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Abstract- The CNC mini milling machine is a compact,
computer- controlled equipment used for precision milling,
drilling and cutting of various materials. It operates with
computer numerical control (CNC), Following programmed
instructions for automated machining. Key features include a
spindle, stepper motors, linear guides, and a CNC controller
For high accuracy and repeatability. Widely used in
prototyping, small-scale production, and education, it
provides automation, efficiency, and precision, making it a
cost-effective solution for modern manufacturing needs.
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I. INTRODUCTION

The CNC mini milling machine is a compact,
computer- controlled tool designed with exceptional precision
for cutting, drilling and shaping materials such as metal,
plastic and wood. Unlike conventional manual milling
machines, it is operated Through pre-programmed instructions
(G-code), automating the process and ensuring accuracy with
minimal human intervention. Its small size makes it ideal for
workshops, educational institutions and hobbyists who require
high precision machining without the need for large industrial
equipment. Commonly used for prototyping, custom part
manufacturing, and small-scale production, it allows users to
create complex designs with ease.

The machine is user-friendly, compatible with
CAD/CAM software, and provides a cost-effective solution
for engineers, students, and DIY enthusiasts looking to bring
their ideas to life efficiently.

Il. LITERATURE REVIEW

A CNC mini milling machine is a compact and
versatile computer- controlled milling system widely used for
precision machining, prototyping, and small-scale production.
Research on CNC mini milling machines highlights their
advantages, including high accuracy, repeatability, and
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automation, which reduce human error and enhance
efficiency. Studies have explored various aspects, such as
machine structure, spindle performance, cutting tools, and
material compatibility. Advances in CNC technology,
including adaptive control, high-speed machining, and
integration with CAD/CAM software, have significantly
improved the functionality of mini milling machines.
Additionally, researchers have analyzed the impact of
machining parameters like spindle speed, feed rate, and depth
of cut on surface finish and dimensional accuracy. The
miniaturization of CNC milling machines has made them
more accessible to hobbyists, small workshops, and education
alinstitutions, offering cost-effective solutions for precision
engineering. However, challenges such as vibration, tool wear,
and limited work spacerema in key concerns, prompting
further research into optimizing machine dynamics and cutting
strategies. Recent studies also focus on hybrid CNC systems
that incorporate additive manufacturing techniques, expanding
the capabilities of mini milling machines for complex part
fabrication. Overall, continuous advancements in CNC mini
milling technology contribute toenhanced productivity and
innovation in manufacturing industries.

I11. PROBLEM STATEMENT

The CNC mini milling machine is a compact,
computer-controlled milling system designed for precision
machining of small to medium-sized components. The main
problem addressed by this machine is the need for an
economical, space-efficient and user-friendly solution Milling
applications in industries such as prototyping, education, and
small-scale manufacturing. Traditional milling machines are
often large, expensive, and require skilled operators, making
them inaccessible to hobbyists, students and small businesses.
Additionally, manual machining lacks the automation and
repeatability needed for high precision work. The CNC mini
milling machine aims to solve these challenges by offering a
cost-effective, automated and easy-to- use milling system that
boosts productivity, Minimizes human error, and allows
complex machining with high accuracy. The CNC mini
milling machine is a compact, computer- controlled milling
system designed for precision machining of small to medium-
sized components. The main problem addressed by this
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machine is the need for a Affordable, space-efficient and user-
friendly solution for milling applications in industries such as
prototyping, education and small-scale manufacturing.
Traditional milling machines are often large, expensive and
require skilled operators, making them difficult for hobbyists,
students, and small businesses. Additionally, manual
machining lacks the automation and repeatability needed for
high-precision work. The CNC mini milling machine aims to
solve these challenges by providing cost-effective, automated,
and easy-to-use milling system that enhances productivity,
reduces human error, and allows for intricate machining with
high accuracy.

IV. METHODOLOGY

The methodology for the CNC mini milling machine
involves several key stages to ensure precise and efficient
machining operations. First, the design phase includes creating
a CAD (Computer-Aided Design) model of the desired
component, which is then converted into a CAM (Computer-
Aided Manufacturing) program to generate G-code
instructions. Next, material selection is crucial, considering
factors such as hardness, machinability, and application
requirements. The setup stage involves securing the work
piece on the machine bed and configuring cutting tools based
on the programmed tool paths. Calibration and zeroing of the
machine axes are performed to ensure accuracy. During the
machining process, the CNC mini milling machine executes
programmed movements, cutting the material with high
precision according to the design specifications. Throughout
the operation, monitoring tool wear, spindle speed, and
coolant application is essential to maintain quality and prevent
defects. Finally, post-processing includes deburring, surface
finishing, and dimensional in section to verify That the final
product meets the required to lerances and specifications.
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Figure 1. Block diagram of proposed methodol

V. SOLUTION OVERVIEW

The solution is a CNC Mini Milling Machine that
offers a cost- effective, space-saving, and automated
machining solution. By integrating computer numerical
control (CNC) technology, this machine enables precise
cutting, drilling, and shaping of materials such as metal, wood,
and plastic with minimal manual intervention. It operates
through pre-programmed instructions, reducing labor costs
and human errors while increasing productivity. Compact in
size, it is ideal for workshops with limited space. The
machine's ability to handle intricate designs and rapid
prototyping makes it a valuable tool for engineers, designers,
and educators. Its affordability and ease of use democratize
precision machining, making advanced manufacturing
techniques accessible to a wider audience.

VI. WORKING PROCESS

The working process of a CNC mini milling machine
begins with designing a digital model of the part using CAD
(Computer-Aided Design) software. This design is then
converted into a CNC program using CAM (Computer-Aided
Manufacturing) software, which generates G-code instructions
for the machine. Once the material, such as metal or plastic, is
securely clamped onto the worktable, the CNC controller
interprets the G-code and directs the machine's movements.
The spindle, equipped with a cutting tool, rotates at high speed
and moves along multiple axes (X, Y, and Z) to precisely
remove material and shape the workpiece according to the
programmed design. Coolant may be applied to reduce heat
and friction, ensuring smooth cutting. Throughout the process,
the operator monitors the machine for accuracy and makes
adjustments if needed. After machining is complete, the
finished part is removed, inspected for quality, and may
undergo additional finishing processes such as deburring or
polishing. CNC mini milling machines are widely used for
prototyping, small-scale production, and precision machining
in various industries. The working process of a CNC mini
milling machine begins with designing a digital model of the
part using CAD (Computer- Aided Design) software. This
design is then converted into a CNC program using CAM
(Computer-Aided Manufacturing) software, which generates
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G-code instructions for the machine. Once the material, such
as metal or plastic, is securely clamped on to the worktable,
the CNC controller interprets the G-code and directs the
machine's movements. The spindle, equipped with a cutting
tool, rotates at high speed and moves along multiple axes (X,
Y, and Z) to precisely remove material and shape the
workpiece according to the programmed design. Coolant may
be applied to reduce heat and friction, ensuring smooth
cutting. Throughout the process, the operator monitors the
machine for accuracy and makes adjustments if needed. After
machining is complete, the finished part is removed, inspected
for quality, and may undergo additional finishing processes
such as deburring or polishing. CNC mini milling machines
are widely used for prototyping, small-scale production, and
precision machining in various industries.

VII. RESULT

The result of using a CNC mini milling machine is
high- precision, efficient, and consistent machining of small to
medium-sized parts. These machines are capable of producing
complex geometries with excellent accuracy, making them
ideal for prototyping, small-scale production, and custom
fabrication. With computer-controlled automation, the CNC
mini  milling machine reduces human error, increases
productivity, and ensures repeatability in manufacturing. Itcan
work with a variety of materials, including metals, plastics,
and composites, allowing for versatile applications in
industries such as electronics, automotive, aerospace, and
medical devices. Additionally, the compact size of a mini
milling machine makes it suitable for workshops with limited
space while still delivering professional-grade results.

VIIl. COMPONENTS
A. Mechanical components
1. Lead Screw

e The lead screw is responsible for converting the
rotational motion of the stepper motors into linear
motion.

e It ensures precise movement of the machine's table
along the X, Y, and Z axes.

2. Spindle

e The spindle holds the cutting tool and rotates at high
speeds to perform milling operations.

e Itis powered by a motor and is mounted on the Z-axisof
the machine.
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3. StepperMotors

e  Stepper motors drive the movement of the table and the
spindle in precise increments.

e They receive signals from the CNC controller to move
the lead screw accurately.

4. Bearings

e Bearings support the rotational movement of the lead
screws and spindle, reducing friction.
e  They help in smooth motion and precision machining.

5. Coupling

e The coupling connects the stepper motors to the lead
screws, ensuring efficient power transmission.

e It helps in absorbing misalignments and reducing
vibrations.

6. Spring

e Springs are used in tool holders, lead screws, and return
mechanisms to provide tension and stability.

e They help maintain accuracy by compensating for back
lash.

7. Copper Nut
e Copper nuts are used with the lead screw to reduce
friction and wear.
e They help in achieving precise motion control in the
CNC machine.

B. Electrical Components
1. Power SupplyUnit(PSU)
e Converts AC power to DC power required for various
machine components.
e Provides appropriate voltage and current for motors,
controllers, and sensors.
2. Stepperor Servo Motors
e Stepper Motors: Used for precise movement of the
axes(X, Y, and Z).
e Servo Motors: Provide higher accuracy and feed back

control for better positioning.

3. MotorDrivers
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e  Controlthemovementofstepperorservomotorsby
providing the necessary current and voltage.
e Commonly used drivers: TB6600,DRV8825,
or GeckoDrive for stepper motors.

4. CNCControllerBoard

e  ThebrainoftheCNCmachine,processingG-
codecommands.
e  Typesinclude:
o Arduino-basedcontrollers(GRBL)
o Mach3orMach4compatiblecontrollers

5. SpindleMotorandinverter(VFD)

e SpindleMotor:Themaincuttingtoolmotor,whichrotates
at high speeds.

e VariableFrequencyDrive(VFD):Regulatesspindlespee
d and torque.

6. WiringandConnectors

¢ Includesshieldedcablesformotors,powercables,and
communication cables (USB, Parallel, or Ethernet).

IX. CONCLUSION

All this concluded, the development of such lifting
machine will be a lot beneficial to the small scale industries as
it functions in most of the material handling operations. This
machine is not only limited for use in production industries
but could also be used in various other places such as in
garages for lifting heavy motor parts like engines, also it could
be used in bus stations, railway stations, libraries, construction
etc. also this machine costs the minimum which makes
another strong reason to use it as an alternative option. Our
goal is to make the safety of workers a priority which would
not be over passed and to give our helping hand in the way of
material handling procedures followed in most of the small-
scale industries.
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