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Abstract: 

Increase in the rapid growth of Technology significantly increased the usage and utilizat ion of milling systems in industries but at 

considerable expensive. This project is the development of a low cost automatic milling machine which is capable of 2-axis 

simultaneous interpolated operation. The lower cost is achieved by incorporating the features of a standard PC interface with 

micro -controller based system. In an Arduino based embedded system. Our project has also one feature is that we can control and 

serial interface with Lab VIEW. In last we say that our project is economical good, accurate and time saving for industries. 
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I. INTRODUCTION 

 

Now a day’s automation can done any work of mechanical 

industries, chemical industries and electrical industries in s mall 

span of time, very accurate, in low budget of money and in last 

but strong point is requirement of man force is very les s. so, 

we made reliable and useful machine for industries. The main  

aim of our pro ject is making automatic, reliab le, accurate, less 

time consumable and low budget milling machine. Using 

moving table phenomena, we made also mult ipurpose 

machine.  

 

Using this machine easily make any material (like wood, glass 

and metal),any shape substances. Also we can change its tool 

and easily done any function like milling, g rinding, drilling etc. 

Our main object ive is to make accurate job/substance base on 

requirement and also human safety in industries using limit  

switches and motors. 

 

II.BLOCK DIAGRAM 

 

The milling machine is a system that is able to accept 

numerical control inputs to machine a part specified by the 

exact positioning of the inputs. The personal computer is 

allowed direct forms of communication to the main controller 

subsystem either through serial link.  

 

The main controller subsystem is able to interpret and 

communicate the limits of any job, and it can directly control 

movement of the attachable tool heads. With direct connection 

to the main controller subsystem, the pendant subsystem is 

able to accept jobs uploaded through a flash drive, access 

informat ion incoming through one of the communication ports 

that are active, & the direction of movement of the machine. 

The framework of the system is set up by the mechanical 

subsystem which will allow for movement in the x, y, axes and 

specify limitations of any acceptable job. The main controller, 

pendant, and mechanical subsystems are able to interact 

through power provided by the motor driver subsystem. The 

motor driver subsystem will contain a power supply that can 

accept input power through an electrical outlet plug-in, provide 

movement independently to the x, y, axes, and canadd an extra 

board to power the acceleration axis. 

 
Figure.1. Block Diagram of Automatic Milling Machine  

 

III. MECHANICAL S UBS YSTEM 

 

The most significant purpose of the mechanical design was to 

provide three gantries that would allow precision to be 

maintained in  the tool head position. In order to obtain this, a  

maximum allowable deflection of 0.001 inch was set for each 

guide rail. Each axis was designed to support its weight and 

withstand the force incurred during milling while maintain ing 

this deflection tolerance. In mechanical section main part  is it’s 

mechanical drive. We use rod and coupler connection as 

mechanical drive. In that ball screw type mechanism is used in 

our model. 

 

Ballscrew Lead S pecification: 

The mechanical drive utilizes ballscrews  to convert the torque 

from the drive motors into linear motion. Ballscrews use 

circulat ing ball bearings within the nut which act to eliminate 

frictional losses and reduce wear in comparison to other linear 

motion alternatives, namely ACME threaded power screws. A 

precision of 0.001 in was desired in the linear mot ion of the 

tool head and a ballscrew with a lead of .200 in/rev was 

selected. 

 

Ballscrew Linear Force andTorque: 

Since X-axis carries the greatest weight, it was used to 

determine the maximum forces on the ball screws . This 

converts to a torque of 16.3 oz.in. When moving at a constant 
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velocity, the ballscrew must overcome a kinetic friction force 

of 18.75lbs by providing a torque of 10.6 oz.in. Also, other 

components are used as threaded rod, bearing, coupling nut, 

shaft coupler, alumin ium U channel, milling tool, tool holder. 

 

IV.ELECTRICAL S UBS YSTEM 

 

In electrical subsystem, we consider 12V DC power supply, 

Bidirect ional stepper motor, DC motor, Stepper motor driver 

circuit using L293D,IR transducer and Ardiuno Unoatmega 

328. 

 

Power Supply: This power supply circuit diagram is ideal for 

an average current requirement of 1Amp. This circu it is based 

on IC LM7812. It is a 3-terminal(+ve) voltage regulator IC. It  

has short circuit protection, thermal overload protection. 

LM7812 IC is from LM78XX series. The LM78XX series IC 

is positive voltage regulator IC for d ifferent voltage 

requirements, for exampleLM7805 IC is made for 5 volt fixed  

output voltage. There is LM79XX IC series for negative 

voltage. Things that we will need to make this power supply 

are Piece of overboard, Four 1N4001 diodes , LM7812 

regulator, Transformer that has an output of 14v - 35v AC with 

an output current between100mA to 1A, depending how much 

power you will need, 1000uF - 4700uF capacitor, 1uF 

capacitor, Two 100nF capacitors Jumper wires (I used some 

plain wire as jumper wires), Heatsink (optional). 

 

Bidirectional Stepper Motor: A stepper motor or step motor 

or stepping motor is a brushless DC electric motor that divides 

a full rotation into a number of equal steps. The motor's 

position can then be commanded to move and hold at one of 

these steps without any feedback sensor (an open-loop 

controller), as long as the motor is carefully sized to the 

application in respect to torque and speed. Reluctance motors 

are very large stepping motors with a reduced pole count, and 

generally are closed loop commutated. 

 
Figure.2. Bidirectional Stepper Motor  

 

Animat ion of a simplified stepper motor as follows: Frame 1: 

The top electromagnet (1) is turned on, attracting the nearest 

teeth of the gear shaped iron rotor. With the teeth aligned to 

electromagnet 1, they will be slightly offset from right 

electromagnet. Frame 2: The top electromagnet (1) is turned 

off, and the right electromagnet (2) is energized, pulling the 

teeth into alignment with it . These results in a rotation of 3.6° 

in this example. Frame 3: The bottom electromagnet (3) is 

energized; another 3.6° rotation occurs. Frame 4: The left  

electromagnet (4) is energized, rotating again by 3.6°. When 

the top electromagnet (1) is again enabled, the rotor will have 

rotated by one tooth position; since there are 25 teeth, it will 

take 100 steps to make a full rotation in this example. Stepper 

motors effectively have mult iple "toothed" electromagnets 

arranged around a central gear-shaped piece of iron. The 

electromagnets are energized by an external driver circu it or a 

microcontroller. To make the motor shaft turn, first, one 

electromagnet is given power, which magnetically attracts the 

gear's teeth. When the gear's teeth are aligned to the first 

electromagnet, they are slightly offset from the next  

electromagnet. This means that when the next electromagnet is 

turned on and the first is turned off, the gear rotates slightly to 

align with the next one. From there the process is repeated. 

Each of those rotations is called a "step", with an integer 

number of steps making a full rotation. In that way, the motor 

can be turned by a precise angle. 

 

DC motor: DC motor supply is 5-12v in dc and various range 

of RPM(rotation per minute) output can get. Due to fleming’s 

right hand law, any conducting material like rod is placed in N-

S magnetic stator case and give voltage to winding of rotor , so 

magnetic flux can be generated by magnet pair and due to that 

rotor can rotate in that. A simple DC motor has a stationary set 

of magnets in the stator and an armature with one or more 

windings of insulated wire wrapped around a soft iron core that 

concentrates the magnetic field. The wind ings usually have 

multip le turns around the core, and in large motors there can be 

several parallel current paths. The ends of the wire winding are 

connected to a commutator. The commutator allows each 

armature coil to be energized in turn and connects the rotating 

coils with the external power supply through brushes. 

(Brushless DC motors have electronics that switch the DC 

current to each coil on and off and have no brushes.) 

 

 
Figure.3. Structure of DC Motor  

 

DC motors were the first type widely used, since they could be 

powered from existing direct-current lighting power 

distribution systems. A DC motor's speed can be controlled 

over a wide range, using either a variable supply voltage or by 

changing the strength of current in its field windings. Small 

DC motors are used in tools, toys, and appliances. The 

universal motor can operate on direct current but is a 

lightweight motor used for portable power tools and 

appliances. Larger DC motors are used in propulsion of 

electric vehicles, elevator and hoists, or in drives for steel 

rolling mills. The advent of power electronics has made 

replacement of DC motors with AC motors possible in many 

applications. A coil of wire with a current running through it 

generates an electromagnetic field aligned with the center of 

the coil. The direct ion and magnitude of the magnetic field  

produced by the coil can be changed with the direction and 

magnitude of the current flowing through it. A DC motor is 

any of a class of electrical machines that converts direct 
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current electrical power into mechanical power. The most 

common types rely on the forces produced by magnetic fields. 

Nearly all types of DC motors have some internal mechanis m, 

either electro mechanical or electronic; to periodically change 

the direction of current flow in part of the motor. Most types 

produce rotary motion; a linear motor directly produces force 

and motion in a straight line.  

 

IR S ENSOR: An IR sensor is a device which detects IR 

radiation falling on it. There are numerous types of IR sensors 

that are built and can be built depending on the application. 

Proximity sensors (Used in Touch Screen phones and Edge 

Avoiding Robots), contrast sensors (Used in Line Following 

Robots) and obstruction counters/sensors (Used for counting 

goods and in Burglar Alarms) are some examples, which use 

IR sensors. An IR sensor is basically a device which consis ts 

of a pair of an IR LED and a photodiode which are collectively  

called a photo-coupler or an opto-coupler. The IR LED emits 

IR radiat ion, reception and/or intensity of reception of which 

by the photodiode dictates the output of the sensor. Now, there 

are so many ways by which the radiation may or may not be 

able to reach the photodiode we use reflective indirect  

incidence for making proximity sensors. The radiat ion 

emittedby the IR LED is reflected back on the photodiode by 

an object. Closer the object, higher will be the intensity of the 

incident radiation on the photodiode. This intensity is made 

analogous to a voltage by a circuit, which is then used to 

determine the distance. 

 

 
Figure.4. IR Sensor 

 

Stepper Motor Driver-L293D: Stepper motor is driving by 

some driving circuit. In that we consider some driv ing IC are 

used like L293D, L298D etc. A motor driver IC is an 

integrated circuit chip which is usually used to control motors 

in autonomous robots. Motor driver ICs act as interface 

between microprocessors in robots and the motors in the robot. 

The most commonly used motor driver IC’s are from the L293 

series such as L293D, L293NE, etc. These ICs are designed to 

control 2 DC motors simultaneously.L293D consist of two H-

bridge. H-bridge is the simplest circu it for controlling alow 

current rated motor. For this tutorial we will be referring the 

motor driver ICas L293D only. The workings of the individual 

pins are explained in detail, later in the tutorial. Drivers are 

enabled in pairs. Logic HIGH at EN1,2 pin enables the drivers 

1 and 2. Logic HIGH at EN 3,4 enables the drivers 3 and 4. 

Logic Voltage should be provided to the Vcc1 pin and motor 

supply is given to Vcc2 pin. For example, if your motor works 

at 12v and you are going to control it with control signals from 

a PIC Microcontroller. Then you have to connect 12V to Vcc2 

and 5V to Vcc1 pin and the ground of both supplies should be 

common. 

 

 
Figure.5. Block Diagram of L293D 

 

Arduino Controller: Arduino is one of smart controller. 

Using arduino we can improve our function, less execution 

time, more memory space and more input and output,etc. An 

Arduino is an open source hardware platfo rm with built  in  

programming support. No additional hardware or software 

(e.g. Hex burner) is required to transfer your programs (i.e. hex 

file) to the Arduin0. There are all the necessary peripherals  

attached for the basic operation. It is based on simple AVR 

microcontrollers. Arduino is a growing industry nowadays and 

the major reason behind it is the vast majority of libraries. 

Users don’t have to invent the wheel again. Long traditional 

codes have been reduced to few lines now. it is easy to use and 

enhance productivity. Arduino can be used to make a variety 

of projects taking analogue as well as digital inputs and can 

easily interface with different hardware like switches, 

encoders, Sensors, Motors, relays and many more.  

 

 
Figure.6.Arduino Module 

 

Arduino board PCB designs and schematics are freely 

available on internet community and blogs and it can also be 

purchased from the respective sellers and its Integrated 

Development Environment is free to download, different 

versions of this IDE are available to make it compatible with 

different OS (Operating systems) like Mac, windows, etc. 

 

Why we choose Arduino? 1) Arduino has it’s built in 

programmer to burn the Hex file in it, fo r most of the 

beginners, it is very irritating to buy Microcontroller and 

Burner separately and sometimes it is very annoying , when 

poor hardware has a little hidden broken wire and you will 

waste plenty of precious hours.2) Its open source so the whole 

word developer constantly working on its upgrade and fixing 

its bugs, so its support is readily available worldwide.3) The 
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largest number of libraries is freely available so person does 

not need to write a lot of basic code to make the things run.4) 

Arduino support many different shields, which can be attached 

to the basic Arduino board with male to female Headers. It 

reduces the traditional wiring and chances of errors are less. It 

is also space and power efficient.  

 

 
Figure.7. Connection of Stepper Motor Driver & Arduino 

 

These all the above features are generally not available with 

single standalone Microcontroller. That why Arduino is loved 

by the hobbyist as well as professionals. 

 

V.IMPLEMENTATION 
 

 
Figure.8. Developed Y-axis Table  

 

 
Figure.9.Developed X-axis Table: 

 
Figure.10. XY table with Rod 

 

 
Figure.11. Z axis Tool Holder: 

 

 
Figure.12. Rear View of Model  

 

 
Figure.13.Circuit of driver for Step Motor  
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The program was develop in aurdino software. The main flow 

chart is as fig. 14. 

 
Figure.14. Main flowchart for program 

 

VI. RES ULT ANALYS IS 

 

Problem Faced: We faced so many problems and most of 

them were solved but few were not solved because of the right 

components were not found. That match our requirements and 

of course other was related to finance. 

 

 First problem was to build up mechanical structure with 

good accuracy and efficiency. For that we find out every 

model.  

 For mechanical model we need some parts like bearing, 

rod, and shaft coupleretc. Which are different from their 

use in every model, so we faced problem of choosing that. 

 Also identifying step motor and it’s driver circuit, which  

are changeable due to application. 

 Another problem related motor driver is to check ic and it’s 

all pins and interfacing with motor and arduino board. 

Pulse generation through driver board for motor is also one 

hardest part because we don’t use library programme for 

our project, so we made our own pulse base programme 

developed. 

 Main problem is programming using c language in ardiuno 

and also interfaced every ir sensor to it and programmed 

with continuous mode is very hard part of it. 

 We tried to our model can done it work some precisely  

manner and reduced some vibration of mechanical 

structure. 

 

Troubleshooting : In every project everyone faced various 

problems, and that must be solving torun project successfully. 

We had also faced some problems which are as above and 

found solutions for them which are as below: 

 We consult some experts to help us to choose the right 

components which match our requirements. Our internal 

guide also helps us to choose components. 

 We purchased our all parts and component from online .so 

we need all datasheets of sensor and drivers. 

 We developed mechanical structure using proper guidance. 

 Also preferred all type of material related sensor and board 

on online like W ikipedia and google and also checked 

every sensor and driver using mult imeter. 

 Developed C language programme using Arduino manual 

and library. 

 WE checked all connection before run model because small 

problem regard ing to then was generated. 

 To solve this problem we d isconnect all the components. 

Take the wires and tag them according the pin number of 

the Arduino board on which it connect. We also tag the 

power supply and ground wire to identify the wire if wire 

will disconnect accidently 

 In last , when we started our programme at that time some 

connection problems were generated ,so we overcome that 

and run our programme and run stepper motor through 

driver very well. 

 

Future Enhancement 

 Using micro stepper motor, we can improve accuracy and 

efficiency of our automatic milling machine model and also 

get very small change in our material job design. 

 The Current microcontroller clock speed and memory is 

not sufficient Torun all these parameters at a same t ime so 

instead of this we can use advanced 

microcontroller/processor like “ARM Microprocessors” or 

“ Cortex Microprocessors  ” 

 If we can change our tool holder and used multipurpose 

tool and tool holder, so we could be cut, mill, lathe, grind 

any material. In that we can changed tool regarding to its 

application. 

 Also we can connect LABVIEW , MATLAB, CAD-CAM, 

etc. software with arduino, so we can easily operate our 

function using graphic controller and also use G-code for 

cutting any shape. 

 We can check it’s efficiency and improve accuracy using 

accurate distance measurement sensor. Also tool holder can 

change by advanced tool device, so we get proper output. 

 In sum, if we can change some wooden part with 

alumin ium, so we could get low v ibration in model during 

operation and model can work like proper industrial model 

in small scale. 

  This system is able to add more features, improve current 

features, and develop new facets. Some possible 

improvements and additional testing to the current system. 

 

VII. CONCLUS ION 

 

Automatic Milling Machine is a system that accepts numerical 

input and performs machining on a part or product based upon 

the provided tool head’s function. It has negative impact on the 

environment through either noise pollution and may cause 

adverse effects on an individual's health if the electrical 

components contain any poisonous elements. It can be 

manufactured quickly if all schematics, firmware, and software 

are provided and cost being of small concern. This system can 

replace many products that perform only one particular 
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function and can only accept certain types of input files. Its 

cost is lower than many similar machines currently on the 

market, and it is adaptable to be useful for both manufacturers 

and hobbyists. 
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