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Abstract 

Technological advancements are driving progress in all sectors, 

particularly in the mechanical engineering industry. The 

continuous development of CNC (Computer Numerical Control) 

machines significantly contributes to increased production 

volumes in modern manufacturing.                                                                                                                             

This paper explores the CNC machining process, various CNC 

operations and their required equipment, as well as the advantages 

and future trends of CNC technology. Additionally, the article 

highlights key considerations for manufacturers and machine tool 

users when evaluating CNC machining as the most effective 

solution for their specific production needs. 
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Introduction 

CNC (Computer Numerical Control) machining is a term widely used in manufacturing and 

industrial applications. But what exactly is CNC, and what is a CNC machine? 

The term CNC stands for "Computer Numerical Control." CNC machining is defined as a 

subtractive manufacturing process that typically involves the use of computerized control systems 

and machine tools to remove layers of material from a workpiece—commonly referred to as the 

stock or raw material. This process is compatible with a wide range of materials, including metals, 

plastics, wood, glass, foam, and composites. CNC machining is utilized in numerous industries, 

including large-scale production, telecommunications, prototyping, and the aerospace sector, 

where it is especially valued due to its high precision and stringent tolerance requirements.                         

It is important to distinguish between CNC machining as a process and a CNC machine as the 

equipment that autonomously executes programmed machining operations. 
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METHODOLOGY 

Subtractive manufacturing processes such as CNC machining are often presented in contrast to 

additive manufacturing processes like 3D printing, or formative manufacturing processes like 

casting. In subtractive processes, layers of material are removed from a solid block to create the 

desired shape. In contrast, additive manufacturing builds up the final shape layer by layer, while 

formative manufacturing involves deforming the raw material into the desired form. 

The automated nature of CNC machining enables high-precision and cost-effective production, 

particularly for single-run or medium-scale manufacturing jobs. It is especially efficient for 

producing simpler parts with tight tolerances. 

While each type of manufacturing process has its own advantages and limitations, this article 

focuses on CNC machining. It describes the fundamental principles of the process, components of 

a CNC machine, and associated tooling. The paper also investigates various mechanical CNC 

machining operations and presents alternative manufacturing options to CNC machining [6–11] 

 

General Overview of the CNC Machining Process 

CNC machining has evolved from early numerical control processes that used punched tape 

systems. It is now a computerized process that utilizes computer-controlled tools and machines to 

transform stock materials—such as metal, plastic, wood, foam, or composites—into custom parts 

and designs.                                                                        

Although CNC machining encompasses a variety of capabilities and operations, its core principles 

remain nearly the same across all applications. The standard CNC machining process includes the 

following steps: 

• Designing the CAD model; 

• Converting the CAD file into a CNC-compatible program; 

• Preparing the CNC machine; 

• Executing the machining operation. 

process begins with the creation of a 2D vector or 3D solid model using CAD (Computer-Aided 

Design) software. This design can be developed in-house or outsourced to a CAD/CAM design 

service company. CAD software enables designers and manufacturers to create a visual and 

technical representation of the part or product, including its dimensions and geometry. 

The final design must take into account the capabilities and limitations of CNC machines and tools 

[12–17]. For example, many CNC machines use cylindrical tools, which restrict the geometries 

that can be produced—curved inside corners, for instance, are limited by the shape of the tool. 

Furthermore, material properties, tool design, and machine performance affect the feasibility of 

design elements such as minimum part thickness, maximum dimensions, internal cavities, and 

feature complexity. 

 

CNC Machining Tolerances Tables 

When specifying parts for a machine shop, it is crucial to indicate any required tolerances. While 

CNC machines are highly precise, there is always some degree of variation between identical parts. 

Typically, this variation falls within ±0.005 inches (0.127 mm), which is approximately twice the 

width of a human hair. 

https://scientifictrends.org/index.php/ijst
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To minimize manufacturing costs, customers should specify tight tolerances only for those part 

features that require high precision, such as surfaces that interface with other components. 

Although standard tolerances exist for various levels of machining precision (as shown in the table 

below), not all tolerances are equal in complexity or cost. 

For example, if a part must not exceed a certain dimension but can be slightly smaller, a tolerance 

like +0.0/-0.5 mm may be specified. This ensures that the part remains within functional limits 

without unnecessarily increasing production difficulty. 

 

Table 1: Standard Linear Tolerances in CNC Machining 

Nominal Dimension 

Range (mm) 

High 

+/- 

Medium 

+/- 

Surface Roughness 

+/- 

High Surface 

Roughness 

      +/- 

0.5-3 0.05 0.1 0.2 -- 

3-6 0.05 0.1 0.3 0.5 

6-30 0.1 0.2 0.5 1 

30-120 0.15 0.3 0.8 1.5 

120-400 0.2 0.5 1.2 2.5 

400-1000 0.3 0.8 2 4 

1000-2000 0.5 1.2 3 6 

2000-4000 -- 2 4 8 

 

DISCUSSION 

CNC machines utilize several programming languages, including G-code and M-code. The most 

common CNC programming language is G-code, also known as general or geometric code. G-

code controls when, where, and how machine tools move — for example, when to turn on or off, 

how fast to move to a specific location, the toolpath to follow, and other machining operations. 

M-code, on the other hand, manages various auxiliary functions of the machine, such as 

automating the removal and replacement of the machine cover at the start and end of production. 

Once the CNC program is created, the operator loads it into the CNC machine. 

Before running the CNC program, the operator must prepare the CNC machine. This preparation 

involves securely fastening the workpiece directly to the machine table, machine spindle, machine 

screws, or other similar workholding devices, and attaching the necessary tools — such as drill 

bits and end mills — to the appropriate machine components. 

After the machine is fully set up, the operator can start executing the CNC program. 
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Table 2 – Characteristics of Common CNC Machining Operations 

Manufacturing Operation Characteristics 

Drilling • Uses rotating multi-point drill bits 

• Drill bit perpendicular or angled to the workpiece 

• Creates cylindrical holes inside the workpiece 

 

Cutting         Uses rotating multi-point cutting tools 

• The workpiece feeds in the same direction as the rotation of 

the cutting tool 

• Removes material from the workpiece 

• Produces wider shapes 

 

Turning • Uses single-point cutting tools 

• Rotates the workpiece 

• The cutting tool feeds along the surface of the workpiece 

• Removes material from the workpiece 

• Produces round or cylindrical parts 

 

 

Conclusion 

Digitalization involves the collection of large-scale data related to temperature, forces, and 

vibrations. This data is subsequently transferred to the cloud for processing, analysis, and 

conversion into actionable instructions for the operating machine. 

The availability of more data enables the creation of a more precise virtual twin. A virtual twin 

can provide more accurate and realistic simulations.  

Design engineers use the results of these simulations to plan the machining process, maximize 

machine accuracy and efficiency, and manufacture parts with reduced waste. 
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