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Abstract :- An Arduino based 3-axis CNC drilling machine for printed circuit board is implemented using Arduino controller, 

CNC router and open-source software for controlling the whole operations. This can be the invention for the electronic industries. 

Using this CNC machine, one will be able to draw a circuit layout on PCB or any other solid surface using simple algorithm and 

available components. At first, the user needs to design PCB layout using eagle software which is directly generated G-code and 

then feed it to the machine using candle software. Arduino Uno with an AT mega 328 microcontroller is used as main controller 

for this system. The microcontroller converts G-code into a set of machine language instruction to be sent to the motor driver of 

the CNC machine. This system can provide drill in less time and increase the flexibility. For drilling multiple holes in a 

component basically we use vertical or horizontal drilling machine. Even if these machines are efficient but are not suitable for 

small scale industry due to its higher cost. Thus, small scale industries suffer a loss due to non-availability of these machines. 

Also, operational and maintenance cost is higher for these machines. Due to bulky structure of these machines, it occupies more 

space. Big scale manufacturer can afford such highly expensive machines but for small scale mechanical job manufacturing 

industry we have to think of low-cost solution that can deliver high class output. To overcome this problem, we need to design 

machine such that it will perform the function of drilling machine with lesser initial cost and easy in operation. Thus, it will be 

easily affordable for small scale manufacturers. In this machine we arrange lead screw in X and Y axis for movement of the 

component on which the drilling operation is to be performed. The idea behind fabrication of low-cost CNC drilling machine is to 

fulfill the demand of CNC drilling machine from small scale to large scale industries with optimized low cost, smaller size, easily 

operable, easy interface, flexible and low power consumption. 

 

IndexTerms - CNC, Drilling. 

I. INTRODUCTION 

CNC milling is a specific form of Computer Numerical Controlled (CNC) machining. Milling itself is a machining process 
similar to both drilling and cutting, and able to achieve many of the operations performed by cutting and drilling 
machines. CNC machining centers are used to produce a wide range of components, and tooling costs involved have 
continued to become more affordable [1]. In general, large production run requiring relatively simple designs are better 
served by other methods, although CNC machining can now accommodate a wide range of manufacturing needs. CNC 
milling centers are ideal solutions to everything ranging from prototyping and short-run production of complex parts to 
the fabrication of unique precision of components. Open-source microcontroller platform PLC is used for control of the 
motors, and open-source software is used for executing the G code and M code for machining applications. The ongoing 
development of technology and economy, new industrial requirements such as high precision, good quality, high 
production rates and low production costs are increasingly demanding. Most of such requirements, including 
dimensional accuracy, conformance to tolerances of finished products and production rate can be met with better 
machine tools. With the help of CNC technology, machine tools today are not limited to human capabilities and are able 
to make ultra-precision products down to nano scales in a much faster manner [2]. The traditional design philosophy of 
machine tools is multi functionality and highest precision possible. For example, a shank with spindle together with 
tailstock can be added onto a standard three axis vertical milling machine to become a multifunctional drilling-milling-
turning machine, meaning the machine tool is designed to be used for multiple instead of single purposes. However, 
with the dramatic increase of industry varieties and the growing demand of products, these general-purpose machine 
tools are not efficient, either in terms of machine time or cost, in manufacturing products with special sizes and 
precision requirements [3]. 
 

http://www.jetir.org/


© 2022 JETIR January 2022, Volume 9, Issue 1                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2201152 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b401 
 

The CNC drilling machine is mainly used for drilling holes with numerical control.  The most products are special 
equipment, which are widely used in hole processing technology for the PCB and large porous tube sheet parts. These 
products are special equipment, and can be classified as CNC vertical drill, drilling center, CNC PCB drill, CNC deep-hole 
drill and other large CNC drilling machine. It is applicable to machining the parts with lots of precise holes in 
procedures of drilling, spreading, weaning and threading. Especially, it’s important to improve the machining accuracy 
and efficiency that choose a special CNC drilling machine to work the PCB and large porous tube sheet. While, the design 
of servo system is the most complex in the process of designing a special CNC drilling, and require plenty of time to 
program and debug. So, it not only consumes the valuable intellectual resources, but constrains to market the product 
timely. XPC Target is a tool set based on MATLAB /SIMULINK that is provided by Maths Works. It has a wealth of I/O 
device modules which support the majority of integrated circuit boards. And, XPC Target introduced a host-target 
technical means, one PC as host computer, and another industrial computer as target computer, two computers 
connected with network cards and communicate through TCP/IP protocol. The systems by XPC Target can run on X86 
computer real-time. It achieves simulation on board and rapid prototyping of control systems. In the process of design 
and construction of a machine tool at the initial stage of developing the overall concept an appropriate geometric-
kinematic structure (G-KS) must be selected. The correct solution of this task is particularly important in terms of the 
properties that are crucial for its future technical and operational indicators of the designed machine tool. Errors at this 
early stage cannot be improved by the subtlety of approach and diligent implementation of further stages. The machine 
tool’s geometric-kinematic structure or layout design can be defined as the over-all picture of its structure and 
functional features, including the set of movements necessary to perform cutting tasks and distribution of these 
movements among the major units and components. Description of layout design or structural design should indicate 
the location of these elements in the carrying system of the machine tool [4].  
 

II. CNC CONCEPTS 

An important advancement in the philosophy of NC machine tools was the shift toward the use of computers instead of 
proprietary controller units in the NC system of the early 1970s. This gave rise to the computer numerical control (CNC). 
CNC is a self-contained NC system for a single machine tool including a dedicated minicomputer controlled by stored 
instructions to perform some or all of the basic NC functions. It has become widely used for manufacturing systems 
mainly because of its flexibility and 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 remaining hardware must contain at 
least servo amplifiers, transducer circuits, and interface components. 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 [5]. The part program 
contains the geometry description of the part being produced and the cutting conditions such as spindle speed and feed 
rate. Computer Aided Manufacturing (CAM) software can be used to generate this part program. The service program is 
used to check, edit and to 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. Most closed-loop CNC systems include both velocity and position control loops. The velocity 
feedback is usually provided by a tachometer and the position feedback is usually provided by an encoder or resolver. 
CNC software can also retrieve velocity feedback from encoder by differentiating the input signal. The computer output 
in CNC systems can be transmitted either as a sequence of reference pulses or as a binary word. If the reference pulse 
sequence is generated, each pulse generates a motion of 1 BLU of axis travel. The number of pulses represents position 
and the pulse frequency represents axis velocity. In an open-loop system, these pulses are the control signal of a stepper 
motor. In a closed-loop system, these pulses can be fed as a reference signal [6]. 

III. DESIGN CALCULATIONS 

 

3.1. Design of Lead Screws for Y Axis: 
Lead screw length 300 mm is considered. Weight of the motor will act vertically downward direction to the shaft. Forces acting 

on the lead screw is weight of motor & weight of block to mount the motor is act on the lead screw at the center. Weight of the 

motor = 0.5 Kg. Weight of the block on which the motor is mount = 1 Kg, Hence, Total weight = Weight of the motor + Weight 

of the block on which motor is mount = 0.5 Kg + 1 Kg = 1.5 Kg = 14.715 N  

 
Figure No. 1:  Loading Diagram of Y Axis Lead Screw 

 
Now consider the Free Body diagram of the Lead Screw (shaft). It is assumed that the whole assembly is at center of the lead 

screw. On solving the FBD 

 

∑FY = 0 

RA + RB = 14.715  N 

∑MA = 0 

14.715 × 150 +  1239.0293 − RB × 300 = 0 
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RB = 11.4850 N 

RA = 3.225  N 

 

 
Figure No. 2: Free Body Diagram of Y Axis Lead Screw 

Bending moment at A = 0 N mm 

Bending moment at C = 1722.75 N mm 

Bending moment at B = 0 N mmMmax = 1722.75  N mm 

Tmax  = 1239.0293 N mm 

Material of the lead screw is mild steel 

Syt = 370 Mpa 

Factor of Safety = 3.5 

τPerm =
Sys

factor of safety
 

τPerm =
0.5 × Syt

factor of safety
 

τPerm =
0.5 × 370

3.5
 

τPerm = 52.8571 Mpa 

Hence the lead screw diameter can be found by ASME code  

τMax =
16

π × D3
× √MMax

2 +TMax
2  

τPerm = τMax =
16

π × D3
× √MMax

2 +TMax
2  

52.8571 =
16

π × D3
× √(1722.75 )2 + (1239.0293)2 

D = 5.89 mm 

D = 6 mm 

3.2. Design of Lead Screws for X Axis 

The lead screw which guides the drilling head in x direction i.e., in horizontal direction.   Forces acting on the lead screw is 

weight of the drilling head along with the motor & weight of block to mount the motor is act on the lead screw at the center.  

Weight of the Y axis lead screw and weight of lead screw holding block at the center of lead screw. Total weight = weight of 

the motor + weight of motor holding block + weight of Y axis lead screw + weight of Y axis holding lead screw block + 

Weight of both Side Supports 

W = 0.5 Kg + 1 Kg + 1 Kg + 0.75 Kg + 0.5 Kg + 0.5KW = 4.25 Kg = 41.6925 N 

Now consider the Free Body diagram of the Lead Screw (shaft) 

 

Figure No. 3: Loading Diagram of X Axis Lead Screw 

It is assumed that the whole assembly is at center of the lead screw, On solving FBD 

∑FY = 0 

RA + RB = 41.6925 N 

∑MA = 0 

41.6925 × 150 − RB × 300 = 0 

RB = 20.84625 N 

RA = 20.84625 N 
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Figure No. 4: Free Body Diagram of X Axis Lead Screw 

 

Bending moment at A = 0 N-mm 

Bending moment at C = 3126.9325 N-mm 

Bending moment at B = 0 N-mm 

 

Mmax = 3126.9375 Nm 

Tmax = 0 Nmm 

 

Material of lead screw is mild steel Syt = 370 Mpa 

Factor of Safety = 3.5 

τPerm =
Sys

factor of safety
 

 

τPerm =
0.5 × Syt

factor of safety
 

 

τPerm =
0.5 × 370

3.5
 

 

τPerm = 52.8571 

 

Hence the lead screw diameter can be find by ASME code  

 

τMax =
16

π × D3
× √MMax

2 +TMax
2  

τPerm = τMax =
16

π × D3
× √MMax

2 +TMax
2  

52.8571 =
16

π × D3
× √(3126.9375)2 + (0)2 

 

D = 6.70 mm = 8 mm 

 

Table -1: Component Specifications 

Lead Screw Length = 300mm, Dia. = 8mm 

Long Guideways Length = 300mm, Dia. = 8mm 

Motor 12V DC Motor, 60RPM 

Support Bearing 

Ball Bearing = Deep Groove 

Inside Dia. = 6mm 

Race Width = 6mm 

Support Bearing 

Ball Bearing = Deep Groove 

Inside Dia. = 8mm 

Race Width = 7mm 
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V. CAD MODEL AND THE ACTUAL MACHINE AFTER MANUFACTURING  

 
Figure No. 5: CAD Model of MachineFigure No. 6: Actual Machine 

VI. MACHINE COMPONENTS 

6.1. Lead screw 
Lead screws are quiet, smooth, resistant to corrosion, self-lubricating, and often less expensive. They are favoured in situations 

that require higher levels of customization. Because lead screws are normally virtually silent and vibration-free, they are often 

used for medical equipment like insulin pumps and in personal computing devices like desktop PCs.  Lead screws are self-

locking, there is typically no need to apply additional brakes, even in situations where you’re lifting a vertical load during an 

electricity outage. However, the higher the friction is on the sliding surface the more power is required to drive the load up or 

forward. Material of lead screw is mild steel. When selecting the lead screw, we want to have the smallest pitch size possible to 

increase our resolution. The current market has various models and quality levels to choose from. C3 is the most precise level 

but also the most expensive. C7 is the cheapest and most commonly used level. In level C7, 0802 is the smallest pitch size 

model. 0802 stands for 8mm diameter and 2mm pitch. We have 0802, 1002, 1004, 1204, 1604, 1605 to choose from. The 

cheapest one is 1605, but it has the largest pitch and diameter. The machine size will also be affected by using large diameter 

lead screws. 0802, 1002 offers the smallest pitch size but the price is almost tripled compared with the 1605 model. Among 

1004, 1204, and 1604 model, 1004 is the most expensive model. 1204 is only slightly more expensive than 1604 and offers a 

much smaller diameter. Therefore, 1204 C7 model is selected as the lead screw of our machine. The lead screw contains a 

preloaded circulating ball nut which eliminates backlash and reduces friction, as shown in figure. DC servo motors are chosen 

to be used as actuators. Therefore, we have to use lead screw mechanism to transfer rotary motion into linear motion [7].  

 
 

 
Figure No. 7: Lead Screw 

6.2. Limit switches 
A Limit Switch is the simplest type of end stop a simple mechanical switch positioned to trigger when an axis reaches 
the end of its motion. Limit switches are used to protect the stepper motor and circuit by shutting the motors by 
triggering the switch when the axis reaches its end. The signal pins from limit switches are connected to the 
microcontroller board to sense the axes ends. 
 
6.3. Motor 
Selection of motors is carried out first because it is directly related to the driving mechanism as well as control method. 
Four different motors, steppers, servos, linear, and voice coils will be discussed. Stepper motor and servo motor are 
rotary motion motors, and linear motor and voice coils are linear motion motors. Each of them has unique strengths 
and weaknesses which make them suitable in certain applications. For rotary motion motors, a lead screw is always 
needed to transform rotary motion into linear motions. 

 
Figure No. 8:Motor 

 
Figure shows a typical linear voice coil motor. The actuating mechanism is similar to a solenoid. These motors consist of 
two separate parts; the magnetic housing and the coil. Applying a voltage across the terminals of the motor causes the 
motor to move to one direction. Reversing the polarity of the applied voltage will move the motor to the opposite 
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direction. The generated force is proportional to the current that flows through the motor coil. This force is almost 
constant in the specified stroke range of the motor. Voice coil motors do not need commutation and using a position 
sensor, positioning accuracies of less than one micron are achievable. However, due to limit of stroke distance and low 
force generation during movement, it is not suitable in our application because we require a stroke distance of at least 
40mm in each axis and the force required during machining is high. However, it is widely used as actuator in the 
current micro machine tools (mMTs) since the precision of the motion is the highest among all four types of motors 
while the stroke and force required is small.A stepper motor as shown in figure, is an electromechanical device which 
converts electrical pulses into discrete mechanical movements. The shaft or spindle of a stepper motor rotates in 
discrete step increments when electrical command pulses are applied to it in the proper sequence. The motors rotation 
has several direct relationships to these applied input pulses. The sequence of the applied pulses is directly related to 
the direction of motor shafts rotation. The speed of the motor shafts rotation is directly related to the frequency of the 
input pulses and the length of rotation is directly related to the number of input pulses applied. Servo motor internally 
contains a feedback sensor to tell its current position which allows precise control on angular position. The industrial 
servo motor speed output is proportional to the input current level. They look pretty similar to each other but the 
control method is completely different.The basic difference between a traditional stepper and a servo-based system is 
the type of motor and how it is controlled. Steppers don't require encoders since they can accurately move between 
their many poles, whereas servos with few poles require an encoder to keep track of their position. Steppers simply 
move incrementally using pulses [open loop] while servos read the difference between the motor’s encoder and the 
commanded position [closed loop], and adjust the current required to move. Stepper motor are the most affordable 
actuating solution for machine tools currently. Lots of commercially available small CNC machines including CNC Baron 
and TORMACH stepper motors used to drive the axes together with an encoder to tell the current position. The control 
is still open-loop while the encoder is used just as an evaluation device to make minor adjustments for small position 
offsets. Despite the price factor, servo motors have better precision, resolution, higher speed and acceleration, and 
more control techniques can be used. Nowadays the price of servo motors has dropped to almost equivalent to 
steppers. 
 
6.4.  Feedback sensors 
Two types of encoders are compared in this session, rotary encoder and linear encoder, as rotary encoders are 
generally small and attached at the back of motors to sense the angle of rotation. It is cheap, easy to install, and gives 
unlimited range of travel. But due to the limit in size, the resolution in coding disk is very limited. For example, a 1000 
pulse per rotation disk is considered as a relatively high-resolution encoder disk. Also, since it is not attached directly 
on table, some features such as backlash, lead screw wind up, and small vibrations of the table cannot be diagnosed. 
Linear encoder is fixed directly onto the end effector so the position of end effector can be directly obtained. Pitch size 
information is no longer required in resolution calculation. You can directly obtain the resolution information from 
product specification to decide whether this meets your requirements. However, it only has limited travel range, is 
more expensive than rotary encoder and the installation procedure is more complex. Since the range of travel on our 
mini-CNC machine is relatively small, we can find small linear encoders within our budget and obtain the position 
information of the table directly. Therefore, linear encoder with 1 micron resolution is selected as sensor on our 
machine. 
 
6.5. Spindle 
The next important component of the machine is the spindle. The desired spindle used on our machine should have less 
run out error, higher RPM for small tools, and be cheap. There are many DC motors available in Chinese market which 
can be used as our spindle axis. The kit that was purchased contains one 300W DC motor, 48V power supply, amplifier 
and the mount bracket, as shown in figure. The spindle is specified to have 12000RPM and 5 microns run out error. We 
have calculated our maximum spindle speed. So this spindle can satisfy our requirements. The rest of the accessories 
necessary for fabrication, including lead screw stand, shaft coupler, Z axis shaft and rolling bearing slide, Z axis shaft 
stand, base mounting leg, and limit switches. The metal parts required to construct the main structure are arranged by 
their shapes and thickness in order to determine the cross section and the length of raw material to be purchased. This 
step can minimize the waste of material by minimizing the area consumed by various pieces of geometries. 
 
6.6.PLC Circuit Information: IC7805 

 

 
Figure No. 9:IC7805 

 
The 7805 three-terminal positive regulator is available in the TO-220/D-PAK package and 5V fixed output voltage, 
making them useful in a wide range of applications. Each type employs internal current limiting, thermal shut down and 
safe operating area protection, making it essentially indestructible. If adequate heat sinking is provided, they can 
deliver over 1A output current. Although designed primarily as fixed voltage regulators, these devices can be used with 
external components to obtain adjustable voltages and currents.Output Current up to 1A,Output Voltages of 5, 6, 8, 9, 
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10, 12, 15, 18, 24V, Thermal Overload Protection, Short Circuit Protection, Output Transistor Safe Operating Area 
Protection 
 

 
Figure No. 10. Layout of PIC 

 
Figure No. 11. PIC Board 

 
6.7. Microcontroller  
PIC is the family of Harvard architecture microcontroller made by microchip technology derive from the PIC 
164.orignally developed by general instruments microelectronic division. the name PIC initially refers to 
“programmable interface controller”.PIC are popular with both industrial developers and hobbyists alike due to their 
low cost, wild availability, large user based, extensive collection of application notes, availability of low cost or free 
development tools and serial programming 
 
6.8. Special Microcontroller Features: 
• 100,000 erase/write cycle Enhanced Flash program memory typical 
• 1,000,000 erase/write cycle Data EEPROM memory typical 
• Data EEPROM Retention > 40 years 
• Self-reprogrammable under software control 
• In-Circuit Serial Programming™ (ICSP™) via two pins 
• Single-supply 5V In-Circuit Serial Programming 
• Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable operation 
• Programmable code protectio 
• Power saving Sleep mode 

 

VII. CONCLUSIONS 

An Arduino based 3-axis CNC drilling machine for printed circuit board is implemented using Arduino controller, CNC router 

and open-source software for controlling the whole operations. This can be the invention for the electronic industries. This 

work has presented the results of development of a low-cost three-axis vertical CNC drilling machine suitable for adoption in 

small scale and large-scale industries. The total cost of the developed system is just about 1/20th of the existing commercial 

CNC machine used currently in the laboratory, though pedagogically our model provides more scope for hands-on learning 

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 customized open-source 3D printer. Machine is easy to operate.It does not require 

skilled operator. The machine reduces cost of production. The disadvantage of this machine is it cannot be used for large scale 

productionand heavy object cannot be machined. The software used are Mplab for PIC Programming and Pickit2 for IC 

Burning. 
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