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Abstract 

This master thesis has been carried out as a product development project in 

collaboration with Coloreel. The aim of the study was to optimize the fixation unit in 

an instant thread colouring machine.  

The research questions were: 

1. In what other ways could the function of the fixation unit be designed?  

2. How do the generated concepts perform compared to the present solution 

regarding energy efficiency? 

Within this master thesis the authors went through all the initial stages in a product 

development process. The focus in the beginning of the process was to get to know the 

product’s functions and its requirements. The function of the unit, creating heat, was 

the basis for the concept generation. 

Two of the concepts were evaluated as most promising concept for creating heat in the 

fixation unit. They were, replacing one of the heating elements with a reflector and 

using hot air. To verify the proof of the concept an experiment was carried out. The 

experiment showed that replacing one heating element with a reflector resulted in a 

huge difference in the reached temperature. The conclusion was that the reflector used 

in the study was not as effective as the present solution with the two heating elements. 

When using hot air, the temperature reached high enough, but the energy consumption 

exceeded the present fixation unit solution. The conclusion was that these concepts 

could not be used to replace the present solution in the way the concepts are designed 

today.  

Concept generation was also conducted regarding the mechanical solution for opening 

the heating elements. Two concepts were constructed in CAD and evaluated to make 

sure that they could meet the requirement of the machine. Only one of the concepts was 

assessed to fulfil all the requirements.  
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1 Introduction 
This master thesis of 15 credits is embedded in the master's programme in 

mechanical engineering at Halmstad university. The master’s programme is a 

distance program conducted online. This master project has been carried out in 

collaboration with Coloreel.  

1.1 Background 
The technique and use of embroidery is really old. Scientists believe that the 

technique was used in the Orient as early as 4000 years BC. (Nationalencyklopedin, 

2019) Today embroidery is a common feature in the textile industry. It is used for 

product branding, company advertising or just for decoration. Traditionally the 

embroidery machine in the textile industry use many different colours of the thread 

to create the desired pattern.  

The drawback with the traditional way of embroidering with one colour at a time, 

is the huge number of different colours required to be in stock, waiting for the 

customer to use the specific colour. Using multiple colours in the same embroidery 

will also result in a lot of work and for the machine to be stopped as soon as the 

thread needs to be replaced with a new colour. Coloreel and their machine has the 

potential to revolutionize an entire industry with its new way of using one thread 

with unlimited colours. (Coloreel, 2019) 

1.1.1 Coloreel 
Coloreel is a Swedish technology innovation company within the textile industry. 

The company was founded by Joakim Staberg and started to work with this project 

full time in 2009. Their product offers a unique possibility to instantly colour the 

thread. Today, the technique is used in the industrial embroidery segment, with the 

possibility to also change the sewing, knitting and weaving industry. The technique 

opens up for new and unique design possibilities. 

In 2018 Coloreel won the desirable innovation price SKAPA in Sweden. In figure 

1.1 the instant colouring machine and the attached embroidery machine can be seen. 

(Coloreel, 2019) 

1.1.2 The instant colouring machine 
The device today provides a good quality of the colours. Despite this, there is still 

room for improvement and optimization of the product. Optimization could result 

in a more reliable and robust product. 

The machine itself, marked as number two in figure 1.1, has three main stages that 

the thread needs to pass through. First the uncoloured thread enters the machine, 

marked as number one in the same figure. Once in the machine, the first step is the 

colouring of the thread. It is here the colour of the thread is applied. Next step is the 

fixation unit, where the pigments of the ink goes into the thread. 

The fixation unit consist of three separate zones. These three zones are called, the 

first heating zone, the buffer zone, and the second heating zone. The first heating 
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zone is consists of two heating elements on either side of the thread and the heating 

element is not in contact with the thread. This means it is only the radiant heat and 

convection heat from the heating elements that transfers energy to the thread. The 

second heating zone is different from the first zone in the way the heating elements 

are designed. In this zone they are curved to be able to be in contact with the thread, 

meaning that the main form of energy transfer is contact. The last step in the 

machine is a combination of cleaning and lubrication of the thread. 

After these three steps, the thread is ready for usage, as an example by an 

embroidery machine. The embroidery machine is marked as number three and four 

in figure 1.1. The finished embroidery with the instant colouring thread can be seen 

with number five by its side. 

       

Figure 1.1: The instant colouring machine (number two in the figure) connected to an embroidery machine 

(number three in the figure) (Picture from Coloreel).  

1.2 Clarification before further reading 
Before continuing reading, some concepts needs be explained.  

Virtual CAD model – A 3D model of the product in the computer. 

Prototype – A simple model or test-model of the product. It can be used for 

visualizing or for testing some function in the development process.  

Stakeholder – Everyone that has anything to do with the product that is to be 

developed. It includes among others, the customers, the operators, the owner, the 

development team. 
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1.3 Problem definition and the aim of the study 

1.3.1 Problem definition 
The focus of this project is the fixation unit and optimization of the fixation stage. 

As the fixation unit is designed today there might be a better solution for heating 

the thread. The heating source for fixation could be optimized to make the machine 

more energy efficient. Another aspect of this unit is the possibility of parts of the 

fixation unit getting stuck. The main focus of this problem is the second heating 

zone. To minimize this risk some areas within heating zone two could be optimized 

regarding the mechanical construction. 

1.3.2 The aim of the study and the research questions 
The aim of the project is to develop and optimize the fixation unit in an instant 

thread colouring device. The approach is to search broad and optimize the fixation 

unit with an open mindset. This can be achieved by looking for and investigating 

alternative solutions for the fixation. By investigating the heating and the 

construction of the unit, it can be optimized when it comes to performance and 

complexity. The optimization must be accomplished while maintaining the same 

quality of the colour of the thread. 

The above raised the following research questions: 

1. In what other ways could the function of the fixation unit be designed?  

2. How do the generated concepts perform compared to the present solution 

regarding energy efficiency? 

1.4 Limitations 
This master thesis focused on development of a fixation unit on a conceptual level 

and evaluate the concepts. Refining the product and developing a functional 

prototype is not a part of this project. Investigating possible material and proper 

manufacturing and assembly methods is also out of this scope. The goal has been 

to develop the concepts and test them using simple prototype and virtual CAD 

models.   

The dyeing unit and the unit that controls the variations in speed of the thread are 

not a part of this project. Neither is the bath and lubrication that the thread is going 

through after the colouring fixation. 

During concept generation production, cost and operator’s safety have been 

considered but no extensive evaluation has been done regarding it. 
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1.5 Individual responsibility and efforts during the 
project  
This project aims to let the authors participate equally. However, some division is 

made due to practical reasons. The CAD and practical implication of the experiment 

are mainly made by Christoffer Wadman. Karin Videfors has had the main 

responsibility of the report. The product development included concept and product 

generation and evaluation is based on mutual cooperation and discussions. 

1.6 Study environment 
This master thesis is made in collaboration of two students. The work was carried 

out exclusively remotely, due to the students different physical locations. Both of 

the students have visited Coloreel to study the machine but only one of the students 

have been on site at Coloreel during meetings. The other student has been present 

remotely via Skype. All the meetings with the supervisor at Halmstad University 

have been online. During the project, the supervisor from Coloreel has been 

replaced due to changes in their organization. 

Some parts of the project are subject of confidentiality. Due to that some key 

indexes, like values and details are left out in this report. The left-out details do not 

have any effect of the quality or the result of the work.  

1.7 Outline 
This master thesis report begins with a theoretical framework. It gives a background 

and understanding of the process and techniques that are used in the project. This 

part is followed by a presentation of the method used in the project and the results. 

In the results, the development process is presented, including the final mechanical 

solution. The master thesis report is wrapped up with a conclusion and discussion. 

In the discussion part the methods and results are discussed.  
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2 Theory 

2.1 Connection between research question and 
theoretical background 
To be able to understand the steps and the process in this project it is vital to have 

a rigid understanding of the mechanisms that drives a development project to its 

goal. As a part of this understanding a smaller literature study was conducted. In 

this literature study the design process and its contents were of interest. 

Different techniques and knowledge that is important to meet the challenges in this 

project was studied and presented in this chapter. Also, relevant information 

regarding the state of the art was of interest. 

2.2 Design and product development 
According to Ulrich the design process can be divided into several different phases. 

The phases can overlap each other as well as follow each other. Regardless if they 

overlap or not the phases do rely on each other. The process is an iteration process 

where the design team must go back and forth between the stages to achieve a good 

result. (Ulrich, 2011, p. 7)  

According to Östberg, the design process consists of five steps. They are; start-up, 

analysis, sketching, processing, and monitoring. (Österlin, 2016, p. 37)  

In the English-speaking literature the word design embraces more than just the form 

design itself. Construction is also included in the definition. (Ulrich, 2011, p. 1) In 

conjunction to Östberg, when e.g. Ullman uses design it comprises more than just 

design. In the Mechanical design process, Ullman describes a process that consists 

of four phases; project definition, product definition, conceptual design and product 

development. (Ullman, 2018, p. 3) 

Despite different name on the phases the procedure is the same. The process takes 

its starting point in the needs of the user or recipient. It goes through several 

development steps towards a result in a final product. 

The definition or clarification of the task, as described by Ulrich and Ullman, takes 

a great portion of the time in a product development project. Ulrich highlights 

understanding the user’s need as a key part for succeeding in a design project. 

(Ulrich, 2011, pp. 27-36)  

2.2.1 Project definition 
A prerequisite for starting a project is that everyone involved are aware of what to 

do, what the goal is, and what should be achieved. Ullman claims that 

“Understanding the design problem is an essential foundation for designing a 

quality product.” (Ullman, 2018, p. 141) This testifies that this step in the process 

must be paid much attention. A time frame and a budget need to be set. This 

common understanding is vital for the project to succeed. Since it is the market that 
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decide if the product will succeed or not, it is vital that the initial steps in the 

development process are well processed. The description of the mission and aim 

are important to lower the risk for non-satisfied customer. This dissatisfaction, also 

called gap, can occur if there is a discrepancy of the customer’s needs and the 

company’s precipitations of the needs. (Bergman & Klefsjö, 2012, pp. 343-346) 

(Evans & Lindsay, 2017, p. 114) 

2.2.2 Product definition 
In the beginning of a project there are a lot of unknowns and uncertainties. As soon 

as information regarding the project and product is gathered, the unknown parts 

decreases. The consequences of that is a decreased design freedom. This 

phenomenon is called the design process paradox and the graph that describes the 

two extremes is to be found in figure 2.1. (Ullman, 2018, p. 11) 

 

Figure 2.1: The relation of design freedom and knowledge about the design problem. Figure from Ullman 

(Ullman, 2018, p. 11) . 

One tool to be used in the process product definition is Quality Function 

Deployment, QFD. The method was developed in Japan in the 70s by Dr Yoji Akao. 

Its main goal is to transform the customer’s requirements into quality design with 

engineering properties. (Huang, et al., 2018) 

The method QFD, itself consist of several steps all fully described by Ullman in 

“The mechanical design project” (Ullman, 2018). By working through the QFD 

model, the product definition gets clearer and everyone involved knows what to aim 

for. The areas that are covered in QFD are; identify the customer, determine the 

customer’s requirements, determine relative importance of the requirements, 

identify and evaluate the competition, generate engineering requirements, set 

engineering specification targets and importance and identify relationships between 

engineering specifications. (Ullman, 2018, pp. 144-171) 
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 Understanding the customer and their needs 

To be able to understand the customer, the customer must first be identified and 

described. If the identified customers’ needs are fully understood the chance to 

succeed in the project increase. (Evans & Lindsay, 2017, pp. 102-105 ) Evans et al. 

claims that this step is one of the most critical steps in the process. (Evans & 

Lindsay, 2017, p. 319)  

 Requirements 

The customers’ needs unfold into customers’ requirements. These requirements 

must later in the process be translated into measurable requirements, also called 

engineering requirements. Ullman highlights that this step with requirements that 

could be evaluated is vital to know if the goals were achieved or not. (Ullman, 2018, 

p. 161) The listed engineering requirement is the fundament for the product. (Evans 

& Lindsay, 2017, p. 319) 

2.2.3 Concept generation 
There are several approaches to generate and develop concepts and the key at this 

stage is to generate many. The basic philosophy for concept generation is: form 

follows function. To understand the product that is to be developed and what the 

needs are, one basic approach is to use the method design with function. This 

approach investigates and uses the products function as a starting point. When using 

designing with function it is essential to understand what the product is supposed 

to do. How the product will solve this function is a question that is not relevant at 

this stage. The connection between what and how will be essential later in the 

process. (Ullman, 2018, pp. 175-176)  

Searching for inspiration in the concept generation phase can be more or less formal 

and many techniques could be used within the same project. Ullman highlights in 

his book “The mechanical design process” that it is important to gain knowledge 

when generating ideas in new and unfamiliar areas. Two ways of doing so is using 

an expert or getting the knowledge by own experience. Using an expert can mean 

either talking to an expert or take part of their knowledge in other ways. (Ullman, 

2018, p. 199) 

 Designing with function 

One way of developing a product is to look at its functions. When designing with 

function, the designer is looking for what the product can do and not how to do it. 

By describing the function, it is possible to use reverse engineering as a method for 

developing a product. (Ullman, 2018, pp. 181-182) When working with the function 

it is important not to answer the question how, but just what.  

By breaking down what the product do into steps, it is possible to see how the 

different functions and parts are connected. A product can have a main function and 

several subfunctions, which can be visualized in a flow diagram. After sorting the 

functions out and visualizing them, there can be a shift in focus on how to solve the 

functions and new ideas can be generated easier. (Ullman, 2018, pp. 181-182, 187-
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191) Ulrich, as well emphasize that it is important to look for what and not how and 

that the basic functions are described in the beginning of a project. (Ulrich, 2011, 

p. 27) 

 Brainstorming 

By using brainstorming and sharing ideas new ideas can be born. It could be used 

either as an individual or as a group activity. A number of rules set the agenda for 

the technique used and these rules must be followed. One of the most important 

rules is the non-judging rule. Evaluation should not be performed during this stage. 

The activity must also encourage wild thinking that can lead to good and useful 

ideas. As many ideas as possible should be generated and they must also be 

documented. The purpose of this technique is that one person’s idea triggers the 

ideas of others. This way ideas can develop and be expanded. (Ullman, 2018, p. 

195) 

 Analogies 

By using function as a starting point, the product generation could use analogies 

from different areas. This open up and broaden the perspective to get a bigger 

solution space. Ullman claims that analogies is a powerful tool for generating 

concepts. (Ullman, 2018, p. 197) The analogies can originate from any area as long 

as they provide the function and can be applied in the new context. Both solutions 

in nature and solutions from a different field can be used - anything that promotes 

creative ideas. When using analogies, the problem is analysed from a totally 

different angle and the central part is to ask, “what else provides the same 

function?” 

 Concept evaluation and selection 

Concept evaluation is about finding the concept with best promising potential. The 

challenging part with evaluation at this stage is the limited knowledge about the 

concepts. The evaluation is not about choosing a favourite concept, it is about 

eliminating the worst concepts and move on with the most promising one. (Ullman, 

2018, pp. 229-230). 

A useful tool in the evaluation process is the Pugh’s matrix. It was developed by 

professor Stuart Pugh. The model helps the user to evaluate and compare different 

criteria. There is also a possibility to add one more dimension by adding weight to 

the model where the importance among the criteria can be compared. The model 

also offers a possibility to evaluate alternatives with each other. By having a 

reference object or a baseline all the other alternative could be judged in relation to 

that baseline - if they are better or worse. This is called a relative comparison. 

(Ullman, 2018, pp. 240-244) 

Another evaluation tool is the elimination matrix or Go/No Go Matrix. It is a simple 

tool where the requirements either are met or not. It is a fast evaluation method to 

get rid of alternatives not fulfilling some essential qualifications. (Johannesson, et 

al., 2013, pp. 182-183)  
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An experiment is a study where some variables are investigated and other variables 

that might affect them are controlled. (Patel & Davidsson, 2015, p. 57) Depending 

on the study the layup differs. If the study needs to isolate some variables to 

investigate some other a laboratory test can be used.  

By using an experimental test, error sources can be eliminated easier. The main 

purpose is to make sure that all variables that can affect the study are controlled and 

only the variables that are to be measured differ. This is easiest carried out in a lab 

environment. In the lab environment parameters as wind and temperature can be 

regulated and give all tests the same conditions. (Patel & Davidsson, 2015, p. 58) 

2.2.4 Product development 
The focus and goal in the product development phase is to refine the concept into a 

quality product. At this stage the development can consist of both patching, where 

the project jumps sidewise in abstraction, and refining, where the product is 

developed and getting more and more detailed. (Ullman, 2018, p. 259) 

 Product generation 

The product generation phase is an iterative process where development and 

evaluation can be performed simultaneously. As the product is patched or refined it 

can be valuable to evaluate the outcome mid-process. This to make sure that the 

product is developed towards the set requirements. (Ullman, 2018, p. 259) At this 

stage the product must be set in its context. Ullman presents a model where the 

function of the product is connected to both form, material and production. The 

form in its turn must be adjusted to the surrounding when it comes to constraints, 

configuration, connection and components. This includes dealing with surrounding 

components and assembly, how the product is structured and connected to other 

parts. (Ullman, 2018, pp. 262, 264-269) 

During the product generation it is not just the form that must be optimized. The 

product must also be designed for and optimized considering material and 

production. (Ullman, 2018, pp. 282-283) 

 Evaluation 

The final product must be evaluated both when it comes to verification and 

validation. The evaluation could be done by both a virtual CAD model or with a 

physical prototype. The verification is an important step since it is the basis for 

assessing whether products meets the requirements. The validation of the project is 

also important since this clarifies whether the result meet the customer’s need, that 

it is the right design. (Ullman, 2018, pp. 161, 299) 
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2.3 Technical possibilities 

2.3.1 State-of-the-art 
The drying process is considered as one of the costliest processes in the textile 

finishing operations. (Galoppi, et al., 2017) Up to 80 % of the energy consumed in 

the textile production can be derived from the drying process. (Efrevom, 2000) 

Textile is normally dried in two steps. First there is a pre-dry stage where a 

mechanical process is used. This is followed by a step where heat energy is added, 

letting it dry even more. (Mujumdar, 2006, p. 783) In a study by Cay et al. hot air 

was used and investigated as a second step in the drying process. The authors claim 

that steam used for creating heat has a poor efficiency. The authors in the study 

highlights that it is vital to avoid a built up of excessive humidity. Therefor it is 

vital to get rid of the moisture without overheating the material. (Cay, et al., 2007) 

Thermal drying process is generally much more expensive than mechanical 

dewatering of textiles. (Mujumdar, 2006, p. 781) 

In a study with cotton yarn, the authors found that the temperature should be as high 

as possible to be considered as optimal when drying the yarn. (Galoppi, et al., 2017) 

In the same study, where yarn bobbins were studied, a combination of drying 

methods were used. The first step was to use a mechanical process by applying 

pressure on the bobbins. The second step was to blow hot air through the bobbins. 

The mechanisms used in this study are based on a common industrial dryer. 

(Galoppi, et al., 2017) The second part of the drying process of with a bobbin can 

be achieved in multiple ways. Some of them are described by Cay et al and consist 

of different techniques as convective, infrared, or radiofrequency. (Cay, et al., 2007) 

Conduction drying is common in the textile industry, but convection is the most 

common. By letting the material have direct physical contact with the heated 

surface the final drying of the textile can occur. The advantage for this technique is 

the high energy efficiency and the drawback is the risk of causing damage to the 

textile. (Mujumdar, 2006, p. 787) When convection is used it is usually hot air that 

is used as a heating medium. This technique requires that the material can withstand 

high temperatures. One way of applying this method is by letting the textile pass 

through. hot air. This technique requires an extensive drying time, up to 40-45 

minutes. Another way is letting the air get through the material by using a fan and 

blowing hot air. (Mujumdar, 2006, pp. 787-788)  

2.3.2 Technical possibilities for drying 

 Drying processes 

According to Mujamar the drying process of a solid material occur in two steps; 
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“1. Transfer of energy (mostly as heat) from the surrounding environment to evaporate the 
surface moisture. 
2. Transfer of internal moisture to the surface of the solid and its subsequent evaporation due 
to process.”  
(Mujumdar, 2006, p. 4): 

To evaporate the moisture and convert it into a vapor phase heat needs to be applied. 

There is also a possibility to perform freeze drying, making the solid liquid (ice) 

transform to vapor without any steps in between. (Mujumdar, 2006, p. 4)  

In the handbook of industrial dryer several methods to create heat are listed. The 

application of the heating sources differs, but there is an ongoing research gaining 

new knowledge where new applications for technologies are found. (Mujumdar, 

2006) (Eskandari, et al., 2018) 

 Heating mechanisms for drying 

The heating methods are all based on how the heat is transferred and are therefore 

divided in the following groups; conduction heating, convection heating, radiant 

heating and dielectric heating. (Mujumdar, 2006, p. 20) (Cay, et al., 2007) 

The convection dryer is the most common once in the sector of industrial driers. 

Most frequently used is hot air or gases as drying media. This drying method has 

85% of the market share. (Mujumdar, 2006, p. 5) The convection is classified as a 

direct dryer. When using convection heating, a fluid is used to equalize the heat 

differences.  

The conduction heating is classified as an indirect dryer. The conduction heat will 

dry the product by a heated surface and not by the heating medium itself (e.g. steam, 

hot gas, thermal fluids). In conduction the heat is transported through the material 

without any movement of the material itself. A conducting wall do separate the 

product that is to be dried from the heating medium. (Mujumdar, 2006, p. 137) 

Indirect dryers are considered as the best option when dealing with thin products or 

very wet products and are considered having a high energy efficient. The reasons 

for that is minimal energy loss. (Mujumdar, 2006, pp. 22, 137) 

To the group radiation heat, radiation with different wavelengths belongs, from 

solar radiation to infrared radiation. (Mujumdar, 2006, p. 22) Radiation occur 

regardless of if the heating medium is in gas, liquid or solid form. The heat transfer 

can also occur in vacuum since no medium is needed for the heat transfer.  

Microwaves and dielectric heating are not heat itself. Instead it is a form of energy 

that is manifested as heat together with the material to be heated, like if the material 

heat itself. (Mujumdar, 2006, p. 289) 

The mechanism of how the drying process occur differs with different techniques 

and applications. Drying is mostly conducted at low temperatures without any air 

present. One vital parameter that often must be controlled when drying is the 
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humidity. The drying method must be custom and optimized for the product to dry. 

(Mujumdar, 2006, p. 20)  

 Infrared 

One of the advantages with using infrared as a drying method is the reduction in 

drying time (Mujumdar, 2006, p. 430). Another advantage is the uniform heat 

provided to the drying product and the possibility to control it. On the drawback 

side there is the risk of potential fire hazard. Using IR for heating is primarily for 

surface drying. This makes it suitable for textile, paper and other thin applications. 

In traditional drying IR is primarily used to pre-dry the materials. (Mujumdar, 2006, 

p. 431) 

IR radiation is today mainly used for drying in the food industry. Processing food 

like hazelnut, peanut and tomato have been widely studied and new application for 

this technique has been recommended. (Eskandari, et al., 2018) (Mujumdar, 2006, 

p. 423) 

Today infrared dryers are used in the pre-dry step in the textile industry. Depending 

on the wavelength the IR penetrate the material to different depth. (Mujumdar, 

2006, p. 789)  

 Parabolic reflector 

The shape  

By using a special shape radiation could be focused by a reflective object. The 

Scheffler fixed focus is used to focus temperature applications. (Munri, et al., 2010) 

It could be used both for medium and medium-high temperature levels. According 

to Munir et al.  drying is one application where the advantages from the parabolic 

reflector could be used. Other applications are e.g. sterilization and extraction. The 

parabolic shape has been studied extensively and is described in mathematical 

terms. (Munri, et al., 2010) The mathematical equation of the parabola, where the 

focus point can be calculated is found in equation 2-1. (El Ydrissi, et al., 2019) In 

the equation, F is the focus point, h is the depth of the parabola and R the diameter. 

𝐹 =
𝑅2

4∗ℎ
  (2-1) 

Even a small deviation from the optimal shape can have large impact on the quality 

of the reflection. (El Ydrissi, et al., 2019) El Ydrissi et al pointed out some of the 

errors that can occur, slope error and misalignment error (also called shape error). 

In the study they also highlight specularity error, errors connected to the quality of 

the glass as important. (El Ydrissi, et al., 2019) 

The principle of the parabolic reflector is found in figure 2.2. 
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Figure 2.2: The principles of the parabolic reflector. (picture from Munir et al) (Munri, et al., 2010) 

 

The material and surface finish 

To maximize the reflection the used material and its reflecting properties is of 

importance. Glass mirror or polished aluminium are two good material options 

because of their reflective ability. Glass reflects 95 % and aluminium 85%. (Kedara, 

et al., 2017). Depending on what type of glass is used different values can be found. 

The quality of the used glass mirrors is also of importance as stated in previous 

section. (El Ydrissi, et al., 2019)  

When building a parabolic reflector, it is vital that the material used do not absorb 

heat. Aluminium has therefor an advantage over many other metallic materials. 

(Perez Montes, et al., 2014)  
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3 Method 
To be able to answer the research questions, the approach in this project was to 

attack the problem from different directions, in a broad perspective. It was crucial 

to understand the product and the function of the unit to be able to reach the goal.  

Since this project was a product development project, the focus has been on the 

different steps and techniques in the process - from the needs of the customer to the 

concept generation and evaluation. To be able to support the process and to make 

sure that the right decision was taken, a brief literature study was conducted as part 

of the theoretical framework. 

Working with analogies has also been an important part of this project. As stated in 

the theoretical framework, it can be a powerful tool to generate concepts. By 

looking at analogies the project will gain ideas of other possibilities that provide the 

same functions. 

3.1 Connection between research questions and method 
The method in this project was chosen to get the best prerequisites to generate ideas 

and optimize the fixation unit. The literature study was concluded to get inspiration 

and ideas for both the product development phase and technical solutions for the 

project. It also gave valuable knowledge about technical issues, where the 

knowledge gained could be applied later in the development process. By searching 

for an alternative that could perform the same function as todays solution, the 

authors wanted to make sure that the research questions could be answered. 

3.2 Alternative methods 
Different approaches can be used in a project to achieve the aim of a more efficient 

fixation unit. One approach is to investigate the present fixation unit to see where 

improvements can be done. The different steps in the unit needs to be carefully 

investigated to make sure how that specific step can be optimized. To use 

information from the users and/or company regarding any known problems is 

another way of attacking the questions. 

Another approach is to assume what the unit is expected to do – which functions 

that are required. By setting up the requirements of the unit, the work within the 

project can be to, free and broad, investigate different solutions for the problem. By 

evaluating the different solutions, the best technique to solve the problem can be 

chosen.  

3.3 Chosen methodology for this project 
The method chosen in this project was the last method described in section 3.2. This 

method was chosen to get a huge solution space and possibly end up with a new 

and innovative way of solving the problem. The method to reach the goal was to 

follow certain steps that will be described in the following paragraphs. 
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3.3.1 Project definition 
Even though the project was given by Coloreel, it was important to work with the 

project definition. The project needed to be clear for everyone involved and its 

limitations had to be set.  

The definition of the project was accomplished mainly through a discussion 

between the authors and the supervisor at Coloreel, and between the authors and 

the supervisor at Halmstad University. 

3.3.2 Literature study 
To make sure that relevant knowledge exists, a smaller literature study has been 

conducted. By searching for relevant literature using the library’s database at the 

university, relevant literature was found. The literature search focused both on the 

design process and technical possibilities. The words described below were used 

alone and in different combinations with each other. 

Words that were used to search for the design process were; design process, product 

development, evaluation, concept, project definition, product definition, product 

generation, functional analysis and idea generation.   

Words that were used in the search for technical possibilities were; heating source, 

sublimation, state of the art of how thread traditionally is coloured, how the thread 

is structured with its fibres, textile, focus light, surface finish, parabolic reflector 

and reflective materials. 

Beside using the library's databases, a search has been conducted on the Internet. 

The same keywords, as mentioned above, have been used. The gathered 

information was applied as an inspiration to the project.  

3.3.3 Product definition 
To gain proper information for the product definition many questions were asked. 

In this project, certain steps were taken to make sure no vital part was left behind. 

All these steps originate from the model QFD. A complete QFD has not been 

conducted in this project but the content is about the same.  

Answer to the following questions has been researched: 

• What are the customer’s requirements? What are the needs? 

• How does the market look like? Any competitors? How did they solve the 

problem? 

• What are the engineering's specifications? Is everything clear? Is there 

anything missing? Do they all have target values? 

• How does the fixation unit work today? What are the functions of the current 

fixation unit? 

• What causes problem with the fixation unit today? 
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Most of the questions were relayed to Coloreel and the supervisor there. This is due 

to the limited numbers of machines on the market.  

3.3.4 Concept generation – heat solution 
Concepts originate from design with function. The fixation unit was put in a context 

together with the whole machine, but due to the project’s limitations, effort has only 

been made to describe the functions of the fixation unit. 

To generate ideas for the concept, different methods have been used. One central 

part has been the use of analogies. By investigating different applications solving 

the same type of functions, ideas on how to deal with the challenges in this project 

was gained. To find analogies both literature, the Internet, home improvement and 

tool supplier have been used. Knowledge from experts have also been used. Sources 

in articles and books, together with informal discussion with experts and colleagues 

contributed to this. 

Brainstorming and discussions between the authors and the supervisors have also 

triggered ideas for concepts.  

The different concepts have been documented with simple sketches, sometimes 

reinforced by words. Later in the process, the software SketchUp was used to 

visualize the concepts better. 

3.3.5 Concept evaluation – heat solution 
All the concepts and their potential were discussed with Coloreel. With this 

collaboration, valuable knowledge and input enriched the project. 

The evaluation itself was conducted between the two authors. A mixture of tools 

was used. The first tool used was an elimination matrix or a Go/No Go. By using 

this method some basic needs were guaranteed and some of the concepts were 

eliminated at an early stage. The concept that passed the Go/No Go evaluation was 

then evaluated in a Pugh matrix. The evaluation used a relative comparison, where 

the present solution served as a reference to which the others were compared.  

The two concepts judged to have most potential moved on to further evaluation to 

proof their concept. 
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3.3.6 Experiment  
To be able to evaluate the two concepts an experimental study was conducted. The 

experiment focused on investigating the circumstances and to find proof for a 

solution for heat zone one. By the experiment, the authors wanted to investigate 

how the temperature of the thread would be affected by having different heating 

set-ups. This was done by controlling some parameters like the amount of energy 

sent to the heating elements and controlling the air flow surrounding the heating 

elements. It was a comprehensive experiment since the set up from the current 

fixation unit was used as a reference object. The main focus of this experiment was 

the heating zone 1. The current fixation unit uses two heating elements, with one 

on each side of the thread.   

 The process of the experiment 

The experiment set-ups were first constructed. Then the test rig was constructed 

and controlled to make sure that they could provide desired results. After this the 

testes were implemented followed by the analyses of the tests. In the analyses both 

the authors took an active role. The process flow chart of the experiment can be 

seen in figure 3.1. 

 

Figure 3.1: Flow chart of the experiment process. 

3.3.7 Conception generation– the mechanical solution 
Methods to generate concept for the mechanical solution were analogies and 

brainstorming. Ideas were discussed, developed and continuously tested in the CAD 

software, SolidWorks. It was an iteration process where ideas were discussed and 

patched continuously. 

3.3.8 Concept evaluation – the mechanical solution 
The concepts for the mechanical solution were evaluated. An eliminating matrix 

was used to make sure that the concepts could fulfil the requirements connected to 

the mechanical solution.  

3.3.9  Product generation 
The experimental study and evaluation gave proof to the concept and granted 

further development. The solutions that were best assessed were taken further for 

product generation. This is not a part of this master thesis.  
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3.4 Flow chart of the method 
The flow chart of the method used is presented in figure 3.2. 

 
Figure 3.2: Flow chart of the method used. 
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4 Result 

4.1 Project definition 
According to Coloreel, the assignment should not focus and originate from the present 

solution. Focus should instead be on examining new and alternative ways to optimize 

the fixation unit.  

4.2 Product definition 

4.2.1 The customer 
The fixation unit is a part of a machine that is meant for the high-end market. The 

customers of the machine are professional embroidery companies. The product is 

intended for both small companies that makes logotypes on corporate clothing and 

consumer products as well as huge industrial companies.  

4.2.2 Bench marketing 
As of today, there are no competitors in the market. The product is unique, and the 

invention was released with its first machine in 2019. The product launch was in 2018 

but no machines were released outside Coloreel at that point. 

The closest it can come to a competitor are manufactures that deliver dyed spools of 

thread. Colouring a thread in one single colour uses a different technique. The process 

is slow and therefore not applicable in this project where the thread is instantly coloured 

during the embroidery process. 

4.2.3 Understanding the stakeholders needs  
There are several stakeholders to the fixation unit. The one that mostly handle the 

fixation unit on daily basis is the operator of the machine.  

The operators do open the machine in case of a stop or jam. There is a risk that the 

machine needs to be threaded shortly after it stopped. In this case safety precautions 

must be taken, and the operator must not risk exposure of the heat from the fixation 

unit. 

4.2.4 The prior art – analysis of the product and its performance today 
As mentioned in the background chapter, the fixation unit consist of two separate units. 

According to Coloreel, problem with the mechanics of the present machine more often 

derives from the second unit compared to the first. This unit consist of a more 

mechanically complicated solution where the motion path is circular. In fixation unit 

one the motion path is linear. The heating of the thread is different within the two 

heating zones. The first zone transferred heat to the thread by radiation and convection 

and the second zone transferred heat via contact. The temperature reached in the thread 

is unknown. Instead, the goal temperature is set by Coloreel to X⁰ Celsius (excluded in 

the report) in the heating elements. 

The average speed of the thread in the machine is 80 mm per second. As the heating 

elements are designed today, this will give the thread four seconds in each of the heating 

zones. 
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The form constraints from the machine allow the fixation unit to fit an area of 

approximately 100*100*395 mm. 

The first production-like colouring machine was officially shown in 2018 and the 

production of it is about to be started early 2019. Since this will be the first version 

released there is no information or statistic of mean time between failure or information 

about maintenance or repair. 

There are no accelerated life tests yet or any corresponding information about how long 

the present machine will last. 

Measured values of how much energy will enter the thread or the ratio between the two 

heat zones when it comes to energy entering the thread does not exist.   

4.2.5 Function analysis 
The main function of the fixation unit is to create heat, while another important sub 

function is to evacuate the thread from the heat. The first heat source will evaporate 

most of the moisture in the recently coloured thread, while in heat zone two the colours 

will be fixed into the thread. The threads path in the fixation unit is described in figure 

4.1. 

    

    

Figure 4.1: The flow of the thread from entering heat zone 1 to entering the next unit in the machine. 

 Functions of the fixation unit 1 

The first fixation unit’s main purpose is to generate heat. The fixation unit must also be 

able to evacuate the thread from the heat and enable evaporated moister to be ventilated. 

The design must also allow the thread to be easily threaded. At this stage the thread can 

be considerably wet. 

 Functions of the fixation unit 2 

Fixation unit two’s main function is to generate direct heat to the thread by direct 

contact. The fixation unit must allow a pause mode where the heat source can be moved 

away from the thread. The fixation unit must also allow the thread to be threaded and 

if possible lower the risk for the operator to get in contact with hot surfaces while 

performing maintenance. At this stage maximal of colouring pigment must be fixated. 
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4.2.6 Performance requirement  
The requirements of the fixation unit are as follows: 

• Threading should be easy. 

• Thread tension (friction) should not increase too much. 

• The unit should be energy efficient. 

• Vapours should be released as quickly as possible. 

• Adjust/Evacuate the heat. 

• Even temperature preferably X⁰ C (excluded in the report). Do not burn the 

thread. 

• Robust construction that lasts over time, preferably 5 years or more. 

• Low cost. 

• It must be possible to move the thread away from the heat source quickly. There 

must be some kind of pause mode. 

• Must be compatible with any embroidery machine. 

• Must be compatible with the rest of the units in the machine and it’s constrains. 

• Must be able to heat the thread with a variable speed up to 200 mm/second. 

Average speed of 80 mm/second. 

• It should be possible to clean the threads path. 

4.2.7 Engineering specifications 
The performance requirements are translated into measurable engineering 

specifications as can be seen in table 4.1. 

Table 4.1: The engineering specifications. 

Requirements Target value Test method 

Easy to thread the machine. Fewer than, or equal numbers 

of steps as the previous 

solution. 

Evaluate the CAD model. 

Do not increase the thread 

tension (friction). 

Less or equal as the present 

solution. 

Test of the prototype. 

Energy efficiency. 

 

Less or equal as present 

solution. 

Experimental study. 

Release vapours as quickly as 

possible 

Less or equal as present 

solution. 

Experimental study of the 

prototype. 

Adjust/Evacuate the heat Possible to get the thread away 

from direct contact with the 

heat source. 

Evaluate the CAD model. 

Even working temperature. X⁰ Celsius (excluded in the 

report) 

Experimental study. 

Robust construction that lasts 

over time. 

Last for minimum five years of 

operation.  

An accelerated life test of the 

prototype. 
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Low cost. Lower or same cost as the 

present solution after running 

200 hours. 

Evaluate the manufacturing, 

assembling including the 

running costs after 200 hours. 

Is compatible with any 

embroidery machine. 

The fixation unit must work 

independent of the embroidery 

machine.  

Evaluate the CAD model. 

Must be compatible with the 

rest of the units in the machine 

and it’s constrains. 

The fixation units form 

constrains, and configuration 

are compatible with the rest of 

the machine. 

Evaluate the CAD model. 

Must be able to heat the tread 

to desired temperature with a 

variable speed. 

Variation of the speed is 0-200 

mm/second. 

Experimental study of the 

prototype. 

I should be possible to clean the 

threads path. 

The thread path must be 

accessible by a tool < 10mm.  

Evaluating the CAD model. 

Must be compatible with thread 

with different diameters. 

Can handle a thread with a 

diameter of 180 micro meter 

+/- 100.  

Evaluating the CAD model. 

4.3 Concept generation – heat source 
The brainstorming of ideas where the functions of the fixation unit were used generated 

several ideas.  

The bench marketing was extended to cover solutions to solve the same function, to 

generate heat, in other areas. Hair blower and other techniques to generate heat like 

laser and induction were investigated. 

Solutions to generate heat that were discussed in the project are presented in table 4.2. 

The sources were not judged or evaluated in this stage. 

Table 4.2: Solutions to generate heat. 

Hot air Infrared heating source Laser Fire 

Explosion Heating elements Microwaves  
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The concept generation resulted in eight different concepts, which are reproduced in 

figure 4.2. They were given a number from H1 to H8 from left to right. The concepts 

generate heat by three different methods. Concept H1 to H6 uses heating elements, 

while concept H7 uses hot air and H8 uses an infrared heating source. 

 
Figure 4.2: The eight concepts numbered from H1 to H8, from left to right. 

More detailed pictures of the concepts are found in appendix III. 

4.4 Concept evaluation and selection – heat source 
The concepts were evaluated by their must requirement in an elimination matrix. The 

result is presented in table 4.3. 

Table 4.3: The concept evaluation using an elimination matrix. 

Concept 

Requirement 

H1 H2 H3 H4 H5 H6 H7 H8 

Must allow to be thread 

without any tools 

 Go No go No go  Go Go Go Go Go 

Must be able to move 

thread away from heat 

source 

 Go No go No go Go  Go Go Go  Go 

The six concepts approved in the elimination matrix were evaluated in a Pugh’s matrix. 

Every concept was evaluated in relation to the existing solution. A better solution gave 

+1, a worse solution gave -1 and a result that was equal gave 0. The results are found 

in table 4.4. 
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Table 4.4: The concept evaluation using a Pugh’s matrix. 

 H1 H2 H3 H4 H5 H6 H7 H8 

Easy to thread the 

machine.  

0 N/A N/A 0 -1 -1 0 0 

Do not increase the thread 

tension (friction) too 

much. 

0 N/A N/A 0 -1 -1 0 0 

Energy efficiency.  ? N/A N/A ? ? ? ? ? 

Release vapor as quickly 

as possible. 

0 N/A N/A 0 0 0 +1 0 

Adjust/Evacuate the heat. 0 N/A N/A 0 0 -1 +1 0 

Even temperature 

preferably around X⁰ 

Celcius.  

0 N/A N/A 0 0 0 ? ? 

Robust construction that 

lasts over time, preferably 

5 years or more. 

0 N/A N/A 0 0 -1 0 0 

Low cost. +1 N/A N/A +1 0 -1 ? ? 

It must be possible to get 

away the thread from the 

heat source quick. There 

must be some kind of 

pause mode. 

+1 N/A N/A 0 0 -1 +1 0 

Sum of the evaluation +2 N/A N/A +1 -2 -6 +3 0 

 

The evaluation showed that concept H1 and concept H7 had the most potential. Concept 

H7 do have more uncertain factors compared to concept H1. Concept H8 was evaluated 

to have an equal potential as the reference object, but there is a lot of unsolved issues 

that makes a fair evaluation of concept H8 difficult. 
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4.5 Experiment 

4.5.1 Preparations 

 Set-ups 

The experiment consisted of four different set-ups.  What they all had in common was 

that the temperature sensor was moved from outside the heating zone into the heating 

zone during the experiment. This represented a part of the thread moving while running 

the machine.  

The four different set-ups are described as follows:  

1. Two heating elements (The current fixation unit set-up/reference object). 

2. One heating element. 

3. One heating element and a reflector on the other side.  

4. A heat gun. 

 Test rig 

A test rig (figure 4.3) was built using aluminium profiles and some pieces of aluminium 

and stainless steel. All this was used to control the setup and distance of the heating 

elements. This test rig was also used to control the movement of the temperature sensor 

that would move in and out of the heating zone. It could only move back and forth in 

one direction and do have a stop within the heating zone. This will grant the same 

position relative the heating element. 

 

Figure 4.3: The test rig in where the heating sources were mounted. In the picture the two heating elements can be 

seen 

 Heating elements 

The heating element that was used during the experiment was provided by Coloreel. 

They were built with the same specification as the one used in the current version of 

the instant coloring unit. 

 Power unit/power supplies 

Two power supplies were used to control the supply of voltage and current. They were 

set to a specific voltage and maintained this by changing the current. A picture of the 

power supplies used in the study is found in Appendix I figure 9.1. 
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 Temperature sensors 

A wire that is called thermocouple type K was used as a temperature sensor. This wire 

consists of two different wires and each of these wires are made from different 

materials. The wires are then wrapped in a fiberglass jacket. When one end of the wire 

is subjected to heat, the two different material will generate a voltage. This would be 

measured with a signal transducer and converted into a temperature on a computer and 

recorded for the analysis.  

 Reflector 

The reflector was manufactured by a material previously used in a light fixture. A die 

was designed in SolidWorks, using the formulas and the parabola tool within the 

software. The die can be seen in figure 4.4. The shape of the die was a paraboloid that 

would help the heat to reflect to a focus point. The die was 3D printed and later used to 

form the light fixture material to the correct shape. The process of shaping the material 

in the die can be seen in figure 4.5. 

 

Figure 4.4: The CAD model of the die. 

 

Figure 4.5: The die with the reflective material. 

 Heat gun  

A heat gun with a marked effect of 1000W was used during the fourth experimental 

set-up. It had two different heating setting, one low and one high. The low setting was 

used, and the listed temperature for the low setting was 300 degrees Celsius.  
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 Energy meter 

To be able to tell how much energy the heat gun used during the experiment an energy 

meter was used. This was positioned between the heat guns plug and the wall socket. 

From the display on the energy meter one can identify how much voltage and current 

the application is using at any given moment. 

 Test environment  

The tests were performed in a delimited space. This was to make sure that little to no 

airflow would have an influence on the result. 

The test was set up as can be seen in figure 4.6. 

 

Figure 4.6 The setup of the test environment.: 

4.5.2 Implementations 
The tests were conducted in the delimited space. Each set-up, except the heat gun, were 

done with three different voltage settings, 10, 15 and 20V. The heat gun setup was 230 

V. The test setup is found in table 4.5. 

Tabell 4.5: The test setup with different voltage settings. 

Two heating elements   10V  15V  20V  

One heating element  10V  15V  20V  

One heating element and a reflector  10V  15V  20V  

Heat gun  230V      

 

The test started when the power unit was turned on, the computer recorded and 

monitored the temperature. When the heating elements reached a stable temperature the 

temperature sensor was moved from outside the heating zone to inside the heating zone. 

This procedure was maintained for all the experiments that used the heating elements. 

The present solution with two heating elements was used to get a reference value for 

the study.  

Pictures of the different setups during implementation are found in appendix I in figure 

9.2-9.6. 
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4.5.3 Analysis of experiment 
The experiment generated many values. They were all imported into Excel, where they 

were used to create a graph. The graphs are fully reproduced in appendix II.  

The value of the thread dummy after four seconds within the heat zone was identified 

and the room temperature was subtracted from this value, leaving a value that showed 

the difference in temperature. The results from the concepts were then compared to the 

present solution, the reference. By comparing the result, the concepts could be 

evaluated to make sure that the new concept could deliver the same heat within the 

same timeframe. 

In the implementation of the experiment the voltage was controlled, and the current was 

identified and recorded during the experiment. In the analysis stage, these two values 

were used to calculate how much electric energy was used in the heating element and 

the heat gun. From these values one comparative value could be calculated by dividing 

the temperature difference with the amount of electric energy. The results from the 

concepts were then compared to the present solution, the reference. By doing so, the 

energy efficiency could be evaluated. 

4.5.4 Result from the experiment 
The absolute temperatures that the thread dummy reached after four seconds are 

presented in figure 4.7. As can be seen one heating zone results in a lower temperature 

and the heat gun reaches the highest temperature. 

 

Figure 4.7: The absolute temperatures reached by the thread dummy with different setups. 

The difference in temperature from ambient temperature with the different set-ups are 

presented in figure 4.8.  
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Figure 4.8: Difference in ambient temperature after 4 seconds with the different setups. 

The energy required to increase the temperature one degree is presented in figure 4.9. 

The heat gun required the most amount of energy and the setup with two heating 

elements required the least amount of energy. 

 

Figure 4.9: Energy required to increase the temperature one degree. 

4.6 Concept generating – mechanical solution 
Two concepts for the mechanical solution were generated. They are presented in figure 

4.10 and 4.11. More pictures of the concepts are found in appendix IV.  

M1 has a stepper motor on the backside that moves linear to open and close the heating 

elements. M2 has a stepper motor on the third big wheel that represent a gear wheel. 

By turning the third wheel the other two will in turn open and close the heating 

elements. 
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Figure 4.10: Concept of the mechanical solution M1. Closed heating elements in red. 

 

Figure 4.11: Concept of the mechanical solution M2. Closed heating elements in red. 
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4.7 Concept evaluation – mechanical solution 
The possibility for the concepts to reach the engineering specification after further 

development were evaluated using an elimination matrix. The result is presented in 

table 4.6. 

Table 4.6: Concept evaluation – mechanical solution. 

Concept 

Requirement 

M1 M2 

Must allow to be threaded without any tools. Go Go 

Must be able to move thread away from heat source. Go Go 

Do not increase the thread tension (friction) too much. Go Go 

Release vapor as quickly as possible. Go Go 

Adjust/Evacuate the heat. Go Go 

Robust construction that lasts over time, preferably 5 years or more. Go Go 

Must fit into the form constrains. No Go Go 

Sum of the evaluation No Go Go 
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5 Analyse 

5.1 Method discussion 
Since product development is a creative process it is difficult to tell how different 

concept generation techniques would affect the result. Using a more structured search 

for ideas would possibly get another result. Searching for patent would be one way of 

attacking the problem from a different angle. Product development is an iteration 

process and inspiration and discussion drive the process forward. Talking to more 

experts or extend the literature search for solutions would possibly lead to other results, 

but there is no guarantee.  

The creative process and all the development process would probably do better if there 

was a closer collaboration with everyone involved. Changing the prerequisites like 

doing the development on site at the company facilities would probably have helped 

both the communication and the process forward. By extending this collaboration the 

chances for a quicker process increased just like the potential that project would have 

reached further. By a physical closeness, the experts of the machine would be more 

available and the chances that they would have enriched the project with their 

knowledge would increase. A benefit with doing the project remotely is the possibility 

for the authors to work more independent without being stained by the clients and their 

previous ideas. It is difficult to say to what extent this affected the results.  

Despite the drawback with the physical prerequisites, a lot of issues can be solved with 

techniques just as good or almost as good as being on site at one physical location. 

Discussions, drawings, idea exchange and analysis can be done widely through 

computer software. Drawings can also be made digital in real time, simultaneously with 

discussions.  

The experiment was a good way to test the proof of concepts. The test would have been 

more valid if it could have been performed in the presence of both authors. With two 

people present it is easier to discover any error sources and be able to correct those. As 

mentioned in previous sections the data collected could be analysed by both authors 

afterwards. It made the reliability of the study higher since the chances to discover more 

nuance and trends increased. 

To ensure that the reliability in the used measure instrument were high the same 

instruments and same setup was used throughout the whole study. Since this is a 

comparative study where the heating elements are used as a reference the reliability of 

the measuring instrument is less important compared to a study with just absolute 

values. Another reason for using the present solution as a reference object is the 

unknown temperature reached in the thread with the present solution. Measuring the 

reference object made it clear what temperature the study aimed for.  

5.1.1 Validity and reliability  
To guarantee quality in any research it is vital to evaluate the validity and reliability. 

Due to the study environment, only one of the authors participated during the 

experiment. This could decrease the reliability of the study. If two people would have 

taken an active role in the practical implication of the experiment, it would have been 

easier to discover any potential error sources. One way of dealing with this situation 

was to control as many parameters as possible and reduce the risk of making a mistake 
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by locking as many parameters as possible. Using a measuring equipment that wasn’t 

dependent on a person using a stopwatch or manual measure, the temperature lowered 

the risks of making mistakes too. Capturing all the data using a computer and analysing 

it afterwards gave a more reliable result. This since it could be done afterwards without 

the stress that can occur when tests are in progress. 

5.2 Result analysis and discussion 

5.2.1 Project definition 
The given project was vaguely and wide with a huge possibility to form the project 

definition. This phase received a lot of attention within the project. Despite this, the 

delimitations could be even more clear and well described. The project could have been 

divided into several areas in which this project could focus on one.  

One possible reason for this shortage in description is the lack of experience of the 

authors. This together with a high ambition made this project too extensive to reach 

deep to where the goal was. 

5.2.2 Product definition 
There is a lack of measure values in some areas of the present fixation unit. This affects 

the ability to get values to incorporate to engineering requirements and to evaluate 

against. Since there are just a few released products on the market, it is hard to talk to 

customers or interview the operators about their experience of the present machine and 

unit. Data about failure, what caused them, and their location could also be helpful to 

better understand the fixation unit. However, there is no such data available. Instead the 

get to know phase had to be carried out by a lot of discussions with the supervisors at 

Coloreel. This enriched the project and gave the authors a better sense for the product 

and the challenges faced. This approach shows just one stakeholder’s point of view. If 

there is a discrepancy of what the other stakeholders consider important, the future will 

show. 

The product definition showed a more a complicated mechanical solution with fixation 

unit two. When jam and problems occur, it is more likely that they appear here. 

5.2.3 Concept generation – heat source 
The process of generating concepts can be influenced by many things. The method of 

searching for analogies was a useful tool in this project. As stated in the theory 

framework, this process could be more or less formal. In this project a more informal 

approach with talking to experts and searching for analogies was used. This might have 

an impact on the result. This approach was chosen due to the focus in the project of 

searching broad and to optimize the fixation unit with an open mindset. During the 

concept generation, knowledge from the literature search were used as an inspiration 

for ideas. 

Since the heat from the fixation unit is delivered to the thread in two different ways, 

focus within this project was to investigate and find an alternative solution, where most 

potential of improvement is possible. As concluded in the theoretical framework, 

radiation drying is less effective compared to the conduction drying. Therefor focus 

during concept generation was heat zone one. This is where no direct contact heat was 

used.  
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5.2.4 Concept evaluation – heat source 
As mentioned in the theoretical framework, one challenging part with evaluation might 

be that the evaluation can be based on little knowledge and incomplete information. As 

can be seen in the result there are some uncertainties in the evaluation of the concepts 

(marked with question marks). With some of the potential technique there is a 

knowledge-gap. When it comes to the possibilities with using infrared a more profound 

study must be conducted before the technique can get a fair evaluation. There is 

potential with the technique, but the knowledge-gap today is too wide to be able to go 

further with this solution within the framework of this project. Just to investigate the 

possibilities with IR could accommodate a master thesis itself. Another example of 

decisions taken with a bit of uncertainty is the requirement “Do not increase the thread 

tension (friction) too much”. No measurement was made before evaluating this 

requirement, instead this evaluation is done by a qualified guess. 

While using the Pugh’s matrix, the different criteria were not weighted. The reason for 

not using weighting was that there were too many uncertain parameters present. By 

adding a qualified guessing of the weight, the author assumed it would add even more 

uncertainties to the evaluation.   

One way of dealing with the non-existing weight was to first use an eliminating matrix. 

By using this evaluation, the most critical requirement could be evaluated first and if 

the concepts did not fulfil these they were out of the picture. 

5.2.5 Experiment 
By conducting the experiment, the authors were investigating proof of the new concepts 

to see how they acted compared to the present solution. Measuring the reached 

temperature using hot air showed potential, but as can be seen in figure 4.5 the energy 

consumption to increase the temperature exceed the present solution. The conclusion is 

that using hot air is not an optimal way of solving the function. This corresponds with 

the results presented in the theoretical framework. The experiment with the reflector 

showed that the temperature did not reach the goal and achieved the same temperature 

as the reference object. The reasons for this unsatisfied result could be many. Either the 

concept wasn’t good enough or the fabricated reflector used in this study was not proper 

made.  

As stated in the theory framework, some basic conditions of the reflector must be 

fulfilled. The error with the used reflector could be found in the form, material or the 

surface finish. There is a risk that the spring back from manufacturing of the reflector 

was too big and therefor the heat was not focused as supposed in a focus point. The 

author concluded that it was too difficult with a sufficient accuracy to compensate for 

this. The spring back is hard to calculate, since there is an uncertainty if the parabolic 

shape will spring back differently in different parts of the model. There is also a risk 

that the measure point with the thermocouple does not correspond with the focus point. 

This could lead to a reached temperature that is lower than reality in the focus point. 

The material used in the model could also impact the result. If the material in the 

reflector absorbs the heat instead of reflecting it, a higher temperature is hard to reach 

within the heating zone. An indicator that this is the case is that the temperature sensor 

on the back of the reflector shows an increase of temperature. Another option is that the 
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heating elements spreading the heat makes the closest surrounding air warmer, which 

in its turn reaches the temperature sensor. 

Another error source that could decrease the reflection possibilities is the surface finish. 

As concluded in the theoretical framework the surface is important for a reflective 

material. 

The experiment concluded that the generated concepts, as they appear in this study, do 

not function as an alternative to the present heating solution. This is because the 

concepts did not reach the same temperature as the reference object. Despite this, it is 

not possible to reject the concept with a reflector for all time. With a deeper 

investigation and optimization of the reflector (not a part of this scope), there is still a 

chance that the technical solution with use of the reflector will work in the future.  

5.2.6 Concept generation – mechanical solution 
Due to a more complicated mechanical solution in fixation unit two, focus for the 

optimization was concentrated here. Only two concepts were generated in this phase. 

Several solutions were discussed but not developed enough to be called a concept. The 

mechanical design solution is not depending on the component used. The new 

mechanical solution could be used together with two heating elements or one heating 

element and one reflector, if it becomes relevant in the future. 

Some of the more important requirements when generating concepts for the mechanical 

solution are; the form constraints, the possibility to evacuate the thread from the heat, 

the ability to thread the machine easily. These requirements were discussed widely 

between the authors. 

5.2.7 Concept evaluation – mechanical solution 
The elimination matrix was used to evaluate the two different concepts ability to fulfil 

the requirements after further development.  

Even with further development the ability for concept M1 to reach the form constraints 

requirement was deemed as not possible. The authors did not see any potential that it 

would fit the allowed space as the machine is designed today. Therefore, this concept 

was refused. 
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6 Conclusions 
This master thesis with focus of optimization of a fixation unit is a product development 

project. Due to the aim of searching wide and broad for optimization the concept 

generation came up with new technical ways to solve the function for the unit. These 

new ideas required extensive testing to, if possible, prove the concepts. 

The experiment showed that the reflector is not as good as the present solution with two 

heating elements. The temperature reached is not high enough. It is hard to tell whether 

this is, because the reflector used in the study is not effective or if it is the concept that 

do not work as desired. To find out the root cause, a new and extensive investigation of 

the reflector must be realized in a new project.  

Using hot air did not turn out as good either. The temperature was reached but the 

consumption of energy per degree while increasing the temperature exceeded the 

present solution. This makes the hot air solution less energy efficient compared to the 

present solution with two heating elements.  

Further product development within this project focused on developing the mechanical 

solution for the movement of the heating elements. Two mechanical concepts were 

evaluated to make sure that they could meet the requirements including the form 

constraints of the machine. With one of the concepts the authors assess that the form 

constraints requirement could not be meet, even after extensively refinements. The 

concept required to much space for its moving parts. Therefor one of the concepts were 

refused. 

Before implementing the solution, a continuing of the mechanical solutions must be 

carried out. Development of connections to the rest of the machine, selection of material 

and optimization of the unit for manufacturing and assembly must be realized too. 

6.1 Recommendation of future activities  

6.1.1 Further development 
The concepts must be further developed in the following and previously described steps 

in the product development process. They must be refined and evaluated continuously 

in an iterative process. 

A physical prototype must be built, and several tests of the mechanics must be carried 

out. First, the prototype needs to be verified to make sure that the model work as it is 

supposed to do and that the desired functions and performance can be achieved.  

After making sure that the physical prototype itself works, the prototype must be put in 

its context. This is valid both for making sure that the attachment and the moving parts 

do work as desired but also that the fixation unit works together with the rest of the 

parts in the instant colouring machine. 

There must also be quality tests of the thread and its colours to make sure that the new 

mechanical solution does not affect it. An accelerated life testing could also be useful 

to make sure that the construction is robust and will last for the promised number of 

hours. 
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6.1.2 New possible techniques 
To replace one of the heating elements with a reflector may be a subject to further 

investigation. This despite the negative results with the reflector found in this 

experiment. The reflector has potential to be developed until perfection before 

incorporating it to the fixation unit. Will the reflector be of good quality, new 

experiments would be of interest and might change the configuration of the fixation 

unit.   

As stated in the result discussion, section 5.2.4, concept evaluation, the possibilities 

with using IR is unclear. In the theoretical framework, IR is pointed out as a promising 

technique. One of the benefits with IR technique as stated in the theoretical framework 

is that this drying process is fast. This should be a huge advantage for a machine that 

relies on a technique that needs to be fast and instant. As stated before the techniques 

need’s extended investigation and testing before being accepted or rejected as a 

potential solution for the future. This investigation was too extensive to be 

accommodated within this master thesis, but it could potentially be a new master thesis. 
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7 Critical review 
Since this project is carried out partly as a distance project, the physical presence of the 

students at the company's facility haven’t been particularly extensive. The authors do 

believe that this have had an impact on the result. The method would probably be the 

same, but it would have been easier to discuss ideas, concept and solutions throughout 

the process at a more regular basis. This would have allowed a more interactive process 

with extended and quicker possibilities of prototype building and testing.  

The evaluation of this product towards other technical solutions for heating made the 

whole project grow. The other technical solutions required extensive testing and 

development for this new technique. The timeframe for this master thesis made it 

difficult to incorporate the optimization for these techniques. For example, the 

experiments in this study were not performed with the most effective reflector. Just to 

optimize a reflector for this application could be a master thesis subject itself. 

If one would look at this project with the point of view of the ethical aspects, one could 

talk about the trust and respect that the company needs to put on the people that does a 

project like this. Normally one is not allowed to see and take part of company secrets, 

the things that actually make the company go around. Considering this some critical 

parameters are left out in this thesis.  

The environmental aspects of a project like this is vital due to the debate and the 

worldwide consideration about the environment. The UN climate goals is universal and 

should be considered in different areas within every firm around the globe. Because of 

this the goal, making the fixation unit more energy efficient is important. As stated in 

the theoretical framework, drying is a considerable energy consumption process within 

the textile industry. This means that there are possibilities for huge improvements in 

this area. Considering this, this project is right in its timing and further development of 

the unit should focus on the energy efficiency. 

The energy efficiency of a machine is also connected to the economic aspects.  Both 

through the energy consumption itself, affecting the user of the machine but also for the 

seller, in this case Coloreel. The selling company are positively affected if they can use 

energy efficiency as a sales argument and by doing so sell more machines. As previous 

mentioned, environmental aspects are more important nowadays and it’s important for 

companies to present how they work with tasks like this. This is one area that a company 

can use to get good will and possible win some new customers.   

Just as good will is important, it is also important to make a safe product and not to lose 

this good will. One aspect when developing a machine with moving parts and very hot 

surfaces is the safety aspects of the operators. The customers/operator’s point of view 

and requirements must get a central place in a project like this. A risk assessment must 

be conducted to make sure that potential hazards are at a decent level. 
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Appendix I - Pictures of the setups 

 

Figure 9.1: The used power supplies in the study. 

 

 

Figure 9.2: The setup with one heat element. 
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Figure 9.3: The setup with two heating elements. 

 

 

Figure 9.4: The setup with one heating element and a reflector. 
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Figure 9.5: The setup with a heat gun. 

 

Figure 9.6: The heat gun used in the experiment. 
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Appendix II - Graphs of the result from the experiments 

The following graphs are the raw date created by the experiment. Each graph has the 

temperature on the Y axel in Celsius and the time in seconds on the X axel. 

Each set up have the thermocouple connected to different channels at different 

positions. See the description: 

Two heating elements 

Ch 01 Thread dummy 

Ch 02 First heating element 

Ch 03 Second heating element 

Ch 04 Temperature sensor 10 cm behind the first heating element 

Ch 05 N/a 
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One heating element 

Ch 01 Thread dummy 

Ch 02 First heating element 

Ch 03 N/a  

Ch 04 Temperature sensor 10 cm behind the first heating element 

Ch 05 N/a 
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One heating element and reflector 

Ch 01 Thread dummy 

Ch 02 First heating element 

Ch 03 N/a 

Ch 04 Temperature sensor 10 cm behind the first heating element 

Ch 05 Backside of the reflector 
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Heat gun 

Ch 01 Thread dummy 

Ch 02 N/a 

Ch 03 N/a 

Ch 04 Temperature sensor 10 cm behind the first heating element 

Ch 05 Temperature sensor in the heat zone from start 
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Appendix III - Concept H1-H8 

 

 

 

 

Concept H1 

 

 

 

 

Concept H2 

 

 

 

 

 

Concept H3 
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Concept H4 

 

 

 

 

 

Concept H5 

 

 

 

 

 

Concept H6 
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Concept H7 

 

 

 

 

 

Concept H8 
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Appendix IV - Concept M1-M2 

Concept M1 

  

Closed heating elements Open heating elements 

 

 

Closed heating element seen from above Open heating element seen from above 
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Concept M2 

 

 

Closed heating elements Open heating elements 

 

 

Closed heating elements seen from above Open heating elements 
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