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This thesis is based on the research of the fundamental movements of a coil winding machine 

by using software Arduino and its IDE. The machine has its own stepper motors, electrical 

components and mechanical components that are selected and assembled by screws and glue 

to hold the whole housing of the machine. Before start to build the machine, a programming is 

considered as a first step in this thesis, the next step is testing several times with the basic code 

to check whether it works properly or not. After the second step, the programming, code from 

Arduino, needs to be programmed, determined the exact position on the rod, and decide how it 

should behave in given various inputs. The last step focuses on testing the final machine with 

same conditions for several times to declare how much error it can have. In the end, a 

conclusion is containing overall of this project’s process and results obtained also explanation 

of faced limitations during this project. Furthermore, future possibilities and abilities of the coil 

winding machine develop in many working environments and our real life.     
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background information 

 

A coil winding machine is a machine for winding coil onto a cylinder, spool, bobbin and 

many more. The coil winding machine is used today in various types of structures, operating 

systems, categories and environments of workplaces and houses. From multi speeded machines 

to small, medium, large and even extra-large machines in many different factories in addition, 

the depends on the working environments, the machine can be manual, semi-automatic or fully-

automatic. Especially, the coil winding machine are commonly used to wind coils for motors, 

transformers, inductors and chokes. There are still some places where using winding machines 

as a manual, sometimes they are using animals or by hand to wind the coil or textile. To 

complete relatively huge coil winded machines or parts manually, it will be very inconvenience 

and waste of time. Therefore, manufacture or fabrication of electrical coil winding machine in 

other words, semi or fully-automatic coil winding machine, will be done in this project. For 

better result, few sensors can be added but, the purpose of this project is that understanding 

how the Arduino and IDE works and how to connect them into real physical model. 

The coil winding machine will be controlled mainly by two stepper motors with 

potentiometers which can control the number of turns and length. Arduino and its IDE program 

can help to build a program. They are support the languages C and C++ using special rule of 

code structing. Their programming languages have three main parts, functions, values and 

structure. The coil winding machine which will be built in this project has relatively simple 

code combination, inexpensive, no sensors and suitable for small-scale of bobbin size. 
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CHAPTER 2 

 

 

STATE OF THE ART 

 

 

2.1 Review 

 
Figure 1 – global market of winding machine and its applications [1] 

  Growth of demand for winding machines and its applications last few years shows 

significant changes through current trends. Most of the car companies specking that they are 

not making more combustion engines in a couple of years, in fact some of them are already 

stopped to developing the diesel engines. Eventually, development of winding machines should 

be required for future car technology, and moreover for future natural environment.   

Winding machines are divided with their capability, operating system and coil design. Not 

always automatic winding machines are the best choice for all facilities. To select the winding 

machine for a specific workplace, the main controlling parameters to be considered such as 

winding speed, programmable slow start/stop in terms of turns, direction of spindle rotation 

and traverse starting locations and width. Other parameters which need to be considered as well 

but, they are secondary parameters while selecting winding machine. 

In all kinds of winding machines, no matter their operating systems, the main components 

of the machine must have included a drive mechanism, spindle, tension and speed control. They 

are all necessary required to operate the machines automatically or manually. Sometimes the 

components can be different due to shapes of bobbin. Generally, round bobbin is used, but there 

is rectangular bobbin which is only special cases required and compare to round bobbin, the 

rectangular bobbin has disadvantages such as tension control and speed limited. 
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From the manual winding machines to the fully-automatic winding machines, results of them 

can be the same, which means that people cannot distinguish whether the result is from manual 

or automatic winding machine but, the main advantages from fully automatic winding 

machines would be its production capabilities. They can reduce the manufacturing costs, 

machine itself is a very high-priced, but it can replace 3 or 4 employees with its repeatability 

as well. However, compared to the advantages, there are quite many disadvantages of automatic 

winding machines exist. Typical disadvantages are the cost of these machine is too high, any 

kind of wrong decision in selecting such machine would have huge impact as there is no 

possibility of modifying the machines. Furthermore, the machine usually has its own special 

design of bobbin. Although automatic machines have such disadvantages, the main reason of 

the machine to come in existence is the demand of the coils are growing higher and higher 

through more required of any products are done on electrical control.   

For the electrical winding machines including both semi or fully- automatic machines, the 

main part of machines is the motor. Servo, DC and stepper motors can be used for the electrical 

winding machines, usually DC motors are used for rotate motors and servo or stepper motors 

are used for length motors. In order to calculate the number of turns while the machine running, 

most semi and automatic winding machines including IR sensors. The IR (infrared) sensor is 

an electronic device which measures and detects infrared radiation in its surrounding 

environment, it can also detect the black and white color. Therefore, the IR sensor have to be 

placed in front of the black and white colored paper which is placed on motor. As soon as the 

motor turns, the black and white paper will be rotated as well then, the IR sensor can detect 

how many times the motor rotates and send a signal to a computer and display it to LCD. 

 

2.1 Classifications  

Winding machines can be classified in various ways, but there are two popular classifications, 

by capacity and by degree of automation.  

 
Figure 2 – classifications  
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According to the figure2, there are 3 classifications for capacity. They are related to their 

ability, size and productivity. The basic coil winders represent manual winding machine 

whereas the medium-duty and heavy- duty winding machine represent electrical winding 

machines. The electrical winding machines are commonly used in various fields. In the same 

manner classifications by degree of automation, there are 3 classifications. They are divided 

from a simple manual feed machines to a complex computer–numeric-control (CNC) machines. 

  Operations of winding machines from manual to complex automatic winding machines are 

basically the same. Some of the machines can have different operating layout depending on 

their company but generally speaking, the principle of common winding machines is the same. 

 The main operation involved in the winding machines are: 

⚫ Loading of coil or textile onto the spindle of the machine. 

⚫ Hocking the wire or textile on the bobbin 

⚫ Winding them with set of turns on the bobbin 

⚫ Terminating the wire or textile after finishing 

⚫ Removing of the coils or yarn from the machine 

 

2.2 Manual-winding machine 

The first winding machine technology of the history is a manual technology, winding 

machines which are operated manually by humans, animals and natural sources such as water 

and wind. It is simple, easy to build, cheap and doesn’t need any electrical power. To operating 

the manual winding machine by humans, the users control the spindle and feed the material 

through their hand, at the same time the tension of the wire can be controlled by increasing 

friction between wire and the hand.  

 

 
Figure 3 – Manual winding machine [2] 
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Mostly, manual winding machine is used for smaller jobs. They are generally hand operated 

or have a winding drive that is controlled by a foot pedal. Especially, for the hand operated 

winding machines have a core on a spindle and handle, rod or bobbin and gears. The speed of 

winding machine can be adjusted by changing gear ratio, they can reach up to 9000 rpm, it 

depends on human’s ability. The manual winding machine contains a mechanical counter to 

check number of turns therefore, it became more convenience than before but, it is still a time- 

consuming when a big transformer needed with many numbers of turns. Hence, it is necessary 

to make some revolutionary changes in the field of winding. 

In current industries, the manual winding machine still used but only for relatively small 

production of solenoid coils, multi-section coil and other complex coils that automatic machine 

cannot create, or they can create but, only with very expensive sensors and precise programmed 

computer.  

 

2.3 Semi-Automatic winding machine 

 

 
Figure 4 – Semi-automatic winding machine [3] 

Semi-automatic winding machines consist of motors and control panel so that the wire can 

be wound automatically within a set of inputs but, size of bobbins or set the first positions 

before the machine is operated, need to be measured, calculated and inserted by operators. It is 

a limitation of semi-automatic winding machine. However, despite all of these facts, the semi-

automatic winding machines are the most common and popular winding machines. Because 

the machines are obviously more powerful and much faster than the manual winding machines 

and take on higher production demands, at the same time they are relatively smaller, lighter 

and cheaper than fully-automatic machines.  
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2.4 Fully-Automatic winding machine 

 

Figure 5 – Fully-automatic winding machine [4] 

  Fully-automatic winding machine, the name itself says that the winding technology will be 

done fully- automatically with only few operator interventions. Nowadays, the only reason of 

selecting fully-automatic winding machines is single coil design with huge volume requirement. 

The most fully-automatic winding machines are controlled by CNC. They contain many 

kinds of sensors to measure or calculate a desire result. Usually, computer inside the machines 

already has list of products therefore, selecting a product after insert a bobbin is only work 

which is done by operator manually, it will measure length of inserted bobbin automatically 

and set number of turns which depends on selected product then, it will give a perfect results, 

but when before the machine is operated, a special raw material used in coils has to be 

considered and used because, any kind of poor quality of wire spools would not be accepted 

and possibly wire can be break.   

Since the industrial revolution, mechanized fully- automatic winding systems have been 

used, especially, when higher value items or items that need to be wound with higher torque 

and speed. For the future of winding machines market, fully-automatic winding machines have 

to be developed in inexpensive and easier to be operated way. 
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2.5 Jacob’s coil winding machine 

 

Figure 6 – Jacob’s coil winding machine [5] Figure 7 – principle of winding machine [6] 

  Jacob’s coil winding machine represents a simple semi-automatic coil winding machine. It 

consists of two motors and simple control panel with an LCD screen, potentiometer and main 

power switch. The working-place is located on the machine and controlled by Arduino board 

and its IDE which programmed to control all of the components. The Arduino board and all of 

the electrical connections are inside of the housing to avoid any physical damages. The machine 

is made with wooden plates and connected by screws. The Wooden housing is suitable only for 

small scale of machines due to its durability and humidity. Their actuators are moving left and 

right by rail with slider which contains long screw inside, when a connected motor rotates to 

right and left, the screw will make horizontal movements of the actuator. This is the way to 

create precise length and it has strong durability, but obviously the special component is 

required. Overall a layout of the machine is very simple and suitable for small scale of winding 

machine. Importantly, there is an IR sensor to count the number of turns. It is the best option 

to calculate the number of turns precisely.  
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CHAPTER 3 

 

 

OBJECTIVE OF THE PROJECT 

 

This project contains 4 main objectives. The objectives are simply a guideline in order to 

build complete a coil winding machine in this project. 

 

A list of the objectives of this project is: 

 

I. To design a coil winding machine which relatively small- scale of size.  

 

II. To create and write a code for movements of stepper motors and more which 

will be controlled by using Arduino (Mega 2560) from Arduino IDE. 

 

III. To consider and complete the whole circuit of all Mechanical and Electrical 

components (Arduino board, motor driver, motors, button, potentiometers and 

display)  

 

IV. Assemble them to create final coil winding machine. 

 

V. Testing the Final machine 
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CHAPTER 4 

 

 

COMPONENTS AND ASSEMBLY 

 

 

This chapter will be focusing on the mechanical and electrical parts of the project by 

technical and mechanical point of view. Using given components to the right places and 

selecting all of relating components are main purpose of this chapter. Some of the components 

are may not perfectly selected or placed due to the machine has mechanical parts as mostly 

handmade cutting parts and assembled at personal office without any help of 3D printer. Only 

mechanical and electrical components inside of this coil winding machine will be discussed. 

Equipment to build the machine, screw driver, ruler, glue and cutter is used  

 

4.1 Mechanical components 

 

- Bobbin (rod) 

An aluminum bar was a first material but, after several tests, acrylic was better in this project. 

Acrylic can easily be processed into long and even short length of cylindrical. Therefore, the 

acrylic is used in the project for getting various length of rods from 30mm to 100mm. 

- Foamex plates (body) 

The plastic material, wooden or acrylic can be used as a housing. At this time, Foamex will 

be used. The Foamex is a type of plastic material but expanded PVC and they are easy to cut, 

bend, drill and glue also can be treated same as solid acrylic sheet but cheaper.  

- Timing belt (GT2) 

Timing belt of GT2 standard ,6mm * 400mm, is used. It is be placed between the stepper 

motor and unit bearing. They are creating the horizontal movement and rotation of the empty 

cylinder. Eventually, the movement of timing belt will decide a length of final result. 

- Bearing 

Two unit- bearings are used for this machine and each of them is holding a bobbin, rod and 

timing belt with pulley to deliver the movements from the stepper motors. 

- Coupling 

Flexible coupling is used to connect motor and bobbin. This is not a normal coupling, it can 

be bended easily, so that bobbin can be inserted and removed easily, also gaps between the 

motor and unit bearing can be ignored by using this type of couplings.  
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4.2 Electrical components  

- Arduino Mega 2560 

 
Figure 8 - Arduino Mega-2560 [7] 

 

Arduino is an open-source platform for building electronics projects. The boards are dividing 

by their number of In / Out pins, sizes, processors and performance levels but, all of them can 

be connected by USB cable and controlled by Arduino IDE from PC.  

In this project an Arduino Mega 2560 will be used to control the machine. The Mega 2560 

board is used as a main microcontroller to operate movements of the coil winding machine in 

this project. The Vin pin is used for the main power source by connecting to female dc socket, 

but it needs to be careful because it can easily break down the board and cause serious danger 

when power jack of Arduino and Vin pin are used at the same time with different voltages.  

 

- Stepper motors (17HS3430) 

 
Figure 9 - Stepper motors – 17HS3430 [8] 

 

The stepper motors can be operated in very precise angle and speed in order to create specific 

movements, for that reason 3D printers usually using the stepper motors. There are two types 

of stepper motors, it depends on winding arrangements for electromagnetic coils in a two-

phase stepper motor [6] In this project, two bipolar-stepper motors will be placed and operated. 

The bipolar motors are used as a high torque at low speeds. Each stepper motor has a step of 

1.8 degree of angle which means, it can be rotated with 200 steps (1.8° *200 = 360°) for one 
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revolution. The one stepper motor will make a rotation within set turns whereas another stepper 

motor makes a horizontal movement, right and left to control the actuator. The 17HS3430, it 

uses H-bridge circuitry to actually reverse the current flow through the phases. The speed of 

stepper motors depends on pulse which comes from electric signal and controlled by Arduino. 

ON state of stepper motor is H (High) level and OFF state is L (Low) level. In order to control 

the speed, there should be set a delay between pulse, when the delay is decreased too low, 

eventually motor will be step out and it can be the maximum speed limit of the motor.  

 

- Motor driver (DRV8825) 

      
Figure 10 – motor driver DRV8825 [9] 

The DRV8825 drivers will be placed for each motor. A1 – B2 will be connected to stepper 

motor, STEP and DIR are connected to Arduino board. STEP pin declares state of motor if the 

STEP is changing HIGH (1) to LOW (0) and LOW (0) to HIGH (1), motor can create one step. 

DIR pin decides only direction of motor through its state HIGH (1) or LOW (0). 

 

- LCD & I2C module 

General LCD for Arduino requires many wires to be connected but, using the I2C module 

can reduce the wires to only 4 and has a contrast adjustment pot on the backside of the 

display and it helps for adjusting the screen to display text correctly.  

 

- Potentiometer 

Potentiometers will help to control the turns and length easily in the coil winding machine. 

There will be placed two potentiometers separately and connected to Arduino, they will operate 

with their own stepper motors. It has analog input from 0 to 1023.  

 

- Push button & Rocker switch 

The push button contains of 3 pins V-in, V-out and signal S. For main power switch, a rocker 

switch will be used. The rocker switch can hold high or low state whereas push button cannot.  
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4.3 Final assembly 

 

After selecting all components, a final assemble part is remained. The final assemble of this 

machine consists of two parts, mechanical and electrical assembly. For mechanical assembly 

part, it needs to draw an example of layout before starting the final assembly, the layout doesn’t 

require the specific numbers of all components however, it is still a huge advantage. Electrical 

part, calculation of how much power adapter have to be used needs to be done before and test 

them for several times to check wheatear all components work fine or not. One Arduino board 

has been destroyed in this step by using incorrect power adapter, it was too high Voltage for 

the machine so that eventually, the Arduino has been burned. 

 

Figure 11 - layout of the machine 

4.3.1 Mechanical assembly 

 

Mechanical assembly is the process of putting all mechanical and electrical components 

together by mechanical way. The First, according to the sample layout, all specific parameters 

have to be chosen. The Second step is cutting the Foamex board with set of parameters by knife 

for housing of the machine and supporters for bearings and coil wire bobbin. All of the 

mechanical parts are completed with an aluminum ruler to measure and knife only by hand. 

In order to reprograming the system by Arduino in case the machine needs to be repair or 

reprogrammed, disassemble joints must be considered. Almost parts of the machine in this 

project have screws and nuts as a mechanical assembly method. They are holding each other 

or their own components and easily disassemble them to change the positions, directions and 

reprogramming with the Arduino board. 

Flexible coupling is used between rotation motor and bearing to ignore small error which 

comes from the cutting mistakes.  
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Figure 12 – top view of machine 

 

 

 

Figure 13 – description of top view  
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Figure 14 – side & front panel 

 

 

 

Figure 15 – description of side & panel  
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4.3.2 Electrical assembly 

 

Main power adapter of Output 12V and 2A is used for the machine. After select the power 

source without any problems, the next step is to connect the components with other components 

and Arduino, in this case, both bread board and PCB board can be used but, making the actual 

machine, PCB board has more stability because it can be connected using soldering method, it 

can hold all wires much stronger than bread board. The crucial point of the electrical assembly 

part is to connect the PCB board to Arduino and electrical components into their correct pins. 

Each Arduino pins have its own function. All pins will be defined in the IDE and used for 

programming. 

      
figure 16 - front and rear view of soldering connection to PCB 

Female adapter socket for the main power source is also connected to PCB board by 

soldering then, Vin and Vout pins of the motors, motor drivers, lcd, potentiometers and push 

button are connected to the power source by soldering as well. Other signal pins are connected 

to PCB board and the PCB finally connected to Arduino.  

 

Potentiometers S A0 and A1 pins 

Push button S D6 pin 

DIR motor driver (Length/Turns) D2 (Turns) and D4 (Length) pins 

STEP motor driver (Length/Turns) D3 (Turns) and D5 (Length) pins 

A1-B2 motor driver stepper motors 

SDA lcd module A3 pin 

SCL lcd module A4 pin 

Table. 1 – electrical connections of the components 

Arduino itself is connected to the board but not soldering method. The Arduino has to be 

replaced or reprogrammed with USB cable to PC in particular situations therefore, it is 

connected with pins which are set by soldering method to the board and mechanically connect 

the Arduino to PCB. 
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Figure 17 - Block diagram showing all connections and their purpose 
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CHAPTER 5 

 

 

PROGRAMMING  

 

 

5.1 Programing (Arduino) 

 

Arduino using Integrated Development Environment (IDE) software to create code. The 

Setup(): is a function which is called once when a sketch starts after power-up or reset. It is 

used to initialize variables, input and output pin modes. The loop(): is a function after setup(): 

function, it is executed repeatedly in the main program. Before create any code in IDE, all of 

Arduino pins, necessary libraries and values or names that will be used have to be defined 

before Setup(): after that, the actual code for movement of machine can be written inside of  

Setup() and loop(). In this project, wire,h and LiquidCrystal_I2C libraries are used for lcd. 

They allow us to communicate with I2C modules and display any numbers that we want to 

represent. 

When the machine starts by switch on the rocker button, the lcd will display a welcome sign 

for 3 seconds that is set in Setup() loop with its libraries, and then display the Turns: and length: 

until the button is pushed. The values for turns and lengths are from the potentiometers. Each 

potentiometer has a range from 0-1023 analog input and it is calculated to set maximum turns 

160 and lengths 50mm. When the button is pushed, program of Arduino will lead a step to the 

GO_exe function through If statement of the button and let the machine do the works. After 

work, according to the flowchart, the loop will be end and goes to the very first step to change 

or increase the number of turns. Inside of GO_exe function, a combination of the statements, 

If and While, create the machine’s work. Arduino itself calculates time and rotate numbers to 

change the speed and turns of motors individually. Speed 1 in the programming code is for 

length motor whereas speed 2 is for turn motor. They are the values of delay for motors speed, 

therefore by increasing the values, the motors will take more delay between their steps, so that 

the final speed will be slower but, after few experiments of delay, a minimum delay of this 

stepper motor is 3000 microseconds.   
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5.2 Flow chart of the programming 

 

Figure 18 – Flow chart _ part 1 
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Figure 19 – Flow chart _ part 2 
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CHAPTER 6 

 

 

TESTING 

 

 

6.1 Testing the Coil Winding Machine 

 

The machine after final assembly of all mechanical and electrical parts needs to be tested to 

check final results. The machine can be adjusted mechanically and electrically. Typically, 

Arduino IDE will be adjusted to change the movements and speed of motors to reduce 

measured errors for better results. Each test has 3 times of exact same set of lengths and turns, 

working environment, power source and copper wire to compare the results clearly. For 

measuring final results, normal aluminum ruler is used, it has 1mm of the smallest calibration 

therefore the measuring instrument is readable to ±0.5𝑚𝑚. The ±0.5𝑚𝑚 means that this 

measurement may be off by as much as 0.5mm above or below its true value and it is acceptable. 

 

6.1.1 The First winding Test (50mm) 

 

In the first test, set values of 50mm of lengths and 500 number of turns are used. In order to 

prevent and decreases any expected errors, copper wire which has 2mm of diameter is used 

rather than using yarn. The copper wire is wound onto bobbin and weight of copper wire with 

bobbin is 500g. therefore it can at least create tension of wire during the test. 

Test Set length  

[mm] 

Set turns  Measured length 

[mm] 

Measured turns 

1 50 500 51 500 

2 50 500 52 500 

3 50 500 51 500 

Table.2 - the first winding test result 
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For the final results, the output lengths of coil wound bobbin or rod in the first test are 5.1, 

5.2 and 5.1mm, each test has the same number of turns for result 300. An average of measured 

length is 51.33mm therefore,  

𝑒𝑟𝑟𝑜𝑟[%] =  
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑆𝑒𝑡

𝑆𝑒𝑡
ㆍ 100 =  

51.33 − 50

50
ㆍ 100 = 2.66% 

 

Figure 20 – result of test 1 

 

6.1.2 The Second winding Test 

 

In the second winding test, set values of 40mm of lengths and 500 number of turns are used. 

It has shorter length of bobbin but more turns. In order to prevent and decreases any expected 

errors, the same as the first test, copper wire which has 2mm of diameter is used. The copper 

wire is wound onto bobbin and weight of copper wire with bobbin is 500g. 

Test Set length  

[mm] 

Set turns  Measured length 

[mm] 

Measured turns 

1 40 500 42 500 

2 40 500 41 500 

3 40 500 41 500 

Table.3 - the second winding test result 

For the final results, the output lengths of coil wound bobbin or rod in the second test are 

42, 41 and 41mm, each test has the same number of turns for result 500. An average of 

measured length is 41.33mm therefore, 

𝑒𝑟𝑟𝑜𝑟[%] =  
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑆𝑒𝑡

𝑆𝑒𝑡
ㆍ 100 =  

41.33 − 40

40
ㆍ 100 = 3.32% 
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Figure 21 – results of test 2 

 

6.1.3 The Third winding Test 

 

In the last winding test, set values of 30mm of lengths and 300 number of turns are used. It 

has shorter length of bobbin than last two tests. In order to prevent and decreases any expected 

errors, the same as the first and second tests, copper wire which has 2mm of diameter is used. 

The copper wire is wound onto bobbin and weight of copper wire with bobbin is 500g.  

Test Set length  

[mm] 

Set turns  Measured length 

[mm] 

Measured turns 

1 30 300 31 300 

2 30 300 31 303 

3  30 300 31 300 

Table.4 - the third winding test result 

For the final results, the output lengths of coil wound bobbin or rod in the second test are 31, 

31 and 31mm, each test has the same number of turns for result 300. An average of measured 

length is 31mm therefore, 

𝑒𝑟𝑟𝑜𝑟[%] =  
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑆𝑒𝑡

𝑆𝑒𝑡
ㆍ 100 =  

31 − 30

30
ㆍ 100 = 3.33% 

 

Figure 22 – result of test 3 
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The acrylic bar has 800mm of length and 8mm of diameter. Beginning of the tests, coil wire 

wind the bar 3 turns due to the wire should hold the bar, therefore final results of turns are 

always having 3 number of turns more. To obtain exactly the same input number of turns, must 

insert a number which we want to get -3 or more it depends how many times coil wire has been 

wound before start the machine. 

 

6.2 Conclusion of the tests 

 

Before testing the machine, there were expected errors. Due to the machine is mostly made 

by hand, it has small gaps between components and body, therefore small errors can be 

expected from it. Another expected error is that the timing belt will be loosened after some 

times. They are made of rubber mostly therefore the timing belt needs to be replaced 

periodically. Otherwise, the accuracy of the final result is going to be significantly low.   

After testing the machine in the very first time, a huge unexpected error was found. It was 

not about mechanical or electrical assembly part, but was programming part of Arduino. When 

both motors run for winding the copper wire to the bobbin, speed of the motors were exactly 

the same therefore when length motor change its direction at the position of edge of bobbin, 

the copper wire could not reach to the edge of bobbin, so that final results were smaller than 

variable of input length. To overcome this error, motor speed has set in individual speed by 

reprogramming the Arduino. Eventually, the speeds of motors became different, and we have 

obtained better result. 

 

Test 

 

Avg measured length [mm] 

 

Avg measured turns 

 

Avg measured error [%] 

1 51.33 300 2.66 

2 41.33 500 3.32 

3 31 300 3.33 

Table. 5 – Avg values of all the tests  

Eventually, the mean value of the final errors is obtained as a 3.105%. This number of errors 

may need to be fixed to get more accurate output but, experimentally, it can be ignored. The 

bobbin for winding machine in generally has its own block plates on both edge of the rod. It is 

placed exactly for this error. Without changing any Arduino programming code or replace any 
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mechanical components, a small error can be fixed. Furthermore, the error can be observed 

even if the programming and mechanical components are perfect, because when the machine 

winds the copper onto the empty rod, the wire in the first few turns is wound exactly the same 

as the input value of lengths, but after few hundreds of turns, because the rod doesn’t have 

anything on both edges, wound wire pile up themselves and eventually, it is slip down to the 

outside and make the length longer than set value, it has been observed all the tests in this 

project. The block plates on the both sides prevent such a situation, and also it helps to store 

final pieces without any deformation of length.  

 

Figure 23 - general wire bobbin [10] 

 Finally, the error from the machine in the project will be fixed by using a general bobbin just 

like figure above and it will provide more accurate final results  

 

6.3 Improvement of the result 

 

From the three tests above, the final results are fulfilled the conditions of a set of the length 

and number of turns, but the final shape of wound wire on the bobbin is not acceptable. The 

wires were wound by randomly because the set of speed for both motors didn’t consider 

thickness of the wire. For the perfect result, the speed of the motors must consider the thickness 

of wire and the size of bobbin. Electrical machines with a poor shape of result can create poor 

efficiency, errors and even break their circuits, typically it is very dangerous with relatively big 

components such as transformers, big motors and others that consist of coil inside.   

After few experiments with a set of new speeds of motors according to the wire thickness, 

eventually the final acceptable result with the correct number of turns and length is obtained. 

 
figure 24 – improved final result 
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CHAPTER 7 

 

 

CONCLUSION AND FUTURE WORK  

 

 

7.1 Conclusion 

The coil winding machine is nowadays one of the most efficient machines, it is used in many 

different working environments with various sizes, especially with Arduino and its IDE. In the 

IDE code to operate the stepper motors with two potentiometers and display inputs, there was 

another option to write a code which is to use a stepper function from the IDE library but, that 

is not used, because although the stepper function from library is much easier to create codes, 

it can operate only one stepper motor at the same time. Using two stepper motors at the same 

time is the main purpose of this project, therefore programming code is made without any 

motor library from Arduino.  

There are many of mistakes and improvement points in mechanical and electrical parts. For 

the first improvement point is that Generally, from internet researches of other projects, when 

a machine is created by Arduino, the most of projects, the actual mechanical body has been 

built before create Arduino programming, it is much easier way for testing and demonstrating 

motors and other components within set parameters. It thankfully doesn’t influence for the final 

results, it only takes less time rather than creating actual model after programming.  

The second improvement point cannot create big differences, but good to use them. 

Generally, the materials and methods of creating the whole body of machine usually done by 

3D printer. 3D printers can create model with huge accuracy, the gaps between joints are 

doesn’t exist. Therefore, some of the errors and gaps can be reduced or excluded by 3D printer. 

Due to current situation, the machine in this project is created by hand with common tools such 

as ruler, pen, knife and screw drivers however, acceptable results are obtained. 

Compare the machine to real coil winding machine in modern industry, it has very similar 

structures and layout, the only big difference is an actuator part of the machine. This machine 

has timing belt and is using the timing belt for actuator’s movement whereas other machines 

have slider and rail, therefore the rotation of motor create horizontal movement of wire guide.  

Eventually, this machine is not a fully-automatic machine, we can call this machine as a semi-

automatic coil winding machine, because after winding coil within set values, the length motor, 



- 36 - 

the actuator, has to be reset to its first position by hand only. This is one of the disadvantages 

of this machine. In order to improve and develop abilities of the machine, sensors have to be 

placed. The sensor can detect the size of bobbin and without inserting the length of bobbin with 

potentiometer or resetting the position of actuator every time, it will measure and reset itself to 

wind the coil wire. Moreover, another sensor can be set to count the number of turns during the 

machine works. It will be more expensive but will be more convenience and accurate.   

 

7.2 Future of winding machines 

Future market of the coil winding machine is growing significantly in various different fields. 

They are widely used for multiple applications in different industrial sectors performing 

various functions such as relays, transformers, chokes, solenoids, inductors, resisters, 

generators and electric motors. Especially, rising demand for the electronic motors in electronic 

car industry is expected to drive significant growth of coil winding machine.  

 
Figure 25 – future coil winding machine’s market [11] 

According to development of electrical products, winding machines and its technologies are 

also developing significantly in various fields as different types of wind machines. One of the 

biggest field of growths of the coil winding machine is the industry of electrical vehicles. The 

accuracy of the winding machines for the electronic products are very accurate machines 

because they tend to create software which is programmed very precisely with many kinds of 

sensors such as position detection, bobbin size detection and workpiece detection sensors for 

decreasing errors, increasing the working environments and the efficiency of their factories. 

Electric motors and electric cars are a major opportunity in the coil winding machine market. 

Additionally, rise in demands of energy in emerging world and introduction of portable power 

devices and textile sector are also expected to drive growth for coil winding machines market 

in the near future. 
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Figure 26 - Front view of the final machine 

 

 

 

Figure 27 - Rear view of the final machine 
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