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Abstract   

  The project outlines the crucial part of CNC machines in industry recently. 

Introducing the fields involved in using such a machinery. Particularly, how to deploy 

an efficient approach to deal with this type of machines. Because all CNC machines 

function the same but differs in their product’s outcome quality, we will trigger ways 

to come up with the most suitable and efficient CNC machine. Several errors will be 

introduced as scenarios followed up with a proper solution for them. Starting with 

prototyping, 3d movement along with drilling is considered to be challenging and must 

be attained for. Also, it is noticed that CNC systems can hold multi-faceted applications 

by updating and integrating tools and functions. It is believed to be a complex process 

however, it shows solid outcomes in vast engineering fields. When dealing with 

designing, components of CNC machines will be spotted and the difference between 

each one of them is explained in detail. This will hence, highlight the importance of 

choosing a special machine among other machines. The difference was strongly related 

to ease and affordability of the machine. The chosen model in particular, gives the 

freedom to add on other tools to compensate the project needs. This report will be 

summed by introducing the results of prototyping and discussing them in detail. After 

all these steps, the final instructions on how to gather each tool will be noted and a 

detailed discerption will be given. Moreover, there are several computational and more 

specific tasks that can be dealt with to strengthen the project more. However, going 

through them all will surely need time and effort. These steps might be adopted when 

this project is carried out in the work field after graduation.  
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1. Introduction  

 In recent years, industrial robots are taking the attention of large international 

companies to adopt with the development of this machinery. They offer reliable 

technological capabilities to manufacture and operate as drilling, polishing, milling and 

curving machines. Not only being flexible and reconfigurable makes them outstanding, 

also when compared with conventional machines, they limit out the restricted working 

area as well as removing limitation on the product shape [1]  

  The intervention of robotic technology in production manufacturing system has 

changed the way industry is conceived in general. In this context, it can be realised that 

robots in industry presents a satisfying option to work with different tasks such as; 

welding; curving; painting and gathering objects. It is estimated that the reliability on 

these robots will increase significantly in the future. Nevertheless, during the world 

economic crises in 2009, robotic industry faces a major drawback in sales. Yet, this did 

not last for long as in 2010 the mainstream has straightened, and robots market value 

increased.   

 The application of these robots in industry splits into two folds. One being 

controlled and dedicated a certain path for the robot, more like the numerical control 

machines. The other utilization way for robots is to work on the finishing of the product. 

Thus, the outer surface of a product gets grinded or polished. In this paper, CNC 

machines will be focused on in terms of its applications, components and operation. 

Alignment is substantial in our case so that the end-product would be neat and perfectly 

shaved. This of course requires the study of calibration. Additionally, a dusty material 

will result as a waste product and could affect the whole process. Hence, addressing the 

suction nozzle is also important in this report.   

  All past projects regarding this subject did not meet the desired outcomes. Thus, 

this will be challenging to the team to try out and reach satisfying results by addressing 

the whole title within different angles.   

1.1 Background  

  The term CNC stands for “Computer Numerical Control”. The main function of this 

machine is to curve out objects with the capability to perform the operation in a three-

dimensional form. It is worth to mention that the term CNC itself is considered to be 
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very broad and refer to apparatuses with different sizes and functionality. These 

machines are often used in industry to transform large solid material blocks into tinier 

delicate parts and tools. Although they can get extremely sophisticated in terms of 

usage; maintenance and performance, hobbyists lately are indulged in using these 

machines to ease their wood crafting skills. This is due to the fact that controlling this 

machine via computer makes work more efficient and time saving. A simple case 

example is to have an aluminium block placed inside the machine, with the right 

coordination and commands via a computer, a bicycle’s Stem can be obtained as a final 

product.  

In industry, CNC machines can be divided into two main types. Turning 

machines along with milling machines. Starting with the turning instrument, a rotatable 

work-piece will spin at very high speeds that work simultaneously with a sharp end 

piece to shave off the undesired material part of the object. The tool will keep moving 

back and forth until the desired final product is achieved. On the contrary, milling 

machines consists of a spindle that cuts while spinning in different directions along the  

X, Y and Z-axis. The spindle is a device that is more alike the router [2]  

Looking at the literature on CNC, the need for a computer to craft a product in 

the past was not necessary however, adding this technology will efficiently save time 

by making a pre-craft model in the computer [2]. Also, this could save up extra material 

by precisely curving the undesired part. In order to make the model, a “Computer Aided  

Design” CAD file is needed. Finally, the machine will handle the rest of the crafting 

itself.   

1.1.1 Industrial uses  

Everything around us today is about metal. This is why CNC machines have 

been used widely in industry. Although many parts seem to have a different material 

than metal, they have a latent connection with the machine. For instance, the car is 

considered to be the major product that industrial CNC machines craft. We can adhere 

that not all parts of the car are made up with metal however, the most delicate and 

sensitive segments are being shaved with CNC technology. Additionally, these 

machines would provide a precise, delicate and neat working environment which of 

cores is the main reason to its popularity. They function based on tight tolerance. I.e. 

range in the dimensioning that the machine must adhere. Also, as a result of their 
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precision, they can be used in dimensional testing. This means that the machine could 

dedicate the desired form and dimensions of a specified probe.  

1.1.2 Personal uses   

Hobbyists around the world find these machines to be their main gadget when 

working. It opens doors for their minds to freely create and design in a modern fashion. 

As an instance, in robotics, one can create all single components using only these 

machines. With its time saving and perfect quality outcomes, the majority of individuals 

are now using them. Bearing in mind that also the price would be affordable for these 

machine users.   

1.2 Problem Statement  

The CNC machine importance has increased lately specially in the engineering 

fields. For instance, electrical and computer engineering uses the CNC for printing 

circuit boards (PCB). However, purchasing a CNC is very costly and even cannot be 

transported from location to another easily. Therefore, engineers communicate with 

third party PCB professional companies to print their circuit that take long time and 

expose the engineers’ work to others.  

1.3 The Solution  

To solve this issue, we are going to use our knowledge in computer engineering 

and electrical engineering to build a fordable and transportable CNC machine that can 

cut electrical circuits with high accuracy.  Also, we are going to add important features 

such as safety box, suction mechanism, and calibration.  

1.4 Project and Team SWOT Analysis  

SWOT Analysis is a useful method that clarifies the strengths and weaknesses 

and identify both opportunities and threats that we may face. Table 1 shows the project  

SWOT analysis and Table 2 show the team’s SWOT analysis.  
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Table 1.1 project SWOT analysis for CNC.  

Strengths  Weakness  

1-Save time and effort.  

2- Can work on 3 materials (metal, 

plastic, ceramic, or composite)  

3-All products will be exactly the same. 

4-Produce complex shapes that would be 

almost impossible to achieve with 

manual machining.  

5-High level accuracy.  

1-Any mistake with speed and tool 

position could damage the machine.  

2-Some component are expensive.  

3- Dealing with sensitive tools.  

Opportunities  Threats  

1-Adding more equipment tools that 

enhance the performance.  

2-Adding many services in the software. 

3-Update the CNC by improving the 

software  

1-Most of the components are not in 

Kuwait.  

2-delay in shipping the components.  

  

  

Table 1.1 team SWOT analysis for CNC.  

Strengths  Weakness  

1-Avoid the mistakes that previous teams 

faced.   

2-Intresting to be involve in CNC project.  

3-Many ideas exist online.  

1-None of us has electrical major. 2- 

Misunderstanding of the CNC 

requirements.  

3-First time implementing a whole 

system.  

Opportunities  Threats  

1- Deal with mechanical engineer.  

2- Develop our coding skill.  

3- Have an idea about mechanical part. 

4-Students may use it in for electrical 270 

projects.  

1-Unexpected requirements.  

2-Specific skill that needs further 

development.  
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1.5 Conclusion  

In conclusion, CNC machines in the modern world compete very strongly to be 

the most beneficial gadget that saves time and produce neat outcomes. This report will 

deal with few of the problems related to these machines and the proper solution for it. 

It is also showing the using range for these different types of machines between personal 

users and industrial ones.  
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2. Literature Review  

2.1 Introduction  

Computer numerical control (CNC) machines and tools have been around since 

the early 1970s. At the time of inception, computers had not been invented, which is 

why these machines were referred to as numerical control (NC). Currently, CNC 

applications have influenced almost all aspects of manufacturing, both directly and 

indirectly. For instance, CNC can be implemented on printed circuit boards (PCB), 

which can then be installed to mechanically and electronically support additional 

components to aid manufacturing activities.   

 2.2 Background  

The applications of CNC in conjunction with various technologies are rapidly 

growing field in manufacturing engineering. One project has integrated several 

functions such as routing, 3D printing, and laser cutting with CNC technology [3], [5], 

[6]. Others have achieved a 3-axis CNC system in manufacturing with the help of 

software tools [8]. While it is challenging to list all services that leverage CNC 

applications, the working principle remains the same. Therefore, to establish their mode 

of operation, the following literature review aims to examine the findings of seven 

projects studying the implementation and integration of CNC systems in a variety of 

precision manufacturing systems and machines.   

2.3 Literature survey  

2.3.1 Project 1: Mini CNC Drill, a Teaching Tool for Engineering Campuses [3]  

  The skills required by modern engineers, designers, and technologists continue to 

grow daily. Engineering students should be familiar with advanced fabrication 

techniques and machining processes that leverage CNC tools, computer-aided design 

(CAD) and computer-aided manufacturing (CAM), and automation practices used in 

design and prototyping. The mentioned technologies, among others, can be applied to 

design interdisciplinary projects such as a mini-CNC milling machine to serve as a 

portable teaching tool. According to Ertekin et al., CNC applications can augment the 

performance and operations of conventional CNC machines [5]. The installation of 

these devices is both cumbersome and expensive, and it utilizes a significant amount of 



   SMART CNC MACHINE  

  

17 

 

space in workshop. Accordingly, they are typically limited to a single location. A CNC 

machine that is designed like a desktop is mobile, especially in a campus set up where 

its uses are required in multiple places, shown in figure [2.1]. While the design can be 

revolutionary, several constraints must be considered, including the ease of 

construction, design complexity, and cost efficiency, to mention a few. Overall, design 

considerations are crucial to the implementation of CNC devices, and they must 

consider open-loop positioning and adept electrical designs.   

  
Figure 2.1 Solid works 3D Rendering Compared with [3].  

2.3.2 Project 2: CNC Printed Circuit Board Drilling Machine [4]   

 According to Yildirim, CNC technology can be used in designing and 

implementing a computer-controlled PCB drilling machine. The work presented by 

Yildirim makes it plausible that the implementation of a CNC system demands the 

application of several technologies, such as CAD programs, to design PCBs [4]. What 

is more, the project can leverage a custom software tool that imprints the Excellon drill 

file in a circuit board (In PCB fabrication industry, the standard for drilling PCBs is 

known as Excellon Drill File Standard, is used by the drilling and routing machines 

made by the Excellon corporation) [4]. The PCB computes the necessary parameters 

and sends the resulting information to an Arduino-powered microcontroller unit. The 

information is used to index stepper motor drivers, which turn based on the index 

information received. Afterward, they can accomplish the mechanism initially intended 

by a designer. Thus, the process illustrates that a CNC system can be built from the 
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combination of components and operations that range from mechanics to stepper motor 

fundamentals as shown in figure [2.2].   

  
Figure 2.2 System overview [4].  

2.3.3 Project 3: Design and Implementation of PCB Using CNC [5]  

  Gadhe et al., discuss micromachining operations, which are instrumental in 

precision manufacturing when dealing with design and implementation of PCB using 

CNC technology shown in figure [2.3]. Various machining processes can be adopted, 

but micro-drilling is applied in the production of micro-holes for materials such as 

PCBs, fuel injectors, and aerospace tools, to mention a few. Experiments have been 

conducted to ascertain the robustness of drilling mild steel. Other investigations have 

studied laser drilling on a synthetic thermoplastic material made by polymerizing vinyl 

chloride (PVC) to heighten the quality of manufacturing processes [5]. The method 

employs the input of several parameters such as the frequency of output response and 

wavelength, which are crucial for variance analysis and compatibility of the system 

with manufacturing processes [5]. Overall, a collection of activities that enhance the 

capabilities of drilling mild steel as well a series of machining operations are central to 

implementing CNC systems.   
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Figure 2.3 Block diagram and General Structure [5].  

2.3.4 Project 4: Automatic Mini CNC Machine for PCB Drawing and Drilling [6]  

 Additionally, Madekar et al. shed more light on the manufacturing processes 

discussed. They contend that CNCs can be implemented in PCB drilling and drawing. 

The authors also examine the application of the G code in interfacing modules with  

ATMEGA 328 CNC controllers that use USB converters, shown in figure [2.4]. 

Notably, the investigators fittingly observe that these processes utilize linkages between 

personal computers and converters, which are applied by stepper motors to convert code 

based on motor operation [6].   

  
Figure 2.4 Block diagram [6].  
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Furthermore, the actions initiated by the drivers and stepper motors augment the 

conversion of code in line with the instructions provided by stepper motor motion and 

dimensional analysis. Such activity can take advantage of power supplies and 

ATMEGA tools linked with oscillators and capacitors. In summation, the use of 

software tools such as G codes has proved successful in CNC-powered manufacturing 

processes that also leverage the efficiencies of stepper motors. As shown in figure [2.5], 

the FTDI is a chip used to interface the computer to the controller we use FT232RL IC 

which converts the USB data into serial data.  

   
Figure 2.5 FTDI module [6].  

  

2.3.5 Project 5: PCB CNC Machine [7]  

  Besides the authors in the sections above, Hassam Salamah and Ja’far Yasin note 

that other aspects of CNC encompass the design, mechanical, electrical, and software 

engineering design, shown in figure [2.6]. The authors contend that virtual CNC 

processes can take advantage of software programs such as CAD, which is germane in 

building models, among other components that take advantage of movement 

mechanisms [7]. For example, the CNS mechanism of movement exploits the functions 

of easy and smooth patterns that correspond to normal and vector forces. Another point 

to note is that the design part can use available machines and tools, which are easy to 

maintain. Moreover, Hassam and his colleague assert that the virtual aspect should 

consider software programs to create a robust CNC machine in terms of mechanical 
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fabrication and configuration. Thus, CAD applications and integration of CNC-specific 

tools augment the operations of CNC machines, which ultimately make them superior 

to conventional machining tools.   

  
Figure 2.6 Perspective view for PCB CNC Machine [7].  

2.3.6 Project 6: Implementation of Low-Cost Three Axis Core Machining with  

Network Control [8]  

  According to Adel Messaoudi and Billal Belhocine, CNC machine tools can be 

applied in a series fields such as CNC routers, mills, machine centers, turning centers, 

lathes, 3-D printers, open- and closed-loop systems, and plasma cutters, to mention a 

few, shown in figure [2.7]. Furthermore, the authors illuminate the advantages and 

demerits of CNC machining. To begin with, the machines can run continuously over an 

extended period, a process that can be programmed to create hundreds of materials [8]. 

Besides, the pieces generated by the CNC technology are identical, and software 

updates can be incorporated to augment machine functions. Furthermore, the system of 

CNC devices can be supervised by one person because the application of software tools 

allows autonomous functions. Moreover, some countries do not train engineers about 

the manual operation of lathes albeit such skills being handy in some situations. Thus, 
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the CNC technology exhibits both upsides and downsides, but the former outweighs the 

latter.  

  
Figure 2.7 General block diagram and hardware setup of CNC machine [8].  

2.3.7 Project 7: Multi-Purpose CNC Build [9]  

  Finally, Alfadhli et al. cover several components that can be included in a CNC 

system to heighten the accuracy of this technology, shown in figure [2.8]. Firstly, the 

researchers maintain that devices must be built based on precise test procedures, 

adequate design links, and engineering requirements. The investigators highlight cases 

where customer requirements, such as tolerances, portability, and safety, have been 

ignored. Accordingly, this undermines the applicability of CNC devices, which, in turn, 

degrades engineering integrations that are built to meet the definitions of the design 

process [9]. The next pertinent point is that the technology at hand encompasses a bill 

of materials that covers everything needed to build a CNC-powered machine. 

Furthermore, Alfadhli and his colleagues note that machine parts are instrumental in 

satisfying customer requirements, but they rely on the implementation phase [9]. 

However, some issues can only be realized after testing processes. Overall, the design, 
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fabrication, and implementation of CNC machines encompass a complex process that 

must consider both human and machine interactions to meet customer satisfaction.   

  

  
Figure 2.8 Prototype of Multi-Purpose CNC Build [9].  

  

2.3.8 Product 1: HD-II Tabletop CNC Router [10]  

Techno CNC’s HD-II tabletop is a compact version of a full-scale CNC router 

system that can be implemented in a production environment or educational setting. 

The machine is available with an optional safety enclosure and stand. It can be easily 

transported around a school makerspace, or machine shop floor to any convenient 

location. It has process area 21” x 36” and precision ball screws on all three axes. Also, 

it works with brushless micro stepper motors and controls, automatic tool calibration 

pad, vacuum T-slot table for easy part fixturing and optional safety enclosure. Figure 

[2.9] shows the prototype of multipurpose of CNC build.  
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Figure 2.9 Prototype of Multi-Purpose CNC Build [10].  

Dimensions:  

• X Axis Travel = 21.0″  

• Y Axis Travel = 36.0″  

• Z Axis Travel = 9.5″  

• Gantry Clearance = 7.5″  

  2.3.9 Product 2: Techno HD Mini CNC Router [11]  

The HD Mini is a heavy-duty machine that is an affordable CNC work platform. 

Ideal for any size shop requiring a compact machine to run small routing jobs or to be 

used as an educational tool. These CNC router applications can include musical 

instruments, sign works, artistic carvings, and drilling, using wood, plastic, fiberglass, 

metal or other routable materials being able to fit on the 2′ x 3′ cutting table size. Figure 

[2.10] shows the prototype of multipurpose of CNC build.  
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Weighing in at almost 700lbs (yes, this is a serious machine), the HD Mini features ball 

screw drives on all three axes and is controlled using a Techno easy-to-use hand-held 

micro stepper controller. The controller can run industry standard G and M codes. The 

moving gantry provides a stationary work surface and saves valuable floor space. Table 

2.1 represent the dimentions of the product.   

  
Figure 2.10 Prototype of Multi-Purpose CNC Build [11].  

Table 2.1 Dimentions.  

  

– 23″ x 35″ Process area  

– 2 HP HSD high frequency collet spindle  

– Aluminium T-slot table for easy part fixturing  

– Automatic tool calibration pad  

– Brushless micro stepper motors and controls  

– Linear rails and bearings  

– Precision ball screws on all three axes  
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2.4 COMPARATIVE ANALYSIS  

All projects surveyed in section 2 are listed in Table 2.2. It is focused on 

comparing all projects about their types, software and if they contain same other 

features.  

Table 2.2 Comparison table.  

Project  

No#  

Title of project  Calibration Safety Suction box  Control Unit  cost  

1  Mini CNC Drill, a  

Teaching Tool for  

Engineering  

Campuses  

x  x  x  Computer Aided 

Manufacturing  

(CAM)  

$500  

2  CNC Printed Circuit  

Board Drilling  

Machine  

x  x  x  Borland C++ Builder  

5.0  

x  

3  Design and  

Implementation of  

PCB Using CNC  

x  x  x  Arduino Uno Board  

(G-Code)  

x  

4  Automatic Mini CNC 

Machine for PCB  

Drawing and Drilling  

x  x  x  ATMEGA 328  

Controller  

(G-Code)  

x  

5  PCB CNC Machine  x  x  x  G-Code  x  

6  Implementation of  

Low-Cost Three Axis  

Core Machining with  

Network Control 

prototype  

x  x  x  Raspberry pi 2  x  

7   Multi-Purpose CNC  

Build  

x  x  x  Mach 3  $1550  

8  HD-II Tabletop CNC  

Router  

        x  

9  Techno HD Mini  

CNC Router  

  x  x    $15000  

Proposed  

CNC  

machine  

Smart CNC Machine        Raspberry pi 3  $662  
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2.5 Conclusion   

Prototyping can be achieved based on several fabrication techniques. However, 

the process faces some errors during CNC-based applications such as drilling or 3-D 

movements. In some implementations, it has been deduced that PCBs can be drilled 

before the etching process, which generates smooth drill faces in the final product. 

Furthermore, the application of software tools supplements the machining operations 

of CNC-powered systems, which can then be curated to serve a certain function. 

Another point is that CNC systems can be employed in multi-faceted applications, 

thanks to the constant integration of new tools and operations. While it is a complex 

process, its use in a wide variety of engineering fields has been notable. Nonetheless, it 

is projected that future applications of the CNC can increase axis velocities as well as 

develop applications that are based on improved PCB milling, drilling, and general 

machining, to mention a few.   
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3. Design and Analysis  

In this chapter, we will discuss the system architecture of the project and design 

alternatives. In addition, comparing our components with other different components 

included with their specification. And then illustrate what is the reasons behind 

choosing those components and, the components that were purchased for CNC machine 

is listed in Table 3.5 with the quantity and the price.   

3.1 System Architecture  

Our system will be divided into three Sub-systems which are mechanic, electronic 

and software Sub-systems. First, Mechanic Sub-system is the hardware of the project 

including the stepper motors, DC motor, moving parts, and suction fan. Electronic 

system is responsible for generating output control signals to the stepper motors and 

input control signals from switches which are controlling the motion of milling tip path 

in each direction or axis. It includes the raspberry PI, the stepper controller, and the 

limit switches. Software Sub-system which is program which will analyse and process 

the input and output signals in order to complete the job needed by the user. The 

Raspberry pi microcontroller will host the program of this project to provide easy use 

interface. The users should import a G-code file, created by the CAD/CAM software 

that will include the new design to be sent to the machine (the GRBL controller).  
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3.2 CNC Machine  

CNC Machine is a (Computer Numerical Control), it refers to the idea of controlling 

machine tools by using computer. It is basically a machine that can produce circuit 

board through drilling and milling. We will discuss our chosen one with other CNC 

Machine by comparing the main difference between each one of them in Table 3.3, 

features that added into our CNC machine and the price of each machine. Moreover, 

the reasons behind choosing our CNC Machine instead of the others.  

  
Figure 3.2 CNC Router Machine [12].  

Details of our CNC machine [12]  
Table 3.1 Details of the CNC Router Machine [12]  

Item Weight  Package Dimensions  Material  

5 kg  33 x 34 x 24 cm  Aluminium  
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Figure 3.3 CNC Router [13]  

Details of the CNC Machine [13]  

Table 3.2 Details of the CNC [13]  

Item Weight  Package Dimensions  Material  

7 kg  44 x 24.8 x 18 cm  Aluminium + High  

quality strong plastic  

  

Selected CNC Machine  

Table 3.3 CNC Machine Comparison  

CNC Machine   Price   Features   Selected   

CNC Router Kits  

Wood Carving  

Milling Engraving  

Machine [12]  

$250  

  

-Stepper motor: new Nema 17 

stepper motor reliable quality -

Support system: can work on  

Windows XP, Win7,Win8,  

Win10  

-Power: Stepper motor   

 Yes  

CNC 3018 Pro  

GRBL Control DIY  

Mini CNC Machine  

[13]  

$269  -The stepper motor position is 

fixed, do not need to adjust. -All 

mounting holes have been 

reserved, easy to assemble.  

No  
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All of CNC machine have the same components, such as DC motor and the auto 

levelling provided in the CNC. There are several features that make our CNC different 

and unique. First of all, is by connecting a Raspberry Pi into our CNC Machine instead 

of using a computer. Second, Local control which means we can control the CNC 

through Raspberry Pi (minicomputer) to save space. Third, Automated calibration 

which means the machine can control by itself and control the desired level. Fourth, 

safety box and vacuum will be provided as an accessory for our CNC machine. So, the 

reasons behind choosing our CNC Router Machine is that the machine is commonly 

used, affordable price and it is an open source which means we can add features into it. 

For example, we are going to add a vacuum, calibration and safety box the CNC 

Machine. Also, the hardware of this model is flexible and can be modified which is 

another benefit behind choosing this model.  

3.3 Safety box  

Safety box is mainly made of aluminum and thick plastic that covers the CNC 

Machine and it is designed properly to fit all the components. The reason behind using 

safety box is to protect the user from harmful tools and anything that comes out while 

milling or drilling the circuit board. Also, if we open the safety box the CNC will stop 

working immediately and it will continue the job after closing the safety box by clicking 

resume button.   

3.4 Suction  

The purpose of the suction is to keep the machine clean from filings that may 

spread over the parts of the machine which may cause damage for the axis or slow down 

its motion.  

3.5 Controller  

A controller, in a computing context, is a hardware device or a software program 

that manages or directs the flow of data between two entities.  

3.5.1 Arduino  
  

Knowing as an easy source and electronic platform that allows to conduct 

projects on both the software and hardware part of it. The ease usage of this piece gives 
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it the merit to be favorable for users. Alike other platforms, programming language is 

needed to commence using the Arduino. However, for the sake of our project, it is 

strongly preferred to not use the Arduino. This is due to the fact that Arduino is not a 

computer and cannot act as one. It needs to be connected to a computer facility to 

accomplish the projects. Hence, raspberry pi is highly preferable to be used. It works as 

a computer platform. This will afford space as well as time.  

3.5.2 Raspberry Pi  
  

The Raspberry Pi is a small computing device. This hardware runs several of the 

most elements of the board-CPU, graphic, memory, the USB controller, etc. Its size and 

cost help and encourage people to use it and to improve their programming skill to 

create their projects. Although, it’s slower than laptop and desktop, but it provides most 

abilities that user need at low-power level. In our project, we will use Raspberry Pi instead 

of Arduino due to the fact that Raspberry Pi is considered as a mini computer that does 

not need to be connected to any other device which in return will save space.   

3.6 Program of Instruction  

3.6.1 GBRL  
  

  
Figure 3.4 CNC Driver GBRL 0.9  

  

As to take the machine a step further, dynamic enhancements are carried out. 

Motion wise, the term GBRL refers to a high-end software that performs with an open 
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source to control the motion of CNC machines. GBRL 0.9 produced by Woodpecker, 

as shown in figure 3.4. This will be used in the CNC machine. It has a micro-controller 

named ATMEGA328, figure 3.5, with an offline controller that will allow controlling 

the machine while it is offline. This will provide instant handle of the machine without 

the need of PC connection. This chip is widely used on Arduino development platforms. 

For instance, Arduino Uno or Nano. The microcontroller chip was first created by 

Atmel Corporation. It consists of the standard features such as; Read only memory.  

Additionally, it has Random access memory with ports for inputs and outputs.   

  

 

  

Figure 3.5 ATMEGA328 Microcontroller (Woodpecker CNC pinout)  
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The vast majority of three-dimensional printers uses GBRL in their system. It is 

applicable for several types of projects such as; oddball drawing machines; CNC 

machines; laser cutting machines and drillers. The fact that it is provident, simple and 

able to perform intensely, it has grown dramatically to be considered as phenomena in 

open sources. It is usually adapted with Arduino Uno for CNC machines. It is worth to 

mention that GBRL is used in three axis machines with X, Y and Z. With having no 

rotation axis.  

3.6.2 G-code  

 

The language that is used in order to tell the machine commands is G-code 

shows in Table 3.4. Basically, these commands will imply the motor with movement 

directions. Not only movement will be achieved however, pace and speed as well as 

path patterns can be written in G-code. The interpreter when executing it will allow 

linear, helical and circular movement.  

In the past, CNC machines that were based on Arduino could not achieve any 

level of acceleration planning. Additionally, speed wise, the machines were not able to 

achieve full speed without slowing down. Now, with GBRL acceleration management, 

this dilemma is resolved. This will not only be efficient in terms of time saving, but also 

high-quality end-products can be achieved as well.   

Table 3.4 Common G-Code Commands  
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Although it is said that this specific platform gives advanced leap in industry, it 

has some limitations among usage. The G code support with design is limited resulting 

in less control of the machine. With having no database, no control structure and no 

variables leaving a void upon usage.     

3.7 Calibration  
  

       CNC machines somehow endeavor to bridge the distance between computer 

designs and real world, converting virtual models into physical objects. When it comes 

to delivering fine and delicate products using CNC machines, accuracy is the most 

essential aspect that must be looked into. There are many techniques used in the 

literature to calibrate the machine for it to neatly shave the objects. Each differs from 

another by specific factors. In essence, extra tools used for calibration can distinguish 

one method to another. Also, the accuracy and precision are controlling factors that 

must be considered when calibrating the machine. We figured out a new way to 

calibrate the plate via using an extra tool. This will need a manual adjusting in order to 

obtain maximum accuracy. However, few of the techniques will be mentioned now 

before briefing out our method.  

3.7.1 Calibration Using a Machine  
  

One of these techniques uses a system that is able to calibrate the axis by the 

machine motion along the axis. Motion is adjusted along the axis by the angular 

displacement using a modification to the reference data saved in computer memory.  

Hence, all axes along with the tool-head will have a specific amount of angular and 

linear displacement referenced with a certain point. For this method to be carried out, 

professional and highly skilled labours are needed in order to deal with sophisticated 

software programs that will be used to automatically calibrate. Not mentioning the high 

considerable amount of time consumed. All these factors work as limiting factors for 

this particular technique. As per our project, we lack time and skills. Therefore, the team 

will not use this calibration. Nevertheless, it is worth to mention that one superior 

benefit of this method concluded in the calibration mechanism that uses software. In 

the course of regular CNC machines, the tool-head might get jammed or collide causing 

a tool failure. This will need extra time to reset all components to a usable state.  
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However, this is not the case here. The solution offered by this method will outcome 

this issue. Using automatic calibration with software means can save all the hustle 

around [13].  

3.7.2 Positioning Correcting Calibration  
  

Almost all kinds of digital fabrication work with one particular mechanism. This 

is by making the tool move on a specified digital path. The main problem associated 

with this is that outcome products can only be smaller in size in regards with initial 

positioning stage. If large objects are needed, larger stages are needed respectively. This 

could be inefficient cost-wise. Hence, positioning-correcting method would somehow 

approach a solution for this by delivering a precise calibration combining both manual 

and automatic interfere. This will target the cost as well as demolish the limitation in 

regards with length and range. It uses hybrid approach which is combining both human 

ranges along with machine accuracy to calibrate CNC machines. The user will manually 

change the position of a frame containing the tool on the plane. Therefor the frame can 

track back its location while adjusting tool alignment. This will correct the human 

positioning and assure perfect position for the tool. One of the advantages with this 

method is that several tools may benefit from it. Such as the router, which cave through 

objects; pen, that plot designs and vinyl cutter which main function is to make signs for 

the correct position. Nevertheless, every approach got its own challenges. Firstly, 

localization is one of the issues, when the machine locates the tool position. Also, 

actuation is another barrier in this method. This happens when the machine corrects the 

tool position. Both constraints were triggered and solved. Localization was solved using 

computer vision along with markers that mark the object. In regard to actuation, two 

linkages within the axis were presented and the tool will be adjusted along the frame.  

Additionally, a screen is attached to the frame to work as an interface showing the user 

the exact tool position like in figure 3.6. This will ease the caving mechanism and 

increase the crafting accuracy [14].  
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    Figure 3.6 The screen attached to the frame showing exact tool position.  

  

3.7.3 Laser Calibration of CNC Machine  
  

  Making sure that CNC tool is within tolerance is essential to deliver perfect caved 

products. This challenging step can be enhanced by several of means. Most occasionally 

software programs are used to deal with the calibration. Additional procedures are 

introduced by this method using a laser technique. A stabilized laser is utilized with 

having a linear accuracy and resolution up to one micro-inch. This entire system spares 

the opportunity to spot each error in the frame and build an error map eventually. This 

will save time of the overall process. Moreover, position data can be obtained by using 

optical heterodyne method. The whole system is attached on the tool. Particularly on 

the spindle and table. However, some alignment needs to be done first. Only the retro 

and laser components are to be aligned. Although this method is considered to be one 

of the most efficient ways to calibrate the machine, time consumption is a huge barrier 

as per one set up; the system is able to record only one error element. And this might 

be a total kill for any individual that have time constraint in their priority list [15]  

3.7.4 Double Read-head Planner Encoder System  
  

  As discussed earlier for the laser calibration method, time constraint forms a barrier 

in terms of efficiency and productivity. One basic and simple solution to this is to use 
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a rigid kinematic piece to work as a reference standard. This approach uses specific 

ordinary shapes like circular disc shape or bally shaped piece. Nevertheless, this is 

difficult due to the quandary effort to spot the exact error in such working volume. 

Hence, the double read-head planner encoder system is used. It comprises of two read-

heads along with cross-type diffraction grating. The system can be simply set up by 

positioning the two read-heads horizontally fixed on the spindle using the fixture. Four 

adjustable fixtures are suited in a way that able the plane to be lifted up and down.  

Finally, two sensors are attached on the read-heads orthogonally to read and scale. The 

calibration of all geometric errors will work by reading on nine paths. This set up along 

with few formulas will directly calibrate using less time [16].  

3.7.5 The Team's Proposed Method   
  

  All calibration processes in the literature were discussed before. Each one of them 

has its own pros and cons. However, using one of them as a whole is not advised due 

to the limitations and constraints. Either time or skills will obstruct conducting these 

methods. As a result, the most preferable way to move along is by combining parts of 

each technique and come up with one simple and reliable method. One technique will 

be taken from "Calibration using a machine" method that uses a computer to calibrate 

instead of human. Another mechanism we will benefited from is the "Positioning 

correcting calibration" which uses the auto-correcting method in case of human errors 

while locating the tool. The idea of our method is to attach a pin with a needle size on 

the tool to work as displacement detector. To begin with, this pin will detect 4 points 

on the plane. However, only one point will work as reference point to start calibration 

with. This point will be called the ‘Zero point” in respect with the height. Then the pin 

will move horizontally along the axis to the next point and recalculate the height 

accordingly. Formula 1 is used.  

  

𝑬𝒓𝒓𝒐𝒓 = 𝑯𝟏 – 𝑯𝟐     ………….   Formula-1  

  

“H” represents the height of the plane. And H1 will always be considered as zero to 

represent the reference point. If the outcome turns out to be minus and have a value 

more than specific cm, re-calibration is needed to be conducted. Similarly, If the result 
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of the calculation is positive and have a value less than specific cm, re-calibration is 

again needed to be conducted. The same procedure will be applied for the rest of the 

points until an accuracy of specific cm is reached. For the sake of simplicity, a manual 

adjustment will be held as well to ensure that the plane is stable. For this to be 

applicable, the edges of the plane will be screwed with screws to allow flexible 

adjustment by hand. This easy and simple set up calibration will save both time and 

effort on the calibration process. Insuring the focus on other aspects of this project.   

3.8 Budget  

  

  In this section, the components that were purchased for CNC Machine is listed in 

Table 3.5 with the price.  

Table 3.5 Components Purchased for CNC Machine.  

Item  $  

CNC Router Machine  $250  

Vacuum  $30  

Service Desk + Safety Box   $210  

Limit Switches (8 pieces)  $12  

Raspberry  $60  

Monitor + Key board + Mouse  $100  

Total  $662  

  

3.9 Conclusion  

In this chapter, the design and architecture of the CNC machine was presented. 

Also, comparing our chosen CNC machine with other machines and discussing what 

are the purpose behind choosing our specific CNC machine. The main benefit behind 

using our model the ready-made firmware that has flexibility and can be modified. In 

addition, our model is commonly used, affordable price and it is an open source which 

means we can add features into it such as suction, calibration and safety box.  
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Chapter 4 

  

Implementation 
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4. Implementation  

  This chapter will discuss design and implementation of the CNC machine in terms 

of the initial form of the device. It explains the reason behind choosing those devices, 

machines, software, hardware and building some simple tools, which are needed for the 

project, and testing the basic component. Figure 4.1 represents the CNC progress 

flowchart. It describes the operation of the process and helps to understand the main 

work of the program very easily.   

  

  
Figure 4.1 CNC data  flowchart.  



   SMART CNC MACHINE  

  

44 

 

This is mainly to illustrate how GRBL controller is connected to AT-Mega 

microcontroller which shows in figure 4.1. Starting with GRBL controller, it will send 

the G-code commands serially to AT-Mega microcontroller which in its turn will send 

it serially to the drivers. These drivers, x-axis; y-axis and z-axis drivers, will control the 

stepper motor. More specifically, after receiving the request by the drivers, an activation 

of the motors will take place. The motor now can either move clockwise or counter 

clockwise depending on the request. The same process works for other drivers. 

However, the Spindle on the other side will not need a driver to start rotating. It will 

rather take the command directly from the AT-Mega to be putted on action. Moving on, 

after the motors are put on movement, the drivers will send a feedback to AT-Mega. 

This feedback will act as a review of the motor's movement. Finally, this feedback will 

go to GRBL controller at the final stage. It is worth mentioning that these feedbacks are 

coming only from the x; y and axis drivers and hence, their readings of movement will 

show on the screen.   

4.1 Design   

  
Figure 4.2 The chosen Desgin.  
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In this project we will rely only on one design shown in figure 4.2 based on 

shape and size of the selected CNC machine. A small CNC machine was chosen to 

build this project, so it can be easily move.   

4.1.1 Safety Box Design  
  

Safety box design inspired by the BoXZY where the CNC machine will be 

inside a thick plastic and aluminium box shows in figure 4.3 and it will function only 

when the box is closed [9]. This design will provide the safest working environment 

due to its full enclosure.  

  
Figure 4.3 Safety Box.  

4.1.2 Service Desk Design  
  

  Figure 4.4 show service desk designed which made by aluminum to contain the hole 

product, so it can easily use. CNC machine will be inside the safety box on the right top 

of the desk and on the left top it will smooth surface that we can use it as a table and on 

the bottom of the service desk there is cabinet that we can use to store CNC machine 

tools, vacuum and other equipment.  
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Figure 4.4 Service Desk Desgin.  
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 4.1.3 Final Product    
  

   Figure 4.5 below shows the final design of our project.   

  

  
  

Figure 4.5 Final Product Design.   

4.2 Mechanical Sub-system  

  Mechanical design is the hardware of the project including the stepper motors, DC 

motor, architecture, and vacuum. The hardware is made of aluminum to increase 

accuracy of work and it is light weight material shown in figure 4.6. Stepper motors 

will be used for the movements in the X, Y, and Z axis on the other hand, a DC motor 

will be used for the spinner. After CNC machine was purchased, we will add more 

features to it for better performance. First, the vacuum will be attached next to the 

spinner to remove impurities during progress in order to keep the PCB clean. Second, 
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a calibration feature will be added to ensure that the distance between spinner and 

printing area is equal before work start. This will keep PCB on a flat surface while the 

spinner is moving to avoid the problems of lean surface and wrong printing. 

Furthermore, the CNC machine safety box added to avoid dangerous use and safe 

working area. It is important to protect users hence the CNC machine will work only if 

the box is closed and it should stop working in case someone open the box. Figure 4.6 

shows the mechanical parts of the CNC machine assembled in our project.   

  
  

Figure 4.6 CNC Machine architecture and parts [12].   

Table 4.1 represents the dimensions of our CNC machine tool; which 

information will use for the programmer of the control unit and for g-code programmer 

to keep in mind the borders. Knowing the object limits is very important for a 

successfully manufacture an object.  

Table 4.1 Dimensions of the CNC prototype.  

X axis travel  24 cm  

Y axis travel  18 cm  

Z axis travel  4.5 cm  

CNC Dimensions   33 x 34 x 24 cm  

 

 

4.2.1 Suction   
  

  Suction part is added to provide the user more features. When the CNC milling on 

the copper sheet, the filings of the copper spread, so to avoid the volatile filings we 
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decided to add a suction to clean the copper’s surface during the milling process. We 

searched for its components to design it, because it is not available in Kuwait market.  

Components: a centrifugal fan, air filter, a flexible pipe, a plastic glass, battery 

12V, tape, glue gun.  

First of all, we use air filter to be able to empty the filings and clean it. We cut 

the plastic glass and take the upper part (part 1) and the left part is (part 2). In part 2 we 

make hole to pass the pipe in it and stick it with glue gun, also for part 1 we stick it in 

centrifugal fan.  Then we put the air filter between part 1 and part 2 of the plastic glass. 

After that we seal it by tape. Finally, we connect the wires to the battery 12V to power 

it. Table 3.4 shows the price list of certain components.   

  

  
Figure 4.7 Suction we build    

We found that the suction works, but it has low power, so we decide to search 

for another solution which is purchase a car vacuum cleaner shows in figure 4.8 and 

add a tube connected from the vacuum to the drill needle.  

  
Figure 4.8 Vacuum   

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiD2uibvuLhAhUmxoUKHSrNDm8QjRx6BAgBEAU&url=https://uae.souq.com/ae-en/car-vacuum-cleaner-4899192/i/&psig=AOvVaw1C9p4HqdNOlli-lvWf_Utb&ust=1555980762076637
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4.3 Electronic Sub-system   

Electronics system is responsible for generating control signal to the stepper 

motors which guides the motion of tool path in each direction or axis. It consists of 

several units.   

4.3.1 Power Supply  

Power supply is a device that takes electrical energy and convert it from one 

form to another (AC/DC) that go into system between either battery and device or wall’s 

electricity (electrical socket) and device. For example, AC power supplies take the 

alternating current out of the wall and tune it into the direct current that the device need. 

In this project, the electrical socket is used to supply two adapters. The first one powers 

are (5V) (3A) to the interface (pi3). The second powers are (24V) (5A) to the 

microcontroller, and microcontroller will provide the vacuum with power, calculations 

are below. Other features of the CNC machine are provided in Appendix D.  

E (total) =120W+15W=135W  

4.3.2 Motors   

4.3.2.1 Axis Stepper motor  

As it is known, the stepper motor, figure 4.9, is a brushless, synchronous electric 

motor that converts digital pulses into mechanical shaft rotation. The motor's position 

can then be controlled to move and hold at one of these steps without any feedback 

sensor (an open-loop controller). In our project, when working with a motor, a few steps 

need to be taken to get it moving correctly (calculation and calibration).  

  
Figure 4.9 Axis stepper Motor.  
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4.3.2.2 DC motor  

  The DC motor, figure 4.10, is a machine that transforms electric energy into mechanical 

energy in form of rotation [17]. Its movement is produced by the physical behaviour of 

electromagnetism. DC motors have inductors inside, which produce the magnetic field used to 

generate movement.  

  

  

Figure 4.10 DC Motor.  

4.3.3 Controller  

  A CNC dedicated controller shown in figure 4.6 was purchased along with the 

materials to control the stepper motors shown in figure 4.11. It will connect to the 

raspberry Pi which will send commands to be implemented.  

  

  
           Figure 4.11 Controller for Stepper Motors.  
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Figure 4.12 CNC Controller Schematic.  

  

4.3.4 Limits Switches  

Limit switches shows in figure 4.13 are end point switches triggered when 

NAxis reaches positive end or negative end side. The switch is used to protect the N-

Axis stepper motor from damage when it reaches the limit of working space.   

  

 

Figure 4.13 Limit switches.  
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  The safety box is designed to prevent accidents and harmful, and to make it works 

efficiently and ensure the safety at workplace, limit switches are added to control the 

electrical circuit that control the machine where they are placed at the edge of the corner 

of the box. In this case the machine will run only if the box is close.   

As for enabling each limit switch, we needed to modify the settings shown in 

figure 4.14 Following are the commands to enable the limit switches for each axis:  

  

X-Axis:   $21 = 1   

Y-Axis:   $23 = 1  

Z-Axis:   $25 = 1  

Offset:    $27 = 3  

   

  
Figure 4.14 Command Settings  

  

After successfully setting the software part, figure 4.15 shows the hard wiring 

for limit switches. On the board, each pin refers to a specific axis. Namely, the 
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consecutive Xen refers to the x-axis (left and right), Yen refers to the y-axis (left and 

right), and Zen refers to z-axis (up and down). Not missing the safety box limit switch 

which was reserved by Rst pin.   

  

  
Figure 4.15 limit switches pins.  

4.4 Software Sub-system   

For Software Sub-System, Python and GRBL will be used as programming 

language on Raspberry Pi.  

4.4.1   Raspberry Pi and the software development   

Raspberry Pi is a mini computer that will be used to send GRBL commands to 

the CNC microcontroller via a dedicated application shown in figure 4.16. The user can 

access the raspberry pi via wireless or locally by uploading the file that contain the 

sketch/design which will be printed. The solid modelling, design work, and CAD/CAM 

applications are not in the scope of our project, and it is assumed that the user have 

some g-code file designed on other PC. However, CAD/CAM can be installed by the 

user on raspberry Pi in order to use it locally.  
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Figure 4.16 Raspberry Pi 3.  

4.5 Testing Components  

CNC machine has been tested along with all the added features. To test the CNC 

we went through several steps. First, created a test circuit in MultiSim/Ultiboard, CAD 

application, then we exported the design to “gerber” files, which include the cut-outs of 

button copper, drilling, and outline. Second, using FlatCAM, CAM application, we 

converted “gerber” files to G-Code files to be send to the CNC Machine. Finally, a 

GRBL-Controller application was used send the G-Code to the CNC Machine and 

process/print the design. The added features were tested before and while the machine 

was running. Home calibration feature was test at the beginning of the job before 

sending the G-Code file. While the machine was running, we tested the safety box 

functionality and open it which results in stopping the job immediately. Moreover, the 

vacuum cleaner started immediately when the job started. The user can use his own PC 

instead of Raspberry PI which connected remotely. This feature add more flexibility to 

the use of machine. Overall, the features testing, and the job completed successfully.  

The steps have been explained below.  

  

4.5.1   Steps for testing the CNC Machine  

First step, using the MultiSim to build a test circuit shown in figure 4.17. The 

circuit include LED, Switch, Resister, and a Junction (test.ms14).  
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Figure 4.17 Simulate the circuit through Multisim  

Next, design the test circuit in UltiBoard and export the design to “Gerber” files 

including the copper cut-outs and the drillings (test.ger) shown in figure 4.18.  

  

  
Figure 4.18 Designing the circuit through Ultiboard  

  

Second step is, using FlatCAM application to create G-code file (test.nc) as 

shown in figure 4.19  
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Figure 4.19 Create G-code file   

Next step generates Geometry for the Gerber file as shown in figure 4.20  

  

 
Figure 4.20 Generating Geometry for the GERBER file  
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  Third step is, inserting values for Engraving part as shown in figure 4.21 by adjust 

accurate values for spindle speed, feed rate, cut z and travel z.  

  
  

Figure 4.21 Values of the Engraving part  

Next step, Export (drill.nc) and generate G-code G0 Z10, G0 X0 Y0, In addition 

append to G-code G0 Z10 as shown in figure 4.22 below  
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Figure 4.22 Export G and Generate G-code  

  

 Next Step, inserting values for drilling part as shown in figure 4.23 by adjust 

accurate values for spindle speed, feed rate, cut z and travel z.  
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Figure 4.23 Values of the drilling part  

  

Step four, use GRBL-controller to send G-code command to CNC machine 

shown in figures 4.24 and the tested PCB in figure 4.25.  

 

Figure 4.24 Using GBRL-controller to send G-code command  

  

  

Working place  

XY - zero   

Z movement   

Z - zero   

XY movement   
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Figure 4.25 Milling and Drilling on PCB  

4.6 Email   

Receiving an Email is the feature we add it into our project. First of all, when 

you start run the GRBL controller for milling or drilling it will show pop-up screen as 

shown in figure 4.26, you enter your email and after the job is ended you will receive 

the email immediately inform you that the job is done, figure 4.27.   

  

Figure 4.26   W riting an email in order to recei ve a msg says: the job is ended   

  
Figure 4. 2 7   Email received immediately when job ended   
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4.7 Testing Issues  

• The task may not continue working at the same location where the machine 

turns off and should be restarted otherwise the user can select the unprocessed 

G-Code commends and send job from that line.  

• Printing double-faced circuit (two side copper), our CNC machine does not have 

automated double side PCB printing.   

• Size of the circuit printed is limited to small working place (20 cm X 18 cm).   

4.8 IEEE Standards   

  Table 4.2 shows the IEEE standard list for the components used in the deliverable 

project.  

Table 4.2 IEEE Standards List  

IEEE Number  Product  

IEEE 802.11  WIFI  

IEEE 1471  System Architecture   

IEEE 1394  Serial Communication (USB)  

  

4.9 Conclusion  

In this chapter, the design and implementation of the CNC machine was 

presented. The results of the CNC prototype have been also presented in this chapter 

and discussed.  Also, Detailed descriptions that how the selected devices, software and 

tools will work. Also, it has been discussed in detail the mechanical sub-system, 

electronic sub-system and software sub-System. The design and realization of a 

microcontroller based embedded three-dimensional CNC machine was presented. 

Detailed descriptions of different modules along with technical details of their 

implementations have been given.    
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5. Evaluation  

In this chapter, the project is evaluated based on several parameters to determine 

whether our design visualization is feasible. To understand whether CNC-enabled 

circuit board drilling will be acceptable/perceived as a required product in engineering 

campuses, an on-campus student survey was conducted. The survey results clearly 

indicated the need for the proposed project. Moreover, the project was also evaluated 

based on the target market, and impacts on engineering ethics, economic impact, 

business, social, and environmental impacts.   

5.1 Survey  

An online survey was conducted among 43 electrical and computer engineering 

students on campus. The survey aimed at evaluating the student perception of 

automated PCB drilling machines, its demand on campus, and inconveniences caused 

by traditional methods, among other questions.   

  

The survey question 1 determined the number of engineering students on 

campus with a requirement for the product. 54.76% of the students surveyed were 

computer engineers while 45.24% were electrical engineer, Figure [5.1].  

 

Figure 5.1 Surveyed students’ majors.  

  

  



   SMART CNC MACHINE  

  

65 

 

More than 88% of the respondents affirmed that they had a regular requirement 

for circuit board building to complete assigned engineering projects, which is a clear 

indicator that there is a large requirement for circuit board making on engineering 

campuses. Therefore, a CNC-PCB drilling machine would be an asset to student 

projects that require electrical circuit building, Figure [5.2].  

 

Figure 5.2 Frequency of projects involving electrical circuit.  

  

 69.77% of the respondents felt that making a circuit on PCB was a difficult process 

when using traditional methods; while 30.23% felt that it was not a problem. A CNC-

machine would bring down the difficulty factor, and improve accuracy as well, Figure 

[5.3].  
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Figure 5.3 Difficulties in building electrical circuits using PCB.  

 On the aspect of availability of machines to print circuit boards, more than 78% of 

the survey participants faced difficulties, while the remaining 21% disagreed, Figure 

[5.4].  

 

Figure 5.4 Availability of equipment for PCB printing.  
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The participants were equally distributed in their opinions on the time spent in 

getting a circuit board printed in traditional non-CNC ways. 30% of the participants felt 

that it took less than 120 minutes; 28% felt the process took more than 120 minutes, 

while 16% felt it took less than an hour and 23% felt it tool less than 30 minutes. Clearly 

a major section of students spent an average of one hour to perform the task, Figure 

[5.5].  

 

  Nearly half of the survey participants had no knowledge of CNC as automated 

milling devices, Figure [5.6].  

  

  

Figure  5.5   Time factor.   
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An 83% majority agreed that a CNC-enabled PCB drilling machine would be 

helpful for their engineering projects, Figure [5.7].  

 

Finally, most of the students (88%) felt that the university should provide CNC 

drilling machines for on-campus use, Figure [5.8].  

  

Figure  5.6   Knowledge about CNC.   

  

Figure  5.7   In   favour   of CNC - PCB machines.   
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Figure 5.8 University should provide CNC-PCB machines.  

5.2 Target Market  

The target market for CNC-PCB drilling machines is the undergraduate 

Electrical and Computer engineering students at Science and Technology colleges and 

universities. Both the fields have a requirement for circuit board drilling and printing. 

As indicated by the survey sample, using the CNC machines on campus would enable 

easier access to machines, process simplification, save time, and provide experience for 

the students. The CNC machines can also double up as teaching tools for professors as 

most engineering manufacturing processes rely on CNC technology for cutting, drilling 

and milling. Workshops that provide machining and drilling services can also buy the 

CNC-enabled machines that can perform multiple tasks on a single machine.  

5.3 Engineering Ethics  

Ethics in engineering is specifically geared towards safeguarding the engineer as 

well as the public from hazards and consequences of poor design, negligence, or 

malpractice. All engineers are expected to abide by the guidelines of moral and ethical 

standards and are required to report any obvious threats to safety or health hazards to 
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authorities [18]. International organizations for electrical engineers such as IEEE have 

specific ethics guidelines for electrical engineers. One of the main aspects for ethical 

consideration is health and safety of users as stated in the very first guideline of IEEE 

code of ethics: “to hold paramount the safety, health, and welfare of the public, to strive 

to comply with ethical design and sustainable development practices, and to disclose 

promptly factors that might endanger the public or the environment;” [19]. Another 

guideline dictates that engineers must work to educate individuals and society on the 

implications of conventional and emerging technology [6]. The project design fulfils 

both requirements. Firstly, our project design has been implemented with a major safety 

feature: a lockable box mechanism that is directly linked to the operation of the drilling 

needle—nobody can operate the machine unless the lid is closed. Another healthy 

feature of our CNC design is the elimination of toxic chemicals in the circuit building 

process. The main beneficiaries of this technological innovation is the engineering 

student community who will graduate with technical skills to benefit society as a whole.  

5.4 Project Impact  

  Project impact on the market can be evaluated from various angles; specifically, 

economic, business, social, and environmental.  

5.4.1 Economic Impact  

The project has a significant positive economic impact as the cost of drilling and 

other operations is reduced significantly. CNC machine allows the operator to perform 

several tasks that could not be done with the old manual machines. Thereby, time saving 

is a significant impact from this product. Student productivity will increase significantly 

as they will be able to focus on project building and design more effectively.  

5.4.2 Business Impact  

 The CNC-PCB machine will impact Engineering institutions such as universities 

by providing opportunities to both train and develop technology-based skills in 

students. The students benefit from cost-saving factors, time savings, and practice for 

future career situations. Engineering workshops can set up their business to use CNC 

machines to increase productivity and business output.  
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5.4.3 Social Impact  

Sustainable development of society is a major concern these days. This project has 

a positive impact on society. The effect of CNC-based innovation has had on machining 

processes has impacted all manufacturing processes. Today CNC innovation has 

penetrated the exceptionally adaptable and very gainful hardware industry. Social 

benefits are increased by the CNC project as it will produce better trained engineers and 

designers for tomorrow’s workforce.   

5.4.4 Environmental Impact  

CNC machining is one of the basic advances in mass production. Its primary 

ecological effect is ascribed to electrical usage. However, the portable size, reduced 

number of parts and equipment, reduced steps for use all contribute to reduced power 

usage [20]. Furthermore, our design does not require harmful chemicals which has a 

major impact on the environment.  

5.5 Limitations  

CNC machines tend to be costlier than manual drilling machines, although 

prices are gradually coming down. Engineering time has been cut short by CNCenabled 

machines and fewer labourers are required to work CNC-operated machines in contrast 

to manual machines. Therefore, increased use of CNC machines could lead to 

unemployment or job loss for manual workers. However, today, manual engineering 

skills are no longer part of the engineering curriculum. Also, CNC machines can be 

restricted both in capabilities and drive frameworks. All in all, just straight lines and 

round bends are comprehended by machines and the limitation to the XYZ planes is 

likewise normal. The speed at which a machine can process the information it gets can 

likewise have restrictions on its execution.  

5.6 Conclusion  

CNC-enabled PCB processing accompanies a considerable measure of 

advantages, including precision and is a perfect decision for both small- and large-scale 

manufacturing processes. A major advantage of using CNC is its multi-utility factor 

such as in, processing, penetrating and cutting. The drilling bit size can be changed 

according to the need. Overall, the survey results indicate that engineering students from 
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relevant fields are in favour of introducing CNC drilling machines in the university. 

The machine cost can be adjusted by working on the portability of the design. Major 

advantages can be reaped by the engineering students and in engineering campuses by 

introducing portable CNC drilling machines specifically in making circuit boards for 

projects.   
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6. Conclusion  

  In conclusion, this part of the report will sum up all the tasks that where covered 

earlier. Additionally, it will also cover future work and plans to commence in order to 

make the project solid and enhance it. This include tasks that might be accomplished if 

one is to carry out the same project in their own field of work post-graduation.  

6.1 Project Idea  

 The main idea of the project is related to CNC machines. Particularly, how to 

deploy an efficient approach to deal with this type of machines. All CNC machines 

functions almost the same, but differs in its product outcome quality. The main 

controlling factor for quality to be adequate is to come up with a brilliant way for 

calibration. Time saving is also crucial. The project, as per our interest, will not include 

a software nor any programming utilities. These features can be deployed at the need 

in further stages later on.  

6.2 Project Progress  

  The project was initiated with a comprehensive introduction of the machine and 

what does it involves in. Grasping CNC machines to the very basic will help in 

assimilating how to approach them. Since these gadgets are now considered to be the 

most effective robotics apparatuses in industry, it is compulsory to have a good grasp 

on their problems. Also, solutions to these problems need to be proposed. As an 

instance, errors are inevitable when prototyping. One can be as a result of drilling or 

3D movements. The best way to trigger this is to drill PCBs before the etching process. 

This will create a smooth drill face on the final product. Furthermore, it is noticed that 

CNC systems can hold multi-faceted applications by updating and integrating tools and 

functions. It is believed to be a complex process however, it shows solid outcomes in 

vast engineering fields. Future predictions argue that PCB drilling operations along with 

milling processes will evolve and be enhanced. Moving on, the design part of the project 

covers the components of CNC machines and spotted the difference between each one 

of them. Also, it highlighted the importance of choosing a special machine among other 

machines. The difference was strongly related to ease and affordability of the machine. 

Additionally, this model in particular, gives the freedom to add on other tools to 

compensate the project needs. Finally, the implementation of the machines was 
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introduced. Additionally, prototyping results were presented and discussed in detail as 

well. After all these steps, the final instructions on how to gather each tool was noted 

and a detailed discerption were given.  

6.3 Future Work  

The majority of the work have been done to achieve all tasks of this report. The 

deliverability of the whole project was satisfying in terms of consistency and quality. 

However, further improvements are crucial to be carried out to build a solid and more 

powerful model. Time wise, there are many areas need to be investigated so that a 

reduction in consumed time is achieved. Additionally, looking deep in the technical part 

of this project, there are several of ways to enhance the durability and efficiency of it. 

This might be achieved by altering some of the techniques were used initially by other 

means. For instance, calibrating the machine can be done via software programme that 

reads and measure without the need of human interaction. Future work and investigation 

indeed will flourish the project and enhance it. Nevertheless, for the sake of this project, 

what was achieved meets the requirements needed to accomplish this model.  

6.4 Final Comments  

Although there were many hard times when dealing with the project, our team 

members appreciate every second spent constructing it. Starting with the organisation, 

along with time management, these barriers were the most problematic aspects of this 

research. Adding on, researching techniques that we lack acts also as downside from 

our team. However, it was very overwhelming experience so far to be part of. 

Researching; troubleshooting; time saving, and enormous other skills were gained 

throughout commencing this report. Hoping to implement all these skills to carry on 

with our career life. It will be tremendous if one of our team members could carry on 

working on this project in their work discipline. This report is of a great starting point 

to begin with when dealing with CNC machines.   
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Appendix A: Installation Guide (Raspberry Pi Configuration)  

First of all, by following Raspberry Pi Setup Guide we install Node.js [22].  

git clone https://github.com/creationix/nvm.git ~/.nvm cd ~/.nvm git 

checkout `git describe --abbrev=0 --tags` cd ..  

. ~/.nvm/nvm.sh  

Then, Adding these lines ~/.bash_profile, ~/.bashrc, or ~/.profile   

export NVM_DIR="$HOME/.nvm"  

[ -s "$NVM_DIR/nvm.sh" ] && . "$NVM_DIR/nvm.sh" # This loads nvm  

Once its installed, we select Node.js versions with:  

nvm install 4 nvm 

use 4  

If we’re using Node.js 4 , we must upgrade npm to the latest version  

npm install npm@latest -g  

Installation  

Install cncjs as a non-root user, or the serialport module may not install correctly on 

some platforms like Raspberry Pi.  

npm install -g cncjs  

Configuration File  

The configuration file .cncrc contains settings that are equivalent to the cnc command-

line options. The configuration file is stored in user’s home directory. To find out the 

actual location of the home directory, we do the following:  

• Linux/Mac  

•  echo $HOME  

• Windows  

•  echo %USERPROFILE%  

https://github.com/EmergingTechnologyAdvisors/node-serialport
https://github.com/EmergingTechnologyAdvisors/node-serialport
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In order to check out an example configuration file, see below  

File Format  
{ "ports": [  

     {  "comName": "/dev/ttyAMA0",  

       "manufacturer": ""  

     }  

  ],  

  "baudrates": [115200, 250000],  

  "watchDirectory": "/path/to/dir",  

  "accessTokenLifetime": "30d",  

  "allowRemoteAccess": false,  

  "controller": "",  

  "state": {  

    "checkForUpdates": true  

  },  

  "commands": [  

    { "title": "Update (root user)",  

      "commands": "sudo npm install -g cncjs@latest --unsafe-perm; pkill -a -f cnc"  

    },  

    {"title": "Update (non-root user)",  

      "commands": "npm install -g cncjs@latest; pkill -a -f cnc"},  

    { "title": "Reboot",  

      "commands": "sudo /sbin/reboot"  

    },  

    {"title": "Shutdown",  

      "commands": "sudo /sbin/shutdown"}  

  ],  

  "events": [],  

  "macros": [],  

 "users": [] }  



   SMART CNC MACHINE  

  

81 

 

APPENDIX B: Email Code  

The following code is to Save user`s email:  

import easygui email =easygui.enterbox("Enter you email please: ","Email Entry")  

f= open("/home/pi/emailFile.txt","w+"( #userEmail=input("Enter your email 

please: ") #f.write(userEmail)  f.write(email)   

f.close()  

  

The following code is to Send Email import smtplib 

smtpUser = 'AlMohandsCNC@gmail.com'  smtpPass = 

'CNC#9900'   

#userEmail = input("Enter your email address please!\n") 

f=open("/home/pi/emailFile.txt","r")  userEmail = f.readline()  f.close() toAdd = 

userEmail  fromAdd = smtpUser s ubject = 'CNC JOB' header = 'To: ' + toAdd + '\n' + 

'From: ' + fromAdd + '\n' + 'Subject: ' + subject body =  

'CNC Job ended!'  s = 

smtplib.SMTP('smtp.gmail.com',587)  

s.ehlo()   

s.starttls()  

s.ehlo()   

s.login(smtpUser,smtpPass)   

s.sendmail(fromAdd,toAdd, header + '\n\n' + body) 

toAdd="AlMohandsCNC@gmail.com"   

s.sendmail(fromAdd,toAdd, header + '\n\n' + body)   

s.quit()  

  

APPENDIX C: G-code Commands  

In the table below, figure A1 shows the G-code commands and each symbol 

represent a certain action[23].  

  



   SMART CNC MACHINE  

  

82 

 

  
Figure A1. G-code commands  

  

APPENDIX D: Features  
The features below were taken from Amazon website, the website that we 

purchased from [12]  

- Product Dimensions: 260 x 240 x 220mm   

- Engraving area: 160 x 100 x 45mm  

- Mesa: Aluminum plate (180 x 100mm)  

- Spindle: 775 spindle motor (12-36V) 24V: 7000r / min; 36V: 9000r / min  

- Stepper motor: new Nema 17 stepper motor reliable quality  

- Software: GRBL control systems  

- Screw: Professional T8 screw, lead 4mm, double copper nuts eliminating backlash  

- Support system: can work on Windows XP, Win7, Win8, Win10  

- Power: stepper motor power: 12V 3A adapter  

- Spindle motor power: 24V 5A adapter  

  

  

  

  

  


