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Abstract— Computer Numerical Control (CNC) is the 

automation of tools that are operated by precisely 

programmed commands encoded on a storage medium as 

opposed to controlled manually by hand wheels or levers. 

Typically, a CNC machine has the ability to move in 3 axes, 

meaning that it can position that sketch pen at a precise 

point in or on the paper to create the operation desired at 

that point. By moving the pen through multiple points, the 

pen can draw the design represented by a data stream of 

positioning points being sent by the PC. By controlling a 

CNC machine through a PC it is possible for the user to 

design a product on-screen, convert it to CNC-readable code 

and then send that data to the CNC machine for it to produce 

a physical copy of the item designed. The purpose of the 

CNC Machine is to provide that powerful ability to go from 

concept design to physical product with an inexpensive, 

compact, adaptable desktop-size machine. 
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I. INTRODUCTION 

The first numerical control (NC) machine was conceived by 

Mr. John T. Parsons around 1940s-1950s. Parsons worked to 

attach servomotors to the x and y axis of a manual operated 

machine tool to control them with a computer that read 

punch tapes to give it positioning instructions. The reason 

for devising such a system was to machine complex shapes 

like arcs and other complex designs. 

Today’s modern machinery is CNC (Computer 

Numeric Control) machines. A microprocessor in each 

machine reads the G-Code program that the user creates and 

performs the programmed operations. Personal computers 

are used to design the parts and are also used to write 

programs by either manual typing of G-Code or using CAM 

(Computer Aided Manufacturing) software that outputs G-

Code from the users input to tool path. It has become widely 

used for manufacturing systems mainly because of its 

flexibility and less investment less investment required. 

Replacing conventional NC hardware with software as much 

possible and simplifying the remaining hardware is one of 

the objectives of CNC systems. While most interpretation 

and interpolation functions can be replaced by proper 

software. 

The software portion of a CNC system must consist 

at least of three major programs: a part program, a service 

program, and a control program. The part program contains 

the geometry description of the design being produced and 

the drafting conditions. Computer Aided Manufacturing 

(CAM) software can be used to generate this part program. 

The service program is used to check, edit, and correct the 

part program. It usually has a user interface that allows the 

user to operate the machine easily. The control program 

accepts the part program as input data and produces signals 

to drive the axes of motion. It performs interpolation, feed 

rate control, acceleration and deceleration, and position 

counters showing the current axes position. 

II. DESCRIPTION 

The basic model is prepared by using following dimensions 

 
Fig. 1: CNC Model in CAD 

The project is divided into modules of operations due reduce 

the time consumption. This system can be divided in to three 

modules. Mechanical system gets necessary control signals 

from electronics system which ultimately results in desired 

actuation of motors.  

Electronics system gets command or a set of 

commands from software system and generates controls for 

mechanical system. 

 
Fig. 2: Block diagram for overall process 

The working methodology of system is well 

explained in the above fig. the detail explanation is given by 

dividing the system into three modules. 

A. Mechanical System 

The mechanical system which is assembled in such a way 

that the 3-axis movement is achieved by using the linear 

rails assembled with linear bearings. Stepper motors are 

mounted to the each axis which is source of motion acted 

according to the control signal generated from the 

electronics circuit. Each stepper motor is coupled through 

the shaft couplers to each of the Lead/Ball screw of each 

axis which is responsible for converting the rotational 

motion of the stepper motor to linear motion. The linear 

motion of each axis is carried away smoothly by the linear 

rail assembly connected to the each axis which is capable of 

load carriers and allows linear motion in each axis. The 
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controlled motion in each axis is achieved directly by 

controlling the rotation of the stepper motor. The speed of 

the motion in each axis can also be controlled by direct 

control of the speed of the stepper motor by giving required 

control signals. Thus the tool path of the spindle fixed to the 

end effectors is controlled in each axis for smooth carving or 

cutting action of work piece. 

B. Electronic 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. Electronics system is 

comprises of 

 12v Power supplier  

 Microcontroller board and  

 Stepper motor driver board  

 
Fig. 3: Electronic circuit wiring 

C. Software and Coding System 

The tool chain of CNC-based manufacturing is represented 

in the fig11. The part to be machined is designed in 

computer-aided design (CAD) software, whose output is a 

drawing in one of many acceptable formats most preferable 

format is .stl format. This drawing is then fed to the 

computer-aided manufacturing (CAM) software, whose 

output is the machine readable code used for numerical 

control of the machine. Since implementation of the G code 

is machine dependent, it is necessary to test out different 

choices for an open source G code interpreter for the 

Arduino, so that the correct motions are obtained for the 

machine axes through the stepper motor driver. We have 

used Grbl, an open source G-code interpreter or milling 

controller for the Arduino development board. 

 
Fig. 4: CNC Control software window 

III. MATERIALS AND MODEL 

The following components are used for fabricating Portable 

CNC machine. They are 

 Plywood sheet 

 12v Stepper motors 

 Sliders (or) channels 

 Arduino board 

 CNC shield 

 CNC stepper motor driver 

 12v power supplier 

 Shaft and Motor connectors 

 8mm threaded rod 

 USB cable 

 Female to Female connectors 

 Nut and bolts 

The fabricated model by using above components 

 
Fig. 5: Portable CNC drafting machine model 

By using this machine, the following image is 

converted into Gcodes and then it is send to the micro 

controller. Therefore the image is drawn using Gcodes. 

 
Fig. 6: Actual image before Coding 

 
Fig. 7: After CNC drafting operation 

IV. CONCLUSION 

With the increasing demand for small scale high precision 

parts in various industries, the market for small scale 

machine tools has grown substantially. Using small machine 

tools to fabricate small scale parts can provide both 

flexibility and efficiency in manufacturing approaches and 

reduce capital cost, which is beneficial for small business 

owners. In this thesis, a small scale three axis CNC milling 

machine is designed and analyzed under very limited 

budget. Our model provides more scope forehands-on 
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learning by the students and therefore better learning 

outcomes. It is hoped to extend this work in future to low-

cost design and development of other CNC machines like 

lathe, router, and eventually a customized open source 3D 

printer. We can replace a milling or drilling machine instead 

of sketch pen. The operation changes by changing the tool 

but the machine is same which can be controlled with the 

help of coding or part program. 
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