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Abstract 

High-quality drilled holes are required in a lot of industrial and medical applications. It is imperative 

to design a low-cost and precise drilling machine with real time monitoring of vibrations, 

temperature and forces applied to the workpiece during the drilling operation. This project focuses 

on the development of a one-axis drill system utilizing a polymer workpiece for improving bone 

drilling operations in medical applications.  
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Chapter 1: Introduction 

1.1 Background 

Over the years, drilling procedures have come a long way as technology has continued to develop more 

accurate and efficient machines. Traditionally, the drilling operations were carried out manually. 

Perforations were made by means of hand-held lithic borers which preceded clockwise/counterclockwise 

rotational drilling. This method was effective on soft stone but ineffective on harder material (A. John 

Gwinnet 1998). 

 

Technology has helped in transformation of the drilling processes into automatic process with real time 

monitoring and correction during errors. For example, bone drilling in medical environment is one field 

where the drilling process is used and has to be done precisely. 

 

PMMA (polymethyl methacrylate) is a biomimetic material. This renders it appropriate for uses that need 

a tough and long-lasting material. It has high strength, fatigue resistance and good dimensional stability 

and it has many applications used in aerospace, automotive or medical devices industry. PMMA’s near 

perfect resemblance with bone is due to its very high strength and fatigue resistance characteristics which 

are the hallmarks of any tissue including bones. Moreover, PMMA possesses high dimensional stability 

implying its ability to retain the shape and size regardless of stress introduced therefore recommended 

for use in applications that demand resilience. 

 

 

Figure  1: PMMA applications (http://tinyurl.com/4ucw3s7y) 
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The development of automated one-axis drill for drilling PMMA material, which has properties similar 

to bone, is a promising area of research. The benefits of using automated drilling systems for PMMA 

material include improved precision, reduced risk of human error, efficiency, and safety in the drilling 

process. 

 

Figure  2: An automated one-axis drill machine 

 

1.2 Problem statement 

In various industrial applications, high-quality drilled holes are essential. The current industrial drilling 

machines are expensive and lack the required precision for achieving high-quality drilled holes. There is 

therefore need to address the challenges encountered in drilling processes such as workpiece damage, 

chatter, unmonitored and unregulated vibrations, drill bit breakage, and misaligned holes. 

A study and analysis of the drilling parameters, including vibrations, force, drill speed, and temperature 

is to be done in order to have a better understanding of their effects on the drilling process. These 

parameters directly affect the quality of the resulting drilled hole. An automated system that can control 

these parameters to avoid poor drilled-hole quality can the then be developed from the experiments, 

study conducted and analyzed data. The system will be designed to monitor and regulate vibrations, 

force, drill speed, and temperature during the drilling process, ensuring that the drilling parameters are 

within the optimal range. 
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1.3 Objectives 

1.3.1 Main objective 

• Development and fabrication of a precise automated one axis drill for PMMA(polymethyl 

methacrylate) drilling. 

 

1.3.2 Specific objectives 

• Carry out experiments to determine best drilling parameters 

• Carry out statistical analysis of actual drill parameters. 

• Vibration mitigation for high quality drilled holes. 

• Run physical model of automated drill. 

• Monitor drilling parameters in real time. 

1.4 Significance of the study 

With continued advancements in technology, there is a great need to come up with more superior ways 

to overcome challenges faced in the biomedical field through engineering. Drilling of bones being an 

invasive procedure has to be done in a manner that would result in minimum-to-no harm to the patients. 

PMMA being a material that is affordable and has properties similar to that of bone offers a great chance 

to delve into the study of the drilling process and develop an affordable, precise and automated one-axis 

drilling machine. The challenges encountered in the drilling processes can be studied and a conclusive 

solution can be formulated on the best parameters for performing the drilling processes. Based on these 

findings, an automated one-axis drill capable of self-correction can be developed and this can be 

translated to the biomedical field and also used in other fields such as aerospace. 

 

1.5 Scope of work 

The study encompasses the investigation of the challenges faced during PMMA drilling processes; 

specifically, vibrations, load, drill speeds and temperature, analysis of data obtained from the 

investigations and determination of optimal drilling parameters. A working automated one-axis drill is 

also to be developed which will be used in the study. 
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Chapter 2: Literature Review 

2.1 Introduction to literature review. 

 

The purpose of the literature review is to trace automatization in the development of one-axis drill 

technology. It will concentrate on the achievements and currently available literature in this field aiming 

at identifying what has been done, where it still needs corrections or further work to perfect automated 

one-axis drill technology. 

The resulting research helps to understand different aspects associated with automated drilling 

technology that include development of CNC gantry machine concepts, the model for automating 3D 

CAD “drill modeling software”, and benefits regarding use of it. Further, there are the papers describing 

how to develop accurate models of conical twist drills and positional synthesis of variation for automated 

systems. 

These resources together contribute to the knowledge about automated drilling technology and its 

applications, such that a broad base is laid down for literature review concerning development of an 

automatic one-axis drill. 

 

2.2 Evolution of Automated drilling technology 

 

The first drilling automation can be seen in the early manual approaches, which represented another step 

to shift away from hand-dug wells into mechanized drilling. This process developed through a number 

of stages from the spring-pole technique, into percussion drilling or cabling and ultimately via rotary 

drilling with pipe tools. (Alfred, 2007) 

In the late 20 th century computer- controlled systems started their rise which is needed to combine real 

time data with mechanized equipment so that drilling rate of penetration (ROP) could be improved and 

wellbore stability can also be maintained. One of the first cases to illustrate this type of integration was 

rig-automated drilling in 1990’s (2015) 

Over the 21st century, there have been significant developments in automated drilling systems. 2014, for 

instance, ConocoPhillips and National Oilwell Varco NOV finalized a pilot program in Texas to test a 

new automated system that significantly reduced drilling time by over 40%. This technology was later 

extended to North Dakota and the North Sea (Catalin, 2021) 

Another notable development was the launching of a DrillTronics program by Sekal, Norwegian 

software firm that could regulate torque, pump pressure and hook load on an offshore rig owned by 

Statoil (Anon. 2015). 
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Contemporary drilling automation landscape is known for augmenting productivity and quality, 

enhancing personnel safety while managing risk in an effective manner. Some of the main areas that 

affect include well complexity, data overload, efficiency repetitive well manufacturing and HSE issues. 

( Anon 2015.) 

Although it has faced some resistances and challenges, parts of the drilling industry have full achieved a 

level where automation is made on commercial basis as there has been considerable collaboration among 

different parties to come up with standardized room for data flow line automation process (Anon., 2015) 

Automation in drilling technology has a long history of constant invention and adaption. Future 

advancements in automated drilling, especially in terms of precision, safety, and environmental effect, 

promise to further transform the industry as technology continues to progress. 

 

2.3 Latest advancements in Automated drilling technology. 

 

Present-day automated drilling technology therefore mirrors a highly sophisticated amalgamation of 

complex computer systems, mechanized machinery and inventive drilling procedures. The latest 

developments in this field have been the recent studies and industry reports. 

Today’s automated drilling systems are very dependent on computing power to increase efficiency and 

accuracy. For example, the combination of real-time data analytics with automated equipment has greatly 

accelerated drilling pace and wellbore stability. Companies such as ConocoPhillips and National Oilwell 

Varco have also shown that these systems could work when they recorded massive reductions in drilling 

time, increase in operational efficiency through successful pilot programs conducted (Cayeux et al., 

2021). 

Also, recent innovations have been observed in drill bit design and software for drilling. For instance, 

Sekal’s DrillTronics program demonstrates how software can enhance drilling operations through control 

of essential parameters like torque, pump pressure and hook load. One of them includes this drilling 

program which represents a shift towards more intelligent and responsive systems in the petroleum 

industry (Cayeux et al., 2021). 

Automated drilling technology has also been applied for use in even more difficult environments such 

as operations offshore platforms and unconventional reservoirs where precision and safety are most 

important. The automation of processes in these environments does not only increase efficiency but also 

lifts worker safety by reducing human involvement into hazardous operations (Lauren, 2023). 

The development of automated drilling technology has been a gradual process where each step towards 

more advanced automation made the oil well and gas drilling operations run in an even better, safer and 

cleaner way. Automated drilling is on the verge of an even greater revolution as technology continues to 

advance. 
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2.4 Materials and testing in automated drilling technology 

(PMMA) 

 

The original acrylic PMMA, poly (methyl methacrate) has many useful traits that make it a superior 

alternative to glass in numerous instances. PMMA has become a preferred material in various industries 

due to its transparency, shatter resistance and UV stability (Anon 2022). 

PMMA can be molded in various ways, and it is easy to bind itself with other materials for enhancement 

of the properties as well. Thermoforming is flexible when heated and become solid if cooled. PMMA is 

also used in sound-proof rooms, audio studios and cars owing to its high surface hardness and resistance 

against abrasion 

In terms of drilling, PMMA’s transparency enables the analysis and monitoring of drilling mechanisms 

thus serves as a good material for experimenting or demonstrating. The utilization of PMMA in drilling 

experiments especially using laser drilling procedures has been widely investigated. Studies have 

revealed that it is possible to drill PMMA efficiently with CO 2 lasers, and the material helps in 

understanding various aspects of the entire drilling process such as how different parameters like laser 

power supply, exposure time etc. impacts on its success. (Abeer A et al., 2020) 

Machining PMMA poses some unique challenges for instance, one must accurately control cutting 

parameters so not to end up with the following problems potion swarf evacuation; reattachment of cut 

material, melting and even distortion in part may take place. The final quality of the drilled holes is also 

significantly determined by cut and geometry of a killer. Balancing spindle RPM, feed rate and cutter 

geometry are essential to drill PMMA in order to obtain the desired outcomes. So, these parameters need 

to be carefully adjusted so that it matches with the shear requirements of material and also, defects like 

burr formation cannot take place as an after effect due to excessive heat along with inadequate swarf 

extraction (Abeer A et al., 2020). 

Understanding these properties and the PMMA’s behavior under various drilling conditions helps in 

improving the drilling techniques and developing new applications where precision and the material’s 

integrity are most crucial. The PMMA’s role in drilling technology can be as a test material for 

experimental setups and also a subject for understanding the impact drilling parameters on the material 

behavior. 

 

2.5 Challenges and the limitations in Automated Drilling 

Technology 

 

Automated drilling technology suffers from several challenges and limitations; 
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2.5.1 Technical Challenges in Automation 

Complexity in System Integration: It takes complicated and costing software programs and hardware 

solutions to integrate various subsystems such as sensors, control systems, mechanical components in 

the architecture. 

Reliability and Maintenance: Normally, keeping elaborate systems up and running in demanding 

drilling settings while meeting stringent standards of reliability proves to be a daunting task; there is 

always the specter of system failure followed by an expensive stoppage. 

 

2.5.2 Data Management and Analysis: 

Handling Large Volumes of Data: Automated drilling produces large volumes of data that need to be 

processed and analyzed almost immediately in real-time, making the management process a complex 

operation when it comes to managing this huge quantum of information and obtaining actionable 

predictive insights. 

Cybersecurity Concerns: In the modern approach to automated drilling systems, increased 

digitalization makes it vulnerable to attacks by cyber threats Thus a focus should be optical regarding 

data security and control system integrity. 

 

2.5.3 Operational Challenges: 

Adaptability to Different Geological Conditions: It is challenging to design automated systems that 

can adjust themselves according to different geological conditions because such designs have also 

needed their versatility. 

Human-Machine Interaction: Balancing between automation and human oversight to ensure both 

safety and efficiency is no easy task. 

 

2.5.4 Economic and Environmental Challenges: 

High Initial Investment: Establishing and installing the automated drilling technology is an expensive 

venture especially for small companies. 

Environmental Concerns: Although automation can provide better efficiency and lessen impact on the 

environment, making these useful components calls for trouble with nature. 

 

2.5.5 Regulatory and Standardization Issues: 

Lack of Standardized Regulations: The lack of standardized regulations, which are specific to 

automated drilling technology can also pose a challenge for the industry in this direction. 
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Compliance with Safety Standards: Making sure that the automated systems meet current safety 

standards and regulations, especially in international operations where such standard differ is not easy 

but essential. 

 

2.5.6 Technological Limitations: 

Sensor Accuracy and Limitations: This in automated drilling can affect the total efficiency and safety 

of a system, which also stresses on more precise as well as reliable sensors. 

Software limitations: The existing software might not fully account for all factors, in drilling operation 

hence leading to limitations in the automation capabilities. 

 

2.6 Emerging Trends in Drilling Automation 

 

2.6.1 AI Integration and Advanced Control Systems 

The coupling of AI and ML technologies in control systems is an important trend. These technologies 

facilitate predictive analytics, real-time decision making and increased drilling accuracy. Artificial 

Intelligence in drilling automation is transforming how drilling data gets processed and used for 

enhancement of operations. 

 

Enhanced Data Analytics and IoT 

Drilling operations are more and more monitored through the Internet of Things (IoT) advanced data 

analytics. Once collected, data from sensors and IoT devices are analyzed to develop designs that 

improve drilling methods for efficiency and safety. 

 

2.6.2 Advancements in Material Science 

High-Performance Drilling Materials: More advanced materials for drilling equipment is the focus of 

research in material science, which includes high-performance alloys and composites that can withstand 

extreme environments when it comes to drilling. 

Smart Materials: Research on smart materials that can transform their properties when they sense 

changes in the environment is increasingly happening. These materials could substantially improve the 

adaptability and productivity of drilling activities. 
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2.6.3 Safety and Environmental Sustainability Improvements 

Automated Safety Systems: Automation of the safety systems that are meant to predict and prevent 

accidents is a developing area in research which seeks at eliminating human error thus enhancing overall 

safety in drilling operations. 

Environmentally Friendly Drilling Practices: There is a growing emphasis on creating technologies for 

drilling with minimal environmental consequences, including research in fuel efficiency, reduced 

emissions and techniques that affect the ecological footprint of these activities. 

 

2.6.4 Human-Machine Interaction and Workforce Development 

Ergonomics and Interface Design: Currently, research is concentrating on the ergonomics of human-

machine interfaces to design systems that are intuitive and improve collaboration between humans and 

automated systems. 

Training and Skill Development: As automation shifts, there is a growing demand for workforce training 

and development of skills as well as research in the most effective ways to train drilling professionals 

about this changing technology landscape. 

 

2.6.5 Standardization and Regulatory Development 

Development of Industry Standards: One of the main subjects being researched is also standardization 

in automated drilling technology, as it requires wider acceptance and compatibility between various 

operations. 

Regulatory Frameworks: Keeping up with technological advancements by adapting the regulatory 

frameworks to ensure that automated drilling technologies comply with current regulations and 

identifying new challenges arising from automation is an area of substantial research. 

 

Automated drilling technology continues to evolve Incorporating sophisticated control systems advanced 

data analytics material science advances the focus is on safety environmental sustainability 

considerations of human-machine interaction workforce development and regulatory frameworks. These 

trends indicate continuous efforts to overcome challenges as well as drive continuing innovation and 

adoption of automated drilling systems. 
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Chapter 3: Methodology 

 

To accomplish the objectives, we had established for the project, we followed these steps to attain 

accomplishment. 

 

3.1 Design and fabrication of PMMA stands 

We intended to carry out experiments on different lengths of clamping the PMMA strips. The lengths 

were 5cm span, 10 cm and 15 cm span. The use of different spans of clamping the workpiece was meant 

to establish the effect of clamped distance on vibration, temperature distribution and load applied on the 

PMMA strip. We intended to conduct experiments for fast and slow drill speeds using the different spans 

to measure the variables stated.                  

 

A schematic of a magnetic manipulation system is as shown in Figure 3. 

 

 

 Figure  3: Schematic of one axis drill 
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Figure  4: Photograph showing the replacements of the stands and the different spans we will use 

 

 

3.2 Development of firmware in Arduino. 

The functionality to be met was: 

a) Run and control the speeds of the feeding stepper motor and the drilling dc motor 

The dc motor was driven and controlled using a l298 driver using pulse width modulation signals to 

control the speed of drilling. The stepper motor was driven using a TB6600 driver. The l298 driver and 

tb6600 driver are powered from a 12V power supply to run the motors. A separate 5V signal was being 

sent from the microcontroller (Arduino Uno) to power and control the drivers and hence the motors. The 

dc motor in use is a 12V brushless motor which is attached to a drill bit via a chuck whereas the stepper 

motor is a NEMA23 stepper motor. 
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Figure  5: Circuit Design in Fritzn 

 
Figure  6: Physical Circuit Design 

 

Code snippet to run the motors: 
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Figure  7:Code snippet for running motor 

 

 

3.3 Reading the sensors 

a) Temperature Measurement 

The sensor in use were mlx90614 contactless temperature sensor. The features of MLX90614 that made 

it applicable for our application over other temperature sensors: 

• Non-Contact Measurement: One of the main advantages of the MLX90614 is its ability to 

measure temperature without direct contact with the object. It uses infrared technology to 

detect the thermal radiation emitted by the object, making it suitable for measuring the 

temperature of moving objects, liquids, or hazardous materials. 

• Wide Temperature Range: The MLX90614 is designed to measure a wide range of 

temperatures. It can handle both low and high-temperature applications, making it versatile for 

a variety of industrial and commercial uses. 

• Accuracy: This sensor provides accurate temperature measurements. The integrated signal 

conditioning and digital output help maintain a high level of precision in temperature readings. 

• Compact Size: The MLX90614 is compact and lightweight, making it easy to integrate into 

different systems and applications. Its small size is particularly beneficial in situations where 

space is limited. 
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• Low Power Consumption: The sensor is designed to operate with low power consumption, 

making it suitable for battery-powered devices and applications where energy efficiency is 

crucial. 

• Digital Output: The MLX90614 provides a digital output, making it easy to interface with 

microcontrollers or other digital systems. This simplifies the integration process and enhances 

compatibility with various platforms. 

• Configurability: The MLX90614 often comes with configurable parameters, allowing users to 

adjust settings such as emissivity, which is important for obtaining accurate readings from 

different surfaces. 

• Fast Response Time: The sensor has a fast response time, allowing it to quickly capture 

changes in temperature. This feature is beneficial in applications where real-time temperature 

monitoring is essential. 

• Durability: The MLX90614 is often built with durable materials, making it suitable for use in 

harsh environments or industrial settings where sensors may be exposed to challenging 

conditions. 

• Cost-Effective: Compared to some other temperature sensing technologies, the MLX90614 is 

often considered a cost-effective solution for non-contact temperature measurement 

applications. 

The mlx90614 sensor uses I2C protocol for communication with the microcontroller (Arduino Mega 

2560) for data collection. 
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Figure  8: I2C Setup 

Code snippet to read temperature values: 
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Figure  9: Code for reading temperature 

 

b) Load measurement 

The load applied to the PMMA strip during experimentation was measured using a load cell. The load 

cell was coupled with a hx711 driver that interprets and amplifies the signal to make it readable by the 

Arduino mega 2560 microcontroller. Digital pins were used to connect the driver the microcontroller to 

provide data and clock signals. The driver was powered with a 5V signal from the microcontroller. The 

load cell in use had a maximum load rating of 5kilograms. The load measured was a measure of 

deflection of the PMMA strip during drilling when clamped in different orientations. To be able to 

accurately measure the load using this sensor, calibration with a known load was required. 

 
Figure  10: Load measurement schematic 

 

Features of hx711 that motivated its use: 

• 24-Bit ADC: The HX711 is equipped with a 24-bit analog-to-digital converter, providing high-

resolution measurements for accurate weight readings. 

• Selectable Gain: The driver allows users to select from multiple gain settings to amplify the 

small signals from load cells effectively. Common gain values include 128 and 64. 
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• Serial Interface: HX711 communicates with a microcontroller through a simple two-wire serial 

interface, which typically consists of a clock (CLK) and a data (DOUT) line. This makes it 

easy to interface with a variety of microcontrollers. 

• Low Noise: The HX711 is designed to minimize noise and interference in the signal, ensuring 

accurate and stable measurements, especially in applications where precise weight readings are 

crucial. 

• On-Chip Voltage Regulator: The built-in voltage regulator on the HX711 helps maintain stable 

operation even when the supply voltage fluctuates. This is beneficial for consistent and reliable 

performance. 

• Tare Function: The driver supports a tare function, allowing the system to subtract the weight 

of containers or other fixed items from the overall measurement. This helps in obtaining net 

weight values. 

• Selectable Data Rate: The HX711 driver often allows users to choose the data rate for 

conversion. Common data rates include 10 Hz and 80 Hz, allowing a trade-off between speed 

and power consumption. 

• Zero Drift Calibration: To compensate for long-term drift in the load cell or other 

environmental factors, the HX711 driver supports zero drift calibration. This ensures that the 

zero point remains accurate over time. 

• Low Power Consumption: The HX711 is designed with low power consumption in mind, 

making it suitable for battery-powered applications or situations where power efficiency is 

critical. 

• Versatility: The HX711 driver is versatile and compatible with various load cells, making it a 

widely used solution in different applications, such as industrial scales, kitchen scales, and 

other precision weighing systems. 

Code snippet to read load cell values: 

 
Figure  11: Code snippet to read load cell values: 

 

3.4 Vibration measurement 

To determine the extent of vibrations experienced during running and drilling process, an accelerometer 

was used; the particular model is ADXL345. The accelerometer measures acceleration along the x, y and 

z axes in units of m/s2. The I2C protocol was used to establish communication between the sensor and 
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the microcontroller (Arduino mega 2560). The choice of an accelerometer instead of a digital vibration 

sensor was driven by the need to collect analog data of the variances experienced during drilling process; 

the z axis of the accelerometer was used for measurement; the changes of values of acceleration were 

used as the measure of acceleration. Other features of the accelerometer that made it suitable for 

application: 

• High Sensitivity: The accelerometer has a selectable sensitivity range, allowing users to choose 

the sensitivity level that best suits their application. The higher sensitivity enables the detection 

of even small vibrations. 

• Wide Dynamic Range: The ADXL345 has a wide dynamic range, making it capable of 

measuring both small and large accelerations. This is crucial for applications where the 

amplitude of vibrations may vary significantly. 

• Low Noise and High Resolution: The device provides low noise levels and high resolution, 

ensuring accurate detection and measurement of vibrations, even in environments with 

minimal accelerations. 

• Digital Output: The ADXL345 communicates with microcontrollers or other digital systems 

using I2C or SPI protocols, providing digital output for easy interfacing and integration with 

various platforms. 

• Low Power Consumption: It is designed with low power consumption, making it suitable for 

battery-operated applications or situations where power efficiency is critical. 

• Built-In Motion Detection and Activity/Inactivity Detection: The ADXL345 includes features 

for motion detection and activity/inactivity sensing. These features can be leveraged for 

triggering actions or alarms based on detected vibrations. 

• User-Adjustable Bandwidth: The bandwidth of the accelerometer can be adjusted to filter out 

unwanted high-frequency noise, providing flexibility in adapting to specific vibration 

frequency ranges. 

• Free-Fall Detection: The ADXL345 has a built-in free-fall detection function, which can be 

useful in applications where the sensor needs to detect the absence of vibration or a sudden 

drop. 

• Compact Size: The small and compact form factor of the ADXL345 makes it easy to integrate 

into various devices and systems, allowing for flexibility in placement and application. 

 
Figure  12: Vibration sensor setup 
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Code snippet to read acceleration values: 

 
Figure  13: Code snippet to read vibration sensor values: 

 

3.5 Project Assembly 

The next step involved bringing the individual tested sections of the project together to develop the 

prototype. The project comprises of two Arduinos; an Arduino Uno is used to run and control the motor 

speeds and an Arduino Mega 2560 that reads the different sensor values. The microcontrollers and the 

drivers were placed within one enclosure to keep the circuitry neat. The sensors were positioned in the 

best possible places closest to the point of measurement to enable accurate data collection. Other 

components of project assembly included repainting of the setup and wiring of components. 
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Figure  14: The full project assembly: 

 

 
Figure  15: The full project assembly side view: 

 

3.5.1 Project budget and PCB pinout 
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ITEM ADDRESS UNITS COST TOTAL COST 

Nema 17 Stepper 

motor 

 

Nema 17 

Stepper motor, 

12V 0.4A, 1.8 

degree, 2 phase 

6 wires | 

ATO.com 

1 6585/= 6585/= 

MLX90614ESF 

Non-contact 

Infrared 

Temperature 

Sensor Module 

Amazon.com : 

MLX90614 

1 1779/= 1779/= 

801S Vibration 

Sensor Module 

 

801S Vibration 

Sensor Module - 

ProtoSupplies 

2 450/= 900 

HX711 LOAD 

CELL 

AMPLIFIER+5Kg 

 

HX711 LOAD 

CELL 

AMPLIFIER+5Kg 

– Besomi 

Electronics 

(besomi-

egypt.com) 

1 2,310.27  2310.27 

TB6600 DC 4A 9-

42V Stepper Motor 

Driver 

 

Generic TB6600 

DC 4A 9-42V 

Stepper Motor 

Driver CNC @ 

Best Price Online 

| Jumia Kenya 

1 5,395 5,395 

L298N MOTOR 

DRIVER 

Shop & Buy 

Online | Jumia 

Kenya 

1 1897 1897 

12V DC MOTOR 

with drill chuck 

Shop & Buy 

Online | Jumia 

Kenya 

1 300 2200 

12v dc power supply Shop & Buy 

Online | Jumia 

Kenya 

 3800 4000 

https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.ato.com/nema-17-stepper-motor-12v-0-4a-1-8-degree-2-phase-6-wires
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_aps_sr_pg1_1?ie=UTF8&adId=A03318763LULZGN8F3ANR&url=%2FHiLetgo-MLX90614ESF-Non-contact-Infrared-Temperature%2Fdp%2FB071VF2RWM%2Fref%3Dsr_1_1_sspa%3Fkeywords%3DMLX90614%26qid%3D1649655537%26sr%3D8-1-spons%26psc%3D1&qualifier=1649655537&id=2962699365333126&widgetName=sp_atf
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_aps_sr_pg1_1?ie=UTF8&adId=A03318763LULZGN8F3ANR&url=%2FHiLetgo-MLX90614ESF-Non-contact-Infrared-Temperature%2Fdp%2FB071VF2RWM%2Fref%3Dsr_1_1_sspa%3Fkeywords%3DMLX90614%26qid%3D1649655537%26sr%3D8-1-spons%26psc%3D1&qualifier=1649655537&id=2962699365333126&widgetName=sp_atf
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_aps_sr_pg1_1?ie=UTF8&adId=A03318763LULZGN8F3ANR&url=%2FHiLetgo-MLX90614ESF-Non-contact-Infrared-Temperature%2Fdp%2FB071VF2RWM%2Fref%3Dsr_1_1_sspa%3Fkeywords%3DMLX90614%26qid%3D1649655537%26sr%3D8-1-spons%26psc%3D1&qualifier=1649655537&id=2962699365333126&widgetName=sp_atf
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_aps_sr_pg1_1?ie=UTF8&adId=A03318763LULZGN8F3ANR&url=%2FHiLetgo-MLX90614ESF-Non-contact-Infrared-Temperature%2Fdp%2FB071VF2RWM%2Fref%3Dsr_1_1_sspa%3Fkeywords%3DMLX90614%26qid%3D1649655537%26sr%3D8-1-spons%26psc%3D1&qualifier=1649655537&id=2962699365333126&widgetName=sp_atf
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_aps_sr_pg1_1?ie=UTF8&adId=A03318763LULZGN8F3ANR&url=%2FHiLetgo-MLX90614ESF-Non-contact-Infrared-Temperature%2Fdp%2FB071VF2RWM%2Fref%3Dsr_1_1_sspa%3Fkeywords%3DMLX90614%26qid%3D1649655537%26sr%3D8-1-spons%26psc%3D1&qualifier=1649655537&id=2962699365333126&widgetName=sp_atf
https://www.amazon.com/MLX90614/s?k=MLX90614
https://www.amazon.com/MLX90614/s?k=MLX90614
https://protosupplies.com/product/801s-vibration-sensor-module/#:~:text=801S%20Vibration%20Sensor%20Module%20%24%203.95%20Sensitive%20micro,pulses%20when%20a%20shock%20or%20vibration%20is%20detected.
https://protosupplies.com/product/801s-vibration-sensor-module/#:~:text=801S%20Vibration%20Sensor%20Module%20%24%203.95%20Sensitive%20micro,pulses%20when%20a%20shock%20or%20vibration%20is%20detected.
https://protosupplies.com/product/801s-vibration-sensor-module/#:~:text=801S%20Vibration%20Sensor%20Module%20%24%203.95%20Sensitive%20micro,pulses%20when%20a%20shock%20or%20vibration%20is%20detected.
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://besomi-egypt.com/products/hx711-load-cell-amplifier-5kg
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/generic-tb6600-dc-4a-9-42v-stepper-motor-driver-cnc-61027590.html
https://www.jumia.co.ke/catalog/?q=L298N+MOTO
https://www.jumia.co.ke/catalog/?q=L298N+MOTO
https://www.jumia.co.ke/catalog/?q=L298N+MOTO
https://www.jumia.co.ke/catalog/?q=dc%20motor+chuck
https://www.jumia.co.ke/catalog/?q=dc%20motor+chuck
https://www.jumia.co.ke/catalog/?q=dc%20motor+chuck
https://www.jumia.co.ke/catalog/?q=12v+dc+power+supply
https://www.jumia.co.ke/catalog/?q=12v+dc+power+supply
https://www.jumia.co.ke/catalog/?q=12v+dc+power+supply
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Table  1: PCB pinout 

 Signal pin Power pin 

Stepper B7(pul),A8(dir) N/a  

L298N dc motor control B12(EN),B13(IN1),B14(IN2) N/A 

Vibration sensor 1 A5 Pwr + gnd 

Vibration sensor 2 10 Pwr + gnd 

Limit switch A11 Pwr + gnd 

Encoder  B0, B1 Pwr + gnd 

Temperature sensor B8, B9  

Load cell B4, B5  

start A3 PWR 

Stop A1  

Bluetooth module B6, B7, B3 Pwr + gnd 

Start LED A15  

Stop LED   

VIB+TEMP+LOAD = PWR+GND 

 

 

 

3.5.2 Wiring block Diagram for the project on Simscape 

 

total    25066 
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Figure  16: Wiring block Diagram for the project on Simscape 

 

 

3.5.3 ELECTRICAL DATASHEET 

a) L298N motor driver 

The module L298n Dual H-bridge, it’s often used with Arduino, it can control 2 DC motors at the same 

time, and you can control the direction and the speed as well. This module can control a Stepper motor 

as well. 

This dual bidirectional motor driver, is based on the very popular L298 Dual H-Bridge Motor Driver 

Integrated Circuit. The circuit will allow you to easily and independently control two motors of up to 2A 

each in both directions. It is ideal for robotic applications and well suited for connection to a 

microcontroller requiring just a couple of control lines per motor. It can also be interfaced with simple 

manual switches, TTL logic gates, relays, etc. This board equipped with power LED indicators, on-board 

+5V regulator and protection diodes. 

Product specification 

• Input Voltage: 3.2V~40Vdc. 

• Driver: L298N Dual H Bridge DC Motor Driver 

• Power Supply: DC 5 V - 35 V 

• Peak current: 2 Amp 
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• Operating current range: 0 ~ 36mA 

• Operating current range: 0 ~ 36mA 

Low: -0.3V ≤ Vin ≤ 1.5V. 

High: 2.3V ≤ Vin ≤ Vss. 

• Enable signal input voltage range :  

Low: -0.3 ≤ Vin ≤ 1.5V (control signal is invalid).  

High: 2.3V ≤ Vin ≤ Vss (control signal active).  

• Maximum power consumption: 20W (when the temperature T = 75 ℃).  

• Storage temperature: -25 ℃ ~ +130 ℃.  

• On-board +5V regulated Output supply (supply to controller board i.e. Arduino).  

• Size: 3.4cm x 4.3cm x 2.7cm 

 

Figure  17: L298n motor driver 

• The “Logic Input” pins control the directions: Forward, Backward and Stop, each two of them 

control A motor. 
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• 12V power is not always 12V it can be 9V, or it can be powered using up to 47VDC but you 

have to remove the regulator jumper or you’ll burn it, the regulator can support only up to 12V. 

• Enable A/B are for controlling the speed, if their jumpers are kept, the speed will be the 

maximum, they can handle up to 5V 

• The module can be powered using Arduino but that’s not recommended at all, it’s better to use 

external power, and you can power the Arduino through the module too via the 5V/Gnd pins 

• GND pin should always be wired with Arduino. 

 

 

 

 

 

b) Load cell sensor 

 

Figure  18: Load cell 

A load cell is a force sensing module carefully designed metal structure, with small elements called strain 

gauges mounted in precise locations on the structure. Load cells are designed to measure a specific force, 
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and ignore other forces being applied. The electrical signal output by the load cell is very small and 

requires specialized amplification. 

Installation  

It’s mounted by bolting down the end of the load cell where the wires are attached, and applying force 

on the other end in the direction of the arrow. Where the force is applied is not critical, as this load cell 

measures a shearing effect on the beam, not the bending of the beam. If you mount a small platform on 

the load cell, as would be done in a small scale, this load cell provides accurate readings regardless of 

the position of the load on the platform. 

 

Calibration  

A simple formula is usually used to convert the measured mv/V output from the load cell to the measured 

force: 

 Measured Force = A * Measured mV/V + B (offset)  

It’s important to decide what unit your measured force is - grams, kilograms, pounds, etc. This load cell 

has a rated output of 1.0±0.15mv/v which corresponds to the sensor’s capacity of 20kg.  

To find A we use  

Capacity = A * Rated Output  

A = Capacity / Rated Output  

A = 20 / 1.0  

A = 20  

Since the Offset is quite variable between individual load cells, it’s necessary to calculate the offset for 

each sensor. Measure the output of the load cell with no force on it and note the mv/V output measured 

by the PhidgetBridge.  

Offset = 0 - 20 * Measured Output 
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Product specification 

 
Figure  19:Datasheet load cell 

 

c) HX711 Load cell amplifier 

The HX711 Load Cell Amplifier accepts five wires from the load cell. These pins are labeled with 

colors; RED, BLK, WHT, GRN, and YLW.  

These colors correspond to the conventional color coding of load cells, where red, black, green and white 

wires come from the strain gauge on the load cell and yellow is an optional ground wire that is not 

hooked up to the strain gauge but is there to ground any small outside EMI (electromagnetic 
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interference). Sometimes instead of a yellow wire there is a larger black wire, foil, or loose wires to 

shield the signal wires to lessen EMI. 

 

Figure  20: Load cell amplifier 

 

In general, each load cell has four strain gauges that are hooked up in a wheatstone bridge formation as 

shown below. 

 

https://cdn.sparkfun.com/assets/learn_tutorials/5/4/6/13879-04_HX711_Breaout_Board.jpg
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Figure  21: Load cell wiring 

 

Table  2: Wheatson bridge 

Wheatstone Bridge Node "Typical" Wire Color 

Excitation+ (E+) or VCC RED 

Excitation- (E-) or GND BLACK or YELLOW 

Output- (O-), Signal- (S-), or Amplifier- (A-) WHITE 

O+, S+, or A+ GREEN or BLUE 

Some load cells might have slight variations in color coding such as blue instead of green or yellow 

instead of black or white if there are only four wires (meaning no wire used as an EMI buffer). You might 

have to infer a little from the colors that you have or check the datasheet on the load cell, but in general 

you will usually see these colors. 

Once the load cell is hooked up to the amplifier, you can hook up VDD, VCC, DAT, CLK, and GND to 

a microcontroller such as Arduino board. 

https://www.sparkfun.com/products/11113
https://cdn.sparkfun.com/assets/learn_tutorials/3/8/3/Wheatstone-Bridge-02.jpg
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Note: VCC is the analog voltage to power the load cell. VDD is the digital supply voltage used to set the 

logic level. 

Serial Interface  

Pin PD_SCK and DOUT are used for data retrieval, input selection, gain selection and power down 

controls. When output data is not ready for retrieval, digital output pin DOUT is high. Serial clock input 

PD_SCK should be low. When DOUT goes to low, it indicates data is ready for retrieval. By applying 

25~27 positive clock pulses at the PD_SCK pin, data is shifted out from the DOUT output pin. Each 

PD_SCK pulse shifts out one bit, starting with the MSB bit first, until all 24 bits are shifted out. The 

25th pulse at PD_SCK input will pull DOUT pin back to high (Figure 1). Input and gain selection are 

controlled by the number of the input PD_SCK pulses (Table 1). PD_SCK clock pulses should not be 

less than 25 or more than 27 within one conversion period, to avoid causing serial communication error.  

 

Figure  22: Pinouts  

 

 

 

Figure  23:  Data output, input and gain selection timing and control 
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Figure  24: Load cell 

 

 

d) Vibration sensor 

This module features an adjustable potentiometer, a vibration sensor, and a LM393 comparator chip to 

give an adjustable digital output based on the amount of vibration.  

The potentiometer can be adjusted to both increase and decrease the sensitivity to the desired amount. 

The module outputs a logic level high (VCC) when it is triggered and a low (GND) when it isn’t.  

Additionally, there is an onboard LED that turns on when the module is triggered.  

Features  

• The default state of the swith is close  

• Digital output Supply voltage:3.3V-5V  

• On-board indicator LED to show the results  

• On-board LM393 chip  

• SW-420 based sensor, normally closed type vibration sensor  

• Dimension of the board: 3.2cm x 1.4cm  

This sensor module produce logic states that depends on vibration and external force applied on it. When 

there is no vibration this module gives logic LOW output. When it feels vibration then output of this 
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module goes to logic HIGH. The working bias of this circuit is between 3.3V to 5V DC. 

 

Figure  25: typical vibration sensor 

  

 

 

 

Figure  26: vibration sensor wiring 

Sensor Details  

SW-420 Single-roller type full induction trigger switch. When no vibration or tilt, the product is ON 

conduction state, and in the steady state, when a vibration or tilt, the switch will be rendered instantly 

disconnect the conductive resistance increases, generating a current pulse signal, thereby triggering 

circuit. These products are completely sealed package, waterproof, dustproof.  

Principle  

Usually at any angle switch is ON state, by the vibration or movement, the rollers of the conduction 

current in the switch will produce a movement or vibration, causing the current through the disconnect 

or the rise of the resistance and trigger circuit. The characteristics of this switch is usually general in the 
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conduction state briefly disconnected resistant to vibration, so it's high sensitivity settings by IC, 

customers according to their sensitivity requirements for adjustments. 

 

e) MLX90614 Temperature sensor 

MLX90614 is IR based contactless temperature sensor that can measure the temperature of a particular 

object between -70°C – 382.2°C and an ambient temperature of -40°C – 125°C without even making 

physical contact with an object under observation. It is embedded with an I2C port to communicate 

temperature reading to microcontrollers over an I2C bus. On top of that, it is provided with ESD 

protection to avoid malfunctioning of the sensor. 

The tiny device is highly accurate and precise due to its powerful ADC. A 17-bit ADC is embedded in 

the module to output the values with 0.14 ˚C of resolution. Melexis has introduced different versions of 

this sensor based on input voltage requirements i.e., 3 Volts or 5volts and resolving power for different 

project requirements. But MLX90614 is a sensitive temperature sensor that has a long list of applications, 

especially in home automation 

MLX90614 Pinout 

This temperature sensor module comes with a 3.3 voltage regulator, I2C Bus with internal pullup 

resistors to define a default state and a capacitor for noise filtering. The pinout of the non-contact 

MLX90614 IR Temperature Sensor module is as shown: 

Pin Configuration 

MLX90614 has two versions and is available in the TO-39 package. The pin configuration details are 

listed in a table below: 

Pin Name Function 

VCC Positive power supply pin 

GND Reference potential pin 

SCL Open drain Serial Clock pin. An I2C line clock pulses pin for data synchronization. 

SDA Open drain Serial Data pin. An I2C line to communicate data to the host MCU. 

Features & Specifications 

• Operating Voltage: 3.6 Volts – 5.5 Volts 

https://microcontrollerslab.com/i2c-bus-communication-protocol-tutorial-applications/
https://microcontrollerslab.com/analog-to-digital-adc-converter-working/
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• Ambient Temperature Range: -40°C – 125°C 

• Object Temperature Range: -70°C – 380°C 

• Measurement resolution: 0.02°C 

• ESD Sensitivity: 2kV 

• Sink/Source Current: 25mA 

• ADC Resolution: 17 bits 

• IR sensor is integrated with an optical filter, a DSP, and a low noise amplifier for fine output 

digital signals. 

• Adaptable for 8-16 Volts applications and can be integrated easily. 

• Supports power-saving mode and is available in single and dual versions 

• It is a power-efficient and highly sensitive sensor. 

Connection Diagram 

The following figure shows the connection diagram between MLX90614 temperature sensor and 

Arduino. 

• Connect the power supply pin (Vin) of the temperature sensor to the 5V pin of Arduino and the 

GND pin of MLX90614 to the GND pin Arduino UNO. 

• Connect the SDA and SCL pins of the mentioned IR sensor to the A4 and A5 pins of the Arduino 

UNO for transferring data serially. A4 and A5 pins of Arduino also share alternate function of 

SDA and SCL pins of I2C port of Arduino Uno. 

 

Arduino UNO MLX90614 IR Sensor 

5V VCC 

GND GND 

SDA A4 
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SCL A5 

 

f) Bipolar stepper motor 

A stepper motor is a brushless DC motor that divides a full rotation into several equal steps of 1.8 degrees 

thus they can make up to 200 steps in one rotation. The motor’s position can then be directed to move 

and hold at one of these steps without any position sensor for feedback.  

Bipolar stepper motors are a type of stepper motor with a single winding per phase and no center tap 

unlike a unipolar stepper motor. 

The DC current in a winding needs to be reversed to reverse a magnetic pole and allow the motor to 

function. A H-bridge IC is used to drive the bipolar stepper motor because of the following reasons; 

• They can reverse the polarity of the stator coils. 

• They are capable of handling high current that is drawn by the stepper motor since the 

microcontroller could only handle up to 15 mA. 

• They can protect the microcontroller pins against high spikes that results when the coil current 

changes direction. 

 

 

 

Bipolar motor driver circuit interface 

 
 

3.6 GUI Design for data collection, visualization and motor 

control 

To be able to control the speed of the drilling motor and to visualize in real time the different parameters 

vary during the experiments, we developed a graphical user interface using Python. The GUI uses the 

https://www.electrical4u.com/stepper-motor-drive/
https://www.electrical4u.com/brushless-dc-motors/
https://www.electrical4u.com/dc-current/
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serial communication protocol to read data and send commands to the modules to control motor action. 

The capabilities of the graphical user interface included: 

• Selection of the COM ports to enable communication with the microcontrollers. 

• Switching between light and dark mode to provide comfort of use to the user. 

• Control of the dc motor speed used for a drilling experiment 

• Real time monitoring of the sensor outputs coupled with a graphical interface to visualize the 

changes of temperature, vibrations and load applied throughout the experiment. 

• Generation of csv files to save sensor data for analysis. 

• Ability to start and stop motors and data collection at any time. 

 

a) Read Sensors Graphical User Interface 

 

 
Figure  27: The Read Sensors Graphical User Interface 
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b) Motor Control Graphical User Interface 

 
Figure  28: The Motor Control Graphical User Interface 
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3.7 Sample data collected: 

 

 
Figure  29: Sample data collected 

 

 

The data collected was analyzed to determine relationships between the different variables. The codes 

developed throughout the project can be accessed on GitHub on: 

https://github.com/marymbaire/ONE-AXIS-AUTOMATED-DRILL-PROJECT 

 

 

 

 

https://github.com/marymbaire/ONE-AXIS-AUTOMATED-DRILL-PROJECT


 

52 | P a g e  

 

Chapter 4: Presentation of Findings, Analysis 

and Interpretation 

4.1 Introduction  

In this chapter, results from the various One Axis drill experiment will first be presented. These 

experiments provide information about the effect of variations to the parameters regarding the model 

output. 

The data collected was for 18 experiments broken down like this: 

Long span stand experiment:  

- fast drill speed (3 iterations) 

- slow drill speed (3 iterations) 

Medium span stand experiment:  

- fast drill speed (3 iterations) 

- slow drill speed (3 iterations) 

Short span stand experiment:  

- fast drill speed (3 iterations) 

- slow drill speed (3 iterations) 

As a standard, fast drill speeds run at a PWM value of 255, whereas slow drill speeds run at a PWM 

value of 200. 
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4.2 Graphs of cumulative experiments. 

1. Long span fast drill speed action iterations 

 

Figure  30: Vibration, Temperature, force in long span fast drill l speed iteration 1 

 

Figure  31:  Vibration, Temperature, force in long span fast drill speed iteration 2 
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Figure  32: Vibration, Temperature, force in long span fast drill speed iteration 3 
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2. Long span slow drill speed action iterations 

 
Figure  33:Vibration, Temperature, force in long span slow drill speed iteration 1 

 
Figure  34: Vibration, Temperature, force in long span slow drill speed iteration 2 
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Figure  35: Vibration, Temperature, force in long span slow drill speed iteration 3 
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3. Medium span fast drill speed action iterations 

 

Figure  36: Vibration, Temperature, force in medium span fast drill speed iteration 1 

 
Figure  37: Vibration, Temperature, force in medium span fast drill speed iteration 2 
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Figure  38: Vibration, Temperature, force in medium span fast drill speed iteration 3 
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4. Medium Span Slow Drill Speed Action Iterations 

 
Figure  39: Vibration, Temperature, force in medium span slow drill speed iteration 1 

 
Figure  40: Vibration, Temperature, force in medium span slow drill speed iteration 2 
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Figure  41: Vibration, Temperature, force in medium span slow drill speed iteration 3 
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5. Short span fast drill speed action iterations 

 
Figure  42: Vibration, Temperature, force in short  span fast  drill speed iteration 1 

 
Figure  43: Vibration, Temperature, force in short  span fast  drill speed iteration 2 
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Figure  44: Vibration, Temperature, force in short  span fast  drill speed iteration 3 
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6. Short span fast drill speed action 

 

 
Figure  45: Vibration, Temperature, force in short span slow  drill speed iteration 1 

 
Figure  46: Vibration, Temperature, force in short span slow  drill speed iteration 2 
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Figure  47: Vibration, Temperature, force in short span slow  drill speed iteration 3 

 

4.3 DATA COMPACTION 

To obtain the data to be used for analysis, the averages of the iterations were first obtained. This reduced 

the graphs from 18 to 6. 

The resulting average graphs: 
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4.3.1 Long span action (Average Vibration, Temperature, Force in long span 

fast  drill speed) 

 
Figure  48: Average Vibration, Temperature, Force in long span fast  drill speed 
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Figure  49: Average Vibration, Temperature, Force in long span slow drill speed 
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4.3.2 Medium span action (Average Vibration, Temperature, Force in 

medium span fast drill speed) 

 
Figure  50: Average Vibration, Temperature, Force in medium span fast drill speed 

 
Figure  51: Average Vibration, Temperature, Force in medium span slow  drill speed 
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4.3.2 Short span action (Average Vibration, Temperature, Force in short 

span fast drill speed) 

 
Figure  52: Average Vibration, Temperature, Force in short span slow drill speed 

 
Figure  53: Average Vibration, Temperature, Force in short span fast drill speed 
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4.4 DATA ANALYSIS 

4.4.1 SPEARMAN RANK CORRELATION COEFFICIENT 

To determine the level of correlation between the variables 

 

4.4.1.a   Long span stand, fast drill speed action 

Measured both vibration and load applied only. 

Sample Data and Correlation Analysis between force and vibration 

 

Table  3: Sample Data and Correlation Analysis between force and vibration 

 

Vibration (acceleration 

in m/s2) 

Force/ Load applied 

(Kg) 

Rank 

Vibration 

Rank Force 

13.58666667 0.126666667 7 
21 

16.68333333 0.076666667 27 
15 

17.27333333 0.07 43 
12.5 

17.56 0.07 50 
12 

17.08666667 0.07 37 
11.5 

16.37 0.07 21 
11 

17.19666667 0.063333333 41 
6 

18.25333333 0.063333333 75 
5.5 

18.58 0.063333333 87.5 
5 

16.48666667 0.063333333 24 
4.5 

 

The findings of rank correlation calculation: 

 

Table  4: The findings of rank correlation calculation: 

correlation between force and vibration 

Correlation coefficient® 0.039286142 

Number of pairs(N) 100 

T- statistic) 0.389213434 

DF 98 

P- value 0.697962714 

 

The p- value is >0.05; this means there is not enough evidence to reject null hypothesis, therefore null 

hypothesis remains valid. 

Null hypothesis: There is no significant relationship between vibration and force readings. 
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4.4.1.b   Medium span, fast drill speed action. 

The measured variables of significance were vibration, force and temperature 

Sample Data and Correlation analysis between vibration and temperature: 

 

Table  5: Sample Data and Correlation analysis between vibration and temperature: 

Temperature 

(degree Celsius) 

Vibration 

(acceleration in 

m/s2) 

Force/load 

applied 

(Kgs) 

Temperature 

Rank 

Vibration 

rank 

Force 

Rank 

23.88333 17.99 0.063333 1.5 81 65.5 

23.89 16.85333 0.023333 3.5 43 41 

23.97 18.03 -0.26 10 84 2 

23.91667 17.97667 0.093333 7 80 79.5 

23.88333 18.14667 0.066667 1.5 86 67 

23.91 18.00333 0.063333 6 82.5 65.5 

23.94333 18.54 0.083333 8.5 90 73.5 

23.89 17.40333 0.093333 3.5 61 79.5 

23.89667 17.71333 0.08 5 72 71.5 

24.00333 17.71667 0.08 11 73 71.5 

 

 

Table  6: Correlation between vibration and temperature 

Correlation between vibration and 

temperature 

Correlation coefficient -0.22962312 

Number of pairs 100 

T- statistic 2.335559958 

Degrees of freedom 98 

P- value 0.02155263 

 

  

The correlation coefficient is negative. 

The p value<0.05; this means there is enough evidence to reject the null hypothesis. 

Null hypothesis: There is no significant relationship between vibration and temperature. 

There is a significant relationship between vibration and temperature. 

Correlation between vibration and force 

 

 

Table  7: Correlation between vibration and force 

Correlation between vibration and force 

Correlation coefficient 0.129562604 

Number of pairs 100 

T- statistic 1.293506998 

Degrees of freedom 98 
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P- Value 0.198876329 

 

The p value is >0.05, thus not enough evidence to reject the null hypothesis. 

There is no significant relationship between vibration and force. 

Correlation between force and temperature 

 

 

Table  8: Correlation between force and temperature 

Correlation between force and temperature 

Correlation coefficient -0.441824124 

Number of pairs 100 

T- statistic 4.875518268 

Degrees of freedom 98 

P- Value 4.18864E-06 

 

There is negative correlation. 

The p value<0.05, thus there is sufficient evidence to reject null hypothesis; there is a significant 

relationship between force and temperature. 

 

4.4.1 DESCRIPTIVE STATISTICS 

 

4.4.2.a long span fast drill speed action 

 

Table  9: DESCRIPTIVE STATISTICS (vibration) 

DESCRIPTIVE STATISTICS (vibration) 

Mean 16.9994 

Range 12.53666667 

Variance 5.112525114 

Standard deviation 2.261089364 

 

4.4.2.b Medium span fast drill speed action 

 

Table  10: DESCRIPTIVE STATISTICS (vibration) 

DESCRIPTIVE STATISTICS (vibration) 

Mean 16.6576 

Range 14.47 

Variance 4.41495984 

Standard deviation 2.101180582 
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4.4.3.c Short span fast drill speed action 

 

Table  11:  Descriptive statistics short span fast drill speed action 

DESCRIPTIVE STATISTICS 

(vibration) 

Mean 19.28216667 

Range 1.68333333 

Variance 0.197906481 

Standard deviation 0.444866813 

 

Short span fast drill speed action has the lowest value of vibration, this is depicted by the smallest value 

of standard deviation, thus the lowest dispersion. 

Long span fast drill speed action has the highest value of vibration, this is depicted by the highest value 

of standard deviation, thus the highest dispersion. 

 

4.4.3 ANOVA Analysis 

Objective: Determine if there are significant differences in temperature, vibration, and force at different 

PWM levels. 

Since all sensor data was collected in medium span drilling action for both fast and slow drill speeds, 

Analysis of variance is carried out for these two iterations. 

 

4.4.3.1(a) Medium span fast drill speed action 

Sample data: 

 

Table  12:  Sample data for Anova analysis medium span fast drill speed action 

Temperature (degree 

Celsius) 

Vibration (acceleration 

in m/s2 

Force/load applied in 

Kgs PWM Value 

23.88333 17.99 0.063333 255 

23.89 16.85333 0.023333 255 

23.97 18.03 -0.26 255 

23.91667 17.97667 0.093333 255 

23.88333 18.14667 0.066667 255 

23.91 18.00333 0.063333 255 

23.94333 18.54 0.083333 255 

23.89 17.40333 0.093333 255 

23.89667 17.71333 0.08 255 

24.00333 17.71667 0.08 255 

 

ANOVA Results: 
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Table  13:  ANOVA Results for ANOVA analysis medium span fast drill speed action: 

 
 

The P-value for the between groups variation is very close to zero (8.2708E-196), which is less than the 

significance level (commonly set at 0.05). This indicates a significant difference among the groups for 

all three variables (Temperature, Vibration, Force). 

The F-statistic is very high, further supporting the evidence of significant differences. 

 

4.4.3.1(b) Medium span slow drill speed action 

Sample data: 

 
Table  14: Sample data for Anova analysis medium span slow drill speed action 

Temperature (degree 

Celsius) 

Vibration 

(acceleration in m/s2) 

Force/ Load applied in 

Kgs PWM Value 

33.35 16.33 0.003333 200 

33.41 10.58 0.003333 200 

26.87667 16.07 0.166667 200 

26.93 17.32667 0.16 200 

27.01667 14.47667 0.163333 200 

27.00333 16.26333 0.16 200 

27.03 17.69 0.15 200 

27.03 16.90667 0.143333 200 

27.04333 16.98333 0.143333 200 

27.03667 18.15 0.136667 200 

 

 

ANOVA Results: 
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Table  15: Sample results  for Anova analysis medium span slow drill speed action 

 
 

Similar to the fast drill speed, the P-value for the between groups variation is very close to zero (4.1763E-

262), indicating a significant difference among the groups for all three variables. 

The F-statistic is extremely high, providing strong evidence of significant differences. 

 

 

4.4.3.2 Further analysis of variance(anova)  

1. Data collection  

The goal of this analysis is to obtain optimal operating points for the stepper motor which provides linear 

feed to the dc motor station and the dc motor speed which provides rotary feed to the workpiece.  

The two hypotheses in the experiment:  

Null hypothesis: There is no significant difference in the mean quality of drilling across different levels 

of linear feed speed provided by the stepper motor and rotary speed determined by the DC motor.  

Alternative hypothesis: There is a significant difference in the mean quality of drilling across different 

levels of linear feed speed provided by the stepper motor and rotary speed determined by the DC motor. 

  
Table  16: Data Collection and analysis Anova 

  Stepper Motor Speed (RPM)  DC Motor Speed (RPM)  Drill performance  

E0  26.7   7958  0  

E1  30.0   9422  0  

E2  24.2   9422  0  

E3  17.4   9604  3  

E4  17.8   9775  3  

E5  17.4   9712  2  

E6  9.8   9778  8  

E7  9.9   9671  5  
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E8  9.4   9733  8  

E9  31.1  9785  5  

E10  21.4   9836  5  

E11  4.5    9706  3  

  

2. ANOVA analysis  

Drill performance extremes:       0- does not drill  

        10- drills efficiently  

 
Table  17: Anova analysis 

ANOVA: Two-Factor Without Replication           

               
 SUMMARY  

 

Count  

 

Sum  

 

Average  Variance      

E0   2  7984.7  3992.35  31452760      

E1   2  9452  4726  44104832      

E2   2  9446.2  4723.1  44159322      

E3   2  9621.4  4810.7  45951450      

E4   2  9792.8  4896.4  47601476      

E5   2  9729.4  4864.7  46992635      

E6   2  9787.8  4893.9  47708866      

E7   2  9680.9  4840.45  46668427      

E8   2  9742.4  4871.2  47274198      

E9   2  9816.1  4908.05  47569283      

E10  2  9857.4  4928.7  48163187      

E11  2  9710.5  4855.25  47059551      

              

Stepper Motor Speed (RPM)  12  219.6  18.3  75.45818      

DC Motor Speed (RPM)  12  114402  9533.5  264111      

 

                        

   

ANOVA  

             
Table  18: Anova Sources of Variance 

Source of Variation  SS  df  MS  F  P-value  F crit  

Stepper*DC Motor    1434252  11  130386.5  0.974489  0.516708  2.81793  
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Stepper and DC Motor 

Separately  5.43E+08  1  5.43E+08  4060.048  1.76E-15  4.844336  

Error  1471799  11  133799.9        

  

Total  

    

5.46E+08 

7.28E+08 

23  

    

       

  

   

  

   

Total  35               

  

3. Interpretation of ANOVA results  

  

• The p-values indicate the significance of each factor and their interactions.  

• Stepper Motor Speed has a p-value of <0.05, indicating that it has a significant effect 

on Optimal Drilling Performance.  

• Drill Motor Speed also has a p-value of <0.05, suggesting a significant effect on 

Optimal Drilling Performance.  

• Both the stepper motor speed and the drill motor speed independently significantly 

impact the quality or efficiency of the drilling process for PMMA material.  

• The interaction between Stepper Motor Speed and Drill Motor Speed has a p-value of 

0.516708, which is not statistically significant. Therefore, the interaction does not have 

a significant effect on Optimal Drilling Performance.  

• The p- value of interaction between stepper motor speed and dc motor speed is greater 

than 0.5, thus we fail to reject null hypothesis; this means there is no significant 

difference in the mean quality of drilling across different levels of linear feed speed provided 

by the stepper motor and rotary speed determined by the DC motor. This means that the two 

variables can be controlled independent of each other to obtain best quality drilling.  

From the analysis, the number of times the station is able to carry out a successful drilling 

operation is limited. The station exhibits a successful drilling operation when a starting hole is 

provided. Failure to drill can be attributed to the melting of PMMA and the sticking of the melted 

PMMA on the drill bit, making further drilling difficult. The new PMMA used melts when 

heated during heating. Using the current setup as it is, the optimal operating parameters is at 200 

pulses/rev setting for stepper motor, where it operates at 21.6 rpm and for the dc motor, at 

255PWM, which is equivalent to 9778rpm, which can be conditioned separately, with one of 

the variables held constant.  
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4.4.3.3 ANOVA Analysis Conclusion: 

For both fast and slow drill speeds, the ANOVA results suggest that there are significant differences 

among the groups (PWM values) for all three variables: temperature, vibration, and force. 

The high F-statistics and very low P-values indicate strong evidence against the null hypothesis of equal 

means. 

 

4.4.3.4 ANOVA Recommendation: 

Using a geared dc motor for the drill station with operating speed limit of 300 rpm will provide 

sufficient torque to drill the PMMA as it melts. Temperature should also be control variable in 

the system due to thermal behavior of the PMMA strip. Based on these results, you can conclude 

that there are significant differences in temperature, vibration, and force at different drilling motor speeds 

represented by different PWM values.  

 

 

4.5 FEA calculations 

4.5.1 Mathematical analysis of pmma. 

This analysis assumes the maximum force exerted on PMMA strip is the maximum rated load 

of the load cell we shall be using for the project: 10kg rated. 

Considerations of experiment: dc motor running at 9600 rpm. 

Drill bit material:  

• high speed steel. 

• Drill bit diameter: 4mm 

 

Mechanical properties of PMMA:  

• Poisson’s ratio= 0.35 

• Young’s modulus=2.7 GPa 

• Dimensions of PMMA strip: 180mm by 20mm by 4mm 

Given that the force acting on the PMMA strip is 10kg, we convert this into newtons; 

𝐹 = 𝑚 ∗ 𝑔 

                            = 10𝐾𝑔 ∗ 9.81𝑚/𝑠2 

      = 98.1𝑁 

The area of the circular part at the center of the PMMA strip is given by; 

𝐴 =
𝜋𝑑2

4
=  

𝜋 ∗ (4𝑚𝑚)2

4
= 4𝜋𝑚𝑚2 

 Where d id the diameter of the circular part. 

The stress caused by the force acting on the PMMA strip is given by; 



 

79 | P a g e  

 

𝜎 =  
𝐹

𝐴
=  

98.1𝑁

4𝜋𝑚𝑚2
 ≈ 7.83𝑀𝑃𝑎 

To calculate the maximum and minimum equivalent stresses, we need; 

𝜎𝑒𝑞 =
√(𝜎1 − 𝜎2)2 +  (𝜎2 − 𝜎3)2 +  (𝜎3 − 𝜎1)2

2
 

 Where 𝜎1, 𝜎2 𝑎𝑛𝑑 𝜎3 are principal stresses 

The maximum and minimum principal stresses are given by; 

𝜎𝑚𝑎𝑥/𝑚𝑖𝑛 =
𝜎1+𝜎2

2
±  √(

𝜎1 − 𝜎2

2
)2 + 𝜎3

2 

To calculate the principle stresses, we use; 

𝜎1 =  
𝜎𝑥 + 𝜎𝑦

2
+ √(

𝜎𝑥 − 𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2  

𝜎2 =  
𝜎𝑥 + 𝜎𝑦

2
− √(

𝜎𝑥 − 𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2  

 Where 𝜎𝑥, 𝜎𝑦  𝑎𝑛𝑑 𝜏𝑥𝑦 are normal and shear stresses on a plane ϴ to the x- axis given by; 

𝜎𝑥 =
𝜎𝑥𝑥 + 𝜎𝑦𝑦

2
+

𝜎𝑥𝑥 − 𝜎𝑦𝑦

2
𝑐𝑜𝑠(2𝜃) + 𝜏𝑥𝑦sin (2𝜃) 

𝜎𝑦 =
𝜎𝑥𝑥 + 𝜎𝑦𝑦

2
+

𝜎𝑥𝑥 − 𝜎𝑦𝑦

2
𝑐𝑜𝑠(2𝜃) − 𝜏𝑥𝑦sin (2𝜃) 

𝜏𝑥𝑦 =  
𝐹

𝐴
∗

𝑑

4
 

 Where 𝜎𝑥𝑥𝑎𝑛𝑑 𝜎𝑦𝑦 are the normal stresses in the x and y directions respectively. 

Using the given dimensions of the PMMA strip, we can calculate the normal stresses in the x 

and y directions as follows: 

𝜎𝑥𝑥 =  
𝐹

𝑤𝑡
=  

98.1𝑁

(20𝑚𝑚)(4𝑚𝑚)
≈ 1.3𝑀𝑃𝑎 

𝜎𝑦𝑦 =  
𝐹

𝑙𝑡
=  

98.1𝑁

(180𝑚𝑚)(4𝑚𝑚)
≈ 0.14𝑀𝑃𝑎 

where w and l are the width and length of the PMMA strip, respectively, and t is the 

thickness of the PMMA strip. 

Since ϴ, the angle between the plane and the x- axis, is 0°; 

𝜎𝑥 =
𝜎𝑥𝑥 + 𝜎𝑦𝑦

2
+

𝜎𝑥𝑥 − 𝜎𝑦𝑦

2
𝑐𝑜𝑠(2𝜃) + 𝜏𝑥𝑦 sin(2𝜃) ≈ 1.23𝑀𝑃𝑎  

𝜎𝑦 =
𝜎𝑥𝑥 + 𝜎𝑦𝑦

2
+

𝜎𝑥𝑥 − 𝜎𝑦𝑦

2
𝑐𝑜𝑠(2𝜃) − 𝜏𝑥𝑦 sin(2𝜃)  ≈ 0.14𝑀𝑃𝑎 

We can therefor calculate the principle stresses as; 



 

80 | P a g e  

 

 

𝜎1 =  
𝜎𝑥 + 𝜎𝑦

2
+  √(

𝜎𝑥 − 𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2  ≈ 1.23𝑀𝑃𝑎 

𝜎2 =  
𝜎𝑥+𝜎𝑦

2
−  √(

𝜎𝑥−𝜎𝑦

2
)

2

+ 𝜏𝑥𝑦
2 ≈  −0.95𝑀𝑃𝑎   

In this case, the PMMA strip is subjected to a force acting on a circular point at its center. 

Since the force is applied at the center, the stress state is symmetric about the centerline of the 

strip. Therefore, the stress component σ₃ is zero. 

𝜎3 = 0 

For the maximum and minimum equivalent stresses, we have; 

𝜎𝑒𝑞,𝑚𝑎𝑥 =  √
(𝜎1 − 𝜎2)2 + 𝜎2

2 + 𝜎1
2

2
= 1.59𝑀𝑃𝑎 

𝜎𝑒𝑞,𝑚𝑖𝑛 = 0 

For the maximum and minimum principal stresses, we have; 

𝜎𝑚𝑎𝑥 =
𝜎1+𝜎2

2
+  √(

𝜎1 − 𝜎2

2
)2 + 𝜎3

2 = 0.64𝑀𝑃𝑎  

𝜎𝑚𝑖𝑛 =
𝜎1 + 𝜎2

2
− √(

𝜎1 −  𝜎2

2
)

2

+ 𝜎3
2 =  −1.04𝑀𝑃𝑎 

 

Using the given values of Young's modulus, Poisson's ratio, and density of PMMA, we can 

calculate the shear modulus as follows: 

𝐺 =  
𝐸

2(1 + 𝜈)
=

2.7𝐺𝑃𝑎

2(1 + 0.35)
≈ 0.96𝐺𝑃𝑎 

where E is the Young's modulus and ν is Poisson's ratio. 

The shear strain can be calculated using the following equation: 

𝛾𝑥𝑦 =
∆𝑥

ℎ
 

where Δx is the displacement in the x direction and ℎ is the thickness of the PMMA 

strip. 

Assuming that the PMMA strip is in a state of plane stress, we can use the following equation 

to calculate the displacement in the x direction: 

∆𝑥 =  
𝜎𝑥𝑥

𝐸
∗ 𝑥 

where x is the distance from the neutral axis of the PMMA strip. 
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Using the given dimensions of the PMMA strip, we can calculate the distance from the neutral 

axis as follows: 

𝑥 =  
𝑡

2
= 2𝑚𝑚 

Using these values, we can calculate the shear strain as follows: 

𝛾𝑥𝑦 =  
∆𝑥

ℎ
=  

𝜎𝑥𝑥

𝐸ℎ
∗ 𝑥 =  

1.23𝑀𝑃𝑎

(2.7𝐺𝑃𝑎)(4𝑚𝑚)
∗ 2𝑚𝑚 ≈ 0.23 

From shear strain, the expected deflection of PMMA during drilling: 

∆𝑥 =  𝛾𝑥𝑦 ∗ ℎ = 0.23 ∗ 4 = 0.92 𝑚𝑚 

The results of this analytical calculations are compared with the results of finite element analysis 

in Abaqus and Ansys to determine best drilling parameters. 
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Chapter 5: Conclusion and Recommendations 

5.1 Conclusion 

In conclusion, the ANOVA analysis of drilling performance with PMMA material has provided valuable 

insights into the factors that influence the quality and efficiency of drilling operations. The findings 

reveal that both Stepper Motor Speed and Drill Motor Speed have a significant and independent impact 

on Optimal Drilling Performance. This highlights the critical role that motor speed adjustments play in 

achieving the desired drilling outcomes when working with PMMA material. 

  

Furthermore, the lack of statistically significant interaction effects between Stepper Motor Speed and 

Drill Motor Speed, as well as between Stepper Motor Speed and DC Motor Speed, suggests that these 

variables can be controlled independently. This flexibility in motor speed control offers opportunities for 

fine-tuning the drilling process to meet specific requirements without compromising drilling qualityIn 

summary, the ANOVA analysis serves as a foundation for enhancing drilling performance with PMMA 

material. It empowers operators and engineers to make informed decisions regarding motor speed 

adjustments and highlights the potential for achieving consistent and high-quality drilling results. The 

subsequent implementation of a new DC motor, advanced control methods, and digital tuning 

techniques, as recommended, can further refine and optimize the drilling process, leading to improved 

efficiency and reliability. 

 

 

5.2 Recommendations 

• New DC Motor :  Selecting a new DC motor with improved specifications and precision can 

have a significant impact on drilling performance. Consider a motor that offers higher torque 

and speed control capabilities. Ensure that the motor is compatible with the drilling station's 

requirements and can achieve the desired RPM (revolutions per minute). A motor with precise 

RPM control and low vibration can contribute to smoother and more consistent drilling. 

• Control Method :   

• Implement a more advanced control method, such as a closed-loop control system. This 

involves using feedback mechanisms, such as encoders or sensors, to continuously monitor the 

motor's performance and adjust its speed and position in real-time. Closed-loop control 

systems provide greater accuracy and stability, which is crucial for drilling with PMMA 

material. Additionally, this approach allows for adaptive control, where the system can 

automatically adjust motor speed based on the drilling conditions and material properties. 

• Digital Tuning :  Utilize digital tuning techniques to optimize the motor's performance  

parameters. Digital tuning involves adjusting control parameters through software interfaces to 

achieve the desired drilling outcomes. Parameters such as PID (Proportional-Integral-

Derivative) gains can be fine-tuned digitally to optimize motor speed and position control. 

Digital tuning allows for precise adjustments and quick response to changing drilling 

conditions. 

•  Integration :  Ensure seamless integration of the new DC motor and control method into the 

existing drilling station. This may require modifications to the hardware and software 

interfaces of the station to accommodate the new components. Calibration and testing should 

be conducted to verify that the motor and control system are operating as intended. 

• Data Analysis : Utilize data analysis techniques to identify patterns and trends in drilling 

performance. This includes analyzing data from sensors, motor performance logs, and drilling 
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outcomes. Machine learning algorithms can be employed to predict optimal motor settings 

based on historical data and current conditions. 

  

By incorporating a new DC motor, advanced control methods, and digital tuning into the drilling station, 

it is possible to achieve finer control over the drilling process. This approach can lead to increased 

precision, reduced drilling failures, and improved overall efficiency when working with PMMA material. 

However, thorough testing and validation are essential to ensure that the new components and control 

strategies effectively meet the desired drilling objectives. 
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Appendix An Arduino source code 

1) The code used to run the motors and provide with the run motor GUI 
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2) The code used to read sensors and to provide the read sensors GUI 
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