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Abstract: The integration of CNC (Computer Numerical Control) machines with printing 

technologies has opened up new avenues for cost-effective digital fabrication and 

manufacturing. While 3D printers have gained significant traction for producing prototypes 

and end-use parts, their high upfront cost, material expense, and limited versatility remain 

significant barriers to widespread adoption, particularly for small-scale producers. This paper 

explores the use of CNC machines as an alternative solution for low-cost printing 

applications. It examines the technological advancements, cost-saving opportunities, and 

practical applications of CNC machines for printing, focusing on how these machines can be 

adapted to perform printing tasks traditionally handled by 3D printers. By analyzing case 

studies and emerging trends, this paper demonstrates the potential for CNC machines to 

provide high-quality, cost-efficient printing solutions across various industries. 
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Introduction 

In recent years, the rapid development of additive manufacturing (AM), commonly known as 

3D printing, has revolutionized industries ranging from aerospace to healthcare, offering 

unprecedented design flexibility and reducing material waste. However, the high initial cost 

of 3D printers, along with expensive printing materials and operational overhead, has made 
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this technology less accessible to small businesses and hobbyists. In contrast, CNC machines, 

which are widely used in subtractive manufacturing, are more affordable and versatile, 

already present in many workshops and factories. Leveraging CNC machines for printing 

purposes can offer a potential solution to the high costs associated with 3D printing, enabling 

cost-effective and high-precision production. 

This paper explores the use of CNC machines in printing applications, focusing on their 

capabilities, modifications needed for effective printing, and the economic and technical 

benefits they offer. By integrating CNC machines with printing functionalities, this paper 

aims to shed light on the feasibility of offering high-quality, low-cost printing solutions. 

 

Background: CNC Machines and Printing Technology 

Overview of CNC Machines 

CNC machines are automated tools used to perform a variety of manufacturing tasks, 

including milling, turning, drilling, and routing. They work by following pre-programmed 

instructions that dictate precise movements of tools and materials, offering high accuracy and 

repeatability. The types of CNC machines commonly used include: 

• CNC Milling Machines: These machines use rotating tools to cut and shape 

materials from a workpiece, offering precise control over dimensions. 

• CNC Lathes: Used for turning cylindrical materials, CNC lathes are widely 

employed in the manufacturing of parts requiring circular symmetry. 

• CNC Routers: These machines are used for larger materials like wood, plastics, 

and composites, providing effective cutting and shaping capabilities. 

3D Printing and Additive Manufacturing 

3D printing is an additive manufacturing process in which objects are created layer by layer 

from a digital design. Unlike subtractive manufacturing methods, 3D printing allows for the 

creation of highly intricate and geometrically complex parts without the need for tooling. 

Common 3D printing technologies include: 

• Fused Deposition Modeling (FDM): Uses a heated nozzle to extrude thermoplastic 

material layer by layer. 

• Stereolithography (SLA): Uses ultraviolet light to cure liquid resin into solid 

layers. 
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• Selective Laser Sintering (SLS): Uses a laser to fuse powdered materials. 

While 3D printers offer significant advantages in terms of design flexibility and waste 

reduction, their high upfront cost and material expense can make them prohibitively 

expensive for some users. 

Adapting CNC Machines for Printing 

Although CNC machines are traditionally used for subtractive processes, recent 

advancements have enabled them to be adapted for additive manufacturing tasks. By 

modifying a CNC machine with the appropriate extruder or print head, it becomes capable of 

3D printing using various materials. For instance, some CNC machines can be retrofitted 

with hot-end extruders typically used in FDM 3D printers, enabling them to print with 

thermoplastic filaments like PLA, ABS, or PETG. 

 

Technological Advancements for Low-Cost CNC Printing 

CNC Retrofit Kits for 3D Printing 

One of the most popular methods for converting a traditional CNC machine into a 3D printer 

is through the use of retrofit kits. These kits are designed to replace or supplement the 

machine's existing components, such as the tool head or spindle, with components for 

extruding materials like plastic filaments or resins. Retrofit kits are often compatible with 

open-source software, allowing users to easily integrate CNC machines into their existing 

workflows. 

 

Advantages: 

• Cost Efficiency: Retrofit kits are relatively inexpensive, especially compared to the 

cost of purchasing a dedicated 3D printer. 

• Flexibility: Retrofits enable CNC machines to perform both subtractive and 

additive tasks, providing a multifunctional tool for a variety of production needs. 

• Material Options: CNC machines retrofitted for printing can often accommodate a 

broader range of materials, including non-standard filaments or resins. 

Hybrid Manufacturing Systems 

Hybrid manufacturing systems combine both additive and subtractive processes into a single 
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machine. By integrating CNC machining and 3D printing on the same platform, hybrid 

systems can create complex parts with high precision and finish quality while minimizing the 

waste generated by traditional subtractive processes. These systems typically feature an 

additive print head alongside a CNC milling tool, providing a high level of flexibility for 

manufacturers. 

Advantages: 

• Increased Precision: Hybrid systems can print with high resolution and then 

perform additional machining to refine the part's final shape. 

• Reduced Material Waste: The combination of additive and subtractive processes 

leads to more efficient use of raw materials. 

• Cost Reduction: The ability to perform multiple tasks on a single machine reduces 

the need for separate equipment and labor, offering cost savings. 

 

Economic Benefits of CNC Machines for Low-Cost Printing 

Lower Initial Investment 

The primary advantage of using CNC machines for printing is the lower upfront investment 

required compared to dedicated 3D printers. Many CNC machines are already available in 

workshops, factories, and small businesses. By adding a print head or extruder to an existing 

machine, users can achieve 3D printing capabilities without purchasing a new 3D printer. 

Lower Operating Costs 

CNC machines tend to have lower operating costs due to their ability to use a wide variety of 

materials at relatively low prices. For instance, the cost of raw material for CNC-based 

printing (e.g., thermoplastic filaments or custom resins) is often lower than the specialized 

materials required for 3D printing. Additionally, because CNC machines are more widely 

used, the cost of maintenance and service is typically lower than that of specialized 3D 

printers. 

Energy Efficiency 

CNC machines are often more energy-efficient than dedicated 3D printers. This is 

particularly true when the machine is used for both subtractive and additive processes, 

minimizing the time and energy required for printing tasks. 
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Applications of Low-Cost Printing with CNC Machines 

Prototyping and Rapid Manufacturing 

One of the most significant applications of low-cost printing with CNC machines is rapid 

prototyping. The ability to create prototypes quickly and affordably is invaluable to industries 

like automotive, aerospace, and product design. CNC machines provide the flexibility to 

produce functional prototypes with precise dimensions and complex geometries, making 

them an excellent alternative to expensive 3D printing solutions. 

Custom Parts and Low-Volume Production 

CNC machines adapted for printing are also ideal for producing custom parts and low-

volume runs. Industries such as medical devices, automotive repair, and custom tooling can 

benefit from low-cost, on-demand manufacturing of specialized parts without the need for 

costly mold creation or long lead times. 

 

Educational and DIY Applications 

In educational settings and DIY projects, the low cost and accessibility of CNC machines 

make them an attractive option for printing. Students, hobbyists, and small-scale 

entrepreneurs can leverage CNC machines to produce a wide range of products without the 

large financial outlay required for industrial-grade 3D printers. 

 

Challenges and Limitations 

Technical Limitations 

While CNC machines can be adapted for printing, they still face limitations compared to 

dedicated 3D printers. For example, CNC machines typically have slower printing speeds and 

may not offer the same level of precision when it comes to fine detail printing. Furthermore, 

they require skilled operators to maintain and calibrate the systems, which may add to 

operational costs. 



Volume 3 Issue 2  ISSN: 2945-3119 

International journal of computing & decision sciences 

 

65 

Material Limitations 

Although CNC machines can handle a wide range of materials, the materials commonly used 

in 3D printing (such as resins or flexible filaments) may not always be compatible with CNC 

printing systems. This limits the range of applications for certain types of printing. 

Adaptation Costs 

Converting a traditional CNC machine to perform printing tasks requires purchasing 

additional components such as print heads or extruders. These retrofits can add to the initial 

setup costs, although they are still generally cheaper than buying a new 3D printer. 

 

Conclusion 

CNC machines have great potential for providing low-cost, high-quality printing solutions. 

The integration of additive manufacturing technologies with traditional CNC systems offers 

cost savings, greater material flexibility, and the ability to produce both subtractive and 

additive components in a single machine. While there are challenges related to technical 

limitations and material compatibility, the ongoing development of hybrid systems and 

retrofit kits continues to improve the capabilities of CNC-based printing systems. As 

technology advances, CNC machines are poised to become a mainstream solution for 

affordable, high-precision printing in various industries. 
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