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ABSTRACT 

This paper discusses the pre and process of running a computer numerical control 

machine (CNC) using computer-aided design (CAD) software commonly used to design 

products to be produced and computer-aided manufacture (CAM) software used to 

control machines during the manufacturing process. Some types of CNC machines in 

general, namely CNC lathe machine and CNC milling machine. The history of the 

development of the CNC Machine was begun in 1952 by John Pearseon of the 

Massachusetts Institute of Technology on behalf of the United States Air Force, which 

aims to make complicated special workpieces. In addition, this paper also discusses the 

basic numerical code types used in CNC machines. 
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1 INTRODUCTION  

Mechanical engineering students must know the 

basic knowledge of computer numerical control 

(CNC). Before running a CNC machine, students 

must first launch the object to be carried out using 

Computer-based software[1]. Computer aided 

design (CAD) and computer aided manufacturing 

(CAM) are now connected to each other in one 

software. This integration is needed for improving 

the quality of design, increasing engineer 

productivity, and improving communication 

between designers and readers.  In addition, the 

models that we have designed can also contain 

features such as mass, volume, material strength, 

temperature, etc. [2]. 

The CAM is computer software to control 

machine tools during the manufacturing process. 

The CAM is a continuation of the computer aided 

design (CAD) and computer aided engineering 

(CAE) processes. The uses of software in the 

manufacturing industry can reduce the production 

of waste and the energy used is relatively small, 

increased speed, efficiency, product consistency, 

and more detailed accuracy. 

Progress in manufacturing industry technology 

in the Industrial 4.0 era has increased very rapidly. 

The progress made now is that software on a 

computer can be used for the machining process, 

which includes grinding, lathe, surface milling, 

and welding. Collaboration between computer 

and mechanical technology creates CNC 

machines. The goal of Industry 4.0 is to work with 

higher levels of automation that achieve higher 

levels of income and efficiency[3], [4], 

connecting physically to the virtual world [5], [6]. 

Actually the work steps using a CNC machine 

are almost the same as manufacturing machines in 

general. However, there is additional control from 

the computer in regulating the movement of the 

machine. The working system of the use of the 

CNC machine tool itself is to synchronize the 

relationship between the computer and its 

mechanical devices. Along with technological 

developments in manufacturing, manual 

machining processes have begun to be replaced by 

automated machining processes because large-

scale industries demand production speed and 

precision of production. in modern times, many 

industries in developed countries have abandoned 

equipment that uses conventional machinery and 

switched to computer numerical control machine 

tools. 

The CNC machines require a computer aided 

design (CAD) software program. The CNC 

machines will answer the challenges going 

forward in the manufacturing industry because the 

large numbers of products can be done with the 

same results and comprehensive processing time. 

This CNC machine can be applied in all fields 
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such as industry, education and health in order to 

produce results that are beneficial to everyone and 

can be used in daily life. 

2 PROCESS MANUFACTURE  

On many types of CNC machines, how to operate 

it is enough to enter numerical commands via the 

buttons that are indeed provided for data input. 

Lathes have many specifications such as center 

lathe, vertical turning and boring milling, facing 

lathe, turret lathe, etc. The CAD-CAM software is 

used to design the dimensions to be produced and 

then the image is changed to G-code. These are 

the steps for a CNC machine can produce products 

according to design, namely: 

2.1 CAD/CAM  

Before using a CNC machine program, a basic 

understanding and knowledge of technical 

drawing design must first have. Technical 

drawings can be created manually or using CAD 

software. If used CAD software, a program of 

technical drawings that have been designed can 

display, where this program can be directly 

operated on CNC machines. The CNC machines 

are usually connected to the CAM application 

program to make optimal machine performance. 

There are two CAD software that is often used to 

design: SOLIDWorks and CAMWorks.  

SOLIDWorks is one of the most common 

software used by engineers to design and simulate 

which is basically a 2D and 3D graphics 

application that focuses on device development. 

SOLIDWorks software itself is one of the reliable 

software support for technological advances in 

various industries, such as Automotive, 

Engineering, Medicine and others[2]. The cover 

of SOLIDWORKS software for 2018 version can 

be seen in Figure 1.  

 

 Figure 1 SOLIDWorks 2018 Edition [7] 

The next is CAMWorks software. The 

CAMWorks software is software that bridges the 

work of CAD connected to CAM that makes it 

easy for operators because it can be used in 

programs that are truly effective in the correction 

process and easy to use supported formats [2]. The 

cover of CAMWorks 2018 version can be seen in 

Figure 2 

 

Figure 2 CAMWorks 2018 Edition [8] 

Working drawings for CNC machine work 

processes on a personal computer (PC) can be 

designed using CAM software. After the design is 

made then it is executed into a simulation to see 

the execution of the workpiece carried out by the 

CNC machine. If the workpiece has an error or is 

lacking can immediately repair it without losing 

the material or data used previously. If the 

simulation results as desired, the CNC machine 

program is then prepared to be executed. Through 

a network or cable that is transferred through the 

recording media, the CNC machine program will 

be connected directly. 

Another role of simulation is as a vehicle for 

the presentation of the system and makes it easier 

to present it to others. The ability of simulations is 

a further step in advancing this role. Based on this, 

behavior of the system can be display using a 

portable microcomputer [9]. 

2.2 CNC Machining 

The CNC program is then sent and executed by 

the processor to the CNC so as to produce servo 

motor settings on the CNC Machine to drive the 

Tool in carrying out the Work process that 

produces products that are in accordance with the 

Program. On a scale from Medium to Large 

industries, CNC machines have many uses to 

support the production process. In general, CNC 

machines have 2 types as follows: 

1. CNC Lathe machine 

CNC lathe has the basic movement principle as 

a conventional lathe, namely the movement in 

the direction of transverse and horizontal with 

X axis and Z axis coordinate systems [10]. The 

working principle of CNC lathe is also the 
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same as the conventional lathe. Figure 3 is 

isometrics view of CNC Lathe Machine. 

 

Figure 3 CNC Lathe Machine [11] 

2. CNC Milling machine.  

CNC milling machines consist of machine tool 

parts and CNC control parts. Machine tools 

consist of cutting and gripping parts, milling 

machine tables, and workpiece grip holders. 

This machine can be used with Cartesian 

coordinate systems and polar coordinate 

systems. The coordinate system will describe 

the machine's movement as relative to the 

cutting tool with the workpiece. This 

coordinate system is a coordinate system with 

three axes namely the X axis, Y axis, and Z 

axis [12]. Figure 4 is isometric view of CNC 

Milling Machine. 

 

Figure 4 CNC Milling Machine [13] 

There are several steps that must be done in the 

CNC machining process (see Figure 5)[1]: 

1. Plan and draw the workpiece using CAD 

software; 

2. Process the image into numeric code or G 

code using CAM software;  

3. Try to enter the numeric code into the 

software which is then simulated to see 

whether the system function as expected;  

4. If the code does not experience a problem 

then it is followed by entering the 

workpiece parameters and their 

limitations into the CNC machine 

program;  

5. Enter the numeric code / G-code that has 

been tested before and is ready to run to 

the CNC machine so that the workpiece 

process is in accordance with the 

previously designed design [1]. 

 

Figure 5 CNC machining process [14] 

G-Code or numeric code is a function used in 

the numerical control programming language that 

contains information on the position of a tool to 

carry out a command. This G-code is an informal 

language that is commonly called colloquially but 

actually G-code is part of a numerical control 

programming language which aims to drive 

numerical control and CNC machines. Some 

examples basic code / numeric code (G-code) 

used in CNC machining [1]: 

G90: Absolute 

G91: Incremental 

G54-G9: Coordinate System 

G00: Move axis position at full speed. 

G01: Move axis positions linearly (feed rate). 

X0, Y0 Z0: Starting point coordinates. 

X Y Z: Coordinate direction of movement. 

F: Determine the speed of eating the workpiece 

S: Determine the spindle rotation speed 

M02: Spindle stop 

M98: Enter to subprogram 

M99: Exit to subprogram 
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After the code is obtained then proceed by 

entering some parameters that have been adjusted 

so that the results obtained in accordance with the 

plan that has been designed previously. 

The CNC machine will move according to the 

program that is entered into the computer so that 

the machine can be instructed to repeat the 

movement repeatedly with the same level of 

accuracy and dimensions [15]. 

2.3 The advantage of using a CNC 

machine 

CNC lathes have many advantages compared to 

conventional lathes, namely[16]: 

1. Production results can be controlled 

properly 

2. Detailed and complex workmanship can 

be carried out automatically using 

3. Operation and programming in 

accordance with needs 

4. Manage the automation process only 

through special software. 

5. The production time is very fast in large 

quantities with the exact same results. 

2.4 Development of CNC Machines 

The inception of the CNC (Computer Numerically 

Controlled) machine in 1952 was developed by 

John Pearseon of the Massachusetts Institute of 

Technology, on behalf of the United States Air 

Force, which aims to make complicated special 

workpieces. In 1973, CNC machines were still 

very expensive so there were only a few 

companies that had the courage to spearhead 

investment in this technology. From 1975, the 

production of CNC machines began to develop 

rapidly. This development was driven by the 

development of microprocessors, so the volume 

of the control unit can be more concise.[17]  

The development of technological advances in 

the present is expected in the future because the 

input of CNC machines can come from manual 

work drawings that can be read through the 

scanner, then automatically interpreted by a PC 

connected to the CNC machine. The scanner 

reading results will then be processed by software 

using a PC in CAD-CAM format which can be 

simulated directly. Then, simulations that are in 

accordance with what is planned will be executed 

into the CNC machine program and ready to form 

objects according to the desired design [17]. 

3 SUMMARY 

CNC machines are very influential in the 

development of the manufacturing industry 

because they can produce highly precise objects in 

large quantities. In order for CNC machine 

performance to run properly, PC has an important 

role to enter the program from the CNC machine. 

CNC machines require numeric codes or G codes 

to execute objects that were previously created 

using software recommended by CNC machine 

manufacturers. CNC machine manufacturers 

provide CAD-CAM design software that 

synergizes and is recommended for the CNC 

machines they produce. 
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