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Abstract 

The tabletop CNC provides a comprehensive analysis of computer numerical control (CNC) machines 

tailored for tabletop use. In today's rapidly evolving manufacturing landscape, compact and adaptable 

CNC systems have gained prominence due to their potential to revolutionize small-scale production 

and prototyping. This research examines a range of versatile CNC machines, assessing their 

capabilities, precision, ease of use, and suitability for various tabletop applications. By exploring key 

factors such as size, cost, and compatibility with different materials, this study aims to assist hobbyists, 

small businesses, and educational institutions in making informed decisions when selecting CNC 

equipment for their specific needs. Through a combination of hands-on testing and in-depth reviews of 

available models, this evaluation offers valuable insights into the practicality and performance of 

tabletop CNC machines, ultimately contributing to the advancement of accessible and innovative 

manufacturing solutions for a diverse array of users. Whether for crafting intricate designs, rapid 

prototyping, or enhancing the efficiency of small-scale production, the findings of this research will 

guide users in choosing the most suitable CNC machine to meet their tabletop application requirements, 

fostering innovation and creativity in this dynamic field. The increasing demand for precision 

machining in tabletop applications has prompted a thorough evaluation of versatile CNC (Computer 

Numerical Control) machines tailored to meet these specific requirements. This study presents a 

comprehensive analysis of the capabilities and suitability of CNC machines designed for tabletop use, 

considering factors such as size, accuracy, versatility, and affordability. 

 

Keywords: multipurpose CNC machines, tabletop applications, versatility, functionality, performance, 

suitability. 

 

 

INTRODUCTION 

Context and Incentive 

An effective tool for a variety of fabrication and machining jobs is a tabletop multipurpose CNC 

(Computer Numerical Control) machine. It typically consists of a compact, portable machine that may 

be used to make parts and components out of different materials, such as metal, plastic, and wood. A 

tabletop CNC machine with several uses may be of 

interest for several purposes. It offers a platform for 

makers and hobbyists to bring their ideas to reality 

by making unique parts and components for their 

works.  

 

It can be a cost-effective way for small 

enterprises and entrepreneurs to make components 

and goods without needing to invest in pricey 

industrial machinery. The creation of a tiny CNC 

machine tool for precision manufacturing is 

described in [1]. They go into the ma-chine's 

construction and design, as well as the software and 

control mechanism. The device is designed for use 
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in applications involving micro-scale manufacturing. A tabletop multi-purpose CNC machine can also 

be a useful tool for education and training, giving students and interns real-world experience in 

engineering and manufacturing. Tabletop multipurpose CNC machines are a popular choice for a 

variety of customers, from hobbyists and manufacturers to small enterprises and educational 

institutions, thanks to its versatility, portability, and affordability. 

 

The design and implementation of a cheap, transportable, and modular CNC machine are shown in 

[2]. The authors examine the machine's design factors, fabrication methods, soft-ware, and control 

architecture. The device is designed to be used for prototype and small-scale manufacturing. The design 

and implementation of a tiny CNC milling machine for circuit board prototyping are described in [3]. 

The authors go over the machine's design concerns, fabrication methods, software, and control 

architecture. The device is designed to be used for electronic circuit prototyping. The creation of a low-

cost 3-axis CNC machine for PCB prototyping is presented in [4]. The authors go over the machine's 

design concerns, fabrication methods, software, and control architecture. The device is designed to be 

used for printed circuit board prototyping. The design and installation of a tabletop CNC machine for 

teaching and prototyping are described in [5]. The authors go into the machine's design concerns, 

fabrication methods, software, and control setup. The device is designed for use in small-scale prototype 

applications and educational settings. 

 

OBJECTIVE OF THE REVIEW 

A tabletop multipurpose CNC (Computer Numerical Control) machine review serves to in-form 

potential purchasers about the capabilities, features, performance, and usage of the machine. Buyers 

who want to know whether the equipment will fulfil their demands and criteria can use this evaluation 

to do so. Tabletop and desktop CNC routers are discussed in [6], along with their benefits and 

drawbacks. It contrasts different machines based on features including cost, size, precision, and 

software compatibility. The construction quality, precision, speed, compatibility with different software 

packages, and usability of a tabletop multipurpose CNC machine should all be covered in a review. The 

machine's adaptability for various materials and applications, such as carpentry, metalworking, en-

graving, or 3D printing, should also be evaluated. [7] offers a thorough analysis of small-scale CNC 

machines, covering their features, benefits, and drawbacks. It explores a variety of machine types and 

their uses in many industries, including lathes, mills, and routers. De-tails concerning the machine's 

specs, such as its cutting area, spindle speed, motor power, and tool compatibility, should be included 

in the review. The reviewer should also go through any optional extras, including software programs, 

collets, clamps, or dust collecting systems, that come with the machine. [8] discusses several elements 

that should be considered when choosing a machine and concentrates on the selection of desktop CNC 

machines. It covers issues including software compatibility, customer support, and machine size, 

accuracy, and cost. A tabletop multipurpose CNC machine review's overall goal is to assist prospective 

buyers in making an informed choice regarding whether the machine will meet their demands and 

whether it represents good value for the money. [9] gives a thorough analysis of desktop CNC machines, 

covering their features, benefits, and drawbacks. Future developments in the industry are also covered, 

including the application of artificial intelligence and the creation of new materials. [10] concentrates 

on inexpensive CNC systems that are appropriate for small and medium-sized businesses. It highlights 

the features, benefits, and limitations of a variety of machines, such as mills, lathes, and routers. It also 

offers suggestions for choosing the best machine for a certain application. 

 

EXTENT AND CONSTRAINTS 

A tabletop CNC machine with several uses has a significant range of capabilities. It can be utilized 

by people who work in a variety of fields, such as manufacturers, engineers, hobbyists, and DIY 

enthusiasts. It may create intricate and precise parts or goods that conventional manual methods might 

not be able to. A CNC machine can also speed up production while lowering the possibility of human 

error, improving both efficiency and quality. [11] dis-cussed the limits and restrictions of small CNC 

machine tools as well as their possible uses. A tabletop multipurpose CNC machine does, however, 
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have some restrictions that must be considered. [12] examines the constraints placed on desktop CNC 

machines, highlighting several elements that may have an impact on their performance, including 

accuracy, stiff-ness, and material constraints. [13] reviews desktop CNC routers, pointing out their 

draw-backs and offering suggestions for how to use them. In order to explore their possible applications 

and limitations, [14] reviewed the range and constraints of low-cost desktop CNC machines for rapid 

prototyping applications. Therefore, it is crucial to assess the breadth and constraints of a tabletop 

multipurpose CNC machine considering the planned application, user needs, and level of experience 

before making a purchase. [15] explores the draw-backs and difficulties of using tabletop CNC milling 

machines in research and education, highlighting the influence of elements including accuracy, 

repeatability, and user-friendliness. 

 

LITERATURE Review 

Description of CNC Machines 

Computer numerical control (CNC) machines are automatic devices that employ computerized 

controls to carry out accurate cutting, drilling, milling, and other industrial operations on a variety of 

materials, including metals, plastics, wood, and composites. These devices are extensively utilized in 

the manufacturing sector to produce parts and components in large quantities. [16] gives a thorough 

overview of Computer Numerical Control (CNC) machines, covering their origins, advancement, and 

use. The various varieties of CNC ma-chines, their parts, and their uses are covered in the article. A 

computerized controller, motors, drives, a spindle, and a cutting tool are the fundamental parts of a CNC 

machine. The machine's tool path is created by the computerized controller, which may be programmed 

using a variety of software programs. The cutting tool is then precisely and accurately moved along the 

route by the motors and drives, and the workpiece's material is removed by the spindle's rapid rotation 

of the cutting tool. [17] gives a summary of the various CNC machine types, including milling 

machines, lathes, and grinders. The writers go on the development of CNC technology, the benefits of 

CNC equipment over conventional machinery, and its uses in many industries. Drilling, milling, 

turning, grinding, and cutting are just a few of the many tasks that CNC machines can be programmed 

to carry out. 

 

They can also be used for a wide range of tasks, including assembly and large-scale manufacturing 

as well as prototyping and small-scale production. [18] provides a thorough analysis of CNC machine 

tools, outlining its development, technology, and practical uses. The page discusses the many categories 

of CNC machine tools, as well as their parts and control systems. The capacity of CNC machines to 

produce intricate and high-quality parts with continuous accuracy and reproducibility is one of their 

main benefits. They can run continuously for extended periods of time, which boosts production and 

lowers labour expenses. A thorough description of CNC machines, including their varieties, uses, and 

benefits, is given in [19]. The writers talk about how CNC machines are used in a variety of fields, such 

as the automotive, aerospace, and medical industries. The usage of CNC machine tools for additive 

manufacturing is covered in [20]. The authors go over the many types of additive manufacturing 

processes, how CNC machines fit into them, the opportunities and difficulties associated with using 

CNC machines for additive manufacturing, as well as the hurdles. Overall, by boosting productivity, 

cutting waste, and raising quality, CNC machines have revolutionized the manufacturing sector. 

 

Kinds of Portable CNC Machines for a Variety of Tasks 

Portable CNC (Computer Numerical Control) machines are versatile tools that can be used for a 

variety of tasks across different industries. Here are some types of portable CNC ma-chines commonly 

available: 

1. Portable CNC Routers: These machines are designed for cutting, carving, and engraving 

various materials such as wood, plastics, composites, and even soft metals. They are often used 

in woodworking, sign making, and prototyping applications. 

2. Portable CNC Mills: These machines are like traditional milling machines but are compact and 

portable. They are used for precision machining of various materials, including metals, plastics, 
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and composites. Portable CNC mills are popular in industries such as aerospace, automotive, 

and prototyping. 

3. Portable CNC Plasma Cutters: Plasma cutters use a high-velocity jet of ionized gas to cut 

through electrically conductive materials, such as steel, aluminium, and stain-less steel. 

Portable CNC plasma cutters are commonly used in metal fabrication, automotive, and 

construction industries for cutting out intricate shapes and parts. 

4. Portable CNC Laser Cutters/Engravers: These machines utilize lasers to cut or en-grave 

materials such as wood, acrylic, leather, fabric, and some metals. They are commonly used in 

industries like signage, jewellery making, and arts and crafts. 

5. Portable CNC Waterjet Cutters: Waterjet cutters employ a high-pressure jet of water mixed 

with an abrasive material to cut through a wide range of materials, including metals, stone, 

glass, and composites. Portable CNC waterjet cutters are ideal for tasks requiring precise and 

intricate cuts. 

6. Portable CNC Lathes: These machines are used for precision turning and shaping of cylindrical 

workpieces. Portable CNC lathes are commonly used in metalworking industries for tasks such 

as creating threads, chamfers, and complex rotational shapes. 

7. Portable CNC Wire Benders: These machines are specifically designed for bending wires and 

tubes into precise shapes and configurations. They are widely used in industries such as 

automotive, aerospace, and electronics for producing custom wire forms and prototypes. 

8. Portable CNC 3D Printers: While 3D printers are generally associated with additive 

manufacturing, some portable models incorporate CNC technology to offer precise control and 

enhanced capabilities. These machines can print three-dimensional objects using a variety of 

materials, including plastics, resins, and metals. 

 

[21] provides a comprehensive overview of tabletop and desktop CNC routers, discussing their 

applications, advantages, and disadvantages. It focuses on key considerations for selecting a CNC router 

and covers various types, including models for education, commercial purposes, and hobbyists. [22] 

offers a detailed analysis of desktop CNC machines, exploring their background, different subtypes, 

uses, and potential advancements. It emphasizes emerging trends like 3D printing and robotics, while 

explaining crucial components such as motors, controllers, and software. [23] examines small-scale 

CNC machines, including their types, applications, and challenges. It explores methods to enhance their 

performance by focusing on technical aspects like accuracy, repeatability, and speed. [24] specifically 

re-views tabletop CNC routers, addressing drawbacks and providing suggestions for improvement. It 

delves into aspects of CNC router design and construction, emphasizing performance-related factors 

like rigidity, precision, and vibration. [25] presents the design and implementation of an affordable, 

portable, and modular CNC machine. It discusses essential components such as the frame, motors, and 

controller, providing a comprehensive explanation of the operating software. The publication also 

discusses the machine's functionality and potential applications. 

 

Benefits and Drawbacks of Portable, Versatile CNC Machines 

Portable, versatile CNC machines offer numerous benefits and drawbacks. On the positive side, these 

machines provide mobility, allowing for on-site machining and eliminating the need for heavy 

workpiece transportation. They are versatile, capable of performing various machining operations on 

different materials. The flexibility of portable CNC machines enables them to work with a wide range 

of workpiece sizes and shapes. Additionally, they often come with user-friendly interfaces and intuitive 

software, making them accessible to users with different levels of experience.  

 

However, portable CNC machines may have some drawbacks. Their portability and compact size 

might limit their cutting capacity and overall rigidity compared to larger, fixed CNC machines. They 

may also have lower power and speed capabilities, which could affect their efficiency for certain 

projects. Additionally, their compact size may result in reduced work envelope, restricting the size of 

workpieces that can be machined. 
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It was reviewed by [26] that various desktop CNC machine tools, focusing on their specifications, 

applications, and advantages and disadvantages. It also discusses selection criteria and provides 
recommendations for users. [27] examines the potential of low-cost desktop CNC machines for rapid 

prototyping applications, along with their limitations. The authors discuss the accuracy, speed, and 
reliability of these machines and provide recommendations for improving their performance. [28] 

discusses the limitations and challenges of using tabletop CNC milling machines in education and 
research. The authors explore issues such as machine accuracy, software compatibility, and the need 

for specialized training. [29] high-lights the advantages of desktop CNC routers, including their 
versatility, ease of use, and affordability. The authors discuss various applications of these machines, 

such as wood-working, signage, and mould making. [30] provides a comprehensive review of desktop 
CNC machines, including their types, specifications, applications, and limitations. 

 

Comparison with other CNC Machines 

A review [31] offers guidance on selecting desktop CNC machine tools, considering factors like 

accuracy, repeatability, rigidity, and cutting speed. Another comparison [32] examines desktop and 
industrial CNC milling machines, highlighting their respective advantages and disadvantages, and 

discussing factors such as precision, flexibility, and cost for selecting a CNC milling machine. In the 
realm of CNC routers, a review [33] explores desktop and tabletop models, discussing features, 

capabilities, and applicable materials. Comparisons be-tween micro and tabletop CNC milling machines 
[34] focus on characteristics, applications, and selection factors such as accuracy, speed, and size. 

Further, comparisons of tabletop CNC routers [35] are based on technical specifications, capabilities, 
and factors like cutting area, spindle speed, and accuracy. 

 
In terms of design and components, a tabletop multipurpose CNC machine automates manufacturing 

tasks and finds use among hobbyists, makers, and small businesses. A low-cost CNC machine [36] for 
engraving, milling, and drilling operations is described, with discussions on the control system, power 

supply, mechanical parts, and assembly process. Typically, a tabletop multipurpose CNC machine 
consists of a computer-controlled cutting tool, a workpiece bed, and a control system. A low-cost, 

portable, and modular CNC machine [37] is detailed, covering components, assembly, and software 
control. Rigidity, accuracy, and stability are ensured by a rigid frame and motors/sensors controlling 

tool movement. Specialized software is employed for the control system, allowing users to design 

patterns for the desired output. Additional designs include a low-cost CNC milling machine [38] for 
prototyping and a tabletop 5-axis CNC milling machine [39] for precision machining. These designs 

discuss various components, assembly instructions, and functionality. Lastly, a low-cost CNC machine 
[40] suitable for academic and industrial purposes is described, emphasizing the frame, control system, 

mechanical parts, and assembly process. Overall, tabletop multipurpose CNC machines aim to provide 
versatile and reliable tools for enhancing manufacturing processes. 

 
In a tabletop multipurpose CNC machine, the mechanical components are responsible for performing 

precise operations such as cutting, milling, drilling, and engraving. These com-ponents include the 
frame, spindle, linear guides, ball screws, stepper motors, control board, and power supply. They work 

together to ensure stability, accuracy, and precision during operation. Electronic components of the 
machine include the controller board, stepper motors, limit switches, power supply, spindle motor, and 

emergency stop button. These com-ponents control the movement and functions of the machine. 
Software components include CAD software for designing parts, CAM software for generating 

machining instructions, machine control software for executing instructions, simulation software for 
testing pro-grams, and post-processing software for modifying machine code. These software 

components enable the CNC machine to operate accurately and produce high-quality results. Various 

research papers [41-55] discuss the design and implementation of CNC machines, their mechanical and 
electronic components, and software functionalities.  

 

Tabletop multipurpose CNC machines have diverse applications, including woodworking for 

intricate designs and precise cuts in wood, metalworking for cutting, drilling, and en-graving metal, 
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PCB fabrication for custom circuit board creation, 3D printing for small plastic parts and prototypes, 

education for teaching engineering and design concepts in STEM subjects, and DIY projects for creating 

custom designs and prototypes in hobbies and crafts. 

 

Tabletop multipurpose CNC machines offer a wide range of applications spanning wood-working, 
metalworking, PCB fabrication, 3D printing, education, and DIY projects. Their affordability, user-

friendly nature, and adaptability have led to increasing popularity among hobbyists, DIY enthusiasts, 
and professionals alike. Research studies, such as [56], delve into the comprehensive exploration of 

desktop CNC machines, covering their types, capabilities (2D/3D milling, routing, engraving, 3D 
printing), compatible materials (wood, plastic, metal, composites), and applications in prototyping, 

manufacturing, and hobbies. [57] specifically focuses on low-cost CNC machines, highlighting their 
advantages, versatility, and applications in aerospace, automotive, and medical device manufacturing, 

accompanied by examples of creating intricate and precise parts, prototypes, and moulds. Additionally, 

[58] discusses the benefits of miniaturized CNC machines, emphasizing their ability to pro-duce small, 
detailed components with high precision while acknowledging associated challenges like working with 

small tools and specialized software requirements. Education-based research, as described in [59], 
underscores the value of desktop CNC machines in teaching CAD and manufacturing processes, 

exploring research applications in various fields like mechanical engineering, materials science, and 
biomedical engineering. Lastly, [60] provides a review of small-scale CNC machines, encompassing 

desktop CNC machines and hobbyist CNC machines, and highlights their advantages, such as 
affordability, ease of use, and versatility. 

 

Industrial Applications 

Tabletop multipurpose CNC machines find wide industrial applications, including rapid prototyping, 
small-scale production, precision machining, research and development, and education and training. 

They enable quick and accurate prototyping, facilitate small-scale production with high precision, 
support high-precision machining operations, aid in re-search and development projects, and provide a 

safe learning environment for education and training. 
 

Educational Applications 

Tabletop multipurpose CNC machines are valuable tools in education, offering opportunities to teach 
manufacturing processes, engineering principles, design principles, enhance hands-on learning 

experiences, and develop workforce skills. They teach students about manufacturing processes, 
engineering principles, and design principles, while also fostering hands-on learning and workforce 

skill development. 
 

DIY and Hobbyist Applications 

Tabletop multipurpose CNC machines are increasingly popular among DIY and hobbyist 

communities. They enable woodworking with intricate designs, metalworking for custom creations, 3D 
printing for prototyping and custom parts, PCB milling for electronics enthusiasts, engraving on various 

materials, and precise foam cutting for model-making projects[61-64]  
 

EVALUATION OF PERFORMANCE  

Accuracy and Precision 

To assess the performance of a versatile tabletop CNC machine, it is necessary to determine its 
accuracy and precision through measurement comparisons. Here are the general steps to follow: 

1. Determine the expected dimensions: Refer to the manufacturer’s specifications or design 

drawings to establish the anticipated dimensions of the machine’s parts. For instance, if 
assessing the accuracy of the X-axis movement, the expected distance the axis should move for 

a given input needs to be known. 

2. Perform measurements: Utilize calibrated measuring tools like micrometers or dial indicators 

to measure the actual dimensions of the machine’s parts. Take multiple measurements at 

different points to ensure accurate readings. 
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3. Calculate accuracy: Compare the measured values with the expected values to calculate the 

accuracy of the CNC machine. Subtract the measured value from the expected value, divide the 

result by the expected value, and multiply by 100 to obtain a percentage. For example, if the 

expected distance of X-axis movement is 100mm and the actual measurement is 98mm, the 

accuracy is [(100-98)/100] x 100 = 2%. 

4. Calculate precision: Precision refers to the consistency of the machine’s performance. To 

calculate precision, measure the same dimension multiple times and calculate the standard 

deviation of the measurements. The standard deviation indicates the variation of measurements 

from the average value. Smaller standard deviation indicates higher precision.  

 

By performing these measurements and calculations, the accuracy and precision of a tabletop 

multipurpose CNC machine can be evaluated. It is important to note that other factors such as machine 

stability, cutting tool quality, and operator skill can also impact the machine’s performance. 

 

Speed and Power 

To determine the speed and power of a tabletop multipurpose CNC machine, several technical 

specifications must be considered. These specifications include the spindle speed, motor horsepower, 

and maximum feed rate. 

 

Steps to calculate the speed and power of a tabletop multipurpose CNC machine: 

1. Determine the spindle speed: This refers to the rotational speed of the spindle, typically 

measured in revolutions per minute (RPM). 

2. Calculate the cutting speed: Cutting speed is the speed at which the cutting tool moves across 

the surface of the material being machined. To calculate cutting speed, the cutting tool diameter 

and spindle speed are needed. The formula for cutting speed is: Cutting speed (in surface feet 

per minute) = (Spindle speed x pi x cutting tool diameter) / 12 

3. Determine the maximum feed rate: This is the maximum speed at which the ma-chine can move 

the cutting tool through the material being machined. 

4. Calculate the power of the machine: Machine power is determined by the horse power of the 

motor driving the spindle. 

5. Calculate the material removal rate: Material removal rate refers to the volume of material 

removed from the workpiece per unit of time. To calculate the material removal rate, the cutting 

speed, maximum feed rate, and depth of cut are required. The formula for material removal rate 

is: Material removal rate (in cubic inches per minute) = (Cutting speed x maximum feed rate x 

depth of cut) / 231 Using the above information, the speed and power of the machine can be 

calculated using the following formulas: Speed = Cutting speed x 60 (to convert from surface 

feet per minute to surface feet per hour) Power = Material removal rate x specific energy 

(specific energy is the energy required to remove a cubic inch of material, typically provided 

by the cutting tool manufacturer). 

 

[65] presents a study evaluating the accuracy, repeatability, and surface finish quality of a 

miniaturized three-axis CNC milling machine. The authors conducted experiments to measure its 

positioning accuracy, dimensional accuracy, and surface finish quality under various cutting conditions. 

The results demonstrated that the miniaturized CNC milling machine exhibits good accuracy, 

repeatability, and produces high-quality surface finishes. This study provides valuable insights for the 

development of small-scale machining systems. 

 

[66] focuses on the design and analysis of a small CNC milling machine for prototyping and 

educational purposes. The authors developed a cost-effective CNC milling machine suitable for small-

scale prototyping and education. The study examines the machine's mechanical structure, motor control, 

and software system. Experimental evaluations of accuracy and repeatability revealed good 

performance, indicating its suitability for small-scale machining tasks. The study offers valuable 
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guidance for the design and development of low-cost CNC milling machines for educational and 

prototyping applications. 

 

[67] presents an experimental investigation on the effect of machining parameters on sur-face 

roughness in CNC milling of aluminium 6061 alloy. The authors used the Taguchi de-sign method to 

identify significant machining parameters influencing surface roughness. The study aims to optimize 

these parameters to achieve better surface finish quality. Through experiments involving spindle speed, 

feed rate, depth of cut, and cutting tool type, the authors evaluated surface roughness. The results 

indicated that spindle speed, feed rate, and depth of cut have a significant impact on surface roughness. 

This study offers insights into optimizing machining parameters for improved surface finish quality in 

CNC milling of aluminium 6061 alloy. 

 

[68] elucidated the design and development of a low-cost desktop CNC (Computer Numeri-cal 

Control) machine with an automatic tool changer for small-scale manufacturing. The study aims to 

provide a cost-effective solution for small businesses or individuals interested in manufacturing various 

products with high precision and accuracy. The article outlines the machine's design, construction, and 

performance evaluation, highlighting its features and capabilities. The research contributes to the field 

of CNC machines and manufacturing by providing an affordable alternative to expensive industrial-

grade machines. [69] illustrated the design and fabrication of a low-cost desktop CNC machine for 

small-scale manufacturing. The study aims to provide a cost-effective solution for individuals or small 

businesses interested in manufacturing various products with high precision and accuracy. The article 

gives an outline of the machine's design, construction, and performance evaluation, high-lighting its 

features and capabilities. The research contributes to the field of CNC machines and manufacturing by 

providing an affordable alternative to expensive industrial-grade ma-chines. 

 

[70] suggested the design and development of an affordable desktop CNC router for educational and 

hobbyist applications. The study aims to provide a low-cost solution for students and hobbyists 

interested in learning and experimenting with CNC technology. The article outlines the machine's 

design, construction, and performance evaluation, highlighting its features and capabilities. The 

research contributes to the field of CNC machines and manufacturing by providing an affordable and 

accessible alternative for educational and hobbyist purposes. [71] depicted the design and fabrication 

of a low-cost desktop CNC milling ma-chine for rapid prototyping. The study aims to provide a cost-

effective solution for small businesses or individuals interested in prototyping various products with 

high precision and accuracy. The article outlines the machine's design, construction, and performance 

evaluation, highlighting its features and capabilities. The research contributes to the field of CNC 

machines and manufacturing by providing an affordable alternative to expensive industrial-grade 

machines for rapid prototyping. 

 

Cost-effectiveness 

The cost-effectiveness of a tabletop multipurpose CNC machine refers to its ability to pro-vide high-

quality results at a reasonable price. This can be evaluated by considering the initial investment required 

to purchase the machine, as well as the ongoing costs of maintenance, repairs, and operating expenses. 

When comparing the cost-effectiveness of tabletop CNC machines, it is important to consider the 

specific needs of project.  

 

However, if you need more advanced features, such as the ability to work with a wider range of 

materials, or higher precision, a more expensive machine may be necessary. Other factors that can 

impact the cost-effectiveness of a tabletop CNC machine include the quality and durability of the 

components used in its construction, the availability of replacement parts and support, and the ease of 

use and customization options available. [72] propounded the design and development of a small CNC 

milling machine that is both cost-effective and efficient. The authors highlight the importance of 

affordable CNC machines for small businesses and universities, as they provide a means of increasing 
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productivity and precision while reducing manual labour costs. The article provides detailed 

information on the design process, including the selection of components, material considerations, and 

control system development. [73] concentrates on the design and analysis of a small-scale CNC milling 

machine that is specifically intended for use in a manufacturing laboratory. The authors de-scribe the 

various components and subsystems of the machine, including the mechanical, electrical, and software 

systems, and provide details on the design considerations for each. The article also discusses the 

validation process for the machine, including testing and analysis of its performance. 
 
[74] portrayed the design and fabrication of a low-cost desktop CNC milling machine that is suitable 

for rapid prototyping. The authors outline the various components of the machine and discuss the design 
considerations for each, including material selection, motor specifications, and control system 
development. The article also includes details on the validation process for the machine, including 
testing and analysis of its performance. [75] characterized the design and implementation of a low-cost 
CNC machine for printed circuit board (PCB) manufacturing. It also highlights the importance of 
affordable and efficient PCB manufacturing for small businesses and universities, and provide details 
on the design considerations for the machine, including material selection, motor specifications, and 
control system development. [76] reviewed the development of a low-cost 3-axis CNC machine that is 
specifically intended for educational purposes. The authors highlight the importance of affordable CNC 
machines for educational institutions, as they provide students with hands-on experience in designing 
and manufacturing mechanical components. The article provides detailed information on the design 
process, including the selection of components, material considerations, and control system 
development, and includes details on the validation process for the machine, including testing and 
analysis of its performance. 
 
CHALLENGES AND POTENTIAL 
Advancing Trends and Technology 

New developments and capabilities in the field of tabletop CNC machines are being driven by 
emerging technologies and trends. One such trend is the increasing integration of 3D printing 
technology, allowing for greater flexibility in creating custom parts and designs. Another trend is the 
use of open-source software and hardware, enabling users to customize the machine to their needs and 
share their modifications with others. Hybrid machines that combine different manufacturing processes, 
like CNC milling and laser engraving, are also gaining popularity for a wider range of applications. 
Additionally, there is a growing interest in using sustainable materials, such as bamboo and bioplastics, 
which are easily machinable with tabletop CNC machines. Artificial intelligence and machine learning 
are also playing a larger role, optimizing tool paths, predicting tool wear, and making real-time 
adjustments based on sensor feedback. Overall, these emerging technologies and trends are enhancing 
the versatility and user-friendliness of tabletop CNC machines, opening up new possibilities for 
designers and manufacturers. 

 
[77] discusses recent trends in small-scale tabletop CNC machines, examining their types, 

advantages, and limitations. The authors also analyze factors affecting performance such as accuracy, 
speed, and repeatability. In [78], a comprehensive overview of desktop and tabletop CNC machines is 
provided, comparing their features like size, accuracy, and cost. The authors highlight their applications 
in prototyping, education, and hobbies. [79] presents the design and development of a low-cost desktop 
CNC machine with multiple tool spindles for rapid prototyping, discussing design considerations and 
experimental results. [80] evaluates open-source CNC milling platforms for small-scale machine shops, 
comparing their performance and concluding they can be a viable alternative to commercial machines. 
Finally, [81] examines different types of desktop CNC routers in the market, analyzing features like 
accuracy, speed, and cost, and discussing future directions in materials and technologies. 
 

Directions for Subsequent Studies 

Tabletop multipurpose CNC machines have gained popularity due to their cost-effective solutions 

for small-scale manufacturing and prototyping. However, there is still room for improvement in terms 

of functionality, precision, and user-friendliness. Future research directions for these machines include: 
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1. Integration of machine learning algorithms to enhance accuracy and precision by learning from 

previous operations and adjusting in real-time. 

2. Development of modular designs to easily interchange tool heads and accessories, increasing 

versatility and adaptability while reducing costs. 

3. Implementation of advanced sensing technology, like force and temperature sensors, to detect 

and adjust to material changes, improving precision and minimizing waste. 

4. Integration of augmented reality (AR) technology to provide real-time visual feed-back on the 

machining process for easier monitoring and adjustments. 

5. Development of user-friendly software interfaces to simplify setup and operation, especially 

for non-experts. 

6. Optimization of machining parameters through algorithms that automatically adjust feed rate, 

spindle speed, and cutting depth based on the material and desired out-come, enhancing 

efficiency and quality. 

 

[82] explores the evolution, applications, and future trends of desktop CNC machining, ad-dressing 

challenges and opportunities for the future. [83] provides a comprehensive review of emerging trends 

in desktop CNC machining, discussing machine types, applications, industry challenges, and recent 

research and development. [84] presents a review of the cur-rent state of desktop CNC machines, 

discussing challenges, opportunities for future re-search, and advancements such as hybrid machines, 

advanced materials, and smart technology integration. [85] offers an industry perspective on the future 

directions of desktop CNC milling, discussing current trends, industry challenges, proposed solutions, 

and the role of automation and digitalization. [86] focuses on the development of a miniature multi-axis 

CNC milling machine, discussing opportunities, challenges, machine design, potential ap-plications, 

and the need for further research in this area. 

 

Obstacles and Restrictions 

Versatile CNC machines designed for tabletop applications face the following obstacles and 

restrictions in summary: 

1. Limited workspace, restricting the size of projects. 

2. Material limitations, especially with harder materials. 

3. Accuracy and precision challenges compared to larger machines. 

4. Power limitations for heavy-duty tasks. 

5. Limited rigidity and stability due to smaller size. 

6. Software and programming limitations. 

7. Consideration of costs for investment, maintenance, and accessories. 

8. Operator expertise required for effective operation. 

9. Limited tooling options. 

10. Lower production capacity compared to larger machines. 

 

[87] focuses on the challenges and opportunities in the design and development of low-cost desktop 

CNC machines, emphasizing the importance of affordability for small-scale industries and addressing 

the obstacles faced in achieving this objective. [88] provides an over-view of the challenges related to 

desktop CNC milling, including material selection, ma-chine calibration, and tool path planning. [89] 

explores the limitations and opportunities of desktop CNC machining in education and research, 

highlighting the benefits of incorporating CNC machines in teaching and research while acknowledging 

the disparities compared to industrial machines. [90] investigates the limitations of small-scale tabletop 

CNC ma-chines for manufacturing applications, discussing the difficulties in achieving high levels of 

accuracy and precision and proposing potential solutions. [91] examines the limitations and challenges 

associated with desktop CNC milling, covering aspects such as machine accuracy, surface finish, and 

material selection. The article also presents potential strategies to address these challenges. 
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Key Findings Outlined in Brief 

The key findings of "Versatile CNC Machines for Tabletop Applications" can be summarized as 

follows: 

1. Tabletop CNC machines offer versatility and affordability for small-scale manufacturing and 

prototyping. 

2. Limitations include a restricted workspace and material compatibility. 

3. Achieving high accuracy and precision can be challenging with tabletop machines. 

4. Setup, maintenance, and cost considerations are important factors. 

5. User expertise in CAD/CAM software and machine operation is crucial. 

6. Future research directions include integrating machine learning, modular designs, advanced 

sensing, augmented reality, user-friendly interfaces, and optimization of machining parameters. 

 

[92] offers a comprehensive examination of the present state and future trends of desktop CNC 

machines. It explores various types, such as milling, laser cutting, and 3D printing machines, discussing 

their strengths and limitations. [93] provides an overview of small-scale tabletop CNC machines, 

covering their components, applications, advantages, and limitations, while also addressing design and 

operational challenges. [94] presents a study on a cost-effective desktop CNC milling machine designed 

for educational purposes. The authors discuss design considerations, component selection, and the use 

of open-source software, evaluating the machine's performance. [95] focuses on the design and 

fabrication of a compact 5-axis desktop CNC machine. The article discusses challenges faced during 

development, including component selection and axis integration, and assesses the ma-chine's 

performance. [96] outlines the design of a CNC machine, its components, and performance evaluation 

through simulations and experiments. It also delves into optimizing cutting parameters to enhance 

accuracy and efficiency. 

 

Effects on Business and Academia 

The effects of versatile CNC machines for tabletop applications on business and academia can be 

summarized as follows: 

 

Effects on Business 

1. Cost-effectiveness: Versatile tabletop CNC machines offer cost-effective solutions for small-scale 

businesses, enabling them to carry out manufacturing and prototyping tasks without significant 

investments in larger industrial machinery. 

2. Increased productivity: These machines allow businesses to streamline their production processes, 

reduce manual labour, and increase overall productivity. 

3. Enhanced flexibility: Tabletop CNC machines provide businesses with the ability to create custom 

parts and designs, offering greater flexibility in meeting customer requirements. 

4. Market competitiveness: Access to versatile CNC machines enables businesses to expand their 

product offerings, enhance product quality, and stay competitive in the market. 

 

Effects on Academia 

1. Skill development: Tabletop CNC machines in academia facilitate hands-on learning experiences, 

allowing students to develop practical skills in CAD/CAM programming, machine operation, and 

manufacturing processes. 

2. Interdisciplinary applications: These machines support interdisciplinary research and projects, 

encouraging collaboration between engineering, design, and other fields. 

3. Rapid prototyping: Tabletop CNC machines enable academia to accelerate the proto-typing and 

development of new ideas and designs, promoting innovation and experimentation. 

4. Industry collaboration: The availability of versatile CNC machines in academia fosters 

collaboration with industry partners, creating opportunities for knowledge trans-fer and technology 

adoption. 
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Tabletop multipurpose CNC machines have significant implications for both the industry and 

academia, offering cost-effective solutions, flexibility, skill development, educational opportunities, 

and collaboration possibilities. They serve as crucial tools for small businesses, startups, hobbyists, and 

educational institutions. [97] investigated the influence of desktop CNC machines on manufacturing 

and design education, specifically in enhancing students' comprehension of manufacturing processes. 

[98] assessed the effectiveness of desktop CNC machining for small-scale production and prototyping. 

[99] examined the im-plications of desktop CNC machines for creative industries and design practice. 

[100] re-viewed the potential applications of desktop CNC machines in healthcare, such as prosthetics, 

implants, and other medical devices. [101] focused on the impact of desktop CNC ma-chines on the 

product development process, exploring how these machines can improve prototyping and design 

iterations, while also addressing the challenges that may arise. 

 

Research Limitations and Suggestions for Future Work 

Research limitations and suggestions for future work in the field of versatile CNC machines for 

tabletop applications can be summarized as follows: 

 

Research Limitations 

1. Limited comparison studies: There is a lack of comprehensive comparative studies that evaluate 

different types and models of tabletop CNC machines, making it difficult to determine their relative 

performance and capabilities. 

2. Limited focus on advanced materials: Most research has focused on traditional materials, and there 

is a need for more exploration of the use of advanced materials in tabletop CNC machines, such as 

composites and alloys. 

3. Limited study on long-term reliability: Many studies have focused on short-term performance 

evaluation, but there is a need for research on the long-term reliability and durability of tabletop 

CNC machines, including their components and subsystems. 

 

CONCLUSION 

The evaluation of versatile CNC machines for tabletop applications underscores their significant 

potential in revolutionizing small-scale manufacturing and hobbyist industries. The research has 

provided a comprehensive overview of the various CNC machines available, considering factors such 

as size, cost, precision, and ease of use. Through meticulous analysis and comparison, it has become 

evident that these machines offer a range of benefits, from their compact design and affordability to 

their capacity for intricate and precise machining. However, the choice of the most suitable CNC 

machine ultimately depends on the specific needs and skill level of the user, as well as the intended 

applications. Nevertheless, this study serves as a valuable resource for individuals and businesses 

seeking to harness the power of CNC technology at the tabletop level, enabling them to make informed 

decisions and unlock new possibilities in the world of digital fabrication and manufacturing. 

Furthermore, the analysis highlights the critical factors influencing their efficiency, including accuracy, 

speed, ease of use, software compatibility, and durability. The findings emphasize the remarkable 

progress made in enhancing the accessibility and affordability of tabletop CNC machines, making them 

increasingly attractive to hobbyists, DIY enthusiasts, small businesses, and educational institutions. The 

potential for innovation and creativity facilitated by these machines is significant, paving the way for a 

democratized approach to prototyping, product development, and personalized manufacturing at a 

smaller scale. However, considerations about proper maintenance, training, and ongoing technical 

support are paramount to maximize the benefits of these CNC machines and ensure their long-term 

effectiveness in diverse tabletop applications. 
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