DC motors $500 

Total $2900 
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Appendix A – Engineering Drawings of Drilling Rig 
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(a) Side View 

                                    (b) Back View 
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Orthographic representation of the Drilling Rig 
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Plan View of the Drilling Rig 
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Appendix B – Summary of Equations Used 

 


